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has beenlothdrnsithbperioiin (L) ehoksisrelgre maIqriisedagtae fpycardiovascular

atherosclerotic disease (for instance “Coronary Heart Disease: Reducing the Risk; a
Worldwide View” Assman G., Carmena R. Culien P. et al; Cirenlation 1999, 100, 1930-1938

and “Diabetes and Cardiovascular Disease: A Statément for Healthcare Professionals from the

20 American Heart Association” Grundy S, Benjamin I., Burke G., et af; Circulation, 1999, 100,
1134-46).

The concentration of plasma cholesterol depends on the integrated balance of
endogenous and exogenous pathways of cholesterol metabolism. In the endogenous patﬁway,
cholesterol is synthesized by the liver and extra hepatic tissues and enters the circulation as

25 lipoproteins or is secreted into bile. In the exogenous pathway cholesterol from dietary and
biliary sources is absorbed in the intestine and enters the circulation as component of
chylomicrons. Alieration of either pathway will affect the plasma concentration of cholesterol.

The precise mechanism by which cholesterol is absorbed from the intestine is however
not clear. The original hypothesis has been that cholesterol is crossing the intestine by

30 unspecific diffusion. But more recent studies are suggesting that there are specific transporters
involved in the intestinal cholesterol absorption. (See for instance New molecular targets for
cholesterol-lowering therapy Izzat, N.N., Deshazer, MLE. and Loose-Mitchell D.S. JPET
293:315-320, 2000.)
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15 interactions or drug safety preclude the long term use needed to reach the target levels.
Therefore there is still 2 need to develop additional agents that are more efficacious and are
better tolerated. '
Compounds possessing such cholesterol absorption inhibitory activity have been
described, see for instance the compounds described in WO 93/02048, WO 94/17038,
20 WO 95/08532, WO 95/26334, WO 95/35277, WO 96/16037, WO 96/19450, WO 97/16455,
WO 02/50027, WO 02/50060, WO 02/50068, WO 02/50090, WO 02;’6646’4, WO 04/000803,
WO (4/000804, WOO04/000805, WO 04/043457, WO 04/081002, US 5756470, US 5767115, )
US 20040180860, US20040180861 and US RE37721. _ —
The present invention is based on the discovery that certain 2-azetidinone derivatives
25 surprisingly inhibit cholesterol absorption. Such properties are expected to be of value in the
treatment of disease states asscciated with hyperlipidaemic conditions. The compounds of the
present invention are not disclosed in any of the above applications and we have surprisingly
found that the compounds of the present invention possess beneficial efficacious, metabolic
and toxicological profiles that make them particularly suitable for in vive administration to a
30 warm blooded animal, such as man. In particular certain compounds of the present invention
have a low degree of absorption compared to compounds of the prior art whilst retaining their
ability to inhibit cholesterol absorption.

Accordingly there is provided a compound of formula {X):



The present invention is based on the discovery that certain 2-azetidi none
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Accordingly there is provided a conpound of formula gl): WO 2005/ 061452
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R R~p)-NR4 5 (1) erein. R 1is hydi\ggré& C .6all.kyl, . 6cycl oal kyl
or aryl; wherein _sai d ClJ-6al kyl : SN.oma S i ed~py one or
nor e hydroxy, arn a-aQi di no, /I, carboxy, 1@ Cl_%alkoxy,

N- (G _6al kyl ) am » sal kyl }28si p0, C3-C6 al kyl €ar Bdnyi ami no

Cl - 6al kyl S(O%Qa eFein ais 0- C3. 6¢cycl oal kyl or aryl; and wherein any
aryl group may be optionall y, /sl

tituted by one or two substituents
sel ected from hal o, hydroxy,0Ca_6a

or Cl. 6al koxy; Rz and R5 are
i ndependently hydrogen, a branched g hbr anehed C _6al kyl, C3. 6cycl oal kyl
or 15 aryl; wherein said Cl. 6al kyl

y b@g"'opti onally substituted by one or
nore hydroxy, ani no,

s I

s /-'

wherein:
R' is hydrogen, Cy galkyl, Cs.scycloalkyl or aryl; wherein said C;.alky! may be
optionally substitnted by one or more hyclroxy, amino, guanidine, carbamoyl, carboxy,

10 C1.eélkoxy, N-(C; galkyDamino, MN—(C;.GaIkyl)gamino, Cy-Cs alkylcarbonylamine
C1-6alkylS(O), wherein a is 0-2, Ca.scycloalkyl or aryl; and wherein any aryl group may be
optionally substitnted by one or two substituents selected from halo, hydroxy, Cqgalkyl or
Ci.¢alkoxy;

R? and R’ are independently hydrogen, a branched or unbranched Cygalkyl, Cs.scycloalkyl or

15 aryl; wherein said C;galkyl may be optionally substituted by one or more hydroxy, amino,

_ guanidino, cyano, carbamoyl, carboxy, Ci.salkoxy, aryl C.salkoxy,(Ci-Ca)aSi, N-

' (CyealkyDamino, N,N-(Cygalkyl)amino, C1.5alkylS(O),, , Csscycloalkyl, aryl or aryl Ci.s
alkylS(0),, wherein a is 0-2; and wherein any aryl group may be optionally substituted by one
or two subsiituents selected from halo, hydroxy, Cygalkyl or Ciealkoxy;

20 R’ is hydrogen, alkyl, halo, Cy.salkoxy or Cp.g aikylS-;’

R* is hydrogen, Cy.5 alkyl, halo or Cj.salkoxy;

RS is hydrogen, Cy.s alkyl, or arylCy.q alkyl;

wherein R® and R* may form a ring with 2-7 carbon atoms and wherein R® and R* may form a
ring with 3-6 carbon atoms;

25 or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof;
with the proviso that said compound is not 3-(R)-4-(R)-1-(phenyl)-3-[2-(4-fluorophenyl)-2-
hydroxyethylsulphanyl]-4-[4-(N~{N-[(R)—l-(carbox_y)-2~(hydroxy)ethyl]carbamoylmethyl}
carbamoyimethoxy)phenyl}azetidin-2-one; or 3-(R)-4-(R)-1-(phenyl)-3-[2-(4-fluorophenyl)-
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guani di ne, eyano, carbanoyl, carboxy, C _6al koxy, aryl
Cl. 6ai koxy, (C3-C4)3Si, N (O _6al kyl)am no, N, N-(Cl. 6alkyl)zam no, ¢
Cl. 6al kyt (O a,, C3:5cycloalkyl, aryl or aryl C3.6 alkylS(O., wherein ais
0-2; a% ,q)gll any aryl group may be optionally subsgirfsibadsfsepne or two
substituents selected from hal o, hydroxy, C_6al kyl or Cl.6al koxy; 20 R3 is
hydrogen, alkyl, halo, CIl.6al koxy orr4c1.6 alkyls-; R4 is hydrogen, Cl.6
al kyl, hal o or Cl. 6al koxy; R6 is hydrogen, Cl.6 al kyl, or aryld .6 alkyl;
wher ey BRgady ARy LA BHERIG NI 2r-leaanigon- @bammypnd whor &1 1 RS- and
RZ may #orma rin -6 carbon atons; or apharmaceutlcally
accepdsthjalﬂ@rbmlmyl}bmzvbcaafbamoﬁm}mmlamuyﬂﬁaa:tlslm?-cmﬂ a prodrug thereof; with
the proviso that said conpound is not
3-(R-4-(R) -1-(phenyl)-3-[2-(4-fl uorophenyl) - 2-
hydr oxyet hyl sul phanyl ] -4-[4-(N-{N-[(R) - 1- (car boxy) - 2- (hydr oxy) et hyl ] car barmy
| met hyl } carbanoyhnet hoxy) phenyl ] azeti di n-2-one; or
3- (R hdorcRspdct Of henipldntRn|iDis (ptefiledfoo plrempoind\6f £26M81a021 452
PCTI SE2004/ 001960 4 -4 2- hydr oxyet hyl sul phanyl | - 4-
(4-IN((R-a-(N[(S)-1-(carboxy)-2-(hydroxy)
et hyl ] car banoyl } benzyl ) car banoyl net hoxy] phenyl; ) ageti dhn-2-one. 5 I n one
aspect of the invention it is provided r ajconpound pf formula 12.- R 1 R6
O—IO(NO—I 38~(&}H]2RRN Ol rej varlablegroupsare
. hati s"Nai djfurtpgr f&8Hformula 10 (1)

dmes bel oWl apply gespsto formula (12). in

e 110 s hydrogen. According to another aspect of
the invent¥on, Rz is hdrogen a branched or unhranched C, . 6ai kyl, g
C3. 6cycl oal kyl or aryé ’

ai d O
4

12

wherein variable groups are defined above as for formula (¥). What is said further for formula

10 (@) will, apart from the process schemes below, apply also to formula (I2).

Tn one aspect of the invention R’ is hydrogen. According to anotherl aspect of the invention,
R*is hydrogen, a branched or unbranched Cy.salkyl, Cs.cycloalkyl or aryl; wherein said
C1.6alkyl may be optionally substituted by one or more hydroxy, amino, Cy.salkylS{0),
15 wherein 2 is 0-2, Cagcycloalkyl or aryl; and wherein any aryl group may be optionally Q
substituted by hydroxy. According to a further aspect of the invention,R? is hydrogen,
methoxy, or alkyl, for instance a C,-Csalkyl, i.e. methyl or ethyl, for instance methyl, or a
halogen, for instauce chlorine or fluorine.
According to yet another aspect of the invention R* is hydrogen or halo, for instance chlorine
20 or fluorine. According to a further aspect of the invention, R® is hydrogen, arylCygor R® and

R? form a ring with 3-6 carbon atoms.

According to one aspect of the invention R! is hydrogen, R%is a branched or unbranched
C1.4alkyl, optionally substituted by a Cs.¢cycloalkyl, R® and R* are halo, R¥ is hydrogen or
25 Csalkyl, and RE is hydrogen,
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Ct.6alkylS(Oa 15 wherein a is 0-2, Ca. cycioal kyl or aryl; and wherein any
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hal ogen, for instance chlorine or fluorine, According to yet another aspect
of the invention R4 is hydrogen or halo, for instance chlorine 20 or
fluorine. According to a further aspect of the invention, R6 is hydrogen,
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- oxoazeti di n- phenoxy] acet'yl } gl ycyl-D-tyrosine; 15
N-{[4-((2R, 3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl}thio
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[ 2- hydr oxy- 2- (4- met hoxyphenyl ) et hyl ] t hi o} - 4- oxoazeti di n- 2-y1) phenoxy] acet yl
rol )igy !f\f-ﬁlly(aﬂ’gﬁ)-l ~{(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyljthio } -4-

oxoazetidin-2-yl)phenoxy]acetyl} glycyi-D-proline;

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-{luorophenyl)-2-hydroxyethyl]thio} -4-
oxoazetidin-2-yDphenoxylacetyl } glycyl-D-lysine;

20
N-{[4-{(2R,3R)-}~(4-fluorophenyl)-3-{ [2-hydroxy-2-(4-nethoxyphenyllethyl]thio } -4-
oxoazetidin-2-yl)phenoxylacetyl } glycyl-D-valine;

N-{[4-{(2R 3R)-1-{4-fluorophenyl}-3~{ [2-(4-fluorophenyl)-2-hydroxyethyl]thio } 4-
25 oxoazetidin-2-yl)phenoxylacetyl } glycyl-2-butylnorleucine;

N-{[4-((2R,3R)~1-(4-Fluorophenyl)-3-{[2-(4~fluorophenyl)-2-hydroxyethyl]thio}-4-
oxoazetidin-2-yl)phenoxylacetyl } glycyl-S-methyl-L-cysteine;

30
N-{[4-((2R,3R)-1-(4-chlorophenyl}-3-{[2-(4-chlorophenyl)-2-hydroxyethyllthio}-4-
oxoazetidin-2-yl)phenoxylacety! } glycyl-3-cyclohexyl-D-alanine;
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[ 2- (4-fl uorophenyl)-2-hydroxyethyl]thio }-4- 25
oxoazeti di n- 2-yl ) phenoxy3acetyl } gl ycyl - 2- but yl nor | eucl ne;
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}-4- oxoWPSMHKIR- y| ) phenoxy] acetyl } glycyl-S- et hyl %Mgﬁ%¥@61%d
N-([4-((2R 3R)--1-(4-chl orophenyl)-3-{p2-(4-chl orophenyl )-2- hydroxyet hyI ]thi
0}-4- oxoazetidin-2-yl)phenoxyl acetyl)glycyl -3-cycl ohexyl - D-al ani ne; WO
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[4-((2R, 3R)-1-(4-fluorophenyl)-3-{ (2-hydroxy-2-(4-nethyl phenyl)ethyl]thio
}-4- oxoazetidin-2-yl)phenoxy]acetyl }glycyl-D-valine;
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[4 ( ( 2Rx3etidincZyDbhenoxyheeayil )-Lalinyl-D-valine; ‘

[ 2- (4-chl orophenyl) - 2- hydr oxyet hyl ] t hi o} - 4-

oxoazeeti di n-2-yl ) phenoxy] acetyl } gl ycyl 3-net hyl - D-val i ne;
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[ 4- ((2Rax35§et1&m€%yt)phexm)dy@wty)}g3ﬁ()@-2) Mﬂﬁuor ophenyl ) - 2- hydr oxyet hyl j t hi c} I
a oxoazetidin-2-yl)phenoxy]acetyl) glycyl-3-nethyl-Dvaline; 25
N-{[4-((2R 3R)-1-(4-fl uorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyljthio

-4- 0 |
ol oyt LBRGE BT RASIRRPIRI AL Cstiomphon v gronsetiytio)-+-
N-{[4- (ﬁ&ﬁ%-%bﬁhﬁhmﬂmpﬁé}glﬁyl&—{/ﬂm4 fl uor ophenyl ) - 2-hydroxyethyl jthio
}-4-150xoazet| di n- 2-yl ) phenoxy] acetyl) gl ycyl -N, 2-di net hyl al ani ne;

N-{[4-((2R,3R)-1-(4-chlorophenyl)-3-{[2-(4-chlorophenyl)-2-hydroxyethyl]thio } -4-
oxoazetidin-2-yl)phenoxylacetyl } glycyl-3-methyl-D-valine;

N-{{4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-hydroxyethyllthio }-4-
20 oxoazetidin-2-yl)phenoxylacetyl } glycyl-3-(2-naphthyl)-D-alanine;

N-{14~((2R,3R)-1 -(4;ﬂuoropheny1)—3- {[2-(4-fluorophenyl)-2-hydroxyethyl]thio }-4- @
oxoazetidin-2-yDphenoxylacetyl} glycyl-3-methyl-D-valine; b

25 N-{[4-((2R,3R)-1-{4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl)thio }-4-
oxoazetidin-2-yl)phenoxylacetyl } glycyl-(3R 45,5R)-3,4,5,6-tetrahydroxy-D-norleucine;

N-{[4-((2R,3R)-1-(4-Fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-hydroxyethylJthio } -4-
oxoazetidin-2-yhphenoxylacetyl} glycyl-N,2-dimethylalanine;

30
N-({4-[(2R,3R)-1-(4-Flnorophenyl)-3-({2-hydroxy-2-[4-(methylthio)phenyl)ethyl }thio)-4-
oxoazetidin-2-yl]phenoxy}acetyl)glycyl-3-methyl-D-valine;
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({4-[ (2R 3R) - 1- (4- Fl uor ophenyl) - 3- ((2- hydr oxy- 2-[4 (met hyl t hi o) phenyl ] et hy
| )t hi 0)-4- oxoazetidin-2-yljphenoxy } acetyl)glycyl-
2005106 W8 200880§1452: 2004/ 001<960 -7 N-{ [4-((2R 3R)-1- Eg?]%yéu%r oéﬂkhyl) 3- {
[2-(4-fluorophenyl)-2- hydroxyet hyl ]t hi %~ ~}--4- oxoazet I di n-2-yl ) phenoxy]
acetyl } glycyl-S (4-n(.thyl benzyl)-D- cysteine;
[4-((2 ) L 233 yethyl]thio
|4 (2R gmar sa-tlapasneny) s3te 6 Chopiohy )fy“ﬁrd?%%rr?%i&%ﬁ&?% cyioi ne

N-[ [ 4ox¢2BiBR)2-yhplerbkylocaph ehyly)-SF4{methylbenzyl)-D-cysteine;
[ 2- (4-fl uorophenyl)-2-hydroxyethyl]thio } -4-
oxoazeti di n-2-yl ) phenoxy] acetyl } gl ycyI b, b- di et hyl - D- phenyl al anine. 10 In

this s f lak gﬁqﬁﬁ branched
char n gﬂj;h; (tﬁ@?fé}&@s(llgﬁxtohﬁf f J@&%@ o I n @Itﬁy(?%?%%%h% C11s uch as

pr oﬁybkom&dmﬁbgl)ph@oﬁcp]acathh} ghieyhSddr-buhbil-cygeiszon only. For exanpl e,

.bal kyl" and "G 4al kyl " incl ude propyl, |sopropyl and t-butyl. However,

references to individual aIkyI groups such as propyl' are specific for the
15 str t 12\ - branched chain
al kyl N g?f WQRE?QAMF[{O? @23 {[Qggeﬂ@%gé&ﬁ?@%%ﬁréﬁgk@r Iri‘red chain
ver si onxmb&dm&-yl)phdn@rcy]eoastyﬂglycghba:pdlmm]{mph@iyﬂaﬂnmcad| caI s, for exanple
"phenyl C1. 5al kyl " woul d i ncl ude benzyl, 1-phenylethyl and 2- phenyI et hyl .
The term "hal 0" refers to fluoro, chloro, brono and iodo. Were optional
subghi tuents are chosen from"one or nmore" groups it is to be 20 understood
that "'this definition includes all substituents being chosen fromone of the
_specr fied @ tupspesifidatien thelisin t'alkpl” sndiedau@:cdhﬂszeghtfand)mamhecbd:haﬁmm&ybf t he

f The 't f nb d t
R T
P\ SR SERAy. A, SRR PP Rl e Y o

furanyl, azolyl, triazo yraziny Iyl ,
pyr i daz-rbnwll Hepyevatlyleferérgox tziatlwiduab airbinphps duch ad ‘mopyli aﬂeqdpysdnflc ifsioghBi azol yl,

hi I 4- |, thi b f b d lyl,
bonds et chaseﬁéfierﬁ?éieﬁr pnd i h R oo s o RS 2o P of 31 |
1, 3-be ;rg@& gﬁqw sgeblF’rg%ﬁ/ﬂ‘re bra?r}éﬁéé’fﬂaﬁﬂ daeghidny, %fnﬁ‘ih%ﬂrﬁ)&hﬂ&%ﬁﬁ@ﬁes to

qui nol qgui noxal 1 ny qui nazoli
other radicals, for example ‘phenylC, salkyl” would mclude benzyl, 1-phenyiethyl and

2-phenylethyl. The term “halo” refers to fluoro, chlore, bromo and iode.
Where optional substituents are chosen from “one or more” groups it is to be
20 wunderstood that this definition includes all substituents being chosen from one of the specified
groups or the substituents being chosen from two or more of the specified groups.
The term “aryl” refers to a 4-10 membered aromatic mono or bicyclic ring containing
0 to 5 heteroatoms independently selected from nitrogen, oxygen or sulphar. Examples of
aryis include phenyl, pyrrolyl, furanyl, imidazolyl, triazolyl, tetrazolyl, pyrazinyl, |
25 pyrimidinyl, pyridazinyl, pyridyl, isoxazolyl, oxazolyl, 1,2,4 oxadiazolyl, isothiazolyl,
thiazolyl, 1,2,4-triazolyl, thienyl, naphthyl, benzofuranyl, benzimidazolyl, benzthienyl,
benzthiazoly], benzisothiazolyl, benzoxazolyl, benzisoxazolyl, 1,3-benzodioxolyl, indolyl,
pyridoimidazolyl, pyrimidoimidazolyl, quinolyl, isoquinolyl, quinoxalinyl, quinazolinyl,
phthalazinyl, cinnolinyl and naphthyridinyl. Particularly “aryl” refers to pheny!, thieny!,
30 pyridyl, imidazolyl or indolyl. The term™aryl” includes both ynsubstituted and substituted
aromatic rings. ‘
Examples of “Cj.salkoxy” include methoxy, ethoxy and propoxy. Examples of
“C,.6alkylS(O), wherein a is 0 to 2” include methylthio, ethylthio, methylsulphinyl,



l

phenyl, thienyl, 30 pyridyl, imdazolyl or indolyL. The termfaryl" includes
bot h unsubstituted and substituted aromatic rings. Exanples of "Cl_6al koxy"
i ncl ude met hoxy, ethoxy and propoxy. Exanples of "Cl.alk _ erein a,
is 0 towd0mobedz net hyl thio, ethylthio, nethyl suiphi H§F¥S%9é}38%061452
PCT/ SE200 /001960 .g et hyl sul phi nyl ,~8®syl and et hyl sul phonyl . Exanpl es of
"N (C _6al kyl )am no" include nethylam no and et hyl am no. Exanples of "N, N

(Cz_6al .kw L NQ, . d ' L DO p7 G - »auT and

N- et hy+t5ﬂ-sgri’r@mpglrﬁ§r¥g.gﬁ&l%@?!lé@%@kﬂ%ﬁ rgge e?\ée?'éﬁ(a%m%gr gl% , ecycl obut yl ,
cycl opgethylantind any etighexib. Exublesoft AN hsik pidasind Gatiude accept abl e sal t  of
a conmpound of the invention, or other conpounds disclosed herein, is, for

exanpl é-Napethdaming i Voshigming pod NSyl Nmeetblaming. “CreraplopBylWeten ¢ s ,
sufficj asl for e | d-addition salt with, for exanple, an
I nor ga @cﬁﬂg@rfp)g,r@acg?l%ut CF}@?@%&%&%E{,@@% gr ochl oric, hydrobromc, sul phuric,
phosgphori c, A suitableydaaagehiicullyitdptable sleé®d eomound|of it iavétion, brag@ition a -

sui tabl e pharmaceutically 10 acceptable salt of a conpound of the invention
whi ch ¢emperngs disslosed hereingise for gxamples fmpgidraddition salhpf 2 compondpithe a sodi um

or pot assi J { al kaline Jfor  ex I | ci um or
aghesitumtd PEtch s ERnenlbat Fotodatie Bh SR AR e Bl

af f or dfpofsanROrorghnigingial foy ereRsphebloehlic] BVdrobromi€ salpRlfc, pifedplioy, t h

met hyl ami ne, dinethylamne, trinethylam ne, piperidine, norpholine or

tri s- (@ifnpaeassje ciyic) aostateor rm@erpwél%éwp@@ﬁqs agtitabiephiasmacdudically, or ot her

co und i sclps herein . ‘ h RSt ered: | L f.or f ro-drug
wni 3R Re2pPbR B R R O Sb o s on T 55 el bRy BBl of he
for mul gaif £orexEHPIPA Ssdigh op pOraskint8 Salt il alkldinerbaith wetdl kel Qby SRdthgle aest ers 3

I n vivo _hydrol ysabl e am des of a conpound of the fornula (1). An in vivo -

hydr ol GaleiBireoraBagnesigim splt aprpomenivan selher ¢ sHhwith 2 pyganigrbage ntickcaffgrdsiads 20

har RO - BBkl e, 50 HERIEE s B IR, BymeRlaalRED' ) °
ani mal irhestiylb@iny, pibeeididehMopdong ontisd2-1gdratyetiydamiryi t abl e

pharmaceutical ly accegt abl e esters for carboxy include Cl.6al koxynet hyl

est &fs for Sharpmpowrdsedhedstmyle (Dopr ethekeniapquady Aselossd hasginemayber exanpl e

administered in the form of a pro-drug which is broken down in the human or animal body to

give a compound of the formula (I). Examples of pro-drugs include in vivo hydrolysable
esters and ir vivo hydrolysable amides of a compound of the formula (I).
An in vivo hydrolysable ester of a compound of the formula (I}, or other compounds
20 disclosed herein, containing carboxy or hydroxy group is, for example, a pharmaceutically
acceptable ester which is hydrolysed in the human or animal body to produce the parent acid
or alcohol. Suitable pharmacentically acceptable esters for carboxy include Cr.galkoxymethyl O
“esters for example methoxymethyl, Cysalkanoyloxymethyl esters for example
pivaloyloxymethyl, i:hthalidyl esters, Cs.gcycloalkoxycarbonyloxyCi gatkyl esters for example
25 1-cyclohexylcarbonyloxyethyl; 1,3-dioxolen-2-onylmethyl esters for example
S-methyl-1,3-dioxolen-2-onylmethyl; and Cy.salkoxycarbonyloxyethyl esters for example
I-methoxycarbonyloxyethy! and may be formed at any carboxy group in the compounds of
this invention.
An in vivo hydrolysable ester of a compound of the formula (I), or other compounds
30 disclosed berein, containing a hydroxy group includes inorganic esters such as phosphate
esters and o-acyloxyalkyl ethers and related compounds which as a result of the in vivo
hydrolysis of the ester breakdown to give the parent hydroxy group. Examples of
c-acyloxyalkyl ethers include acetoxymethoxy and 2,2-dimethylpropionyloxy-methoxy. A



.pi val oyl oxynet hyl , phthalidyl esters, C3_scycl oal koxycarbonyl oxyCl. 6al kyl
esters for exanple 25 1-cycl ohexyl carbonyl oxyet hyl ;

1, 3-di oxol en- 2-onyl net hyl esters for exanple

5- et hy| W9 2805864431 en- 2- onyl net hyl ; and Cl . 6al koxycar bdnyi oy &ty T lest er s
for exanmple 1- nethoxycarbonyloxyethy+9and may be formed at any carboxy :
group in the conpounds of this invention. An in vivo hydrol ysable ester of

a COnp%e&@&l&zfoftz%ufoqwawﬂgsﬂa esté?rfoﬁﬁxhe r SRRRGURERox 3R ks aﬂm&@;ﬁ %@@n

contai ning a hydroxy ‘grotp includes i Rorganic esters such as
esters panmyiaca@d)ahdﬁy‘edtkgrcbd bcmbmen@a&uyﬂ alkonpoubay! (i gte aikyla result of

the in vivo dr of the. e kdomn e, the parent hydr oxy
gr oup. c@b&ﬂﬁf’@é ’E?g agéllkéﬁf’ﬂbé‘%%( Wﬁﬁ IP‘HEW]H]S‘\E f&) ‘ﬁ"‘d

2, 2-di 0

sel ect F%ltn ofﬁ&lr g%@%h dor g?t gggﬁ%mﬁsﬁ%&gbrﬁ%ngﬁ légraﬁﬁ‘gsﬂ ?&@%ﬂﬁ{ [ ncI ude
al karfoyhchudremapplblino ahtépgpbmmoyllnkad drosud sihg nittopdn bmz oipla maﬂﬂylmlne rgychfpctet yl,
al | coxyca bon %I ve al k carbonat e esters), dial kyl carbanoyl and

N- (di al k%/ i é’@glﬁw fﬁlea‘?e'k@ é’rnﬁarmyl (to give carbamates),

di al kyl am n r tc!f‘?]% zoyl 5
i ncl ude mr%ﬁ%?%? gﬂge E?Sg?é}zélﬁ’%o&ﬁor%%d@%%égpélﬂggm dr ogenﬁ)a @?

net hy| enetigr comptundstdield@ed beredr, cmﬁsminmcanboxmmpmzmtlexampﬁ, aA sui tabl e
value for_ an in vivo h drolgsable m de of }2‘1 ntgound of the formula (1),

or ot héV-Ceed s de Verlider gLah amislestinl acmegh YeHrmsery). Yodpnetayl. f or
I C16Ikl d h N-net hyl, N-ethyl,
exan‘ﬂj ;?Tv %_%ﬁéﬁ%#wﬂrﬂ al kyl am de such as met hy et hy

N- prop et -N-rmethyl or NN-diethyl am de. Sone
conpounds ofSohteecdmpoumldaofﬂh)s fnmyﬂm&)mmﬁmabhnﬂnbnm Aandirgeomeniet ri c

if'someric centres ( Z- 1soner i s to be unpderstood that the
|l Mvent i SHRCLE e %&éeaé‘ﬁ “|ISQIHER): B ?tésdﬁo%ed%ngﬁftggzioééh*%%w SR geonetric

i somer s, 5@%&}59&3@Fs?x%h?ﬁﬁl:ﬁs%%ﬁt?x{eom@ﬁ?i%&raﬂh'g% e

i nvention ates to any an tautoneric orms oun
f or mul aabsdrpion mbibipoy seddtychol est erol absorption inhibitory activity. It is

al so t o be understood that certai ounds, of t formul a can exist in
sol yh{ ed as MEIIPvELion eigics 4o awy ?‘tﬁ%ta%&?“&@”ﬁq%?ﬂg? S‘T’H}P‘éundﬁﬁé Ehe fommpidr s .
It is tg) fg possess cholestero] absorption inhibitory activity.

it is also to be understood that certain compounds of the formula (I) can exist in
solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be
understood that the invention encompasses all such solvated forms which possess cholesterol

20 absorption inhibitory activity.

Preferred aspects of the invention are those which relate to the compound of formula
(¥) or a pharmacentically acceptable sait thereof,
Another aspect of the present invention provides a process for preparing a compound
25 of formula (X) or a pharmacentically acceptable salt, solvate, solvate of such a salt ora
prodrug thereof which process (wherein variable groups are, unless otherwise specified, as
defined in formula {I)) comprises of:

Process 1) reacting a compound of formula (II):
OH OH

RBMS\

~2—N

HRCW
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— understood That The invention enconpasses all such sol vated forms which
possess chol esterol 20 absorption inhibitory activity. Preferred aspects oOf
the invention are those which relate to the conpound of fornmula (1) or a
phar maceut i caII acceptabl e salt thereof. Another aspe sent
mventﬂyﬁ’ %‘@s a process for preparing a conpound Fgg%?]h?g(}lr%{fa (1) or
a phar rraceutl cal |y acceptable salt, sHlvate, solvate of such a salt or a
prodrug thereof which process (wherein variable groups are, unless otherw se
specified, as defined in formla (I)Q])corrprl ses of Process 1) reacting a
conmpound of formula (I1); OHOH4 3 S RN O ~a ~ R W 2005/061452
PCT/ SEzila4pmpawsko! forpuly BI): with a conpound of forrrul a(lll): B OR ©0
LNLOH NHORR (In) 5 wherein L |s aFglspI aceabl e group; Process 2)
reacting an acid of fornula (I\@

I

Hn

5 wherein L is a displaceable group;

Process 2) reacting an acid of formula (IV):

0
OH 0\/”\
OH N
1 S
R
N
RGN
R
V)
or an activated derivative thereof; with an amine of formula (V):
RS
b
H,N OH
5
10 Q R #H Q
V)
Process 3): reacting an acid of formuia (VI):
0 t
OH I OH
| O~y
8
R N ©
2~N
T
r*
(V)

15 or an activated derivative thereof, with an amine of formula (VII):



0 HOOH 3/ RON~a R ((IV) or an activated derivative thereof; wth
an amne of formula (V): AS1 OH ICGN 10 OR2 Rs (V) Process 3)
reacting N g)gglé% formula (M): 0 OHO OH s S~

(V1) 150 tfvated derivative th?{ eof, with an anPﬁPSB%‘"}ffBQI%{H a (VI 1)
WO 2005/ 0614-52 PCT/ SE20011 001960 Re

RE

| o

HN
OH
HE RS
(VID)

Process 4): reducing a compound of formula (VIII):
As
o R [ 9
0 \)J\ N
H
3 S Rz RS
R O
. | N
e
4

R
5 (VHI)

Process 5): reacting a compound of formula (IX):

b
o,

_ (IX)
with a compound of formula (X):

OH

o
R
10

X)
wherein L is a displaceable group;

Process 6): reacting a compound of formula (XI):
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__MN-OH- Ra—R5—VI-H)—Process 4y reducing a conpound of fornula (V.TI): Re O
RLOONOANYOIC s! s\ HORR5 R.~):7NR4 5 (Viii) Process 5):°
reacting a conpound of fornmula (IX): RR R 1 0 -JNONOH M\ | HO R RS p

N4 R(TX) wth a conpound of fornula (X): OH 10 (?g}jgg}ggnﬁig,hﬂs& is a

di spl ade@BME/egH6-p; Process 6): r eafitliorlg a conpound o (Xr):
Rg
o R | 0
N
O\JJ\N)\"( OH
L | H o) ‘B2 RS
N
RO
R

(XD

wherein L is a displaceable group; with a compound of formula (XIT):

OH
3 SH O
R
5 (XII)
Process 7). De-esterifying a compound of formula (XIII)
. A
3 H
RB Q Rz RS
N
RS
r*
(XD O

wherein the group C(O)OR is an ester group;
10 and thereafter if necessary or desirahle:
i) converting a compound of the formula (I} into another compound of the formuia (I);
it) removing any protecting groups; _
iif) forming a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug; or
iv) separating two or more enantiomers. '
15 L is a displaceable group, suitable values for L are for example, a halogeno or
sulphonyloxy group, for example a chloro, bromo, methanesulphonyloxy or |
toluene—tt-szﬂphohyloxy graup.
C(O)OR is an ester group, suitable values for C(O)OR are methoxycarbonyl,
ethoxycarbonyl, #-butoxycarbonyl and benzyloxycarbonyl.
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(XI') wherein L is a displaceable group; with a conpound of formla (XII):

.fO(;lr il aiz’gilzP‘}“f&gB?R SRESX|O| )01§r SC\G/SSH~§)QORDe$e8t Scrzl ]Ic%” g%&;%;%ﬁ?ﬂmb?m 111}

wherein the group C(OOR is an ester oup; 10 and thereafter if necessary
or desirable: i) converting a conpound of the formula (1) into another
conpound of Tﬂabetafrtthmgnﬂa&rl(als)used i1 the pessomi ingemioy cpr bt preparg tyrmogiSicatidnis)

L?r 21 Fn”%g hgtree) gsecgi I |E¥‘ 0%592%51%31 %ltse?rllz;[nveﬁr t{xf\:/yaéa% bespor!al\)/ggfb)? ];hes uch a salt
following reactions.
Process 1): Alcohols of formula (II) may be reacted with compounds of formula (II1) in the
5 presence of a base for example an inorganic base such as sodium carbonate, or an organic
base such as Hunigs base, in the presence of a snitable solvent such as acetonitzile,
dichioromethane or tetrahydrofuran at a termperature in the range of 0°C to reflux, preferably
at or near reflux.

Compounds of formula (Il) may be prepared according to the following scheme:



o S . |

iv) separating two or more enantionmers. 15 L is a drsplaceable group,
suitable values for L are for exanple, a halogeno or sul phonyl oxy group,
for exanple a chloro, bronpo, methanesul phonyl oxy or tol uene-4-sul phonyl oxy
group. G daRokHsan ester group, sui tabl e val ues for CpPrdp@iR01960 .
met hoxycar bonyl, et hoxycarbonyl, ihoxycarbonyl and benzyl oxycar bonyl. WO
20051061- 452 PCTI 5E200408196n -13 Tﬁ Starting materials used in the
present invention gan be prepared by nodifications of the routes described
in EP O 792 264 B i' Al ternativelky they can be prépared b¥ the follow ng
reacti ons. Pretgss BrAl cohgls af dfmynmula (T gy he.r ted with
conpounds of la (I11) in the 08B presencig a Base T orOCBxanple an

i norgani c pat ch as sodrug;@@rﬁohate ﬁ{ ar gani c qrpase such as El unigs
base, in the presence of a s h§ble sol ve such ag acetgnittile,

di chl or onet hane dHak et r ahydr of'Uran at a t enperdedr ;mqwﬁzrimange of 0OCto

rellux, preferably at or near reflux. Cbnpod > off fornula (TlI) may be
prepared according to the foll owi ng schene: 031061H8> PCT| SE20041001960 -
Br Ilb) § \ HS. \ OBt N------- r Rl 14 3 Cs: R(Ile) (ua) CH3CN
Tol uene, "yr re , ~V SCH p-TSA (I1d) 0 O r V- UGH THE OO0 OR S ~
_OEt  Water
LiOH, THF \i
Water /Cﬁ</ OLt
DCC, DMAP, 0
DCM, 0C -RT mLJ O

i
O-phlcOBz

<
m\/ﬁ\i _QQ QX/N @

H

k]

R TiCl,

{1Ih) Tetraisopropyl orthotitanate
Ethyt diisopropyl amine 0-pMeQBz
DCM 0C then -40C
OH

' N,O-bis trimethylsityl
acetamide
S’O/(/ < Toluene, 90C - 45C
R cat TBAF

D-pMe0Bz O

N, Formiec Acid, A Aﬁ
O e
() ?::iz Lli:z7;><;ﬂ
I Sodium R’
borohydride

@ o Q

Scheme 1
wherein pMeOBz is para methoxy benzyl.

Compounds of formula (IIb), (XId), (Ag) and (M) are commercially available

5 compounds, or they are known in the literature, or they are prepared by standard processes
known in the art.



0 (lle) DCC, DWVAP, ~(xa DCM OC-RT (l1g) O o-pMcosz Q (Ili) /-\ 0 OS QQ
SIIA/N N 3 N~VJIIT IORNI R3I1 / 12 Ticl yR! \ ' aVv (-U)

Tetrai sopropyi_arthotitannte R (Rl) / Ethyl diisopropyl_amne O pMeOBz DCM
OC t hen -9@@’@411‘\120 bis trinmethylsilyl _acetamide S TJ%W}"’@WE:%-“' 45C cat
TBAF Formic Acid, AO"> OpMeOBz O 14R QS| (ID) Sodium borohydride
(Uk) N c¢c>11) R* Schene wherein pMeOBz is para nethoxy benzyl. Conpounds of
f or mul aafdthdo)aspdc) biithe présen) inaemtiocnfirbyiday £poosydochebinnpy adthpdire &F
conpounds, or&géhe ﬁre known in the literature, or thfey are prepared by

st and arfﬂmé‘i‘lﬁ L2 phpipagguiigally Receptable salt, solvate, solvate of such a salt or a prodrug

thereof which process (wherein variable groups are, unless otherwise specified, as defined in

(
|
t

formula (I)) comprises of:

5 Process 1) reacting a compound of formuia (X12):

with a compound of formula (IXI):

R} 0O
PPy
L N OH
H 5 Rz
10 (1)

wherein L is a displaceable group;

Process 2) reacting an acid of formula (IV2):

(Iv)

15 or an activated derivative thereof; with an amine of formula (V):

R! O

V)

Process 3): reacting an acid of formula (VI2):
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WD 2005/ 061452 PCTI SE2004/ 001960 - 15 Anot her aspect of the present

i nvention provides a process for preparing a conpound of fornula (12) or a’
pharmaceutically acceptable salt, solvate, solvate of such a salt or a

prodr ug whhessmrhssahi ch process (wher ein variabl e groupsp@fge20dhRscn

ot herwi se specified, as defined in fggmla (1)) conprises of: 5 Process 1)
reacting a conpound of formula (112): OROH 3\ SON4 R (112) with a
conmpound of forrmula (Il1l1): OR HO L" NOH NHR2 1d (Ill) wherein L is
a di spl aceabl e group; Process 2) reacting an aci dgpf fRfnul a (lv2): 0 oHJ
OOCH Ro N (1V) 15 or amgctivated derlvatcl’le/t”h\ere f; hh an am ne of

formula (V): 0 H2N.N-OR
3 5,
R

(VI2)
or an activated derivative thereof, with an amine of formula (VI
O

H,N
OH

R?
5 (VII)
Process 4): reducing a compound of formula (VIII2):

0 R! O
o N
_ g OH
o R

O

R .
(VIII2) N
Process 5): 1eacting a compound of formula (IX2): ' =
| o R
0 N OH
HS, o R
4N
T CL
10 ‘ R*

Ixz)

with a compound of formula (X):



OR2 (V) Process 3): reacting an acid of forrmula (VI2): W 20051061452
PCTI SE2004001960 -16 ORI OH! O NOR \ Sf HR30 04 R (VI2) or an
activated derivative thereof, with an amne of fornula (VIl): 0 HZNOH Rz
5 (VI1) POKOBESIRY: reducing a conpound of formula ("VIFARPE2NGURLIYE® O H N
OHa SHORz RO:~7N, alz 4 (V1;1¥)-Process 5): reacting a conpound of
formula (TX2): OR1L

OH

X3

wherein L is a displaceable group;

Process 6): reacting a compound of formula (X12):

0 R! 0
A
© N OH
H 5 Rz

L
N
SR
4
5. R
(X12)
wherein L is a displaceable group; with a componnd of formula (XII):
OH
3 SH
R

(XTD)

10 Process 7}, De-esterifying a compound of formufa (XTH2)

R! Q
o N” - OR
H 0 Rz

(XIL2)

wherein the group C(O)OR is an ester group;
15 and thereafter if necessary or desirable:
i) converting & compound of the formula (12) into another compound of the formula (12);

ii) removing any protecting groups;



~HO V'NNOH HHHOR O)--7N1 i 4 10 R) with a conpound of
formula (X): WO 2005/ 061452 PCTI SE2004/ 001960 - 17 3 ~\ wherein L is a

di spl aceabl e group; Process b)_reacting a conpound of fornmula (X12): 0 RL O

i O Xx NybhhdsrzeH OR N ORa $ QR) wherein L isdghspimesabl e
group; with a conpound of formula (XIT): OH3f \ sH () 10 Process 7):

De-esterifying a conmpound of formula (')wll 2) OR 0 OBl ym~ OR s f |
)-N, HORR2 O a '

iit) forming a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodmg; or
iv) separating two or more enantiomers.

L is a displaceable group, suitable values for L are for example, a halogeno or
sulphonyloxy group, for example a chloro, bromo, methanesulphonyloxy or

5 toluene-4-sulphonyloxy group.

C(OYOR is an ester group, suitable values for C(O)OR are methoxycarbonyl,
ethoxycarbonyl, #-butoxycarbonyl and benzyloxycarbonyl.

The starting materials used in the present invention can be prepared by modifications
of the routes described in BEP 0 792 264 B1. Alternatively they can be prepared by the

10 following reactions.

Process 1): Alcohols of formula (IX2) may be reacted with compounds of formula (I} in the O

presence of a base for example an inorganic base such as sodium carbonate, or an organic

base such as Hunigs base, in the presence of a suitable solvent such as acetonitrile,

dichloromethane or tetrahydrofuran at a temperature in the range of 0°C to reflux, preferably
13 at or near reflux.

Compounds of formula (112) may be prepared according to the following scheme:



R (XI112) wherein the group C(OOR is an ester group; 15 and thereafter if
necessary or desirable: i) converting a conpound of the formula (12) into
anot her conpound of the fornula (12); i) renoving any protecting groups,
WO 20051981 #E¥0¢G¢ER SE20041001960 iii) form ng a phar macRBUTBBA0#9018&Cept abl e
salt, solvate, solvate of such a salt fy.a prodrug; or iv) separating two
or nore enantioners. Lis a displaceable group, suitable values for L are
for exanple, a halqgeno or sul phonyl oxy group, fo. exanpl e a chloro, brono,
met hanesul phonyl oxyj or 5 tol uene-4- sul phonyl oxy gr C( OR is an ester
group, suitablexyattes-Hor CXﬁagﬁﬂaﬂgﬁhethoxy at bt icar bonyl ,

t - but oxycar bo and benzyl oxycar b&fyl . The ; ||ng naterla ¢ used in the
present invg can be prepaged by ﬁDdlfk" ons of fIH¢ routes described
in EP 0 792 264 Bl . Alternatiggby they can beggr%pared he 10 fol | owi ng

reactions. Procesd™): Alcohols of formula (1 Hay HB ed with
conmpounds of formula (1111) in the presence gfrsa base f by exanpl e an
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base, in the presgn of a suitable solvent such a etonitrile,
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y
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Scheme 1
wherein pMeQBz is para methoxy benzyl.
Compounds of formula (TIb), (I1d), (lig2) and (YI12) are commercially available
5 compounds, or they are known in the literature, or they are prepared by standard processes

known in the art.



reflex, p-TSA (rld) OOSLIOHTHP 0 O \ ON5 Cet Water 3/ Qt) ~ Lt
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A compound of formula (Y1) may also be reacted with a compound of formula (XTV),

Compounds of formula( XIV) may be prepared according to the following route:

@



.Schene | wherein pMeOBz is para nmethoxy benzyl. Conpounds of fornula (11b),
(rrd), (lig2) and (1112) are commercially avail able 5 conpounds, or they are
known in_the |iterature, or they are prepared by standard processes known
in the aM92WHPH05/ 061452 PCTf SE2004/ 001960 .20 A conPpouisE2mf/e6os6l a
(111) may al so be reacted with a conpolind of formul a (XI'V), Conpounds of
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Compotinds of formula X1Vi may be prepared by the following route:
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CH2C12 (oC --350C - -780C - FIT O™ Qu 0, ~cl BSA OO s 1 +} N-r- cat-
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(XIVh) R4 o-)-OHor 01 s 1 N(XIV) Ra 0 R4 Conmpounds of fornula XV
may be prxepase@dstxg2the following route: NH 0O 0 1 0 BPCOBERIQNII9R NaH
Thlua N OVF HO 25C p H” Dear'Starksscflux O R4 (XIVT) WO 2005/ 061452
PCT15E2004/ 001960 -22

A compound of formula (IN[2) may also be reacted with a compound of formula (XIV2).

Compounds of formula( X¥V2) may be prepared according to the following route:

o
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Compounds of formula XIVi may be prepared by the following route:
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R4 Conmpounds of formula XlVi maybe prepared by the follow ng route: NHa ~0
OHSr 0OOI IV O v 'Ot Et R4 NaH DWF p-tM H O D Dean R 0 25aC ean-Static
reltuc R4 (XIVi) WO 2005/ 061452 PCT/ SE2004/00196(i -24 For XV and X1V2
bot h, theyd adokowdsrg applies: Process 2) and Process 3): PAGVIR0EAE1%Mi nes nay-
be coupled together in the presence of24. 5 suitable coupling reagent.

St andard peptide coupling reagents known in the art can be 'enpl oyed as

sui tabl e coupling reagents, for exanple carbonyl diim dazole and

di cycl ohexyl -carbodii m de, optionally in the presence of a catal yst such as

di met hyﬂ?;ﬁ"ﬁ;ﬂpﬁiﬁkﬂ‘i/@%oﬂf 1k B AW RIg Hpfiepyri dine, optionally in the presence
of a base for exanple triethylamne, pyridine, or 2,6-di-alkyl-pyridines

such as 2,6-lutidine or 10 2,6-di-tert-butyl pyridine. Suitable solvents

i ncl ude_di met .yl tam de, dichl oronet hane, benzene,, tetahydrofuran and

i et hyPROSPRARAIE P Ao AR REEs BAY plyoBag dvkeinnt 1y B8 e ot a
tenp : i ; : | ' | erivatives

i ncl %Z&J{%@g cﬁgﬁ}{ﬁggege’%@%g} gttea?(%a?rg Pgaé%?%ﬂgﬁllﬁ%?% !élgs ﬁﬁg‘k’ng%gﬁ %?%s?er s, for
exanpl espnyaf dsmrimbleaopblinsteegents, Thieoxaspde tahonyldiinebeocleygds of 15

B N KT S M R e e R A
e Sy T
example triethylamine, pyridine, or 2,6-di-alkyl-pyridines such as 2,6-lutidine or
10 2,6-di-tert-butylpyridine. Suitable solvents include dimethylacetamide, dichloromethane,
benzene, tetrahydrofuran and dimethylformamide. The coupling reaction may conveniently be O
performed at a temperature in the range of -40 to 40°C.,
Suitable activated acid derivatives include acid halides, for example acid chlorides,
and active esters, for example pentafluorophenyl esters. The reaction of these types of
15 compounds with amines is well known in the art, for example they may be reacted in the
presence of a base, such as those described above, and in a suitable solvent, such as those
deseribed above. The reaction may conveniently be performed at a temperature in the range of
-40 to 40°C.
Acids of formula (1V) and (VI) may be prepared from compounds of formula {IT} by
20 reacting them with the appropriate, optionally protected, side chain using the conditions of
Process 1). Alternatively, acids of formula (IV) and (VI) may be prepared by a modification
of Scheme L. O
Amines of formula (V) and (VII) are commercially available compounds, or they are
known in the literature, or they are prepared by standard processes known in the art.
25 Process 4): Reduction of compounds of formula (VIII) could be performed with a hydride
reagent such as sodium borohydride in a solvent such as methanol at temperatures suitable
between —20-40°C, '
Compounds of formnuia (VIII) can be prepared from compounds of formuta (I1I), by
deprotecting the benzyl group and performing Process 1. Alternatively compound (1IK) could
30 be debenzylated, Process I conld be performed and the resulting compound deprotected to
reveal the ketone.
Process 5) and Process 6): these compounds may be reacted together in the presence of a

base for example an inorganic base such as sodium carbonate, or an organic base such ag



.-40 to 40C. Acids of formula (1V) and (VI) may be prepared from conpounds of
formula (U by 20 reacting themw th the appropriate, optionally protected,

side chain using the conditions of Process 1). Alternatj , j.ds of
-t ormul "’W@'mﬂ%ﬁg’z( VI) may be prepared by a mdificatioﬁérggfjg}c{ﬁ%@rgdnl. o)

Am nes of formula (V) and (VII) are Conther ci al | y avail abl e conpounds, or
they are known in the literature, or they are prepared by standard processes

known Hunigshiesarih thereRmoe 8 s sljabldRadvat isarh Bf aceonaw) dehiofhemmd & (VI 11)
could be performed with a hydride reagent such as sodi um borohydride in a
sol vektirabyerefaran ghe Fampsraigre ipdbgorange of B suiefla) prefasehiyesr rze: wdax. Conpounds

f f I d f f l. 1] b
depr ot oot 1 g eubaE B0y B ERF AR CLDIRLFRTREBRRS b en BhromPirhetificast)
conpounslciehiek), could 30 be debenzyl ated, Process | could be perforned and

the resulting compound deprotected to reveal the ketone. Process 5) and
Prodess 6) Conipayiadee Xrapd (8 I ese caamersiadtynavrilabls chmppres emcbepf  a
base for, exanmpl I.norgani.c _base such as sodi um carbonate, or an organic
base S0cHOIE iyl BBhOR, HE 3o pe Endbs Do Ruint oS dRgRhBa L o he
presemss af 78 et 8PfoPmER! (XA BdiCh: dpr@e@b®ihddristRdadl GhliRHANEIdRaRe or
tetrahydrofuran at a tenperature’in the range of OC to reflux, preferably at
or ne#hose éesauibed belonyp derrrkemple 4 methyll ar ¢th)) estarangde) dopagtetied pritbpsadie by an
appro mteemdigt' cna?i on tf Sch?rre 1, 5 Conpounds of fornmula (X) and (XI1I)
are c FECA RN PLROPBY SBIREK s, or they are known in the literature,
or fphey ar €dmspMEsdf AymslaNHI)dnd) BCRSHASA kP AWRodiRcAth® Alahy of BleOCESS 7)!
Esters of fornula (XI11) may be deprotected under standard tonditions such

as t pepsesae desuribed hpwitofor thepreparaion ef cormpemings obforewinl).est er may be
Compounds. b Pe e es A R G R BB LERRE s PR FSHENGgr of e
Pr oce gttt tiveRaeh hRl ek indaiuctd By Bl2pRat Ak AL O ubs@ReY RASHGs Jrormul a (1).
It will be appreciated that certain of the various ring substituents in the
conpogeeigaistt by conventional functional group modifications efther prior to or immediately
15 following the processes mentioned above, and as such are included in the process aspect of
the invention. Such reactions and modifications include, for example, introduction of a
substituent by means of an aromatic substitution reaction, reduction of substituents, alkylation
of substituents and oxidation of substituents. The reagents and reaction conditions for such
procedures are well known in the chemical art. Particular examples of aromatic substitution
20 reactions include the introduction of a nitro group using concentrated nitric acid, the
introduction of an acyl group using, for example, an acyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group
.. using an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeno group. Particular examples of modifications
25 include the reduction of a nitro group to an amino group by for example, catalytic
hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric
acid with heating; oxidation of alkylthio to alkylsulphinyl or alkylsulphonyl.
It will also be appreciated that in somé of the reactions mentioned herein it may be
necessary/desirable to protect any sensitive groups in the compounds. The instances where
30 protection is necessary or desirable and suitable metheds for protection are known to those

skilled in the art. Conventional protecting groups may be used in accordance with standard

practice (for illustration see T.W. Green, Protective Groups in Organic Synthesis, John Wiley



the present invention may be introduced by standard aromatic substitution
reactions or generated by conventional functional group nodifications
either prior to or imediately 15 followi ng the processes nentioned above,
and as s(¥¥@ 2865461452| uded i n the process aspect of the |PVBERENBHIO1BHECH
reactions and nodifications include, #26-exanple, introduction of a
substituent by neans of an aromatic substitution reaction, reduction of
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t hose nventional protecting groups
accor danee-mmitbtycattmagibgidup praydid :emofbdyrfor $dangile, dtyitesatmas Withd sGabinacid

Protective Goups in Ogani¢ Synthesis, Joghn Wl ey 2005/ 061452 /)
PCTI SEZ@M@WP&’G@ S‘HE]B“%M‘“M?” Qfan?“Cr@g?‘A‘g?% i ncl ude groups\“

such a ] V. r ' ' t he group
T som R abeyn bis I & honryBRYcarty ERDERRY L SpBIBITEE L oun't or
an am rexampla biyhlydragenatpmonyer a satalyat suehasphBediam-aegdrbomrop by trehomene xahipl e an

al | canoy] group such a cetyl, . an al koxycar.bon group,, for exanple a 5
met hox e BERFd fg&ﬁmﬁegpw%ﬁwwm%% c”*a%‘él%&‘?l aﬁtgrr@aw;e PEMecting group

aryl net ! ’ P Yol ; , yl group,
For. cxdabf pRied PhincBlifis, I SHBIER nANAY LUK SAUER B bt led Y 01 0
gr oups treatcaesavith yn alkylaming, ot dxengiie dineetiofl amimipertylangine gorowioh hyidrasine.f or

exanpl e, an ac roup such as an al kanoyl or, al koxycarbonyl _group _or an
P Sl%{tab% pro@ectmg group taor a%yﬁroxyygroup is, for exglmp e, an %/cyl %mup?for

example an alkanoyl group sSuch as acetyl, an aroyl group, for example benzoyl, or an
20 arylmethyl group, for example benzyl. The deprotection conditions for the above protecting
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with
a suitable base such as an alkali metal hydroxide, for example fithium or sodium hydroxids. -
Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by
25 hydrogenation over a catalyst such as palladium-on-carbon.

A suitable protecting group for a carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be removed, for example, by hydrolysis
with a base such as sodium hydroxide, or for example a z-butyl group which may be removed,
for example, by treatment with an acid, for example an organic acid such as triflaoroacetic

30 acid, or for example a benzyl group which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon.

The protecting groups may be removed at any convenient stage in the synthesis using

conventional techniques well known in the chemical art.



.aroyl group may be renoved for exanple, by hydrolysis with a suitable base
such as an al kali 10 netal hydroxide, for exanple |lithiumor sodium
hydroxi de. Alternatively an acyl group such as a t-butoxycarbonyl group may
be remoW8 2004118 anpl e, by treatment with a suitable d& Bﬁ&@“ﬂéﬁ?ochloric,
sul phuric or phosphoric acid or trifl<2roacetic acid and an ‘

aryl met hoxycar bonyl group such as a benzyl oxycar bonyl group may be renoved,
for exasplwentiby finte %ﬁﬁﬂﬁs el EMBHoh ISR muﬁit{gdvm Ratd AdbiEQR Gar bon,
or by treatnent with 15 a Lewis acid for exanple boron
tris(tapfdosobesaefet ate). A suitable alternative protecting group for a
primary am no group is, for exanple, a phthal oyl group which nay be renoved
by treatnent with an al kyl anine, for exanpl e @i metilyl ani nopropyl ami ne, or

wi th hydrazine. A suitaple protecting group fg@ a hydroxyRgroup is, for
exanpl e, an acyl g or exanplesa aP o) Such as acetyl, an
aroyl group, 5 , _ @ 20 aryl npet hyl|l group, for exanple
benzyl . The .de i itiop or t he above probecting groups wll
necessarily #th the chol[cefof protecting group. Thus, for exanple, an
acyl group such as an al kangyt-Nr an aroyl group may be renoved, for
exanpl e, by hydrolysis withO a suilab g base such as an al kali netal

hydr oxi de, for exanple lithiumor Bodidm hydroxide. Alternatively an

aryl net hyl group such as a benzyl grolp may be renoved, for exanple, by 25
hydr ogenati on over a catal yst such as pall adi umon-carbon. A suitable
protecting group for a carboxy group is, for exanple, an esterifying group,
for gxanple a methyl or an ethyl group which may be renoved, for exanple, by
hydrélysis wth a base such as sodium hydroxide, or for exanple a t-butyl
group whi ch may be renoved, foqﬁgnanple, by treatnment with an acid, for
exanpl e an organic acid such as trifluoroacetic 30 acid, or for exanple a
benzyl group which may be renoved, for exanple, by hydrogenation over a

catal yst such;as pal] adi um on-carbop. The protecti groups may be renoved
at any% ?W%%i?é% rp@f‘;é%’@’?ﬁ“]?ﬂéa A §V§f9}’§i§rg%@@aagrﬁr?6ﬁ%fﬂle éhpeques wel |
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hydi®l ysabl e esters or am des thereof: O

As stated hereinbefore the compounds defined in the present invention possess
cholesterol absorption inhibitory activity. These properties may be assessed, using the

following biological tests.

15 In vivo testing of cholesterol absorption inhibitors (A)

C57BL/6 female mice were maintained on regular chow diet and housed in individual
cages to collect faeces. Mice were fasted for 3 hours and then gavaged with vehicle or
compound. Half an hour later the mice were gavaged with radiclabelled cholesterol. Six hours
after the ** C-cholesterol gavage blood samples were taken via the tail and plasma prepared to

20 determine how much cholesterol were absorbed. 24 hours after the gavage of '* C-cholesterol
the mice were bled and plasma were prepared for analysis. Faeces were collected for 24 hours
to assess absorption efficiency. '

In vivo testing of cholesterol absorption inhibitors (B).

C57BL/6 female mice were maintained on regular chow diet and housed in individual

25 cages to collect faeces. Mice were fasted for 3 hours and then gavaged with vehicle or
compound. One to ten hours later the mice were gavaged with radiolabelled cholesterol, Six
hours after the * C-cholesterol gavage blood sample was taken via the tail and plasma

prepared to determine how much cholesterol was absorbed. 24 hours after the gavage of e



Ol R OvIi s1SII R_\ O ONR 5 (XV) wherein R7 is an hydroxy
group or a Cl.s allcoxy group. R, R3 and R4 are as defined above regarding
formula (1). A conpound of for mul a (XV) may be an internediate to formula
(1). 10 W© 280%46d¢P2her ei nbef ore the conpounds defined i nPEHEEPP&EUAG

i nvention possess chol esterol absorpt2®n inhibitory activity. These
properties may be assessed, using the follow ng biological tests. 15 In

Vi VO 1 SHolddhrOl Eﬁﬁb@%f‘élﬁéd AREALGhL AR RRITBY LAl ok fly, FadBliferd ap! € m ce
were maln alne on regular c di et an housed i n irdividual cages to

col | ecteollaetedSor 240haies veimes absmgtifmefiBidnoyr s and t hen gavaged with vehicle
or conpound. Half an hour later the mce were gavaged with radi ol abel |l ed
chol est CRCE] x hours after the 14 C-chol esterol gavage bl ood sanples were

taken vj g thee; a I red §Q NRoh (Fn{ggog pl est er ol
wer e abis?)rf lf’ggg}l§4 hlétr}?(s)g 1\?ter t gglgavgge g%qlge%?%hol estcepgv heﬂm ce were
bl ed srdypdraswbhyms-espoepanes th dietayditymilshokaeod amoagénired ict: edartbing 24

hours to_assess absqrption efficienc ViLVO sting of cholesterol
absor ptﬁob}?"iehﬁi & éhtFB)?neS(g'f-BE]ﬁé{ﬁfSeir%qge?w@ \]/\éf-‘e mai nt ai ned on regul ar

chow d| [ f Mce were
fasted or 3 %@y?%ﬂ%wwaﬁgﬂéngﬁtﬁ E%u&;ﬁ’g?%ﬂro e%férol ﬁ@&@ﬁo e to ten
hour s |G’ffl€ienb§ﬂ&mﬁh%mbn@i ﬁrm/cifgﬁdevﬁ Nutr. aQQ'D[lﬁheMébﬁSztﬂjol esterol. Six hours
after the_14 C-chal esterol, gavage hl ood sa was taken via the tail and

pl asma 3-f+dpaoliaytlo MidtigBane- Hoks f‘éﬁB eg@rgges Whsholedgphehsorpionfa ur s
af t efq t i 9AURDE 5B LA mbceY e An/cHG St FEDORFAARE, A% 96 BrysidP 1999

276:G1117-G1124.
Administration of 5 pmol/kg of Example 96 gave 87% inhibition of *C-cholesterol IO
absorption (procedure A}, Administration of 5 tmol/kg of Example 94 gave 89% inhibition of
M cholesterol absorption (procedure A).
15
Administration of 0.2 jtmol/kg of Example 91 gave 58% inhibition of “C-cholesterol
absorption (procedure A). Administration of 0.2 umol/kg of Example 85 gave 47% inhibition

of "C-cholesterol absorption (procedure A).

20 According to a further aspect of the invention there is provided a pharmaceutical
composition which comprises a compound of formula (¥), or a pharmaceutically acceptable
salt, solvate, solvate of such a salt or a prodrug thereof, as defined hereinbefore in association
with a pharmaceutically-acceptable dilnent or carrier.

The composition may be in a form suitable for oral administration, for example as a

25 tablet or capsule, for parenteral injection (including intravenous, subcutaneous, intramuscular,
intravascular or infusion) as a sterile solution, suspension c;r emulsion, for topical
administration as an ointment or cream or for rectal administration as a suppository.

In general the above compositions may be prepared in a conventional manner using
conventional excipients. | |

30 The compound of formula (), or a pharmaceutically acceptable salt, solvate, solvate
of such a salt or a prodrug thereof, will normally be administered to a warm-blooded animal at
a unit dose within the range of approximately 0.02-100 mg/kg, preferably 0.02 =50 mg/kg,

and this normally provides a therapeutically-effective dase. A unit dose form such as a tablet




.chol esterol the mce were bled and pl asma anal ysed for radioactivity. Faeces
were al so coIIected for 24 hours to assess absorption efficiency.
Ref er ences A Kirk, G L. Me, M T. Caldwell, J. A Lernmark, D.
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provi arnaceu I on res conmpound of formula

(1), or a pharomfhﬁgmcﬁ b GartHey ammeaﬁtﬁbbaessxalmvemmh\ﬂﬁre is prokideti @ compstehoR sal t
or a prodrug_thereof, as defined hereinbefore in association m W|th a

phar neibe fermda (1), oraharmaentienlly aseptahle salt. spbite, solyaie ofpedia saliormay be in a
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I Nt r angesenabmrof a wmmaﬁauimagmumﬁmmn) as a sterile solution, suspensi on
or emulsion, for topical  admnistration as an ointnment or creamor for-

f-ectal adm Wedrerafound tha the SAIpPeIds dedjned i thepissalt MsBtiaba¥e conposit i ons
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to ?5 \Ac/?igen;sg lstgt%(sj ggsogir;lite%axlzith hypetlipidaemic conditions.
Thus according to this aspect of the invention there is provided a compound of the
formula (I, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrag
thereof, as defined hereinbefore for use as a medicament.
According to another feature of the invention there is provided the use of 2 compound
20 of the formula (I), or 4 pharmaceutically acceptable salt, solvate, solvate of such a salt or a
prodrug thereof, as defined hereinbefore in the manufacture of a medicament for use in the
production of a chelesterol absorption inhibitory effect in a warm-blooded animal, such as
_~ man. _
According to another feature of the invention there is provided the use of a compound
25 of the formula (X), or a pharmaceutically acceptable salt, solvate, solvate of such a salt ora
prodrag thereof, as defined hereinbefore in the production of a cholesterol absorption
inhibitory effect in a2 warm-blooded animal, such as man.
Herein, where the production of a cholesterol absorption inhibitory effect or a
cholesterol lowering effect is stated, snitably this relates to the treatment of hyperlipidaemic
30 conditions in a warm-blooded animal, such as man. Additionally is relates to the treatment of
dyslipidemnic conditions and disorders such as hyperlipidaemia, hypertrigliceridemia,
hyperbetalipoproteinemia (high LDL), hyperprebetalipoproteinemia (high VLDL),

hyperchylomicronemia, hypolipoproteinemia, hypercholesterolemia, hyperlipoproteinemia
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20 of the formula (1), or a pharmaceutically acceptable salt, solvate, N

sol vat ewam-blnoded auigial, SY£D @s M§Podr ug t hereof, as defined hereinbefore in the
fact ' |0 : ' I I
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Accor di ¢fgect alsanslhiaeto 4 arthvdefafeating andiveprbvamting ihefostRrdticiidas althi@hase of a
conmpound 25 of the fornula (1), or a _pharmaceutically acceptable salt,

sol vhY eof nreyepsing piiqus denfus angdia mefhod of proseting lesinsy seressign. Hathenpare it
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lesions, a method of inhibiting expression of matrix metalloproteinases in atherosclerotic

lesions, a method of inhibiting the destabilization of atherosclerotic lesions, a method for
prevenfing atherosclerotic plaque rupture and a method of treating unstable angina.

20 The production of a cholesteral absorption inhibitory effect or a cholesterol lowering
effect also relates to a method of treating sitosterolemia,

Compounds of formula (I), or a pharmacentically acceptable salt, solvate, solvate of O
such a salt or a prodrug thereof may also have value in the treatment or prevention of
Alzeheimer’s Disease (see for example WO 02/096415). Therefore in & further aspect of the

25 invention, there is provided a compound of formaula {I), or a pharmaceuntically acceptable salt,
solvate, solvate of such a salt or a prodrug thereof, for use in the treatment or prevention of
Alzheimer’s Diseage.

Compounds of formula (I}, or a pharmacentically acceptable salt, solvate, solvate of such a
salt or a prodrug thereof may also have value in the treatment or prevention of cholesterol

30 associated tumors. Therefore in a further aspect of the invention, there is provided a
.compound of formula (I}, or a pharmaceutically acceptable salt, solvate, solvate of such a salt

or a prodrg thereof, for use in the treatment or prevention of cholesterol associated tumors.
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angi na. 20 The production of a chol esterol absorptioninhibitory effect or a

chol espredugt compeiringa coafpbued obths dormaula(lesonapharmacautidallyf accepsabliersglt,
sit OStseo \(r)a!tee, Tﬁﬁfate of such a salt or a prodrug thereof, as defined hereinbefore and an additional
cholesterol absorption inhibitory substance as defined hercinbefore and an additional
20 hypolipidaemic agent for the conjoint treatment of hyperlipidacmia. |
In another aspect of the invention, the corﬁpound of formula (I}, or a pharmaceutically
acceptable salt, solvate, solvate of such a salt or a prodrug thereof, may be administered in
' association with cholesterol biosynthesis inthibitors, or pharmacentically acceptable salts,
solvates, solvates of such salts or prodrugs thereof. Suitable cholestercl biosynthesis
25 inhibitors include HMG Co-A reductase inhibitors, squalene synthesis inhibitors and squalene
epoxidase inhibitors. A suitable squalene synthesis inhibitor is squalestatin 1 and a suitable
squalene epoxidase inhibitor is NB-598.
In this aspect of the invention, the compound of formula (), or a pharmacentically
acceptable salt, solvate, solvate of such a salt or a prodrug thereof, may be administered in
30 association with as HMG Co-A reductase inhibitor, or pharmacentically acceptable salts,
solvates, solvates of such salts or prodrugs thereof. Suitable HMG Co-A reductase inhibitors,
pharmacentically acccptablé salts, solvates, solvates of such salts or prodrugs thereof are

statins well known in the art. Particular statins are fluvastatin, lovastatin, pravastatin,
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or a prodrug thereof in simultaneous, sequential or separate adminisiration with an effective

amount of an HMG Co-A reduciase inhibitor, or a pharmaceutically acceptable salt, solvate,
solvate of such a salt or a prodrug thereof,

20 According to a further aspect of the invention there is provided a pharmaceutical
composition which comprises a compound of formula (I), or 2 pharmaceuticaily acceptable
salt, solvate, solvate of such a salt or a prodrug thereof, and an HMG Co-A reductase O
inhibitor, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodmg
thereof, in association with a pharmaceutical]y acceptable diluent or carrier.

235 According to a further aspect of the present invention there is provided a kit
comprising a compound of formula (I), or a pharmaceutically acceptable salt, solvate, solvate
of such a salt or a prodrug thereof, and an HMG Co-A reductase inhibitor, or a
pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,

According to a further aspect of the present invention there is provided a kit

30 comprising: _

a) a compound of formula (I}, or a pharmaceutically acceptable salt, solvate, solvate of such a
salt or a prodrug thereof, in a first unit dosage form;




.solvate, solvate of such a salt or a prodng thereof, as defined hereinbefore
and an additional cholesterol absorption inhibitory substance as defined
her ei nbef ore and an additional 20 hypoli pi daenm c agent hoi nt
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a conbiyiatd M8 pedductibn af & OhMesHS! Mfwdrdk®aka. (1), or a pharmaceutically
acceptabl e salt, solvate, solvate of such a salt or a prodrug thereof and an
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sol vat etfea?n%l:n\f %E}r%p(r)l];insg%ﬁeha&"mi?}%ltrtatigﬁ ofal? e(%:rhlleg a%n%telrrlteé)ff a compourfd of the formula
(X), or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,
20 optionally together with 2 pbarmaceutically acceptable diluent or carrier, with the
simultaneous, sequential or separate administration of an effective amount of an HMG Co-A
reductase inhibitor, or a pharmaceutically acceptable salt, solvate, solvate of such asalt or a
. prodrug thereof, optionally together with a pharmaceutically acceptable diluent or carrier to a-
warm-~blooded animal, such as man in need of such therapeutic treatment.
25 According to an additional farther aspect of the present invention there is provided a
combination treatment comprising the administration of an effective amount of @ compound
of the formula (I}, or a pharmaceutically acceptable salt, solvate, solvate of such 2 salt or a
prodrug thereof, optionally together with a pharmaceutically acceptable diluent or carrier,
with the simultaneous, sequential or separate administration of 2 matrix metalloproteinase
30 inhibitor.
According to an additional further aspect of the present invention there is provided a
combination treatment comprising the administration of an effective amount of a compound

of the formula (I), or a pharmacentically acceptable salt, solvate, solvate of such a salt ora
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firsy owiglsiovaQe4/208T, WD 26Y05 18X WG D6A1B384 PRD SE/26051] FOOITRIZER, WO HVG
Co- A reductase inhibitor, or a3§har maceut i cal lé acczglgt able salt, solvate,
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acceptable salt, solvate, solvate of suzﬁg a salt. or a g{éodr ug thereof,
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7235, EP 489 423, EP 549 967, EP 573 848, EP 624 593, BP 624 594, EP 624 595, EP 864

582, EP 869 121 and EP 1 070 703 and the contents of these patent applications are

incorporated herein by reference. Particularly the named examples of these patent applications

are incorporated herein by reference. More particularly claim 1 of these patent application are
20 incorporated herein by reference.
Other suitable classes of IBAT inhibitors for nse in combination with compounds of
the present invention are the 1,2-benzothiazepines, 1,4-benzothiazepines and 1,5-
benzothiazepines. A: further suitable class of IBAT inhibitors is the 1,2,5-benzothiadiazepines.
One particular suitable compound possessing IBAT inhibitory activity for use in
25 combination with compounds of the present invention is (3R,5R)-3-butyl-3-ethyl-1,1-dioxido-
S-phenyl-2,3,4,5-tetrabydro-1,4-benzothiazepin-8-yl J-D-glucopyranosiduronic acid (EP 864
582).
A further snitable compound possessing IBAT inhibitory activity for nse in
combination with compounds of the present invention is $-8921 (EP 597 107).
30 A further suitable IBAT inhibitor for use in combination with compounds of the

present invention is the compound:



10 of such a salt or a prodrug thereof, in a second unit dosage form and c)
contai ner neans for containing said first and second dosage fornms, According
to another feature of the invention there is provided ? , conmpound
of the MYPAMIFA0KE3 | or a pharmaceutically acceptable s% ?Fﬂﬁﬁpgéyﬁ? sol vat e
of such a salt or a prodrug thereof 38:d an 1. 1MG Co- A reductase inhibitor,
or a pharmaceutically acceptable salt, 15 solvate, solvate of such a salt or
a prodrug thereof, in the manufactu efof a medi canment for wuse in the
production of a chol esterol Iomeriné*‘ According to a further aspect
of the present invention there if§ Piyovi ded~a conbi nati on treatnent
conprising the admnistrati o] effeLthve amount of a conpound of the
formula (1), or a pharnaceut ifCal aecept abl e salt, solvate, solvate of
such a salt or a prodrug theréof, optPbnatTy together with a
pharmaceutical ly acceptabl e dil uen carrier, with the sinultaneous,
sequential or separate adm nistratikgn of an effective, anount of an HMG Co- A
reductase i nhibitor, or a pharmaceutfically acceptable salt, solvate, solvate
of such a salt or a prodrug thereot, optionally together with a
pharmaceutically acceptable diluent or carrier to a warmblooded ani mal,
such as man in need of such therape,ﬁ'c treatnent. 25 According to an

additional farther aspect of the py t invention there is provided a
conbi nation treatnment conprising thg _adm nistration of an effective anount
of a conpound of the formula (1), ¢r a pharnmaceutically acceptable salt,
sol vate, solvate of such a salt or &/ oéirug t hereof, optionally together
wi th a pharnmaceutically acceptable ql t or carrier, wth the

si mul t aneous, sequential or separate nistration of a matrix

metal | oproteinase 30 inhibitor. %ﬁg{ﬁ%i}% to an additional further aspect

of 't he present invention there i's 82 conbination treat ment

conpri sing theadi IEI@ T 34U SbrGhr &3 ;8 |a¥i %Pu&tm SOMD of the
formula (1), rr a pharmaceut | cralrly alggggl?gﬂba?ﬁgnsa t, s@ltu\r}gi e, sgﬁ/}g?te of such
a sal t imendon® s2ROELTEIY 22y PETHISEROMEOD196@f WOH2H0061,ug dlarasdentically
opti gnal | gether with a pharnaceutically acceptable diluent or carrier,
Wbt St AEsDia i SOUAe. SHAUERETER oGP SEpRFOTBE Hew B 88 FIRPOTAE Ohpo A I
Mnetig,! Lde ; ka8 [ t4i_ Wlaf Y
f or mul gxg)]?l?f,ebgrng A;g é@arrgé:dgut?cgrfp'ﬁf/ﬁ%&g%%g%gg%%&% t?f SO ‘\)/%jﬁe, so?\?%%e of
such aimatgorated hereiobly rejertheer Agfarticdyr IieA Bithibitatseleedd o WO 02/50051 for
use in combination with compounds of the present invention is selected from any one of:
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-1"-phenyl-1'-[N"~(carboxymethy!)

10 carbamoyl]methyl }carbamoylmethoxy)-2,3.4,5-tetrahydro-1,5-benzothiazepine;

1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-0-[N'-(carboxymethyl)carbamoyl]-4-
hydroxybenzyl}cartbamoylmethoxy)-2,3,4,5-tetrahydro-1 ,S-benzoth{azepine;
},1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-1"-phenyl-1'-[N"-(2-
sulphoethyl)carbamoyljmethyl }carbamoyimethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;
15 1,1-dioxo-3-butyl-3-ethyl-3-phenyl-7-methylthio-8-(N-{ (R)-1'-phenyl-1-[N"-(2-
sulphoethyl)carbamoyi]methyl jcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;
1,1 -dioxo-3,3-dibutyl—S-phenyl—?-methylthio—B4(N- {(R)-u-[IN"-(2-sulphoethylcarbamoyl}-4-
hydroxybenzyl }carbamoyimethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;
1 ,1-dioxo-S—butyl—3-ethyl—5—pheny1—7-methylthid-8—(N-{ (R)-¢-[N*-(2-sulphosthyl)
20 carbamoyl]-4-hydroxybenzyljcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,3-benzothiazepine;
1,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-(N-{ {R)-0-[N'-(2-
carboxyethyl)carbamoyl]benzyl] carbamoylmethoxy)-2,3,4,5-tetralydro-1,5-benzothiazepine;



association wth an ileal bile acid ("BAT)—imthibitor or a phar rlaceut ically
acceptable salt, solvate, solvate of such a salt or a prodrug thereof.

Sui t abl e conpounds possessing !BAT inhibitory activity for use in

conbi nati on with conpounds of the present invention have been descri bed,
see fawopossbemee t he conpounds described in WO 93/ 16G%H/SEANGWAE183 w10
94/ 18184, WD 94/24087, WD 96/ 05188, 3¢0 96/ 08484, WD 96/ 16051, WD 97/ 33882,
WO 98/07749, WD 98/ 38182, WD 98/ 40375, WD 98/56757,. WD 99/ 32478, WO

S U Bl SN R Bl
2 S PR o0 S A2, 10 0 1o
1007231119;@151:5@1%9@31 E@haﬁﬂsnmeﬂﬁmma-(mm -OERV'48 L atdypEty549 967, UP 573

848, EP 624 593, EP 624 594 EP 624 595, EP 864 582, EP 869 121 and EP 1
070 ' cagbrreaylibenayld earbamexlngtiqyeded Harttemah el iSckarzewiazapiae; i ncor por at ed

aph LA €S RSl Tt TR PRI Y RSt IERBaBR A ) 1 ai

L Of barnearBABYImARBL}) RS UeieRARd:d] I-DERBRRALAR, her el n by ref er ence.

O her sUitable ¢l asses of 1SAT inhibifors for use In conbi natlon with

conphiniisxced 3~d[hetyi}6qﬁmnyl-7-nw&qﬂﬁhm18dh’e{ AN -(2- i filerein ohdbnaiyties-
1, 4benzot hi azep| nes an enzot hj azenpi nes A further suitable class of

VAT Sthpbanesht §3ﬁb§HﬂY@n§tﬁ9x@ %gﬁz%'@ﬁﬁ]&ld#ra‘z peothiggs@insar ti cul ar suitabl e
COMDPE ARSFRE L gk AL Pk ik Ak L DAy YRS 4§y GRygopt! nat o vt
51ip h@?ﬂdxy@th?l)éa@ahﬁiyﬂ@@ﬁfﬂﬂﬁa}baﬁml?ﬁﬂé‘tﬁbﬁ)ag 8l snte&aujrdro-ﬂ?mbmxi@iwl duroni c

acid (EP"864 582). A further suitable conpound possessing | BAT i nhi bi t,e
act i Ll tdjoxfos’, Suhbuuth—pmnﬁr?rmetmthw—BﬂNeﬁR})wwS(Rdf(QﬂWérq:iWebe nt inventionAas

comb B D REHAL bR hO DB S ErreRo! o PRACHRRIAE: M O
2005 96423, BAh w523 Yk AML 2GR thy1 BRo- 84 R-AR)-6-(W- { (R)-1-IN"-(R)- (2-hydroxy—1-
carboxyethyl)carbamayl]-2-hydroxyethyl ) carbamoyl)benzyljcarbamoylmethoxy}-2,3,4,5-

15 tetrahydro-1,5-benzothiazepine;
1,1-dioxo-3-butyl-3-ethyl-5-phenyi-7-methylthio-8-(N-{ &-[N'*-(carboxymethyl)carbamoyl]
benzyl Jearbamoyhmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine; :
1,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-(N-{ o-[N'-({ethoxy)(methyl)phosphoryl-
methyl)carbamoyl]benzyl }carbamo ylmefhoxy)-?.,i% #,5-tetrahydro-1,5-benzothiazepine;

20 1,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-{ N-{(R)-0-(N"-{2- o
[{(hydroxy)(methyl)phosphoryl]ethyl }carbamoyl)benzyl}carbamoylmethoxy }-2,3,4,5-
tetrahydro-1,5-benzothiazepine; ' O
1 ,1—di0xo-3,3-dibutyl—5 ~phenyl-7-methylthio-8-(N-{(R)-0.-{N'-(2-methylthio-1-
carboxyethyl)carbamoyljbenzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;

25 1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-{ N-[(R)-ot-(N"- { 2-{(methyl)(ethyl)
phosphoryllethyl } carbamoyl)-4-hydroxybenzyl]carbamoylmethoxy}-2,3,4,5-tetrahydro-1,5-
benzothiazepine;
1,1-dioxo-3,3-dibutyl-S-phenyl-7-methylthio-8-{ N-[(R)-0-(N'~{ 2-[(methyl}(hydroxy)
phosphoryllethyl} carbamoyl)-4-hydroxybenzyl]carbamoyimethoxy)-2,3,4,5-tetrahydro-1,5-

30 benzothiazepine;




IPOC L WO 99/32478 A particular MAT inhibitor for use in conbination
W th conpounds of the present invention is selected fromany one of
Exanpl es 1-120 of WD 02/50051, or a pharmaceutically 5 acceptable salt,

sol vate,_sQ te of such a salt or a prodrug thereof, gie/ddicnsmongeounds of
‘Exanpl e%’vé %5‘8’6@1”2 I ncor por at ed her ei 25 y reference. Clains 1-15 of WO
b

02/ 50051 are also incorporated hereiw’by reference. A particul ar BAT

i nhibitor selected from WD 02/50051 for wuse in conbination with conpounds
of t he 1pr-geant3,I-dibentli Hphers/i-Fehebykigiofd- Q| GOyocQ(R)-Nf (2~methquulph1nyl 1-

1, 1- di oxo0- 3, 3-di butyl-5--phen | -7- rreth%/tllthlo 8- a&x) 1' -phenyl -1"-IN -(car
boxynetcﬁgbp)cyq_s@yl)carbamoyl]benzyl carbamoylm 0Xy)-2,3,4,5-teirahydro- 15-benzoth1azep1ne

car ban%}{hl met hyl | car banoyl et hoxy) - 2, 3, 4, 5-t et rahydr o- 1, 5- benzot hi azepi ne;
1, 1- di oXxo- 3, 3-di butyl - 5- phenyl - 7- n'ethylthlo 8- (N

((R- a-1| NdroxbSes-amayfirebhady)- TCﬁétiP@ﬁPBl[N {I(R) u—AN’ (2-su1phocthyl)carbamo N-4-

hydr oxybenzyl )car barmoyl et hoxy) - -tetrahydro-17, 5- bénzot hi azepl ne;

1, 1- &i dwdm%yl’;erd:wb}@ﬂgﬂanmy]hhehhyky}ﬁ,ﬁﬂtﬂﬁtﬁtrahy@e{i-5( hbﬁzocﬂ?ézepincphenyl -[N -(2-
sul phoet h

car bam®§ P&%‘%@%@?@?}{ 3’] %C%E%@F PafnaRates SEYHE QT G AT Adirodig thereof.
1, 1- di oxo- 3- Dbyl %ﬂsr' mﬁi‘bﬁﬂfﬂ%f b/ m BB Qr 8§z &t mRebedithy 1 - [N - (

2- sul phoet hyl') car banoyl | net hy

car bamig¥ameivh wgejeczadzﬁrdmmﬁma@hifdamp]m - %wfiﬁﬁﬂﬁiﬁﬁw 18e0r a pharmaceutically
1, 1- di oxo- 3, dlbu henyl 7- net yl thio g
( ( R) - a-ALREpiR e sal§s 8 g&eh PB é galtpra prodmg hereof, and the compounds of

hyd , t 9nl
hydrx Oxoﬁgﬂb Q%rlgt(%{gsh@pfy%%@ @&%&5 ('f}ﬁl’i@%é_j[ gi? of S GeRZRLA RZERIRE;

( i?) ct -1{1¢dirpc§1ﬁsedthie}:ﬁ1m by lyfejen2@ A particular IBAT inhibitor selected from WO 03/020710

carb |- b b th 4, d 1, 5- t hi

o bt e 1n SBSSR Btk A SRy bt BE pHSR o Rtionfs Falfht BOpeny R OB o
N 2- C I AP (P YRR ) 5

s Doy SRR Sl CSRAN RIS (Vo (R0 -0 S B RGRY S RY 61155

PCTI SEZZ}@MS%JﬁL&ﬁﬁllydf&@hfbxﬁBchrba«mﬁ]b%ﬂ@i mmwm@mhﬁm%;ﬂsm -rhhbde-85( N- {

(R-a-[N-(2- carboxyet byl)carbam)yl] - hydr oxybenzy
} car barkeproriaReptys:- 2, tetrahydro 1, 5- benzot hi azepi ne;

BB R gngﬂ't-sy-?@%‘fﬂ%étﬁ91%8—*%X&\F-WEEB'—é-'[wzf-(s)-3-(R)—4—(R>-5-(R)-
2,3.4,5,6-pentahydroxyhexyl)carbamoyl|benzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-
‘benzothiazepine;
1,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-(N-{ (R)~Ct-[N-((8)-1-carbamoyl-2-

20 hydroxyethylcarbamoyl]benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;
1,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methrylthio-8-(V- { (R)-0-[N'-(hydroxycarbamoyl-
methyDcarbamoyllbenzyl Jcarbamoylmethoxy}-2,3,4,5-tetrahydro-1,5-benzothiazepine;
1,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-[N-((R)-ot- { N[ 2-(N'-pyrimidin-2-
ylureido)ethyl]carbamoyl }Ybenzyl)carbamoylmethoxy]-2,3,4,5-tetrahydro-1,5-

25 benzothiazepine;
t,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-[N-(R)-¢~- { N-[2-(N*-pyridin-2-
ylureido)ethylJcarbamoyl }benzyl)carbamoylmethoxy}-2,3.4,5-tetrahydro-1,5-
benzothiazepine;
1,1-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-(N-{ (R)-0-[N-(1-+-

30 butoxycarbonylpiperidin-4-ylmethyl)carbamoylloenzyl }carbamoylmethoxy)-2,3.4,5-
tetrahydro-1,5-benzothiazepine;



!
- —car-bampyt Fhenzyt —Fecarbanoyt nethoxy) -2, 3,4, 5-t et rahydro- 1, 5- benzot hi azepi ne;

1- di oxo- 3, 3-di butyl - 5- phenyl - 7- net hyl t hi o- 8- (N

a-[ N -(2-carboxyet hyl )carbanoyl] benzyl

amoyl met hox 2,3,4,5-tetrahydro-1, 5- benzot hi azepine.
1-dio Oéﬂ@i*}&}%%t _5-phenyl - 7- net hyl t hi o- 8- ( N-{ PLTISE2004/001960

[N -(2- suIphoethyl)carbannyl]-z- f+ 3®robenzyl } carbanoyl met hoxy)-2, 3,4,
t et rahydro-1, 5- benzot hi azepi ne;
1-

10"gfCﬂz&@%ﬁt;;ﬁy&h{?ﬂﬁ&@@%&m}n&%@wt (kpodMLe (R -a- [N - (R - (2-hydro

car b0Xd&ﬁydmk)nﬁapﬂaﬁmbfddlQﬂ]‘bwt:}l@:mrbmmhﬂﬂtdxp)@B%-&trh,h&dtcel,ﬁahydro | , 5- benzo
t hi azepi ne; . 1, 1- di oxo- 3, 3-di butyl - 5- phenyl - 7- rrethylthlo 8-(N-((R)-cc

[N - (F!)GD@QﬂWGP‘EQyI car boxyet hyl ) car banoyl ] benzyl

T Pk S A e -

ﬂr%ﬁﬁmy@ﬁ?fﬂﬁﬁﬁhhyi Vb y@@mﬂnbgﬂmwgq&gn Bytkirdhydro-1,5-

car banoyl) benzyl'] car bandyl met hoxy}
t et r ahyahzothiazBpinenzot hi azepi ne;

(o[ Ot e BT SR  ibt o vo
1 1 d| X6 ﬂggﬁﬁf)@??‘% @g%ﬂﬂﬁﬁ?%ﬁéﬁgwﬁ@?ﬂ%ﬁ%%ﬂé@ d:c% 1,5-benzothiazepine;

ca- [N1 ﬁ(cﬁb)tw%b)lﬁm &y )-pphaphrybthylthiet Syl (Ry-G b yhipexddinyd-yimethyl) -
car banoyl met hoxy) -2, 3, 4, 5-tetrahydro-1, 5- benzothlaze i ne; 20 1,
1- dr16x@rbaw13henaylém§4mgylmmN3/ -2.3fb b Aatrabyiie- B {hqnmthyazgplpw arf p.

L PSS DAL BLAEANELLLL B e SRGRATE (PR LERL oY ot o) -2 3%
1, 1-di %&%ﬂ?j Mb&ﬂ?ﬁhéyl@dﬂ%&&ﬁmﬂﬁ Mh;ﬁl*}be&bﬁn&fi‘rﬂethoxy)—z 34 S-tetrahydro—
2- met hy

(R -a- thio-1-"carboxyet hyl) car banoyl ] benz [~
) car bahbytienetthiageping, 3, 4, 5- tetrahydro 1, 5- benzoth| azepi ne;

5 S b s s

}-243, 4,5 tﬁﬂaﬁ%@&%kﬁmhﬁﬁf&% BdrisB HeBdriMGination thh compounds of the present
1, 1-di ox03 3-di butyl -5-phenyl - 7- net hyl t hi 0- 8-{ (R-a-(N

( 2 [ ( nmufbnytith yelecirg from any one of Examples 1-7 of WO 03/0 2825, 0r a phalmaceutlcally

Sgtr)gp?gg % é:}c?rbagg%p‘%-éﬁ- g%%/abenz g@cgﬁeﬁ%‘% gﬁt hOXéE-Z 3, 4 5-tetrah

d
(1R)1_ '_?%%@ Néxﬁ!" a@ﬁ%ﬁéh 02239% ﬁ?’ﬁy“ g&?&r@ydet. B 1(bAWO 03/022825 are also

ncorporated herein by reference A particular IBAT inhibitor selected from WO 03/022825

51,
((R)-
)carb
1,1-d
a-
5-
1

20 for use in combination with compounds of the present invention is selected from any one of:
1,1-dioxo-3(R)-3-butyl-3-ethyl-5-(R)-5-phenyl-8-[N-((R)-a-carboxybenzyl)
carbamoylmethoxy]-2,3,4,5-tetrahydro-1,4-benzothiazepine; O
1,1-dioxo-3(8)-3-butyl-3-ethyl-5-(8)-5-phenyl-8-[N-((R)-a-carboxybenzyl)
carbamoylmethoxyl]-2,3,4,5-tetrahydro-1,4-benzothiazepine;

25 1,1-dioxo-3(R)-3-butyl-3-ethyl-5-(R)-5-phenyl-8-(V-{ (R)-o-[N-(carboxymethyl)carbamoyl]
benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,4-benzothiazepine;
i, I-dioxo-B(S)-B-butyl-S-eth ¥1-3-(8)-5-phenyl-8-(N-{(R}-0i-[N~(carboxymethyl)carbamoyi]
benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,4-benzothiazepine;
3,5-trans-1,1-dioxo-3-ethyl-3-butyl-S-phenyl-7-bromo-8-(N-{ (R)-a-[N-

30 (carboxymethyl)carbamoyl]benzyl}carbamoylmethoxy)-2,3.4,5-tetrahydro-1,4-
benzothiazepine; | | |




car boxyet hyl ) car banoyl i benzyl }
.car banmoyl net hoxy) - 2, 3, 4, 5-tetrahydro-1, 5- benzot hi azepi ne; and -
1, 1- di oxo- 3, 3-di butyl - 5-phenyl -7 -meth oxy-8-[N- { (R)-a-[N -(2-sul pho

et hyl) car bamm PCT/SE2004/001960
'hydroxyﬁﬁgiwbiﬁér%amyl met hoxy] - 2, 3, 4§§ tetrahydro-1, 5- benzot h{azepl ne; or a
te

phar maceutical ly acceptable salt, sol sol vate of such a salt or a _
prodrug thereof. A particular | BAT inhibitor for use in combination with

conpouBg@siriis- 1, heligxeS€R}-3-ettW-S it - hﬁdmygcqsqcs ~FHRR-AbyoradS-@f- { R9anP! es
1-44 of WD 0 31020 7 10, or_a pharmaceuti cal acceptabl e salt, sol vate,
sol vat évﬂarbwﬁm@hﬁéqa@bwoﬁlbpﬁw}%@Wﬂm@ﬁhoxahaﬁt%tmhp@wd% of 10

Exanplgnzéﬂg4 are, i ncorporated herein by reference. Clainms 1-10 of WO 03
/02 07°% &Pds0 i ncor porated herein by reference. A particular 1BAT

i nhi bi 581,58l £¢iBekd-BR) ‘@Qt@ﬁ@&ﬁ Hﬂfxy@@i} sa«pﬁemmbtrﬁns YWifirggopounds

of the present invention is selected rom any one

1 1 dl @Y@ﬁb&}dﬂdﬁhﬁlﬁ&t&@b}é}bﬁmﬂ}Lratd‘eamdyﬂmemoayx Bj-3f4 5~tetrahydro 1,4-
3 (R-4-(R-5-(R) -

2 3 4 é@ H%elr oxyhexyl ) car banoyl } benzyl

iaibﬁfés%*o{;%’? FioR ypasEy ’?ﬂﬁeﬂﬁﬁﬂlﬂ’?ﬂ. PP AT v (2 (9-3-(R

-4-(R) {@ﬂﬁcﬁ)ymeﬂl)ﬂ)oﬁﬂﬁmﬁ}w}%ﬁmwwﬁﬁmh&mﬁ)ﬂ Bametibbrirall 4-}

carbanDyInethoxy) 2,3,4, 5-tetrahydro-1,5- benzothi azepi ne;
1,1-di 8 MIW“'43 ethyl 5- phenyl - 7- rrethylthlo 8-(N((R-a-[N((S)-1-carbam

car B hetRb o3 AL RPN debuiin hOL B -2
1, 1-di @ &nwyd&bﬁn@nmlhﬁmﬁyw&ﬂzaﬂmﬁﬁylrhéth@xﬁ AN S-tetrahydro-1,4-

((R) a-| (hydroxycar banoy| hyl) car banoyl ] benzyl }
car banbyraeshipeepine anmoniasaliet r ahydr o- |, 5- benzot hi azepi ne;

N [1'2"'( ﬁﬁpwm%a ey ?ﬁ-&&%&a?@?ﬁmenﬁﬁ%%% PEME R
benzyl y&ab %; BRI RABHNA Hén 34 }doaﬁjawxﬁgﬁgk gatggﬁ\ﬁ?%)gt%g azepi ne;

|, |-dIOXO 3-"but 3- et hyl - 5-phenyl - 7- et hyl
{ N- [13- (nhnm&uazhpmezdlewmnen@im)l‘emu}'l ] car banoyl

Rt bk A SR R S M R AT A

car banteT TR i OF] ﬁﬁ”ﬂ%ﬁ?ﬁ’@@%@%’%@ﬁ braydrg: 14
benzothlachme diethylamine salt
ora pharmaceutically' acceptable salt, solvate, solvate of such a salt or a prodmg thereof.

20 A particular IBAT inhibitor for use in combination with compounds of the present
invention is selected from any one of Examples 1-4 of WO 03/022830, or a pharmaceutically
acceptable salt, solvate, solvate of such a salt or a prodrug thereof, and the compounds of
Examples 1-4 are incorporated herein by reference. Claims 1-8 of WO 03/022830 are also
incorporated herein by reference. A particular IBAT inhibitor selected from WO 03/022830

25 for use in combination with compounds of the present invention is selected from any one of:
1,1-dioxo-3-butyl-3-ethyl-4-hydroxy-5-phenyl-7-(V-{ (R)-c-[N-
(carboxymethy!)carbamoyl]benzyl jcarbamoyimethylthio)-2,3,4,5-tetrahydrobenzothiepine
1, I-dioxo—S-butjrl-’_’, -ethyl-4-hydroxy-S-phenyl-7-(N-{ (R)}-o-[V-(2-sulphoethyl)carbamoyl]-4-
hydroxybenzyl }carbamoyimethylthio)-2,3,4,3-tetrahydrobenzothiepine ammonia salt

30 1,1-dioxo-3-butyl-3-ethyl-4-hydrox y-5-phenyl-7- { N-[a-(carboxy)-2-fluorobenzyl)
carbamoylmethylthio }-2,3,4,5-tetrahydrobenzothiepine; and
1,1-dioxo-3-butyl-3-ethyl-4-hydroxy-3-phenyi-7- { N-[1-(carboxy)-1-(thien-2-yl)methyl]
carbamoylmethylthio}-2,3,4,5-tetrahydrobenzothiepine



)
_ WD 20051061452 PCH-SE200641001960— =381, 1-dioxo- 3-butyl -3-et hyl -5-p he
nyl -7-methylthio-8-(N { (R -a-{N-(2,3- dihydroxypropyl)carbanoyl]benzyl}
car banoyl met hoxy) - 2, 3, 4, 5-tetrabydro-1, 5- benzot hi azepi ne;
1, 1- di oxo- 3- but yl - 3ethy| 5- phenyl - 7n'ethylth|o8[l\l-($, -
{ N[ 2- (Y@ 2@BH§85Dxyphenyl ) - 5 2- net hoxyet hyl | car banmoy C{“’SEM“"“‘%“
benzyl ) car banoyl net hoxy] - 2, 3, 4, 5-t et rdlydr o- 1, 5- benzot hi azepi ne
1, 1- di oxo- 3- butyl - 3-et hyl - 5- phenyl - 7-nethyl thi 0-8- (N ( (R -a-[ N-(2-

am i nogt

carb amy{]ﬁeﬁi %ﬁgﬂ%hgﬁg ) ee%’ srag:hsoévate 50 gvaE?eonfzsgtcthla S“}% or 2 prodrug thereof.

1, 1- di oxo- 3Atpmydlﬂa‘ Mimﬁbiﬁiﬂéﬂwgﬁﬂ mhhiyxhtxdm mt&c(;hiﬂ(;ﬁw&"—tb&b(w&met i di n-4-
yl met h

c ar barr%‘b’) P’]‘tﬂjig’rfﬁ geiectad feom prneradEnamples 143% of WO QRGP 286, o6 2 phageachRrticalyi ne;
- 7. Le- - 2-N, N-
2D of RcPppE i Nehenc, SoRhorsari A S be o pIRNPLIGHE afa Y cduiflias Bt

car bg nﬁxiimptkh D8P iR ofporated hémﬁib‘}dﬂ’etﬁercﬂccSCM‘mz Gt 10 SEAR QI GRF027D86are also
phar maceut | cal | eptable salt, solvate, solvate of such a salt or a

pr odr uBCPHRSFARS gﬁfﬁl{l mcfrawqecmpamqs IB A shibifor fedect%féomnwaawnmaéon Wi th

of 00> B8 s pafbif R Bln ol B teprofn BRI TR ffe B SR 20 1
such atgadibxdB, 3%&@%@@&1&-@@%@1@1&8«%{(Rgxmogwmﬂ@ 1oéarb M@ﬁylﬂ}ng are

mcorporated herein by reference. Clains 1-8 o 22825 are al so

| ncor pethykesabamed]- ﬁwrwwenmmbmcp’ém@ﬁl@W)a?@H@Iﬁtrﬂhsl’drm1'&2)5— sel ected from
gﬁ/gZ%&gﬁdi%efor use in conbination with compounds of the present

i nv B¥ed from any one of,

1,1-d b I

Ly AL BBl D o SRR BB (lhygmnbybenzy ) ()

1, 1- di hydveS(pE)p;8)catiapioyB}-4 hiyoxFbenSyl}barbhmnylimeBaduy) Q{3 Setetatydooc y Pz y | )

car banpyl net hox g 2,3,4,5-tetrahydro-1, 4- benzot hi azepi ne; 25

1, 1- di B%® %a%l’ﬁﬁyl 3-ethyl - S (R) - 5- phenyl - 8- (N-{(R) - a- [I\I—(carboxyrrethyl)

car bapNLdioxd 8 32kbudyn-S-FHRATPHICMBARRXNANA Ry 61 (@) 1G4 4

enzot hi‘azep

1, 135' ﬁ%?]ffﬁ(rﬁpylﬁaﬂim}dyi}%&iybtsdxyﬁer(zﬂ}cﬁrbai'meyhdletﬁawz{iaﬁ-taﬁiﬂydf@amﬁxy net hyl)
car banp enz
car ban’@‘%’ﬂ ﬁﬁ'éﬁ??%’/lﬂz 3, 4, 5-tetrahydro- 1, 4- benzot hi azepi ne;

1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N- { {R)-0-[N-((S)-1-carboxybutyl)
carbamoyl}-4-hydroxybenzyl } carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

benzothiadiazepine;

20 1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8~(N-{ (R)-o-IN-((S)-1-carboxypropyl)
carbamoyl]beﬂzyl }carbamoylmethoxy)-2,3,4,5-tetrakydro-1,2,5-benzothiadiazepine;
1,1-dioxo-3,3-dibutyi-5-phenyl-7-methyihio-8-(N-{ (R)-0-[N~((S)-1-carboxyethyl) KD
carbamoyl}benzyl Jcarbamoylmethoxy)-2,3 4, 5-tetrahydro-1,2,5-benzothiadiazepine;
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-o-{N-((S)-1-carboxy-2-(R)-

25 hydroxypropyl)carbamoyl]benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-
benzothiadiazepine;
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-0t-[ N-(2-suiphoethyl)carbamoyl}-4-
hydroxybenzyl }carbamoylmethoxy)-2,3 4,5-tefrahydro-1,2,5-benzothiadiazepine;
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R}-o-[N-((S)-1-

30 carboxyethyl)carbamoyll-4-hydroxybenzyl earbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

henzothiadiazepine,;




.3,5-trans-1, |-dioxo-3-ethyl-3-butyl-5-phenyl-7-bronpo-8-(N-{ (R -a-[N 30
(car hoxymet hyl ) car banoyl ] benzyl } car bamyl et hoxy) - 2, 3 4 5-tetrahydro-1, 4-
benzot hi aze(Pl ne; WO 2005/ 061452 PCTI SE2004/ 001950
3, 5-t r art¥0 200F4{4§% 0- 3- (S) - 3- et hyl - 3- but yI - 4- hydroxy 5 (P§)T"S§2%@HWO7 bronp- S

-(N{ (R-cc- [N-(car boxyrret hyl ) car bagbyl | benzyl }
~car banoyl net hoxy) - 2, 3, 4, 5-tetrahydro-1, 4- benzot hi azepi ne

R i L i b i e
car banﬁl\ﬁh@ﬁhiﬂ:@ﬁlﬁ)ﬂ&b@n@ Bodre gr 12 10 Ikme&hoyk%@fﬂ@ﬁr BLtatZrﬂ@ldE'&l 2,5-
3,5-trans-1, d|0x03e hyl - 3- but yI - phenyl 7- rrethylthlo -(N{ (R-ct.-[N

(carbo%?ﬁ@ﬁﬁ%h&@ﬁﬁﬁanoyl]benzyl } car banoyl net hoxy) - 2, 3, 4, 5-t et rahydro- 1, 4-
benzot

DoY) DR 3G R 5 - B s kB S O 2oy a [N (2
o ES%%P@E’@W?MM%%F%WW% ) opbamorimethony)-2.3.4 Setaydro

1, 1- di o 2¢5-BeneShiRlimtchirk: 3- butyI 5-(9)-5- phenyl 7- met hyIth| 0-8-(N-{(R) - a- [ N-
(car boxynet hyl ) car barmyl] enzyl ) carbanp Ny 8 ,3,4,5-tetrahydro-1, 4-
15 bendtdirirédgrdbnigl-armhprdnd -metisathio-34 d(R)'Cﬂ*[N'( S)-1- carboxy~2~

(car boly Rty B e R R R R 28 U by oo 1. 4

benzot Biraatiddecgine] hyI am ne salt; or a pharnmaceuti cal I y acceptable salt,
sol vate, solvate of such a salt or a rodru thereof. 20 A particular ]BAT

i nhilBi 1 drdipxn-3 Jsdibniy]l-garsnyiat- H@ﬁlﬂﬁht% BV-68 ) hrarhrsepepyl) | nvention i s
selected, fro es.l- 2 a pharmaceuti cal |
accept SBPEn ﬂ}-?%%qvgpgzyﬁicg Oé’hgf’ ﬁ%g4$€ ?aé{‘%ﬁ lp%?édr ug t her eof , and d

the copmoangs:of ifexapl es 1-4 are incorporated herein by reference. Cains
1-8 of WO 031022@30 are also incorporated herein by reference. A particular

MAT i nH:j1bdibm—3§ed1butyéd—ﬁhenyh-me@&/lw8{w-(m) frerarhesy-4-n conbi nation with
COrrpougggro)?;bewﬁ)gaggaslr?gytlmle{fl\égﬁ b.oi A, é-tetr ﬁyﬁgz e? Sfbreggs)t aﬁlaggp%ng,f

15 or a pharmaceutically acceptable salt, salvate, solvate of such a salt or a prodrug thereof.

A particular IBAT inhibitor for use in combination with compounds of the present
invention is selected from any one of Examples 1-7 of WO 03/091232, or a pharmacentically
acceptable salt, solvate, solvate of such a salt or a prodrug thereof, and the compounds of
Examples 1-7 are incorporated herein by reference. Claims 1-10 of WO 03/091232 are also

20 incorporated herein by reference. A particular IBAT inhibitor selected from WO 03/091232
for use in combination with compounds of the present invention is selected from any one of:
1,1-Dioxo-3,3-dibutyl-3-phenyl-7-methylthio-8-(N-{ (R)-0-[N-(2-(8)-3-(R)-4-(R)-5-(R)-
2,3,4,5,6-pentahydroxyhexyljcarbamoyl|benzyl }carbamoylmethoxy)-2,3,4,5-tetralyydro-
1,2,5-benzothiadiazepine;

25 1,1-Dioxo-3,3-dibutyl-5-phenyl-7~-methylthio-8~(N-{ (R)-tt-[N-(2-(S)-3-(R)-4-(R)-5-(R)-
2,3,4,5,6-pentahydroxyhexyl)carbamoyl}-4-hydroxybenzyl }carbamoylmethoxy)-2,3,4,5-
tetrahydro-1,2,5-benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-] N-((R/S)-ci- { N-[ 1-(R}-2~(S)~1-hydroxy-1i-
(3,4-dihydroxyphenyl)prop-2-yljcarbamoyl }-4-hydroxybenzyl)carbamoylmethoxy]-2,3,4,5-

30 ietrahydro-1,2,5-benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-~{ N-[(R)-0-(N-{ 2-(S)-[N-(carbamoylmethyl)
carbamoyipyrrolidin-1-ylcarbonylmethyl }carbamoyDbenzyllcarbamoylmethoxy}-2,3,4,5-
tetrahydro-1,2,5-benzothiadiazepine;



\
1, 1- di ox0- 3- but yl - 3- et hyl- 4-hydroxy-5=phenyt=7- (NF{ (R -a-[ N
(car boxymet hyl ) car banoyl | benzyl ) car banoyl met hyl t hi o) - 2, 3, 4, 5-t et rahydr obenzo
t hi epi ne 1, 1-di oxo- 3-butyl - 3- et hyl - 4- hydr oxy- 5- phenyl - 7- ( N- {
(R) -a- (N-(2-sul phoet hyl ) car banoyl ] - 4- )
hydr oxwhenssaiesr bamoyl met hyl t hi o) - 2, 3, 4, 5-t et rahydr o‘HéTf%%"ﬂf%‘B%% anmoni a
salt 30 1, 1-di oxo-3-butyl - 3-ethyl - 4-4%dr oxy- 5- phenyl - 7- { '
N--[a- (carboxy) - 2-fl uorobenzyl ]
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2005106 41-2}2&%1' ?SEZ 16[@% 410%”1 9 % -4%37 or a p¥|ar maceut i caI |y accept abl e

sal t ,begedthindigzepipeivaatle of such a salt or a prodrug thereof. A particular

.TECZni Tdhioxs33aiBlba e ﬁyﬁﬁ'ﬁlﬁf 1%-5-@@(?5 RIS S 385586, or a
D a1 e e on AR fuc® ime@Phoihltn ACK A Feuburiififhei )| Do

Egﬁ i by ol orence . A part mﬁ??‘wll\QDTO?ﬁg.zﬁztS or sl acred Tl om o 031022286
f or ﬁ@gmﬁﬁ?ﬁflﬂm%ﬁe %lﬁs Bﬁﬁ{i'&l:?d? B?tepﬁéucbraessagﬁf 4HOLHEBHEPSs sel ect ed

from any ogg.;gg bt i
1, 1- di oxo- table comppcﬁlgg%/ s;esr?ér%gh{l?ﬁ% |mct)11 81 0( ctmt)y for ?‘?&1{‘( R) - 1- car boxy- 2-
met hydomhmanoatwwﬁ «)ampdumﬂmpf jhedrépedt mxsgizemzard disclosed in WO 03/106482.

} car banoyl nmet hoxy) - 2, 3, 4, 5-tetrahydro-1,2,5 10 benzot hi adi azepi ne,
1, 12 di oxo- 3, 3 di butyl - 5- phenyl - 7-nmethyl thio-8-(N-((R)-a-[N-((S)-i -carboxy- 2-

(R - hydr X% .
car banoyl| rret %q?%ﬁg{hgﬁ g}?%/%a% ?igﬁﬂ%ﬁ ’19)1‘? wgg%% gctr f‘illseé.g‘ %Dz%%llnﬁ%on with O
1,1- CbmmwﬁdﬁeﬂbbpreﬁbatﬁnmnyIafﬂseﬂmta”dyﬂrd)fmany 8ngof: ((R-a-[N((S)-1-car boxy- 2

e ﬁi@%xﬁr&?ﬁé&tﬁ@%ﬁ%ﬁ&%@:@%ﬂb WA og¥ndS-hreatoryeie.

1, 1- 7~ HBt

(R - Ra s Eh? et BB 9 TR el iy e otazepiges
CaI?am%&&@-@@%mﬁrﬁpﬂe@dﬂ%é@wﬂio% N3 (R oclwhe(g; huo@ic‘bo@@@ﬁipli)ﬁ) 20
1, 1- di oxo- 3, 3-di butyl - 5- phenyl - 7- et hyl t hi o- 8-

(R) - acarbantqt)benzyd kaabmeymimetioxy)-2.3,4,5-tetrahydro-1, -benzothlazepme
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-o-[N'-((S)-1-carbox ybutyl)
carbamoyl]benzy! }carbamoylmethoxy)-2,3,4,5-tetrahydroe-1,5-benzothiazepine;
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-a-[N-((S)-1-carboxy-2-

20 methylpropyl)carbamoyl]benzyl jcarbamoylmethoxy)-2,3.4,5-tetrahydro-1,5-benzothiazepine;
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N- { {R)-0- [N ((S)-1 -carbox y-2-
methylbutyljcarbamoyl]benzyl tcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine; i»)
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-o-[N"-((S)-1-carboxy-3-
methylbutyl)carbamoyllbenzyl } carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;

25 1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N- { (R)-0l-[N*-((S)-1-carboxy-2-
hydroxypropyl)carbamoyl]benzyl jcarbamoylmethoxy)-2,3 4,5-tetrahydro-1,5-

benzothiazepine;

1,1-dioxo-3,3-dibutyl-5 -phenyl—?—methyltfno—& (N-{(R)~o-[N- ((S)- -carboxy-2-

mesylethyl)carbamoyljbenzyl } carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;
30 1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N'-((S)-1-carboxy-3-

methylsulphonylpropyl)carbamoyl]bcnzyl}carbamoylmcthoxy)-z,?:,4,5-tctrahydm-1,5~.

benzothiazepine;

1,1-dioxeo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)~0:-[N-((S)-1-carbox y-3-




car banoyl j benzyl
-} car banoyl nmet hoxy) - 2, 3, 4, 5-tetrahydro- 1, 2, 5- benzot hi adi azepi ne;
1, 1- di oxo- 3, 3-di butyl - 5- phenyl -7-nethyl thi 0-8-(N-((R) -Ct-[N-((S)-1-carboxyet

hyl)  wo 2005061452 PCT/SE2004/001960 _
‘car banoyl | benzyl } car banoyl net hoxy) - 5-tetrahydro-1, 2, 5- benzot hi adi azepi

ne; 1, 1-di oxo-3, 3-di butyl -5-phenyl - ‘7‘431‘9t hyl t hl 0- 8- (N-{1- car boxy-2-(R) 25
hydr oxypr opyl ) car banmoyl ] benzyl | car banmoyl net hoxy) - 2, 3, 4, 5-t et rahydro- 1, 2, 5-

benZOtﬂg@ﬁjrali)d]l:laﬁﬁnnoyl]bcnzyl}carbamoylmethoxy) 2,3.4,5-tetrahydro-1,5-benzothiazepine:
1, 1- di oxo- 3, 3-di butyl - 5- phenyl - 7- net hyl t hi 0- 8- (N-{(R) - ot-[N— (2- surpphoethyl)c
ar banoly! pxw%%:ﬁiﬁlzwlb‘éﬁh@;ny} -1 mefhylthw ~(N-{(R)-0-[N"-((5)-1-carboxyethyl)

carbano
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1, 1- Sd|oamjxﬁ;,yﬂ—tﬁ-ﬂapdmyb@zpﬁemiob.m@y]m&itllnﬁyt)mm 8=tétltshi{ydro-1 5- benzothlazepme

(R-a-[N-((R-1-earboxy- 2- t hyl t hi oethyg%carbarm benz é
car baneliEetibkytuylss- thfal&’i Etm Yilpig=6t{1%-{ G- Nz ﬂa?e-ﬂwzcé%utﬁ

i o Rt Aok et Bhanby I Y £2 Sk R SA b MRl ((9)- 2

hydr ox
car boxyﬁwb)ywmib rg/PYfLr}létﬁﬁffﬂ%Wtﬁf{’%@J[ﬁcﬁwm{ﬂg@hhOXY) 2,3,4,5-tet

rahydro- 1, 2,5-henzothi'adi azepi he

1 1 dmeiby@I@Y&l}DmbamoyB#bhwhWybEnmﬂ ¢tarbathddmBthokly -2 R4 Sridtidh ¢ diB) 1,9- car boxy- 2-
hﬁ? (ﬁ car banoyl j benzyl }carbanoyl net hoxy) -2, 3, 4, 5-tetrahydro-1, 2, 5-
t Pfre: 10 1, 1-di oxo- 3, 3- di but yI - 5- phenyl - 7- met hyl t hi 0- 8- ( N-{

R L YREEY b
;n%yanléi[\'ﬁfg(xé)qé dg&%ﬁgg%g%@g%yﬁ&?tg?%ﬁ%@tgg?;l%t[ﬂyggf azepl n)eé a%]dcar

1, 1- dimethy!Buti)ditbamplyl] 5oy beRzytetdrphtbylmethoki-0 BR),5-geteayiiaxy,54 -
hydr oxybenzyl ) car banoyl net hoxyl - 2, 3, 4, 5-t et rahydro-1, 2, 5- benzot hi
adi az BIHEMATEPIBG 5 phar maceut | cal | y accept abI e salt, sol vat e, solvate of

Such, 8, PAldoDL BRI POLAOEy0 B RO AR SET ARG Or o7, use 1
onel PimékanplyeRadbarion]]- 46 RSk 12528 3carbimyIRREIORRL28L4, S-adthahydro-1,5-
benzothiazepine;
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R}-0-[N™-((S)-1-carboxy-2-
‘hydroxyethyDearbamoyl]-4-hydroxybenzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-
benzothiazepine;

20 1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-0-{N"-((5)-1-carboxy-2-
hydroxypropyl)carbamoyl]-4-hydroxybenzyl }carbamoybmethoxy)-2,3,4,5-tetrahydro-1,5-
benzothiazepine;
1,1-dioxo-3,3-dibutyl-5-phenyl- -7-methylthio-8-(N-{ (R)-o-[N'- ((5) 1-carboxy-2-
methylthioethyl)carbamoyl]-4-hydroxybenzyl } carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-

25 benzothiazepine; |
1,1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-0-[N-((S)-1-carbox y-2~
methylsulphinylethyl)carbamoyl]-4-hydroxybenzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro-
1,5-benzothiazepine;
1,1-dioxo-3,3-dibutyl-3-phenyl-7-methylthio-8-(N-{ (R)-0-[N-((S)-1-catboxy-2-

30 m;asylethyl)carbamoyl]—4-hydroxybenzyl}carbamoylmethoxy)—Z,S,4,5~tetrahydro—1,5-
benzothiazepine;
1,1-dioxo-3 ,3-dibut}rl-5—phenyl—7—methy1thio—8—(N— { (R)-0-[N"{(S)-1-carboxy-2-
‘methoxyethyl)carbamoyl]-4-hydroxybenzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro~1,5-



_____ |

acceptabl e salt, solvate, solvate of Such a salt or a prodrug thereof, and
t he conpounds of Exanples 1-7 are incorporated herein by reference, CI ai s
1-10 of WD 03/091232 are also 20 incorporated herein by reference. A
particul ar AT i nh| bitor selected from WD 03/091232 f I nation
with cORP80HYE4Sf the present invention is sel ected f?%?nfégﬁ)y#g%lgagb- ,

1- Di oxo- 3, 3-di butyl -5-phenyl - 7-met hy44 hi 0-8- (N-((R)-a--[N-(2-(S)-3-(R) -4- (R
-5-(R) - 2, 3,4,5, 6-pent ahydr oxyhexyl ) car banoyl ] benzyl

}car hanmyhiaBshRexy) - 2, 3, 4, 5- tetrahydro- 1, 2, 5-benzot hi adi azepi ne; 25

1, 1- D oxo- 3, 3-di butyI 5- phenyl 7-methylthio-8-(N{(R-a [IV (2-(5-3 (R

4- ( R1; be{cRp-3 2dBJMyl%ﬁhmnﬂamy‘dbwtthmh&WJ&RH&HNM{l dsiydrdxybenzyl }
carbano | met hoxy) -2, 3,4,5- tetrahydro-1, 2, 5-benzot hi adi azepi ne;

1, 1- OGS ﬂrmogﬂav Hameyih e wh%%iﬂawﬂ%oﬁmpmaﬁ Syt %riqtrrqhytim(w 2-(9)-1-

hydr .di hydr oxyphenyl ) prop-2-yl] car banoyl
%ézétgla%%z%?l ) car banoyl net hoxy] - 2, 3, 4, 5- 30

tetsf any.didkoB, 2 din@0s-phbt;adi -@a unm (N— RYy-0-IN~((85)-1-carboxy-3-
11D|ox033d|but I-5 hen [(I)O-B- () y

N-T ( m)ethyl(swpbczn}(lﬁ)opy]\)pz(rb@mb %ﬁyh ydgox}gbﬁylzyl]carbamoylmethoxy)-z 3,4,5-tetrahydro-

carb r.rol it di n-1 -yl car bonyl net hyl }
car bg[gé I"E’ar barmoyl met hoxy} -2, 3, 4, 5-

tet r% Y did Jgégdgﬁ@ﬁo%ghgﬂﬁgp ﬁé@@.hﬂﬁ‘,g YR {{RPa _21 cafiBoxyt$<T| SE2004/ 001960

henyl = 7- met hylt h1 o-38- (R-a-"(N-[2-(3,4,5-

t ri hyﬂewlgrmh;d}mtbmdﬂ]-}@dmbmy}}chmamdy)methoxy) -2, 3 4 S -tetrahydro-1,5-
ar bagpy hOX%Jr 3,4,5-tetrahydro-1, 2,5- benzot hi adi azepi ne; and
’butyl 5- phenyl - 7- met hyl t hi 0- 8- ( N-{

gRZl gg&i&éﬁ%ﬁ%ﬁ il%ﬁgﬁ\a@%%g@%ﬁ R 8oy ] benzyl ) O
car badmdx?ﬁlfob%@lbar&oﬁl]%ﬁydrﬁybahxﬁﬁmrﬂmﬁo)ﬂnhﬁmpj.g Bact-sanbyae-1,6 a

pharmaceut) cally acceptable salt, solvate, solvate of such a salt or a
pr odrhggzathisrnine; orFurt her suitable conmpounds posse55| ng | BAT inhibitory

i sol bbHiP R SEt P s M S VR Ry e ol osed 1 wo
0351 Qafshén ygbem}dammme%wmwﬁte@mymmmﬂ&tﬁ&z&m present invention

are selectéd from any one of
1, 1- dzr@maen@:edtmumccgptpwmm, splvada, Relveteiod sech asalifor a prodrug thereof.

(R-a-[N Igu{rt%)er suitabl ebﬁs@(’ﬁ u'rﬂ'}l gn)tors for use in combination with compounds of the
present invention are those disclosed in WO 04/076430.
In a particular aspect of the invention an IBAT inhibitor or a pharmaceutically
20 acceptable salt, solvate, solvate of such a salt or a prodrug thereof is an IBAT inhibitor or a
pharmacenticaily acceptable salt thereof.

Therefore in an additional feature of the invention, there is provided a combination of Q
a compound of formula (I}, or a pharmaceutically acceptable salt, solvate, solvate of such. a
salt or a prodrng thereof and an IBAT inhibitor, or a pharmaceutically acceptable salt, solvate,

25 solvate of such a salt or a prodrug thereof,

Therefore in an additional feature of the invention, there is provided a method for
producing a cholesterol lowering effect in a warm-blooded animal, such as man, in need of
such treatment which comprises administering to said animal an effective amount of a
compound of formula (I), or a pharmaceutically acceptable salt, solvate, solvate of such a salt

30 or a prodrug thereof in simultaneous, sequential or separate administration with an effective
amount of an IBAT inhibitor, or a pharmacentically acceptable salt, solvate, solvate of such a
salt or a prodrug thereof.
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first unit dosage form;

b) an IBAT inhibitor, or a pharmaceutically acceptable salt, solvate, solvate of such a salt ora
prodrug thereof, in a second unit dosage form; and

c) container means for containing said first and second dosage forms.

25 . According to another feature of the invention there is provided the use of a compound
of the formula (I), or a pharmaceutically acceptable salt, solvate, solvate of such a saltora
prodrug thereaf, and an IBAT inhibitor, or a pharmaceutically acceptable salt, solvate, solvate
of such a salt or a prodrug thereof, in the manufacture of a medicament for use in the
production of a cholesterol lowering effect in a warm-blooded animal, such as man.

30 According to a further aspect of the present invention there is provided a combination
treatment comprising the administration of an effective ameount of a compound of the formuia
(I), or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,

optionally together with a pharmaceutically acceptable diluent or carrier, with the
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Particularly a PPAR alpha and/or gamma agonist refers to WY-14643, clofibrate, fenofibrate,
bezafibrate, GW 9578, troglitazone, pioglitazone, rosiglitazone, eglitazone, .proglitazone,
NN622/Ragaglitazar, BMS 298585, BRL-49634, KRP-297, ITT-501, SB 213068, GW 1929,
GW 7845, GW 0207, L-796449, L-165041 and GW 2433. Particularly 2 PPAR alpha and/or
20 gamma agonist refers to (8)-2-ethoxy-3-[4-(2-{4-methanesulphonyloxyphenyl }ethoxy)
phenylipropanoic acid and pharmaceutically acceptable salts thereof.
Therefore in an additional feature of the invention, there is provided a combination of "
a compound of formula (I}, or a pharmaceutically acceptable salt, solvate, solvate of such a !
salt or a prodrug thereof and a PPAR alpha and/or gamma agonist, or a pharmaceutically
25 acceptable salt, solvate, solvate of such a salt or a prodrug thereof.
Therefore in an additional feature of the invention, there is provided a method for
producing a cholesterol Jowering effect in 2 warm-blooded animal, such as man, in need of
such treatment which comprises administering to said animal an effective amount of a
cpmpuund of formula (I), or a pharmaceutically acceptable salt, solvate, solvate of such a salt
30 or a prodrug thereof in simultaneous, sequential or separate administration with an effective
amount of a PPAR alpha and/or gamma agonist, or a pharmaceutically acceptable salt,

solvate, solvate of such a salt or a prodrug thereof.
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According to & further aspect of the present invention there is provided a kit
comprising: |
ay a compound of formula (I), or a pharmaceutically acceptable salt, solvate, solvate of such a

20 salt or a prodrug thereof, together with a pharmaceutically acceptable diluent or carrier, in a
first unit dosage form;

_ b) a PPAR alpha and/or gamma agonist, or a pharmaceutically accepiable salt, solvate, solvate
e of such a salt or a prodrug thereof, in a second unit dosage form; and
¢) container means for containing said first and second dosage forms.

25 According to another feature of the invention there is provided the use of a compound
of the formula (I}, or 2 pharmaceutically acceptable sait, solvate, solvéte of suchasaltora
prodrug thereof, and a PPAR alpha and/or gamma agonist, or a pharmaceutically acceptable
salt, solvate, solvate of such a salt or a prodrug thereof, in the manufacture of a medicament
for use in producing a cholesterol lowering effect in a warm-blooded animal, such as man.

30 According fo a further aspect of the present invention there is provided a combination
treatment comprising the administration of an effective amount of a2 compound of the formula
(D), or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,

optionally together with a pharmaceutically acceptable diluent or carrier, with the
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prodrug thereof, 1n the manufacture of a nedi canent for use in the
product i on dfherefeigpingut asiditionabliesnivagf e fmention, thernas provideddemnsbinatidn, ofsuch
as nah., compound of formula (I}, or a pharmaceutically acceptable salt, solvate, solvate of such a
salt or a prodrug thereof and a nicotinic acid derivative or a pharmaceutically acceptable salt,
solvate, solvate of such a salt or a prodrug thereof.
Therefore in an additional feature of the invention, there is provided a method for
producing a cholesterol lowering effect in a warm-blooded animal, such as man, in need of
20 such treatment which comprises administering to said animal an effective amount of a
compound of formula (I), or a pharmaceuntically acceptable salt, solvate, solvate of such a salt
or a pradrug thereof in simultaneons, sequential or separate administration with an effective
arnount of a nicotinic acid derivative, or a pharmaceutically acceptable salt, solvate, solvate of -
such a salt or a prodrug thereof,
25 According to a further aspect of the invention there is provided a pharmaceutical
composition which comptises a compound of formula (I), or a pharmaceutically acceptable
salt, solvate, solvate of such a salt or a prodrug thereof, and a nicotinic acid derivative, or a
pharmaceutically acceptable salt, solvate, solvate of such 2 salt or a prodrug thereof, in
association with a pharmaceutically acceptable diluent or carrier.
30 According to another feature of the invention there is provided the use of a compound
of the formula (I), or a pharmaceutically acceptable salt, solvate, solvate of such a salt ora

prodrug thereof, and a nicotinic acid derivative, or a pharmaceutically acceptable salt, solvate,
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such a salt or a prodrug thereof.
According to a further aspect of the invention there is provided a pharmaceutical
20 composition which comprises a conmpound of formula (I}, or a pharmaceutically acceptable
salt, solvate, solvate of such a salt or a prodrug thereof, and a bile acid sequestrant, or a
pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, in
association with a pharmaceutically acceptable diluent or carrier.
According to another feature of the invention there is provided the use of a compound
25 of the formuia (I), or a pharmaceutically acceptable salt, solvate, solvate of such asaltora
prodrug thereof, and a bile acid sequestrant, or a pharmaceutically acceptable salt, solvate,
solvate of such 2 salt or a prodrug thereof, in the manufacture of a medicament for use in the
production of a cholestercl lowering effect in 2 warm-blooded animal, such as man.
According to an additional further aspect of the present invention there is provided a
30 combination ireatment comprising the administration of an effective amount of a compound
of the formuia (I}, or a pharmaceutically acceptable salt, solvate, solvate of such asalt or a

prodrug thereof, optionally together with a pharmaceutically acceptable diluent or carrier,
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salt or a prodrug thereof. 10 According to a further aspect of the present

o o el prietopmmn s el s (),
or off U 1 nerBpa i A REREY bERt e oBubgatR oA R SRR B GBI o

agoni st, 301 P RRRSINRE S3Hivb &gl shz @R S RRiBIRb I fAIxbmpSPAIN@IpEl), BAL¥pEE altibpridf $USh
a salt or a prodrug thereof; in a second unit dosage for and c) cont ai ner

nmeans for ceAltiwnnanegvendindenpzanrildifaazepsid hpdrgeklagee.fosnageprilcording to a
(urther espesboAbubdesPLETSR, SMGRR B b, Ay o 19
sol vate, soteraioprificefuaiiiacil@Apsilicilagipritat Aedbrl GdiAieTIaBcid,lepeRbHEr W th a
pharmaceutically accept abl e di Puent or carrier, in a
15 enalaprilat, enaptil, epicaptopril, foroxymithine, fosfenopril, fosenopril, fosenopiil
sodiunﬁ, fosinoptil, fosinopril sodium, fosinoprilat, fosinoprilic acid, glycopril,
hemorphin-4, idrapril, imidapril, indolapril, indolaprilat, libenzapril, lisinopril,
lyciumin A, fyciumin B, mixanpril, moexipril, moexiprilat, moveltipril, muracein A,
muracein B, muracein C, pentopril, perindopril, peﬁndciprilat, pivalopril, pivopril,
20 quinapril, quinapril hydrochloride, quinaprilat, ramipril, ramiprilat, spirapril, spirapril
hydrochloride, spiraprilat, spiropril, spiropril hydrochloride, temocapril, temocapril
hydrochloride, teprotide, trandolapril, trandolaprilat, vtibapril, zabicipril, zabiciprilat, Q
zofenopril and zofenoprilat);
> an angiotensin II receptor antagonist (for example candesartan, candesartan cilexetil,
25 losartan, valsartan, irbesartan, tasosartan, telmisartan and eprosartany;
» an andrenergic blocker (for example bretylium tosylate, dihydroergotamine so
mesylate, phentolamine mesylate, solypertine tartrate, zolertine hydrochlorid;,
carvedilol or labetalol hydrochloride); an alpha andrenergic blocker (for example
fenspiride hydrochloride, labetalol hydrochloride, proroxan and alfuzosin
30 hydrochloride); a beta andrenergic blacker (for example acebutolol, acebutolol
hydrochloride, alprenolo] hydrochloride, atenalol, bunolol hydrochloride, carteolo)
hydrochlorids, celiproloi hydrochloride, cetamolol hydrochloride, cicloprolol
hydrochloride, dexpropranoiol hydrochloride, diacetolol hydrochloride, dilevalol



first unit dosage form b) a PPAR al pha and/or ganmma agoni st, or a

phar maceutically acceptable salt, solvate, solvate of such a salt or a
prodrug thereof, in a second unit dosage form and c) c¢ontai means for

. cont ai Ny r st and second dosage forns. 25 Acco?gpﬁgz@y)%?%‘f her
feature of the invention there is prfided the use of a conpound of the
formula (1), or a pharmaceutically acceptable salt, solvate, solvate of such

pnar maceut TeARFRE, PERRA R forter FOR B PUZH G0N, BRI 388 T,

prodrug t haseedol Ayitrbdigomt) vabitbx sl olhydodBe ¢ mabundler hdsehidtidy oduci ng a
chol esterol lowering effect in a warm bl ooded animal, such as man. 30
Accor di ng treetalof hydraeltlozidp eertorrplal Heclopedeliartiafy apdalelh pematololissligeovi ded a

of " compodsP SRR HER s Rttt Srb g oA oA R R ef by ReBoniy) o sart e
sol vat e, saiabE tiglolslUalede SBIrknd6] }ggd@(ﬁ&ﬂidm, tdlﬁﬁ@:gt,,bisc@aﬂiﬁy tﬁﬁgb%gloget her

with a pharmaceutically acceptable diluent or carrier, Wit
2005/ 06145 ZumapteasErRDObi G136 2 miksdsiphalteravinergebloskei; al or separate

dmi ni st gat i f an effecti t of .a PPAR al ph i st,
o P bt Sm g 6 SRR g Ruldtodu DR r O b S o ¢ Cor -
prodrug t heh&R{1dopP thORRhbiKatt BEd: ot AdRRaBs AW b Arcept abl e

diluent or carrier to a warmb oqded ar_li_mal, such as man in need of such
t her apeut i ongth¥dopam wioniding hydmohlhgde, admédine ghe tombinatiempicdnet afhere i s

provj ded a i pation treatnent . c rising the.adm nistration of an

ef it ve é’ﬁ&g&‘?ﬁg‘?neaam ak@flropﬁg%p&a%%gar%f ne g%‘i}ﬁhl% Praceut i cal |y
accept abbe $ahde] bERkMAES ox8RDYA! QTS HGHnd b3tk @by é;aﬁgﬂéi&uﬁtiéz@ﬁ{ eof
optionally together with a pharmaceutically acceptable diluent or carrier,
w-th the shatediecmlodipinestegulers; isaidipine sapardipize, &dodipinet nifitadipineaf an

-agoni sts to.the receptor H\VZ4A 10 (nicotinic acjid.r tQr). HW/4A agonists
may be ni cdﬁeﬁgn%%gu‘g‘g}niem%?ﬁm eU@k&zﬁ@ﬂgﬁﬁocﬂ%@gﬁﬁﬁqsaﬂ, P8t i vat i ve"
nmeans a ConpaHRdforkRMTbséd0; @ pyridine-3-carboxylate structure or a

pyrazi ne- 2- carboxyl ate structure. Exanples of nicotinic acid derivatives
i nclude #i codiietic (foaekanphithecombiphtiomprodhcdmydochintobazre apdand aci pi nox.

Trerfor s, AU LIPRRL hesLive R A el on, Liee L B ovced
accept abhe {aldneiHOhyakEfotHaYieatloddhtbéylate, amlodipine malsate, betaxolol
hydrochloride, bevantolol hydrochloride, butoprozine hydrochloride, carvedilol,
cinepazet maleate, metoprolol succinate, molsidomine, monatepil maleate, primidolol,

20 ranolazine hydrochoride, tosifen or verapamil hydrochloride);

» vasodilators for example coronary vasodilators (for example fostedil, azaclorzine
hydrochloride, chromonar hydrochloride, clonitrate, diltiazem hydrochloride,
dipyridamole, droptenilamine, érythrityl tetranitrate, isosorbide dinitrate, isosorbide
mononitrate, lidoflazine, miofiazine hydrochloride, inixidine, molsidomine,

25 nicorandil, nifedipine, nisoldipine, nitroglycerine, oxprenolol hydrochloride,
pentrinitrol, perhexiline maleate, prenylamine, propaty! nitrate, terodiline
hydrochioride, tolamolol and verapamil);

> anti-coagulants (selected from argatroban, bivalirudin, dalteparin sodium, desirudin,
dicumarol, Iyapolate sodium, nafamostat mesylate, pheniprocoumon, tinzaparin

30 sodivm and warfarin sodivm);

> antithrombotic agents (for example anagrelide hydrochloride, bivalirudin, cilostazol,
dalteparin sodium, danaparoid sedium, dazoxiben hydrochloride, efegatran suifate,

enoxaparin sodium, fluretofen, ifetroban, ifetroban sodium, lamifiban, lotrafiban



b
__salt or a prodrug thereef-and—a nircotimic acid derivative or a
pharmaceutically acceptable salt, solvate, solvate of such a salt or a
prodrug thereof. Therefore in an additional feature of the invention, there
is provided a nmethod for producing a cholesterol Iowering effect in a
war m bl sadzmdseetidsml , such as man, in need of 20 such ["F’E’g?%ﬁf‘“\?ﬂ?ch
conprises adm ni stering to said ani neds.an effective anount of a conpound of
formula (1), or a pharmaceutically acceptable salt, solvate, solvate of such

a salt or a prodrug thereof in, sipultaneous,. sequential, or, separate,
adni ni st ratqy#ﬁqqf%aﬂa@%%@ﬁ QRbo 1%mfat%fro§f p%aqqtﬂp@lbargleaalhgm@%q,e, or
a phar mce%bﬂﬁlg#,lmg@g%?gtag -hwéﬂdz&%afﬁ%emagj;vate of such a salt or a

pro drug ther cording to a further aspect of the invention there is
provi ded>a fiiirarogen excepioa hutaganigs §ior xempll ratifibampuetse Sraalafibarg evmafitah, f or nul a.

(1), or a pharpaceutjcally acceptable, |t, solvate, solv of . such a salt
or a prodr ﬁ@“ﬂf{‘%‘@?}ﬂm@m@= H}'C&&aprﬁet‘fm OGN JOPPRARR gptzlquy?%% and
pha?aceutisgﬁh#}yarﬁccept able salt, solvate, solvate of such a salt or a .
prodrug thereof, 1'n association with a pharmaceutically acceptabl e diluent
or carri & .pl@elefntdtickicd (fot exanslé bidsstdzeh cloptdadrelt Yisulfany epoprostetidier e i s

provi ded the use of a conpound _ of the farmula (1), or a pharmaceutically
accept abl e epaprostess| spdfwm, Lclpriding hydroshiords, asginn. Hupzoien, TF¥§NL her eof , and

a nicotinic | fljfa;v |.ve mfaﬂlt'- t, solvate,
WO 2005(0618}@%&% Ef%ﬁ#bgfg‘%ﬁ%a@g; SO vdtdéagtehéﬁgﬁﬁlg]%gﬁ%&%ﬁ&a prodrug

t her eof , irpifdxﬁ:mmﬁ@pﬁtaﬁfo&)pf a nedi canent for use in the production of a
chol esterol |owering effect_in a warm bl ooded, anjmal, such as man. In

anotther &sduelebasgragationyelibitens (for gaatepligseedagings beraprast Berpprpst sndigm,
h i € . Yol
P odr gt heragpbne BE6RRE RS Achein B0 R Poan IR i fonkle SO B 2T 2 ()

sequest r antox@prefatfeddafiba) orisafiHay, totibat adil eergiddfibanyol vate, solvate of such
a salt or a prodrug thereof. Suitable bile acid sequestrants include

chol est yParerprhegkgicagenisdforexamelsepoxafi iigd ochl ori de. Therefore, in an
addi tiong ﬂp?)@f&féiﬁ a@%oﬁﬂ&ié&gﬁﬁﬁbﬂﬂmiﬁi%&e I's provided a conbination of a
conmpound of rul a , or phar maceuti’cal | y acceptable salt, solvate,
solyat e of Rt \Ala ihQibdelst or a prodrug thereof and a bile acid sequestrant
or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a
pr Odrug Fh&aéw alnhl ltOI'S;

> low molecular weight heparins (for example enoxapatin, nardroparin, dalteparin,
certroparin, parnaparin, revipatin and tinzaparin);

» squalene synthase inhibitors;

v

20 squalene epoxidase inhibitors; _

» liver X receptor (LXR) agonists for example GW-3965 and those described in
W000224632, WO00103705, WO02090375 and WO00054759 (claim 1 and the O
named examples of these four application are incorporated herein by reference);

» microsomal triglyceride transfer protein inhibitors for example implitapide and those

23 described in W003004020, W003002533, WO02083658 and WO 00242291 (claim 1
and the named examples of these four application are incorporated herein by
reference);

or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,
optionally together with a pharmaceutically acceptable diluent or carvier to a warm-blooded

30 animal, such as man in need of such therapeutic treatment. |
Therefore, in an additional feature of the invention, there is provided a combination of

a compound of formula (I), or a pharmaceutically acceptable salt, solvate, solvate of such a



. Therefore in an additional feature of the invention, there is provided a
nmet hod for producing a cholesterol |owering effect in a warm bl ooded

ani mal in need of such treatnment which '
~adm ni st‘%ﬁ%@ﬁfﬁdnzar d aninmal an effective anmount of a g@%@%‘@g@hﬁﬁ%f formul a
(1), or. a pharmaceutically acceptabl es3alt, solvate, solvate of such a salt
or a prodrug t hereof in sinmultaneous, sequential or separate adm' ni stration

with ap a‘éﬁ{:cﬂﬂﬂg theRoRYRH aoc,folr@)otﬂhti? Ggorﬁ)eﬁ %ggklb%%ace&gcaﬁ ge? g%#cal 'y

accepta vate te o Ut or a pro U

Accor diolngts, Qohratfewftshﬁ{aaaﬂpeﬁép@fdrdgmeﬂeaﬂent|On there is provi ded a

phar maceuti cal 20 conposition_ which conprises conpound of fornmula (1), or
a phar mceuTh@éﬂoWlnﬁb@étwaefeﬂ@é@ of thegmwtien tb@'ﬁ?&?@vﬁiﬂdmhthed§@1t or a

prodru h bi Ie e est or._a ar maceutrc

acceptlgg{j &}ggtc holg ?r\ei jevendg ﬁ;?t l%oqw ét’dg%flrtlﬂ’gtl Sgr}b?so’ﬁ'raﬁ’gmtqffg 8of, in
assogi @kh %atmanbm&%@ytmtdm@%%@ﬁ%tﬁar%l SfRRBEVORmBRA 48 - According
to another feature of the invention there is provided the use of a conpound

25 of aomepduod el fermuily (I).on agphstmacenteallyi a;:atptyblaeaie pohbice sulakte of suthasat

sol vate of suc salt.or. a rodrug.thereof = and.a bile acid sequestrant,

or a p?{frma%%?fﬁ?ﬁ |5 538%115‘15?8& 56‘%?&%{131 qé'c?ﬁ??é{’tﬁa f%‘(oé‘ wih %E% eealt or a
pr odr ugnédie eeetemﬁelﬁdt@omheqt '@ 8 pRhrnfacEBiH a9 MBI AL I8 QolvBtel Bftvate
production of a chol esterol | ower i ng effect in"a wgrmb | ooded ani mal, such
as mmfwch@ﬁdtﬁgapmdargtémfronal further aspect of the present i nventi on

the S pr vrd 0.conbination.tre tr:o r.i,S| t he adm I stration
FIf of r bR MTeT A o Eeb hpb O vegRof it BRRDY o A hdrgogitial

phar ”B&ﬁ;lﬁ% ds@fnl Whisle 66RpARL @ ddlgound 6f Mh@la ap loY a8 aStacebiGdblig a%@éﬂtalﬁé a

:_prodrug thereof, optionally together with a pharfraceutically acceptable

di'l uentaltosolgate rsobiate mt@umesaleenatsmdn@ms&@ﬂ@mm@@mund EomNGrénp Keor a

si mul t or, se adm n| I on on of the

Fol | v RGP AaUREL SaroaTEaoY BRSSO A oA e R VSR fbound (f or

exanpl as@dibitiAzi g phAeethian ct@eep%@é Sibien} orcaﬁﬁéﬂ/edl l'ol, chlorothiazide
sodi um cl oni di ne ﬁ drochl ori de cycl ot hi azide, delapril 5 hydrochloride,

di | Eval ol h;mrmrdihgm amheufoxtazm@ﬁthe syl @ererle grqwtﬂdr the seidimpomgpamtlaci ne
v ool Ry g 00 ISRl Uy TRBBLI L g ot
prodrug thereof, and a compound from Group X, or a pham]aceuucally acceptable salt,
solvate, sclvate of such a salt or a prodmg thereof, in the manufacture of a medicament for
use in the production of a cholesterol lowering effect in a warm-blooded animal, such as man.
20 In addition to their use in therapsutic medicine, the compounds of formula (I), or a
pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, are also
useful as pharmacological tools in the development and standardisation of in vitro and in vivo
test systems for the evaluation of the effects of inhibitors of cholesterol absorption in
laboratory animals such as cats, dogs, rabbits, monkeys, rats and mice, as part of the search
25 for new therapeutic agents.
Many of the intermediates described herein are novel and are thus provided as a
further feature of the invention. For example compounds of formula (VI) show cholesterol
absorption inhibitory activity when tested in the above referenced irz vitro test assay and are
thus claimed as a further feature of the invention,
30 Thus in a further feature of the invention, there is provided a compound of formula
(VI), or a pharmaceutically acceptable salt, solvate, seltfate of such a salt or a prodrug thereof,
with the proviso that said compound is not 3-(R)-4-(R)-1-(phenyl)-3-[2-(4-fluorophenyl)-2-
hydroxyethylsulphanyl}-4-{4-{N-(carboxymethyl)carbamoylmethoxy] phenyl}azetidin-2-one.



hydr ochl ori de, prazosin hydrochloride, primdolol, quinapril hydrochloride,

qui naprilat, rampril, terazosin hydrochl oride, candesartan, candesartan

cilexetil, 10 tel m sartan, am odipine besyl ate, am odi Bi ng mal %ﬁt‘? and
H2GHEHRRPY

bevant oWws! 200§/8k1eEh| ori de); > an angi ot ensin converting itor (for
exanple al acepril, alatriopril, altiopgrdil 1) calcium ancovenin,
benazepril, benazepril hydrochloride, benazeprilat, benzoyl captoprii,

t il, i) - t.ei l-L- gl ut at hi ,. il,
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fosfenopril, fosenopril, fosenopril sodium fosinopril, fosinopril sodium
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carbamoylmethoxylphenyl }azetidin-2-one.

e

According to another feature of the invention there is provided the use of 2 compound
of the formula (VI), or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a
20 prodrug thereof, in the manufacture of a medicament for use in the production of a cholesterol
absorption inhibitory effect in a warm-blooded animal, such as man, with the proviso that said
compound is not 3-(R)-4-(R)-1-(phenyl)-3-[2-(4-fluorophenyl)-2-hydroxyethylsulphanyl}-4-
{4-[N-(carboxymethyl)carbamoylmethoxy] phenyl}azetidin-2-one.

O
According to another feature of the invention there is provided the use of a compound

25 of the formula (VI), or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a
prodrug thereof, in the manufacture of a medicament for use in the T:.reatment of
hyperlipidaemic conditions in 2 warm-blooded animal, such as man, with the proviso that said
compound is not 3-(R)-4-(R)-1-(phenyl)-3-[2-(4-fluorophenyl}-2-hydroxyethylsuiphanyll-4-
{4-IN-(carboxymethyl)carbamoylmethoxy] phenyl}azetidin-2-one.

30 According to 2 further feature of this aspect of the invention there is provided a
method for producing a cholesterol absorption inhibitory effect in a warm-bleoded animal,
such as man, in need of such treatment which comprises administering to said animal an

effective amount of a cbmpound of formula (VI), or 2 pharmacentically acceptable salt,
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in these Exampies may be used where appropriate, and in which, unless otherwise stated:
{i) evaporations were carried out by rotary evaporation in vacue and work up procedures were
carried out after removal of residual solids such as drying agents by filtration;

20 (i) all reactions were carried ouf under an inert atmosphere at ambient temperature, typically
in the range 18-25°C, with solvents of HPLC grade under anhydrous conditions, unless
otherwise stated;

(iii) coluran chromatography (by the flash procedure) was performed on Silica gel 40-63 um
(Merck);

25 (iv) yields are given for illustration only and are not necessarily the maximum attainable;

(v) the stmctures of the end products of the formula (I) were generally confirmed by nuclear
(generally proton) magnetic resonance (NMR) and mass spectral technigues; magnetic |
resonance chemical shift values were measured in deuterated CDCls (unless otherwise stated)
on the delta scale (ppm downfield from tetramethylsilane); proton data is quoted unless

30 otherwise stated; specira were recorded on a Varian Mercury-300 MHz, Varian Unity plus-
400 MHz, Varian Unity plus-600 MHz or on Varian Inova-500 MHz spectrometer unless
otherwise stated data was recorded at 400MHz; and peak multiplicities are shown as follows:
s, singlet; d, doublet; dd, double doublet; t, triplet; it, triple triplet; q, guartet; tq, triple quartet;



— —enoxaparinsodiunr fluretof én, Tfetroban, ifetroban sodium | anifiban, .
| otrafi ban WO 2005/ 061452 PCT/ 5E2004/ 001960 -52 hydrochl ori de, napsagatran,
or bofi ban acetate, roxifiban acetate, sibrafiban, tinzaparin sodium
trifenagrel b abciximab and zolinomab aritox); > fibrin
ant agoni¥q 20050gH5 &xanpl e roxifiban acetate, fradafi ban?%%%got@ﬁ@gﬁ?ﬁ
| ot rafi ban hydrochl oride, tirofiban,-%®&m | ofi ban, nonocl onal antibody 7E3
and 5 sibrafiban) > platelet inhibitors (for exarrpl e cilostezol, clopidogrel

b sul (21 By SRAPEOSIRROARg, RRORRASE NAL PHhiT, WERLOREABINYEEAMIE! | de,

aspirin napr xen | ndon®t haci n, mefenamate, droxi cam
di cl of;ﬁbr}':a:g,doah]et ohpAYr@umenr; and  pi roxi cam di pyri danol e); 10 > platelet
aggregation inhibitors (for exanpl e acadesi ne, beraprost, beraprost sodium
ci prostene calcium itezigrel, lifarizine, |otrafiban hydrochloride,

orbofi ban acetate, n oxagrelate, fradafiban, orbofiban, tirofiban and

xem | of i ban) - henorrheol ogic agents (for exanple pentoxifylline); >

| i pgprotein associ ated coagul ation inhibitors; 15 > Factor Vila.inhibitors;

> FactyhssXpedtiidte t&@ofded-onl ¥ ol Bleg6 b iRg ‘M‘s‘txﬁﬂfenl@em'![" QIAH, 2Q ®psanml e
enoxaparin, nardroparin, dalteparin, certroparin, parnaparin, reviparin and

ti nzap‘@ﬁmtﬁ)met@qaﬂlfm%%imhase I nhi b| tors; 20 - squal ene epoxi dase
i nhi bllﬁgéi > |iver X receptor (LXR) agonists for exanple GM3965 and those
descri Fn W00224632, WO00103705, WO02090375 and W00054759 (claim 1l and

the 118 Wi pRFofthed mlsfeA Akt 1300 ISR MRAURE 8r wm@;rsngasg pl@raei n by
reference); > mcrosomal triglyceride transfer protein inhibitors for

ex aifp| Synerg MAXSRE dPhendmenox)eC 1 28x Yowor 4o avitingrediggoelniom, \W03002533,
o SO AR ST o = o e e
_ Mobile phases: “
Generic gradients were applied from 5% to 95% acetonitrile.
Buffers containing 10 mM ammenium acetate or 5 mM ammonium formiate/5mM formie: -
15 acid were used.
The mass spectra were recorded with a Waters ZQ2000 or Waters ZMD equipped with an
electrospray interface, swithing positive and negative ionization mode. UV spectra were
collected by a Aglent 1100 PDA or Waters 2996 DAD and the evaporative light scattering
(ELS ) signal by a Sedere Sedex 55 or 75.
20 Data collection and evaluation were performed vsing the MassLynx software.
Accurate mass data were determined nsing either a LCT or QTOF MS (Waters) with leucine
enkephaline (in/z 556.2771} as lockmass. Unless otherwise stated the mass ion quoted is P
(MIE). L)

25 Unless further details are specified in the text, analytical high performance liquid
chromatography (HPLC) was performed on Prep LC 2000 (Waters), Cromasil Cg, 7 um,
(Akzo Nobel); MeCN and de-ionised water 10 mM ammonium acetate as mobile phases, with
suitable -composition;

{vii) intermediates were not generally fully characterised and purity was assessed by thin layer

30 chromatography (TLC), HPLC, infra-red (JR), MS or NMR analysis;

(viii) where solutions were dried sodium sulphate was the drying agent; and
(ix) the following abbreviations may be used hereinbefore or hereinafier:-
DCM dichloromethane;

DMF N, N-dimethylformamide;



.or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a
prodrug thereof, optionally together with a pharnaceutically acceptable
diluent or carrier to a warmblooded 30 animal, such as man in need of such
-t her apelWPRY®at¥ent . Therefore, in an additional featRGTESEPIHWEPnventi on,
there is provided a conbination of asgaonpound of fornmula (1), or a

phar maceutically acceptable salt, solvate, solvate of such a WD 2001/ 061452

PCT/ 5 OO 96Q - 53, sal.t,- ,odr t hereof. and a_.conpound.from G oup X
or ap g?@aceuti géﬁqngo%cgb{—g%@&%?é@% é‘ff@?z%&\ﬁﬂ@m@’ﬁ@%h a salt or a
pr odr ugt@her eof . cithhesetsmse in an additional feature of the invention, there
is provided a nethod for producing a cholesterol lowering effect in a
war m bMséded ani Aedtonitiileh as nan, in need of 5 such treatnent which
conpri admnistering to sgid animal an effective ambunt of a conmpound of
f or rruliﬁ‘gl), or ﬁ’fﬁ‘f?i?%ﬁfé%ﬁ?lﬁcal |y acceptable salt, solvate, solvate of such
a sattpppApa prodf{ﬂﬂnétﬂﬁﬁt%ﬂfo)éﬁicﬁhé’f“' t aneous, sequential or separate
adm nistration with an effective anount of a conpound from Goup X, or a
phar meB84t i cal | yNa@RipitrabbibysdlDacesohidatand sol vate of such a salt or a
prodnzg thereof. 10 According to a. further aspect of the invention there is
pr OVi d’gﬁAgzephar nﬁ‘é@ﬁ?ﬁyﬁqﬂmo@gﬂ‘p@é‘?ﬁ‘:{%n whi ch conprises a conmpound of fornula
(1), oxpavphar megepbichlbyHegaept abl e  salt, solvate, solvate of such a salt
or a prodrug thereof, "and"a conpound from Group X, or a pharmaceutically
acceptEbhe salt, trithylamime; sol vate of such a salt or a prodrug thereof, in
association with har maceut i I cceptable diluent or carrier. 15
Accg(fdﬁ%qoto anollgé&a*@é‘&yﬁlpého?fc’si‘ﬁ%“gﬁﬁnti on there is provided the use of a
conpound of .the formula (1), or a pharmaceutically acceptable salt,
sol vate, solvate of such a salt or a prodrug thereof, and a conpound from
Group X, or a pharmaceutically acceptable salt, solvate, solvate of such a
salt or a prodrug thereof, in the manufacture of a nedicanment for use in
~the production of a cholesterol lowering effect in a warm bl ooded ani nal,
such as man. 20 In addition to their use in therapeutic nmedicine, the ’
conpounds of formula (1), or a pharmaceutically acceptable salt, solvate,
sol ¥ate of such a salt or a prodrug thereof, are also. useful as

phar macol ogi cal tools in the devel opnent and standardi sation of in vitro and
in vivo test systens for the evaluation of the effects of inhibitors of

chol esﬁgmbl(gpsor ption in

(2R)~[(N-{{4-((2R,3R)-I-(4-fluorophenyl)-3-{{2-(4-flnorophenyl)-2-hydroxyethyljthio}-4-
20 oxoazetidin-2-yl)phenoxylacetyllglycyl)amino J(phenyl)acetic acid ‘

N-{[4-((2R,3R)-1 —(4~f1u0ropheny1)—3-{ {2-(4-tluorophenyl)-2-oxoethyl]thio }-4-o0x0azetidin-2-
yl)phenoxylacetyl } glycine {44 mg, 0.08% mmol), N—methylniorpholine (18 ul, 0.16 mrmol),

23 tert-butyl (2R)-amino(phenyl)acetate (23 mg, 0.11 mmol) and TBTU (36 mg, 0.11 mmol)
were added to methylene chloride (3 ml) and the reaction mixture was sirred at ambient
temperature for 1.5 h. The mixture was purified by column chromatography on silica gel
using maethylene chloride/ethylacetate (1/1) as eluent. The resulting intermediate ester was
dissolved in formic acid (2 mi) and the mixture was stirred overnight at 45 °C. The solvent

30 was evaporated under reduced pressure and was co-evaporated with toluene. The residue was
dissolved in methanol (2 ml) and NaBH4 10 mg, .26 mmol) was added. The reaction mixture
was stirred at ambient temperature for 13 min. A small amount of ammoniumacetate buffer

was added and the methanol was evaporated off. The residue was purified by preparativ



)

—-—taberatory-ant mat-s—such—as cats, dogs, rabbits, nonkeys, rats and mce, as

part of the search 25 for new therapeutic agents. Many of the internedi ate$

descri bed herein are novel and are thus provided as a further feature of

the invention. For exanple conpounds of fornula (VI) show chol este

absor pt i WO WPf6B#2ory activity when tested in the abovepq:"é'%?r"@ffg(gd(‘ﬁ n vitro’

test assay and are thus clainmed as asgurther feature of the invention. 30

Thus in a further feature of the invention, there is provided a conpound of

e el T o S D s T e
hycr ox VBT ET anﬁ%‘%ﬁ?ﬁ% (P s SRR dordsoumd, (M, a00 Mz,

phenyl mem)dm-zem 2HY\3. ?fD@l;SzHﬁm:’é?d REM| $53Q@,zgmomea; 80 b1, ZTHRr R0D(R

according to a further ect of the invention there is provided a

phar mad8it - Q'JIA@@rrlp'?ogi),tfmﬁ(d@hﬂé}]sgéﬁ‘pr@es a conpound of formul a (VI) or a
phargaceutl cally acceptable salt, solvate, solvate of such a salt or a
prodrug thereof in association Wi th a pharmaceutical | y-acceptabl e dil uent

or carrier, with the proviso that said 5 conpound is not
3-(R)-4-(R)-1-(phenyl )-3-[2-(4-fl uorophenyl) - 2-hydroxyet hyl sul phanyl } - 4-

(4- [N Egampl&Znet hyl ) car banoyl met hoxy] phenyl } azeti di n- 2-one. According to an
addi ti onal aspect of the present invention there is provided a conmpound of
the formula (VI), or a pharmaceutically acceptable salt, solvate, solvate of

such _.faldzm BR@-ID(@ﬁﬁMQ}phBﬂﬂ?—Qf{{z-f(@-lﬂultbi'gphéhﬁ) MRiydeskRihyAYBRIpd.act i c or

t her apeu treatnment o ooded animal, such as man,” with t

pr odfs oxomhduaﬂd’lhﬂwpwﬂacatﬂ}gimyléﬂ% -pyetyl-DRlysine

1- (phenyl)-3-[2-(4-fluorophenyl)-2-hydroxyet hyl sul phanyl }-4-{4-[N
(carboxynet hyl) c¢ arbanoyl net ho xy] phenyl }azetidin-2-one. Thus accordi n@

to thigy. P@ER 3R5- 1t(aeﬂudﬂcy[ﬁ1ahym {t[bf{nefiuo%o@dﬂyl)cmdx@ﬂ@}qm@qnﬂo@éazbtmﬁn-ﬁ-or nul a

(V), or phar maceuti cal @é acceptabl e sa solvate, solvate of such a salt

or a 151)phwmlyﬁmb}@mm 34 srEoble - mﬂwﬂmarphphm {18l 0.3 oo hat  sai d

B T N TOR S e ——
4- [ N5 ( garb@¥nATEIEr)1. 5 Eardmawykies WexyihemylD)gas (14 fg 20 .0nemmssidi ng to

anot her feature of the invention there is provided the Use of a conpound
DMF (5 drops) added and the mixture was stirred at ambient temperature. overnight. The

solvent was avaporated under reduced pressure and methanol (2 ml) and NaBH4 (30 mg, 0.79
mmeol) were added to the residue. The reaction mixture was stirred at ambient temperature for
1 h.. A small amount of ammoniumacetate buffer was added and the methanol was evaporated
20 off. The residue was purified by preparativ HPLC using acetonitril/ammonium acetat buffer
(40:60) as eluent. The collected fractions were lyophilized, solved in tert-butanol and
Jyophilized again to obtain 4 mg (15 % 2 steps) of the tifle compound. (MEL-NMR, 400 MEz, ()
DMSO-dg): 1.2-1.8 (m, 11H), 2.85-2.95 (m, 2H), 3.7-3.8 (m, 2H), 4.0-4.1 (bs, 1H), 4.25-4.3
(m, 1H), 4.5 (s, 2H), 4.7-4.8 (m, 1H), 5.05 (dd, 1H), 6.95-7.4 (m, 12H), 7.7-7.8 (m, 1H), 7.95-
25 8.05(m, 1H, 8.25-8.3 (m, 1H)

Example 3
30

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio)-4-
oxoazetidin-2-yl)phenoxylacetyl}-D-alanyl-D-phenylalanine



.of the formula (VI), or a pharnaceutically acceptable salt, solvate, solvate
of such a salt or a 20 prodrug thereof, in the manufacture of a nedi canent
for use in the production of a chol est er ol absorption inhibitory effect in a
-war m bl BEHESBHIl , such as man, with the proviso t haPCHaEHO/BYAHbuUNd is
not 3-(R)-4-(R)-1-(pheny|)-3-[2-(4—flsgarophenyl) 2- hydr oxyet hyl sul phanyl ] -4
{ 4-[N-(carboxynet hyl)carbanoyl net hoxy] phenyl } azetidin-2-one. According
to another feature of the invention there is provided the use of a conpound
25 of the formula (VI), or a pharnmaceutically acceptable salt, solvate,
solvate of such a salt or a prodrug thereof, in the manufacture of a

medi canent for use in the treatnment of hyperlipidaem c conditions in a

war rrg b{-@@d@%ﬁﬁ)%—%@ﬁﬁhmgl){&;ﬂ% (ﬁi?@mﬂmyt)o%?y%m&ﬁhﬁ&hmﬂ& lcorr})oEnd : ]s
not - ]- en 4-f | uorophen r oxyet su an 4-
{ 4- [ance Miﬁ B0y a@a%y RAHD 2 arﬁﬂ;ﬂiﬁaﬁ@pl)d eff lzut{ﬂria yso A(F:)cor)él ng

et ﬁoé‘*%fﬁ;?ﬁé?% S Eocllorddd 7 oS TP afhoblifia BB BOLhDEI T PBY' 5o @
var m hioldeerealidsobied in SlSQBI BEMAe rhirtie s 8firrsd atrcofre@mpenturiviibch conpri ses

adm nistering to said animal an effective amount of a conpound of fornula
(V1) , mpuigs.pHal e aug, OdRSmmalt vegsteddedanchibe reanop oU 10G was stirred overnight

PCT SEERUEION900 o 17,5 9L BLE ORGP Vilh BCSAMac, B PEOHGR theree!

3 (R) ‘I‘he(fﬁ):u&n&(@ﬂ%im ik radﬁdwdry%mﬁ@wﬂhn@f&ﬁ% axugt R} &4 RRANL- 4- {
4-[ 1V (c arboxynet hyl ) car | met hoxy] phenyl }azetidin-2-one. According to

a flfr thesolpiéuy Waestiste Wﬁmﬁgp fosmia aeed way evadostied Wbewafter pridvaldednia 5

e maot i EBEOTpTYREL) PLARRGR SRR e B R RO O s 0

ani malm@Rael:fteethlyeniasemnt, (@hﬂﬁforgmmﬂyﬁ‘ﬁlyﬁﬁrdfw&@fo&ﬁibd forftfic &cid
phar maceutical | y acceptable salt, solvate, solvate of such a_salt or a

pr odr @gter)hﬁxee@w&turwwaﬁcqnﬁ@ltmt@ﬂmﬁdh@ restducav s pusHise YPreparaie HPLC using a
3-(R)-4-

315 Gt RATIS 100% CHPGH i 0 Pt BRENGR oot RuRe S loBb Boteny 1) 10
car Barpank Bt 3O Bl bedke titd ipfodc0 Mgz 7028111 2R ¥R RYDBISOhoMEEy i cal

corrp05|t| on, process, nethod, use and nedi canent manuf act ure features, the

al t er daty (\ﬂéf@na %r%?@(méﬁ)&rﬁ%ﬂ?ﬂm tHp4.054. 12dmpBihdsl%t.32 . 2HDndé8t i on
descri 089 8824 GLrAPR Y507 (m, 1H), 6.89-6.95 (m,2ED, 7.05-7.17 (m,10H), 7.19-7.25
(m.2H), 7.30-7.36 (mAH), 7.65-7.75 (m,1H),8.12-8.18 (m, 15D).

20
Example 4

Nz-[(ZR)-Z-({[tl-((ZR,SR)-1-(4~ﬂuordphen3'r!)-3-{[2-(4-ﬂuorophenyl)-z-hydroxyethyl]thio}-
4-oxoazetidin-2-yl)phenoxylacetyl}amino)-2-phenylacetyl}-D-lysine
25

(2R)-({ [4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-hydroxyethyl]thio }-4-
oxoazetidin-2-yDphenoxylacetyl }amino)(phenyl)acetic acid (10 mg, 0.016mmol), fert-butyl
30 Né-(rert—butoxycarbonyi)-D-lysinate hydrochloride (7mg, 0.021mmol) and N-
methylmorpholine (Smg, 0.048mmol) were dissolved in DCM (0.5ml). The mixture was
stirred and after 5 min TBTU (7mg, 0.021) was added and the react.ion mixture was stirred for
two hours. The product was purified on a silica plug »tfith DCM:MeOH, 100:5 as the eluent.



l
Exanpl es 15 The invention wilT now be illustrated in the follow ng non
limting Exanples, in which standard techniques known to the skilled
chenm st and techni ques anal ogous to those described in these Exanples may
be used where aF) ropriate, and in which, unless otherw PS4 ]96(|)
evapor atY8A®¥#ie2carried out by rotary evaporation in vacuo an
procedures were carried out after resbval of residual solids such as drying
agents by filtration; 20 (ii) all reactions were carried out under an inert
at nospheLe r 8 th
sol ven{a Wé]}? 2&»@&% ta%@ﬂ} r%%%;] ?é%} ?E)r%s unllreg{é%%hﬂ%ﬂg\?é:\nhggsstat ed;
(iii) @moﬁﬁ‘\am:huhemt aghxa@hym@bmturbevém@in ”medoﬁdwrae)d wasrgnervedrnest on Silica
gel 40-63 | xm Merckly (v |elds are given for illustration only and
ar e notedHeRbRESTIE §14 todiera aﬁﬁ WB@fﬁgﬁﬁréhe ?q})’ertt Kees seppvedy 188 residuergasand

Pr 00UChslld BAVEBEIM, Lhdn W IRBSLRUL RO SR tcuEl Rty hgener al 1y

proton gne I C resonance S spec magneti c

r esopapeheeitend. The Hbdd: wabu@ﬁem repRasive EPLIO(CRICEY aliebhnzRbdigm( unl ess

ot herw se st at ed on the delta scale éug pm downfield from

t et r amecstate 2D18RRK:0)pThe Hactias gonteinges d:erﬂCé%reeJaomzh@@wg@t emgi(33)

Ve, ORI e o Va”ﬁ@%“ﬁﬁw TR O, AL S o

unl ess fm@‘tfi)el \aoqeatcs@x@tzﬁql 1044-2, SBn, 2525, qrsiepl Gﬁt(m@m%s—zi‘mi?xﬁ 28, 2.83-2.95
multiplicities are showm as fo , doub vi'd, “doubl e

doubl etm,2¥D), 3.7i%8 éill;ﬂDt 4.28 r(tﬂctalﬂ) ﬁrﬁ%ﬂddt fEH&} 4. gﬁa'&ﬁﬁ ém; 1K)y 5. 0d(AGIED QS t et ; WO

T80 e R PR 5P B Ot o BRR 108 oo

quarteggs (8,1pss spectra were recorded on one of the follow ng mstrum&*nt;s\1
LCT, QIOF Q Mass spectroneter, all fromWaters. LG MS:  Separation was._/
perforned using Agilent 1100 Series Mdul es or Waters 1525 punp on a 10
Syner g'h I\/AXRE (Phenonenex) Cl12 3x50 mm 4m wi th gradi ent el ution.

xample : .

15 N-{[4-((2R,3R)-1-(d-fluorophenyl)-3-{[2-(d-fluorophenyl)-2-hydroxyethylithio}.4-
oxoazetidin-2-yl)phenoxylacetyl}-L-tryptophyl-D-phenylalanine

N-{ [4-((2R,3R)«1—(4-F1uorophenyl)—3-{ [2-(4-fluorophenyl)-2-hydroxyethyllthio }-4-
20 oxoazetidin-2-yl)phenoxyjacetyl}-L~tryptophan (0.015 g, 0.022 mmol) was dissolved in
CHCl: (2 ml). H-D-Phe-OTBU hydrochloride (0.007 g, 0.027 mmol) and N-
Methylmarpholine (0.007 g, 0.067 mmol) were added. After 10 minutes TBTU (0.009 g, ®
0.029 mmol) was added. The réaction mixture was stirred at room temperature for 2h. The
mixtore was then passed throngh a short pad of silica gel and eluted with EtOAc/CH,CL,
25 25/75. The pure fractions were collected and concentrated. The resulting tert-butyl ester was
“hydrolysed by the addition of formic acid (0.5 ml) followed by stirring at room temperature
ovemnight. The resulting product was concentrated and dissolved in 2 mi of MeOH, B3N
(0.1ml) was added in order to hydrolyze the formylated product. The mixture was allowed to
stir overnight. The solvent was evaporated and the residue was purified by preparative HPLC
30 using a gradient of 20-60% CH3CN in 0.1 M NH;OAc buffer as mobile phase. Freeze-drying
afforded the title product (0.004 g, 22%) as a colourless solid. M/z: 817.3 (M - 1). 'H NMR
(CD3CN, 400 MHz) 8 2.82-3.20 (m, 6H), 4.07-4.15 (m, 1H), 4.29-4.39 (m, 2H), 4.54-4.89 (m,
4H), 6.74-7.53 (m, 22H), 9.14-9.20 (m, 1H).



.Sanpl es were injected using Waters 2700 Sanpl e Manager. -Mobile phases:
Ceneric gradients were applied from5%to 95% acetonitrile. Buffers

contai ning 10 nmM anmmoni um acetate or 5 mM ammonium formate/5mM formc 15
-aci d weMB03eB@614Phe mass spectra were recorded with a \RATEPROGAEIEO or
Waters 2, ML7 equi pped with an electrggpray interface, sw thing positive and
negative ioni zation node. Wspectra were collected by a Aglent 1100 PDA or
Waters 2996 DAD and the evaporative light scattering (S) signal by a Sedere
Seder 55 or 75. 20 Data collection and eval uati on were performed using the
MassLynx software. Accurate mass data were determ ned using either a LCT or
QIOF M5 (Waters) with | eucine enkephaline (mz 556.2771) as | ocknass.

Unl essEgaingelad se stated the nmass ion quoted is 25 Unless further details are
specified in the text, analytical high performance |liquid chromatography
(HPLC) was perfornmed on Prep LC 2000 (Waters), Cromasil Cs, 7 m (Akzo
Nobel); MeCN and de-ionised water 10 mM ammoni um acetate as nobil e phases,

W t suitabl e conmposition; (vii) internediates were not generally fully

char aCNE{l(M)egl-{E(ﬂC{(m,BRI)-B-[\(@-hydﬁ@@S eliyletifyiihioddedxo- BOhehylan@idqiarrphy

(TLO, BPLC, infra-red (1R, M anal ysis; (viii) where solutions were
dried ﬂéﬁh@nﬂxmepndia@nmhzmnm}aym@ab@m and (ix) the follow ng

abbrevi ati ons nay be used herei nhefore or hereinafter.- DCM di chl or onet hane;

DMF NN-di net hyl f or manmi de; WD 20051961457 PCT/ SE20041001960 -57 TBTU

0- Benzot dazol -1 -yl -N,N,N , N -tetranet hyl uronium tetrafl uoroborate; EtOAc

eth acetate; MGN acetonlttlle TFA trifluoroacetic acid; 5 DVAP
n@t@(%éﬁmn{ﬂwﬁlmeﬁwl 2adenNel Bidipxan-FyDmpthsiltyie) deetaki de; and

phenylazetidin-2-yDphenoxylacetic acid {0.050 g, 0.094 mmol) was dissolved in CH,Cly (5
ml). teﬁ-BuWI N-[(2R)-2-amino-2-phenyiacetyl]glycinate (0.030 g, 0.112 mmol) and N-
methylmorpholine (0.028 g, 0.281 mmol) were added. After 5 minutes TBTU (0.039 g, 0.122
mmol) was added. Afier 1h, HPLC showed a full conversion to the corresponding tert-

15 butylester. The reaction mixture was purified by chromatograply on silica gel and eluted with
EtOAC/CHLCL (25/75). Pure fractions were collected and concentrated. The residue was
dissolved in 3 ml CH,Cl; and 1 ml trifluoroacetic acid was added. The reaction mixture was
allowed to stir at room temperature for 2h after which the resulting acid was concentrated in
vacuo. The remaining TFA was removed throngh co-evaporation with toluene (2 mi). The

20 acid was dissolved in 3 ml of MeOH and sodiumborchydride (10 mg, 0.264 mmol) was
added. After 5 minutes, HPLC showed a full conversion to the corresponding alcohol. The
reaction was quenched by the addition of 1 ml of 0.1M NH,OAc buffer followed by
concentration of the mixture, Purification by preparative HPLC of the residue using a gradient
of 20-60% CH3CN in 0.1 M NH,OAc buffer as mobile phase and lyophilisation afforded the

25 title product (0.032 g, 54%) as a colourless solid. M/z: 638.5 (M - 1). " NMR [{CD3),80),
400 MHz] § 2.90-2.94 (m, 2H), 3.45-3.65 (m, 2H), 4.25-4.27 (m, 1H), 4.59 (4, 1H), 4.64 (4,
1H), 4.68-4.75 (m, 1H), 5.02-5.05 (m, 1H), 5.57 (d, 1H), 6.94-7.41 (m, 19H), 8.28 (s, br, 1H),
8.55 (d, 1H).

30
Example 7



|

— TBAF tetTabutylammoni urn fTuori de;” NMLVI N-methyl norpholine; TEA

triethylam ne; 10 DBN 1, 5-di azabi cyclo-[4, 3,0]-non-5-ene. 15 Exanple 1
(2R - ((N-{[4-((2R, 3R) - 1- (4-1 uorophenyl )-3-{(2-(4

fl uoropiten I§) - 2- | xydroxyet hyl jthi oj -4- 20 oxoazetidin-2

yl )phend&?jzé‘bé’@ﬁsjzgl ycyl ) ami noj (phenyl )acetic acid N-{ FCT/SE2004/001960
[4-((2R 3R)-1-(4-fluorophenyl)-3-{ .¢2- .

[ 2- (4-fluorophenyl) - 2-oxoet hyl ]t hi 0} - 4- oxoazeti di n- 2-

516 T NeHEAEI)- S Sl b oMol by ey LR MeqBARIE ' 011 "ol
and TByl¥phéafoxydacebyllgdysmd-phéeyialagsied to nethyl ene chloride (3 nl) and the

reaction m xture was shred at anbient tenperature for 1.5 h. The m xture
was purified by colum chromatography on silica gel using nethyl ene
chioridel ethyl acetate (111) as eluent. The resulting internmedi ate ester was
dissolved in formc acid (2 m) and the m xture was stirred overnight at 45
C. The solvent 30 was evaporated under reduced pressure and was
cc-evaporated with toluene. The residue was dissolved in nethanol (2 m)

and NaBH{A-{RRBR)-6-26-Bi-)x wdphenidety)iig-T-phatilametidind-ure ~ was stirred at
s adoEhaa PRE RERir S oL AR LERCE GrRD: o oo AR S YiFIeE by
o B3O il AN O 0 0 i e
fracti added. \iteeS miopties TBZEH(0LM 6ady D148 3@ ohovHs Atiled. A Rdrepls, )fulifcohveesibn td e
COMGUNS oL SO0 O o G A b9 2 89
N { 4- Loy o it el il by B B i Cly 2903 1 SO et ny1 ) (o
}-4- 16oliectedzat icdncenPraidd) The restdnt aae tliskdlybd oy B nNECIHELH; phd OSIplsi ne 0
trifluoroacetic acid and the reaction was allowed to stir at room temperature overnight. The
resulting acid was concentrated and dissolved in 3 ml of MeOH. Sodiumborchydride (0.010
15 g, 0.264 mmol) was added. Full conversion to the corresponding aicohol was obtained after 5
minutes. The reaction was quenched by the addition of 1 ml of 0.1M NEH;QAc buffer.
Concentration followed by preparative BPLC using a gradient of 20-60% CH;CN in 0.IM
NH,0Ac buffer as mobile phase afforded the title product (0.021 g, 84%) as a colourless solid
after freeze-drying. M/z: 652.3 (M - 1). "H NMR [(CDs);S0), 400 MHz2} & 2.85-3.05 (m, 4H),
20 3.62-3.80 (m, 2H), 4.18-4.35 (m, 2H), 4.48 (4, 1H), 4.51 (d, 1H), 4.68-4.78 (m, 1H), 4.99-
5.03 (m, 1H), 6.93-7.35 (m, 19H), 7.65-7.80 (m, 1), 8.23-8.29 (m, 1H).

Example 8
25

N-[(2R)-2-({I4-((2R,3R)-1-(4-fluorephenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyljthio}-
4-oxoazetidin-2-yl)phenoxyjacetyljamino)-2-phenylacetyl]-L-alanine

30
- (2R)}-({[4-({2R,3R)-1-(4-Fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyl]thio }-4-
oxoazetidin-2-yl)phenoxyJacetyl Jamino)(phenylyacetic acid (0.040 g, 0.065 mmol) was
dissolved in CHzCl; (5 ml). rers-Buty! L-alaninate hydrochloride (0.014 g, 0.078 mmol) and



N -f [4-((2R 3R)-1-(4-fluorophenyl)-3-f

[2-(4-fl uorophenyl ) - 2- oxoet hyl ] t hi o} - 4- oxoazeti din-2 vyl )phenoxy} acetyl }

gl yci ne &30 ng 037 mmol ), N-rnethy]norpholine (18 ul, Q. and TBTU
(13 ny, "4%1 P2 wer e added to CH2C12 (2 n) and the PEE’@F?%W" W ure was

15 stirred at 30 Cfor 1.5 h. To the néXiure were N6-acetyl-D-1ysine (14 ng,
0.074 mol) and DVF (5 drops) added and the m xture was stirred at anbi ent

t enper Bhy]C Beht 0 essure
and methanar CE IS .00, Q103 KRN Wik AR ARLE S e T A oS e
The r ear084omumlkt/os addsasTid fenctan ats Alviiedrntt stlefm&r}aﬁfterrevl*fm’rthe fedultingtegmal |
anount of ammoni unacetate buffer was added and the nethanol was evaporat ed

20 of f .buflesics 328 pariiad by ghiopiaEBr A Yt agal @nﬁw@%\gxth@%d CHzCIz

t ¥
Fracti ORI R, RS BhncBidiasEl end APsolibe AT a0 B8 oS8 i 1 oo
obt aiy ﬁmh@) 5(11}5) %f%ritﬁﬁ)ﬁﬂro@fn tbiGerdaturd, Q“un@ﬂﬁfﬁﬂﬂdn td &H-cbﬁﬁéﬁﬁndﬁng(bcbd'%as )
DVBO- de) : 18(m1113) 2.85-2.95 (m 2H), 3.7-3.8 (m 2H), 4.0-4.1 (bs,

IH, 4. cﬂgmaerh @mreapng}l mixfuge was canpniraiedyand Beesidugyf TEA 985 (amqvem;y co-
6.95- 7. 4 Ig(;%BO thh tolucne (38]]1{)%1'16' c,tqme Leid s %15ssglve§ 11( ﬂ&eo]ﬁ' 3 %l)za%dﬁqufhm 113)

Exanpl &

N-{ [ 4- ((02ROFRD 266 (Amb]) W aBRaN Pl cdn{drdof fo fﬂew@hegimaﬁﬂg)ai&mhy K opedihad 1thlo
}-4- oxoazeti di n-2-yl)phenoxyl acetyl }-D-a] anyl - D- henﬁ}gl anine WO 2 00 510 6

1 452 FZ’@FJJ Smrigoies JHrosactionsgasnupnghed byiie gqf@mgn pﬁg LMD Pherhyfier 81 fl).
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oxosdbt P REGIG esloResR R AN ¥ s Res piton oy pregesgve BRBS 15588 e - butyl D
5 phenygra&aﬁtl oFaes v AERCN Bro. mexm@mc bﬁff@ﬁ:& zﬁﬁﬁﬂé p}'?d@éi FledreldtyinBRIERRGId ne
(7 ng, 0.065 mmol were dissolved in O. m xture was stirred at

room t ehpéHacempotnst (05208, Aot g5 avgwrl(:@ Sﬁ’bd M’@@MM \hthMﬂé’d and the

st ettt anlHEls Giobre B imiiehe s oAl ot abi 53 SR il e a8

cont ai quhﬁpr(@dm)t 4\RNE, BDNES0I4 74 6f ﬁ@sfo@,tsw (ACim, (slmt{h) m@% gglded

and 10 e solUtion was stirred overni ght . The formc aci'd was evapor at ed
wher Eaf1.86 (meEilu8143t&H5h{m, 2Bki d was renoved by addition of toluene and
evaporation. The residue was stirred in nethanol: triethylamne, 40:1, (2
m) for 2.5 days- (hydrolysis of the forned formc acid

Example 9

20 N-[(2R)-2-({[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2~-(4-fluorophenyl}-2-hydroxyethyllthio}-
4-oxoazetidin-2-y)phenoxylacetyljamino)-2-phenylacetyf]-D-alanine

25 (2R)}-({{4-((2R,3R)-1-(4-Fluoropheny!)-3-{{2-(4-flucrophenyl}-2-oxocethyl]thio } -4-
oxoazetidin-2-yl)phenoxyjacetyl Jamino)(phenyl)acetic acid (0.040 g, 0.065 mmol) was
dissolved in CH,Cl; (5 ml). zert-Butyl D-alaninate hydrochloride (0.014 g, 0.078 mmol) and
N-methyl-morphiline (0.020 g, 0.195 mmol) were added. After 5 minutes TBTU (0.027 g,
0.084 mmol) was added. The reaction was allowed to stir overnight and the resulting tert-

30 butyl ester was purified on silica gel and eluted with EtOAc/ CH,Cl, (25/75). The pure
fractions were concentrated. The residue was dissolved in CH,Cl; (4 ml) and trifluoroacetic
acid (0.5 ml). After 1.5h at room temperature, full conversion to the corresponding acid was

obtained. The reaction mixture was concentrated and the remaining TFA was removed



_ |

ester), the mixture wasconcentrated and the residue was purified by
preparative HPLC using a gradient from20 %to 100% CH3CN in 0.1%

arnruoni um acetate buffer as eluent. Freeze 15 drying gave 7.3 ny (48 %) of
t he tité@ w@H L Mz: 702.3 (M- 1), NVR (DVBO 400 pgdizeodookdeo( d, 3H) ,

2. 85-2. %rﬁ H‘? 3.00-3.07 (m1H, 4.05-4.12 (m1H), 4.19-4.32 (m 2H), 4.48
(dd, 2H), 4.68-4.76 (mIH), 5.0-5.070h-1H), 6.89-6.95 (m 21-1),7.05-7.17
(m10H), 7.19-7.25 (m2H), 7.30-7.36 (m4H), 7.65-7.75 (m1H), 8. 12-8. 18
(m11 kﬁrou%@ccﬁﬁ@ﬂﬁdrz&ioﬁ with toluene (3 ml). The crude acid was dissolved in MeOH (3 ml)

NZ- [ ( 2R) - 2- [4_(1 2R, 3. R)-1-§4-fl uorophenyl)-3-{[2-(4-fl uoraophenyl ) -2-hydrox
yet hylapg i (0.010 g, 0.260 mmo!) was added. Full conversion to the corresponding alcohol

4- thidin-2- h I tyl ' -2-nh I tyl -0 | 25

o g T R S P A B HRS SN B DK, 25 1 .
t hi 0} HAffePKAAREThélmixBreh AsvRBMAtACAINthe r@iduR0Y ASAReIRsbIGREpRatRel d (10 no,
0.016mmol ), tent butyl 30 NGG%gent - but OX%C&I’ bonyl) -D-lysinate hydrochl ori de

( 7m§, FRId2using h pradhent Nf 3850 Gol@Nan OAVL( Ao bufgrasmobiloghage. diresgot ved in -
DCM (Q.5m ). The .od xture (A and after 5.raipn T 1 P. 021) was
addedggﬂﬁgé%e tB%ggl]F © Wpﬁjf‘éﬁ@roeﬁv%g%ia? Iaé:(g?c}ua s $Qkg- #ﬂﬁr@w{% uct was
purifi B98¢}, 400 Nkig) 84 40-1C , 26003 B4 309 0051061452
PCT/ 8%3%098%0)' -60 Forgn\gig aci d (0. r’nz) vvag gg’dﬁe t3?$ﬁggéﬁh ’ed product
and t He26:4.30 (mel M <60 (d LHY 4t6xb(dh dHD,st. 7(etd. 780 nE 13105 . 0R-S) S, D) £58-

t enperat ure_qverni ., The farm I d s renoved under reduced pressure
and t &t elﬁhé'gﬁdﬂg (Whém%tgr'g-?ﬁ@nsﬁent was renoved. The residue was

di ggol ved in MeCH and a snmall amount of tri.ethylam ne and stirred overni ght
at anbient 5 tenperature. The product was puff ied by preparative HPLC
(CH3CN 0.1 %amoni um acetate 20:80-100:0). The fractions contai ning thgé)

pr odu were_lyophilized and 4.0ng (33% of the title conpound was
obtaii‘&ﬂlﬂ&iﬁ 745.4 (M- 1). NWR (DVSO, 400 .MHz): 1.19-2.30 (m2H),

1.30-1.40 (m231), 1.40-1.52 (m2H), 1.52-1.68 (m2H), 2.63-2.75 (m 2H),
2.83-2.95 (m2H), 3.7-3.8 (mIH), 4.28 (dd,1H), 4.60 (dd, 2H), 4.68-4.76
(m | HRRB{I@R) 2+ [4+§2R, 3R ) 8-(4dlueadoiitényl)e3-9B2-(GfludtdpheiyD&-7. 17 (m 41),

AL E RO AN T AT N OV e

phenylacetyl]amino}(phenylacetic acid

20 (2R)~({[4-((2R,3R)-1-(4-Fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyl]thio} 4-
oxoazetidin-2-yl)phenoxylacetyl }amino)(phenyl)acetic acid (0.040 g, 0.065 mmol) was
dissolved in CH2Cl; (5 ml) and tert-butyl (2R)-amino(phenyl)acetate (0.016 g, 0.078 mmol) 4 “)
and N-methyl-morphiline (0.020 g, 0.195 mmol) were added. After 5 minutes TRTU (0.027
g, 0.084 mmol) was added. The reaction was allowed to stir at room temperatore for 3 h after

25 which the resulting tert-butyl ester was purified on silica gel and eluted with BtOA¢/ CH,Cl,
25/75. Pure fractions were concentrated, The residue was dissolved in CHyCl; (3 ml) and
TFA (0.5 ml). The reaction mixture was allowed to stir overnight at room temperature. The
resulting acid was concentrated and the remaining trace of TFA was removed by co-
evaporation with toluene (3 ml}. The acid was dissolved in MeOH (3 ml) and NaBH; (0.010

30 g, 0.260 mmol) was added, After 5 minutes, full conversion to the corresponding alcohol was
obtained. The reaction was quenched by the addition of 1 ml of 0.1M NH,QAc buffer.
Cencentration followed by purification on preparative HPLC using a gradient of 20-50% -
CH3CN in 0.1M NH;OAc buffer as mobile phase and freeze-drying of the pure fractions




Exanple 5 15 N

{[4- ((2R, 3R) - 1- (4 fl uorophenyi)-3-{(2-(4-fl uorophenyl) - 2- hydroxyet hyl ]t hi o} -
4- oxoazetidi n-2-yl)phenoxy] acetyl }-L-tryptophyl-D phen¥l al an N-{

[4- ((2R wz‘t@'ﬁfpﬁ]-‘ﬂ uor ophenyl ) - 3-{ CT}’SEZGO-&)’G(}I%G

[ 2- (4-fl uorophenyl)-2-hydroxyethyl]thi6e¥-4 20 :
oxoazeti di n- 2-yl ) phenoxy] acetyl }-L-tryptophan (0.015 g, 0.022 mmol) was

ot e e CaRar) 100545 T T il G Sl B &

mi nut eg(@'@%}&bﬁ GI@O@@H@] 5 2@s02%1 (mv,m{ -addeq, 18her sQaASKIRN 2 X 5.2 7‘8’35

stirre roomtenperature for ‘f‘he m xture was then passéd through a
short fad 18D, $P1ix @ml°fb)nﬁt6é45u7ffe@nvﬁlﬂh SE3ONGD CGRRTIED), 3542569 fm, AHE pur e
fractions were collected and concentrated. The resulting tert-butyl ester
was hydrolysed by the addition of formc acid (0.5 m) followed by stirring
at rocomtenperature overnight. The resulting product was concentrated and
dissolved in 2 mM of McOH Et3N (0.1m) was added in order to hydrolyze the
f or nyl diemnpledduct . The mi xture was allowed to stir overnight. The sol vent
was evaporated and the residue was purified by preparative 1.1PLC 30 using a
gradient of 20-60% CH3CN in 0.1 M N 440Ac buffer as nobil e phase,

R e e e S e R S e s et
4.07- 4. mr@kymhgz&mommomaau( Pylpienodyadetdl)BMmidon2- 41-1), 6.74-7.53 (m

22H), 9.14-9.20 1I—? VO 200510621452 PCTJSE20041001960 -61- Exanple 6 5
N- ( (”4]:2 p]'g:n{ylacetyl amino }(phenyDacetic aci

[ (4-{(2R 3R)-3-[(2- hydroxy-2-phenyl et hyl)thi o] -4-oxo-1|-phenyl azeti di n- 2-
yl} phenoxy) acetyl ] am no} - 2- phenyl acet yl )gI ycine 10
[4((2R3R) 3-{[ (5, 5- Di net hyl - 2- phenyl - 3dioxan2y|)rrethy|]thio} 4- oxo-1

n Credek (B4 s ~2§§%¥§m S R EEA R A e b

addod. B ta%r“jdé‘? 2Rt BN R 8 O S0l APUTE. ) 10 P

showesd disdointed in citﬂzéﬂzs(ﬁonl)u@rztm&yb(aﬁb-aeﬂm@h@gd)hmﬁte 15.0b6Iby0.633 ﬁﬁnoljl'htﬁl
et g oot 0026 50,195 oD e Aad AR 5 Thinuten, BoTU 025 o ¢
0.084 mmol) was added. The reaction mixture was stirred at room temperature for 3 h. The
resulting tert-butyl ester was purified on silica gel and eluted with EtOAc/ CH,Cl, (25/75).
The pure fractions were concentrated. The residue was dissolved in CHzCla (3 ml) and TFA
20 (0.5 ml). The reaction mixture was stitred overnight at room temperature. The resulting acid
was concentrated and the remaining trace of TFA was removed by co-evaporation with
toluene (3 ml). The acid was dissolved in MeCGH (3 ml) and NaBH; (0.010 g, 0.260 mmol)
was added. After 5 minutes, full conversion to the corresponding alcohol was obtained. The
reaction was quenched by the addition of 1 ml of 0.1M NH,;OAc buffer. Conceniration
25 followed by purification on preparative HPLC using a gradient of 20-50% CH5CN in 0.1M
NFH.OAc buffer as mobile phase and freeze-drying of the pure fractions afforded the title
compound (0.037 g, 76%} as a colourless solid. M/z: 750.6 (M-1). 'H NMR [(CD3),S0), 400
MHz] & 2.87-2.94 (m, 2H), 4.25-4.28 (m, 1H), 4.58-4.78 (m, 3H), 5.01-5.07 (m, 2H), 5.65-
5,74 (m, 1H), 6.94-7.39 (m, 22H), 8.53-8.72 (m, 2H).
30

Example 12



l
Et OAcl CH2Cl 2 (25175). Pure fractions were collected and concentrated. The.
residue was dissolved in 3 mM CH2Cl2 and 1 ml trifluoroaeetic acid was
added. The reaction m xture was allowed to stir at roomtenperature for 2h
after which the resulting acid was concentrated in € ining TFA
was r ewovsesdi#¥ugh co-evaporation with tol uene (2 m?éﬂ@ﬁzéﬂ;g{gulégrg was
dissolved in 3 m of MeOH and sodi urfifor ohydri de (10 ng, 0.264 mml) was
added. After 5 mnutes, HPLC showed a full conversion to the corresponding

al colp} (ZRFZE({[-’I- Rtmﬂb\o@ﬂuﬁwféﬁ?ﬂ :b?[h 2 (enasidphi gyg}.gthﬁr v&hy h,g,}lvl Ni | t OAC

buf fer concentrat’i on of e m xture, Purification

pr ep4Fmazetldiﬂl:28ybphmtayﬂmt)d}mnw-ﬂg)lmmmtﬁhﬂse@hez0 60% CH30N in 0.1 M
Nt 40Ac buffer as nobil e phase and |yophilisation afforded the 25 title
product (0.032 g, 54% as a colourless solid. Mz: 638.5 (M- 1). "H NWR
[(CD3)2SO, 400 MHz) S 2.90-2.94 (m 2H), 3.45-3.65 (m 2H), 4.25-4.27 (m
i), 4.59 (d, 113), 4.64 (d, 1H), 4.68-4.75 (m 1H), 5.02-5.05 (m 1H),
5. 57(2@-({1.430213 EROU-(F-FhboréphenyOH)-{ R2g4XBudraphduy] 14y octiBylibiofdi- 1H). 30

npl 7 061452 P HE2004 1960 2
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/! )L PRenenaasALglolo Dandeny kot B8 sinllolha ety moriging
} phe @30 @p&wﬁ }Ighcylc waee mmcmmm;ﬂlz (mmﬂﬁmn(tanpﬂratuxe( R)fwPlﬁemfg‘lh&hﬁni ne
(5. o8 (QGTAS ol o bllsasRas o Cagsss e GopooRgng b 05 |
mIB' %Btgﬁé?t@#&sgobﬁnksr e Bactf dde %&&g%amﬁa% sﬂaf&atg@pax&gémtgamn@ ng

ester was o taine eactl on m xture purl
chr omagt Qph¢1,AB54565). iPuse fredtioms dveed cﬂhdtad@ﬂcﬁh@%ﬂatmm&sﬁﬁéﬁs Pure /™

L ool B S g ohad b e e bt ot e b Lo 5T e )12
L P APRA T B et UL Byt 1 o0 and
addeekitiFoliene ¢hud). Jhe oride zfchbwa@msﬂsmnhdlMgOBﬂ Gahl) bnadaBEL HOOBeE, af ter 5
15 0.260 mmol) was added. Full conversion to the corresponding alcohol was obtained after 5
minutes. The reaction was quenched by the addition of 0.1M NH,OAc buifer (2 mi).
Purification on preparative HPLC nsing a gradient of 20-50% CH;CN in 0.1M NH;OAc
buffer as mobile phase followed by freeze-drying of the pure fractions afforded the title
compotnd (0.032 g, 71%) as a colourless solid. M/z: 704.7 (M-1). "H NMR [(CD3),SO), 400
20 MHz] & 2.88-2.94 (m, 2H), 3.42-3.46 (m, 1H), 3.58-3.61 (m, 1H), 3.85-3.90 (m, 1H), 4.26-
4.29 (m, 1H), 4.59 (d, 1H), 4.64 (d, 1H), 4.70-4.77 (m, 1H), 5.04-5.07 (m, 1K), 5.57-5.65 {m,
1H), 6.95-7.41 (m, 17H), 8.08-8.20 {m, 1H), 8.53-8.56 (m, 1H). O

25 Example 13

N-[(2R)-2-({{4~((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyllthie}-
4-oxocazetidin-2-yl)phenoxylacetyl}amino)-2-phenylacetyll-1.-threonine

30

(2R)-({{4-((2R,3R)-1~(4-Fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyilthio } -4-
oxoazetidin-2-yl)phenoxy]lacetyl }amino)(phenyl)acetic acid (0.030 g, 0.049 mmol), tert-buty}




m nutes. The reaction was quenched by the addition of 1 m of 0.1M N 340Ac
buffer. Concentration followed by preparative HPLC using a gradient of
20-60% CH3CN in 0. 1M NH4OAc buffer as nobile phase afforded the title
producW WOTPER43, 849% as a colourless solid after fPeESEOHHMNY. M z:

652.3 (M- 1). 1H NNM [ (CD3) 2SO, AQy M1z] 8 2.85-3.05 (m 4H), 20 3.62-3.80
(m 2li), 4.18-4.35 (m 2H), 4.48 (d, 111), 4.51 (d, 11-1), 4.68-4.78 (m

11-1), Léﬁq%&%%oﬁrﬁ&%r%&@ 014%, ¥5% nu%of)%djr? Hetnyf-880Le B2 (b BisH a8 23-8- 29
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mmol ) was dissolved in CH2C12 (5 nil). tert-Butyl L-alaninat rochl ori de
(0. 0IF Agandthe T8 X me WWes ahindedNOT zddﬁﬂﬁﬁlﬂﬁﬂlm&m%@i@u&at@ﬁ@he- 63
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conc divfircatedsian do dicswateypoding dohb? GIB dbfaintd aftord mmiufds Ubkeomadidnovss aci d

(0.5 m Af t 1. 5. hat to t
Coitr aiptsstng e diuartor G EENHETRE MibeF Cuaby birfRoars witeuh eI at ed and
the rtﬁﬁfgda(';ﬁaﬁénfrd%{)w CRIRe mn%@xalaaﬂ@% ésoéluéﬁt%ll&@d'{ﬁ/%e(z@ m). The

.crude a was dissolved in M é ) and (O 0.260 mml ) was
“addediryiRglof treqrwefraéiomsatorded thotilespopatindd 04126 (gh@l %Wasa ochibmlen:e dolidfter 5

) N %ﬁﬁ?ﬁm?@i@m&wﬁ%@%&% R Gaothtirroa @

pr epakat & hﬂﬁlﬁ@ _ 00@-@ buffer as
nobi Iaie b ase gez fzyé/}|4nﬁgg’f ordegb( he tlt{tle co oundﬁi?% g, 45% as a

coﬂﬁolﬂibzasms(ml, LE), 65,6086, AH)N6.95-TH2 (i 17KK 8.0(-SDS)ESOH), 845)138 §BZin, 6
2.30-2.35 (m 311), 2.86-2.94 (m 21), 3.15-3.31 (m 11), 4.26-4.28 (m
111), Hq)59 (d, 1H), 4.64 (d, 1H), 4.70-4.76 (m 1H), 5.04-5.07 (m 11-1),
5.46 (d, 111), 6.94-

Example 14
26

NE-[(2R)-2-({]4-((2R 3R)-1-(4-fluorephenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyljthio}-
4-pxoazetidin-2-yl)phenoxylacetyl}amino)-2-phenylacetyl]-L-asparagine

25 . _
(ZR)~({ [4—((2R,3R)—1 -(4-Fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyl]thio}-4-
oxoazetidin-2-yl)phenoxyjacetyl }amino)phenylacetic acid (0.030 g, 0.049 mmol), terz-
butyl L-asparaginate hydrochloride (0.013 g, 0.058 mmol) and N-methyl-morpholine (0.015
g, 0.146 mmol) were dissolved in CH,Cl; (4 mD. TBTU (0.020 g, 0.063 mmol) was added

30 after 5 minutes. Full conversion to the corresponding tert-butyl ester was obtained after 1 h.
The reaction mixture was purified on silica gel and eluted with EtOAc. The pure fractions
were collected and concentrated. The residue was dissolved in 3 ml CHCl; and 1 m] TFA and

the mixture was stirred for 0.5h, The resulting acid was concentrated. The remaining trace of



15 7.36 (m 17H), 8.43-8.55 (m 2H). Exanple 9 20

N[(2R)-2-({[4-((2R 3R)-1-(4-flu. orophenyl)-3-{[2-(4-fluorophenyl)-2- hydroxy
et hyl ]t hi o}-

4- oxoazefyigho0s/861M42 phenoxy] acet yl } am no) - 2- phenyl acet yl pCDSER@RIONDGE 25

(2R) - ({[4- ((2R 3R) - 1- (4- Fl uor ophenyl ) - 3- {[ 2- (4- f 1 uor ophenyl ) - 2- oxoet hyl ] t hi o
}-4 oxoazetidin-2-yl)phenoxy] acetyl} ari no) (phenyl )acetic acid (0.040 g,
0.065 mml) was dissolved in CHZC12 (5 nil). tert Butyl D-al aninate

hydr ocmmwwn@mmaljymn@mm9vaamnomnﬁtmmmﬁ3 ph).[Theeryde @2dwgs 0. 195

react 1 drEd st ripast NeBelydD b it onmila? ras drae s AvelBBp B OF oot or

was purdoﬁfe% Bhed it dHeRwils bhRnddakit 6 thivirtd TH-QA o s kdicha Rl tthhe pur e,

fractions
trifl uaddaoatdafd. IMMQ@G Buffed (2. mf Ruificatien by prepemiive ¢l asing e, grﬁ it

ncentrated. The residue was di ssol vedquzln Cl12 4 M) and

Conoahtatabeti ke RG C R g Aot e Sasrt e BN moefctiis STnplis’ © 2%

PCTI SE200: /o gﬁssg@%tg%ﬁmns@o 92@;6 j & &15&1539'3&%‘%&389]2 thn.TIm le) s

crude acl NaBH4 (0.010
- added. ‘@qummzsmmwmmmmaqmmg mﬁmmﬁ(mm Dﬁﬁéﬁ%dnﬁmﬁpr 5

m nutes. The reaction_was qu e addition of O M Nii 40°\C buffer

T1 " 20 3 SH B A8 5o D cs S8 S Ay S (oLl e P
%SF?Q%Z§-33*’§%@%?’I§?W§S’ S R 2 3P ﬁlmﬁﬁ%%gﬂﬁ% ;s o

colowyless solid. Mz: 688.6 (M1)."H NW [(C173)2SO), 400 M3z] S

1.10-1.24 (in, 311), 2.89-2.94 (m 2H), 3.99-4.08 (in, 113), 4.26-4.30 (m
i1), 4.¥xompledBr) "4 .64 (d, 1H), 4.70-4.78 (m 1H), 5.02-5.08 (m iB), 5. 63
5.56 (d,113), 6.94-7.40 (m 1711), 8.39-8.59 (m 211). 10 n Exanple 10 ™
(2R -{ [(2R-2-({ [4-((2R, 3R)-1-(4-fl wuorophenyl)-3-{ [2-(4-fluorophenyl)-2-

L5 _hy dr SR I ([4-0CR31- Did fuaicoplianyD-3{ [Retieiavenphosy y-2) laydronyeikyl|thio}-
phenyl acet yl ] am no) {)phenyl )]acet lc acid
4-oxoazetidin-2-yh)phenoxylacetyl }Jamino)-2-phenylacetyl]-L-aspartic acid

15

(2R)-({[4-({2R,3R)-1-(4-Fluorophenyl)-3-{ [2-(4-ﬂuorophenylj-2~oxoethyl]thio }-4-
oxvazetidin-2-yl)phenoxylacetyl }amino)(phenylacetic acid (0.020 g, 0.032 mmol), di-terr-

20 butyl L-aspartate hydrochloride (0.012 g, 0.039 mmol) and N-methyl-morpholine (0.010 g,
0.097 mmol) were dissolved in CH,Cl, (3 ml). After 5 minutes, TBTU (0.014 g, 0.042 mmol)
was added. Full conversion to the corresponding tert-butyl ester was obtained after 1 h, The
reaction mixture was purified on silica gel and eluted with BtOAc/ CH,Cl, (25/75). The pure
fractions were collected and concentrated. The residue was dissolved in 3 mil of CH,Cl; and 1

25 mi of TRA. The reaction mixture was stirred for 2h and the resulting acid was concentrated.
The remaining trace of TFA was azeotropically removed by co-evaporation with toluene (3
ml). The crude acid was dissolved in MeOH (3 ml) and NaBH, (0.005 g, 0.130 mmol) was
added. Full conversion to the corresponding alcohol was obtained after 5 minutes. The

' reaction was quenched by the addition of 0.1M NB,OAc buffer (2 ml). Purification by

30 preparative HPLC using a gradient of 10-40% CH;CN in 0.1M NH;OAc buffer as eluent
followed by freeze-drying of the pure fractions afforded the title compound (0.018 g, 76%) as
a colourless solid. M/z: 715.7 (M-18). 'H NMR (CD1)280), 400 MHz] 6 2.00-2.08 (m, 1H),
2.31-2.50 (m, 1H), 2.88-2.94 (m, 2H), 4.18-4.22 (m, 1H), 4.27-4.30 (i, 1H), 4.60-4.78 (m,.



.20
(2R - ({[4- ((2R 3R) 1- (4- Fl uor ophenyl) - 3-t[ 2- (4-f #uor ophenyl ) - 2- oxoethyl]thio

}.4- oxoazetidin-2-yl)phenoxy]acetyl)arnino)(phenyl)acetic acid §0 40 g,
*0. 065 mibY YIRAEIGF ssol ved in  CH2C12 (5 ni) and tent - buthy{T/SE2004001960

(2R) - am no(phenyl )acetate (0.016 g, 0698 mmol) } and N nethyl-norphiline
(0.020 g, 0.195 mmol ) were added. After 5 m nutes TBTU (0.027 g, 0.084 mml)

vas adﬁgso’s‘hfogﬁﬁciﬂprs3@a§6§kﬂnoy&q5iet9h%bfqng 75\12%% d%gig,eskﬁlc gel

afte which the resulting tert=bityl 'S puri

and el @m,dd)wi t h Et OAc/ CH2Cl2 25/75. Pure fractions were concentrated. The
resi due was dissolved in CH2Cl2 (3 mM) and TPA (0.5 m ). The reaction

m xture was allowed to stir overnight at roomtenperature. The resulting
acid was concentrated and the remaining trace of TFA was renoved by co-
evaporation with toluene (3 m). The acid was dissolved in MeOH (3 nl) and
NaBHA ELafigle 180 g, 0.260 nmol ) was added. After 5 minutes, full conversion
to the correspondi ng al cohol was obtained. The reacti on was quenched by the
addition of 1 m of O 1M NH4OAc buffer. Concentration followed by

urifi H adient 0 - 50% N jn 0.1M

Rrond S AR SR B Ll et D S92 Rt Ben 2 Re ey oL "o

2005/ Of b45azeAI-SHDPRNOH1260y] jahin éifda 0. onpound (0.034 g,

709% as a col ourlﬁgss so&f% % 73%@-91?!\4 1)dehj?]H Nf\r/%lﬁ“f(&ﬂs& 400 gIe/l—lz] I

2.88-2.94 (m 2H), 423429(m 1H), 4.56-465 (m 211), 4.70-4.78 (an,

1|—|)1 4. 91 5.06 (m 2H), 5.65-5.75 (m iH, 6.93-7.42 (m 22bl), 8.54-8.69
02 5 Exanple 11

(_28) {[(2R) 2- ({[ 4- ((2R 3R) - 1- (4-fl uorophenyl)-3-{[2-(4-t] uorophenyl) - 2-

hydr oxyet ]t hi - oxoazeti di n- 2- phenoxy] acetyl)am no)-2 10

phenyl é@é‘t(&l‘l ﬁ% phdlyerpalearyDd3- éé—&--ﬂUOIOP enyl)-2-oxcethyl}thio}-4- -
2R [

L oiéoiao%%t‘déﬁ%@@%ﬁﬁ%@{ai@ﬂ?iﬁ%%g??a@t R TR G o e R S A

0. 065 il D-v\aiaﬁatéﬁydnoam@hxzeeb oo Qﬁmmh@maddm-m@hﬂﬁuiphbhm (0.005 %I e

(23 -am no( phenyl ) acet at e 016 % 078 mmol ) and N-net hyl - nor
00.g49 m@hwmﬂl§80h@f1én Q@ﬂ@&( Nﬁlt)é#ft% SrﬁmutfésTBTB‘r(O QOG ga@u% mmol)084

E’m#%ew@%s G bR el Bl P8 P PR R TR Uy o
W th Beahh kgt sz(s ﬁﬁﬁéﬂ on silica gel and eluied with EtOAc/ CH,Cl, (25/75). The pure
fractions were collected and concentrated. The residue was dissolved in 3 ml C¥LCly and 0.5
ml TFA. The reaction mixture was stirred for 1.5 h and concentrated. The remaining trace of
20 TFA was azeotropically removed by co-evaporation with toluene (3 mil). The crude acid was
dissolved in MeOH (2 ml) and NaBH, (0.002 g, 0.065 mmol) was added. Full conversion to
- the corresponding alcohol was obtained after 5 minutes. The reaction was quenched by the
addition of 0.1M NH40A<: buffer (2 ml). Purification by preparative HPLC using a gradient
of 20-50% CH5CN in 0.1M NH,OAc buffer as mobile phase followed by freeze-drying of the
25 pure fractions afforded the title compound (0.004 g, 34%) as a colourless solid, M/z: 716.6
(M-1). 'H NMR [(CDs);S0), 400 MHz] 8 0.81-0.85 (m, GH), 1.98-2.09 (m, 1H), 2.88-2.93
(m, 2H), 3.92-3.98 (m, 1H), 4.22-4.30 (m, 1H), 4.60 (d, 11}, 4.64 (d, 1), 4.70-4.78 (m, 1H),
5.02-5.07 (m, 1H), 5.62 (4, 1H), 6.94-7.40 (0, 17H), 8.18-8.22 (m, 1H), 8.52 (d, 1H).

30
Example 17



\
The pure fractions were concentrated. The residue was dissolved in CH2Cl 2 (3

m) and TPA 20 (0.5 m ). The reaction m xture was stirred overnight at room
tenperature. The resulting acid was concentrated and the remai ning trace of

TFA was by, co-evaporation with toluene (3 m).pdhsrssidoroms
di ssol ve@%}{f@a%s m ) and NaBlau4 (f), 010 g, 0.260 mmol) was added. After

5 mnutes, full conversion to the cort€spondi ng al cohol was obtai ned. The
reaction was quenched by the addition of 1 m of O IM NHAOAc buffer.

Con g en W-&Qfmziéaglét(m,iﬂc\ﬁﬂ-(wgpmpha‘l\lﬁi)bibﬁigﬁﬁ?mmphﬂwlbﬂlehﬁ?ﬁﬂyﬂb?ﬂglia}~
radient o 50% [ , utfe ile ase an

19 reez e-%’%aﬁﬁf“i)‘f"%ﬂfgggﬁ?‘é"ﬁ?c&&]lM%H?%%@F%Eﬁc?h@ﬁif@g’e cog_pound (0.037 g,

769 as a colourless solid. Mz: 750.6 (M1). "H NWR [ (CD3)2S0), 400 MHz] 8

2.87-2.94 (m 211), 4.25-4.28 (m 1H), 4.58-4.78 (m 3H), 5.01-5.07 (m 2H), °

5.65- 5.74 (m 1H), 6.94-7.39 (in, 22H), 8.53-8.72 (m 213). 30 Exanple 12

WD 2005/ 061452 -66- PCTI SE20041001960

N-[(ﬂ?)-Z-({[4-((2R, 3R)-1-(4-fluorophenyl)-3-{

[ 2-(4-tl uorophenyl)-2-hydroxyet hyl]thio}- 4-oxoazetidin-2-yl)phenoxy]

acetyl }am no) - 2- phenyl ace tyl]-D-s erine 5

(2R) - ({ER)-({(RBZFJ RILL{(4-FrioroplenhB B [2-@-ictopkenl b oopheyifhjo)24-0x oet hyl ] t hi o

}-4- oxoazetidin-2-yl)phenox {ac,et h% ani i n_o)(p‘ﬂen I(%]acetl c acid (0.040 g,

0. 065 m}ﬁ@@epﬁmd%fytlméﬁ'mﬂaﬂﬁy Béﬁﬂmﬁ Wﬁa‘i‘:&t@eﬁc} &9-é2 gdv-B3hmareladento. 020 g,

0.078 : - [ inssol ved in
Gz 2 Ty ifhetd SEESHICA @Le 410 (oniig) Pkt b MR Q.00 04
nol 30 RE7adaet). wéktdisolved it CH,Charsl).shfier 3 midutes, TBATEROTDE,R04Eminol)

butyl ester was_ obtained. The reactiop m xture was purified on silica

and el Wascidfd: Kol conyersigiie e qopsprendingigrebutylfsiar arg ohiredciier d b dde and e
conce n%%:ﬁ%ﬂ nﬁ;[&?e JHE 85 Biﬁéa ggl'ra%?%lﬁﬁg%%tﬂ BN/ %%2323%&11;% urd FA

The reac on m xXture S stirre concen I Nl ng
trace dfactibs wae callected apd cadceytratediliedetiduc waeddpiveat inBiml WL alduemd (3

m ). The crude acjd was dissolved_in (3 M) a NaBH4 (0, 010 15
0.260 rfdh)EhgaeaciiomanixtyrgWas éaﬁefgfogi lo%t% q%ﬁféfﬂtfffﬂ D6 AernAgIng ‘&‘Sﬁé’% Ths
obt aj 51 | j f ition of O.
WA dronC e oty B e B Eo ORI AR AUGRTARE, Mg RBISHILWST 20 Oh
of 20- Hkoled GNVeOH (3 MINGHMeB Hb (0.8¢F g45130ohintod) whssklet dhilby@ietyon to
freeze-drying of the pure fractiops, afforded tlt)]e title

the comresponding alcohol was obtained after 5 munutes. The reaction was quenched by the

addition of 0.1M NH;OAc buffer (2 ml). Purification by preparative HPLC using 2 gradient

of 20-50% CHzCN in G.1M NH4OAc buffer as cluent followed by freeze~drying of the pure

20 fractions afforded the title compound (0.011 g, 47%) as a coloorless solid, M/z: 716.5 (M-1).

TH NMR [(CD3)250), 400 MHz) 8 0.60 (d, 3H), 0.68 (d, 3H), 1.95-2.05 (m, 1H), 2.88-2.94

(m, 2H), 4.00-4.08 (m, 15D), 4.27-4.30 (m, 1H), 4.61 (d, 1H), 4.64 (d, 1H), 4.70-4.78 (m, 1H),

5.02-5.09 (m, 1H), 5.64-5.75 (m, 1H), 6.94-7.44 (m, 17H), 8.39-8.45 {m, 1H), §.50-8.58 (m,

1H).

25

Example 18

N-(2R)-2~{[(4-{(2R,3R)-3-[(2-hydroxy-2-phenylethyl)thic]-4-0xe-1-phenylazetidin-2-
30 yl}phenoxy)acetyllamino}-2-phenylacetyl)-L-serine



. conmpound (0.032 g, 71% as a colourless solid. Mlz: 704.7 (M1). '"H NWR

[ (CD3) 250), 400 20 MHz] & 2.88-2.94 (m 211), 3.42-3.46 (m 11D 3 58-3.61
(m 111), 3.85-3.90 (m 113), 4.26- 4.29 (m 1H), 4.59 (T 64 (d, 11,

- 4. 70-4A WO 2006845, 5.04-5.07 (m 1H), 5.57-5.65 (m 1Hf fS@%M”M (m

171-1), 8.08-8.20 (m 1H), 8.53-8.567fm 11.1). C) 25 Exanple 13 .

N ((2R) - 2-({[4-((2R, 3R) - 1- (4-tl uorophenyl)-3-{(2-(4-fl uorophenyl)-2-hydroxye

thyl]thi9 . . _ .

4- oxogt‘g ARy et ey A -2y BreHp s vk 920 1t hr eoni ne 30

(2R) - fiten lazetzdmz henoxylacetic acid (0.030 g, 0.056 mmol), fert-butyl N-[(2R)-2~

[ 4- ((é Jigredin 2y phenoxylaceticacid (0030 & Q036 mumaD). fertougy] NIGRY2amipo-) 4.

oxoaz2phefiyiacet ] ﬂp(f@?ﬁfbﬂ%]lhb&teymﬁarﬁ@r&i)i(g; ﬁé}ﬁﬁlmmoh)tamd T\Emeﬁh}(i@n@'@ﬁblgze 0. 049

mi ol 2005/ 061452 1960 -67

Ol(tez‘gtmt&ﬁ Qrfé’;‘ ‘%F'r?y\% E CEERIVE “b@ﬁcg %g"ggéf‘ s, }BAet W23 rr phol i ne
TBIT T 0, B3 DRy Py e %ggﬁe@ﬁﬁ%géfﬁ%woﬁ B b o

cor r esfigaridi. ﬂ_‘@lefreadnobumyctures,taepumﬁ&l obsiicnge aafitebrted with FEO&c/ CERCLI on mi xture
was purified on silica gel ﬁ eégted with Et OAc/ CH2Cl12 (25175). Pure 5
fract 0517 vlbabie [res Eonsivers gollesfeskind comentraeds The sesks wesdigiobsdiingd in 3

a o g g‘i"%@b]an@ 1 m?'fﬁ*AaLme EAEHh MiHbR Mﬁssstéfédrorv%% 1A oBndh tryéﬂ ﬂl?els ul ting

oricentrat ed remalning trac vvas azeo I‘Opl ca

r enoveshaning QﬂewaﬁBFAthmmzmtrdpld‘:aﬂbfwe.rmevdcﬂ)m@—evap'ﬁi’mlcmrwﬂetoamné (ag). dl ssol ved
in MOH (3.m) BH4 (0,007 ? 36]8 3 agwas added. Ful | converS| on
t ol h@h%ﬁfﬂﬁ%g?igﬁﬁﬁs ssglved o MafE (hpiA 009 gyi0hidemmobius #ddsdt i on was

10 UL ‘!'bg%é fion b
pr egara rve %‘E’% uggﬁﬁégggg?%%la%ﬁglgﬂo% %ﬁ@{{&nﬁ %i >1FR/? E?H&’&{‘ %Euffer )alts
et uenquaiaehédnwyeﬂletaxddftroaef & IMMNALEA Obudre? pai). @Lﬁﬁﬁﬁ&mohjs pahbhotdedPlhae title
conmpound (0.025 g 1 as a col ourl ess sofi 1. NML2 ég?CDS)ZSO),

400 MRS 6g@d5591t @4‘7 CHyCNgn . l“{fw%@ fgafﬁﬁ ?@Z@ea%la gpfolloye 146- 4. 01
15 5. b gytidt %ﬁrgﬁm@@ g B g i Lpepudfi o & Tyt b Sbﬁ%s%g‘ (in
1H5 Solfdl Bz E&SCSTIM HHHE NMRITIEB:)I90), 200 MHz] § 2.89-2.94 (m, 2H), 3.30-3.35 (m,

1H), 3.46-3.50 (m, 111), 3.94-4.00 (m, 1H), 4.25-4.27 (m, 1H), 4.60 (d, 15), 4.65 (d, 1D,

4.69-4.77 (m, 1H), 5.00-5.05 (m, 1H), 5.59-5.66 (i, 1H), 6.94-7.39 (m, 19E), 8.20-8.25 (m,

1H), 8.50-8.58 (m, 1H).

20
Example 19

N-{[4-((2R 3R)-1~(d~fluorophenyl)-3-{[2-(4-fluorophenyl}-2-hydrexyethyllthio}-4-
oxoazeﬁdin-;Z-yl)phenoxy]acetyl}-Dwalanyl-D-valine
25

N-{{4-{(2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-flucrophenyl)-2-oxoethyl]thio}-4-ox 0azetidin-2-
yl)phenoxylacetyl }-D-alanine (0.040g, 0.072 mmol) was dissolved in CHzCl; (5 ml). fert-

30 Butyl D-valinate hydrochloride (0.018 g, 0.087 mmoi), N-methylmorpholine (0.022 g, 0.216
mmol) and TBTU (0.030 g, 0.084 mmol) were added. The feri-butyl ester was obtained after
1.5 h. The reaction mixture was purified on silica gel and eluted with CHyCL/EtOAc (75/25).

The pure fractions were collected and concentrated. The residue was dissolved in CHyClp (4




N2-[(2R)-2-({j 4-((2R 3R)-1-(4-fl uorophenyl)-3-{
[ 2- (4-fl uorophenyl)-2-hydroxyet hyl |t hi o}-
4- oxoazet i dtn-2-yl ) phenoxy] at et yl } am no) - 2- phenyl acetyl ] -L-asparagi ne 25

(2R) -({L@]%Zﬁ 3R) -1 -(4-Fluorophenyl)-3-{[2-(4 PCT/SE2004/001960

fl uorop )-@. oxoet hyl ]t hi o}-4- oxoazeti di n-2-yl)phenoxy] acetyl}

am no) (phenyl )acetic acid (0.030 g, 07949 ol ), tent- butyl L-asparaginate
hydrochl ori de (0.013 g, 0.058 ranol) and N rnethyl - norpholine (0.015 g,

0.146 m&%ﬂmg s 8k Yeeiibn mtkRe wad dirdd)for TB B cofcdidfteg, The 6G@enmol ) was
added 30 after m nutes. Full conversion to the correspondi nc?é:t@(ﬁrt-butyl

est er waé wobtissolued iy VePHI(4hml) andNaBdhcdDildA gl <88 mamahavas adde on silica

I d el ut ith EtOAc,, T f i
Joncoranpaien oé fortistoing AEaREl G AR AR, SRBISOTERRERPO . 1 (e
m xt ur t?uéﬂ@ﬁedsﬁ)i theeddfion of 03M N AEebdri(DenR I re@sionanixent aked. The
remai ning trace of WD 20051061452 PCTI SE2004/ 001900 -68 TFA was

azeol r cpicenirdtgd anshibe eekidne was puifirol byt preperstiverFRLC weing aneiwent pf 26498 % r ude

id j, | . and 0. 007 19 | ded.
Ful | comvehaRDNERRIAT bifors st BRI st R 02 b BT A 1B s
Th i A h ngq | BH®RERS SRS f )
Pu(rai ;?ca |§'ﬁz%§mb$g\gg§é??ve E@Dﬂ%ﬁﬁ%ﬁ% gra(}i ent” 50 E%Qgé&q%%\lﬂ% 0.1 M
NH4 OAC2 8 f(fng L IR 2. 83-2 96 (i, GH, BaR 137 (fr, dED 1. 224299 rrn fI F)D. 35 k.42 (rhy HE)Y, i ons

afforded the title conmpound (0, 024 679 a, col ou S solid. z: 731.6
(Ml).4-48#am,ﬁ@@@s)ﬁ%©ﬁ;702fg?)3 }ﬂbspgggfég J(I%%, 6%9—‘6’{7'%3,(9123%1.{%27'%?1 | V),
2.87a2 1g9-4.30 (m 2H), 4.59-4.78 (m 3H), 5.03-5.07 (m 1H),
5.5195?33(‘%1@}{?’3'%5@%@?6. 73 (m  1H), 6.94-7.38 (m 1711), 7.78-7.83 (m
111), 8.22-8.37 (m 111), 8,50-8.58 (m 111). 10 Exanple 15 flI -
N-[(2R)-2-({[4-((2R,3R)-1-(4-f|uorophenyl)-3-{[2-(4-fuoropheny|).2-hydroxyét
hyl ]t hi o} -
4-oxoa§§%ﬁg¥ggé-yl)phenoxy]acetyl)anino)-2-pheny|acetyl]-L-aspartic acid 15
(2R) - ( - , 3R) - 1- (4- Fl uor ophenyl ) - 3-{ _

[ 2- (4-fl uorophenyl)-2-oxoethyl]thio }-4- oxoazetidin-2-yl)phenoxyl acetyl
}am no) (phenyl )acetic acid (0.020 g, 0.032 nmmol), di-tert- 20 butyl

L- a¢partate hydrochl oride (0.011 g, 0.039 mml) and N net hyl - nor phol i ne

(0. O10pQ414.((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyllthio}-4-
oxoazetidin-2-yphenoxylacetyl}-D-alanyl-D-alanine

20

N-{[4-((2R,3R)-1-(4-Fluorophenyl)-3-{{2-(4-fluorophenyl}-2-oxoethylithio } -4-oxoazetidin-2- |O
yhphenoxylacetyl}-D-alanine (0.040g, 0.072 mmol) was dissolved in CH>Cl; (5 ml). rerz-
Buty] D-alaninate hydrochioride (0.016 g, 0.087 mmol), N-methylmorpholine (0.022 g, 0.216
25 mmol) and TBTU (0.030 g, 0.094 mmol) were added. Full conversion to the terz-butyl-ester
was obtained after 1.5 h. The reaction mixture was purified on silica gel and eluted with
EtOAc/ CHpCly (25/75). The pure fractions were collected and concentrated. The residue was
dissolved in CH;Cl; (3 mi) and TFA (1 ml). Full conversion fo the acid was obtained after 2 b
at room temperature. The reaction mixture was concentrated and the remaining trace of TFA
30 was azeotropically removed by co-evaporation with toluene (3 ml). The crude acid was
dissolved in MeOH (3 ml) and NaBH, (0.011 g, 0.289 mmol) was added. Full conversion to
the corresponding alcohol was obtained after S minutes. The reaction was quenched by the

addition of 0.1IM NH;OAc buffer (1 mi). The reaction mixture was concentrated and the



0.097 mmol ) were dissolved in CH2CI12 (3 m ). After 5 mnutes, TBTU (0.0 14
g, 0.042 mol) was added. Full conversion to the correspondlng t ent - but yl
ester was obtained after 1 h. The 9 reaction mxture was purified on silica
gel andVQ@PWPEHIMWEt h Et OAc/ CH2CI 2 (25/75). The pure PEAGEREHLHOLET e

col l ected and concentrated. The resigiye was dissolved in 3 m of Cl32Cl2 and
125 nm of TFA. The reaction m xture was stirred for 2h and the resulting

g q Co call |
Vet P B bRl P L B A et A s B B st vea
i ef s iﬂ&oﬂég a@aﬂééze(-@ry@tgﬁoﬂh% ?Lujc:';fp ﬁﬂ?é % WaHe t1ﬁgq,8ﬁilp01$ﬁcl &O (%@ yersion 5

to t he correspondi ng al cohol” was obt al ne mnut es tion was

quencitds) dsya adimrzmmsahmwmGm4wtmmwemgxmmm M]Mqaum by 30
preparative HPLC usin radi ent of 10-40% CH3CN I n 1M NHAQAc buffer as
eI uerffn. 6£5) 2-SaeeP b, ﬁﬁe%gocﬁ% , g0, 8-t @nfﬁﬂbﬂt‘kﬁﬁé S4fmoPHadtTthe title

%3%@&‘0“%% %ﬁ@@zﬁ% 6?40@5?;‘:‘15 ﬁ?‘@ %%I‘?I 3223”%6@#5 l‘fyfﬁ&H}g 88-2.94 (m

, 4.18-4.22 (m 1H), 4.27-4.30 (m 11-1), 4.60-4.78 (m. WD 2005/061452
PCTI SE200410019450 -69 36), 5.03-5.08 (in, IM 5i5--5.65 (m 1IT),
6.94-7.40 (m 1714), 822-8.39 (m 1H), 8. 50- 8. 59 (M 111). 5 Exanple 16
N ( - 2-1(3{2[14- ((2R 3R) - 1-(4-fiuorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxye
t hyl ]
4- oxoazeti di n- 2-yl ) phenoxy}acetyl ) am no) - 2- phenyl acetyl }-D-valine 10
(2R ({ [4-((2R, 3R) - 1- (4- Fl uor ophenyl ) - 3-{
[ 214 4-f | uor ophenyl ) - 2- oxoet hyl }thi o }-4- oxoazeti di n--2-yl)phenexy] acetyl}

By . e e RO
0 o4g,mtidmmﬂ)ﬁh@m&}é@étyﬂ}nncm@mm§mm) After 5 minutes, TBTU (0.007 g,

0.021 mmol) was added. Full conversion to the correspondlng tert-butyl

ester was obtained after Ih. The reaction mxture was purified on silica
gel and eluted with Et CAci CH2C12 (25/75). The pure fractions were
col |l ected and concentrated. The residue was dissolved in 3 mM CHzZCl12 and 0.5

m 1 5THR.{ [ﬂt@Rfﬁ@ng@FluMGSh@ﬁﬁ) \BBHZi'(liJﬂubﬁiirhéﬂﬂ)—i ox Bt hgﬂ@ln@ pAGSRhi Al The
remai ning trace o was azeot ropi cal renoved by co-evaporation with
t ol uedphesoxiilycetvihd-elanine AL4P2nA972 mmol) was dxssolved in CHzCly (5 ml). fer-
Butyl Nﬁ—(terr—butoxycarbonyl)—D—lysmatc hydrochloride (0.029 g, 0.087 mmol), N-
methylmorpholine (0.022 g, 0.216 mmol) and TBTU (0.030 g, 0.094 mmol) were added.
After 1.5 h full conversion to the ester was obtained. The reaction mixture was purified on
20 silica gel and eluted with EtQAc/ CH,Cl; (25/75). The pure fractions were collected and

concentrated. The residue was dissolved in CHzCl, (3 ml) and TFA (1 ml) and stirrred

overnight aud the corresponding acid was formed. The reaction mixture was concentrated and
the remaining trace of TFA was azeotropically removed by co-evaporation with toluene (3
ml). The crude acid was dissolved in MeOH (3 ml) and NaBH, (0.011 g, 0.288 mmol) was

25 added. The reduction was completed after 5 minutes. The reaction was quenched by the
addition of 0.1M NELOAc buffer (1 ml). The mixture was concentrated and the residue
purified by preparative HPLC using a gfadiént of 10-50% CHzCN in 0.1M NHL4OAc buffer as
eluent. Freeze-drying of the pure fractions afforded the title compound (0.039 g, 79%) as a
colourless solid. M/z: 685.1. "H NMR [(CD5),S0), 400 MHz] & 1.21 (d, 3H), 1.22-1.69 (m,

30 6H), 2.62-2.70 (1o, 2H), 2.82-2.93 (m, 2H), 3.78-3.84 (m, 1), 4.22-4.33 (1, 2H), 4.48 (d,
1H), 4.52 (d, 1H), 4.70-4.78 (m, 1H), 5.01-5.06 (m, 1), 6.95-7.37 (m, 12H), 7.56-7.63 (m,
1H), 8.27 (d, 1H).



di ssolved in MeCH (2 m) and NaBHR (0.002 g, 0.065 nmmmol) was added. Full
conversion to the correspondi ng al cohol was obtained after 5 mnutes. The
reacti on was quenched by the addition of 0. | M NH4QAc buffer (2 m).

Purifi cat"? NofYeRyseparative HPLC using a gradient of 20S0820H30MGN 0. 1M
NHAOAc bufter as nobile phase followed gx freeze-drying of the 25 pure
fractions afforded the title conpound 8 .004 g, 34% as a colourless solid.
Mz: 716.6 (M1)."H NWR [(CD3)ZSO, 400 MHz} 8 0.81-0.85 (m 6H), 1.98-2.09
(m IM 2.88-2.93 (m 2H), 3.92-3.98 (m 111), 4.22-4.30 (m 1H), 4.60 (d,
IM 4.6 gd & 4.70-4.78 (m 1H), 5.02-5.07 (m 11-1), 5.62 (d, 111),

6. 94-7.@3—%’94—@%0, 8.18-8.22 (m 111), 8.52 (d, 1H). 30 Exanple 17 WO
2005/ 061452 PCTI SE20041001960 _70 '

N-[(2R) - 2- 4. ((2R,3R)-1. (4-fl uoropbenyl)-3-{[2.(4-fluorophenyl)-2. hydroxye
thgll(] t )r1Ne[}[4(lf(g2R,§£’)-1-(4- uorol(lhenyl)~3-{[£(4-ﬂ¥10t)'opheilgrl)ﬂ2(~hydroxyethrj)fi]thi¥}-zl- y Y

4- oxoazeti di p-2-yl Bﬁenox}&a elé &a F g’g-.z-phenyl acetyll-L-valine 5

(27 5 oyore oL PRSP IR Pt

[ 2- (4-fluorophenyl)-2-oxoet hyl ]t hio}-4- oxoazetidin-2-yl)phenoxy] acetyl}

anm no) (phenyl)acctic acid (0.020 g, 0.032 mml), tert- butyl L-valinate
0007 ol ) wer e di ssoi ved in GRCL2 (4 M) After S mnutes, TBTU (0. 014

: mmol ) were dissolved in : er m nut es, . g,
0.042 mml) was added. Full conversion to the corresponding tert-butyl ester
was obtained after I h. The C1 reaction mxture was ptuified on 'silica
gel and eluted with Et OAc/ CH2CL2' (25/75). The pure J fractions were

col | a0t & [Ar((RRDRe b1id-Thivechhelyle-3r HeHdfmorepheuyl3 Lot soathyil thia } 4 oxOeatitin-2nd 1

il TFA. . Th i i i for. 1..5h d, .T
el ni HypHSRRGeRO A ks (ELHES aEbidTEwer erotih BT LR Bl i o)
 of Uene kA ik DIRREAREANI a2 Hs3et Ak 0ok Autinad (BBt -

(0.005 g, 0.130 nmol) wds added. Eul conversion to e correspondi ng
al cohol pwad) weeaidded Aftere mEnnienuTBTU ($llemgedfitonolhass gdded hrdi theyreadizmn

ddition.of 0.1M.NB4OAC buffer (2 m). Purification b tive.HPL '
Bo e it A gy ek eRed frnishy- s SR Dnit AL SRS i AR AEE G ne

by freegf,dryt BINID MeneP Y5 19ertOwhE a6inbois ualdrofdackd Beoshink! ahe OgRAN dv4s0. 011
g Mz: 716.5 (M1 "H NWR [

g, 47% as a colourl’ess solid. (CD3) 250, 400

MHz] 6 BisSdlvidiin Sédmic GachB (1 anl)3mid stiresl 2t 66°C fpr 6H) ,and. B8ambignt temperature
overnight. LC-MS analysis showed the formation of the formiate adduct of the product. M/z:

698.2 (M+H) and 696.2 (M-H). The formic acid was removed under reduced pressure,

toluene (3x1 ml) was used to assist this removal. The yellowish oily residue was dissolved in

20 methanol {1 ml) and triethylamine (150 ui, 0.12 mmol) was added. The reaction mixture was
stirred for 1 h. The formiate was hydrolyzed; M/z; 670.1 (M+1) and 668.0 (M-1). Sodium
borohydride (8.4 mg, 0.22 mmol) was added to the methanol solution. The mixture was

O

stirred for 5 minutes. Ammoniom acetate (7 mg) was added and the solvent was removed

under reduced pressure. The residue was purified with preparative HPLC on a C8 column. A
25 gradient from 20 to 50 % MeCN in 0.1M ammonium acetate buffer was used as eluent. After

freeze-drying, the title compound was abtained as a white solid (3.8 mg, 30 %). H-NMR (400

MHz, DMS-dg): 0.80 (m, 6H), 1.95-2.05 (m, 1H), 2.87-2.93 (m, 2H), 3.46-3.60 (m, 2H), 3.86

(brs, 1H), 4.19-4.32 (m, 2H), 4.59 (br, 2H), 4.69-4.77 (m, 1H), 5.05 (m, 1H), 6.96 (4, 2H),

7.06-7.18 (m, 4H), 7.20-7.26 (m, 2H), 7.30-7.39 (m, 4H), 7.70-7.77 (brs, 1H), 7.96-8.01 (d,
30 1H). M/z: 670, 1{M-H).

Example 23



- (m 2H), 4.00-4.08 (m iH, 4.27-4.30 (m 113), 4.61 (d, 1H, 4.64 (d, I H),
4.70-4.78 (in, 1H, fl 5.02-5.09 (m 1H), 5.64-5.75 (m 1H), 6.94-7.44 (m
17H), 9- m 11), 8.50-8.58 (m 1M 25 Exanple 1

! N—((2R)w§) ‘F’(’%?{%R 3R) - 3- { ( 2- hydr oxy- 2- phenyl et hyl )thﬁ'ﬁgﬁfs@r%é‘&”?““phcnyl azet
i di a-2- 30 yl }phenoxy)acetyl ] am no}.-Z#phenyl acetyl )-L-seri ne WD 2005/ 061452
PCT/ SE2004/ 001960 -71

[4-((2R 3R)-3-([ (5, 5-Di net hyl - 2- phenyl - 1, 3-di oxan-2-yl )net hyl Jthio

}-4-oxo- 1- phenyl azeti di n-2-yl ) phenoxy] acetic acid (0.030 g, 0.056 nmmol),

tent - %{M-((:BRp@iﬂ)@Lzﬂmmuphengg@hgmnmwpmn@l)amamqmmﬁﬁmau| nate (0.024
g, 0.068 l N- met_hyl (0.017 g, 0.169 nnnol) were

di sso|0e,tgazmﬁ%hv§)@b§nwf}ﬁpg Yﬁ%ﬁ@ﬁ gyt es, TBTH (0.023 g, 5 0.073 nmol)
was added. Full conversion to the correspondi ng tert-butyl ester was
obtained after I h. The reaction m xture was purified on silica gel and

el uted with Et OAc( CI—|2C12 (25/75). The pure fractl ons were collected and

concerf\%jrat ed. é‘IB'Se resi due was_ di ssol ved i CH2d 2 and 1 mM TFA. The
react POALAMRR l\nﬁi%ﬂg‘?ﬁop‘fi%ﬁ’lb@'éE3‘r("gﬂ’éOfﬁ%Fﬂd’Bn%'é’ﬁWfBl’]é@D}Fh@XO&Zéﬂﬁnfﬁ ng

) PR R PR TR AT 0 PR R0 Mt B PR PR ol @S0

0. 225 Nnmm(omzagdadﬁs irtibl) weenddsdsindnylisn thhreacqon ezapomﬂpm RL&ARR tonas
obt ai ned_after grm nuytes. The reaction was quenched by the addition of 0.1M
NH4 Aoty BFev( gropp P agaficiacidoyes eyl isrsopanay Ay EnMpled undei aduasdgr adi ent  of

fr a0, Lrgroal B teR i ATBE R bEheePa R BT Rep s Rl g2

539 3$%aMe0Nomr(. Belsandbosioh stetdd Euffﬁﬁ@ emeiVAT)er fﬁd%@d:[yﬁxi%?@)@?»? G8400 MHz] S
2. 89-2.94 (m 3. 30- _ 3. 46- 4-4.00 (m
717) . of Uheehp praciyc s P tansdo TR, (A, oSO B3 08 . 330 80 S 11p

5 00 g 13?2 6%@1%'%13 25%"%%91&2%} é&%zﬂ? 4% (6, 635 0390 518y, 4% 2 (M
N- { [ A fel, 2T, BR) (s 12X 41 790108 (g 1), H-89-(H] @SKA4LI u@al, OFER N 03 -73hnelraeRy et hyl ] t hi
b 706 (d, 25D, 7.25-7.30 (m, 2E); 7.30-7.37 (m, 4HD).

Example 24
20

(2R)-cyclohexylf (¥-{[4-((2ZR,3R)-1-(4-flnorophenyl)-3-{[2-(4-fluorophenyl)-2-
hydroxyethyllthio}-4-oxoazetidin-2-yl)phenoxy]acetyl }elycyllaminolacetic acid

25 (2R)-cyclohexyl[{N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-
oxoethyllthio}-4-oxoazetidin-2-yphenoxylacetyl } glycyDamino]acstic acid (0.0085 g, 0.013
mmol) was dissolved in methanol (2 ml). NaBH, (0.006 g, 0.15% mmol) was added and when
the reaction was complete according to LC-MS a few drops of acetic acid was added. The
solvent was removed under reduced pressure and the residue was purified by preparative

30 HPLC on a Kromasil C8- column using a stepwise gradient of 35%, 40% then 50% MeCN in
0.1M ammonium acetate buffer as eluent. After freeze-drying, 0.007 g (82 %) of the title
product was obtained. NMR (500 MHz,CDsC0OO0D}) 1.05-1.33 (m, 5H), 1.60-1.87 (m, 6H),
2.91-3.07 {m, 2H), 3.94-4.06 (m, 3H), 4.32 (d, 1H),4.60 (s, 2H), 4.79-4.86 (m,1H), 4.90 {d,



oxoazeti di n-2-yl ) phenoxy] acetyl }-D-al anyl -D-valine 25

N-{[4-((2R 3R)-1-(4-Fl uorophenyl)-3-{

[ 2- (4-fl uorophenyl) - 2- oxoet hyl ]t hi 0} - 4- oxoazeti di n-2- yl)phenoxy] acetyl
}- D-al aniwe 20@v@48g, 0.072 nmoi) was dissol ved in CH2A PQESEANG0MRN 30
Butyl D-valinate hydrochloride (0.018_ ¢g.0.087 nmmol), N-nothyl nmorpholine
(0.022 g, 0216 nwol) and TBTU (0.030 g, 0.094 mmol) were added. The

por 11 clr 5o, EPF G el Bk 6 b bl 2eB s B 13145, il o,

fractio %@'e coll ected and concentrated. The residue was dissolved in
CH2d 2 ((hj 20051061452 PCTI SE2004/ 001960 -72 m) and TFA (1 m), The

reaction mxture was stirred for 3 h and concentrated. The crude acid was
di ssolved in MeOH (4 m) and NaB134 (0.011 g, 0.289 nunol) was added. Full
conversion to the correspondi ng al cohol was obtained after 5 m nutes. The

react$' % -e%uenched by the addition of 0dM NIhQAc buffer (1 nil). The
react was 5 concentrated and the residue was purified by
preparative HPLC using an eluent of 20-50% CH3CN in 0. |IM NHAOAc buffer.

This gave the title conmpound (0Q.039 mBZO/ Q) as a colourless  solid, Mz:

654. 5 (Neifg-(CRBRME-(hitrozppryyD-2d02-A-fporomiienyD ghydsoxyethylithiopd- 311)

0 Pyl b BT 11027 17 (7

5.02-5.04 (m 111), 6.94-7.36 (m 121D, 7.70- 10 7.77 (m 111), 8.15 (d,
IH). Exanple 24 15

N-{[ %0 ((2R 3R)- 1- (4-f| uor ophenyl ) -3- ([ 2- (4-f | uor ophenyl ) - 2- hydr oxyet hyl | t hi o

A (1 4° RRRE S ey BUBRRE DL B AT e LR 5200 A i oy

oxoazet MEOH and 0.2ml I Hhardossiyded det § dhydDTak aolives wa.4pwrated. thder rduted was

dissolved in CH2Clz (5 nl). tert Butyl D-al aninate hydrochloride (0.016 g,
ard é??anj’,rateﬁl-zla 25 mmol ) and TBTU (0. 030

ot ai nel- TR AREE @i opteyh, S ACHE b p I ok AU IO BROGRAANEE |

0. 087 npwgssure ahdOres nes arkded@n

el ut 8l yvi)plenoxylacetyl}glycine (20mg, 0.037mmol) was dissolved in 1.5m! dry DMF, N-
Methylmorpholine (0.010mi, 0.109mmol) and TBTU (15mg, 0.047mmeol) were added and the
mixture was stirred for 1.5h. The EtzN-salt of the above hydrolyzed amino acid was added
and the mixture was stirred for 3h. A few drops of water were added and the mixture was
stirred for 15 min, MeOH (2ml) and NaBH, (ca 15mg) were added. After 15 min ca 20mg

20 NHsAc was added. The mixture was left overnight and was purified using preparative HPLC
on a C8 column. A gradient from 20-50% MeCN in 0.1M ammonium acetate was used as
mobile phase. A pure product fraction was collected and lyophilized. Mass: 14.5mg. The solid
was placed in the vacuum oven at 40°C for 5h. Mi/z: 684 (M-1). NMR. (400 MHz, DMSO-'dé):
8.23 (t, 1H), 7.88-7.98 (m, 1H), 7.30-7.38 (m, 4}, 7.20-7.25 (m, 2H), 7.05-7.18 (m, 4H),

25 6.98 (d, 2H), 5.02-3.07 (1, 1H), 4.67-4.76 (m, 1H), 4.51 (s, 2H), 4.24-4.33 (m, 1H), 4.05-4.15
(m, 1H), 3.65-3.80 (m, 2H), 2.82-2.98 (m, 2H), 0.85-1.03 (m, 2H), 0.04 (s, SH).

30

Fxample 26



. EQAc/ CH2d 2 (25175). The pure fractions were collected and concentrated.
The residue was dissolved in CH2C12 (3 m) and TFA (1 m ). Full conversion
to the acid was obtained after 2 h at roomtenperature. The reaction

< m Xt ur eVRSFAERNt rat ed and the remaining trace of TAXTEIEARKI160
azeotropically renoved by co-evaporatyzan with toluene (3 nil). The crude
acid was dissolved in McOH (3 nil) and NaBH. (0.011 g, 0.289 mmol) was
added. Full conversion to the correspondi ng al cohol was obtained after 5

m nut es. The reaction was quenched by the addltlon of 0.1 M NH4OAc buffer (1

.y prepara i've using a gradient
- 2 x@ogl-Detyfdsine as nobi | e phase. Freeze-dryi ng of
the pure fractlons gave the title conpound (0.039 g, 86% as a colourless
solid. Mz: 626.4 (M1)."HNM[(CD3)2S0), 400 MHz] S 1.17-1.22 (m 6H),
2.82-196 (m 211), 3.90-3.98 (m 11-1), 4.25-4.35 (m 213), 4.45-4.54 (m
2H), 4.70 5 4.78 (m 111), 5.02-5.06 (m18), 6.94-7.37 (m 1211), 7.85-7.92
( m{ : 1H)1zn;<8urk@f GEK,R()*HI?) -1~ Eeﬁhnk@h@ﬂzyll({l[ [(4-ﬂuo¥c|obenzoyl)rrlnethylthm]-4:]—{:;«[N— ayl ]t hi
N-{[4-((2R 3R)-1-(4-tluqro 2-(4 uor gpheny 2- hy roxyet yl]thio
}-4- %h ﬁeewﬂezeed@r?aﬁw ( @305%5 Ne3421rsmol)

{50 By ORI s U B

di ssopéad (ﬁml)@lm&d(z&rmir) texﬂpefdmreBlIIBSl‘U NEB16t s 01056 Ul cadsdad a\nd&hbysi nat e
hydr ochl ori de (0.029 g, nmet hyl nor phal i ne (0.022 g, 0.216
o) naﬁ@rwwtwdowngghtomﬂuorﬁﬁ%ﬁtyc %1« ©.09gabgvas aggedand afterig cpuphe of

2051 PoRE MR e et SRR A SRS by Rlell Bl Bl s v
‘col | egdshtheand guﬁ@@débljrtpiﬁiaﬁﬂwemm ef iadGemasis (8L sslahvaginge @@aeﬁtzof(sa m) and

TFA (1 m) and stirrred overnight and the correspondi ng acid was formned.

The r éﬁ%‘i’aul‘éhc%m@tﬂr% M@%@%&%@M@éﬁe@wmﬁrﬁeﬁxﬁeﬁﬁmm@ the selgemingdszA was

azeot 9 3 ude
aci d \E/\?a%ék%?ﬁ I %w; ﬂ m ; ’ a?% Nﬁﬁ\éﬁ‘lffﬁd %%ﬁ% é gg%Bn%j Wo%s 25
addsd & ghes ﬁﬁ‘ﬁb]FEWaQ Bdms‘andWﬂéh@ﬁ@tta@ﬁdrﬁﬁa@cdﬁl}ﬂ%%fewﬁiﬁpsf SRREH ORI BRSS
guenched b% the addition of 0.1M NH 40Ac buffer (1 m). The m xture was
concehddest SHe sgldentvaasrerpypsaunder reduced pressure and the residue was purified by
preparative IPLC on a Kromasil C8- column using 35% MeCN in 0.1M ammonium acefate
buffer as etuent. After freeze-drying, 0.021 g (71 %) of the title product was obtained. NMR
(400 MIz,CD3;COODR) 2.85-3.10 (m, 4H), 3.90 (ABq, 2H), 4.03 (d, 0.5H), 4.05 (d, 0.5H),
20 451 (dd, 1H),4.55 (ABg, 2H), 4.79-4.84 (m,1H), 4.89 (4, 0.5M), 4.90 (d, 0.5H), 6.62-6.67 (m,

2H), 6.95-7.05 (m, 8H), 7.25-7.37 (m, 6H)

Example 27
25

N-{{4-({2R 3R)-1-{4-fluoropheny])-3-{ [2-(4~fluorophenyD-2-hvdrox vethvilthio }-4-
oxoazetidin-2-yhphenox ylacetyl  glyevl-D-proline

30 A mixtore of 3-(R)-4-(R)-1-(4-Fluorophenyl)-3-[(4-fluorobenzoyl)methylthio]-4-{4-{V-
{carboxymethyl) carbamoylmethoxylphenyl }azetidin-2-one (0.0197g, 0.036 mmol), (R)-
proline tert-butylester (0.0118 g, 0.069 mmol), N-methylmorpholin (0.012 m1,0.111 mmol) in
DCM (2ml) was stirred at room temperature. TBTU (0.018 g, 0.056 mmol) was added and the



purified by preparative RPLC using a gradient of 10-50% CH3CN in 0. 1M

NHt OAc buffer as eluent. Freeze-drying of the pure fractions afforded the
title conpound (0.039 g, 79% as a colourless solid. Mz: 685.1,"' E NWR

[ (CD3) 2500 2006@@14%k1z] S 1.21 (d, 3H), 1.22-1.69 (m 30 @CIYSE2RLWIFL70 (m
211), 2.82-2.93 (m 2H), 3.78-3.84 (mZSIH) 4.22-4.33 (1n, 21-1),4.48 (d,
111), 4.52 (d; 111) 430473(rn 01-5.06 (m 111), 695-7.37 (m
1211), 7.56.7.63. (m IH, 27 (d, 111) WO 20081061452 PCTI1 SE20041 001960
Exanpl gu;gtgrq\w{iq qumemhtﬂgﬂumqg@@t%@ §3 mlywas added and after a couple of

2 SRIREARY s B M1 Ss ey s e

[ 4-(( Zfésﬂakﬂas(p‘&mﬂeﬂig@@&%f%vk BPLC o3 a(mro&ma@mrﬁne,awlﬂn %ﬁ%@g&d@ﬂérﬂt bhED

} - 4- oxoazeti di n- yl ) phenoxy] acet yl D-val i ne g_

d| ssol VeaPeiMe@sNn 02 5% yrifluospace o agid Em%fehw&pl@@m B rﬁwn@u@ thg sohwmalrp!ﬁbl ) and

N o SRR g ogn Dok S o e ARG R KR

m xtur HRIPER & wieh the 0GR WhOBEmpIdRe: fe@/ &8 t he
ester \%%@c%,{rg‘liqﬁrred 1%&%&[;&&?8 5 (M H)a. The soln\%lnt \Aﬁ/gs re?r%gg%&g%der

r educedcipves sdded. Thheolvest \dmemed updairedubed présonneiand dos mm(dl:e way and
stirred at 50C for 5 h |en enper ature - M5 anal ysi s
showedP¥ ff‘eﬁf REePRgH Vo P 096 o] di Pmaf"s’c%éf‘%?’/ Wm R 608, 2
(MrH) gﬁ%&%ﬁn %gét%'ﬂhffe g;eelﬁa{mﬁe@ﬁb&evm?m z@g 1(3'51@}@ frtﬁ@lﬁ'ﬁf oBfigssur e,

t ol uen Was Used To assrst this T e l'ow s y residue
was 18i smebbamheiinNMR (MO0, CDICAOD) diD-1 94¢mh§{Hz),rﬂ| %2(1])5@1 1115,1-1)0212- mml )

hydr ol yagdm RSED: A0b310% (i AEd 45Bm67 B HIF S ol i, st

0. 22 myRlly Onarited QUL GSEE NGk SREHS 00 T SY (i eRSs g4 1 red 107

5 m nutes. Ammoni um acet at e Ig?’ d and e sol'vent was renove
under (mADed 39 &dsildy 4.91Hd, ﬁéH}cﬁx@S-\MB (nmr&H); 225 3h(mydar ati ve HPLC on a
C8 colum. A 25 gradient from20 to 50 % MeCN in O 1M anmoni um acet at e
buf fer was used as eluent. After freeze-drying, the title conpound was
obt? ngd, |te solid (3.8 ng, 30 % .H NVR (400 MHz, DMs-d6): 0.80 (in,
? (m 111), 2.87-2.93 (m 2H), 3.46-3.60 (m 211), 3.86
(brs, 111) 4 19-4.32 (m 2H), 4.59 (br, 213), 4,69-4.77 (m 111), 5.05 (m
1H), . .

oxoazetidin-2-vliphenoxylacetyl} glveyl-L-threopine

20
N-{14-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyljthio } -4-oxoazetidin-2-
yl)phenoxylacetyl} glyeyl-L-threonine { 0.014 g, 0.022 mmol) was dissolved in methanol (2 O
ml). NaBH, (0.003 g, 0.079 mmol) was added and when the reaction was complete a few
drops of acetic acid was added. The solvent was removed under reduced pressure and the

25 residue was purified by preparative HPLC on a Kromasil C8- column using 35% MeCN in
0.1M ammonium acetate buffer as eluent. After freeze-drying, 0.012 g (85 %) of the title
product was obtained. NMR (400 MHz,CDs;COOD) 1,14 (d 3H), 2.91-3.07 (m, 2H), 4.00-
4.08 (m, 3H), 4.21-4.30 (m, 1H), 4.35 (d, 1H), 4.60 (s, 2H), 4.78-4.85 (m, 1H), 4.89 (d, 0.5H),
491 (d, 0.5H), 6.96-7.03 (m, 4H), 7.04-7.08 (m, 2H), 7.24-7.38 (m, 6F).

30

Example 29




.7.06-7.18 (m 4H), 7.20-7.26 (m 2H) 7.30-7.39 (m 4H), 7.70-7.77 (brs,
111), 7.96-8.01 (d, 30 113). Mz: 670.1(MF3). Exanple 23 WD 2005/ 061452
PCTYSE2Q04/ 001960 -75 N{

T4- ((2RYSRPE/AE| uor ophenyl ) - 3- {[ 2- (4- 1 uor ophenyl ) - ?W%FF@S&%&IW]tm 0}-4
- oxoazetidl n-2-yl)phenoxy] acetyl}gl-yoyl-D-valine 5

N-([4-((2R 3R)-1-(4- quorophenyI) 3-f

)[”2) éﬁewr f'_' )Z}-— u OE bt |7 ,“Jl.l " ._’,‘n.___._ﬁw; iO-— ssol ved in

met han@koe(z&tuﬂ]ii;)’)wl)rﬁﬂﬁﬁbﬁﬂé&tﬁlqE@c%ﬂy&ﬁ@ rarml) was added and when the
reaction was conplete according to LC-Ms a few drops of acetic acid was
added. The sol vent was renoved under reduced 10 pressure and the residue was
purified by preparative HPLC on a Kromasil CS- columm using 35% MeCN in

O 1M ammoni um acetate buffer as eluent. After freeze- dryi ng, 0.015 g (68 %
of theat SeRFa Oﬁ% c%%q ( 311)
0. QSB(gﬁ%}dltl) C’(R?M %@)ZOEIMJﬁi 113), 912@%4%&0%6% 1 211% 2({4 [W 4.03
(d, 0. mbq*{ymeﬁafl)(@Ibmtﬁdm)tﬁhony@hemyl$zzet1(im2 mm-z_i 0.020%8 0(&39 mhﬂol) #&;ﬁQ 4.84

ST 7 buii 9 st oloRsbonily s hifoodds Algfis oW magh e 00 (¢

E g R% 40 ﬁéﬁt@)}‘%gbhﬂg%ﬁ‘(@-bﬁ £, 8713 Rhund1)ih HANIUSMORPA Wied3n {‘oom temperature,

hydr ox¥BIRY(A.418 £0-066cnmalerdsdidded ayd thpheintny bas etiyéd ghgraighy.am no] aceti ¢
(SR SaPmeRsttc Y O TDRasHISed pad pisr oIS R HPU BB opheny ) -2
oxoet hyj ﬁﬁi&teo}més&x@m%lr&mv@d Nﬂcﬁe@?&ﬂ@é&’ﬂ:ﬁ&ﬁﬁ%ﬁcﬂ!ﬂé%&ﬁiﬁ%% aci d
(0.0085 g, O. mol ) was di ssol ved in nethanol (2 0 06 g,
0.7159 pmhl)anmﬁPM‘d@da emghkba 8- tdlemn aisioeiagradiest Qf@ﬁtﬂ)%érl@@&@m Qildtp to LC-MB
f f t I t d und duced
or ecsuntSmEREHs SpeeRafe ], A ol e pE SV S PSR R e o
C8-  colympPontl MYz &69118PWhS Bis1a6H Bithe@hncd 7¥am1f Q%EHLD, m"cg @wrbﬂog%a&'\ﬂ
ammoni um acetate buffer as eluent. After freeze-dryin % of
t he 16i adided sgnﬁo’dmtthfvmctubt waheunplbe 0o dizzcelds aad m)asmd@i ﬂ‘hssol(\mt 51),

1.60-1, w%g rémn&veg undér reduced pressure and the residue was purified by preparative HPL.C on a

Kromasil C8- column using 35% MeCN in 0.1M ammonium acetate buffer as eluent. After
freeze-drying, 0.020 g (83%) of the title product was obtained. NMR (400 MHz,CD;C0OO0D)
1.34-1.47 (m 2H), 1.56-1.74 (m, 3H), 1.84-1.93 (m, 1H), 2.84-3.07 (m, 4H), 3.94 (ABq, 2H),

20 4.02 (d, 0.5H), 4.05 (d, 0.5H), 4.27 (dd, 1H), 4.61 (s, 2H), 4.79-4.85 (m, 1H), 4.90 (4, 0.55),
4.91 (4, 0.5H), 6.95-7.08 (m, 6H), 7.24-7.38 (m, 6H).

Example 30

25 N-{[4-({2R.3R)-1-(4-Fluorophenyl}-3-{[2-(4-fluorophenvD-2-hvdroxyethvilthio} -4~
oxoazetidin-2-vhphenoxylacetyl } glveyl-L-asparagine

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{{2-(4-flucrophenyl)-2-oxoethyl jthio }-4-oxoazetidin-2-

30 yl)phenoxylacetyl}glycyl-L-asparagine (0.020 g, 0.031 mmeol) was dissolved in methanol (2
ml). NaBH; (0.004 g, 0.106 mmol) was added and when the reaction was complete according
to LC-MS a few drops of acetic acid were added. The solvent was removed under reduced

pressure and the residue was purified by preparative HPLC on a Kromasil C8- column using



l

2. 91-3074Am2t1),3794-4.06 (m 311), 4.32 (d, IH),4.60 (s, 21), 4.79-4.86
(mll13), 4.90 (d, WD 20115/061452 PCTI SE2004/ 001960 -76 0.5H),4.92 (d,
0.5H), 696703(m 4H), 7.03-7.08 (brd, 2H), 7.25-7.31 (m 211), 731738
(m 411) 5. e 25 PCT/SE2004/001960
N-{[4 ( ﬂ'\; (4 fl uor ophenyl)-3-{[ 2- (4-fl uorophenyl)-2- hydroxyethyl]thlo

. 4- oxoazeti d| n-2-yl) phenoxy] acetylj#f ycyl - 3- (trinethylsilyl)alanine 10
Et hyI 3-(trinmethylsilyl)alaninate ( 20ng, 0.106nrnol) was dissolved in 1.5m
Et 3N, B2Mea0N in MERHaRSndn? idetdtl Guffatassdlhdnt eﬂftéﬂkee&ed@)ﬁﬁg, J.bes gswent was

evapor at ed under reduced pressure at 40C._ Et3 added and
evapo r(étt]@;@jtlﬂwr()duct was obtained. NMR (400 MHz. CDgCOOD) 2 62 (dd 1H) 2.73 (dd 1H),

oazet FateD! G MRt AT 10 4 GBS TRAT O Rh el 38 v

1. 5n (ﬁrww} 4.9¢ (dVetsiml aOEIEE (ecH)p 7240M88 (B, 4@Pmmol ) and TBTU (15ng,

0. 047nnToI) were added and the mxture was stirred for 1.5h. The Et3N-salt
of tthe above hydrol yzed am no acid was added and the mixture was stirred
for 3h. A few drops of water were added and the m xture was stirred for 15
mn. MOH('-)m) and NaBH4 (ca 15nmg) were added. After 15 min ca 20ng 20
Nl i 4AgpMiapre@ded. The mixture was | eft overnight and was purified using
prepar |v LC on aCScqurm Agradlent from20 50%NECN|n O 1M

oven FEOEE; BALE f-«-v-"-‘= DVBO-d6): 8.23 (t, 113),
7.88 7. 98(m 1H), 730738(m 4H), 7.20-7.25 (m 213), 7.05-7.18 (m

411), 25 6.98 (d, 2H), 502507(m 113) 4.67-4.76 (m 1H), 4.51 (s, 213),
424433m1H) 4.05-4.15 (in, . 3.65.3.80 (m 213), 2.82-2.98 (m/

Y AR IES RN TNE R P R TIE CE T 7
f 1 uor apBidxyjaetM P feM gt -ineitlibhife (0,095 g, (.022 mmol) was dissolved in methanol (2
ml). NaBH, (0.004 g, 0.106 mmol) was added and when the reaction was complete a few
15 drops of acetic acid were added. The solvent was removed under reduced pressure and the
residue was purified by preparative HPLC on a Kromasil C8- column using 35% MeCN in
0.1M ammonium acetate buffer as eluent. After freeze-drying, 0.013 g (99%) of the title
product was obtained. NMR (400 MHz,CD3;COOD) 1.86-2.00 (m, 1H), 2.04 (s, 3H); 2.07-
2.18 (m, 1H),2.45-2.51 (m, 2H), 2.90-3.08 (m, 2H), 3.97 (s, 2H), 4.04 (d, 0.5H), 4.06 (g,
20 0.5H), 4.36-4.43 (m, 1H), 4.60 (s, 2H), 4.77-4.85 (m, 1H), 4.90 (d, 0.5H), 4.92 (d, 0.5H),
6.95-7.08 {m, 6H), 7.25-7.38 (m, 6H).

O

Example 32

oxoazetidin-2-yphenoxylacetyl } glveyl-D-valine

N-{[4-((2R,3R)-1-(4-fluorophenyl}-3-{[2-(4-methoxyphenyl)-2-oxoethyl]thio }-4-ox oazetidin-

30 2-yl)phenoxyjacetyl)glycyl-D-valine (0.015g, 0.023 mmol) was dissolved in methanol (3 ml).
NaBH, (0.006 g, 0.158 mmol) was added and when the reaction was complete a few drops of
acetic acid were added. The solvent was removed under reduced pressure and the residue was
purified by preparative HPLC on a Kromasil C8- column using 25% MeCN in 0.1M




. oxoazetidin-2-yl)phenoxvl acetyl)glycyl-D-tyrosine 5 A m xture of

3-(R)-4-(R)-1--(4-Fl uorophenyl )-3-[(4-fl uorobenzoyl )nethylthio]-4-(4-[N
(carboxynet hyl ) carbanoyl net hoxy] phenyl } azetidi n-2-one (0.0227g, 0.042
mol ), W®RROOSHYTS2i ne tert-butyl ester (0.0144g, 0.061 rfaIVIE2004/001960

N- et hyl mor pholin (0.012 m, 0. 111 rmgjr) in DCM (2m) was stirred.at room
tenperature. TBTU (0.018 g, 0.056 mmpl) was added and the 10 m xture was

stirred overni ., ILifluproacetic acid (0.65 ) was added_and after a
couplaEPPHL ggat“‘t W@Iﬁﬁfﬁl‘a eg}%?gft%xégee%ﬁﬂ% .-Olﬁﬁ’e@%@\ﬁtfﬁl@@ Wspicdugived under

redu nNeViR C@jéﬂj rddn | FJ{RLC on a

Kr onaggéildﬁcﬁ-ﬁédéol unnr@gg P%Z'ggér adi e&?@%?&ﬂéﬁ)ﬁ%&?ﬁ%@f?ﬁﬁ%ﬁ%ﬂé&n h%:

t ridf | 2638 A i, EHAC3.a5 l(mflfﬂéi),&ﬁ(é (alluﬁg},s.%m;eﬁ (%em:md@heﬂy,ml.%ﬁm | u?geﬁﬂ )
reduc ressu t canp 704.1) was_dissol ved in_nethano .
NaBl 2 (8-75(5147é§“gﬂ?1b,4ﬂ?6540‘%ﬂ) %ﬁ@-%@@é (B dEMAER 7108 (e 4814 6206 conpl et e
af rnlc,“c’) s of acetic acid was added. The solvent was renoved under reduced
preéssure and the residue was purified by preparative HL'LC on a Kronmasi l
CS- colum using 35% MeCN in 0. 1M ammoni um acetate buffer as eluent. After

- freeze-drying, 0.021 g (71 %9 of the title product was obtained. NVR (400
MHz, CD3COOD) 2.85-3.10 (m 411), 3.90 (ABg, 211), 4.03 (d, 0.5H), 4,05 (d,
0.511, e 51 (dd, 1H),4.55 (ABg, 21-1), 4.79-4.84 (m1H), 4.89 (d, 0.510,
4.903—% ~5t1), 6.62-6.67 (m 211), 6.95-7.05 (m 813), 7.25-7.37 (m 6H)
Example 27 25 N-{ 14-((2R 3R)-1-(4-fluorophenyl)-3-f

12-(4-fl uorop yl )-2-hydroxyet hyl | t hi ol1- 4- oxoazeti di n-2-yl)phenoxyl acetyl
A 14-0602 B3 Inet-Bnornphanybid-4 [ 24 -fi henvl)-2-hvd hyllthi

3-(R).-4- v - ), = -fl uorobenzoyl )methylthio]-4-{4-[ N

‘(car @&%w?ﬁd#' S e diclld }azetidi n-2-one (0.0197g, 0.036
‘mmol ), (R)- proline tert-butylester (0.0118 g, 0.069 nmol),

N- net hyl norpholin (0.012 m,0.111 mmol) in DCM (2m) was stirred at room
tenperature. TBTU (0.018 g, 0.056 nmml) was added and the WD 20051061452

PCT/ 04, - i . i rnigh i £l cetic acid

(0. 6% MRt A SR 4 kT Rl bpHER P b Al S0 Bk SRl G RRCCL © 2

corm| (edrBox iieth $1 k¥ famoyhsethaipiasyundetdinodsead.0n s 8 SBUEEmal, ke buryl
D-lencinate hydrochloride (0.010g, 0.045 mmol), N-methylmorpholin (0.0092 ml,0.083

mmol) in DCM (2ml) was stirred at room temperature. TBTU (0.012 g, 0.037 mmol) was

added and the mixture was stitred overnight. Trifluoroacetic acid (1.0 ml) was added and after
2 h the solvent was removed under reduced pressure and the residue was purified by
20 preparative HPLC on a Kromasil C8- column using a gradient of 5-100% MeCN in 0.15%

- trifluorcacetic acid buffer as eluent. After removing the solvent under reduced pressure the
compound (M/z 654.25) was dissolved in methanol (2 ml). NaBH;; {0.005 g, 0.132 mmol) was
added and the mixture was stirred for 5 minutes. A few drops of acetic acid was added and the
solvent was removed under reduced pressure and the residue was purified by preparative

25 HPLC on a Kromasil C8- column using 35% MeCN in 0.1M ammonium acetate buffer as
eluent. After freeze-drying, 0.014 g (76 %) of the title product was obtained. NMR (400
MHz,CD;COO0D) 0.90-0.94 (m, 6H), 1.52-1.74 (i, 3H), 2.90-3.07 (m, 2H), 3.97 (s 2H), 4.02
(4, 0.5H), 4.04 (d, 0.5H), 440 (4, 0.5H), 4.42 (d, 0.5H), 4.59 (s, 2H)}, 4.78-4.84 (m, 1H), 4.89
(d, 0.5H), 4.91 (d, 0.5H), 6.95-7.08 (m, 6H), 7.24-7.37 (m, 6H).

30

Example 34



residue was purified by preparative HPLC on a Krorasil C8- columm using a
gradient of 5- 100% MeCN in 0.15%trifluoroacetic acid buffer as eluent.
After renoving the solvent under 5 reduced pressure the conpound (Mz 638. 08
) was di @@ﬂwgﬁjﬁh@z nmethanol (2 m). NaBl . (0.004 g, Opt®BERmalop19sas added °
and when e reaction was conplete a f drops of acetic acid was added.
The sol vent was renoved under reduced Pressure and the residue was purified
by preparative HPLC on a KromasH C8- colum u5| ng 35% I\/ECN in O 1M

HE-ORE : 5 2-Afdrexy-Prdenethd ihradbigd-485 % of
the title rpdugt 191 was _obt ed VR. (400 I\/Illz CD3000D) 1.80-1.94 (m
111), M%w@@ﬁimﬁ@% 1.511), 2.90-3.06 (m 211),
3.49-3,67 (m 211), 3.85 (d, 0.511), 4.00-4.07 (m 1.511), fl 4.14-4.24 (m
111), 4.35 (dd, 0.511), 4.41 (brd, 0.5H), 4.57 (a, 1H),4.59 (s, 111),
4.78-4.84 (m1H), 4.89 (d, 0.51:-1), 4.91 (d, 0.511), 6.95-7.08 (m 6'1-1),

(5 (& F& KB eyt 440k oLyt ﬁ%xéisai%E&%&é%ﬁﬁ%ﬁ%ﬁgﬁmﬁ(

tyll -
ﬁf?[ﬁ (‘55@%‘ ’%Qﬁl’?‘}eﬁ*@?@‘iﬁ&ﬁv glyeipe, 091778, 0032 ramal ters ?“t’z’l X &y 1t hi a) " 4-
ox0az etyuibtycarboyy) A eynayd ﬁy‘c&baﬂloﬁl@}i 00141 lg 0Jove emholy, N -rﬁetﬁ?lénc@phtﬂuﬂZ 2 mmol )
was di ssol ved in net hanol é . NaBH4 003 g, 0.079 _mmol) was added and

when t HE-G188&nli%RP 6 ks %2511) i staquipﬁé T detaparature: IR L O.QM8d. The
| vent t i fied
by br o B TR a i Shg HECMER RSP E @ Al FRIRHEL IR 1 ©

anmor) wintesektoty - ginakshriroetoride (00 o, DQHZMBMW adGed @tt{r&ﬁSP{O of
the title product was obtai ned, NI\/R g400 VHz # 1,14
2.91- 3. 'bBTMJ 09435,)0.0% worolywepadded migtyrg “@Sstm or pgditio al lé%mpaztesm )

4.60 ( 4,809 ( 13), 7
6. 96-7. acz?éi%&dio&;ﬁ?’ wo%*(laﬁ‘?% A égerfg“ t}jgﬁgﬂ‘%?‘tnwaserf%m&gbm%‘gnpl e 29 WO
200i ( %Zéﬁﬁdlfﬁlsﬁ@?&ﬁdtdsidl!b w29 GRrified By Nreparafivé CHR.C361) 4 Kromasil CS column -
(4-fluoro2henvl) - 3- é}g (5(4 f | uor.ophe %42 hydroxyeth | thiol -
ox0azetUsigd gadien; ohad %% Meehyin Pgll5§?/ mongmh@:ctate buffer as eiuent After
15 removing the solvents under reduced pressure, the intermediate (M/z 681.4) was dissolved in
methanol (3 mi). NaBH, (0.008 g, 0.211mmol) was added and when the reaction was

complete a few drops of acetic acid was added. The salvent was removed under reduced

pressure and the residue was purified by preparative HPLC on a Kromasil C8- column using
35% MeCN in 0.1M ammonivm acetate buffer as eiuent. After freeze-drying, 0.020 g (91 %)
20 of the title product was obtained. NMR (500 MHz,CD;COOD} 1.41-1.52 (m, 2H), 1.58-1.78
(m, 3H), 1.90-2.02 (m 1H), 2.86-3.08 (m, 4H), 3.76 (s, 1.5H), 3.77 (8, 1.5H), 3.50-4.06 (m,
3H), 4.48 (dd, 1H), 4.60-4.62 (m, 2H), 4.73-4.78 (m, 1H), 4.83-4.89 (m, 1H), 6.80-6.84 (m, Y
2H), 6.98-7.08 (m, 4H), 7.21-7.31 (m, 4H), 7.31-7.36 (m, 2H), 8.20 (d, N), 8.54 (t, NH). -

25

Example 35

30 N’-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio}-4-
oxeazetidin-2-yl)phenoxylacetyl }-L-glutaminyl-D-phenylalanine



=

-5 A m xture of -
3-(R)-4-(R)-1-(4-Fluorophenyl)-3-.[(4-fl uorobenzoyi)nethylthio]-4-{4-[N
(car bOX)(meth | ) car banoyl nmet hoxy} phenyl }azeti di n-2-one 0 0209ﬁ Q, 039
mol ), 6?5097 ) v6- (tent - but oxycar bonyl ) - D-| ysi nat & Mﬁ&?%‘é P9FY de
(0.0205 g, 0.060 mml), N nethylnorpgslin (0.012 n,0.111 mmol) in ACM
(2mL) was stirred at roomtenperature. TBT(.7 (O. 018 g, 0.056 mmol) was

added an tyur.e r qu i¢c acid (0.65
) vl R e S B B sne e Ay e RS o et e, The
sol venbxmsudlﬁwmeuméqgcstﬁtﬁuggmtmaiyﬁﬁ B MRBmMEBS fetiButyRD- pur i fi ed by
preparative HPLC on a il CS- colum using a gradient of 5-100% MeCN in

0. 15% plguyial %%%Edrp@hla@ﬂ@(mf @03 K manalpend N-agetky maspimatingd 10 mg, §8199ent

(2"t SERE RGP RB DG Rua SRR 88 S0 BRI e BB DT on s
conpk ei®ied aﬁ@‘fh&bﬁ@@m c‘hfas%ﬁﬁ%& $oreCh gt MR REFERANd "SRR vas Yoo aE@Ved

under reduced pressure and the residue was purified by preparative HPLC on a
Kr orrasarld s rest@icums dissohgpd3n forECheid{C DAM) difrromixiure acattabedbufi5-S0 °65 el uent .

Af t - d 0.02 8 f . the titl duct d. NIVLR
e SRS Mgl 20,8 OB b Skl O aed. 1

2. 84- 4. 27
- byt B Pt B BB By iy 137,
( m 6HL, mP) ?‘Wﬂﬁr&a& qfrRES ﬂzviEl)E addedaangl the BOx@E Whs-dtirred overnight at room

bl T AR T R 1

{4 ((%ﬁ&ﬁmﬁ&n&h&ﬁ{&ﬁﬂﬁ a&étAce%uffeE (?ero(ebjfa& ei%ﬂphﬁeyf&e&- R%tﬁy sthio
}-4 oxoaz®etidin-2 30 yl)phenoxy]acetyl)gl'ycyl-L-asparagi ne’(0.020°g, 0.031

ol ) y@us'o)cbfqﬁ@ht\r@@bm;ﬁbuﬁatmrwcmﬁ@d Teg-dovardNasidbl MrErz O0HIS): Q. SBOﬁQNIBOJ;I)I) was

added and when the reaction was conplete accor di ng to LCGM a few drops of

acet | 0256@16?/\@&,&}9&1&@6-4 %én,sﬁﬁ)vér‘i@ (et é.90vied nddD, #83ut8d (mptElsure and
the re S r v PLC on a Kromasi] CS- col umm using
WO 200 '/7@3&’49@’ %#7%@2@64‘%81%@@%%% %‘%‘5 McCNin O I M anmoni um acet at e

buf fer as eluent. After freeze-drying, 0.016 g (80% of the title product

was obtai ned. NWVR (400 MHz, CD3COOD) 2.62 (dd 1H), 2.73 (dd, 1H), 2.90-3.07
(m 211), 3,89-4.08(m 311), 4.55 (dd, 111), 4.60 (ABq, 211), 4.78-4.85 (m

N 498 mple 36

NZ—{[4- ((2R,3R)-1-(4-tluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio}-4-
20 oxoazetidin-2-yljphenoxylacetyl}-L-glutaminy}-D-tyrosine

N*-{[4-((ZR,3R)-1-{(4-fluorophenyl)-3~{ [2-(4-fluorophenyl)-2-hydrox vethyl]thio }-4-
oxoazetidinéwl)phenoxy]acetyl}-L-glutamine (22 mg, 0.0359 mmol), rert-butyl D-
tyrosinate hydrochloride (10 mg, 0.0421 mmol) and N-methylmorpholine (14 nig, 0.138

25 mmol) were dissolved in methylene chlaride (0.3 ml}. TBTU (14 mg, 0.0436 mmol) was
added and the mixture was stirted overnight at room temperature. The solvent was evaporated
and the residue was dissolved in formic acid (1 ml). The mixture was stirred at 45-50 °C for 4
h and was then evaporated under reduced pressure. Methanol (10 mi} was added and
evaporated. The residue was dissolved in methanol (2 ml). Three drops of TEA were added

30 and the mixture was stirred overnight at room temperature. The solvent was evaporated and

the residue was purified by preparative HPLC using acetonitrile/arnmoniom acetate buffer

(40:60) as eluent. After freeze-drying 15 mg (54%) of the title compound was obtained. Iy
NMR, 300 MHz, DMSO): 1.60-2.00 (m, 4H), 2.69-3.0 {m, 4H), 4.09-4.18 (m, 1H), 4.22-4.35



(d, 0.51-1),4.92 (d, 0.511), 6,96-7.09 (m 6H), 7,24-7.38 (m 611). 5

Exanpl e 31

N-f14-((2R 3R)-1-(4-fluorophenyl)-3-ff2-(4-fluorophenyl droxvethyl I thio,
1- 4- oxoxv@2endionti32 y| ) phenoxyl acetyl | al ycyl - L- net hi oanﬁfgfsi%mHm"l%"
N-([4-((2R 3R)-1-(4-fluorophenyl)-3-{.g4-

(2-(4- quorophenyI) 2- oxoet hyl | t hi 0) - 4- oxoazeti di n-2

el hangi 050, 19 (AR 67 B o 0 25 B P R Rl - o

reacti opuyasa, esrmphietier ot (RWER gdlrao(@s 106, eeetysci@gi d were added. The sol vent
was renoved under reduced pressure and the resi due was purified by

preparative HPLC on a Kromasil C8- columm using 35% MeCN in O 1M ammoni um
acetate buffer as eluent. After freeze-drying, 0.015 k (99% of the title
product was obtained. NVR (400 MHz, CD3COOD) 1.86-2.00 (m 1H), 2.04 (s, 3H);

2. 07-5%@@;% 2.45-2.51 (m 2H), 2.90-3.08 (m 213), 3.97 (s, 211),
4. 04 4.06 (d, 20 0.5H), 4.36-4.43 (m 111), 4.60 (s, 2H),

4.77-4,85 (m 1B), 4.90 (d, 0.5H), 4.92 (d, 0.513), 6.95-7.08 (m 6H),
7.25-7.38 (m 613), 0 Example 32 25 N—(44--((2R 3R) - 1- (4-fl uorophenvl | - 3-f
12- hydr oxy- 2- ( 4- net hoxyphenyl ) et hyl | t hi ol -

Vi R R ‘2@?‘%"}"‘)"3%{%WE“’&%@§?§§h%ﬁiﬁ°*§°*h§J B0 chi o

} - 4- ox axvaketidin-2-$DpRenoky Heetyd)aly ad- St gpcladiexelyD-danimei ne (0. 015g, 0. 023 mmol )
was dissolved in nethanol (3 m). NaBH4 (OMD6 g, 0.158 mmol) was added and
whent® he reaction was conplete a few drops of acetic add were added. The
sol vent was renoved under reduced pressure and the residue was purified by
preparative HPLC on a Kromasil CS- columm using 25% MeCN in 0.1M WO .\)

20051064452 ((Eﬁ,ﬂﬁ-]&()@dﬁl@fmjgﬁﬁ@]) anfiRuitehioanteay- Zostdety isio plumatazetifin 2

e o S0 1B S i o M, 2
(m' Zlm%(wgéreﬁﬁsso}%é %ﬁth%ieﬁﬁ chforidk: (ﬁ.ljjr}ll). ’?B%(‘i? Q@g, @mSﬁlﬂﬂml)[{va%S (d,

111),
15 added and the mixture was stirred for 15 min at room temperature. 3-Cyclohexyl-D-alanine (9

mg, 0.0526 mmol) was added and the stirring was continued for 1 h at room temperature. The
solvent was evaporated and the residue was dissolved in methanol (0.5 mi). NaBH4 (10 mg,
0.264 mmol) was added and the mixture was stirred for 15 min at room temperature. Three
drops of acetic acid was added to the reaction mixiure. The product was isolated by
20 " preparative HPL.C using acetonitrile/ammonium acetate buffer (45:55) as eluent. After freeze-
drying 3 mg (12%) of the title compound was obtained. The product was analyzed by
LC/Micromass Q TOF micro MS technique. M/z: 728.1973 (calc. Mass 728.1964). O

25
Example 38

' N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{{2-(4-fluorophenyl)-2-hydroxyethyllthio}-4-
oxoazetidin-2-yl)phenoxylacetyl }glycyl-3-cyclohexyl-D-alanine
30



2H), 4.72-4.78 (m IH), 4.81-4.88 (m 1H), 6.79-6.83 (m 211), 6.97-7.05 (m
- 411), 720-7.36 5 (m611). Exanple 33 10 N-{
f4-((2R 3R)-1-(4-fl uorophenyi)--3-{

r2-(4-fl nyj ) - 2-hydroxyet hvl I t hi ol -
oxoazet |V&j ‘?’gnﬁl henoxyl acet ygl ycyl - D- | eu0| ne A mixtOFe ofrH00196e

3-(R)-4- (R - 1- (4- Fi udr ophenyl ) - 3-[ (4= 8§ vor obenzoyl et hyl thi a] - 4--{ 4-[N 15
(car boxynet hyl ) car banoyl net hoxy] phenyl ) azetidin-2-one (0.015g, 0.028
mol ), NH{e L RRAR)LL- (Qﬂh@ﬂé?hﬂ%ﬁ%i{gﬂ{mhbﬁf)ﬁnéﬁyﬂ 9—094%9%{1]911@4@ o&mhgm—z-

room

I\I—rrethylrmrpholln() was stirre

t enper@iRkeBoXViEPLYe } glocing 23§ m® %@ﬁﬁmon)and@meﬁmmm 9 mizy@.29e vvas

he. ool VBN el ot BFS FbheZfd b e p DA e e sl andal pur 11 e
- by 20 premanalsisutrehiPhG ORiPatkbSmBshbeatye. @,Od:yémhéaélrl] ﬁ?ﬂal% &&%ﬂs RALO Pk76- 100%

MeCN in 0.15% trifluoroacetic acid buffer as el ter rerrovi ng t he
sol vfenmmm&nh@as &ddddl@mﬂthprsemmg was bentinoedrpewrnighf Mmoﬁﬁémgsmtmaérml ssBehved in

met hanol (0. 005 0,132 dded and the m xture
s or i S s e e i s A Sake ShsRagkd TBR 1 he

sol ve rified by
orepar sty GEHE, g%ﬂﬁ& (P AN BIERE HiSuAGad D30} T BB\ o, um
acet atteripafabee. Heee dtope nf acelibtaeid Warmided t thenmeaction Odidtoge. (THe p%du@f whhe title

roduct was ,obt ai ned, 400 WNHz 00D 90- 0. 94 61-1), 1.52-1.74
Fm 31@‘5’[3@ bygrepapainge sing ﬂé?“’t“éﬂcﬁﬂiﬁml%iuwce%ﬁ bLtffﬂ(S E}i(j 50)@8@@% 0.51),

(o o B fr?e%%%dxwea‘i@aﬁ%@ﬂ%%%u e Gampiindgia orsngd 1583 Roodd s 50
Exarrpl FG) 6%@% Qﬁlﬁ? 1CL3 S0 0AN 016D 00 (B22H), 3.73 (s, 2H), 4.00-4.14 (m,
N—{f4((2 R) - | uor'ophen

[y) - 3- 1H)24Ici§3d4 6& 21f(1)44rﬁ3lt(la03&§t};l46§5y47&1(¢Iy1Hi H.251-5.89 (m, 1¥D), 6.90-7.44 (m,

Kli(??i-e{d(}%l’?? 5?’%3 ?’ﬁ’eﬁﬁuéﬁﬁﬁ%: )gl )?:C)(”[ ZP( lélyfr:etnﬁoxipﬁenmyr; EJr2-eo>(2];)et hyl ] t hi 0)

4- oxoazet i di n- 2-yl ) phenoxyj acetyl } gl yci ne (0.0177g, 0.032 mmol tent-butyl
N6- (tert- butoxycarbonyl)-D-|ysinate hydrochloride (0.0141 g, 0.042 mtl),
N- né§ hyl nor phol i n

Example 39

N-{{4-((2R,3R)-1- (4-ﬂuoropheny1}-3—{[2~(4-ﬂuorophenyi)-Z-hydro*{yethyl]thlo} 4-
oxoazetidin-2-ylJphenoxylacetyl}glycyl-L-phenylalanine
20

N-{i4-({2R 3R)-1-(4-Fluorophenyl}-3-{ [2-(4-fluorophenyl)-2-oxoethyl]thio }-4-ox oazetidin-2-
ylphenoxylacetyl } glycyl-L-phenylalanine ( 7mg, 0.010mmol} was dissolved in 1.5m} MeOH

25 and NaBH; (2mg, 0.053mmol) was added. The mixture was sticred for 30 min and quenched
with an excess of NHiAc. LC/MS showed ca 15% startingmaterial. The mixture was diluted
with H,0 and purified using preparative chromatography on a C8 column (25x300mm). A
gradient from 20% to 40% MeCN in 0.1M ammonium acetate was used as mobile phase. The
product fraction was collected and partly concentrated. The mixture was lyophilized to yield

30 2mg (29%). M/z: 688 (M-1). NMR (400 MHz, MeOD): 6.95-7.36 (m, 17H), 4.90 (dd, 1H),
4.53-4.59 (m, 4H), 4.03 (dd, 1H), 3.90 (q, 2H), 3.17 (dd, 1H), 2.90-3.05 {m, 3H).



(0.0106 m ,0.096 Mol ) in DCM (2nml) was stirred at roomtenperature. T13TU
(0.013 g, 0.042 mml) was added and the m xture was stirred for 2 h.
Additional tert-butyl N6-(tert 10 but oxycarbonyl)-D-|ysinate hydrochl oride
(0. 004 g,w0.20s26mi ) was added and after 0.5 It TBTU ( CQOUWIBIHEGHE mol )
was added and the mixture was stirred fggr. additional 10 minutes. fl
Trifluoroacetic acid (0.65 mM) was added and after 3 h the solvent was
renoved_under reduced pressure. The residue was purified by preparative HPLC
on a KrExampled® ol umm using a gradient of 5-100% McCN in 0.15% 1M
ammoni um acetate buffer as eluent. After -15 renoving the solvents under
reduced pressure, the internediate (M % 681.4) was dissolved in nethanol (3
NaBH{{44(RIOR )4 - (4XLZkdpHEnyl)-Be(f2-editiedrapttnyh)ehhy hexyedyliido} - das
corrpl ete a few drops of acetic _acid was added, The solvent was renpoved under
r educedoxenazetigin-2-yhphenowy Incetyldslycyledmsgylieuginesy preparative HPLC on a
Kromagi| C8- columm using 35% MCN in 0.1M anmoni um acetate buffer as
el uent. After freeze-drying, 0.020 g (91 % 20 of the title product was
obt-ai ned. NWR (500 MHz, CD3000D) 1. 41-1. 52 (m 2H) 1.58-1.78 (i n 3I 3),
190202%11;\%286308( 4H) , (s, 5H), 3.77 (s,
3. 904. 087t ${4-U2R8RY-dic(4- fmmrypheny]e@ {4”62 féquﬂm yhA2- Cf@ﬁﬁl}’mhlphr"r-lll)

483489 1 6. 80-.6, 7. 21-7.31
(a1 omShan 2 inpiendduliestyh) gyl bapdiencigagy %’%&M@@%ﬁ% 35 30
N2- { (4- (sdbbvetRr 1 shﬂﬁhﬁ@rae@maxﬂehteaa{ h@’dﬁrﬁ'ﬂ@@%ﬂic)ac?d@ﬂ%ﬁ&ﬁ&é&" ] thi
0}-4- oxoazetidin-2-yl)phenoxy]acetyl}-L-glutamnyl - /&enyl al ani ne WD 20

051018 andss redipet psEsweJisongeediagacidway cqfirmed Ry /M3 arfalysis. deopbeny| )

oxonzet 10F RRSESRBRES S i Y HENGOR R (T O P wnatgedand.
t ert - butng mRturd MR ¥tk Forn@tMinh mftmhgﬂﬁaé £1d¥d, TRe 8340 niik@te) wandiluted '

N- et hyl mor pholine (10 ng, 0.099 mmol) were dissolved in nethylene chloride

(0.5 m withugmywaienandpuriicd 3sgareparaiveH.Q ga e hedvomd 585300010 vas stirred

for I h g r Led and, the r S|due was
di ssol v adfe’rl}?%SWi%Q@i%(bgegNhﬁﬁ ﬁ?@nﬂgn%?}rag@ge%uﬁ é‘auﬁ%i %én% T and
sti r§§dpRdset hydphileseh idde Jonig Ghite sdE NMRGhbRBd HeprbeAcd\8S waraRaaat ed
under reduced pressuré. Methanol (5 m) was added and evaporated . The

r esi dueHse. dihe poddust was dried indhe vacuum oven for 1.5h at 40°C. Mass 13mg (52%). M/z:
668 (M-1). NMR (400 MHz, DMSO): 8.22 (t, 1H), 7.53-7.65 {(m, 1H), 7.30-7.38 (m, 4H),
7.20-7.25 (m, 2H), 7.05-7.17 (i, 4H), 6.98 (d, 2H), 5.02-5.06 (m, 1H), 4.68-4.76 (m, 1),
4.51 (s, 2H), 4.24-4.32 (m, 1H), 4.01-4.09 (m, 1H), 3.60-3.77 (m, 2H), 2.82-2.98 (m, 2H),

20 1.64 (dd, 1H), 1.33 {dd, 1H}, 0.83 (s, 9H).

Example 41

25 N-{{4«{(2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethylithio}-4-
- oXoazetidin-2-yl)phenoxyJjacetyl}-D-seryl-D-phenylalanine

30 A solution of N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-
hydroxyethyl]thio }-4-oxoazetidin-2-yl)phenoxylacetyl }-D-serine (diastereomeric mixture)
(0.008 g, 0.014 mmol), D-phenylalanine tert-butyl ester hydrochloride (0.005 g, 0.018 mmol)
and N-Méthylmorpholine {0.006 ml, 0.055 mmol} in DCM (3 ml) was stirred at RT for 5 min.



(1 m).
room 10 tenperature.

I

4.20-4.38 (m 3H), 4.49 (s, 2H), 4.66-4.78 (m 111), 4.99-5.07 (m 1H),
6. 70 ' , -8 21-1),. 15 le 36
o 1 SEFTSRI08 %, BPas pitnh e addlet e s35 Sud ok BsiRiiche SRR RIBED S ol

t hi o} -7#. DOvspcoamidit didithe nyitupbeng xybasehied mbegbdicadrdvheDrby fe@aipe N2- {
[4- ((2R 3R) - -(4-f|uqropheny|£- {hF . ) )
%5%#@1:19@11120 Asie (S &y e epdl tptshivgipn aeas shigad &ri2dim T2eyiixphewex y] acet yl

b BB Py B RBR TR e L o Ryt S o o 0%

wer e

[ 2- (4-WRLE?

}-L-gl

di sspl
added

(1 ef)] Thd@RitneRS Gkt 46°¢ B Mhe sOREH §ddelRveduldaGediiR)y) was

and the m xture was stirred overnight at roomtenperature. The sol vent
was evapsae dde randictvs podsied by premrativeSOPIME dsing afepadidt o QDSOCANMEON inThe

m xt ure s stirred at 45-50 C for 4 h and was then evaporated under

reduceQ:l1

di ssol

' I Yty p e . he
i et orio el BbRARE o s llldsorid AL BORTHONATHMBES B3RS, 39 BE2 o6
evapor(ai,s#)aBg3-3 He(ns, e $1) (31848660 @I AH), eidzmy.sar(ﬂ;pan?gtd.sae(sﬁﬂ& A81-0Y6
e

aeetonitrile/ampni um acetate buifer (4
15 Wy (5

0: 60
499), SPLOHS @ 11D, 2ahPou ﬂ@mﬁ@%&ﬁ%ﬁé@ﬁ? BPE-715. 1360, WeR7.TIVBO)

1. 60- | 3.0 (m 4H), 4.09-4.18 (m 1H), 4.22-4.35 WO
-20‘05/38?’%@%&%%@2@%@001960 -84 (rn, 313), 4.49 (s, 2H), 05-4.78 (m
1H), 4.97-5.08 (m 11-1), 6.56 (d, 213), 6.70 (s, 111), 6.86- 7.40 (rn,

18H),

[4- ((2R, 3R) - 1- (4-chl orophenyl ) - 3-{[ 2- (4- chl or ophenyl ) - 2- hydr oxyet hyl | thi o

7.77-7.91 (m 113), 8.12 (d, 1H), 9.10 (bs, 1H). 5 Exanple 37 N{

}-4- Op% fn%&fei&i n- 2-yl ) phenoxy] acetyl } gl ycyl - 3-cycl ohexyl - D-al ani ne 10

15

20

25

30

N-{[4-((ZR,3R)-1-(4-Fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio}-4-
oxoazetidin-2-yljphenoxylacetyl}-D-seryl-D-serine

A solution of N-{[4-((2R,3R)-1-(4-flaorophenyl)-3-{[2-(4-fluorophenyl)-2-
hydroxyethyllthio}-4-oxoazetidin-2-yl)phenoxylacetyl}-D-serine (0.008 g, 0.014 mmol), O-
tert-butyl-D-serine tert-butyl ester hydrochloride (0.005 g, 0.019 mmol) and N-
Methylmorpholine (0.006 mi, 0.055 mmol) in DCM (3 ml) waé stirred for 5 min. TBTU
(0.008 g, 0.025 mmol} was added. After 3 days the conversion to the ester (M/z: 772.5) was
complete and the mixture was concentrated under reduced pressure. The residue was
dissolved in formic acid (3 m!i) and the solution was stirted at RT for 26h. The mixture was
concentrated under reduced pressure and the residue was dissolved in MeOX (4ml) and TEA
{1 ml). The solution was stirred at 40°C for 6 h. The solvent was removed under reduced
pressure. The residue was purified by preparative HPLC using a gradient of 20-50% MeCN in
0.1M ammonium acetate buffer as eluent. After freeze-drying, 0.005 g (52 % yield) of the title
compound was obtained as a white solid. M/z: 660.1. 1H NMR (DMSO, 400 MHz): 3 2.83~
2.95 (m, 2H), 3.42-3.66 (m, 4), 3.91-4.01 (m, 1H), 4.25-4.31 (in, 1H), 4.32-4.39 (m, 1H),

Two drops of TEA was added and the m xture was stirred overni ght at
The sol vent was evaporated and the residue was purified
by preparative 1HPLC wusing acetonitrile/anunoui uxn acetate buffer (40:60)
as el ueMYO 208008158 r eeze-drying 12 My (64% of the titPETEEAN N has
obt ai ned. 1H NVMR, 300 MHz, DMSO): 1.68741.97 (m 4H), 2.77-3.10 (m 41-1),

FangpEm etiehiier @s 6lnens. At Iaaedvare 0003 gdPa e dicldmd thetilelue was

uent. After freeze-drying



N-{[4-((2R 3R)-1-(4-chlorophenyl)-3-{[2-(4-chl orophenyl)-2-oxoet hyl ]t hi o}-4-.
oxoazetidi n-2- yl)phenoxy]acetyl }glycine (20ng, 0.0349 mmol) and

N- net hyl nor pholine (20 ng, 0.198 mmvol) were dissolved in nethylene chloride
(0.5 nl ) waBdisds(45Z ng, 0.0530 nmml) was 15 added and t HRECHSEDUWHIWAS :
stirred for 15 min at room tenperature.ge3- Cycl ohexyl - D-al anine (9 ny,

0. 0526 mmol ) was added and the stirring was continued for 1 h at room

terrperature The__ sol vent was_ev ed and the residu ved in
met hanof- (‘d@%@ﬁ) %Mﬁ((mlﬁg 56\8 ﬂmm5\ﬁ§é{)%&é@d§3m %c)bure was
stirre I tegl ej@ﬁ hr, gl

added %bsﬁe % l%ﬁgﬂrh g%*zggéﬁ,ﬁ ?g{;)?fﬁie@ 6’}99 ‘?ep ratl ve
HPLC usi ng acetonl t ri I e/ anmoni um acet at e buffer (45:55) as eI uent. After
freeze- drying 3 ng (12% of the title conpound was obtai ned.The product was
anal yzeHBxampledd cromass Q TOF micro MS technique. Mz: 728.1973 (calc. Mass
728. 1?64). n 25 Exanple 38

N-([4 ((2R, 3R) - 1- (4 fl uorophenyl)-3-{[ 2-(4-fl uorophenyl)-2-hydroxyethyl]thio

oy : SACR 30 WO
) o5 oAU ARE LIRS AR IO S 2@ eoFopResylF LIV ky A 6 F:

[ 4- ((2mmﬁdmﬂwnmmsl}gm[lzz-bnt}ﬂnmdempneny|) 2- oxoet hyl ] t hi 0) - 4- oxo
azetidin-2- yl)phenoxy}acetyl }glycine (30 ng, 0.0555 nmol) and

N- net hyl mor pholine (30 ng, 0.296 mmol) were dissolved in DVF (0.5 nil).
TBTU (23 ng, 0.0717 mmol) was added and the mxture was stirred for 15 mn
at room tenperature. 3-Cyclohexyl-D-alanine (15 ng, 0.0876 5 mvol) was added
and fbe stirring was continued overni ght at roon1tenperature. The sol vent

et hanoR- G- SRS R serengh 25 TEG Altep e Zrad b T E SR et s —
stirr ed%ﬁgﬁen%ﬁy]aeayatglycgpmbutﬁﬁm%eiﬂér(g oo@gr QQ)Ian%%l)Qifas@%sblv@d achbors

added he reaction 'nixture, The product was isolated by preparative HPLC
usi ng afSembnNaBH4L00Tm DUds ameoliweasbtdﬁecéanc( the naigjura wae ktnged for 10 nift er

oo e 05 TG N LS BRI SIS R, 200,
(5 4 O k. oy (1 pdndd oo D 4.7

gradient of 20-50% MeCN in 0.1M ammonium acetate buffer as eluent. After freeze-drying,

0.008 g (94 % vield) of the title compound was obtained as a white solid. M/z: 712.1. 'H

NMR (DMSO, 400 MHz): § 0.73-0.83 (m, 6H), 0.89-1.22 (m, 8H), 1.59-1.71 (m, 2H), 1.94-

2.06 (m, 2H), 2.83-2.96 (m, 2H), 3.73 (d, 2H), 4.23-4.28 {m, 1H), 4.51 (s, 2H), 4.68-4.76 (m,

20 1H), 5.02-5.07 (m, 1H), 5.68 (bs, 1H), 6.94-7.00 (m, 2H), 7.05-7.18 (mn, 4H), 7.19-7.26 (i,
2H), 7.29-7.39 (m, 4H), 7.53 (s, 1H), 8.30-8.36 (m, 1H).

O

Example 44
25

N-{[4-((2R,SR)-1-(4-Fluorophgnyl)-3-{ {2+(4-flucropheny!)-2-hydroxyethyiithio}-4-
oxoazetidin-2-yDphenoxyJacetyljglycyl-S-methyl-L-cysteine

30 A solution of N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyl]thio }-4-
oxoazetidin-2-yDphenoxylacetyl } glycine (0.015 g, 0.028 mmol), zert-butyl S-methyl-T-
cysteinate (0.014 g, 0.073 mmol)) and N-methylmorpholine (0.012 ml, 0.109 mmol) in DCM
(5 ml) was stirred for 5 min. TBTU (0.013 g, 0.042 mmol) was added. After 20 h, the



.1213), 7.72-7.86 (m 1H), 8.26 (t,113
{
|

), 15 Exanple 39

N-{[4-((2R 3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2- hydroxyethyl]thio
}-4- oai oazetldl n- 2-yl ) phenoxy] acetyl } gl ycyl - L- phenyl al

N- { (4- ( POR2MRPCHSY 4- FI uor ophenyl ) - 3- ([ 2- (4-f1 uorophenyF’?T dé&?ﬁ?]tm 0} - 4-
oxoazeti din-2- yl)phenoxy] acety] )gl y89k-L-phenyl al ani ne (7ng, 0. 010mmol )
was dissolved in 1.5mM MOL3 25 and NaBH4. (2ng, 0.053mmol) was added. The

m Xt Ur e Wesiohlih maeéirérgm»}%m @ﬁgcom&g hed ta@ﬁlﬁ 8 oPACBRS: nt&gte%g& LC/ Vb

showed ca 15% starti ngnmat eri The m xture was

puri f ireduasslipngsspreephs esidue vedsrdissalvagia firynioacid (%I}:atdmtm sb]ﬂﬁﬁﬁ%ﬁ'@ﬁne$
gradient from20%to 40% McCN in 0. 1M ammoni um acetate was used as nobile
phase.at#feC f%r%?dhé@hem&rﬁ MSM&E@M%&%@@A&MW@!lryseb'ﬁ@%ws{@aeu The

veoD) 0GR B bttty Wi sS a i 0B00 lf o) gl i i
113)5 3d99id émal? 10n§t0]tﬁc é&ﬁtloﬁ totaﬁ 09@ 035015 0675 Iﬁﬁi@’ hnﬁM@e%&ﬂé&Q@%éZ
PCTI SE2004/ 00196 6- Exanple ((°2R 3R)-1-(4-fluorophenyl)-3-{

[ 2- (4- cfcmgjq:tg.phmnyjn)urz ahc;tahcckmg‘if@t E@c}]}fi, Bml)) -M«zs added and most of the methanol was
tid 2- t | - 4- I I S tent
N ({4 eroedigder HEEO ek SR e Fmiifing S51RRen ot PSRN oDEERUeHRYC) ¢ hi o)

-4 OXgy hqﬁﬁneoﬁdo\mrmamﬁ@ Wﬂa&iﬁ&ﬁéhﬂc@ﬁ%&%ﬁe@‘d@ b!i'l L Al @e}gg@?&g
0. 036mmol dissolved in 1.5 formc acid and heate at or 1.5 It

The fcxirmﬂg,&@wg\@% ?"ceylalﬂonﬁtlﬁhﬂ@cmmdnwwwdnqﬂmwhm solfde i ntermedi at e
d fi I\/B i S. .. 668, h ] Xt
SFL%VVI&‘Z@ 68&3 NSO aBIS RS Ry O 16 Ao 50 2 S0, M 4Pt ur e
t 1 t
\(,jvﬁsutse 91@4 &v\gﬁy qmwgﬁ\%lu{r;?@g%lflum ng 1orepa-r@§te£|1 \%\Hﬂp}_@ 3 dirf?%%%bl um
(50x30nmms 95Av 0% (aIEn 705+ DB 206D, 74094 MSCN, 2ED,07.2M7 a0ren 4HN BeRyEx buf fer

was used as mphil e 15 phase. Lyophilization yielded 36ng white solid. NWR
showed-H&Dp$ 8Bt i Ryat er and

15 Example 45

N-{[4-((2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio}-4~ '
oxoazetidin-2-yDphenoxyl acefyl}glycy]-L-isoleucine

A solution of N-{{4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyllthio } -4-
oxoazetidin-2-yl)phenoxylacetyl } glycine (0.015 g, 0.028 mmol), L-isoleucine t-butyl ester
hydrochloride (0.008 g, 0.036 mmol) and N-methylmorpholine (0.012 ml, 0.109 mmol) in
DCM. (5 ml) was stirred for 5 min. TBTU (0.012 g, 0.036 mmol) was added. After 22 h, the
25 conversion to the ester (M/z: 710.2) was complete and the mixture was concentrated under
reduced pressure. The residue was dissolved in formic acid (3 ml} and the solution was stirred
at 40°C for 20h. The mixiure was diluted with toluene (2 ml) and the solvent was removed
under reduced pressure. The residue was dissolved in MeOH (4 ml) and NaBH, was added in
small portions to the sotution (a total of 0.060 g, 1.59 mmol) until the reduction was complete.
30 Ammoenium acetate buffer (0.1M, 3 ml) was added and most of the methano] was removed
under reduced pressure. The remaining solution was purified by preparative HPLC, using a
gradient of 20-50% MeCN in 0.1M ammonium acetate buffer as eluent. After freeze-drying,
0.010 g (57 % vield) of the title compound was obtained as a white solid. M/z: 656.2. 1H



|

HOAc. The product was dried in the vacuumoven for 1.5h at 40C. Mass 13ny
(52%9. Mz: 668 (M1). NWR (400 MHz, DVsO: 8.22 (t, 111), 7.53-7.65 (m
1H) 7 30-7.38 (m 411), 7.20-7.25 (m 211), 7.05-7.17 (in, 4H), 6.98 (d,
QW?ZQ@; s3111), 4.68-4.76 (m IM 4.51 (s, 2HpCHSEM6d03®H(m 1H),
401409 @360377(m 2H) , §82298(m 2H), 20 1.64 (dd, 1H),
1.33 (dd, 1H), 0.83 (s, 911). Exanpl e 47
N-{[4-((2R 3R)-1-(4-Fl uorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio
}-4-  oxDAZR{DVSO 2400 Yipheriod.JFdctt (h,)6H); $66yl.1Diphddy [1a2ahihém, 38),A.8b| uti on

A B BN B kS e D s, o1
cstor ngmoRa G de (ERete o@bi‘@%@ﬁ R RO a7 275300

0. 055 | 3Hj, rHDCNBQ@Inn’lBI)\mz siRmedHt RT for 5 mn. WO 20051061452

PCT/ SE20041001960 -87 TBTU.(0.008 g, 0.025 mmol) was added. After 3 days
the cBnversion to the ester (Mz: 776.1) was conplete and the nixture was
concentJEa er reduced pressure. The residue was dissolved in formc
acid (SMthe solution was stirred for 25 h. The m xture was
concentrated under reduced pressure and the residue was dissolved in McOH

(4m) and TEA 5 . The solution was stirred at 40C for 6 h. The sol vent
was 1 enBrHE-@R )ﬂédnﬂgqromyﬁta-ﬁz-(ﬁmrenhmn@) adydﬁgxyqthﬂ&m} %r epar ati ve

HPLC usi M ammoni um acetate buffer as
el uent . oﬁ‘?"(zgpgﬂ%g'ggﬁl‘dﬁ%yﬁﬁc,égl.{éﬂwg%yk‘%v% ield) of the title product was
obt apped as a white solid. Mz: 720.1. 111 NWR (DMBO, 400 MHz): S 2.78-2.96

(in, 3H, 3.03-3.11 (m 111), 3.44-3.60 (m 2H), 4.20-4.36 (m 3H), 4.51 (s,
2H) 4 67-4.76 10 (m Ili), 5.01-5.06 (m 111), 5.70 (bs, 1H), 6.90-6.98

(11, 213) o s Q%567 400, Sk orbtideyB- (00 AropRedfi S ofe el -

Exanpl e
N-{[4-( 6:2&3%&-%%%@@]@@&1%&%1&11{& @004 bmveﬂhenyb)vazmbyawwemw Jthio

}-4- oxoazeti di n- 2- henoxy] acetyl Dser | - D-serine A solution of N
{4 ( Comydmyblosida 0 $0bE, A Brpeibyimas R (050 11, 0.273 munol) fn
15 DCM (4 ml) was stirred for 5 min. TBTU (0.013 g, 0.041 mmeol) was added. After 3 h, the
conversion to the ester (M/z: 710.2) was completed and TFA (3 ml) was added. After 4h, the
mixture was diluted with toluene (2 ml) and the solvent was removed under reduced pressure.
The residue was dissolved in MeOH (4 ml) and NaB¥, was added in small portions to the

solution (a total of 0.065 g, 1.72 mmol) until the reduction was complete. Ammonium acetate

20 buffer (0.1M, 3 ml) was added and most of the methanol was removed under reduced
pressure. The remaining solution was purified by preparative HPLC, using a gradient of 20-
50% MeCN in a 0.1M ammonium acetate buffer as eluent. After freeze-drying, 0.014 g (77 % Q
yield) of the title compound was obtained as a white solid, M/z: 656.1. 1H NMR (DMSO, 400
MIHz): 5 0.75-0.83 (m, 6H), 1.22 (d, 3H), 1.95-2.07 (m, 1H), 3.83-3.96 (m, 2I), 3-98-4.06
25 {m, 1H), 4-24-4.31 (m, 1H), 4.40-4.54 (i, 3H), 4.67-4.76 (m, 1H), 5.01-5.07 (m, 1H), 6.91-
7.98 (m, 2H), 7.05-7.17 (m, 4H), 7.19-7.25 (m, 2H), 7.29-7.39 (m, 4H), 7.84-7.95 (m, 1H).
8.07 (d, 1H), |

30 Example 47

1-[(N-{[4-((2R,3R)-1-(4-Fluorephenyl)-3-{[2-(4-fluorophenyl)-2-hydrexyethy!]jthio}-4-
oxoazetidin-2-yhphenoxylacetyl}glycyllaminoleyclopentanecarboxylie acid



hydr oxyet hyl | t hi 0} - 4- oxoazeti di n- 2-yl ) phenoxy] acetyl } - D-serine (0.008 g,
=0.014 mmol ), O0- tert-butyl-D-serine tert-butyl ester hydrochloride (0.005 g,
0.019 mmol ) and N Met hyl norpholine (0.006 nj, 0.055 rnnol) in DCM (3 n)

Wwas stir, kis2amMn. TBTU (0.008 g, 0.025 nmol) was ppgugdanhigp 3 days
‘the con\/‘gﬁg?{%ﬁ] %ozthe ester (Mz: 772.5) was 25 conplete and the m xture was

concentrated under reduced pressure. ? & residue was dissolved in formc
acid (3 m) and the solution was stirred at RT for 26h. The m xture was
concentrated under reduced pressure and the residue was dissolved in MAi
(4nml) and TEA (1 nil). The solution was stirred at 40C for 6 it The sol vent
was renoved under reduced pressure. The residue was purified by preparative
HPLC using a gradient of 20-50% McCN in 30 0.1M ammoni um acetate buffer as
eluent- After freeze-drying, 0.005 g (52 %yield) of the title conpound was

bt Fd [ag(2R, 3k)-1-¢4-50] 13-3- 4dfiuck 1Diter 2.95
?m al2n q[3$E12- }G%m 02‘)513‘11%%’% 4@%&( n bbm)( hﬁﬁ@iol}ﬂﬂdxoas’ietﬁhgaz%él 39

(m iﬂlighenmlzmzll}d@mséo ﬁ»@m@@@@m@m@sﬁw@omﬂm (Qmmcﬂvgnd UBER- 4. 76

) 15?01%15175%@ﬁrﬁm»%&‘)wer?ﬁ@ﬁwigﬁ?ﬁﬁ by 0% O b 1756 (a0,

L@nécheBox ylic acid (0.004 g, 0.030 mugol, 97 %) w dded and th
N-{[4 (2R, 3R) 1r(4xy|:1|c:3<(:)1r o(phenyf -3- mm? o}uo?soab Snf}‘} e rr?))?yaé%t hyl It hio

% i j ( ?sétga?glg)tﬂﬁf(ﬁ f@r-\h. Thiemotiy araet_[yéricgbd/ wytlh vZa{dm{O)ﬂ mﬁrdndlﬂlm mﬂi‘fur]:@vﬁi

ok Ehisa ith ATEDEL (2 4al) AT LT 2 B3k ol P i nd a2

o s B0 EHPABE P i Shokinfin ity Sper L AUTS 5P Radka R AE1 ) 0% e
m.xt urmetbmaolsxfasrmﬁﬁvécbﬂndbﬁraﬁuned pragsare. The rageindt esdiufidrewad furlidd 53y M ) was

added and npst_of the nethanpol was renpved 15 under reduced pressure. The
r eiai nplﬁga@%vfaﬁ’&ﬁ uﬁgg pgFradiana @F BY-9repleCat ink wffgdmu@irrh@ceeate Beffenasnt of

20- 50°81N§@Agter RedM AR BLBERHAbE P O o 33 i fifthed LLEERAY! MO,

0.008 g Yoyl e e title conpou |ne as a e sol
Mz: 7dadidl M/z: wSMHMDm@ W)MHB) @ 1?%-@683:11( EFH)GIL?Q-)L 87Qn;89}139 22 (m
8H), 1.59-1.71 6 (m 2H), 2.83- 6 (m 213 373 (d,
211J3 1924.G7 (s Z’(Iia;, ? ﬁiﬂ)% @n @ﬁ)@ § 741@32)‘1-1) 4295429 fzre Uiﬁ 4.51 (s, 2F1), 4.68-4.76
(m, 1H), 5.02-5.07 {m, 1H), 6.92-7.00 (m, 2H), 7.05-7.26 (m, 6H), 7.29-7.39 (m, 410), 8.09-

8.15 (m, 2H).

20 Example 48

N-4{[4-(RR,3R)-1-(d-Fluerophenyl)-3-{[2-(4-fluorophenyl}-2-hydroxyethylithio}-4-
oxoazetidin-2-yl)phenoxyJacetyl}glycyl-V-benzylglycine

25
TBTU (0.011 g, 0.034 mmoi) was added to a solution of N-{{4-((2R,3R)-1-(4-fluorophenyl)-
3-{{2-(4-{fluorophenyl)-2-oxoethyl]thio }-4-oxcazetidin-2-yl)phenoxylacetyl } glycine (0.015 g,
(0.028 mmol) and NMM (0.020 ml, 0.182 mmol)} in DMF (2 ml) at 30°C. After 30 min, N-
benzylglycine (0.005 g, 0.030 mmol, 98 %) was added and the mixture was stirred at 30°C for

30 1h. The reaction was quenched with water (0.2 ml) and the mixture was diluted with MeOH
(2 ml). NaBH, (0.015 g, 0.397 mmol) was added and the mixture was stirred for 10 min.
Ammonium acetate buffer (0.1M, 3 ml) was added and most of the methanol was removed

under reduced pressure. The remaining solution was purified by preparative HPLC, using a



20 1H), 5.02-5.07 (m 111), 5.68 (bs, 11=1), 6.94-7.00 (m 211), 7.05-7.18 ,
(m 4H), 7,19-7.26 (m 211), 7.29-7.39 (m 413), 7.53 (s, 113), 8.30-8.36
(m IH. Exanmple 44 25

N-{[ 4- ( &ZRodBhe1ksA 4- Fl uor ophenyl ) - 3-{[ 2- (4- f | uor ophenypgr2tmndnowyet hyl ] t hi o
}-4- oxoazetidi n-2-yl)phenoxy] acet yI_}sgj ycyl -S-nmethyl -L-cysteine 30 A

sol ution

of N-{[4- ((2R, 3R) - 4- Iuorophenyl) 3-{[2-(4-fl uorophenyl)-2-oxoethyl]thio}-4
oxoaz e mnﬁﬁpff)q% abd Mﬂrpglwmecqtﬂe(bmﬁegas @U@EBAﬂﬁbﬁf?GZGtC@Vmgbut yl

S— met ~=L- C (0. 0, (0.012
o. Db 15 o o' 577 y R Siah PR 4a PR HET AR SR BB NMRG "2
rrm)l) daseh it 86 230 SEHE 9
conver(gmignéfo t he e)stgersg M(ﬁ,f;ﬁ?w@gaagg_}f@g%p%%ggﬁd %ﬁg?g?@ \}\gg
concent.5@{sc o ) AdL (s, ﬂH@L&h@I(spEH;S!Lﬁ&tl 78 @, LHS;) 30@-5WFs(18li 1§506.924 .0n(rh,or m ¢
acid (3.m) _and b@e solution was stirred at 40C for 22 h. The m xture was
di | & w0814 np}@zgrﬁﬁl)g ZhaetHé:- sol vent was again renoved under reduced’
pressure. The residue was dissolved in McOH (4 no]) and NaRI -L was 5 added
in small portions to the solution (a total of 0.035 g, 0.925 muol) until the
reduction was conplete. Amonium acetate buffer (0.1M 3 m) was added and
nost of the nmethanol was renoved under reduced pressure. The renaining
sol ut ilexample 48ri fi ed by preparative HPLC, using a gradi ent of 20-50% MCN
in 0. I Mamonium acetate buffer as eluent. After freeze- drying, 0.013 g
(72 %yield) of the title conpound was obtained as a white solid. 10 M z:
660103 [ (B4 NAR,IIDVEOI-FRi ovhien y1)-S-{ B2~ ﬁﬁﬂﬁoﬂdbﬂemyl)mﬂydr(ﬂcy&ﬁtyﬂtm 4m  3H),
367382 (m 2 4. 02- (m ,452(s 2H) ,
4. 68- pxpazgliding-y Ph@%xlﬂsem}giwl)amm](dleh%)ﬂ?amw @gid 2H) 7.05-7.18 (m™
411), 7.19-7.26 (m 2H), 7.29-7.40 (m 4H), 7.73-7.82 (m 1H), 8.30-8.3?@’
(m IM 15 Exanpl e 45
N([4-((2R 3R)-1- (4 Fl uor ophenyl ) - 3- {[2 (4-fluorophenyl)-2-hydroxyethyl]thio

4 _2-yl)ph “L-isol | f
¥\F{ [?{E(ﬁféa 'gd' % opﬁo p%&?ﬁ%ﬁ%&ﬁ% gﬁglu%'m%{ of M-{ RS S - Pucronianyhy. O™ ©

[2-{s+-4k fﬁg@%ﬁaﬁfﬂéﬂyﬁ-ﬂ&?&&@ﬂd& NI Qi dAzetidin-2-yl)phenoxylacetyl}glycine (0.020 g,
0.037 mmol) and NMM (0.012 ml, ¢.109 mmol) in DMF (2 ml) at 30°C. After 30min, 2,2-
diphenylglycine (0.009 g, 0.037 mmol, 98 %) was added and the mixtore was stirred at 30°C

for 2.5 h. The reaction was quenched with water (0.2 ml) and the mixture was diluted with
MeOH (2 ml). NaBH, (0.020 g, 0.529 mmol) was added and the mixture was stirred for 10
20 min. Ammonium acetate buffer (0.1M, 3 ml) wés added and most of the methanol was
removed under reduced pressure. The remaining solution was purified by preparative HPLC,
using a gradient of 20-50% MeCN in 0.1M ammonium acetate buffer as eluent. After freeze- O
drying, the title compound (0.012 g, 44 % yield) was obtained as a white solid, M/z: 752.0. .
IH NMR (DMSO, 400 MHz): § 2.83-2.95 (m, 2H), 3.75 (d, 2H), 4.24-4.28 (m, 1H), 4.54 (s,
25 1H), 4.68-4.75 (m, 1H), 5.02-5.06 (m, 1H), 6.95-7.03 (m, 2H), 7.04-7.38 (m, 20H), 8.43-8.51

{m, 11}, 8.90 (s, 1H).

Example 50
30

N-{[4-((2R,3R)-1-(4-Fluorapheny!)-3-{ [2-(4-fluorophenyl)-2-hydroxyethyllthio}-4-
oxoazetidin-2-yl)phenoxy]acetyl}glyeylglycine



‘oxoazeti di n-2-yl ) phenoxy] acetyl } gl yeine (0,015 g, 0.028 mol ), L-isol eucine
t-butyl ester hydrochloride (0.008 g, 0.036 mmol) and N-nethyl nor phol i ne

,(0.012 #u Jqmol) in DCM (5 m) was stirred for 1n.. 1B | J (0.012
g, 0.0323%91%3? %%gngdded. After 22 h, the 25 conversioﬁ"ﬂé&zﬂ%m@&“@r (M z:
710.2) was conplete and the mixture wd8$ -concentrated under reduced

pressure. The residue was dissolved in formc acid (3 m) and the solution

was st w.{[ad((zfa,gaﬁ@@m%o@%nyiﬁt@[m-eﬁlﬂ&&og@@gg}iéi%ﬁg%@b At@bmsﬁ&%ﬂ) and

t he sol vent was renove under reduced pr ue was dissol ved
in McORbpleneiylagei! Hgh@ e yrme @dbiedz, 01 Ssmadol) oo dibsmiredtio Md@H €bka).i on (a

taé“g?lat Rl 1 3. 307 501 g tod o oo B L (R WD ATRERS R BR OV 1
AP Vagcid _ e |
P, B R LT O T i B e P T £2°

el uefit predfirerTHerremzeingy yilmion wes fifFieg WyopkegaayveH@)L.Cotisihfie ghddidn€ of 20pouNd
was obt g%gl)edg STS' a ite solid. Mz: 656.2. 113 WD 20051061452
PCT1SE2 G018 ¢ (O M. aoyniiren askiats bl anebupnt. S iter fsere-gwingaihegitle, 1. 05- 1. 17

(0 grfmgdur it SR b1 5 oot & d\wiitg g, $R%60h. 0 J NV fdis el 7Y
() oy T O o, T84T D G 1B Th (A JMR AR (D, 1R MAGTA34 7. 39
N (4 Lol AT 16 m LB Skenor (i) 5037 DI (o SERGHGTY 25 (i BFoy 8yl 1 ¢ hi 0

|}\j: ?IPZ)??%E} 3@*%@‘3'@&%?3%%%%‘%%3%L”ﬁl anyl -D-valine 10 A solution of

[ 2-(4-fluorophenyl)-2-oxoet hyl ]t hi o}-4-

@xoazeti di n-2-yl ) phenoxyl acetyl }-L-al anine (0.015 g, 0.027 mmol ), D-valine
tert-butyl ester hydrochloride (0.008 g, 0.038 mmol) and N-nethyl nor phol i ne
(0. 030y pfe 272 nMol ) in 15 DCM (4 nil) was stirred for 5 mn. TBTLT (0.013
g, 0.0 - was added. After 3 h, the, conversion to the ester (M z:
710.2) was conpleted and TFA (3 ml) was added. After 4h, the mxture was

diluted with tol ueneﬁélz m% and_the sol vent was renpved under reduced
pr edSufeild-(Efe3R 4 ddorapbenylis 3 iZe@-inonapbenyla-2ohydrespethlithiold- added in

smal | B%Ji.eﬁﬂﬁx-ﬁ@l)hﬂgnoxﬂacetyl}-D-valyl~L-serine

N-{[4-((2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-flucrophenyl)-2-oxoethyl]thio } -4-oxoazetidin-2-
20 ylphenoxylacetyt}-D-valine (6.9 mg, 11.8 umol) was dissolved in DCM (3 ml). Ien‘-But}.f}.
O-(tert-butyl)-L-serinate hydrochloride (3.7 mg, 14.2 pmol) and N-methylmorpholine (5.5 gl,
50 pmol) were added. After 5 minutes, TBTU (4.6 mg, 14.3 pmol) was added and the
reaction mixture was stirred ovemnight. The formation of the ester was confirmed. Miz:
780.57 (M-1). The mixtore was extracted between DCM (5 ml) and aqueous KHSQ, (5 mi,
25 pH of 2). The organic phase was washed with aqueous NaHCO; (5 ml, pH of 9). The agqueouns
phase was extracted with DCM (2x5 ml). The combined organic phases were dried over
NazSQy, filtered and concentrated. Formic acid (1.5 ml) was added and the reaction mixture
was stirred overnight. The formiate of the intermediate acid was obtained. The solvent was
removed under reduced pressure, toluene (3x1 ml) was added and evaporated. The residue
30 was dissolved in MeOH (1.3 ml) and triethylamine (90 gl, 0.65 mmol) was added and the
reaction mixture was stirred for 1 hour. Sodium borohydride (4.0 mg, 0.11 mmol) was added
and the reaction mixture was stirred for 1 hour. Ammonium acetate (15 mg) was added. The

solvent was removed under reduced pressure and the residue was purified on preparative



|

solution (a total of 0.065 g, 1.72 mmol) until the reduction was conplete. ,
Ammoni um acetate 20 buffer (0.1M 3 m) was added and nost of the nethanol
was renoved under reduced pressure. The remai ning solution was purified by
pr epar atyyeeiBRk{dsz usi ng a gradi ent of 20 50% MaCN i n a POTISER¥WrE0IH6HM acet at &
buffer as eluent. After freeze-dryingg0.014 g (77 %0 yield) of the title
conpound was obt ai ned as a Wmte sol |3 Mlz: 656.1. 1H NVR (DVSO, 400 WVHz):

S 0.75-0.83 (m Iél) 311 95207%1L1#@83396m2|—0
3- 98- 4HBEC wng #C wolumnza gra@@nf( Y 207 to 30 Fp MeGEN i b1 M emymonug ACeiates (m

718 5% e et il ARehppfinsf g it cobaidind iy dlged B

Exanpl gs1#(5.3 mg, 67 %). HRMS calcd for Cy3HzsFaN3OgS 671.2113, found 672.2192 IV+H].
I-T(N-{[4- ((2R 3R) 1- (4- Fl uor ophenyl ) -3-{[ 2- (4- IIuoropheny]) 2- hydroxyethyl]
th] o}-4- oxoazeti di n-2-yl ) phenoxy] agetyl } gl ycyl ) am no] cycl opent anecar boxyl i ¢
aci d_WD 20051061452 PCT/ SE2004/ 001960 91 IV-1

[ 4- (%ZR 3R) - 1- (4- Fl uor ophenyl ) - 3-[ [ 2- (4- f | uor ophenyl ) - 2- oxoet hyl ] t hi 0} - 4- oxo

azet i dgRagmlesy! ) phenoxy] acetyl ) gl ycine (0.015 g, 0.028 nmol ), NWM (0.012
., 0.TO9-Wor] and TBTU (0.011 g, 0.034 mol) were dissolved in DVE (2 m)

at 30C After 30 mn 1-am no | - cycl opent anecar boxylic acid (0 004 g 0. 030

react | SR RR I enheR B T Snionihy D rERr SoniBviBiio a1 ui'e wi i

Ve CH (g égzgndﬁpﬁ%pﬁ@ﬂ%a&{y@ﬁ%] ¢ was added and the m xture was 10

stirre 10 m'n. Ammoni um acetate buffer (0.1M 3 nm) was added and nost
of d@e nethanol was renoved under reduced pressure. The remaining sol ution
was purified by preparative HPLC, using a gradient of 20-50% MeCN in 0. 1M
ammoni um acetate buffer as eluent. After freeze-drying, the title conpou’@

0. 009 /t NVR-
E oo Ngb[ti-‘k%i'ﬂ) sl(ﬁi)ﬁé%@?p%%g@gtmm @smrwﬁnetn@lf @@keahylghb cﬁéﬁoe&st%éill%z? '

2H) , Zprh@osﬁ]aqutpﬂ,}-Dm)mG :{1173 m)mmnl)znembml @ummatg hydroslllo(?dsﬁ (249 ,

511) 0.0 gl mGHy ijf?@i)fa@fﬁ)'ﬂéh&%?lpdﬁ Bt i it Boad £ 1

2 [ 416 (2. 3herls finfibsjorPphany dadRd lahd ke rdabtion GRRRAY ks Sribhed Fy Sttt hi 0} -
formation of the ester was confirmed. M/z: 694.0 (M-H), The mixture was extracted between
DCM (3 ml) and aqueous KHSO4 (5 mi, pH of 3}. The aqueous phase was extracted with
DCM (2x5 ml). The combined organic phages were washed with water (2x5 mi), dried over
NapSQy, filtered and concentrated. Formic acid (3 ml) was added and the solution was heated
20 at 40°C ovemnight. The solvent was removed under reduced pressure, toluene was added and
evaporated. The residue was dissolved in methanol (3 ml) and sodium borohydride (8.5 mg,
0.23 mmol) was added. The rection mixture was stirred for 15 minutes. The solvent was =
removed under reduced pressure. The residue was purified on preparative HPLC on a C8
column. A gradient from 20% to 50 % MeCN in G.1M ammonium acetate buffer was used as
25 eluent. After Iyophilisation, the title compound was obtained as a white solid (6.2 mg, 48 %).
HRMS calcd for CqpH33FaN304S 641.2007, found 642.2086 [M+HT".

30 Example 53

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio}-4-
oxoazetidin-2-yl)phenoxylacetyi}-D-valyl-L-valine




. oxoazeti di n- 2-yl ) phenoxy] acetyl } gl ycyl - N-benzyl gl yciue 25 TBTU (0.011 g,
0 034 mmol ) was added to a solution of N-{ [4-((2R 3R)-1-(4-fl uorophenyl)-
3-([2-(4-fluorophenyl)-2-oxoet hyl ] thin}-4-oxoazetidin-2- heno acetyl }gl
-ycine (0Y@280561459 028 mmol ) and NVM (0.020 mi, 0.182 ﬁﬁ‘%# H04/0 (2 M) at
30C. After 30 min, N benzylglycine ¢85605 g, 0 030 mm], 98 % was added
and the m xture was stirred at 30C for 30 1h. The reaction was quenched with
water (0.2 nil) and the m xture was diluted with McOH (2 nil). NaBH4 (0. 015
g, 0.397 mmol) was added and the m xture was stirred for 10 mn. Anmonium
acetate buffer (0.1.M 3 nl) was added and nost of the rret hanol was renoved

e o, MR G TS comr S Rok i tebashe S ol drethabe bo G006 Necn
BT e e b e i T
l;lg/? 5 (dDDEﬁ4 25),11?12]8 anl Wzﬂmth@lrﬁorﬁﬁ%lﬁleg@w(ﬂh OBQ]l}ninG'SEZQJErc( éz:sLsdHﬂ’)d. ngZ(QBI- 4. Sl)%ﬂ%)m

o ob. 4ARETS Hiinbiey. TRTGS1E e (e ming)) wed et 208 Cheseaci bty OB SH8. (i n.
15 21,

( KI% [4??‘%?% gh) [‘C@l %morﬁéﬁ@ﬁyﬁ) Z‘}’g%‘? By droPPIREs o ikky 9% 2 71 abBiePet A1 ] t hi o
gihﬂhﬁe 5.3 ph esrsopsmag@mﬁymm}y@d h@h np]z{oqil PheRY) Wakeldieaaqhd TBTU

(0 016 g, was added to a solution of
[4 ((2tke smfspg@d(fgh:éﬁﬁy fognation of the ester was confmned M/z: 736.1 (M-
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and the m xture was stirred at for 2. The reaction was quenched
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preparative HPLC, usi ngqa gradi ent of 20:-50% Me anmoni um acet at e

buf £3r misiuze wanstirosk fies 3G mimstes. Amgongn aersate (16 @g)om@cmﬂdad aod GEosajyerdd %

yield) W\%’I%en?g\;e un%gr %%iucacf'\f)]ra&s%r .Of‘ﬂe rem%e waz punP ed with preparative HPL.C on a

C8 column. A gradient from 20% to 50 % MeCN in 0.1 M NH;OAc buffer was used as
eluent. After Iyophilisation, the tiile compound was obtained as a white solid (7.3 mg, 54 %)
H-NMR (400 MHz, DMSO-dg): 0.70 (d, 3H), 0.79 (d, 3H), 0.83 (d, 6H), 2.00 (m, 2H), 2.86-

20 2.92 (m, 2H), 4.07 (brs, 1H), 4.25-4.29 (m, 1H), 4.40 (m, 1H), 4.59 (brs, 2H), 4.72 (m, 1H)
5.03 (d, 0.58), 5.05 (d, 0.5H), 5.68 (brs, 1H), 6.95 (4, 28), 7.06-7.16 (m, 4H), 7.19-7.24 (m,
2H), 7.29-7.37 (m, 4H), 7.80 (d, 1H), 8.05-8.15 (brs, 1H). M/z: 682.1 (M-H).

25 Example 54

N-{[4-((2R,3R)-1-(4-fluerophenyl)-3-{]2-(4-fluorophenyl)-2-hydraoxyethylithio}-4-
oxoazetidin-2-yl)phenoxylacetyl}-D-valyl-D-valine |

30
N-{[4-((2R,3R)-1-{4-fluorophenyl)-3-{ [2-(4-Fluorophenyl)-2-oxoethyl]thio }—4—oxoazeti6in—2-
ylphenoxylacetyt}-D-valine (11.9 mg, 0.02 mmeol), fert-butyl D-valinate hydrochloride (5.6
mg, 0,027 mmol) and N-methylmorpholine (10 gl, 0.092 mmol) were dissolved in DCM (1.5



__________ l
IR DVBO— 400 MHz) T 3 2.83-2.95 (m 213), 3.75 (d, 2F1), 4.24-4.28 (m
1H), 4.54 (s, 25 1H), 4.68-4.75 (m 1H), 5.02-5.06 (m 113), 6.95-7.03 (m
211), 7.04-7.38 (m 20H), 8.43-8.51 (m 111), 8.90 (s, 111). Exanple 50 /

30 | ,
N-{ [ 4- ((BR2YBISHA- F uor ophenyl ) - 3- { [ 2- (4- f1 uor opbenyl = 22y dr oxyet | 1yl ]t hi

0}-4- oxoazeti di a- 2yl ) phenoxy] acet yl ¥8¢ycyl gl yci ne WO 2005/ 061 152 -
PCT/ SE2004/ 001960 -93 N-{ [4-((2R 3R)-1 -(4-Fluorophenyl)-3-{

[ 2- (4-Fh Qﬁf&P BeRH 2 TOROELITY gt b'@ﬁ mﬂol@%za‘%ﬁib&“aﬂd #ie reaction mixture was
yl )phenoxy aeetyl } gl ycyl gl ycine (0 0.018 nmmol ) was di ssolved in MeOH
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and N-methlm)%hollne(SSul BéAfter 5 mnutes, TBTU
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overni r 7 The
i xt or Bger iyeel SRR, (el Nl iony %, RO RS gnd Ve pla sl o
2) . Thenlah @ahing, ﬂ)&‘ﬂﬁe}lmmnéd}m DMM)DWW% ()5’9F0 87 (mIPH}, 192- The
aqueous phase vva extr I? \ﬂl DCM 2x5 n.) ., nbi ned or anl c_phases
V\,eréﬁdﬂ)éc[m@@@:Z 6-2.92 m,?. ), 4.01 (brs, 1H), 4.25 (d, OSH) 428(d 0.5H), 4.32 S)
| 4.57 (d, 2H), 4.67-4.76 (m, 1H), 5.03 (4, 0.5H), 5.05 (d, 0.5H), 5.69 (brs, 1H), 6.93 (d, 2H),
7.04-7,17 (m, 4H), 7.18-7.25 (m, 2H), 7.29-7.38 (m, 4H), 7.85 (d, 1H), 7.96 (brs, 1H). M/z:

682.1 (M-H).

20
Example 55
—~
.
N-{[4-((2R,3R)-1-(4-fluoropheny))-3-{[2-(4-flucrophenyl)-2-hydroxyethyl]thio}-4-
oxoazetidin-2-yl)phenoxyJacetyl}-D-valyl-L-methionine
25

N-{[4-((2R,3R)-1-(4-Fluorophenyl}-3-{[2-(4-fluorophenyl)-2-oxoethyl]thio }-4-ox0azetidin-2-
ylphenoxylacetyl}-D-valine (13.3 mg, 0.023 mmol), fert-butyl L-methioninate hydrochloride
30 (7.4 mg, 0.031 mmol} and N-methyimorpholine (10 ul, 0.091 mmol) were dissolved in 1 ml.
After 5 minutes, TBTU (8.9 mg, 0.028 mmol) was added and the resulting suspension was
stirred overnight. Additional ferz-butyl L~-methioninate hydrochloride (2,1 mg, 0087 mmol),
N-methylmorpholine (5 ul, 45 pmol) and TBTU (2.1 mg, 6.54 umol) were added and the




Na2SO4, filtered and concentrated. Formc acid (1.5 m) was added and the
reaction mxture was stirred overnight. The formate of the internediate
acid was obtai ned, The solvent was renoved under redugﬁg gr ez@l ?el:,]r t ol uene
(3x1 m WRELEiHat and evaporated. The residue 30 was SEIVEPH Mo (1.5
m) and triethylamne (90 I, 0.65 mu%¥)-was added and the reaction mxture
was stirred for 1 hour. Sodi um borohydride (4.0 ng, O. 11 nl nol ) was added

and t he; i f
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}-4- oxoazetidin-2-yl)phenoxy]acetyl}-D-valylglycine 10 J
N ([ 4_1(1@2th (1:1@121143131 @@dl@ﬁhé ydrg:le{( 9 mg, 0, fﬁ mmol) was added. The resuiting
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dried over filtered and concentrated. Form c acid was added

and t HEDsdk ’L?c-l 8% (mé}ﬁeéﬁadw@ﬁétz Koever, rﬁl@hﬁ 861‘1?’1823(@2! Vet 2\% Jef®ved

d h
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added.7 g6 yeegh, 480, M.2E-I08 WAL 730e03¢ om, 2E)NT.80tES 1HTme3:anivﬁm Myas
renoved under reduced g/{essure The residue was purified on preparative HPLC
on ¥ ¢84.0 (M-1) and 716.1 (M+H)

Example 56

20 N-[(4-{(2R,3R)-1-(4~{luorophenyl)-3-[(2-hydroxy-2-phenylethyhthio]-4-oxoazetidin-2~
yl}phenoxy)acetyl]glycyl-D-valine

25 (“4-( (2R 3R)-1-(4-Fluorophenyl)-4-ox0-3-[(2-oxo-2-phenylethyl)thiojazetidin-2-
yl}phenoxy)acetic acid (15 mg, 0.043 mmol), zer-butyl glycyl-D-valinate hydrochloride,
(143 mg, 0.054 mmol) and N-methylmorpholine (14 ul, 0.13 mmol) were dissolved in DCM
(2 ml). After 5 minutes, TBTU (16.9 mg, 0.053 mmol) was added and the reaction mixture
was stirred for 2.5 h. The formation of the ester was confirmed. M/z: 678.35 (M+H). The

30 solvent was removed under reduced pressure. The residue was dissolved in EtOAc:DCM
(1:3) and purified on silica gel (1 g) using EtOAc:DCM (1:3) as eluent. The fractions were
collected and concentrated. The residue (0.029 g) was dissolved in DCM (3 ml) and TTA (0.5

ml) was added. The reaction mixture was stirred overnight. The solvent was removed under
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colum. A gradient from20%to 50 % MeCN in 0.1M ammoni um acetate buffer -
was used as 25 eluent. After |yophilisation, the title conpound was obt ai ned
as a white solid (6.2 ng, 48 HRMS cal ed for C32H33F2N3O7S 641, 2007, found

642. 208 0 Exanpl e 53 CT/ST2004/001960
N-{1 4-( ( é%""’l“&-ﬂ uor ophenyl ) - 3- {[ 2- (4- f | uor ophenyl 5= - hydr oXyet hyl ] t hi o
}-4- oxoazeti di n-2-yl ) phenoxy] acetyl }98-val yl - L-val i ne WD 2003/ 061452

PCT/ SEZ004/ 001960 -95 N- { [4- ((2R 3R)-1- (4-Fl uor ophenyl )-3-1
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hydr octedsiduedeay 5158311@1 in Ble@fé 5 miimnci S@chum\bmhmndm(rlﬁtﬁ)mm@ 4p1mme]) wao. 091

ol ) R GHE SRR A TR 2 J P ArRPREn Sea e GALT B Ed ona

tert- bFde d AV Aol SRR rr@ﬁlmf&:{ bﬂ&r(rédlﬁ:eﬂ%res%m?c k) resitine %’s iR RARY | ne
(6.5 58 pnol) and TBTU ( eq) were added and the
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50 % MSEZN2i(W-+H)Y M NHAOAC buffer was used as el uent After |yophi Ilsatld
the title conmpound was obtained as a white solid (7.3 rug, 54 %9 H NWVR (400
MHz, DMSO-d6): 0.70 (d, 3H), 0.79 (d, 3H), 0.83 (d, 611), 2.00 (m 211),
2.86 20 292 (m 213), 4.07 (brs, 1H), 4.25-4.29 (m 1H), 4.40 (m 1H), 4.59
(brs, 21-1), 4.72 (m 1H 5.03 (d, 0.5H), 5.05 (d, 0.5H), 5.68 (brs, IH),
6. 95 (ExafiMie57.06-7.16 (m 4H), 7.19-7.24 (in, 211), 7.29-7.37 (m 4H,
7.80_(d, 111), 805815(brs 11). Mz: 682.1 (MM 25 Exarrple 54

N. {Fﬁ ((2R,3R) - 1-(4-fiuoroplaenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyet hyl]thi

0} - 4- N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{{2-hydroxy-2-(4-methylphenyl)ethyljthio}-4-
oxoazetidin-2-yl)phenoxylacetyl}glycyl-D-valine

[4-((2R,3R)-1-(4-Fluorophenyl)-3-{{2-(4-methylphenyl)-2-oxcsthyljthio }-4-oxoazetidin-2-
yl)phenoxylacetic acid (15.0 mg, 0.043 mmol), tert-butyl glycyl-D-valinate hydrochloride Q
~ (10.8 mg, 0.04 mmol), N-methylmorpholine (10 pl, 0.09mmol) were dissolved in DCM (2
ml). After 5 minutes, TBTU (12.1 mg, 0.04 mmo!l) was added and the reaction mixture was
25 stirred overnight. The formation of the ester was confirmed. M/z 690,13 (M-H) and 692.15
(M+H).The reaction mixture was purified on silica ge! (1 g) and eluted with EtOAc:DCM
(1:4). The collected fractions were concentrated. The oily residue was dissolved in DCM (1.5
mil) and TFA (1 ml) was added. The reaction mixture was stirred for 2.5 h. The solvent was
evaporated. Toluene was added and evaporated to assist the removal of TFA. The residue was
30 dissolved in methanol (1.5 ml) and sodium borohydride (12.2 mg, 0.32 mmol) was added.
Additional sodium borohydride (4.2 mg, 0.11 mmol) was added and the mixture was stirred
for 15 minutes. The solvent was removed under reduced pressure and the residue was purified

on preparative HPLC on 2 C8 columm. A gradient from 20% to 50 % MeCN in 0.1M




oxoazeti di u- 2-yl ) phenoxy] acetyl }-D-valyl-D-valine 30 N
+ [4-((2R 3R)-1-(4-fl uorophenyl)-3-{[ 2-(4-Fl uorophenyl)-2-oxoet hyl ]t hi o} -4-o0xo0
azetidin-2- yl)phenoxy]acetyl}-Dvaline (11.9 ng, 0.02 mol), tent-butyl

D-val i ng rochloride (5.6 ng, 0.027 mml) and N nethyl norphaoline (10
- pl, o.o@ﬁﬁ%ﬁ?l%re di ssolved in DOM (1.5 WO 2005/ 06145378k 8836bas 001960

-96 m ). After 5 mnutes, TSTU (8.2 7~0. 0255 mmol ) was added and -t he
reaction mxture was stirred overnight. Additional tert-butyl D-valinate

rea i St : . , TBTU
ydr oghh@bhide detdte HhffeB whs AFBY ks ehenfTBA Ay %gﬁﬁg%ﬁdﬁ? t]gétlﬁe E%mﬁ.élgﬂﬁ:g,ag

(2 ng, 6.2 nol) were added and the m xture Irred for
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resulting solution was stirred at 25-30°C overnight. ven
evaporat@d.léndn.t Gl Erid-as (axl @By, and (d.e2ty d7aidgriDedizéad 1H)edsur 636.The
residu s di | v in methanol (1 m) and sodi um borohydride (8.8 ny,

0. 23 r{ﬁ%‘}eﬁf\ﬂgﬁgg(%@g‘g@d The m xture was stirred for 30 m nutes. Anmoni um
acetate (18 ng) was added and the solvent was renoved under reduced
pressure. The residue was purified with preparative (Th HPLC on a C8
colum. A gradient from20%to 50 % MeCN in 0.1 M ammoni um acetate buffer
was used as, el uent. After |yophilisation, the title conmpound was obtai ned as
a whi texampeisd (2.5 ng, 18% . H NMR (400 MHz, DMBO-d6): 0.75 (d, 311),
0-7%-0.87 (m 911), 1.92- 15 2.06 (m 21), 2.86-2.92 (m 211), 4.01 (brs,
.1|4), 4.25 (d, 0,511), 4.28 (d, 0.5H), 4.32 (t, 1H), 4.57 (d, 211),

4. 67- 4V pi-((2R, 3R -(4-RuoBogtlebnyD-B{ 2} (@-fldophenylD-2hivllkoxyetod jihiv}st- 111), 6. 93
(d, 211), 7.04-7 ]ﬁ (m._411), 7. 8-1%. 25 (m 211), 7.29-7.38 (m 411), 7.85
(d, 1H¥oazetiglinyhphenoxylac }.'D"@i@r -tyK@sine ) 20 Exanpl e 55 O

N-{[4-((2R 3R)-1-(4-fluorophenyl)-3-{[Z-(4-fluorophenyl)-2-hydroxyethyljthio
}-4 oxoazetidin-2-yl)phenoxy] acetyl }-Dval yl - L- net hi oni ne

15 N-{[4-((2R,3R)-1-(4-Fluorophenyl)-3-{ [2-(4—ﬂu0rophenyl)-2—oxoethyl}thio }-4-oxcazetidin-2-
yl)phenoxylacetyl}-D-valine (147 mg, 0.025 mmol), added fert-butyl D-tyrosinate
hydrochloride (10.5 mg, 0.038 mmol) and N-methylmorpholine (10 gl, 91 pmol) were
dissolved in DCM (1.5 ml). After 5 minutes, TBTU (9.9 mg, 0.031 mmol) was added and the

_ reaction mixture was stirred overnight. Additional zerz-butyl D-tyrosinate hydrochloride (3.6

20 mg, 0.013 mmel), N-methylmorpholine (10 gl, 81 pmol) and TBTU (3.1 mg, 8.7 umol} were
added. The mixture was stirred for 3 h. The formation of the ester was confirmed. M/z. 800.07
(M-H) and 802.08 (M+H). Aqueous KHSO4 (3 ml) was added and the mixture (pH of 2) was
extracted with DCM (3x5 ml). The combined organic phases were washed with water (2x10
ml), dried over Na;SQ;, filtered and concentrated. The oily residue (22.4 mg) was dissolved

25 in DCM (1.5 ml) and TFA (1.0 ml) was added. The mixture was stirred overnight. The
solvent was evaporated. Toluene was added and removed under reduced pressure. The residue
was dissolved in methanol (2 ml) and sodinm borohydride (14 mg) was added. The solution
was stirred for 10 minutes. Ammonium acetate (15 mg) was added and the solvent was
removed under reduced pressure. The residue was purified with preparative HPLC on a C8

30 column. A gradient from 20% to 50 % MeCN in 0.1M ammonium acetate buffer was used as
eluent. After lyophilisation, the title compound was obtained as a white solid (8.4 mg, 45 %).
1H-NMR (400 MHz, DMSO-dg): 0.70 (d, 3H), 0.76 (d, 3H), 1.90-1.99 (m, 1H), 2.73-2.80 (m,
1), 2.86-2.95 (m, 3H), 3.96-4.04 (m, 1H), 4.06-4.12 (m, 1H), 4.27 (d, 0.5H), 4.29 (d, 0.5H),
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25

N-{(4-((2R 3R) 1- (4- Fl norophenyl)-3-{[2-(4 fIuorophenyl)-2-0xoethy|}th|e)-4-'
oxoazeti di n- 2- yI ) phenoxyl acetyl }-D-valine (13.3 ng, 0.023 nmol), tent-butyl
L- nmet hi oni nat e drochloride 30 (7.4 ng, 0.031 mmol) alfl?r Lgyor phol i ne
(10 Al. ‘@OGQQE’%\’{?P) were dissolved in 1 m. After 5 nin ;‘i‘.\tﬁﬁl &0 (8.9 ny,

0.028 mol ) was added and the resultfi‘a‘?ﬂsuspensi on was sti rred over ni ght.
Addi ti onal ten- butyI L- net hi oni nate hydrochloride (2,1 ng, 0087 mmol),

N- met hyl s ph ok ?If,(ﬁéM?@ﬁnHDH) S0ul (AT B3KY, 3.04 (@.0.86154%.5370l, )zmesma(qqed
and the WD 20051061452 PCT/ SE200 1001960 -97 mixture was stirred for It

The fodbBs 7.84-7015 tihedEst7l8-WaS @bEDr #S8-7.38 ﬁmmﬁ),l? PRATGS @fﬁ-‘é:l 15)73.9 (d
(M-H spension was purified on silica gel (1g) and el uted

Wi th é?%&%ﬁ%é%fs &‘3%) The pure fractions were concentrated and formc
acid (1.5 mM) was added. The solution was stirred at 50C overni ght. The

sol vent was renoved under reduced 5 pressure. Toluene was added and renoved
unders reduced pressure. The residue was dissolved in methanol (1 m) and
sodi um_bor ohégri de (9.9 ng, 0.26 mml) was added. The resulting reaction

m Xt ur rred for 10 m nutes. Ammoni um acetate (18.9 ng) was added and
the solvent was renoved under reduced pressure, The residue was purified
with preparative HPLC on a C8 columm, A gradient from20%to 40 % McCN in
0.1 M gvafjdni( Mﬂ)d&@-ﬁudﬁphﬂﬁyw {\W4—ﬂ;ﬁodoxdwng'l)ubﬂlwdrd!t}teﬁlyl]tyhﬁm-l i sation,
the title coj ouncl aln }%X\Aplte solid was obtained (4.6 ng,

289%) . Pﬁom ml?zeﬂo "’Gl $m&s11), 0.79 (d, 3IT), 1.79-1.97
(in,10’311), 1. 99 (s, 311), 2 36 2.44 (m 2H), 2.86-2.92 (m 21-1), 2.24-4.35
(m "3H), 4.58 (d, 213), 4.67-4.76 (m .111), 5.03 (d, 0.5H), 5.5 (d, 0.5H),
5.63 (t, 14, 6.95 (d, 2H), 7.05-7.16 (m 411), 7.18-7.24 (m 21-1), q
7.30-7.38 (m 213), 7.82 (d, Ili), 7.37 (d, 111). Mz: 15 714.0 (M1) and-
716.1 (M+H). Exanple 56 20

AR R o e s allEts ﬁﬁoﬂ%gﬂérgﬁyz?oxe%wuﬁ&mI&{bmhnflzoxoaze

tidin noxy) acet yI'l gl'ycyt - D val
(4 ((Zﬁlﬁ&n&ﬂa@eﬁﬂ}}ﬁhmﬂmnylﬁ) 7 A-08¥5- 3arpél)- om@tﬂhéﬁy(km—hvﬂoxydwhﬁr@bem din-2

S GG T TN DR RELE AT P I
rmol ) "éﬁés‘alvghsﬁf’b(ﬁﬁ @15 RSV After 5 min, TBTU (9.8 mg, 0.03 mmol) was added and the
reaction mixture was stired overnight. Additional N°-(fert-butoxycarbonyl)-D-lysinate
hydrochloride (3.4 mg, 0.01 mmol), N-methylmorpholine (5 pl, 45 pmol) and TBTU (3.3 mg,
0.01 mmol) were added and the mixture was stirred for 2 h. Aqueous KHSOq4 (3 ml) was
20 added and the mixture (pH of 3) was extracted with DCM (3x5 ml).The combined organic
phases were washed with water (2x5 ml) and dried over Na;SO,. The solvent was removed
under reduced pressure. The crude residue (17.1 mg) was disselved in DCM (1.5 m}) and O
TFA (iml). The solution was stirred for 1.5 h. The solvent was removed under reduced
pressure. Toluene was added and evaporated to assist the removal of TFA. The residue was
25 dissolved in methanol (2 mi) and sodium borohydride (11.5 mg, 0.30 mzol) was added. The
mixture was for ca 15 minutes. After removal of the solvent under reduced préésure, the
residue was purified with preparative HPLC on a C8 column. A gradient from 20% to 50 %
MeCN in 0.1M ammonium acetate buffer was used as eluent. After lyophilisation, the title
compound was obtained as a white solid. (7.8 mg, 43 %). 1H-NMR (400 MHz, DMSO-dy):
30 0.75 (d, 3H), 0.79 (d, 3H), 1.17-1.63 (m, 4H), 1.96-2.06 (m,1H), 2.61-2.69 (m, 2H), 2.85-2.93
(m, 2H), 3.72-3.80 (m, 1HD), 4.12 (t, 1H), 4.27 (5, 0.5H), 4.30 (s, 0.5H), 4.53-5.64 (m, 2H),
4.67-4.76 ( m, 1H}, 5.01-3.05 (m, 1H), 6.94 (d, 2H), 7.03-7.16 (m, 4H), 7.29-7.35 (m, 4H),
7.50-7.57 (brs, 1H), 8.05 (d, 1H). M/z: 713,1.



(2 mM). After 5 mnutes, TBTU (16.9 ng, 0.053 mvol) was added and the
-reaction mxture was stirred for 2.5 h. The formation of the ester was
confirmed. Mz: 678.35 (MtH). The 30 sol vent was renoved under reduced
pressure. The residue was dissolved in EtOAc: DCM (1:3%P g}lﬁgurll%ﬁd on
.silica J¥P20080§345si ng Et OAc: DCM (1:3) as el uent. The FCdHEHE

col l ected and concentrated. The resi<diH {0.029 g) was dissolved in DCM (3
m) and TFA (0S mnl) was added. The reaction m xture was stirred overnight.
The sol vent was renpoved under WO 20051061452 PCTI SE20041001960 -98 reduced
pressure and tol uene was added and renoved under reduced pressure. The

yel l ow sh residue was dissolved in McOH (2 nl) and sodi um borohydride (16.2
ng, 0.43 mio]) was added. The reaction mxture was stirred for 10 m nutes.
Anmoni e (31.4 ng) was added and the solvent was renoved under
reduced pressure. The residue was purified with 5 preparative HPLC on a CS
colum. A gradient from20%to 50 % MeCN in 0.1 Mammonium acetate buffer

was &S A 1 was obt ai ned as
10 o A3 RIS AipbYBHE IR Rk iRl B EAGTIRIS, 025 0P 2

0, 81 (gl}}phéﬂs)xyla@ﬁfl]giydyﬂl(wahnél-i) 2,84-2.96 (m 211), 3.79 (d, 211),
3.98-4.04 (m 111), 4.27 (d, 0.511), 4.30 (d, 0.51), 4.51 (s, 211),
4.66-4.75 (m 111), 5.02 (d, 0.511), 5.04 (d, 0.511), 6.98 (d, 211),
7.10-7.17 10 (m 211), 7.19-7.32 (m 711), 7.36 (d, 211), 7.77 (t, 111),
8.26 (t, 111). Mz: 622.1 (MH .and 624.2 (NH—i). Exampl e 57 15

N-{[4-((2R, 3R) 144-f | uor ophenyl) - 3- {[2 bydroxy - (4. met hyl phenyl ) et hyl ]t hi o} -

4- oxoazetidin-2-yl heno ]acetyl 1 Dval i ne
[+ (pale SRRl 7t B ey Rnedigio) “bowcdet hyl | thi o

-4-0 e but yl
I ycyrg@gﬁ%@%‘%{l? #ﬁ# ocC or| %{ﬁ("a‘g@dﬂ 6ﬁn§n§gm&’w@§é&@§e&)§)ﬁ ]lu{e @%horl %e
(10 1, pQ.0Bhm@dol) weneehsinh&dlméltMr(ZﬁiﬂM&fﬂhﬁbﬂal DENVER, Bhivangagimolfldline12. 1
ng, 0.04 mml) was _added and the reaction m xture was 25 stirred overnight.

The f ok4thith Grléommalh aadt tr-feel wﬁf/kprf@ématmlwdf%b)@ { B HsaRd36 gomeb

(E,'[VH'OZD % ﬁc?c%ﬁtdff%? 08 KtHAGnERSRHE Wak §8r:08 15 16 GRn88L. TRTY (lﬁ%dmil Htﬂ%g with

15 mmoel) was added and the mixture was stirred overnight. The formation of the ester was

confirmed. M/z: 746.1. The solvent was removed under reduced pressure and the residue was
purified with preparative HPLC on a C8 column. A gradient from 20% to 50% MeCN in 0.1
M ammonium acetate buffer was used as eluent. After lyophilisation, the obtained compound
was dissoived in DCM (2 ml) and TFA (1 ml) was added. The reaction mjxture_ was stirred
20 for 2.5 h. The hydrolysis of the ester was confirmed. M/z: 604.2. The solvent was removed
under reduced pressure. Co-gvaporation with toluene was performed to assist the removal of
TFA. The residue was dissolved in methanol (2 ml) and sodiﬁm borohydride (9.2 mg, .24
mmol) was added. After 15 minutes, the solvent was evaporated off and the residue was
purified with preparative HPL.C on a C8 column. A gradient from 20% to 50 % MeCN in 0.1
25 M ammonium acetate buffer was used as eluent. After Iyophilisation, the title compound was
obtained as a white solid was (4.0 mg, 28%). H-NMR (400 MHz, DMSO-dg): 0.78 (d, 6H),
1.95-2.04 (m, 1H), 2.83-2.97 (m, 2H), 3.76 (d, 2H), 3.89-3.95 (m, 1), 4.26 (d, 0.5H), 4.30
(d, 0.5H), 4.51 (s, 2H), 4.67-4.75 (m, 1H), 5.01 (d, 0.5H), 5.03 (d, 0.5H), 6.98 (d, 2H), 7.03 (t,
1H), 7.17-7.22 (m, 3H), 7.23-7.32 (m, 6H), 7.36 (d, 2H), 7.55-7.65 (m, 1H), 8.29 (t, 1H). M/z:

30 603.96 (M-H).

Example 61



\
(14)y—The cottected fractions were concentrated. The oily residue was
dissolved in DCM (1.5 m) and TFA (1 nml) was added. The reaction m xture
was stirred for 2.5 It. The solvent was evaporated. Tol uene was added and
evaporat ed t S3 st the renoval of TFA. The residue ed in
met hanol ?iﬂogmﬁ\ and sodi um bor ohydride (12.2 nyg, \é\géT%%F@mﬁﬁwdd d.
Addi ti onal sodi um borohydride (4.2 rrg1,020. 11 nmol) vvas added and the m xture
was stirred for 15 mnutes. The sol vent was renoved under reduced pressure
and the residue was puri fi ed on preparative HPLC on a C8 columm, A gradient
from20%to 50 % MeCN in | M VWO 20051061452 PCT/ SE20041001960 -99 anmoni um
acet atH—{lﬁ‘h{ﬁ‘larl”ma}s(‘l:rsbbr'a&h@)’@e‘ﬁrt{[%[ﬁﬂ"ﬂdﬂmeﬂ)ﬁ Bxdnoxgethylighioi e conpound

bt jabi ¢ 52.% . H NWR (400 MHz, DVBO d6
0. 80 ?%F‘”aa!ég in-ryglt e@@@%‘@#‘lﬁiﬁﬁ-ﬁﬁ%(brf 2, go 2.94 (m 211), )3 78 -
(d, 211), 4.00 (brs, 1H), 4.23 (d, 0.511), 4. ~ (brs, 0.513) 4.51 (s,

21-1), 4.61-4.70 (m 1H), 5.00 (in, 111), 6.97 (d, 2H 7.06 (d, 211), 5
7.1067.18 (m 4H), 7.19-7.25 (m 2H), 7.34 (d, 2H), 7.76 (brs, 11-1), 8.26

N{[4H%‘((;§%éﬁ ?ig((ﬁﬂm%%g%ﬁ%?@ﬂﬂ%{%%wﬁam ﬁwﬁ Pf“zoxr?%*?t&w@t hyl ]t hio |

-4-
b oaeabkhnre  AseneieyD o8 shilly; R-itehyhndphiRS{10%1, 889 mmo) and
[ 2- (4-fekrinuty péiwmwﬂimbyméﬂlbhdm)ummm minolowere dissolved in DCM (2

| h | | , added b |
1 r ombmtier 10 Jeibeien B TUCLL0nE, BT Gimah " aiedame Re qmhye foRoRne (10
'n;', 1%_Mﬂgﬁ%@@wgg@ﬁﬁlgﬁﬂﬂem&&éﬂm@ @&/&%ﬁswpﬁﬁ o IBEHOLY: 9

reactron mxture was overnight.

Addi t | @bahret i exitictdd tivyero siatert(@0 hut;lraoﬁiﬁadruodﬁ-l(o’f B vzt KEISOJ, Q@A8) mml )
N-rreth Im)r hoI e (10 1, 91 pnpl),and TBTTJ .ml ) were N
added. DERE (IR ruh Theepmalined @@aRs pheses W%B’W‘é‘ﬁﬁﬁ‘tﬂi‘ &Yﬁteé@?ﬁ%efﬂés@l@d NS

conf i i %qa.'vlﬁlztereﬁ%gd%g cefa%a ) ’I‘?l@%l@%&gge (v%' S30 %Wﬁ%ﬂa‘%d%ﬁﬂms

added an m xture extract e

conbi ngcB mlpwat addedaTas mirines was hedemvemmt él‘he( Q»Néht wﬁs)evaphsﬂmd adedo-
Na2SO4, filtered and concentrated. The ojly residue was di ssol ved
25 ih DEpeRion with telpeneras (periorey taa%ﬂafdé@drenmél e’rfame@dw g

over ni gl ivell 1§ methanol (2 ml) and sodium borohydride (12.3 mg, 0.33 mmol) was added. After

15 minutes, ammonium acetate {17mg) was added and the solvent was removed under
reduced pressure. The residue was purified on preparative HPLC on C8 column. A gradient
from 20% to SO'% MeCN in 0.1M ammonium acetate buffer was used as eluent. After

20 lyophilisation, the title compound was obtained as a white solid (15.1 mg, 77 %). H-NMR
(400 MHz, DMSO-dg): 0.78 (d, 3H), 0.80 (d, 3H), 0.95-1.03 (m, 1H), 2.83-3.00 (m, 2H),
3.75-3.80 (m, 2H), 3.93-4-00 (t, 1H), 4.30 (d, 0.5H), 4.36-4.38 (brs, 0.5H), 4.52 (s, 2H), 4.69- Q
477 (m, 1H), 5.02 (d, 0.5H), 5.06 (d, 0.5H), 6.96-7.00 (m; 2K}, 7.18-7.22 (m, 2H), 7.31-7.38
(m, 8H), 7.60-7.74 (m, 1H), 8.28 (t, 1H). M/z: 671.9 (M-+H).

25

Example 62

N-{{4-((2R,3R)-1-(4-chloropheny})-3-{{2.(4-chiorophenyl}-2-hydroxyethyl]thio}-4-
30 oxoazetidin-2-yl)phenoxylacetyl}glyeyl-D-lysine




_sol vent was evapor at ed ToI uene was added and renoved under reduced
pressure. The residue was dissolved in nethanol (2 m) and sodi um
borohydride (14 ng) was added. The solution was stirred for 10 m nutes.
.Ammoni urWacet# e+ 15 ng) was added and the sol vent was PUTSSEIEAUMer
reduced pressure. The residue was puirvyjé’\red Wi th preparative HPLC on a CS 30
colum. A gradl ent from20%to 50 % in 0.1M amoni um acet ate buffer was

uni Lo o [ﬁd& B3 g o bomi R W pheD Dusooey o T & cpameaay. 0. 76

d 313 73-2 5
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20051044539 \%EE/ I=46R44 0R1960M 20604 z@@rﬂu 1 N“ﬂare%%)oxyéa@al%fga~fﬁ17@iﬁbtell 1),

5.02 (d, 0.511), 5.04 (d, 0.511), 6.53 (d, 211) (q

(m 41nydroclﬂmedez (P51 (g, 0X00) mnml:seaw@@d(md Ay 5 Mis8es7TBTU 1.8 mg 01)31 7. 91
NUz

[4 (%2 wis @ﬂgﬁiﬁ’o@éﬁ%’ﬁ?ﬂ?n @ﬁ%’@fﬁ"r%ﬁ“&ﬁﬂé’ﬁﬁw . Agdditiongleteriityhni o) . 4

N [X?xa%‘ﬁ e AT RERS (4.8 e 0N, bl M imorgholine (10 11, 8L 1 4.
oxoaz epnxd)l)mﬂﬂ TB/TI)JF(hérmg,)[] @cemydoly @emaaldtlsﬁtbar(dlkﬁe i’mxﬂw@ﬁi’és Hﬂﬂi@é@ fortoad e Thet yl

N6- (tert but axycar bonyl 15 | ysi nat drochloride (10.3, 0.03 mml) and
N—rreth (ARBHARE ?( Séefo’vwconﬁam%rym ﬁﬁé@ﬁés% @mﬁ@e\w@r@ml)wewter 5

3 t
Gt i oot aiBol gl AT A B0 £ BCS ARCRS, LARE TR pfBefic bask
hy droclvashidddeitl] Jrafern®x3 210 Thamﬂnhlncwmér@bmrms kk gctébwith I§K5M} (215{5 IH)_]) and

TBTU (3.3 ng,  0.01 mmol) were_added and the m xture was stirred for 2 h.
Aqueou$ hPEaRiq BIas Wanakied @vattiah i dilterd W@G?@Wdﬁﬂd lmdesyednaed BresyHet ed

Wi th ter. (2x5

m ) a%ﬁgdesgé\i})eer\;%g%@%dfﬂﬁ @(gf@@ )v%/gg re éﬂ[rs T ed u@ggﬁ%r"éagsure
The cr ygie=d g6f A% H.1Thd niglurvedadiceS@hueddi ﬁthGMe@ép&ram:i vl tolliede (WdB ) .

The solution was stirred for 1.5 h. The solvent was renoved under reduced

pr essupeformsiduionassishtheagaoralaofd Baapbe msedict wasadisiodved memebanaial? o) a0EA. The

res Ilgugoavi\%% borohydride (10.4 mg, 0.027 mmol) was added. After 15 minufes, ammonittm acetate

buffer (0.1M, 1.5 ml) was added and the solvent was removed under reduced pressure. The
residue was purified with preparative HPLC on a C8 column. A gradient from 20% io 50 %
MeCN in 0.1M ammonium acetate buffer was used as eluent. After lyophilisation, the title
compound was obtained as a white solid (10.8 mg, 59 %). H-NMR (400 MHz, DMSO-d):

20 1.18-1.36 (m, 2H), 1.41-1.70 {m, 4H), 2.71 (¢, 2H), 2.84-2.97 (m, 2H), 3.72-3.75 (brd, 2H),
3.93 (m, 1H), 4.30 (d, 0.5H), 4.34 (d, 0.5H), 4.52 (s, 2H), 4.68-4.77 (m, 1H), 5.03 (d, 0.5H),
5.07 (d, 0.5H), 6.98 (d, 2¥), 7.20 (d, 2H), 7.31~7.38 (m, 8H), 7.63-7.72 (1, 1H), 8.34 (1, 1H).
M/z: 705.1.

25
Example 63

(2R)-2-[(N-{[4~((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyllthio}-
4-oxoazetidin-2-yl)phenoxylacetyl}glycyDamino]-4-phenylbutanoic acid
30



l

25 dissolved in nethanol (2 nl) and sodi um borohydride (11.5 ng, 0.30 nrnol),
was added. The mxture was for ca 15 mnutes. After renoval of the sol vent
under reduced pressure, the residue was purified with preparative HPLC on a
C8 col umm, dient from20%to 50 96 MON in O 1M agm te
buffer wé’éo 6@8/8 W el uent. After | yophi lisation, the ti F?P@tﬂﬂ/ﬁ@g\hg
obtained as a white solid. (7.8 nmy, 4304y, 1H NVR (400 Mz, DIVISO d6) : 30
0.75 (d, 311), 0.79 (d, 311), 1.17-1.63 (m 4H), 1.96-2.06 (m11 1),

2. 61-2. 6314 Mo RAM)-1- ?ﬁib?o Snyl§-m{{ Zl—)ﬂuoﬁa hén ﬁ(bxbgﬂh Mio A[ﬁ(%afd{ldlﬁl-iéf)
427 (A R e A s et

5.01- 5. }Q}g‘ph@nwxmcr;yl }@y@xﬁe((d4 4zmgg, Ozﬂﬂsmnqlb a(nch Nm@hylnmm@almesgi n:i &14)

7p?:'(|)'/ ;F_fgé’@ %%f 0. V%Q%@d%pbl ?ggteg y mmuzcls.s T]B‘I‘T.}Aﬂ(; Q%é,%Ga?,Zlmmol) was
N[ (4- (éd%%l 3R t% [Té%u?é’% Qierd BNSOXH 8 il (mgapgﬁur&h@@né@as&wﬂlﬁe 2-

yl } phenoX 'ycyl ne 10 [4-((2R 3

((5, 5 Diche{3y hrgZO@BE e, v&sd!dde«hmc? thd Joietoteyis dnmd}at aﬂ:b@snmelﬁpcrature for
phenyl azeti di n-2-yl) henoxg/[e acetlc acid_ (12. 6 g

R oy o o 3t fariain of the germedinn o Pz 70ROk D (36 ya)

ol yeyl R s byl it i ah ﬁﬂ?ﬁm&%&%ﬁ%ﬁ%&ﬂﬁﬁ R
h and t Qe gSIUh%)Vﬁﬁs s8ddd. ethel RExmbi wambﬁ&ntﬁaataddl uSfiet) with Bbpadativanol )
was added and the m xture was stirred overnlg The formati on of the ester

was codPLEnrda G4 zelum A gravient Semy SR (45 Yo MeEdY inufdév anadonisen mﬁ'éﬁsur e

or act VT ot a9 2 Bk bRy SRR BRI ooainPa? obiirdd ik vate o

el uent . sdﬁﬁt(gm ﬂlgcgm%l)l $ANNOR (440RIERD DNISENSonpaRd (rrv\lﬁlﬂ)dl 850 9%6n) @7

m) and TFA (I ™) was added. The reaction m xture was tirred 20 for

The hydl 492730 2N 8.5252.88 (a2 ohFT (dedfD), M-4.804m2 1H15hé 23 ddyﬁﬁﬁﬂ)mgl

o avel G USEE 4 STIR A RBURA! G, B SUPRGL B sl égweﬁﬁ%@mﬁ

and sodj ymdoraRyelio.ded gn%ﬂg 7.50-248 (mm:lﬂ) e ’ﬁ@@j%ﬂi, Y 8135 : t he

sol vent vvas evaporated o the residue was purifie W|th reparatlve
HPLCl®r708.008Mdd). uim. A gradient from 20%to 50 % MeCN in 0.1 25 M amoni um
acetate buffer was used as eluent. After |lyophilisation, the title conpound
was

Example 64

20 (2R)-2-[(N-{[4-((2R,3R)-1~(4-fluoraphenyl)-3-{[2-(4-fluerophenyl)-2-hydroxyethyl]thio}-
4-oxoazetidin-2-y)phenoxyjacetyl}glycyhamine]-4-(4-hydroxyphenyl)butanoic acid

N-{14-((2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-flucrophenyl)-2-oxoethyl]thio }-4-ox oazetidin-2-
25 yl)phenoxylacetyl}glycine (15.2 mg, 0.028 mmol) and N-methylmorpholine (15 pl, 0.14
“mmol) were dissolved in DMF (2 ml). TBTU ( 10.5 mg, 0.033 mmol) was added and after 20
minates (2R)-2-amino-4-(4-hydroxyphenyl)butanoic acid hydrobromide ( 9.2 mg, 0.033
mmol) was added. The reaction mixture was stired for 1.5 h. The formation of the
intermediate acid was confirmed. M/z: 718.3. MeOH (2 ml) and sodium borohydride (10.7
30 mg, 0.28 mmol) were added and the mixture was stired for 20 minutes. Ammonium acetate
(34 mg) was addded and the methano! was removed under reduced pressure. The residue was
purified with preparative HPLC on a C8 column. A gradient from 20% to 45% MeCN in

0.1M ammonium acetate buffer was used as eluent, After Iyophilisation, the title compound



~Obtained as a white solid was (4.0 ng, 28% . H NlvliR (400 MH z, DMVSO- d6):
0.78 (d, 611), 1.95-2.04 (in, 1H), 2.83-2.97 (m 213), 3.76 (d, 21:.3),
3.89-3.95 (m 1H), 4.26 (d, 0.513), 4.30 (d, 0.5H), 4.51 (s, 2H), 4.67-4.75
- (m 111ywo fofidsigst, 0.5H), 5.03 (d, 0.511), 6.98 (d, 21BQT/SE20080(1960 113),
7.17-7.22 (m 311), 7.23-7.32 (m 61%4}s.7.36 (d, 211), 7.55-7.65 (m 113),
8.29 (t, 111). Mz: 30 603.96 (MH). Exarrpl e 61 WD 20051061452

PCT/ SE2004/ 001960 - 102

N-{ [ 4-¢{20btaRpd & gzwhim Sﬁ’ﬁddﬁéﬂ%} 4’8%I~[I?NMRC(HO®ri\léﬁheBMSO-Zk}nﬂd}ﬁekﬁét(myI Jthio
%44(52 i,a@zﬁggammma@%ﬁﬁ;@@m g’f\é&rs};%,)3?%7:&954%}?1})141%% 4o
(6w @ B350 YL PRt Spa @430 o, 1D, S W) s B A b rBeRnol

ng, 0. @39HNRY) (iR, 608 $d| 28 7i05- DO 241N 1120786181, 280, TBOT3S(m, W8T (11. 9

nmg, 0.037 mol) was added and the m xture was stirred 10 overnight. The

i nt eF mbAT-dt% et bRiBY (e b8 Na8.36 dbi, itFdd/z: VS0 (¥2FD8 (M H). The reaction
m xture was extracted between water (10 ml, acidified to pll of 3 with KHSO
(2M) and DCM (3x10 m). The conbi ned organi c phases were washed wth water
(2x20 m ), dried over Na2SOX4, filtered and concentrated. The oily residue
was dissolved in DCM (2 m) and TFA (1.3 nil) was added. The m xture was
sti rr efxmmpieré3ght . The sol vent was evaporated and co 15 evaporation with

tol uene was perfornmed to assist the renoval of TFA. The residue was

di ssolved in nethanol (2 m) and sodi um borohydride (12.3 ng, 0.33 nmol) was
added. After 15 m nutes, anmmonium acetate (17ng) was added and the sol vent
was fenoved under reduced pressure. The residue was purified on preparative

HPLC oN.{[m((?gl,mmy(&ﬂabaﬁir@n?rl)d-{[m W%(%%Nk.fﬁgdg?il)gwmi um

acetate buffer was used as eluent. After 20 |yophili , the title
conpousxbagelidioni- g plaenoxslagetghigiecybO-2lanings. 1 ng, 77 %. H NVR (400 Mz,
DMSO-d6): 0.78 (d, 3H, 0.80 (d, 3H, 0.95-1.03 (m 1H), 2.83-3.00 (m 213),
3.75-3.80 (in, 211), 3.93-4-00 (t, 1H), 430 (d, 0.514),4.36-4.38 (brs,
0.5H), 4.52 (s, 211), 4.69- 4.77 (m IM 5.02 (d, 0.5H), 5.06 (d, 0.511),
6.96-7.00 (m 211), 7.18-7.22 (m 211), 7.31-7.38 (m 8H), 7.60-7.74 (m
111)5 8-{28-((2R,3RAU{4-Fivbraph6idl) 8- ([ McHmethoxyphenyl)-2-oxoethyl]thio }-4-

oxoazetidin-2-yl)phenoxylacetyl } glycine (0.04 g, 0.072 mumotl) and N-methylmorpholine
(0.022 g, 0.217 mmol) were dissolved in CH,Cly (4 ml). tert-Butyl D-alaninate hydrochloride
(0.016 g, 0.087 mmol) and TBTU (0.030 g, 0.094 mmol} were added. After 2 h, the reaction
mixture was purified on silica gel and eluted with EtOAc/ CH,Clz (25/75). Pure fractions

20 were collected and concentrated. The residue was dissolved in CHRCly (3 m!) and TFA (2 ml).
The hydrolysis was completed after 2h. The reaction mixture was concentrated and MeOH (3
ml) and NaBH, (0.011 g, 0.290 mmol} were added. The mixture was stirred for 3 minutes.

The reaction was quenched by the addition of 0.1M NELOAc buffér (2 ml) and the solvent

evaporated. The residue was purified by preparative HPLC using an eluent of 0-50% CH;CN

25 in 0.1M NH;OAc buffer. Freeze-drying of the pure fractions afforded the title compound
(0.030 g, 66%) as a colourless solid. M/z: 624.2, (M -1). TH NMR [(CD3),S0), 400 MHZz]
8 1.16 (d, 3H), 2.83-2.93 (m, 2H), 3.68-3.74 (m, 5H), 3.88-3.95 (m, 1H), 4.23-4.26 (m, 1H),
4,51 (s, 2H), 4.60-4.70 (m, 1H), 5.00-5.03 (m, [H), 6.81-7.37 (m, 12H), 7.74-7.79 {m, 1),
8.29-8.34 (m, 1H).

30

Example 66



|

25 Exanple 62 .
N-{[4.((2R 3R)-1-(4-chl orophenyl)-3-{[2-(4-chl orophenyl)-2-hydroxyethyl]thio’
}-4- 30 oxoazeti din-2-yl)phenoxy]acetyl }glycyl -D-1ysi ne WO 2005/ 061452

PCT/ 8E2004/ 001960 - X03 ,
N { [ 4- (( 2ROAPYAYIE chl or ophenyl ) - 3- {[ 2- (4- chl or opheny| ) EGUEI¥IPP hi 0} - 4-
oxoazetidin- 2-yl)phenoxy]acetyl}glyciLnpgs(14.6 ng, 0.026 mmol ) and

N- net hyl nor pholine (20 p.1, 0.18 znnol) were dissolved in DCM (2 nm).

o B R AL DL R AR eb o A s 0.0
(2 {1 PUERAIRL R ERG B IS icre ertbuy

(10 p1, 91 pnol) and TETU (4.6 ng, 0.014 mol) were added and the m xture

was stirred for 2.5 1t The formation of the ester was confirned. Mz: 855.4
(MH. DCM (3 mM) and water (5 tail) were added and the sol ution was

v or S e Bt (R e el SR QBT LB i BB ROA )
T . : e y 1
e P s R L R L
m ) was daskdegktidiine-yijphenvxylavasy! } gicine €el02Dg, R046 lmmdlhia DR (@rml) wa30 °C.
concentrat ed and ¢o-evaporation wth tq%é)%]e was, . perfornmed to, assist the

renoval Adter thal-amipocyelgprppanserabox dica 19 b K3rimmob) was addagh Afler Wedi um

bor ohydt, d 10. » t ' um
acet at o eigrR o B cheddS T Bd bR IRt oBer 10 b B STORTTAD . e
reduged apd BB, €0.035 ¢, 0.025 iouisl) Wase addedf Feltlcomivehid tOpRs edrrespotithakohdl C8
colum. A gradient from20%to 50 % MeCN in G | Mamonium acetate buffer

was usedvasbisinedradter Aminutes.yidisieacting wasrquenekedihy the addiiom ef A d MNELOWtcai ned )

whi, t ' 10. 8 v D9 9 Q da., - 18 6
ory - 1 beftef g Tl puftnea i hEAGRR AbFe GRS i ito g (T
211),  3g9dHAd Ebffe’f% FPrecz8-Bfng Of the @&éfﬁacﬂaﬁ%ﬁcﬁde&héﬁﬂé coﬁg@@nc{ ®.084L) .
4.68.4. 77 ¢in, 111}, 5.03 {d- 0.511). 5.07 (d, 0.511), 6.98 (d 2A° 7.20
(d, 211773%0).284 CﬁlOﬁﬂG{BrmHﬂllH NMR 63750, #00 MILE)3 0.88-8483((m, 2ED1).08-1N2% :

705. 1. 25
15 (m, 2H), 2.84-2.94 {(m, 2H), 3.63-3.72 {m, 2H), 4.24-4.28 (1, 1H), 4.48-4.52 (m, 2H), 4.68-

4.75 (m, 1H), 5.03-5.06 {m, 1H), 6.96-7.37 {m, 12H), 7.78-8.36 (m, 2H).

Example 67
20

N-{[4-((2R,3R)-1-(4~-chlorophenyl)-3~-{[2-(4-chlorophenyl)-2-hydroxyethyl]thio }-4-
oxoazetidin-2-yD)phenoxy]acetyt}glycyl-3-methyl-D-valine ( r)

25 TBTU (0.020 g, 0.063 mmol) was added to a solution of N-{[4~((2R,3R)-1-(4-chlorophenyl)-
3-{{2-(4-chlorophenyl)-2-oxoethyl]thio } -4-oxoazetidin-2-yl)phenoxylacetyl } glycine (0.030
g, 0.052 mnllol) and N-methylmorpheline (0.016 g, 0.157 mmol) in CH;Cls (5 mi) at 30 °C.
After 30 minutes, D-tert-leucine (0.008 g, 0.063 mmol) was added and the mixture was stirred
for 30 minutes. The reaction mixture was concentrated. Toluene (2 ml) was added and

30 evaporated. MeOH (3 ml) and sodium borohydride (0.020 g, 0.523 mmol) were added. Full
conversion to the corresponding alcohol was obtained after 5 minutes. The reaction was
quenched by the addition of 0.1M NHyOAc (1 m!) buffer and the mixture was concentrated.
The residue was purified by preparative HPLC using an eluent of 0-50% CH;CN in 0.1M



Exampl e 63 (2R)-2-[ (N-{

[4-((ZR 3R -1-(4-fl uorophenyl) - 3- ([2 (4-fluorophenyl)-2-hydroxyethyl]thio)-
"4- oxoazeti di n- 2-yl ) phenoxy] acet yl } gl ycyl ) anmi no] - 4- phonyl but anoi ¢ acid 30 WO
20051061452 PCTI SE20041001960 -104. N-{

[ 4- ((2R88nads06s®Pl uor ophenyl ) - 3- ([ 2- (4 f I uor ophenyl ) - 2€0¥&E200#A0}Whi 0} - 4- ox0
azetidi n-2- yl)phenoxy]acetyl }glycine 44.4 ng, 0.027 nmol ) and

N- net hyl nor pholine (15 1, 0.14 inm)l} were dissolved in DMF (3 rﬂ) After 5
m nutes, TBTTJ (10.3 ng, 0.032 nmmol) was added and the m xture was stirred

at 30CNERP AW Tseze-(RE I hapwe-Tpcibanyifdrdedsitilesompoand 8).92hg, 0. 032

| dd d th t ot a f 1.5
nors, 0 E&PP’EFPSO“P ot B B Ee0) B el S BT R SR G000, Whow
2.5 th d f
% i norR TR AICLANE ¢ ML T8 S IRa T PRt T ee T
Concenqmtwwm (ﬂiﬂlﬂ)l €078 9N EPar abiNvel nlf'al}g on2ay Loy AHNM. 524y @5% adi ent

from20%to 45% MeCN in O 1M amoni um aceta buffer was used as el uent.
Aftef [moplh),I8i25a8.82:6m, 1He titl e conpound was obtained as a white solid (9.4
ng, 50 % . H NVR (400 MHz, DVMBSO-d6): 1.74-1.57 (m 1H), 1.89-1.99 (m 111),
CD 2,49-2.53 (m 211), 2.82-2.98 (m 2H), 3.77 (d, 2H), 3.94-4.01 (m 111),
4.27 (d, 0.51), 4.31 (d, 0.511), 4.53 (s, 21f), 4.68-4.77 (m 1H, 5.02 (d,
0.5H), 5.05 (d, 0.51), 6.99 (d, 211), 7.05- 7.16 (m 7H), 7.19-7.26 (m 4H),
7.30-7.38 (m 4H), 7.78-7.88 (dd, 1H), 8.35 (t, 111). Mz: 15 702.0 (MH).
Exanpl e 64 20

(ZR) - 2Exempl¢ 68 ( (2R 3R) - 1- (4- f | uor ophenyl ) - 3- {[ 2- (4-f | uor ophenyl ) - 2- hydr oxye
thy t hi o} -

otBazeti di n- 2- yl ) phenoxyl acetyl } gl ycyl ) am no] - 4- (4- hydr oxyphenyl ) but anoi c
aC|dN_, -1-(4-fluoropheny))-3-§[2-(4- -

{] 4- ((N{[:? (ZR 3R) llyuf(l)rorgﬁenyyl;:i j jfIzl(}E"gphlftr)lﬁ))pzhesrrg/rlﬂ')xlj,%thtj)i]f)helst)%yI]thl 0} - 4- oX
oazeti dxaa@tldi_lmy’ﬂ)nhleaﬂw@i:&iﬁ]égly'ty yiryptepha®. 2 ny, 0.028 nmol) and

N- et hyl nor phol i ne (15 pl1, 0.14 nmmol) were dissolved in DWP (2 m). TBTU
(10.5 ng, 0.033 nmol) was added and after 20 m nutes

(2R) - 2- am no- 4- (4- hydr oxyphenyl ) but anoi ¢ acid hydrobrom de ( 9.2 ng, 0.033
mmol ) was added. The reaction m xture was stirred for 1.5 h. The formation
of tije THTW €0.00513, .65 lwineblwwas staetlits aeolutidh af N7{18-(@R MYCH(4-Busiopheand)-sodi um

por Ohydr{I[%e(4-(ﬂu0mphenyl)-z-oxoethyl]thw}-4 -oxoazetidin-2-yl)phenoxylacetyl} glycine (0.025 g,
0.046 mmol) and N-methylmorpholine (0.014 g, 0.139 mmol) in DMF (2 ml) at 30.°C. After
1h, DMSO (1 ml) and D-tryptophan (0.019 g, 0.092 mmotl) were added. Afier 10 minutes, the
reaction was quenched by the addition of water (1m!). The mixture was stirred for 10 minutes

20 and MeOH (1 ml) and NaBH;4 (0.035 g, 0.925 mmol) were added. After 5 minutes, fuli
conversion to the corresponding alcohol was obtained. The reaction was quenched by the
addition of 0.1M NEH:OAc buffer (1 ml). The reaction mixture was concentrated and the
residue was purified by preparative HPLC using an eluent of 0-30% CH;CN in 0.1M
NH,OAc buffer. This gave the title compound (0.028 g, 83%}) as a colurless solid. M/z: 727.0

25 (M-1). 'TH NMR [(CD3),S0), 400 MHz] § 2.79-3.18 (m, 4H), 3.61-3.80 (m, 2K, 4.26-4.34
(m, 2H), 4.43-4.54 (m, 2H), 4.68-4.78 (m, 1H), 4.97-5.04 (m, 1H), 6.84-7.55 (m, 17H), 7.65-
7.82 (m, 1H), 8.22-8.25 (m, 1H), 10.73 (s, 1H).

30  Example 69

N-{[4-{(2R,3R)-1-(4-fluorophenyl)3-{[2-(4-fluorophenyl)-2-hydroxyethylithio }-4-
oxoazetidin-2-yhphenoxyjacetyl}glyeyl-D-histidine



|
30 ng, 0.28 nmol) were added and the m xture was stirred for 20 m nutes.
Ammoni um acetate (34 ng) was addded and the nethanol was renoved under
reduced pressure. The residue was purified with preparative HPLC on a CS
col um, from20%to 45% McCN in DAM amoni u _ fer was _
used as Qyﬁgﬁ%m;\ lzer lyophilisation, the title comoun?ﬁ%ﬁgg‘ggpgdﬂ%z
PCTI SE2004/ 001960 - 105 was obtai ned e8¢ white solid (9.6 ng, 47%. H NM
(400 MHz, DVMSO-d6): 1.75-1.86 (m 1H), L89-1.98 (m 111), 2.41 (t, 211),
2.81-2.98 (m 2H), 3.78 (d, 211), 3.97-4.05 (in, 1H, 4.27 (d, 0.5H), 4.31
(d, 0.51-1), 4.53 (s, 2H), 4.67-4.76 (m 1H), 5.02 (d, 0,5H), 5.05 (d,
0.513), 6.62 (d, 2H) 6. 91 (d 2H) 6. 98 (d 211) 7.05-7.16 (m 411)

7.20-7.25 211) 30-7.39 (m -7.97 111 8.30 (t, 111),
8.91-09. @BTM 01I6I-B)1 0. Oﬁlzmmwh)gm m%o ﬂ@l%&m @f ¥4 i@%ﬁi{) *ﬂuorophenyl)-

e EAEES

g5 |
oszat P nf’%ff“sy‘%‘ﬁd@ﬁ%‘xy Fitphofnd (1L 6 TmUhR eI BPHORS 0/ A 0) 4

N- met by | bpDptietidine(0.¢ B4 22099, mena?)iah b)uty]&mmmhmslnrbmdb (O00GHZ O 4 ) .
tert-Butyl 17-al aninate hydroch] ori de t(i @8 nmml ) and TB fl
(0. 030 wmd) wew added. ) Ihpapectionduigiuramag s e qufﬁ'éhl? &Fwersm@tauﬂéh%s

ur|f|ed g, ractions
20 wer ereggﬁ ne‘g% e@fegﬁ% %p%ge‘{[d?%@qﬁ vllaEeg'%r es gﬁ%\/va%&]diéiglje% n 2C12 (3

m) andygiifat gluBhtof 0-IR (IHﬁl’NhstlM mgomrmifm affordet @ic latbnnw@term@ﬁd on

m xture was concentrated and McCOH m ) and NaBl-14 (0.011 g, 0.290 mmol)

wer e ladwmth wWasaedicrd byshaeddition pf OHJB Bl)And N, (008 g, 8489 |mmi0b)al§ull

hed th dit . th I t
v apor ewte eo%ﬂ o Poating s Pk B e Ser et e ARSI et 60
0- 50% Cg@&%h e%d&Mo'h"‘d‘?@%/IW%@Ae blﬁf&%@@:ﬂ@' audﬂﬂxﬁmrbwa@%ﬁcefnfﬁfeul ons

e tetlt 0.030 g, 669

afford conmpound as a colourless solid. Mz:

624. 2, Phﬁzﬁéa)mﬂtl’dyl}lwps{rz(tmbﬂmmmg(}m can} 0S0-30%CCHICN 34D 1N IR, G Bufen 2H) ,
3. 68- 3 3-4.26
4. 60- 4. ?éoféirﬁgiﬂifﬂ“@lmné?%gg %9 #‘r}) 33609 liglesg Aol &r\Z[Ofizzaﬁ%8)07 Hlﬂﬁf{m (m
10, 1581@Y, 358, 4B vt} b2.82-2.93 (m, 4H), 3.71-3.80 (m, 2H), 4.11-4.30 (m, 2H), 4.52 (s,

201), 4.68-4.73 (m, 1H), 5.04-5.07 (m, 1H), 6.68-7.50 (m, 14H), 7.90-7.96 (m, LH), 8.27-8.33

(m, LH).

0 Example 70

N-{[4-((2R.,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethylthie}-4-
oxeazetidin-2-yl)phenoxylacetyl}glycyl-3-(2-naphthyl)-D-alanine '

@

25
TBTU (0.019 g, 0.060 mmol) was added to a solution of N-{[4-((2R,3R)-1-(4-fluorophenyl)-
3-{[2-(4-fluorophenyl)-2-oxoethyl]thio}-4-oxoazetidin-2-yl)phenoxylacetyl } glycine (0.025
g, 0.046 mmol) and N-methylmorpholine (0.014 g, 0.13% mmol) in CH,Cl; (5 mi) at 30 °C.
After 1h, DMF (3 ml), DMSO (1 ml) and D-(2-naphtyl)alanine (0.011 g, 0.051 mmol) were
30 added. The reaction was quenched by the addition of water (1 ml) after 1 h. NaBH, (0.035 g,
- 0.925 mmol) was added. After 5 minutes, full conversion to the corresponding alcoho! was
obtained. The reaction was quenched by the addition of 0.1M NH4OAc buffer (1 ml) and the

mixture was concentrated. Purification by preparative HPLC nsing an eluent of 0-55%



-30 Exanpl e 66 WO 2005/ 061452 PCT/ SE2004t 001960 -106 1-1(N-{
[4-((2R 3R). 1- (4-fl uorophenyl)-3-{[2(4-flnorophenyl)-2-hydroxyet hyl ]

thi n} - 4- SI0GLES T /001
“oxoazet i‘HPnz-g%f%l)b&henoxy] acetyl } gl ycyl ) anxi no] cycl opr op}écnérst’:%zro éxy 6I0C acid 5

N- Met hyl norpholine (0.037 g, 0.370 j and TBTU (0.039 g, 0.120 mmol)
were added to a solution of N-{

[ 4- (( 2RFBBN ih-( AVFNHRODAp bafiet AFSrded re(tdief dongionnbenpl) %,243%})@ i b9} -

4- oxoazet i di n- 2-&yl )&henqﬁ] ace'ée/l %Zgl )gm ne (0,025 g, 0.046 nmol) in DWF (2
m) at s@ol &Uz: KE@EM). MM HETshS ) ofind Hea Bisioy B 28 (amn dH).B3.5%9.58 (m0. 185
nmol ) < Af t reacti n th ddition of
vater eB IRk BB Rk LB oI M CacHEn G Ram crotuB5 b6 302s
rnnol ) pef@).added. Full conversion to the corresponding al cohol was obt ained
after m nutes. The reaction was quenched by the addition of 0.1M NH4OAc 9
buffér (2 m). The product was purified by preparative HPLC (el uent

0-50% CH3CN in CAM NH4OAc buffer). Freeze-drying of the pure fractions
afforded the title conpound (0.045 g, 78% as a colourless solid. iHNW

[ (CD3) ] MHz] 6 0.78-0.88 (m 2H), 1.08-1.22 15 (m 2H), 2.84-2.94
(m 2177—3633.72 (m 2H), 4.24-4.29 (m 111), 4.48-4.52 (m 2H), 4.68-
4.75 (m 1H), 5.03-5.06 (m 111), 6,96-7.37 (m 12H), 7.78-8.36 (m 211).
Exanpl

{4 ?\%glgc_@ﬁ?@’@)'Mérﬁl%?faﬁhéﬂw-)"’:{éz-ﬁ-ilﬁenflzw})o?ﬁhiﬁﬁsgwﬂb;’migbﬁggt 1} i
(0 E}?é98?‘)8?%%'?@ﬁ%ﬁ%%%?%"ﬂ%%{?%ﬁ“@% o e

f, _R,_R-l- 4-c or?p_e)r(ly 4 o — y
Vol he_ (BTGB O e Nl Yosaielt e S b NN R 0k G- RnosResb ol )
CH2C12 5( zgié%ﬂgg%oapﬁ dnﬁg—zﬁcﬁ{&eﬁ{ 1]%90m4%£o§£eﬁd§m§g}rphéxgd@&%tﬂ ggz%%ﬁe %0.090 063

nmol ) wa e mxture was stirre nut’es: e ‘reaction
m xt ur g, \AS6 oonalead BtmethyTolongdiaé 20.617 §, OnksH mdedinaCid, (39 (emgposated. M OH

(3 m) and_sodjium horqh &r) eépooo 0.52 ) were, added, Full
con\,lé_r sﬁ'&‘?ﬁ 1158 bh’@ﬂ‘ 8‘1‘?%% hﬂ]i % %%‘BH’%D W@Bﬁ%nﬁrﬁﬁn 88 nut es. " The
reactl (Bﬂmy,@ﬁndiﬂg%@@@a?%tﬁﬂﬁd%ﬁgf %0 Qfhueds. Phd Maikh Qg‘ésqlﬁé'ncﬁéc) bPHif er and the
m xture was contentrat ed. :
addition of water (1 ml). After 10 minutes, MeOH (3 ml} and NaBH; (0.042 g, 1.11 mmol)
were added. After 5 minutes, the reacticn was quenched by the addition of 0.1M NH4;OAc
buffer (1 ml}. The reaction mixture was concentrated and purified by preparative HPLC using
20 an eluent of 0-50% CH3CN in 0.1M NHOAc buffer. The title compound (0.025 g, 69%) was
obtained as a colourless solid. M/z: 654.0 (M-1), 'H NMR [{CD3),S0), 400 MHz] § 0.86 (s,
9H), 2.82-2.98 (m, 2H), 3.76-3.81 (m, 21, 3.92-3.96 (m, 1H), 4.26-4.33 (in, 1EL), 4.52 (s,
2H), 4.68-4.76 {(m, 1H), 5.02-5.07 (m, 1), 6.97-7.37 (m, 12H), 7.58-7.63 (m, 1H), 8.29-8.34
(m, 1H).
25

Example 72

N-{[4-((2R,3R)-1-(4-flworophenyl}-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thio}-4-
30 oxoazetidin-2-yl)phenoxylacetyl}glyeyl-(3R45,5R)-3,4,5,6-tetrahydroxy-D-norleucine



The residue was purified by preparative BPLC using an el uent of 0-50% CH3CN

in 0. 1M WD 20051061452 PCTI SE20041 Q01960 -107 NH4ADAc buffer. Fr eeze- dry| ng

of the pure fractions afforded the title conpound (0,021 as

col our IE@30458P14§2 111 NT &R [(CD3)2S0), 400 MH] 6 O. @@Tﬁfzﬂ@i 004960 5 82 2.98

(m 21 1), 3.75-3.81 (m 2H), 3.91-81®6 (m |H), 429437 (m 1H), 4.52
4.70-4.78 (m 113), 5.01-5.06 (m 113) 6.97-6.99 (m 211),

7 Lo @Xg;m@ 3Ry %ﬁ%ﬂ?@@é 112 W hnorbpnd 83 xodn (iR i oroflcdlif232 (m

[ 2 ( 4yi)bhkﬂfo@p]meayl ety €0.0% gt 944 irﬁnd)} wés chssolved in DMSO (2 ml) at 30 °C.

tid | ) ph t | ycyl han 15 TBTU (0.016 g, 0.051
o) N ameoiebng (81 bE: s el AU TBRDSRS 510030 Femeh orengecs.

ol Lif’tf% bRt ERITBLT QDO Bl BRE R el el BRSRREL T Y T

DMVF 5( 20.001 gai. O@Jmn@l) Atteesided ITheliVRGIE %a@kﬁnrxé@ thrD5taMRtRPAARiHORaOI8TD, 0. 092,

runol) were added. After 10 minutes, the reaction was quenched by the
addi t |(b31m3f 0.38% mnql) wey addee Afiex B0 rnvies agpioxiagelvi0% emidaiorestionhathd M OH

Conve b BRE TR FRRetbB s B R 15 I et o BEC B NP oaC vl PR BT HER v
quenc memliaﬂ;ét@ﬁemﬁ@ diat pamried bP bt ﬂ&e MatHORPTIO iR ar élu&ht'df 0- 5’0% CRAN PN

m Xture was concentrated and

resi due was_ puri preparative HPLC
u5| ng OalM &V HuHxc lpiffay-2sd frecra dnied. MeDHNB mmmupaahw@aos Zho. §3%m01t) mere it e

[ ( Qi Py ArigE8 82 o R Ya iRt B e aciiflon’ag g ntbigRal bt 455"
( r n, g)conéerﬁﬁmﬁn% tHeMaixddsB)and uﬁﬁcého?ﬁay(g[b‘fh%&hﬁve KPEC- &11%4&( élfentokb) .

()
6. 84 7 m 17 65- 7.82 111 8 256 I;) 10. 73 SS, M*-30
Exanpl38%6GHCN m() IM NH,OAc buffer gave the tltle compound (0.005 g, 16%) as a colourless

oL 45&@%}@5%% ) S ORRRT RSO} o pbet 4R I e St
PCT I SE204398 %8G8, 24983.87-3.90 (m, 1H), 4.07-4.11 (m, 1H), 4.27-4.32 (m, 1¥D, 4.52 (s,
15 2H), 4.68-4.76 (m, 1H), 5.02-5.05 (m, 1H), 6.97-7.39 (m, 12H), 7.63-7.70 {m, 159), 8.28-8.35
(m, 1H).

—

Example 73
20

N-{{4-((ZR,3R)-1-(4-fluorophenyl)-3-{{ 2-(4-fluorophenyl)-2-hydroxyethylthio}-4-
exoazetidin-2-yl)phenoxyjacetyhglycyl-8-phenyl-D-phenylalanine O

25 TBTU (0.018 g, 0.056 mmol) was added to a solution of N-{{4-((2R,3R)-1-(4-flucrophenyl)-
3-{[2-(4-flucropheny!)-2-oxoethyl]thio }-4-oxoazetidin-2-yl)phenoxylacetyl } glycine(0.025 g,
0.046 mmol) and N-methylmorpholine (0.023 g, 0.231 mmol) in CH,Cls (5 ml) at 30 °C.
After 1.54, B-phenyl-D-phenylalanine triflucro acetic acid salt (0.033 g, 0.092 mmol) was
added. The mixture was stirred for 5 minutes. Water (1 ml) was added and the mixture was

30 concenfrated. MeOH (3 ml) and NaBH; (0.017 g, 0.462 mmol) were added. After 5 minutes,
the reaction was quenched by the addition of 0.1M NH,OAc buffer (1 ml) followed by
concentration of the mixture. Purification by preparative HPLC uging an eluent of 0-45%

CH;CN in 0.1M NH;OAc buffer and lyophilisation gave the title compound (0.021 g, 59%)




.TBTU (0.016 g, 0.051 mmol) was added to a solution of N-{

[4-((2R 3R)-I|-(4-fl uorophenyl) -

3-([2- (4 fluoro henyl) 2- oxoet hyl j t hi o} - 4- oxoazet i di u- 2- henoxyj acetyl } gl
ycine (0 We24 “" ? 0.046 mml ) and N- et hyl nor phol i ne ((5%11(5%@0 ’006%1239 nmol )
in DM (2 m) at 30 C After 1 h, D-hl]§1-|d| ne (0.014 g, 0.092 mmol ) and

t etrabutyl ammoni unbrom de (0,003 g, 0.009 nmol) were added. The reaction

t t t
quenc e By e S D R R OB DR P 9 o
ot Q?ngﬁzﬂtge?ﬁ Hﬁ)’wmﬂ’ﬁmﬁaf Pedutott by the SadirLon of MO (3 m) and
NaB# (06005 L. 0350 RS0 0 - 35dam daH B FoH-B 4o 6B R4S SoHAERGIIA cohol

was obtained after 5 mnutes. The reaction was J quenched by the addition
of 0.1M NH4OAc buffer (2 ml) and the m xture was concentrated. Purification
by pseparative |1 PLC using an eluent of 0-40% CH3CN in O 1M NH4OAc buffer
afforded the title conpound (0.001 g, 4.5% as a colourless solid. M z:

680. 0. Exanipie 74 [ (CD3) 2S0), 400 MHz] 8 2.82-2.93 (m 411), 3.71-3.80 (m
2H), 4.11-4.30 (m 2H), 4.52 (s, 2H), 4.68-4.73 (m 113), 5.04-5.07 (m
1H), 6.68-7.50 (in, 14H), 7.90-7.96 (m 1H), 8.27-8.33 (4111). 20 Exanple

70 N . 3072+(4- .
.0 4{ plfkﬁ)((;g g%égé%xyuzgﬁ hf{g (&Rgtﬂ%i X4 ﬁuﬁl}'ophenyl) 3-{[2~(4-fluorophenyl)-2-

ox oazehydroxyethylf 9+%@D§wommagﬂyﬂammwnwm add 25 TBTU
(BéQ g, 0.060 mmol) vvas added to a solution of N
([4

(2R, 3R)-1-(4-fl uorophenyl) -
3-{[2-(4-fluorophenyl)-2-oxoet hyl|thio}-4-oxoazetidin-2-yl)phenoxy] acetyl }gl
y\c_i,'ne 0.025 S, 0.046 mmol) and N-rnet hyl hol i ne (10 014 g, 0.139 mmol)
' Crodh HACRRIR)-M(Ftaopicas D (P DRFORIETID)2 CONEOHhiof 4 Stamgetidin 2

quncnapisor RlBRuEnER Wbais Bo Y Wy AP SR REBR R B3 38%6 N0 552
ol ) Washad dﬂlﬁgholﬁid(erosﬁ 201388 @&mol) dhd TBIOVEX, ggpamstmo@mé@%@@étﬂl ng

al cohol tai ned. The reaction was quench é the addition of O IM
t

NH4 bAc Atfigt ﬂ'@.rso@mnm{i)R)a%}fr@rnm@efi cmlﬁhwﬁmﬁma@dﬁ@éﬁtgs 188 mmpgh) PMEE (‘omlby
GETETTN T R A e e
as a CRhoUs higbWater (1 mi) was added. After 1h, MeOH (2 ml) and NaBHj; (0.084 g, 2.220

mmol) were added. Full conversion to the corresponding alcohol was obtained after 5

minutes. The reaction was quenched by the addition of 0.1M NH,OAc buffer (2 mi). The

20 mixture was purified by preparative HPLC (eluent 0-50% CH3CN in 0.1M NH4OAc buffer).

Freeze-drying of the pure fractions gave the title compound (0.034 g, 43%} as a colourless

solid. M/z: 708.1 (M-1), 'H NMR [(CD3),80), 400 MHz]} § 0.75-1.62 (m, 15H), 2.82-2.99

(m, 2H), 3.68-3.78 (m, 2H), 3.90-3.96 (m, 1H), 4.23-4.35 (m, 1H), 4.50 (s, 2H), 4.69-4.75 (m,

1H), 5.01-5.07 (m, 1H), 6.95-7.39 (i, 12H), 7.68-7.80 (m, 1H), 8.20-8.34 (m, 1H).

25

Example 75

(2R)-cyclopentyl{ (N-{[4-((2R,3R)-1-(4-flaorophenyl)-3-{[2-(4-flnorophenyl}-2~
30 hydroxyethyllthio}-4-oxoazetidin-2-yl)phenoxylacetyljglycyDamino]acetic acid



solid. Mz: 738.0 (M1)."HNIR [(CO/()ZSO) 400 Mlz] 'S 2.75-3.27 (m 4H),

3.55-3.83 (m 2H), 4.25-4.55 (m 4H), 4.68-4.79 (m 111), 4.92-5.02 (m

1H), 6.72-7.80 (m 20H), 8.26-8.30 (m1H 5 Exanple 71

N-{[ 4- (w4508f61lsA 4- f [ uor ophenyl ) - 3-{[ 2- (4-f | uor ophenyPyT8EIMdNERHEt hyl ] t hi O

}-4 10 oxoazeti di n-2-yl) phenoxy] acetyb}.gl ycyl - 3- net hyl - A-val i ne TBTU (0. 021
0.067 mmol ) was added to a solution of N-{[4-((2R 3R)-1-(4- quorophenyI)

e

in CH C},giadgtﬁg%l?ﬁm@éo 0§r§ A4.b6% n&nﬁi‘wa?dis@dﬁ:ed 23! aﬁ@g%éogc R: 083

rnnDI) nver |on to the correspon was obt ai ned
af t er MthyirmqﬂmdnneIM@Ztﬁ gAL 25D move s amgERTIe@ .07 g, B84 achiol)iwre «aﬂda«ht er (1

added Af& Jé%?%ff ﬁénrﬂ%ilfe)@fﬂo@ﬁ%tyﬁ)é%ﬁa&#q &éﬁﬁcﬁ% Oégéé g"(%éﬁdééd%o Xd}’}ggew

MGE G ?E‘J‘ﬁﬁéf:%hhé’iaﬁ%@dﬂiﬁ’ﬁ%Pﬁ%%“%%%%@?&ﬁ%ﬁ%@ﬁ%*ﬁ%r but fer.

The tua(olca’i) msm rmin(al() véb&é;z@:ledgssﬁﬁ cmrsxmbtcmheedna@oadmglamuhbbws Slﬁthind? M z:
654.0 (M1 "H NMR CD3) 2SO 400, VMHz] 5.0 2.82-2.98 (m
oH), aaftesS3nigyte fﬁhwagttondv@zq@n@@d(hﬁ thq pgiditign gégdh@MAqwffen{z g).(s,

2H) 11%@@@&9&@&%‘2{1@&@ gﬁ#@a@r&%ﬁ@(d&&ﬁbﬁ@% .6 6.1M ﬁ%ﬁé)Ac- 7,5s-7.63
: { [ 4 ( (GRfeBRFrekzé-dr fihgof iy frictng [pavd dhefiitieaoapoeny (0,008 fyubopyaset hyl ] t hi o} -
ox oé& exalentesosafid) MHarks6,0 Qdeby 1H JMR(CD I8 Qs 8RMEzZLS 5181463 ¢aSik oxy- D- nor
'[ inf'( %0%\%1%%%( 18128s. gﬁ@ﬁ%ﬂ%‘%@ &YE4.064 % Brlim, 4.25-430 m, 1), ~

( [ 2- (44.51 veEpREE8U)TS I 1EB] 193 BI06 (83, 140 08.0AZe37 @h,12£8; 795 80eae xpdacet yi™
gyC|n 00259 0.046 mm]) was di ssol ved in DVSO 2rr1)at 30

N- Vet h8s I|ne (0.014 g, 0.139 nmol) and TETU (0.018 g, 0.056 mml) wer e
added. After 1h, D-glucosamnic acid (0,018 g, 0.092 nmol) and

t et rabut yl anmoni unbrom de 5 (0.001 g, 0.005 mmiol) were added. The m xture
wasistirred for 15 mnutes. Additional TBTU

Example 76

N~{ [4-((ZR,BR)-I-(4-ﬂuorophenyl)-S~{[2-(4-ﬂuorophenyl)-z_-hydroxyethyl]thio}-éi-
oxoazefidin-2-yl)phenoxylacetyl}glyeyl-3-methyl-D-isovaline
20 '

N-{{4-((2R,3R})-1-(4-Fluorophenyl)-3- {[2-(4-fluorophenyl)-2-oxoethyljthio }-4-oxoazetidin-2- O
ylphenoxylacetyl}glycine (0.035 g, 0.065 mmol} was dissolved in DMF (2 mi) at 30 °C. N-
Methyl morpholine (0.026 g, 0.259 mmel) and TBTU (0.027 g, 0.084 mmol) were added.

25 Afier 1h, 3-methyl-D-isovaline (0.013 g, 0.097 mmol) was added. The mixture was stirred for
2 b and water (1 ml) was added. After 10 minuntes, MeOH (2 ml) and NaBH, (0.037 g, 0.971
mmol) were added. Full conversion to the corresponding alcohol was obtained after 5 minutes
and 0.IM NH;OAc buffer (2 ml) was added. The mixture was purified by preparative HPLC
{eluent 0-50% CHsCN in 0.1M NH,OAc buffer). Freeze-drying of the pure fractions afforded

30 the title compound (0.020g, 47%) as a colourless solid. M/z: 654.0 (M-1). "H NMR

[(CD3),S0), 400 MHz] 8 0.79 (d. 3H), 0.87 (d, 3H), 1.29 (s, 3H), 2.00-2.07 (m, 1H), 2.84-
2.94 (m, 2H0), 3.73 (d, 2H), 4.25-4.28 (m, 1H), 4.51 (s, 2H), 4.69-4.75 (m, 1H), 5.03-5.06 (m,
1H), 6.97-7.37 (m, 12H), 7.82 (s, 1H), 8.24 (1, 1H).



(18 ng, 0.056 nmmol) was added. After 30 m nutes, approximtely 30% am de
formati on had occured. The reaction was quenched by the addition of 0.1M
N. HAOAc buffer (2 m). The internedi ate ketone was puré@%@x tﬁr@parative
_HPLC usiW§ 28¢5/0814%8nt  of 0-50% CH3CN in O 1M NH4OAc buf ¥z e-dri ed.
MeOH (3 m) and NaBH4 (0.005 g, O0.13911%wl) were 10 added. After 5 m nutes,
the reaction was quenched by t-he addition of 0.1M NH4OAc buffer (1 nl).
Concentration of the m xture and purification by preparative BPLC using an
el uent of 0- 50% CH3CN in 0.1M NH4OAc buffer gave the title conpound (0, 005
g, 16%Esasape TPl ourless solid. Mz: 718.0 (M1). 1H NWR ((CD3)2SO, 400
MHz] 8 2.82-2. 94 (in, 211), 3.34-3,56 (m 411), 3 76-3.80 (rn, 2H),
3.87-3.90 (m 4.07-4.11 (m 1H), 4.27-4.32 (in, 1H) 4.52 (s, 15 211),

?LlR§S8 s %2[4%%2? 112(4 mpéﬁgﬁ%'%g{‘[?%%%&?enyl)ﬁhg'drdx }?thlog 63-7.70 (in,

N- . L Q?]yg@ ) -2- hyd thyl]thi
}- gf[ go%gfzgtﬁla?jrll %Ygﬁﬁhgﬁﬂ%%pggge’%{%%yﬁﬁwpoy enhﬁm[/} ?)henylyalr g)r(l?/ﬁe é) ] 25I 0

TBTU (0.018 g, 0.056 nmmol) was added to a solution of N-{

L R R S L RS aR Ry 1 (4 Fyommobnyly 2or ar By SR e ARy fitedt y 1} gl

I melrhv 1) i
ot e B O B ey 0 A PPFuoro "

acetic ramoﬂvsew& disgodvaiBia IPMI308R. TﬂiﬁU)(l%mg, Q@éénhmoThwamddedla&dwm stirred
e Oy i Rnsike ar 300 e S i ene - G Dttt roghlatdedSrt e oo
the T eanddsARmbB Sy AYEREI Sk mé :&A&aoa%kﬁu&@@apém%@% N0 B Bfon(k 18 )

foI lowed by concentration he m xture. Purification by preparative UPLC
usi ng dmtcabu’éﬁmtrﬁe@m;ﬁ%h@ﬂaﬁnﬁmmwm T OAdethahdldR na’lblekldgcminltml i sation

5 MR e RS RIS,
2. 82 2 z@xﬁm@iﬁun;@etate ﬁuﬂ’@r @Dﬁ@ 1 9)\3*5‘) addéd @ﬁd ate%x@ﬁ?e w@ajs)coné]e'nﬁ?fcﬂi ’%’1‘) . (M 2H),

442,' (d, 1H.)
6. 941-57 I&*Bdt(erwasaﬁﬁ)ﬂed&m}ﬂpﬁpmn(mﬂPLm:)n a 881:811&(124% gm:hcilt-ﬁrorrﬁzo% to 45 %

MeCN in 0.1M NHOAc buffer was used as eluent. The MeCN was removed from the
collected fraction under reduced pressure. The remaining water solution was acidified to pH 1
with HCI (1M) and extracted with DCM. The organic phase was concentrated under reduced
pressure and the residue was dissolved in MeCN and water. Afer Iyophilisation, the title

20 compound was obtained as a white solid (16.5 mg, 65%). H-NMR (400 MIiz, DMSO-dg):
1.21 (s, 9¥), 2.71-2.78 (m, 13}, 2.82-2.86 (m, 3H), 2.74-2.80 {m, 2H), 2.18-2.26 (m, 1H),
4.27 (d, 0.5H), 4.30 (d, 0.513), 4.51 (5, 2H), 2.67-2.76 (m, 1H), 5.03 (d, 0.5H), 5.05 (d, 0.5),
6.98 (d, 2H), 7.05-7.17 (m, 4H), 7.20-7.25 (m, 2H), 7.30-7.39 (m, 4H), 7.94-8.06 (b, 11D},
8.26 (1, LE). M/z: 700.0 (M-H) and 702.1 (M+H).

25

- Example 78

N-{[4-{(2R,3R)-1-(4-Flnorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyllthio}-4-
30 oxoazetidin-2-yD)phenoxylacetyl}glycyl-N,2-dimethylalanine



|

— ampleTA !
(2R) - 4-cycl ohexyl -2-T(N-{[4- ((2R, 3R) - 1- (4-f | uor ophenyl ) -3-{[ 2- (4-fl uoropheny
1) - 2-
giﬁaoxyg‘;&yﬂo%a Qz} 4- oxoazeti di n- 2-yl ) phenoxy] acet yl }gMﬁXﬁﬁoﬂﬁ'ﬂ;&‘B}@“t anoic
N-{[ 4- (( 2R 3R) - 1- (4- Fl uor ophenyl ) - 3-fifi4=(4-f | uor ophenyl ) - 2- oxoet hyl'] t hi o) - 4-
oxoazeti di n-2- yl)phenoxy]acetyl }glycine (0,025 g, 0.046 mmol) was dissol ved
hi . l - TETU
(0. 043 g g S A (o e X L PR L (R iy DS oclchic st
(2R) - z}mazauxdamzﬂ&)@hmchmyﬂ }agipran@(q @0@39 0@’? ngnalBenddBIY. (OBNBal( 2 nil) and

St 1 ditohgpol i SRR e 301C mr Vet DT Yab P B ERE e o9l ana

NaSH4
Sort odhk @Qﬁ’“&ga i A 20 eI é]af' fificlny b ROBURTELER OROSIE 0038
quenc f}&@ol)ywﬁs hddetl dikk indRteé was Sitréd arB0PC fortiitebel¢:2 tht ieacffdilﬁw&@ 2&&@0&15& e was

purified by preparative 1dPLC (el uent 0-50% CH3CN in 0. IMN114QAc buffer),
Fr eezd}ydhglia jtign of Wétﬂp(ir@l)f The moigige g&s/@mtﬁ@wﬁitM@OEc{@m NaBdBl g, 43%

0: 76- 103 ¥enfAR6 1300 g S, S8y o Wl e ety eied e 40000 %K 5

1H), 4 @Marﬁ:ﬁoﬁiﬁn dcbite bffG A2 (#1) andinostofGe tettnblMvas teifbved Bndd- 5. 07 (m
1H), 6.95-7.39 (m 12,11), 7.68-7.80 (m _11-1), S.20-8.34 (m 1H). 25
Exarrplred!wd pressure. The remaining solution was purified by preparatwe HPLC using 2 gradient

{ 2Rr DF 2R Mechd B 4 b 10 S8Bicah wderked whirdPhLANGE b ask drfigl ot thé pokoPheny!) -

hydr OX%yRHBNS fdvaied d&h@é?ﬁiﬁbi &Y @wﬂnykﬂmfm&?@ 308k ylelg! ycyl ) am noJ acetic /™
aci d WD 20057 061452 PCT1SE2004/ 001960 -112 N-{ N

[4- ((2R, 3R)-1-(4-Fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyl]thio
}-4-oxpazetidin y}acetyl }glycine (0.035 g, 0.065 mml) was

di ssol¥&H t%mﬁ#%?%ﬁﬁ%?%o C. N- Methyl norpholine (0.026 g, 0.259 mmol)
and TBTU (0,027 g, 0.084 mmol) were added. After 1h,

(2R) - am no(cycl opentyl )acetic acid (0.014 g, 0.097 nmol) was added. The

m xt5ure 5 was stirred for 1 h and water (1 m) was added. After 10 m nutes,
MeOH (2 m d NaBH4 (0.037 g, 0,971 nmol) were added. Full conversion to
t he c@%&gi ng al cohol was obtained after 5 mnutes. The reaction was
guenched by the addition of C iM NHHOAc buffer (2 m).

(2R)-3-(4-cyanophenyl)-2-{{({[4-((2R,3R)-1-(4-fluorophenyl}-3-{[2-(4-flnorophenyl)-2-
hydroxyethyllthio}-4-oxoazetidin-2-yl)phenoxylacetyljamino)acetyljamino }propanoic
20 acid

(2R)-3-(4-cyanophenyl)-2-{ [{{ [4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-flnorophenyl)-2-
oxoethyljthio}-4-oxoazetidin-2-yDphenoxylacetyl Jamino)acetylJamine }propanoic acid

25 (0.006 g, 0.0084 mmole) was dissolved in methano! (1.5 mi). NaBH, (0.0035 g, 0.092
mmole) was added and when the reaction was complete according to LC-MS a few drops of
acetic acid was added. The solvent was removed under reduced pressure and the residue was
purified by preparative HPLC on a Kromasil C8- column using a stepwise gradient of 33.5%,
43% and then 53.5% MeCN in 0.1M ammonium acetate buffer as eluent. After freeze-drying,

30 0.005 g (83 %) of the desired product was obtained. |



~ The mixture was purified by preparative HPLC (el uent 0-50% CH3CN in 0. 1M
NHAOAc buffer). Freeze-drying of the pure fractions gave the title conpound

(0.018 g, 42% as a 10 colourless solid. Mz: 666.0 ( ﬁjﬁl H, NV
. [ (CD3) 28¢9 20030614/4z] S 1.19-1.62 (m 811), 2.09-2.19N% 5&%@}?’%?%3-2.95
(m 2H), 3.78 (d, 2H), 4.06-4.10 (m~=1%%), 4.25-4.30 (m 1H), 4.51 (s, 2H),
4.68-4.75 (m 113), 5.03-5.06 (m IH), 6.97-737 (in, 1213), 7.95-8.00 (m

111, SRR MHND BT e 1B, 180 3065 37 (m 1D SN APg A 203

}-4- oxodzZet iH),N:52-(y| 2EDhe 66>(1yutaﬁé)‘, 3P ' ¢ih 1 B0 e O 93 08m, S ab BRe7.02@n N- 1
[4-((2R 3F\7’)-I-é4 Fl uor opheny H}» % 4- f uor ophenyl ) - 2- oxoet hyl ] t hi 0} - 4- oxoa
zet i di ¢ %ﬁy ﬁé@o%{ a?c@l‘?/l‘l}éwé g- Q)(fb@g)g, 0. 065 mml ) was dissolved in
DVF (2 M) at 30 C N Methyl norpholine (0.026 g, 0.259 nmol) and TBTU
(0.027 g, 0.084 nmol) were added. 25 After 111, 3-nethyl-D-isovaline (0.013
g, 05097 mmol) was added. The m xture was stirred for 2 h and water (1 rnl)
was added. After 10 m nutes, McOH (2 nl) and NaBH4. (0.037 g, 0.971 mol)
wer e added. Full conversion to the correspondi ng al cohol was obtai ned after
5 mnutes and 0.1M NI LOAc buffer (2 m) was added. The m xture was purified
by preparative HPLC (eluent 0-50% CH3CN in O i M NHAOAc buffer).

Fr eezeﬂg{uy,b&ggo)f the pure fractions afforded 30 the title conmpound (0.020g,
47% as a colourless solid, Mz: 654 0 (Ml) "H NMR [(CD3)280) 400 MHz] 8

0.79 (d, 3H), 0.87 (d, 311), 1.29 (s, , 2.00-2.07 (m , 2. 84 2 94 (m

2F1 25-4.28 9-

%o Ry fadmnesyl ik ie_féasxy-%enefg?p*ﬁlwﬁe@yyih«o?- ‘Th . o
2005 10@,}&},@ 7-35306H0: =cyeloHeRVED Ala
[4 ((2R, 3R)atl§Lﬁ-(r4 fgﬁuor gg%bgg’?gg %cjy{ [2-(4-fluor oghlgﬁgl ) - 2- hydroxyet hyl Jthi o} -4

5 oxoazeti di n-2-yl ) phenoxyj acetyl } gl ycyl -S-(tert-butyl)-D cysteine

N-([4-((2R, 3R)-1-(4- Fl uorophenyl )-3-{ [2-(4-fluorophenyl)-2-oxoethyl]thio }
- 4-oxoazeti di n-2- yl)phenoxyjacetyl }glycine (20 ng, 0.037 mol) and
N- et hyb aeoRfiehion ¢4-((28,344.1-@-A&orophenyl)-4-0x0-3-{ [2-0x0-2-(4-

15 pentylphenyl)ethyllthio }azetidin-2-yhphenoxylacetic acid (0.020 g, 0.037 mmol) and NMM
{0.012 ml, 0.10%9 mmol) in DMF (2 ml) at 30°C was added TBTU (0.018 g, 0.059 mmol).
After 15 min glycyl-3-cyclohexyl-D-alanine (0.009 g, 0.039 mmol) was added and the
mixture was stirred at 30°C for 22 h. The reaction was quenched by the addition of water (1
ml) before the mixture was diluted with MeOH (2 ml). To this solution was added NaBH4

20 (0.020 g, 0.529 mmol) and the mixture was stirred for 10 min. This reaction was quenched by
the addition of a 0.1M ammonium acetate buffer (3 ml) and most of the methanol was
removed under reduced pressure. The remaining solution was purified by preparative HPLC
using a gradient of 20-60% MeCN in a 0.1M ammonium acetate buffer as eluent. Freeze-
drying of the pure fractions gave the desired product as a white solid (0.009 g, 32 % yield).

25
1H NMR (CD30D, 400 MHz) &: 0.82-1.03 (m, 5H), 1.10-1.45 (m, SH), 1.48-1.74 (r, SH),
1,75-1.85 (m, 1H), 2.51-2.60 (m, 2H), 2.89-3.08 (m, 2H), 3.91-4.04 (m, 3H)}, 4.42-4.49 (m,
1H), 4.56-4.60 (m, 2H), 4.71-4.87 (m, 2H), 6.95-7.10 {m, 6H), 7.18-7.35 (in, 6H).

30 Example 81

N—({4-[(2R,3R)- 1-(4-Fluorepheny!)-3-({2-hydroxy-2-[4-(methylthic)phenyllethyl}thin)-4-
oxoazetidin-Z-yl]phenmy}acetyl)glycyI-S-cyclohexyl—D-alanine



the 10 m xture was stirred at 30C for 45 mnutes. S-(tent-Butyl)-D-cysteine -
hydrochl oride (9.7 ng, 0.045 mol) was added and the reaction m xture was

stirred < The formation of the ketone of the tj was
confi rrreg%ﬁ}iogﬁd}g%)o Met hanol (2 m) and sodi um bor O%}ﬁ&ﬁé@ﬁwgﬁg ny,

0. 38 mol ) were added and the m xture Més stirred for 30 minutes. Ammoni um
acetate buffer (0.1M 2 m) was added and the m xture was concentrated. The
15 residue was purified with preparative HPLC on a CS colum. A gradient
from20% to 45 % MCN in (UM N1440Ac buffer was used as eluent. The MeCN
was renoved fromthe collected fraction under reduced pressure. The
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o onr e e kE S 00 5 8423 e yas eddech Afierd0 Rgin dhsprtion S BISRE 452
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PCT! BEA004 84960 of b Kool e ({403 AR druidhmbigopheny! ) - 3-

ox 0az etietioneuyder pbdied plcaswe.yTRegeymaining §Qud@0gas purdie ynpepararice KFEAC ;

22 AeTTR! b SR T oot S St R © ¢
2- (et mw%é @gg‘ﬁa\ﬁﬁbfs Cgaaf% @he(&sﬁQéPam@t- £3BwhitdEad (09 p2ddegl vieldye

m xt ur stir at 30 or 20h betore the reaction was quenched” by the
addition of water (1 m). The m xture was diluted with MeCH (2 nml) and NaBH4

e Brds i 203 TIRGy R aRR st cRinbilr ar SRS e 1B SR’ ™
met hanof 4Nas N GIIYHt2 YBDEI7 (m, 31D), 2.85-2.97 (m, 2HD), 4.15-4.23 (m, 1H), 4.26-4.32 (m,
LH), 4.53 (s, 2HD), 4.65-4.74 (m, 1H), 5.01-5.07 (m, 1F1), 5.66 (bs, 1H), 6.97-7.03 (m, 2H),
7.13-7.29 (m, 8H), 7.35-7.41 (m, 2H), 7.96-8.06 (m, 1H), 8.22-8.29 (m, LH).

20 Example 82

N-({4~[(2R,3R)-1-(4-Fluorophenyl)-3-({2-hydroxy-2-[4-(methylthio)phenyllethyl}thio)-4- eO
oxoazetidin-2-yllphenoxy}acetyl)glycyl-D-valine

25
A.solution of {4-[(2R 3R)-1-(4-flucrophenyl}-3-({2-hydroxy-2-{4-
(methylthio)phenyllethyl }thio)-4-oxoazetidin-2-yllphenoxy} acetic acid {(0.015g, 0.029mmol),
tert-butyl glycyl-D-valinate hydrochloride (0.009g, 0.034mmol) and N-Methylmorpholine
(0.013ml, 0.118mmol) in DCM (3 ml) was stirred at RT for 10 min, after which TBTU

30 (0.014g, 0.044 mmol) was added, After 17 h the conversion to the intermediate (m/z; 724.7,
M+1) was completed. The solution was diluted with TFA (2 ml) and the mixture was allowed
to stir for 2 h. The resulting acid (m/z: 668.6, M-+1) was concentrated and the residue was
dissolved in MeQF (3 ml), To this solution was added NaBH4 (30 mg, 2.11 mmol) in




. reduced pressure. The remaining solution was purified by preparative HPLC
using a gradient 10 of 20-50% MeCN in a 0. |IMamonium acetate buffer as

el uent. Freeze-drying of the pure fractions gave the desjred ﬁ)r{%&é}ct as a
_white soY@ANENEBIR g, 50 %vyield). r) Accurate mass: bUbSBfHP + 15
Exanpl e 79 - 117 - :

(2R) - 3- 0- eyanophenyl ) -2-{[ ({[4- ((2R, 3R) - 1- (4-fl uorophenyl)-3-{[2-(4-fl uoroph
enyl ) -2+ . . .

hydr oéjer%l%slL}ntt%ithg}r?%cgfge?zfé%el |t%q62\?§ﬁ Soﬁpeiﬁtg% {a:/chgig /| hgrlﬁsar?oogéveatsyl }am no} prop
anoi ¢ qu2ficleli by the addition of a 0.1M ammonium acetate buffer (3 ml) before most of the

2R) - 3- (4- cyanophenyl ) - 2- 4- ((2R, 3R)-1-(4-fl uorophenyl)-3-([2-(4-fluoro
hony] ) PoaR ST RO WAt B LR D g SBHRBP SRSyt by P

am no) L HNOe} P j kol : i,ssol ved
T ot RER BT re SR AN B S s R0 b S Bl BT e

r eacs i glociweBreexndilytigeriake plirditRQribs 1ac M Gesiredvpeidops(0aN4g ATEh) & 2ghte Was
added, The sol vent was renoved under reduced pressure and the residue was
purifi®ddby preparative 11 PLC an a Kromasil CS- col umm using a stepw se
gradient of 33.5% 43% and then 55.5% MeCN in 0. | M anmmoni um acetate buffer
as eluent. After freeze-drying, 30 0.005 g (83 % of the desired product was

obt ai neg. m¥O689.0 VOO 4532 NRER/(SB3004/400 MER) 5:0145.0.98 1] B, I0M-¥Hz,(£D3000D)
2.91-3.12 (m_3H), 3.26-332 ém 1Hg, 391 (ABg ;& 4.03- 4.07 (m 1H),4.57
(s, 21180, 2406547 Bpe 3H) 2-80)3.08 (m02H), 93408 ka0, 34,903 U(do BEY.A. 5N, 38), 6. 97- 7. 08

g{)” %45594’.847@?,9}{3; 8854787 @ )arn! 733718 O, S 247 s (R Osl: 213) 5 Exanple

N-{[4-((2R, 3. R -1-(4-Fl uorophenyl)-3-{[ 2- hydr oxy- 2- (4- pent yl phenyl ) et hyl ] t hi
0} - 4- oxoazetidi n-2-yl)pheenoxy] acetyl }glycyl -3-cycl ohexyl -D-al anine To a
sol ut i Bxample88 (2R 3R)- 1- (4-ftuor ophenyl ) - 4- oxo- 3-t [2-0x0-2-(4 15

pentyl phenyl ) et hyl ]t hi o}azeti di n-2-yl ) phenoxy]acetic acid (0.020 g, 0.037
mmol) and NMM (0.012 mi, 0.109 mol) in DMF (2 nl) at 30C was added TBTU
(0. 019Ny{4-P 2R t-Fluorophenyl)-3-({2-hydroxy-2-[4~(methylthio)phenyllethyl}thio)-4-

15 oxeazetidin-2-yllphenoxylacetyl)glycyl-3-methyl-D-valine

To a solution of {4-[(2R,3R)-1-(4-finorophenyl)-3-({2-hydroxy-2-[4-
(methyltliio)phenyl]ethyl}thio)-4—oxoazetidin-z-yl]phenoxy}acetic acid (0.020 g, 0.039
mmol) and NMM (0.020 ml, 0.182 mmol) in DMF (3 ml) at RT was added TBTU (0.020 g,

20 0.062 mmol). The reaction mixture was stirred for 60 min afier which glycyl-3-methyl-D-
valine (0.008 g, 0.043 mmol) was added. The mixture was stirred for 18 h before the reaction
was quenched by the addition of water (1 mi). The mixture was diluted with MeOH (1 ml)
and NaBH4 (0.040 g, 1.06 mmol) was added. After 10 min the reaction was quenched by the
addition of a 0.1M ammoninm acetate buffer (2 ml) and most of the methanol was removed

25 under reduced pressure. The remaining solution was purified by preparative HPLC using a
gradient of 20-60% MeCN in a 0.1M ammonium acetate buffer as eluent. Freeze-drying of
the pure fractions gave the desired product as a white solid (0.006 g, 22 % yield).

ES- m/z: 683.0 (M-1). 1H NMR (DMSO, 500 MHz) 5: 0.88-0.94 (m, 9K, 2.44-2.46 (m, 35D,

30 2.85-2.96 (m, 2H), 3.80-3.87 (m, 2H), 4.01-4.07 (m, 1ED), 4.27-4.35 (m, 1K), 4.55 (s, 2H),
4.66-4.75 (m, 1H), 5.01-5.07 (m, 1H), 6.97-7.03 (m, 2H), 7.14-7.29 (m, 8H), 7.36-7.41 (m,
2H), 7.70-7.85 (m, 111, 8.28-8.33 (1, 1HD.



l

— After 15 mmn grycyl-3-cyclohexyl-D-alanine (0.009 g, 0.039 mmol) was added
and the mxture was stirred at 30C for 22 h. The reaction was quenched by -
the addition of water (1 m) before the m xture was diluted with McOH (2
nil). TqQ,thi Mtion was added NaBH4 20 (0.020 g, t he _
m xture gﬁ‘g‘t'q%ﬂ’gd for 10 mn. This reaction was queniﬁ%ﬂwm{]ﬁggaddi tion
of a O 1M amoni um acetate buffer (3-H8- and nost of the nethanol was
renoved under reduced pressure. The renmining solution was purified by
pr epar g@lé—@gc using a gradient of 20-60% MeCN in a 0. | M amoni um
acet at as cluent. Freeze- drying of the pure fractions gave the
desired product as a white solid (0.009 g, 32 To yield). 25 1H NVWR (CD30D,

1. 75 1B R G Fophety ) 24 sorarmleay b-bHiromppthvtYak4: 02 (m 3,

511}, 4#@%%5%%%8&@5%%?‘2@3é%‘r“éﬁ%?*ﬂ*ﬂ“&‘“‘*‘e ortm =, 68570 (m

N ({8 (2R, 3R) - 1- (4- Fl uerophenyl ). 3- ({2- hydr oxy-2-[ 4. (net hyl t hi 0) phenyl ] et hyl -
}thin)-4- oxoazetidin-2-yl]phenoxy}acetyl)glycyl-3-cycl ohexyl - D-al ani ne WO
2005/ 061452 PCT/ SE2004/ 001900 -116 To a solution of

EﬁgE o TALAR SRTA A ORORRAYD-337 (2 C b ON B4 BRoctuiithio-d-oraazetidin- o 150
nmp]a):etgn@ww (R} D. crmmrﬂ:l?%s gizsdlyed i DMmIVEI &) at RT was

aaded :?BII)'U (0 025 g,. 0.078 nlpol). The reaction mxture was_stirred for 90
m n af Math O&h%ﬂ?émmal]@wp@ﬁék TBBU QiSme, AO47omplpwere adediandiibsl ) was

e A Al (R A e EPURL O RFph B Gy AR B 5"

t hen NaRkthrd Wadskfred, foﬂmzﬁamﬁ(ﬂ 2nﬂ§asasaddaﬂand°ﬂ1teemx&ﬁe waBstidel foedsmhian was’
quenched 10 by the addition of a M _anmnoni um acetate buffer (2 m) and ™

m)lst oMaOR (rabmad HaBrhd 1 Pmebvers Qﬂﬁ‘ﬁ'érNHe%@é@ H?Eéé‘éﬁﬁﬁé edmer @Pm ng
Voo | RohERioR s ot BUGE Brbitafice HPKE & o RO MEAGIERa ), SO0

fracti 50% agH i hvemmiweﬂwm mucm névbile phixiet Bysyiiilightion 1908yl 7. SAz Wodp! d) .
15 ES- z: 123. '

2y L5 obth tigh compond. 1z 648 (U, WO (400 Wi DRES G S44h, 18 17 3}87 mes. 2. o7
(M 2Hypny 4 4274075, 458, 25074 @6 23208119 (m, 45D, 6.99 (d, 2H), 5.06 (dd, 1K),
4.70-4.78 (m, 150, 4.53 (s, 2H), 4.31 (4d, 1K), 4.09-4.17 (m, 1H), 3.65-3.81 (m, 2H), 2,84~
3.00 (m, 2H), 1.65 (dd, 15D), 1.42 (dd, 1H), 0.86 (s, OH).

20
Example 85

@,

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyljthio}-4-
oxoazetidin-2-yl)phenoxylacetyl jglycyl-3-cyclopentyl-D-alanine
25
To a solution of N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-flucrophenyl)-2-oxoethyl]thio } -
4-pxoazetidin-2-yl)phenoxylacetyl} glycine (0.05 g, 0.092 mmol) and N. -methyi morpholine
(0.037 g, 0.37 mmol) in DMF (2 ml), under an atmosphere of nitrogen, was added TBTU
(0.039 g, 0.12 mmol). After 1.5 h, 3-cyclopentyl-D-alanine (0.022 g, 0.13%9 mmol) was added.
30 The reaction was allowed to stir for 1 h after which water (1 m!) was added. After 10 minutes,
MeOH (2 ml) and NaBH, (0.035 g, 0.925 mmol) were added. Full conversion io the
corresponding alcohol was achieved within 3 minutes. The reaction was quenched by the
~ addition of 0.1M NH4OAc buffer (2 ml) and the product was isclated by preparative HPLC of




1H), 4.53 (s, 2H), 4.65-4.74 (m 111), 5.01-5.07 (m 1H), 5.66 (bs, 111),
6.97-7.03 (m 2H), 7.13-7.29 (m 811), 7.35-7.41 (m 2H), 7.96-8.06 (m
IH), 8.22-8.29 (m IH). 20 Exanple 82

N ({4- [(iﬁ)?ﬁ)m(:l] 4 Fl uor ophenyl ) - 3- ({ 2- hydr oxy- 2- [41 Véﬁ%(#é,m;%g&enyl)et hy

1} thi oxoazetldln 2-yl I phenoxy}acetyl)gl ycyl - sol ution
of {4- [(2R 3R) - 1- (4-fl uorophenyl) - 3- (¥ hydr oxy- 2-[ 4-
(et hyl t hi o) phenyl ] et hyl jthio)-4-oxoazetidin-2-yl]phenoxy)acetic acid

(0. 015¢he RiA2STEWEN 0-58% THION W 0 Qhvy S OR; Ak Bé/dfyﬁ@d) 099,
0. 034rr%06\'|) andr(Bl\PNEt hyl nor pﬂl ne %1 r?ﬂV@dffO 118r$rm| 1Q&:IH\I/IQIﬁfaét%r@)

st rr edffarderthy desired cainpouns OB g8 ) TBTUOREIIES: sohdgmfzo 6@&1 (Mna ). JWas

added, y/ r ate..( I\/Hrl) was
conpl PR TR ISPl PRI Gbril s . Bk { B ) b s I e v

al | owed 7@ 3, 4. 1104 18 (@R, 11@% Zﬁwlst(hﬁgm% §1 snEH%ﬁtﬁ@a @75%11%03-
concentrated and the residue was dissol ved Tothi's soI ution
was &ddeg LN EHRT-7 80 (g 1 212), 8102806 Xami, AHYE. TZZ)(ISIH}taSZ PCT/ SE200 t /001960
-117 portions until the reduction of the ketone was conpleted (LC/ M5). The
reaction was quenched by the addition of a 0. 1M amoni um acetate buffer (3

m ) bef@g’a%l}g?gg of the nethanol was renoved under reduced pressure. The

remai n ion was purified by preparative |I3PLC, using a gradient of
20-50% McCN in a 0. 1M anmoni um acetate buffer as 5 eluent. Freeze-drying of

tEge pure frs‘ggé3%3}}11§u¥e thﬁm‘iséﬁgﬂ roduc O'Gg&cﬁgfpggnﬁ%fgg%@%if\;\}gjg e solid.
g A s (1 ) 5 (0

411), 7.13-7.18 (m 211), 7.21-7.34 (m 611). Exanple 83
N-({4-[ (2R 3R) - 1- (4- Fl uorophenyl) - 3- ({2- hydroxy-2-[ 4- (net hyl t hi 0) phenyl ] et hy
| }thin)-4- 15 oxoazetidi n-2-yi] phenoxy}acetyl)glycyl-3-nethyl-A-valine To a

o1 1 Sl 4R O Lt gt ot ke
(0.020 4goxdhzﬂ8:ﬁn-Z—yl)phenoxy]aceuc acid (0.04 g, 0.081 mmol) and N-methyl morpholme
15 (0.033 g, 0.323 munol) in_ DMF (2 mi), under an atmosphere of mtrogen, was added TBTU
(0.034 g, 0.105 mmol}, After 1.5 h, glycyl-3-methyl-D-valine triftuoroacetate salt (0.037 g,
0.121 mmol) was added. The mixture was allowed to stir for 1 h after which water (1 ml) was
added. After 10 minutes, MeOH {2 ml) and NaBH, (0.031 g, 0.807 mmol) were added. Full
conversion to the corresponding alcohol was achieved within 5 minutes. The reaction was
20 quenched by the addition of 0.1M NH,OAc buffer (2 ml) and the product was isolated by
preparative HPLC of the mixture (eluent 0-30% CHsCN in 0.1M NH,OAc buffer). Freeze
drying of pure fractions afforded the desired compound (0.027 g, 50%) as a colourless solid.
m/z: 666.7 (M — 1). '"H NMR [(CD3),S0), 400 MHz] § 0.88 (s, 9H), 2.81-2.93 (m, 2H), 3.69-
3.70 (m, 3H), 3.82 (4, 2H), 4.03-4.07 (m, 1), 4.22-4.25 (m, 1H), 4.51 (s, 2H), 4.61-4.68 (m,
25 1H), 5.01-5.03 (m, 1H), 6.81-7.36 (m, 12H), 7.81-7.86 (m, 1H), 8.25 (t, LH).

Example 87

N-({4-[(2R,3R)-3~{[2~(4-ethoxyphenyl)-2-hydroxyethylithio}-1-(4-fluorophenyl)-4-
30 oxoazetidin-2-yllphenoxylacetyl)glycyl-3-methyl-D-valine

To a solution of {4-[(2R,3R)-3-{[2-(4-ethoxyphenyl)-2-oxoethyl]thio }-1-(4-flucrophenyl)-4-
oxoazetidin-2-yllphenoxy tacetic acid (0.04 g, 0.078 mmol) and N-methyl morpholine (0.032



o l

-~ nmol )y and NMIVT (0.020 ral,” 0.182 muol) in DVF (3 nl) at RT was added T13TU
(0.020 g, 20 0.062 nmmol ). The reaction mxture was stirred for 60 mn after °
whi ch glycyl -3-nethyl-D valine (0.008 g, 0.043 nmol) was added. The m xture
was stir 18, h before the reaction was quenched okl on of )
vat er (1{“%"%{%‘1%?% xture was diluted with MCOH (1 ) pgﬁﬁeﬁg’%)%.om g,
1.06 Mol ) was added. After 10 mn t hd2feacti on was quenched by the’
addition of a 0.1M ammoni um acetate buffer (2 nl) and nost of the nethanol

vas I emoad425mu1de DVB @ efhidee o5 bintosplBie dreuiddeh Mehssatied TBTUNDS0IRW, fi ed
by preparative BPLC using a radi ent of 20-60% MeCN in a 0.1M amoni um

acet at ¢ Bl maola i fter dé mrinutey, 1-drethyl-Brvalingdrifuereageiate sald (03 agd). 10%

LR A L bR
30 2. 85?%-&%@2&.'%&&11@ %ug%s%eé}?@ ﬁ]?lanaWaBm @lo3% 0. 189 mddd)) wée 2ddd. 35 (M

113), 4.55 ( H) -4.75 (m 111), 5.01-5.07 (m I1i), 6.97-7.03 (m
211) .5 Fulleonvasioprtp tigHjorresp@@ling alaokohwas 2¢hipvedrwithings ginutes. ThelyeacBons- 8. 33
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oxoaz etdrying-02 purel fyphiens xf¢rded thel depiged/ comporridig27 , 08%ank Lolomsgestisoéid] ved i n

wer e a3 e 1) SRR B Rt OF Amp NET B sof ubi L - b6 B e e

11 I ' ' f
(11, 065 o, Mdedonts Lot s dcnep, s e e

(0.2m) was a the mxture was stirre
NaBH4 (2EBndp0wede(mdddn 5.00 0% (i .cidIR 6/19) 7.06 Smatitidy 7a2-eR87 (&, hHh.8.25 (1, (O
Purifi c%ioon was perfornmed using preparative HPLC on a CS colum. A gradi ent
from2 % MCN in O IMNHAc was used as. nobile phase. Lyophilization
yielded 17.5ng (70% 15 of the title conpound. Mz: 668 (M1). NWR (400
MHz, DMSO: 8.24 (t, IH, 7.77-7.87 (m 1H), 7.32-7.40 (m 4H), 7.22-7.27
(m 2HExam@léd8. 19 (m 413), 6.99 (d, 2H), 5.06 (dd, 1H), 4.70-4.78 (m
111)1’5 4.53 (s, 21-1),4.31 (dd, 111), 4.09-4.17 (m 113), 3.65-3.81 (m 211),
2. 84

N-{[4-((2R,3R)~1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl}-2-hydroxyethyllthio}-4-

oxoazeﬁdin-z-y!)phenoxy]acetyl}glycyl-S-(4-methbxybenzyl)J)-cystein

20 To a stired solution of  N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-
oxoethyljthio }-4-oxoazetidin-2-yl)phenoxylacetyl } glycine, { 21.3 mg, 0.039 mmol)} in DMF
(3 ml) was added N-methylmorpholine (20 I, 0.18 mmol). TBTU‘ (15.1 mg, 0.047 mmol) D
was added and the mixture was stirred at 30°C for 35 minutes. S$-(4-methoxybenzyl)-D-
cysteine (12.8 mg, 0.053 mmol) was ac_Ided and the mixture was stirred 1 hour at 30°C and 1.5

25 hours at ambient temperature. The formation of the ketone of the title compound was
confirmed, M/z: 764.11 (M+1) and 762.06 (M-1). Methanol (3 ml) and sodium borohydride
(15 mg, 0.40 mmol) were added and the mixture was stirred for 20 minutes. Ammonium
acetate (25 mg) was added and the methanol was removed under reduced pressure. The
remaining DMF-solution was purified with preparative HPLC on a C8 column, UV 240/260

30 nm. A gradient from 20 to 47% MeCN in 0.1M NELOAc was used as eluent. The MeCN was
removed from the collected fractions under reduced pressure. The remaining water solution
was acidified to pH 1 with KHSO, (2M) and exivacted with DCM. The organic phase was

concentrated under reduced pressure and the residue was dissolved in MeCN and water. After




3.00 (m 211), 1.65 (dd,113),1.42 (dd, 111), 0.86 (s, 9H). 20 Exanple 85
N-{[4-((2R 3R)-1-(4-fiuorophenyl)-3-{[2-(4-t7uorophenyl)-2-hydroxyethyl}thio
}-4- oxoazetidi n-2-yl)phenoxy]acetyl } gl ycyl -3-cycl opentyl-D-alanine 25 To a
sol utio S06143 ~ PCT/SE2004/001960

N-{ [ 4- ( ?’&@ YWRPSHT 4 i uor ophenyl ) - 3- {[.2- (4-f | uor ophenyl’)~ 2- oxoet hyl j t hi o} -

4- oxoazet i di n- 2-yl ) pbenoxyj acet yl } gl e (0.05 g, 0.092 nmol) and N-net hyl

mor pholine (0.037 g, 0.37 mol) in DVF (2 nl), under an atnosphere of
ni t r ogyaphilisasiosd thedti TBTUMPEMNDB8Ss ghtanet2asmsiiite sefitie(l0F. Bgh3o %). H-NMR

a1 | ovotftpaabls VSO B30 G o Bar DA by B b A et odgs
| e :

Conver b Lo ha e cetont N AFCakar Giak Aci ovad (r LRV R BT b PEk e
react i 56\, Filp 5cieBlobyb, D, 6 8adi} 21 698 @, TN),NHACAC SHuf, B8R, 7.20M38 @nd t he

pr oduct s isolated. b reparative HPLC of WD 20051061452 PCT/ SE20041001960
- 1197t fid): '%%&é@éﬂﬂeé@gﬁvg Mﬁéﬁ‘li{}h @M NHroAC buffer). Freeze drying

of pure fractions afforded the desired compound (0.031 g, 49% as a
colourless solid. mz: 680.7 (M- 1). "H NM'. [(CD3)2SO, 400 MHz] 6

0.97- 1E¢Smpa8®H), 1.38-1.81 (in, 9H), 2.84-2.94 (in, 21-1), 3.77 (d, 2H),
4.11- 47 1'_'?_6 m 1H), 4.25-4.28 (m 11-1), 4.51 (s, 213), 4.69-4.75 (in, 11-1),
5.03-5.06 S (m, 111), 6.97-7.37 (m 121-1), 8-02-8.06 (m 1H), 8.22 (t,

m [ 4- %@%@%-ﬁi‘wfﬁ“&é‘r’%ﬁ?& N 25U Agoraphenyl)-2-hydroxyethylith .'ﬁ'yl )ethyl | t hi
gél- E?i gﬁh@x@ﬁh&-yﬂpﬁemuéq@t}ﬂ}glycﬁlmhum@lwaﬁhe 3-nethyl-D-valine To a

f
L4 (( 2180 apizrad polutipnef MHriiléHARIR- 4 Flpatopbendk It romnbawdi-8y | t hi o) -

4- oxoazet b2+ Y QEEEQ&EX i ] o , (98- . hyl

nor pho?i%r%ﬂqgﬁl%é%% g, %%%m%?@%%tW@gﬁ%ggqgémaWﬂ%}g% er eyof'
ni t r ogéhmimes saided V- hBhimdpholdd @5 (A, 005 nmalh.) TBAL @4.81mp, 1046 mmol)

glycyl -3-nethyl -D;valine trifluoroacetate salt (0.037 g, 0.121 mmol) was
added, Whaddeihe mextigesway StisRedt 88 Giqrd - Beurs: K-bepedrl-sme (S Rars0.045 ) was

adaqq. sobldiPhiad Radthiah B bR s ikt o B0 R ot ordhe RedBRY o FR! ) VT €
title compound was confirmed. M/z: 718.04 (M-+1) and 716.02 (M-1). Methanol (3 ml) and

sodium borohydride (10.3 mg, 0.27 mmol) were added and the mixture was stirred for 1.5
hours. Ammonium acetate (20 mg) was added and the methanol was removed under reduced
pressure. The remaining DMF-solution was purified by preparative HPLC on a C8 column,

20 UV 240/260 nm. A gradient from 20 to 45 % MeCN in 0.1M NH4OAc buffer was used as
eluent. The pure fractions were collected and the MeCN was removed under reduced pressure.
The remaining water solution was acidified to pH 1 with HCI (IM) and extracted with DCM.
The combined organic phases were concentrated and the residue was dissolved in MeCN and
water. After Iyophilisation, the title compound was obtained as a white solid (2.3 mg, 8.5 %).

25 H-NMR (400 Mz, DMSO-dg); 2.85-2.94 (m, 2F), 3.58-3.63 (m, 1H), 3.69-3.75 (m, iH),
3.83 (d, 2H), 4.25 (d, 0.3 H), 4.27 (d, 0.5H), 4.39-4.44 (m, 1H), 4.46 (d, 2H), 4.51 (s, 2H),
4.68-4.75 (m, 1H), 5.03 (4, 0.5H), 5.06 (d, 0.5), 6.98 (d, 28, 7.05-7.17 (m, 4H), 7.20-7.26
{m, 3H), 7.28-7.39 (m, 8H), 8.20 (d, 1H), 8.25 (t, 1H). M/z: 718.10 (M-1).

30 Example 90

N-{[4-((2R,3R)-1-(4-fluoropheny])-3-{[2-(4-fluorophenyh)-2-hydroxyethyl]thio}-4-
oxoazetidin-2-yl)phenoxylacetyl}glycyl-S-(4-methylbenzyl)-D-cysteine



conversion to the correspondi ng alcohot~ was achieved within 5 mnutes. The
reacti on was 20 quenched by the addition of 0.JM NH4. QAc buffer (2 m) and
the product was isolated by preparative HPLC of the mi xture (eluent 0-50%
CH3CN in 0.1M NFI 40Ac buffer). Freeze drying of pure fractions afforded the
desi r e @ 2iPpe6H482 (0. 027 g, 509 as a col ourless sol i dPCTHEZINEERW (M - 1),
i3 NWR [(CD3)2SO, 400 Mh z] S 0.88123.~ 9H), 2.81-2.93 (rn, 2H), 3.69- 3.70
(m 313), 3.82 (d, 213), 4.03-4.07 (m 1H), 4.22-4.25 (m 113), 4.51 (s,
213), 4.61-4.68 (m 25 111-3), 5.01-5.03 (m 113), 6.81-7.36 (m 1211),
7.81-7.86 (m IH, 8.25 (t, 111). Exanple 87

N ({474 (2R @Red3- {diandrd- ef hokyphgBRER)-1 4% Y31 Ehaohuckofienfumr opheny
| )-4- 30 oxoazetidin-2-yl ]thenoxy} acetyl - 3-net hyl - D-val | ne

sol ut@xngthyf]thio}-4-oxoazetidin- -yl)phenoxy]acetyl}glycme (19 9 mg, 0.037 mmol) in DME

ol Bk Gt BRIl S0 5 b ekl PRI

m)r? h@hé '&ﬁdécpa@@%hé@nﬁﬁﬁélv%lﬁﬁgefgé@@@(?&lag %%ﬁﬁtesl%ﬂggmeﬂrg%ﬂ zmﬂPJ-) in

m ) under an atnosphere of nitrogen was added TBTU 0.102
rmDI )cysmﬁmeeﬂ%mgx ArE anugllywsd adledundyhe Divtakd wes stiiréd abdd eénaﬂéxogalt

i hut SR8 SO cHhepkdtabe pf T i, Gotg e PRt i s OARAIT2 o)

and '\iﬁtﬂﬂaﬂ(ﬁa%ﬁ dhd sgdﬁﬁé bEFRY AL, mded 393l w&RBMBES R Mnfxfurk Rias

correspondi ng al'cohol was achieved within 5 mnutes. The reaction was
q uencdteceddpr 8 mindds. tAromooiond dwtmiémmﬂbwm edde(dzamli t}le aredhaniob wps oolovedwas

t t HPLC. of 0% CH3CN .i ., 1M
oA Aednobd SRRGTG, TherTorining DR Solbign Srds it ViR P me e P LG
conpoynd ¢f Bt UUe c?a%n PR e RS gﬁa‘@lhérﬁ‘ fmﬁ% to6§@%8MeIMN H 0, iMN'VFT)
[ (CD3)hSD), 400 MHz] S 0.89 (s, oH). 1.26-1 U581 10 2.92 (m~

2H), ]SI—BQA(cchuf&Hmasw%L & @oertm TieHure dra0Bont, Ware(qqllemﬂl)andzth@ Mo 3vasm 1H),
4,51

7 82- i @ﬁlpd%_ﬁegu%edzgre%%ure lﬁ% remnmngig( mlvgll3 aclﬁngw?d toGPI&T th%ll)
N-{ ( 4Hd %ﬂxr? Bid éxtéa(etefd Witk RGN The cmbindd 6{1%%&@ a@@mefe dondeityALPRyPingy! 1 thi o
}-4- oxoazetidi n-2-yl)phenoxy]acetyl} gl ycyl-S-(4-methoxybenzyl)-D-cystein
15 residue was dissolved in MeCN and water. After lyophilisation, the title compound was
obtained as a white solid (8.7 mg, 31.5 %). H-NMR (400 MHz, DMSO-dg): 2.24 (s, 3H),
2.60-2,68 (m, 1H), 2.72-2.79 (m, 1H), 2.86-2.94 (m, 2H), 3.68 (s, 2H), 3.82 (d, 2H), 4.25 (d,
0.5H), 4.27 (d, 0.5H), 4.39-4.46 (m, 1H), 4.52 (5, 2H), 4.67-4.77 (m, 1H), 5.03 (d, 0.5H), 5.06
(d, 0.5H), 5.60-5.67 (bs, 1H), 6.98 (d, 2H), 7.05-7.18 {m, 8H), 7.20-7.25 (m, 2H), 4.30-4.39

20 (m, 4H), 8.23-8.32 (m, 2H), 12.80-12.95 (bs, 1H). M/z: 748.04 (M-1).

@

Example 91

N-{I4-((2R,3R)-1-(4-flnorophenyl)-3-{[2-(4-fluorephenyl)-2-hydroxyethyllthio}-4-
25 oxoazetidin-2-yl)phenoxylacetyl}glycyl-D-ornithine

N-{[4-((2R,3R)-1-{4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoethyl]thio }-4-oxoazetidin-2~
yDphenoxylacetyl} glycyl-D~ornithine ( 0.021 g, 0.032 mmole) was dissolved in methanol

30 (1.5 mL). NaBH, (0.0032 g, 0.085 mmole) was added and after about 135 min the reaction was
complete according to LC-MS. A few drops of acetic acid was added. The solvent was

removed under reduced pressure and the residue was puriﬁcd by preparative HPLC on a




20 To a stirred solution of
N-{[4-((2R 3R)-1-(4-fl uorophenyl)-3-([2-(4-fluorophenyl)-2
oxoet hyl ] t hi n} - 4- oxoazeti di n-2-yl) phenoxy] acetyl } gl ycine, ( 21.3 ng, 0.039

mur al ) ) was added N-methyl norpholine (20 bbetRelfhJstRkd - TBTU
(15.1 nﬂvo%ﬂgﬁnﬂl) O was added and the m xture was gir?’r%@ at 30C for 35

m nutes. S-(4-nethoxybenzyl)-D cysteni'e' (12.8 ng, 0.053 nmol) was added and
the m xture was stirred 1 hour at 30C and 1.5 25 hours at anbi ent

t enper gdnesil @‘alecd‘l@hﬁ@gmg B7 % Mgy ke, Wparﬂlfnmtlllﬂﬁl £dertit§bﬁﬁémléﬂ%n\!‘@§fter
confirmed, Mz: 764.11 1% and 762.06 (M1). Methanol (3 m) and sodium

bor ohyffe¢atedryings 0983 203 yesisebpraduetavaarnttainel. m xt ure was stirred for
20 m nutes. Ammonium acetate (25 ng) was added and the nethanol was renoved
under reduced pressure. The renaining DVF-solution was purified with

pr eparm?M@@D @émqlf&msoléhﬁ 3109/ 129112%@ é’%{nlfﬁ goad Bt farpm 39 to 47%

MeCN in O ITM NH4OAC Wwas used as el uént’. removed fromfhe
col | ®c{aldqfatas #ilon(d, hdgH. O&@uﬁéﬂ{)p#égfﬂﬁk&nﬂﬁﬁ i Sere(B, TG 488487 &n) L), on

phase 048 (bRl Ak el st et dn eyl Lo8 T e et dt e T HEC o ved

in M water. After WD 2005(061452 - PCTI SE2004/ 001960 -121
| yophi I'i'sation, the title conpound was obtained as a white solid (10.7 ny,
36 %9. HNWR (400 MHz, DVSO-d6): 2-60-2.80 (m 2H), 2.83-2.97 (m 214),

3.63-3,66 (bd,_211), 3.69 (s, 31), 177-3.81 (bd, 21-1), 4.24-4.33 (m 2H),
4,52 (E_Eﬁg,_?fa 924.67-4.76 (m 111), 5.03 (d, 0.511), 5.06 (d, 0.511),

) PR ARGy 3 Bl bt Ddrtvedfy il 07705 1)

Exanpl excaaeﬁa{r{-z.y@@na;@mamxwglpmavﬁqzﬁﬁdnmmynmysme acetate
f2-(4-fluorophenyl)-2-hydroxyethyllthio}.4- 10
oxoazeti di n-2-yl ) phenoxy] acetyl } gl ycyl - O benzyl -L-serine To a stirred

sol uti gy f(@ji éRif'(ﬁ-@l%Br(ﬁﬁ%%y‘l}ﬂﬁFf(hlfg{] g@?ﬁ Bt«o%(o%tr{yﬁiﬁlé 1l c?k%?@aﬁm') 2-

oxoet hyl I'oY--4-o0xo0aze acetyl }gl'yci ne, 0. 038
mol ) yh)pmnaxyl(azetm }glmbww&mmhyhhﬂwnmﬁa ﬁﬁtgl 0067 @iBole) was didsotved TBTU

houlS TRBBARY S PLINIHE: uor 0.0 T Tarol) Rt onets e ot s B i xtur e
2 S04 A AT 0 Bl %‘;OP%SP ek e dpid gopound
solvent was removed under reduced pressure and the residue was purified by preparative
HPL.C on a Kromasil C8- column using 33.5% MeCN in 0.1M ammeonium acetate buffer as
eluent. Afier freeze-drying, 0.004g (73%) of the desired product as the acetate-salt was

20 obtained.

NMR (500 MHz,CDsCOOD) 1.33-143 (m, 2H), 1.62-1.78 (m, 3H), 1.85-1.98 (m, 41, 2.83

(s, 6H), 2.91-3.08 (m, 4H), 3.94 (s, 2H), 4.02 (d, 0.5H), 4.05 (d, 0.5H), 4.25-4.30 (m, 1H),

4.61 (s, 2HD), 4.79-4.85 (m, 1H), 4.90 (d, 0.5H), 4.92 (d, 0.5E), 6.96-7.08 (m, 6H), 7.25-7.30
25 (m, 2H), 7.30-7.38 (m, 4H)

Example 93

N-{[4~((2R,3R)-1-(4-flueropbenyl}-3-{{2-(4-fluorophenyl)-2-hydroxyethylithio}-4-
30 oxoazetidin-2-yl)phenoxylacetyl}glycyl-b,b-dimethyl-D-phenylalanine



l,
___sodium borohydri-de{310-3—ng,—0-27 mol)—wer € ‘added and the m xture was

stirred for 1.5 hours. Amoni um acetate (20 ng) was added and the net hanot

was renoved under reduced pressure. The renai ni ng DMF-sol ution was purified
by preparative HPLC on a CS colum, 20 ETV 2401260 nm A gradient from20 to
45 % MNON 2006/ @141 NFLOAC buffer was used as el uent. THE/RERIRVEOAYEt i ons were

coll ected and the McCN was renoved utpder reduced pressure. The remaining

wat er solution was acidified to pH 1 with HC (1M and extracted with DCM

N e e R L e R

gl‘f’m éﬁae&lglgﬁlgg -SxdEeti@n3- %G%hcﬁéxﬁaéﬂbﬂ %l?@&e"(ﬁ@ 2 r@gﬁm n@ncﬂﬁmza% cm

111) d,
H) , 4n@weﬁadc@d§§;]nctwlmme (3R L ﬂ1<3)27 mm@ T@TQ 11% 0 mg, 9 S'ésmn@i)l as

i U Ll 4 6 (o)) S itz [,

fr) meo%aathja% s bddel)and 36 BRaiR! Wad@irred at 30 °C for 1 25 hours The formation
2R, 3R) -1 - (4-1l uorophenyl ) 3-{f2-(4-fl uorophen

N 4DRFOSRF Ve S Mihene) (F 5D £ o hERIRRE 41925, 0.68 mamol

oxoet m&a Maea}thé TXRRE Kab sﬂh‘@d o3 Hﬂﬁﬂ%yAﬁﬁ%ﬂdm %aﬁtenﬁcao xﬁgﬁw%s qacaecp ggu

( 14 4am:g thd)n:@ttﬁnmmlas rénevrst wdbde deduedd @h@smcxfﬂhae:emauw iDMEdoh;ttmﬁmf@ for 45

Tt LY Sropte e o e 0% of 19 48 T nas G i o T R Bt o

the il &PERMH. fvmaeemf Wéﬁ%ﬁmv% éna&%a&%d &ﬁ@s%ﬁre ankithb afbinkeg Wity and )

he m xture was stirr€d

nmol m) was added N-nethyl nor phol 1 ne

sodi um orohydr| de (14.7 ng, O. nmo)) were a
for 36olntiomtes acﬁmﬁmﬁltqmﬁdcwttht}é@( G(M)r’@)d ortsactaidwith POM. Beepinio ghaseas

d 10 und DVE- fied
i th BPegRTRAIHES APt GHoCRAGRRBR it o L PO SRS B MR G Biren: ©
from 20l eslye&&\l th8 n@eldb’hﬁounadata@%ta@ﬁ&f 84 WAl @0 Fldsend 4 pure

fractions re col l'ected and t renoved undefr redliced pressure.

Thas r BIGER r{#0 Midz,PVSE-6a)i R 6103 GilY DE-5.05 g, 2H)i 365387 (MHRATS

- extract At § Bs B8 ol N6 sES A0 B0 AEHPR LS. LIPEE S Lo ARG, 13h g 080 the
0.5H), 4.05 (d, 0.5H), 6.88-6.98 (m, 2H), 7.05-7.17 (m, SH), 7.20-740 (m, 10H) 7.45-7.75
(m, 1H) 8.22 (t, 1H). M/z: T18.09 (M:+1) and 716.07 (M-1).

20 Example 94

—

1(4-Fluorophenyl)-3-(R)-[2-(4-fluorophenyl)-2-hydroxyethylthio]-4-(R)-{4-[N-(ci-(R)- Q

{V-[2-(hydroxy)-1-(8)-
{carboxy)ethyl]carbamoyl}benzyl)carbamoylmethoxylphenyl}azetidin-2-one

25
To a solution of 1-{(4-fluorophenyl}-3-(R)-{(4-fluorobenzoyl)methylthio]-4-(R)-{ 4-[N-(a-(R)-
{N-[2-(hydraxy)-1-(S)-(catboxy)ethyljcarbamoyl } benzyl)carbamoylmethoxylphenyl }
azetidin-2-one ( 0.039 g, 0,053 mmol) in MeOH (3 ml) was added NaBH,4 (0.005 g, 0.135
mmol). After 10 min, water (2 ml) and acetic acid (2 drops) were added before most of the

30 solvent was removed under reduced pressure. The residue was purified by.preparative HPLC
using a gradient of 20-60% MeCN in 0.1M ammonium acetate buffer as eluent. After freeze-
drying the desired product was obtained in 0.038 g (96%) as a white solid. NMR (DMSOC, 500
MHz): 2.90-3.00 (m, 2H), 3.50 (dd, 1H), 3.60 (dd, 1H), 4.15-4.30 (m, 2H), 4.60 (ABq, 2H),

211 25 (d, 0.5

hydr ox ethyl]thlo}(
- 4- o&bﬁmekqtmmgizﬂlyIt)tbrmmpqapdo’&SyGopgnyc@/| Myz( Zl@ﬁ't? r{i« razlgil’bmm dtlgi ne WO




15 residue was dissolved in MeCN and water. After |yophilisation, the title
conpound was obtained as a white solid (8.7 ng, 31.5 %9. H NWMR (400 MHz,
DMSO-d6) ;. 2.24 (s, 311), 2.60-2.68 (m 111), 2.72-2.79 .86-2.94
-(m 211)“’%”8%3/“‘1(‘&"2 213), 3.82 (d, 211), 4.25 (d, O. 51113&%@%%}7%“&?‘0.5”,
4.39-4.46 (m IH), 4.52 (s, 211), 4.67%28-77 (m 111), 5. 03 (d, 0.511), 5.06
(d 0.511), 5.60-5.67 (bs, 111), 6.98 (d, 2H), 7.05-7.18 (m 811), 7.20-7.25
(m 21 ) ( 1 1 95,.60bs, 1N).
(m 213509, sﬁom)l%ﬁE;%B 0y D) 5.68-@ %%5 s GE W7l §38% 420 Sukps
N-{[4 (£2R784.2) - 1- (4-f1 uorophenyl ) - 3-{[ 2- (4-f I uor ophenyl ) - 2- hydr oxyet hyl ] t hi
0}-4- 25 oxoazetidin-2-yl)phenoxy]acetyl}glycyl-D-ornithine
N-{ (4- ((ZR, 3R)-1- (4-fl uorophenyl)-3-((2-(4-fluorophenyl)- 2-oxoet hyl]thio]-4-
oxoazetggl n-ﬁ- SyI ) phenoxy] acetyl ]glycyl-D-ornithine (0.021 g, 0.032 nmole)
was di met hanol 30 (1.5 nmL). NaBH4 (0, 0032 g, 0.085 mmol e) was
addedsand after about 15 min the reaction was conplete according to LC M.
A few drops of acetic acid was added. The solvent was renoved under reduced
pr essur b(dfitiarophered)-3uR)2<4-fluor 6 pleohyby2-by dpmyathivithidIR-R e f4-EV G- (R)-
200510%&2 PC IS £)041001960 -123 Kxomasil C8- columm using 37% McCN in
0.1M a Grbutes¥hidShui fer as eluent. After freeze- drying, 0.018 g (85%

1) f*%ﬁ"’%&gef“§%%W"%ﬁ*@@%"?‘“%ﬁf@@?%‘W ) 14885( (a

0. 5H), 408 (d, 0.5H), 4.27-4.32 (m IH), 4.64 (s, 211), 4.82-4.87 (m I|H),
4.93_ (d, 4. 94 1 411 7.09
7.2 81(; 33 ( ogpﬁxluﬁ?n :(gg 1-;{2 jfp Y%W“ﬂi'%l(%)%%a n%@bgggoibmethyltg10]4—(R)-{4-[N—

AL AR e relenbl RS LB Ra ST Ao
acet at eazebidintZ-otd PROBRE; &OOﬂrtﬁh@lpfrDm@M@)mﬁ‘v{as added NaBH, (0.004 g, 0.108

[ 2-(4- quorophen¥I) 2- oxoet hyl ]t hi 0} - 4- oxoazet i di n- 2-
yl ) phen@sad] O gnip ciap solgomyras agl wwim%n@aécqﬂ@ aghl (@ drop0 d7iaseol €) was

di ssol Vﬁgst (% t%%so?%ﬂ%%g’{%n(l&veﬁ L{Hd%L' l‘eaﬁ(’% ésgulgo’?? &'Sl(}aﬁ ?‘ég I%JBII ngé E% was added

and after reaction vva € acco M5. A few
dr op$5 OprepaetivCHBL Ui gradidatol J0060% HOME R OVIAS afRTaed attiste buffedac ed

pressure and the residue was purified by preparative
eluent. After freeze-drying the desired product was obtained in 0.002 g (~quantitative yield)
as a white solid. NMR (DMSO, 500 MHz): 1.00 (s, 9H), 2.90-3.00 (m, 2H), 3.40-3.55 (m,
2H), 4.20-4.30 (m, 2H), 4.60 (ABq, 2H), 4.70-4.80 (m, 11D, 5.00-5.05 (m, 1H), 5.70 (4, 1H),

6.95-7.45 (m, 17H), 8.20 (bs, 1H), 8.35 (d, 1H); m/z: 762.5.

Example 96

1-(4-Fluorophenyl)-3-(R)-[2-(4-fluorephenyl)-2-hydroxyethylthic]-4-(R)-{4-{ N-{N-[ 2-
(hydroxy)-1-(R)-(carboxy)ethylcarbamoylmethyl}carbamoylmethoxylphenyl}azetidin-
25 2-one

To a solution of 1-(4-fluorophenyl}-3-(R)-[(4-fluorobenzoylmethylthio}-4-(R)-{4-[N-
{N-[2-(hydroxy)-1-(R)-(carboxy)ethyljcarbamoylmethyl Jcarbamoylmethoxyiphenyl }
azetidin-2-one ( 0.028 g, 0.045 mmol) in MeOH (3 ml) was added NaBE, (0.010 g, 0.264

30 mmol). After 10 minutes the solvent was removed under reduced pressure and the residue was
purified by preparative HPLC using a gradient of 20-50% MeCN in 0.1M ammonium acetate
buffer as eluent. After freeze-drying the desired product was obtained in 0.014 g (50 %) as a
white solid. NMR (CDsCOOD, 400 MEZ): 3.00-3.20 (m, 2ED), 3.95 (dd, 1H), 4.00-4.15 (m,



\
HPLC on a I Cromasil C8- colum using 33.5% MeCN in 0. 1M anmoni um acet at e

buffer as eluent. After freeze-drying, 0.004g (73% of the desired product
as the acetate-salt was 20 obtai ned. NVR (500 M—Iz,CDBCOCD) 1.33-1.43 (m
211), 62-1.78 (m 313),1,85-1.98 (m 411), 2.83 ]1%291308(m
41-1), 3"‘9200@@6“& -1),4.02 (d, 0.51-1), 4.05 (d, O. 511}’”&“—‘ 0P (rti, 1M,
4.61 (s, 21T), 4.79-4.85 (m 111), -4280 (d, O. 511) 4,92 (d, 0.511),
6.96-7.08 (m 611) 7.25-7.30 25 (m 211), 7.30-7.38 (m 411) Exanple 93

N-{ 2 . -

L4 ( (TR 478 2D 5T S A 4 744805 AEDy 483 5 00 0 3D S R Tk th}?r]th. o} 4
- 30 'h2sgzst (ngichD2myd: ppbdnoxy] acet yl } gl ycyl - b, b- di net hyl - D- phenyl al ani ne
20051061452 PCTI SE20041001960 -124 To a stirred solution of N-{

[ 4- ((2R 3R) 1- (4-fluorophenyl)-3-{ [2-(4-fluorophenyi)-2-

oxoetﬁ } - 4- oxoazeti di n-2-yl ) phenoxy] acetyl } gl yci ne (25.2 ng, 0.047

nmol ) (2 m) was added N-nethyl norpholine (30 A, 0.027 mmol). TPTU
(180 ng, 0.056 rrm)l) vvas added and the m xture was stirred at 30 Cfor 1
hour, (i, p -di rreth ) 8- enyl atanine 5 trifluoroacetate was added and the

m xt uk -Ekmrgphmxé}zl ophexyDrrhydroxpethyithiedd-(Bh{4-D¥-{ME2-ket one of

O e e e L R T
mol )gperer e added the mxture was stirred for 25 minutes. Ammnl um acet ate

(30 ng) was added and the nethanol was renoved under reduced pressure. The
renal ning DVMP-sol ution was 10 purified with preparative HPLC. A gradient

fved untitFriiormenviraabid et iRy S i ne
aCI di {.Rfl(dafborYhethyl cbfba.l?@a/hﬁétm_{l jeRdamuinasiad ehpt}wddnm%ner(%ﬁtgc phaS €)

was concentrated under reduced pressure and the residue was dissolved in

MeCN GA2mimpBrwas digselved iy sisHianpbEtmb and sedivm harehysbidedtmg) wasadisdalhed as a

whi t | d 20. 5 15 NM 0 6 1. 27 . 32
o) Sscb e ot Blaipratarinehendle R MR Byt B Chiner Afaida™ L0
0. 511f):mm410‘79t0(1$10 ‘@ﬁé@Nm@ ARE An®dniti ao%&lébuﬂerﬁﬁ'rﬂolﬂﬁ ARe. 111) 4 99 (d,
0.511 4. 05 (d 0.511 6. 88-6. 98 (m 2 05-7.17 (m 511) 20-7. 40

(3 1ogophilisatien of the praduet fraatjonegaze 8eg (33\F) OMt@ degirsl mdpmmm&too? 16. 07
( M 1) f12,CDLCOOD): 3.02-3.17 (m,3H), 3.19-3.25 (m, 1H), 4.06-4.17 (m, 3H), 4.66 (s, 215,
4.87-4.96 (m, 3H), 6.97-7.05 (m, 6H), 7.10-7.40 (m, 12H); m/z 688.3 (m-H).

Examples 98-136
20 The following compounds could be prepared by the procedure of Example 97, but

wherein different protecting groups may be used.

EF 2 F__F
PS e [F H
Ph e g H
100 the 7 R
101 [H lMe H I
102 [Ph Me H
103 | -CHMe), F H
104 [Ph LCH(Me), E
105 Ph LCH(Me); [ﬁ i
106 [H -CELCHMe); P H
107 [Ph LCH,CH(Me), I3 H




. 20 Exanple 94
1- (4- Fl uorophenyl)-3-(R)-[2. (4. fl uorophenyl)-2-hydroxyethylthio]-4-(R)-{4.[N

-(cc-(R- Q (N-[2-(hydroxy)-1-(9)
- (car boxyyermzpta? banoyl } benzyl ) car banoyl r net hoxy] pheuypj%iéﬂor”&‘?ﬁﬁ‘}z one 25
To a sol ution of -127-
1- (4-fl uorophenyl)-3-(R)- [(4quorobenzoyI)rrethyIthlo] 4- (R) -{4- [N-(a(R)
{ N [ 2 Lhyeosey——S)—{-carbaxethy-ear-bareyt—
benzyl lsar bEeryI met hoxy] pher§‘ azeti din- 2- one ( ofRi39 g, 4R055 molf) in
MeOH SIII) Weasatded |\HBHH’W o) A ter T, ter (2
m) a ace}t)ji’c acid (2 dropqd) ed before nost Fof the 30 sol ventj was
r enov gheun gr reduced pressungL,cd sidue was purifged by eparati Ve HPLC
usi ngfa._gradi ent of 20-60% CN i n 0 M_ammoni ym acetate buffler as el uent.
After [fiteezleh drying the desiGCHgEMdeyct was obtainefin 0.03H g (96%| as a
whi t e Lsali NMR (nl\/Rn 500 |\/u-;\ 2_.900-3-00 {J'_‘n 2D 3-50 ’Pd, 1| Q\ 3.60
(dd, M1 4 fil5-4. 30 (m 211), Pl 60 (ABq, 211), VO 204%/ 061452 [H
PCTI S""“Glf 041960——125—47(0 30— (M1t —5-00-5: (113,565 <,
11), q. -7 ﬁ5 (m 171), 8.3%ﬁ8 45 (m 211); o z: 7 6. 4. Ex’}ﬁ‘ple 95 5
1- (4- HforopgpbenyT) - 3-TR)-[ 2-[pg-T1 uo rophenyl) - 2-hydr pxyet hyl tig
10]-449(R-{4. [N(a- (R - {N[12-(f-butoxy)-1-(S)
(car bdxd etlHigl ] car banoyl } benPy! ) car banoyl met hoxy] phefﬂ/l }azetildl n-2-ong 10
To a goelutiop—of
1- (4- ffAfor enyl )-3-(R)- [ (4°FH48dr obenzoy! ) met hyl thi 8} - 4- (R -F4-[N- (& (R)-
{N-[ 2- g Sy=(tar Wnyllcaroamyl 5 o
} benzytjcar m)yl met hoxy] phegnyl™} azetidin-2-one (0/002 g, (. 003 mml) in
MA 3 |f§7 nlphpwas added NaBm (@4 g, 0.108 mmol). Kter 10 i n, the
sol utifon was added water. (1.JM) and acetic acid (2 diops) heflore nostf of
t he sqlifntPhas renoved underCHEH!Uced pressure. The IEsi due ViHs purifijed by
15 pr gparati-ye~HP-Eustrg—a 20--60% M ENt O tvtgpunom-um ‘
acet at gﬁ)uf r as eluent, %?]3%{4:?3@35)3 drying the dqfsi red prjo et was
obt ai riggh TNipd. 002 ﬁ-quantléﬁ%@yﬁoph}al d)y as a [ Sol 1 d.][gNNR (DVRO, 500
VMHz) : J1.°00 F . 911), 2.90-3 in, 211) 3.40-3.55 (m
121 -CH,(4-HOPhL) i fF
122 H -CH,(4-HIOPh) i I
123 [Ph -CHz(4-HOPh) |51 13!
124 H -CH,OH H F
125 [ -CH,COOH T F
126 [H -CH,CH,COOH I 13
127 H -CHRCH,CH,CHLNHC(=NH)NH; |F . i
128 II-I l1-HOPh i |3
129 h -CH,CH,COOH Iaf
130 Ph -CHCHCHLCHNHC(=NIH)NH; [
131 F’h 4-F1OPh I
132 ﬁPh CHaindol-~3-yl g I
133  [Ph -CHyimidazol-4-y] I
134 [Ph -CHCHzSMe Il
135 [Ph cyclohexyl i ¥
136 h rCchyclohexyl kg




l
2R}, 4.20-4.30{m—2Hy+—4:- 60— (ABq,—2H), 4.70-4.80 (m 1H), 5.00-5.05 (m
111), 5.70 (d, 113), 6.95-7.45 (in, 1713), 8.20 (bs, 111), 8.35 (d, 1H);
mz: 762.5. 20 Exarrple 96
1- (4- Ft uor ophenyl R 2- (4-f1 uor ophenyl ) - 2- hydr oxyet hyl t hi ol R 4-[ N
_{(N_[Z_ WO 2(?05;’06%/45')’ ( ) [ ( P y ) y y T¥SE200M001960( ) ( [
(hydroxy) - 14R) - (car boxy) et hyl | ear banoggr.net byl } car banoyl nmet hoxy] phenyl } azet i
din- 25 2-one To a sol ution of
1- (4-fl uorophenyl)-3-(R)-[(4-fluorobenzoyl)methylthio]-.4-(R-{4-[ N
{N-[2-(hydroxy)-1-(R)-(c arboxy)ethyl]carbanzoyl nethyl } carbanoyl netho

Xy] phqf%k%a}anﬁi6?5@1‘&11%1:%&1&191’&2%%0%@&ﬁgﬁt@) in MOH (3 M) was added
NaSH4 m nutes the sol vent was renpved

under reduced pressure and the .residue was purified by preparative HPLC
using a gradient of 20-50% MeCN in 0.l M ammoni um acetate buffer as eiuent.
After freeze-drying the desired product was obtained in 0.014 g (50 %9 as a
whi t héhs NMR (CD3C00D, 400 MHz): 3.00-3.20 (m 211), 3.95 (dd, 113),
4. 00- £ WD 2005/ 061452 PCT/ SE2004/ 4i 01969 -126- 2H), 4.25 (ABq,
211), 4.70 (s, 2H), 4.70-4.80 (m 1H), 4.85-5.00 (m 211), 6.95-7.10 (m

6H), 7,25-7.45 (m 6H); .mz: 630.1. Exanple 97 5

1-(4- M&enyl )-3-(R)-[2(4-fluorophenyl)-2-hydroxyethylthio]-4-(R-{4-[ N
{N-]2-

(phenyl)-1-(R) - (carboxy) et hyl ] car banoyl met hyl } car banoyl net hoxy] phenyl }azeti d
i n- 2- NA§4-1@R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fTuorophenyl)-2-oxoethyl]thio}-4-oxoazetidin-

én3(/4 le’-lgrgpgggoe a).e_t;'l-}(lfz) - Gﬁf-f | uor obenzoyl )nethylthio]-4-(R)-{4-[N-{N-[ 2-(ph

1- (R) - (car boxy) et hyl ] car bamoyl net hyl ) car banoyl et hoxy] phenyl }azeti di n- 2- @"g
(1Sngy, f) 0.022tnnol) wag dissolved in nmethanol (1 m) and sodium

bor ohyfd{(2R, 3@-&@04 -facropittagl)-3- TRe(4-Buirophenyijeds oxecimd fthiod ef-axehzetidiniZesi due was

W et abSBage i (o) meco o, Ty REER! SlaetinBlf 27 A e MHer oouct

f
o o b ot e X

15 temperature for 5 minutes. TBTU (40 mg, 0 12 mmol) was added and the reaction mixture
was stirred for 2 h. TFA (0.7 ml) was added and the solution was stirred for 90 minutes. TFA.
and DCM were removed under reduced pressure and the residue was dissolved in DCM and
washed with water. The organic layer was dried over sodium sulphate and the solvent was
removed under reduced pressure giving 55 mg (95 %) of the title product. M/z: 553.0 (M-1).

20

Method 2 O

[4-((2R 3R)-3~{[(5,5-dimethyl-2-phenyl-1,3-dioxan-2-yD)methyljthio}-4-oxo-1-
25 phenylazetidin-2-yl)phenoxylacetic acid '

To a solution of ethyl [4-((2R,3R)-3-{[(5,5-dimethyi-2-phenyl-1,3-dioxan-2-yl)methyljthio }-
4-0x0-1-phenylazetidin-2-yl)phenoxyjacetate (0.86 g, 1.53 mmol) in MeOH (25 ml) was
added water (2.5 ml) and triethylamine (1.55 g). The reaction was stirred for 48 h at 50 °C.

30 The solvent was evaporated and the residue was purified by preparative HPLC using a
gradient of 20-70% CHCN in 0.1IM NH4OAc buffer. Freeze-drying of the pure fractions gave
the title compound as 2 colourless solid. g NMR [(CD3}:80), 400 MHz] (1 0.50 (s, 3H), 1.15



-4.87-4.96 (m 3H), 6.97-7.05 (m 6H), 7.10-7.40 (m 1211); mz 688.3 (mH).
Exanpl es 98-136 20 The foll owi ng conpounds coul d be prepared by the
procedure of Exa Ie 97, but wherein different protecting groups may be
~used. JWERIGHOLSE- .3 3 h e 100 e 01 e 102 Ph Vie PCABE2HOMF® 104 h
CH(Me)2 105 h -C (I\/E)Z 106 - CH2CH(M=zp2 107 h CH2CH(Me) 2 WD 20051061452 PC
| SE20aa/ 001960 -127 a i 2 R3 ita 108 Ph -CH2CH(Me)z 109 -CH2CH(Me)2 11 H

1o NRIBUNR I Byt Ry o ol dohiablE B G

6.83-7.41 (m, 14H).

5 Meihod 3

N-[(4-{(2R,3R)-4-0x0-3-[(2-0x0-2-phenylethyl)thio]-1-phenylazetidin-2-
yi}phenoxy)acetyl]glycine

10
Glycine tert-butyl ester (0.015 g, 0.112 mmol) and N-Methylmorpholine (0.028 g, 0.281
mmol) were added to a solution of [4-((2R,3R)-3-{{(5.5-dimethyl-2-phenyl-1,3-dioxan-2-
yl)mcthyl]thw} -4-0x0-1-phenylazetidin-2-yl)phenoxy]acetic amd {0.050 g, 0.094 mmol) in
CH,Cl; (5 ml) After 10 minutes, TBTU {0.039 g, 0.122 mmol) was added. The reaction was

15 stirred overnight. The resulting tert-buty! ester was purified on silica gel and eluted with
EtOAc/CHLCly (25/75). The pure fractions were collected and concentrated. CHoCly (4 ml)
and TFA (1 ml) were added. The solvent was evaporated after 2 h and the residue was
purified by preparative HPLC using an eluent of 20-70% CH;CN in 0.1M NH,OAc¢ buffer.
Freeze-drying of the pure ifractions gave the title product as a colourless solid. Mfz: 503.5 (M-

20 1). '"H NMR (CD;CN), 400 MHz] & 3.84 (d, 2H), 4.18 (d, 1H), 4.24 (s, 2H), 4.50 (s, 2H), 5.04
(d, 1H), 6.99-7.12 (m, 3H), 7.25-7.66 (m, 9H), 7.94-7.96 (1, 2H).

Method 4

25 (2R)-({[4-((2R,3R}-1-(4-fluorophenyl)-3-{{2-(4-fluorophenyl)-2-oxoethyljthio}-4-
oxoazetidin-2-yl)phenoxylacetylJamino){(phenyl)acetic acid

[4-((2R,3R)-1-(4-Fluorophenyl)-3-{ [2-(4-fiuorophenyl)-2-oxoethylthio }-4-oxoazetidin-2-
ylphenoxyJacetic acid (0.40 g, 0.827 mmol) was dissolved in CH,Cl; (40 ml) and terr-butyl
30 (2R)-amino(phenyl)acetate (0.206 g, 0.993 mmol) and N-methylmorpholine (0.251 g, 2.48
mmél) were added. After 10 minutes, TBTU (0.345 g, 1.076 mmol) was added. The reaction
was stirred overnight. The resulting tert-butyl ester was concentrated and purified on silica gel
(eluted with BtOAc/CH2CI2 25/75). The pure fractions were collected and concentrated.



l

T I19 -CH2(4-HOPh) T'1 120 Ph - CH2(4- HOPh) 121 Ph -CH2(4-HOPh) f2-2- H

-CH2(4-HOPh) 123 h -CHz(4-HOPh) 124 -CH2OH 12,5 CH2COOH 126 - CH2CH2COOH
127 - CH2CH2CH2CH2NBC( =NH) NH2 128 -HOPh 129 Ph - CH2CH2COOH 130 h

-CH2CH2ChR§$15&%&_;&Dhﬂ12 137 Ph 4-HOPh 132 Ph CHZindgg%%ﬁM%chyc ohexyl

- CH2i m daz 134 h -CHCHzSMe 135 Ph ycl ohexyl
WO 2005/ 061452 PCT/ SE2004A301960 -12830- Preparation of startint! materials
for the above Exanples 5 Mt hods Met hod 1

N-{[4- (éﬂﬁ:ﬁ@sﬁﬂ ﬁmﬂﬁ‘ﬂ@"@ﬂﬂf\%ﬂe)&d@&d [’I%E(rﬂtﬁdrb'%ﬁ@ﬁ%& k&r?dé%%ﬁﬂ*ﬁi@ ] t hi o} - 4-
oxoazet 1 din. henox

cet -D-al ani ne n
[ 4- (( 2RobR: ﬂsfa@ aamClv\&dnmpbnmashllc)eda}r@E[sﬁte( Thé mﬁmmmﬁmam@myiqaww 4- 0X0
azetidin:2 heno t i.d nt b D- al ani nate
(35" g, b o S 20% a3 i P RO NP ARG b i §f e pBrec ssove
in miﬁéct@nff‘%ﬁ\)e tﬁ@ﬁ gﬁg@ﬁhc@%} s 4 QFrlelo sSIRIMREZAB S So [0k 1)5']?? 'NMEGS TBTO (40
ny, vvasa nd the reaction m xture
5 [(CDa1):50), 400 MHz] 3435 (d, 1H), 4.36 (d, 1H), 4.40 {d, 1H), 4.33 (d, 1H), 4.58 (d, 1),

4.94 (d, TH), 5.19 (d, 1E0), 6.97-7.40 (m, 15H), 8.02-8.06 (m, 2H), 8.26-8.32 (m, 1H).
Method §

i0 N-{[4-((2R,3R)~1-(4-ﬂuorophenyl)-3-{[2-(4-ﬂuomphenyl)-z-oxoethyl]thio}-4-0xoazetidin—
2-yl)phenoxylacetyl}-D-valine Q

[4-((2R,3R)-1-(4-Fluorophenyl)-3-{ [2—(4 -fluorophenyl)-2-oxoethyl]thio }-4-oxoazetidin-2-
yl)phenoxylacetic acid, (50.0 mg, 0.10 mmol) was dissolved in DCM (2 ml). fert-Butyl D-
15 valinate hydrochloride (28.4 mg, 0.14 mmol} and N-methylmorpholine (3.0 ul, 0.31 mmol)
were added, After 5 minutes, TBTU (43.7 mg, 0.14 mmol) was added and the mixture was
stirred overnight. The intermediate ters-butylester of the title componnd was confirmed. M/z:
637.1 (M-H). The solvent was removed under reduced pressure. The yellow residue was
dissolved in formic acid (1.5 ml) and heated at 56°C for 5 h. The solvent was evaporated and
20 the residue was purified by preparative HPLC on a C8 coluran. A gradient from 20 to 50%
MeCN in 0.1 M ammonium acetate buffer was used as eluent. After lyophilisation, the title
compound was obtained as a white solid (30.5 mg, 51 %). 1H-NMR (400 MHz, DMS-dg:: ()
0.74 (t, 6H), 1.98-2.07 (m, 1H), 3.84 (brs, 1H), 4.32 {(d, 1}, 4.35 (s, 1H), 4.36 (5, 1H), 4.50
(brs, 2H), 5.16 {d, 1H), 6.96 (d, 2F), 7.10-7.17 (m, 2H), 7.19-7.24 (m, 2H), 7.31-7.38 (m,
25 4H), 7.66 (brs, 1K), 7.99-8.04 (m, 2H), M/z: 583.0 (M+H) and 581.0 (M-H).

Method 6

(N-{I4-(2R,3R)-1-(4-fluerophenyl)-3-{{2-(4-fluorophenyh)-2-oxoethyl}thio}-4-
30 oxoazetidin-2-yl)phenoxylacetyl}glycyl-D-valine



was stirred for 2 h. TFA (0.7 m) was added and the solution was stirred for
90 m nutes. TFA and DCM were renoved under reduced pressure and the residue
was di ssolved in DCM and washed with water. The organic |layer was dried
over sodYQASEphate and the sol vent was renoved undePCTEAEEGIPsEssur e
giving 55 ng (95 % of the title pradugt. Mz: 553.0 (M1). 20 Method 2
[4-((2R 3R)-3-{[ (5, 5-di net hyl - 2- phenyl -1, 3-di oxan- 2-yl ) net hyl ] t bi o} - 4- oxo- 1-
25 phepyl.azeti Y, etlc Toaso utlo of_ et hyl

[a- {( PRiRfEs o SRR oS ot Hacpesinmety wécewﬁm 0} -

4- 0X0- (LB Prb A% B dattiaiiotiéth - 8@ (? AR, M OH (25
m) WadsC gg%d%\?m?ter 20%5 m)%g d trrﬁgﬁ&?\?m&g% 1(.9%2"’9 ‘64 “Hhe r)ézgﬁ}i on was
st rr edilihaerdgityiesier }@(dmoﬁlorﬁtﬁ (0he2sgl 06138 nwasl) endpomatigtinamtolie0agi due was

purifie prepar a C using.,a gradient of 20-70% CH3CN in 4. IMN
4OAC Hﬁf 93& &Si’éb&%\@ﬁﬂﬁﬁé‘f%ﬁ%@eﬁﬂ?@oﬂ?@&He&ﬁ‘éfc 5P&U 0¥ 8t O1086conpound as

2005, JAiD>" e etan frobiut ¥ 16) eyt Blafindels i @Bg gfyas

3. 21- 21d3%d anal aftdd a oubB dfchoutsthe hed@Bys{sswaPddmpléte Fécrdingtb)LC-ME5. 83 7. 41 (m
141-1). 5 Method 3

N- [ (4-oh2Rt 3~R§ repoqyged-uader rodised pressiisrp dhmasidun st prriied by Ipsepetati n- 2-

ot NPk PRk S b B R by 3000, PRI 105 aPuaien or

[4-(( Qdaacﬁﬁilff&ds eﬂl.(eﬁt a‘wlsmbhwas&aﬂmw hnder?rc@udaa PPesdure and 0.022 g (81 %) of
yl) met hyl ] t hi o} - 4- oxo-1 - ph(raMg/l azetidi n-2-yl)phenoxy] acetic aci “d (0

0. 0y thersitly productppepbiainsd 4% r 10 ninutes, TBTU (0.039 g, O. 122 nunol)
was added. The reaction was 15 stirred overni ght The resulting tert-buty]
ester was purified on silica gel and eluted with EtQAc/CH2CI2 (25/75). The
pure fractions were collected and concentrated. CH2C12 (4 ml) and TFA (1
m ) were added, The sol vent' was evaporat ed after 2 h and the residue was
puri f iMethad Ar eparative HPLC using an el uent of 20-70% CH3CN in 0. 1M NH4OAc
buffer.

15 N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorephenyl})-2-oxoethyllthio}-4-oxoazetidin-
2-yl)phenoxylacetyljglycyl-L-threonine

A mixture of 3-(R)-4~(R)-1-(4-Fiuoropheny;l)~3—[(4~f1u0r0benzoyl)mathylthio]~4~{4-[N—
(carboxymethyl) carbamoylmethoxylphenyl } azetidin-2-one (0.0188g, 0.035 mmol), terz-

20 butyl O-(tert-butyl)-L-threoninate (0.0151 g, 0.065 mmol) and N-methylmorpholine (0.012
m,0.111 mmol) in DCM (2ml) was stirred at room teraperature. TBTU (0.018 g, 0.056
mmol) was added and the mixture was stirred overnight. Trifluoroacetic acid (0.65 ml) was
added and after a couple of hours the hydrolysis was complete according to LC-MS, The
solvent was removed under reduced pressure and the residue was purified by preparative

25 HPLC on a Kromasil C8- column using a gradient of 5-100% MeCN in 0.15% trifluoroacetic

 acid buffer as eluent. The solvent was removed under reduced pressure and 0.014 g (63 %) of

the title product was obtained. M/z 641.92.

30 Method 8

N-{[4~((2R,3R)-1-(4-fluoropheny})-3-{[2-(4-fluorophenyl)-2-oxoethyl]thic}-4-oxoazetidin-
2-yDphenoxylacetyl}glycyl-L-asparagine



l

© —Freeze-drying of the pure fractions gave the title product as a col ourl ess
solid. Mz: 503.5 (M20 1). 1H NWR (CD3CNT), 400 MHz] 6 3.84 (d, 2H), 4.18
(d, 1H), 4.24 (s, 2H) 4.50 (s, 2H), 5.04 (d, 1H), 6.99-7.12 (m 3H),
7.25-7. OZ?EY{%% o] .94-7.96 (m 2H) Met hod 4 25 PCT/SE2004/001960
(2R - ({[4-( -1- (4 f1uorophenyi)-3-{[Z-(4-fuorophenyl)-2-oxoethyl]thi o}
-4- oxoazetidin-2-yl)phenoxy] acetyl }aﬂfi’%o) (phenyl )acetic acid

"[4-((2R, 3R) - 1- (4- Fl uor ophenyl ) - 3-{[ 2- (4-fl uorophenyl ) - 2- oxoet hyl ] t hi 0) - 4- oxo
azetidin-2- yl)phenoxy] acetic acid (0.40 g, 0.827 mmol) was dissolved in

Cl 42C12 (40 nil) and tert-butyl 30 (2R)-am no(phenyl)acetate (0.206 g, 0.993
nmol ) and N-rrethyl nor phol i ne (0.251 g, 2. 48 mml) wer e added. After 10

overni Pt BOR fy HEF bR L GO ila@sﬁx%@th%i—#dwﬁvﬂi ca”on
silicay %axﬁ@tﬂil?dmﬁabyﬂe@&@iy%%e}yﬂ} a2&dTHR-onth DIOQQEmﬁ@IS'} fgRr e

col l ected and concentrated. WO 061452 PCTUS 2004 001960 -130 CH2Cl 2
(25 Ai bytyhhdasprmg (r@tqﬁkgdro@ﬂ@%ﬁf@éﬂﬂllmﬂ Qﬁﬁmmpﬁ apd N-methylmarhoting (B61& and -
the sol,vent., was er reduce ssure urified by
pr epar Qflr%ﬁ WE@I{J&?@SP @"Bfgﬁf @chg?t 3¢~ W?%hf%fﬁs@%ﬂﬁlﬁgﬁ)ﬁégbuf fer.

Fr eezen%paﬂ') ks ‘&Bdé&‘%nd%é %uxﬁu&@%s Qﬁﬁe&@%@mgﬁﬁ mmbﬁaaeeﬂmuago 8§ nd) fad ourl ess
solid 615. 50 5 [ (CDa)2S 400 MHz] 6 4.35 (d,” 14, 4.36
(d, | FhjidedantiCafied akouple oﬂhﬁ@‘s(thle; hﬁdﬂplysw 6 c@mPIQtH)ig:cordmgztow MBHThe5. 19 (d,
Ili)l X gol%gngwgsore oveEIIAer rgdu%gd pressurgand thzelr%a)ndug w%g pgnggd {)}mpre%:@zitivc Method S

N-{ [16 8&1&0@5 filogo E&Bﬁﬁ%hr)g B gfa[:l?en( d¢ st@mqeémyﬂroo B5Rxetiuhdetibi 0} - 4-

oxoazet I di n- henoxy] acetyl }-D-val i ne

(4- (( 2RridIR)ffet a dlubhtuTho pileent Was3epLed Ynder mﬂmpdhgmsu)re 2rdR680 g7 T b of f"“;
} - 4- oxoazet i -2- hen tlc acid, (50.0 ng, 0.10 mml) was

di ssol VeGP @%ﬂﬁzt(‘ﬁgl mn?‘@ﬁ)z% L' 15 valinate hydrochl oride (28.4 my,
.0.14 rnnol ) and N net hyl rmrpbollne (3.0 A, 0.31 minol) were added. After 5
m nutes, TBTU (43.7 ng, 0.14 mmol) was added and the m xture was stirred
over ni Mi¢thodi¥e internediate tert-butylester of the title conpound was

confirmed. Mz: 637.1 (MH). The solvent was renoved under reduced
presléure The yell ow residue was dissolved in formc acid (1,5 m) and

heat ed Naf{4aQ5k BR)- (@M dREhERVY- BN 243 RY SRR R I 0RBEhy T thio}-4-ox0azetidin-
2-yD)phenoxylacetyl}glyeyl-L-methionine

A mixture of 3»(R}-4-(R)—1-(4-?1uoropheny1)-3—[(4-ﬂuor0benzoyl)methylthio}~4—{ 4-[N-
20 (carboxymethyl) carbamoylmethoxylphenyl }azetidin-2-one (0.0197g, 0.036 mmol), terz-butyl
L-methioninate hydrochloride (0.0144 g, 0.060 mmol) and N-methylmorpholine (0.012
ml,0.111 mmol) in DCM (2ml) was stirred at room temperature. TBTU (0.018 g, 0.056 O
mmol) was added and the mixiure was stirred overnight. Trifluoroacetic acid (0.65 ml) was
added and after a couple of hours the hydrolysis was complete according to LC-MS. The
25 solvent was removed under rednced pressure and the residue was purified by preparative
HPLC on a Kromasil C8- column using a gradient of 5-100% MeCN in 0.15% triflucroacetic
acid buffer as eluent. The solvent was removed under reduced pressure and 0.015 g (61 %) of
the title product was obtained. M/z 672.10.

30
Method 10

teri-butyl N-[(benzyloxy)carbonyllglycyl-D-valinate



20 the residue was purified by preparative HPLC on a C8 columm. A gradient
from20 to 50% MeCN in 0.1 M amoni um acetate buffer was used as el uent.
After lyophilisation, the title conpound was obtained as a white solid
(30.5 myO3M058p1453H NMR (400 Mllz, DVB-d6): ED 0.74 (PCTEHROM{00Y802 07 (m
1H), 3.84 (brs, 1H), 4.32 (d, 111), M35 (s, 1H), 4.36 (s, 111}, 4.50 (brs,
2H), 5.16 (d, 111), 6.96 (d, 2H}, 7.10-7.17 (m 211), 7.19-7.24 (m 2H),
7.31-7.38 (in, 25 41), 7.66 (brs, 1H), 7.99-8.04 (m 2H). Mz: 583.0 (M-H)
and 581.0 (MH). Method 6

(N-{[ 44 RRuFR0f M- [(BerddyixiyRiasdivl ph3idel(22.44- M. senaphamyou @ txeriday! ] t hi o} - 4-
30 oxoazetidin- g/(l ) phendxy] acet]ilh?gl y(cy éD val i neblV\D 20 y;:1111) 67452

PCT/ sazﬁ@qqlﬂm%@ 4 g, W4 yumnel) efd N-methylmorpholine (2.53 m1,22.9 :mmol) in DCM

(oar bolty i Hyt yieed Y SnBPRBESRTR oy (4 298 TP Rimbi RGt MotDostts o oap

mol 3, rfkthre WA gt@rea%f fh?éet afdrﬁsr@ésom@lf %M&ﬂid\ﬁiﬁ u&l m%a&ce@l spr&sgé&?m?ml ) and

N- net hyl nmor phol i ne (0. stirre room
t enper waiadeded BBE the( liw(lﬂu& gas ﬂtﬁ%d Bw trtmie)s vmﬁstohd:de’ﬂheau@aﬁiuéammaar e was

S oup! cgthersTHEPiR dhyrdt B0 a e S rtem et R Revdeop DBy PHET G o] vent
was élﬁ&%to‘g?ﬂﬂi%‘m rﬁ@%@@@ﬁ:&&% ﬂqsas%nwos e%'sfo' gg@e;g% 0o MeON

preparative [1PLC masi | CS- colum using a gr |ent
in O. 1&%ﬁhld}h@@ﬂﬂ®.@%(§0&@t{ﬂzﬁiﬂaﬂé}0}a}0£8twﬁ {m,151®), 4 dide a9 8r2bved

undeh EEQUESHRTERSUS 30 & 022 014 B el 1549 11, ] © Product vas

N-{[4-((2R 3. R)-1-(4-fluorophenyl)-3-{[2-(4-fluoropherryt)-2-oxoethyl]thio}-
4- oxoazetidi n- 2-yl)phenoxy]acetyl}glycyl-L-threonine A m xture of
3-(12)-4-(R) - 1- (4-Fi uor ophenyl ) - 3-[ (4- f | uor obenzoyl ) net hyl t hi o] - 4- { 4- { N-
(carbo &1 ) car banoyl et hoxy] phenyl ) azetidi n-2-one (0.018%g, 0.035

mol ), 0 butyl O (tert-butyl)-L-threoninate (0.0151 g, 0.065" nmol)
and N-net hyl nor pholine (0.012 m,0.111 umol) in DCM (2nd) was stirred at
roomtenperature. TBTU (0.019 g, 0.056 mol) was added and the m xture was
st i 16 etbkrebetyd gheyl-Divalinatohpdaehlorideci d (0. 65 m) was added and after a
coupl e of hours the hydrolysis was conplete according to LC-MS. The sol vent
was renoved under reduced pressure and the residue was purified by
preparative

tert-Butyl N-[(benzyloxy)carbonyllglycyl-D-valinate ( 3.89g, 10.7 mmol) and Pd on charcoal
(95%, 0.3g) were mixed in BLOH (95%, 80 ml) and stirred under Hy-atmosphere for 2 h. The
20 mixture was filtered through Celite 521 and the solvent was evaporated under reduced
- pressure. MeCN (25 ml) and pyridine hydrochleride (1.25g, 10.8 mmol) were adgded. The
solvent was evaporated under reduced pressure o give 2.3g (81%) of the title product. NMR
(500 MHz,CD,COOD) 0.96-1.01 (m, 6H), 1.49 (s, 9H), 2.13-2.23 (m 1H), 3.76 (AB, 2H),
4.28-4.33 (m, 1H).

Method 12

_ N-{[4~-((2R 3R)-1-{4-fluorophenyl)-3-{[2-(4-methoxyphenyl)-2-oxoethyllthio}-4-
30 oxoazetidin-2-y)phenoxylacetyl}glycyl-D-valine

A mixture of [4-((2R,3R)-1-{4-fluorophenyl)-3-{[2-(4-methoxyphenyl)-2-oxoethyl]thio}-4-
oxoazetidin-2-yl)phenoxylacetic acid (0.0153g, 0.031 mmol), tert-butyl glycyl-D-valinate



25 BPLC on a Kromasi| CS- colum using a gradient of 5-100%&CN in 0.15%
trifluoroacetic acid buffer as eluent. The sol vent was renoved under
reduced pressure and 0.014 g (63 %9 of the title product was obtained. Mz
641. 92.

N-{ [ 4- ( (g'& %%’{@9?224 | uor ophenyl ) - 3- {[ 2- (4- f | uor opheny! 5STSERGEIMISY ¢ hi o) - 4-

oxoazeti di n- 2-yl)phenoxy]acetyl }gl yc}d4- - aspar agi ne WD 2005/ 061452
PCT/ SE20041001960 -132 A m xture of

3-(R) - 44 1=64 r o= P 69 k=-4-44- [ N-
(ear bol YT o R o ek A e s R RO O Pando g
mol ) , DG (2,51 )ousystirded aspanagmperauiy TBTUNDENL 6 de 0030hbdl )oyvasddéB amdndle) and
N- net hyl mor pholipe (0.012 m_ 0.1 11 mmé(%\él n.DCM (2m ) was stirred at room
t enper BHHHE WaEHIeddond 8 hy Tufugameetaastq (Una grila dde dddsrtiondhalisiond e was

stirre (o] Lf.uar i i : ; r a
coupl egcg?é[rﬁ C‘){# r3 ga%lﬂveé%%}{él F };1%9 g?ésifé\ﬁggsug% ’IrrgF g%éﬁgc‘gaos)rpﬁ %dtwwies ol vent
was §enpYdomasieCss esiugatispizesgadienostcs-1005% M ie 0M8% RifhicréRetid¥cid

preparative 10 HPLC on a Kromasil C8- column using a gradi ent of 5-100% MeCN |
i n 0. 1bufferrasefugsi- JA6 splventakasrepived inde reduged pressuie 28d VHAtg ({40} efibe ed

under r[.gd SSUr. g g (77 %9 of fl the title product was
e S A e

N((4-((2R 3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoet hyl ]

t hi 0} - 4- oxoazetid in- 2-yl)phenoxy]acetyl}glycyl-L-methionine A m xture of
3-(R)-4-(R)-1-(4- luorophenyl)-3-[(4-fluorobenzoyl)nmethylthio]-4-{4-[N 20
(caWo | é1 ) car banoyl nmet hoxy] phenyl } azeti di n-2-one (0.0197g, 0.036
nmoly, tyl L-nmethioninate hydrochloride (0.0144 g, 0.060 mmol) and
N-met hyhnor phol i ne (0.012 m,0.111 mol) in DCM (2nil) was stirred at rodm)

tenperature. TBTU (0.01801%,p 0.056 ED mmol) was added and the mixture was--
sti rr ey-U4dE2R.3R1-(d-luorephenydl=3i R-domgtioxyphensil)-2woxeethydihioddd after a

coupl e hQWI S, | | Vsi conpl ete according to LC-MS. The 25
sol venP%%gﬁalgn%&gﬁhﬁogéfac\réggffgg%ﬁﬁr essure and the residue was purified by
preparative HPLC on a Kromasil CS- columm using a gradient of 5-100% MeCN

in 0.15% trifl uoroacetic
15 A mixtore of [4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-methoxyphenyl)-2-ox0ethyljthio }-4-

oxoazetidin-2-yhphenoxylacetic acid ( 0.150g, 0.30 mmol), zers-butyl glycinate hydrochloride
( 0.0635 g, 0.38 mmol) and N-methyImorpholine (0.10 mii,0.91 mmol) in DCM (2ml) was
stirred at room temperature. TBTU (0.128 g, 0.40 mmol) was added and the mixture was
stirred overnight. Trifluoroacetic acid (4.0 ml} was added and after 2 h the solvent was
20 removed under reduced pressure. The residue was purified by preparative HPLC on a
Kromasil C8~ column using 35% MeCN in 0.1M ammonium acetate buffer as eluent, The
solvent was removed under reduced pressure and 0.159 g (95 %) of the title product was O
obtained. M/z 553.02.

25
Method 14

N-{{4-((2R,3R)-1-(4-Finorophenyl)-3-{[2-(4-flnorophenyl)-2-oxoethyllthio}.4-
oxoagetidin-2-yhphenoxylacetyl}glyeyl-2-butylnorlencine

30
N-{[4~((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoethyl]thio }-4-0x0azetidin-2-
ylphenoxyjacetyl} gtycine (0.020 g, 0.037 mmol) and NMM (0.040 ml, 0.363 mmol) were
dissolved in DCM (5 ml) at 30°C. TBTU (a total of 0.016 g, 0.050 mmol) were added in



-acid buffer as eluent. The solvent was renoved under reduced pressure and
0.015 g (61 %9 of the title product was obtained. Mz 672.10. 30 Method 10

t ent - but zyl oxy) ear bonyl ] gl ycyl -D-val i nate WD 20051061152
" PCTI SEzo%h’fﬁN@iléfg%g 133 A mixture of N-[(benzyl oxy) car B6FI8IWIE (, 2. 49,

11.5 mmol ), tern--butyl D-valinate Juysgrochloride (2-4 g, 11.4 mmol) and
N- et hyl norpholine (2.53 m,22.9 mol) in DCM (20rnl) was stirred at room

Lerner SRS eI ol o éaﬁt’ﬁ‘%gaﬂwm@ﬂo& 5 aqeatiphosr e
Water ;dmd saddedmandetPe sﬂl:ré&‘df%q&aﬁ)r%%r@gé ?&cﬁwﬁiﬂ%ﬁ &dﬁc d;ﬂ . The

organic |l ayer was washed with brine, dryed (Na2SO t) ere
concentunder eguct prossurel engthe demduansiss Wneﬁlt@cpreﬂ:mati\}eaHPLChﬁmi@ﬁ g@rd&mhyf usi ng

DCM Et ce 1 as eluent to giye 3. 949 of thetltle
Comouﬁgom%@ 3@68%1f€?f9§eklﬁilt {Lf:ee@ dmgm(gs 063 )34

2005 2ol Hotpdedl et p oo, I b0Rgtbracn o
tert - BMIH): Nﬂ[?(?:h@@lyﬁ;ogm o@8bnpY (hodmey | 560k Eakﬂnnﬂt{? 1(9632.899m, éﬁ) A7rRl) and

Pd on char coal 95% 0.3g) were mxed in EtOH (95% 80 m) and’stirred
under P& Idoshh :e4ﬁér(AEQh2H)FHé° 302, Rt16rd. mﬁﬁﬁﬂ-?élém H).OuHh7Q6l i te 521

oyt i T8 Ty oOF 9 CBe At /3400 1B & 8oy et D Be2 ot Pkl vent was

evapor at ed under reduced pressure to give 2.3g (81% of the title product.
NVR (500 M Tz, CD3COOD) 0.96-1.01 (m 61d), 1.49 (s, 9H), 2.13-123 (mIM
3.7%0(AB, 211), 4.28-4.33 (m 11. 25 Method 12

N-{[ 4-@&%@@&- 1- (4-fl uorophenyl)-3-{[ 2- (4-rnet hoxyphenyl ) - 2- oxoet hyl ] t hi o} -

4-.- 30 di n- 2-yl ) phenoxy]l.acetyl } gl ycyl -D-valine A m xture of

[4-((2R 3R)-1-(4-fl uorophenyl)-3-([2-(4-net hoxyphenyl)-2-oxoet hyl |Ithio)-4-
N-{[4-((2R,3R)-1-(4-Fluorephenyl}-3-{[2-(4-fluorophenyl)-2-oxoethyljthio}-4-
oxoazetidin-2-yl)phenoxylacetyl}-L-alanine

15

A solution of [4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyllthio }-4-
oxoazetidin-2-yl}phenoxylacetic acid (0.020 g, 0.041 mmol), L-Alanime tert-buty! ester
hydrochloride (0.009 g, 0.050 mmol} and N-Methylmorpholine (0.018 mi, 0.163 mmol) in

20 DCM (4 ml) was stirred for 5 min. TBTU (0.017 g, 0.053 mmol) was added. The formation of
the ester was confirmed after 3 h. M/z: 611.1. TFA (3 mi) was added. After 2h, the mixture
was diluted with toluene (2 ml) and the solvent was removed under reduced pressure. The
residue was purified by preparative HPL.C, using a gradient of 20-50% MeCN in 0.1M
ammoniuin acetate buffer as eluent. After freeze-drying, 0.023 g (>98%) of the title product

25 was obtained as a white solid. M/z: 555.1, IH NMR (DMSG, 400 MHz): & 1,17 (d, 3H), 3.73-
3.82 (m, 1H), 4.33 (d, 1H), 4.35 (ABq, 28), 4.43 (s, 2H), 5.15 (d, 1H), 6.92-7.98 (m, 2H),
7.10-7.24 (m, 4H), 7.29-7.39 (m, 4}1), 7.84 (4, 1H), 7.97-8.04 (m, 2H).

30
Methed 16



|

— oxoazeti di'n-Z-yl'yphenoxy]acetic acid (0.0153g, 0.031 mmol), tert-butyl
gl ycyi -D-val i nate WO 2005! 061452 PCT/ SE2004001960 - 134 hydrochl ori de
(0.0099 g, 0.037 mmuol ) andN- et hyl norpholine (0.010 ",0.091 nmol) in DCM
(2m) was stirred at roomtenperature. TBTU (0.016 g, O , s added.
and the YR¥P¥d43%as stirred for 3.5 B. Trifluoroaceti CPC‘;@W%%QWI) was
added and after 3.5 h the solvent wad36enoved under reduced pressure. The
resi due was purified by preparative HPLC 5 on a TCromasil Cs- columm using a

gr adi eng_sof % Me ' 9% frh ikl Cr.a¢) AT it. The
sol vemw 6\'/35((?%%0%3% un e!lrﬂ%rh eﬁ%‘if&%ﬁ%r(gsﬂs@?gﬁﬁéﬁgng? g%&]gny i(?%‘;}% ngﬁaﬁig%t itle
pr oduc -yinshepoklace}shcz]l-bSghafylalafinket hod 13

N-{[4-((2R, 3R) - 1- (4-fl uorophenyl)-3-{[ 2- (4- met hoxyphenyl ) - 2- oxoet hyl Jthia)-4
- oxoazetidi n-2-yl)phenoxy] acetyl }glycine 15 A m xture of

R e iy
gl ycisn%keaimdrr?%@%gwmgg%(ce@l@ﬁ@l@y&n@&lmﬂiﬁiﬁ) aul Megreolizbnonaid) i wes (0. 10

m,0.91 mmol) was stirred at roomtenperature. TBTU (0.128 g,

0. 40 medssplvaddn deftisd MagH ard Ridanl FEOGH:N £82rmbd b arpelynias afded landrbmicet i c

acid (4.0.n ._added an ter. e ved .under
reduce 5”15};”5% )gm\g%%xr% eov;eg@ S%J gfhﬁ/a‘iﬂ)%‘ﬂurrgi ‘%"{&e Egag%/a/ g‘? g%?z?ﬁ eH' ﬁ;ﬁ%dn%htug was

Kr omas ighri€i8d b9 Préfiativel FIRLG 2¥n colubhnl(YSRBOtAAMM M. gadicat EroRlbl% o A9%

el uent, The solvent was renoved under reduced pressure and 0.159 g (95 % of

t he ti tMeCHrigdhd tMyersrpgium Beeirewas Need sSmabie phgsavekhgoproduct fraction was

N- - -1- (4- -3- J h 1) - 2- t hyl ]t hi o} - 4-
oxodde PR AR S e B P ono ne a0 g
(4-((2R, 3R)-1-(4-fl uorophenyl)-3-([2-(4-fluorophenyl)-2-oxoethyl]thio m
} - 4-oxoazeti di n-2- yl)phenoxy]acetyl }glycine (0.020 g, 0.037 mol) and NIV

(0. 040 Method 363 nmmmol ) were dissolved in DOM (5 m) at 30C. TBTU (a total
of 0.016 g, 0.050 mmol) were added in

methy! N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoeethyl]thio}-4-
15 oxeazetidin-2-yl})phenoxylacetyl}glycyl-L-phenylalaninate

N-{[4-((2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoethyllthio }«4-oxoazetidin-2-
yl)phenoxylacetyl}glycine (66 mg, 0.12 mmol) was dissolved in 2 ml DCM. N-
20 methylmorpholine (40 ul, 0.36 mmol}, L-(S)-phenylalanine methyl ester hydrochlonde (33
mg, 0.15 mmol) and finally TBTU (45 mg, 0._14 mmol) were added. The mixture was stirred
overnight. The crude mixture was purified by flash chromatography on 5g SiQ,. EtOAc:Hex O
(1:1), DCM and finally DCM:Acetone (4:1) were used as eluents. The collected fraction was
concentrated to yield 67mg (78%) of the title compound, Mfz: 702 (M+1).
25 ’
Method 18

tert-butyl N-{[4-((2R3R)-1-(d-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoethyl]thio} -4-
oxoazefidin-2-yl)phenoxylacetyl }glycyl-4-methyleucinate
30



WO 2005/ 061452 PCT/ SE2004/ 001960 -135- portions and the m xture was
stirred for I h. 2-Butylnorleucine (0.007 g, 0.037 mpbl) was added and the
m xt ure %i st)rred at 30C for 18 h. The reaction m xture was concentrat ed
‘under re %%”B?lég?sure and the residue was purified by peBpEIOL1860HPLC,
using a gradi ent of 20-50% MeCN i n-33IM ammoni um acetate buffer as el uent.
After freeze-drying, 0.009 g (34 5 %yield) of the title product was

bt B I &
0.79- 0,82 (m 6F) 0 Be Sy (v Gy B g O OR AP oar

3.71 (ﬂ)phewﬂaﬂwlm;’me (mm)g, 0@%@@@@% g@aqlvemmsazmq @CMﬂ!I) 5.16 (d

TR S NN e S S
N' { [ 4- Ifn(no 1o SRty ﬁf‘n@ﬂ%ﬁf E&F?L@xb )rig‘?’DfOﬁlS mmel) was added and the mixture was

[ 2- (4f rophenyl 2- 0X

ox o0&y ettivdil dor22 ) A dliconxyiadaty iimbthgllarine (ci3 uﬂﬁs&)ﬂ)w @]k as added.
[4-((2R 3R) -1-(4- quoroghen yl)-3-{ EZ 4-fl uoro oxoethy]]thlo }-4-

oxoazeﬁ @"]15 ming WaEK A oy prae ad qdcanéé %Iméi‘ﬁu@%asgmﬁbfl @&@BIO L- Al an| ne

tert- h 0 d th hol i ne
(0.01 zﬁ%k%saoﬁm@e) &@Jé&%%@& '("gé) %i‘?a el (&?& %%bf@\?{ % Srtrd 0. 017
g, O. Qﬁ@arﬁmphz)sewa&r@drdﬁﬁd wikte 3 ndrymei, @fie@bvert Mg SO5 bRY fBRICREMbYARE tRf ter 3
h. Mz: 611.1. TFA (3 nml) was added. After 2h, the m xture was diluted with

t ol uerﬁélV@Qth¥T%C?%Efe§Wf%éﬁYﬁth&ﬁﬂﬁéﬁ’ﬁ%@djh@’ér'f%duced pressure. The
resjdue was purified by preparative HPLC, using a gradient of 20-50% MeCN in
01 anmoni um acetate buffer as eluent. After freeze-drying, 0.023 g (>98%
of .the title product 25 was obtained as a white solid. Mz: 555.1. 1H NMR
(DMSO4OO M—lzg) S1.17 (d, 3H), 3.73- 3.82 (m 1H), 4.33 (d, 111), 4.35
(ABqg, - .43 (s, 2H), 5.15 (d, 1H), 6.92-7.98 (m 2E), 7.10-7.24 (m
411), 7.29- 7.39 (m 4H), 7.84 (d, 1H), 7.97-8.04 (m 2X1). 30 Method 16 WD
20051061452 PCTI SE20041001960

N-{[4-((2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-fluorophenyl)}-2-oxoethyl]thio }-4-
15 oxoazetidin-2-yDphenoxylacetyl}glycylglycine

A solutioﬁ of of [4-((2R.3K)-1-(4-fluorophenyl)-3-{ [2-(4-fluorophenyl)-2-oxoethyljthio }-4- |
oxoazetidin-2-ylyphenoxylacetic acid (0.200 g, 0.414 mmol), glycylglyeine methyl ester

20 hydrochloride (0.050 g, 0.493 mmol) and N-methylmorpholine (0.150 ml) in DCM (5 ml)
was stirred for 10 min. TBTU (0.170 g) was added and the mixture was stirred for 20 h. The
formation of the ester was confirmed. M/z: 612.0. The solvent was removed under reduced
pressure. The residue was dissolved in a mixture of MeOH (5 ml), water (1 ml) and EtsN (0.5
ml). The solution was stirred at 50°C for 18 h. DBN (0.050 ml, 0.405 mmo]) was added and

25 the mixture was stirred for 2 h at 50°C. Ammonium acetate bufier (0.1 M, 3 ml) was added
and the mixture was concentrated. The residue was purified by preparative HPLC, using a
gradient of 20-50% MeCN in 0.1M ammonium acetate buffer as eluent. After freeze-drying,
the title product (0.094 g, 38 % yield) was obtained as a white solid. M/z: 598.2. 1H NMR
(DMSOQ, 400 MHz): 3.30 (d, 2H}, 3.75 (d, 2H), 4.32 (d, 1H), 4.35 (ABq, 2H), 4.46-4.53 {m,

30 2H), 5.15 (4, 1H), 6.94-7.00 (mn, 2H), 7.10-7.25 (m, 4H), 7.29-7.39 (m, 4H), 7.68-7.81 (m,
1H), 7.98-8.04 (m, 2H), 8.30-8.36 (m, LH). |



136-1V-{[4-((2R 3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoethyl]thi
0} - 4- oxoazeti di n- 2-yl)phenoxy] acetyl }gl ycyl - L- phenyl al ani ne Mt hyl
N-([4-((2R, 3R) - 1- (4-fl uorophenyl)-3-{[2-(4-fl uorophenyl)-2-oxoet hyl ]t hi o}-4-
5 oxoazetwadl moRestliyzphenoxy] acet yl } gl ycyl - L- phenyl al ani nak@r/§RBosHo0196r 029 :
mol ) was dissolved in 1.6 M MOCH an .2.mM H2O Et3N (0.2 m, 1.44 mol)
was added and the mxture was stirred overnight. The m xture was heated to
80C for 7 h. The m xture was purified by preparative HPLC using a CS colum
( 25x300ethed 29r adi ent from 20% to 40% MeCN in 0.1 M anmoni um acet ate was
used as nobil e phase. The product fraction was 10 concentrated and

| yophilized to yield 7 ng (36%9. Mz: 688. 1 Method 17 nethyl

N-{[4-((2R, 3R) - 1- (4-1 uorophenyl)-3-{[2-(4-fl uorophenyl)-2-oxoet hyl]thio}-4-
15 oxoazeti di n-2-yl)phenoxy] acetyl } gl ycyl - L- phenyl al ani nat e

N-{ [ 4- ( (B2RyBEYS,I-dimethiytdrpipmyhi|3-dioxap-2-yDmetiylloih keptate 2- oxoet hyl ]t hi 0} - 4- 0
xoazetj di n-2- yl)phenoxy]acetyl}glycine (66 ng, 0.12 nmol) was dissolved in
2 m N 20 net hyl nor pholine (40 ul, 0.36 nmol), L-(S)-phenylal ani ne

nmet hyl ester hydrochloride (33 ng, 0.15 mmol) and finally TBTU (45 ng, 0.14
mmol ) were added. The m xture was stirred overnight. The crude m xture was

]E)uri }‘ : edEt;;hyl {{2-axh2 gheoylethytiaplayctate (5@8@}, éa3 Im@amﬂisf@olv(e& iﬁd)q]uaﬁl\{aﬁihd _
i t 1 t T { . ti
e SIS bl SRS e S A e

Met hod { - . . ) )
N T Lo B b 8 Tho mixturo was siired gt rgflyx in g Dean-Stark aparagus for twp hoprs,

-4- oj;aééaa?gtgg ﬂjmy_fl, t%g;pb)qgge{_ﬁrwégi%g/eTZdl%gﬂzymyWas&mmtddmwbrmmcemeM&

201)5 - - . -
N-{ f 4- ( (B czpge-ofl fas iy #prghramatography (hxgre BN S0 8Risek g BT 0} - @-)

3 R R g R G P PO MR 16 W20 G

mrol ) weln®(tadided.4 @&f 38), 330 (s, 2H), 3.2 (s, 2H), 3.5 (5, 4H), 4.1-4.2 {q, 2H), 7.3-7.6 (m, 5H).

15 Method 21

{[(E,S-Dimethyl-z-phenyl-l,3-dioxan~2-yl)methyl]thio}acetic acid

20
Ethyl {[(5,5-dimethyl-2-phenyl-1,3-dioxan-2-yDmethyl]thio}acetate (11.2 g, 34.3 mmol) was
dissolved in THF (150 ml) and cooled to 0°C. LiOH (2.88 g, 68.7 mmol) in water (40 ml) was O
added and the mixture was stirred for 19 h. The solvents were evaporated. The crude product
was extracted between water and diethyl ether. The aqueous layer was acidified to a pH of 6

25 using 2M HC1 and extracted twice with CHCl;. The combined CH;Cl; layers were dried
(Na2804) and concentrated under reduced pressure to give 9.8 g (96 %) of the title compound
as a white solid. "H-NMR (CDCls, 200 MEz): § 0.6 (s, 3H), 1.4 (s, 3H), 3.0 (s, 2ED), 3.3 (s,

2H), 3.5 (s, 4H), 7.3-7.6 (m, SH).

30
Mthod 22



.mnutes, tern-butyl 4-nethylleucinate (9 ng, 0.045 mvol) was added and the
mxture was 5 stirred for 2 h. Additional tert-butyl 4-nethylleucinate (ca 3
ng, 0.015 mml) was added. After 15 min, water (2 m) was added and the

‘m xt ur e WESHU6HF ed to a pH of 2 using 2M KHSO4 The dYiléETE04INA%E was
extracted with 2 ml DCM and the comhiysd organic phases were washed with 3
m water, dried over Na2SO4 and filtered Renoval of the solvent under

rl\f? er e@fﬁg%?ﬁ @yﬁ%%@tﬁh&ﬁﬁ& %‘[‘ Yéhﬂh@ﬁ%&é‘f;haf r%&hl&ﬂoéghw | thi o} -4

- 15 Oégﬁ% &-Y!) phenoxy] acetyl } gl ycyl gl yci ne A solution of of
[4-((2 R)-1- (4 quorophenyI) 3-{[2-(4-fluorophenyl)-2-oxoet hyl]thio}-4-
oxoazeti di n-2-yl ) phenoxy] acetic acid (0.200 g, 0.414 nmol), gl ycyl gl yci ne

(0. 150068 ittt Ben L e prB T RhieR oo SOREIE § GODAG)) Wl acded.
ot 1 1 P arpEILEY QxE ) Rl Ebich o He. NICLRYLRReLY Jﬁﬂ&‘ e, The
resi dug.6aas 3?30 ssabledd nqdmmgdauﬁm)pynmmmm %ﬁmm mﬁﬂelmére@ﬂdetﬂ 3N

(0.5 nl|2h he solution wag stirred at 50C for DBN (0.050 m, 0.405
mmol ) erk aeméwr%was stirrada Ont fei A mymess {Prted- EWYEQWX%O@@@MAmr&um

acet at c te

Tho. 1 et aungl e adad ok b bt SAF Ko Rl Bl Tol IR RO SO
MeCN i wa®fikbled novnnentmatabeidet eedooéd piesshse ﬁid{ﬁﬂiﬁcdﬁytfﬁshfchﬁﬁﬁﬁogfaphﬁg, t he
tltleE)roduct (0. 094(3%%@%0@”3“1) was obt ained as a white solid,

59810 . (hexanaliiR A 0.2 66 ?éhof tbprljie compguydis pypite solxh’ Hﬁ 1H),

4. 35 0 21-1

7 Jo- 1 IR (§B0)s plo S @%ér@&#%@fﬂfaﬁ(%? da e MRS e
2H), 8436+(8d,36I)( a6-4.8t, 1M 5805 LGE4.92T), PCT/SE2@OATD01960 - 138- Met hod 20
Et hyl ([ (5, 5di et hyl - 2- phenyl - 1, 3-di oxan-2-yl )net hyl ]thi o}acetate 5 Ethyl
[ (2- oxo- 2- phenyl et hyl.)t hi o] acetate (10.8 g, 45.3 mmi) was di ssolved in

t ol uene (250

15 Method 23

Ethyl (4-{(1S ,2R)-1-anilino-2-{[(5,5-dimethyl-2-phenyl-1,3-dioxan-2-yymethyljthio}-3-
oxo-3-[(45)-2-0x0-4-phenyl-1,3-0xazolidin-3-yl]propyl}phenoxy)acetate
20

Tetraisopropyl orthotitanate (0.5 mi, 1.7 mmol) was added to a solution of TiCls (1M in
CH,Cly, 5.1 ml, 5.1 mmol) in CH,Cl; (50 mi) at 0°C under ihert atmosphere. The mixture
was stirred for ten minutes. (48)-3-({[(5,5-Dimethyl-2-phenyl-1 ,B—di'oxanﬁzw

25  yDmethyljthio}acetyl)-4-phenyl-1,3-oxazolidin-2-one (3.0 g, 6.8 mmol) in dry CH;Cl; (60
ml) was added dropwise over 20 minutes and the mixture was stirred for ten minutes. Ethyl
{4-[{phenylimino)methyl]phenoxy}acetate (3.8 g, 13.6 mmol) in dry CH,Cl; (60 ml) was
added dropwise over 30 minutes and the mixture was cooled to -40°C and stirred for 20
minutes. Bthyl diisopropyl amine (2.3 mi, 13.6 ramol) was added dropwise over ten minutes

30 and the mixtore was stirred at -40°C for six hours. The mixiure was cooled to -78°C and
isopropanol (90 ml) was added. The mixture was slowly warmed to room temperature
overnight. Hz0 (100 m) was added and the mixture was stirred for 35 minutes at room
temperature. NHCl (10% ) was added and the mixture was extracted twice with diethyl ether.



. |
m). 2,2-Dinethyl-1, 3-propanediol (37.6 g, 0.36 nol) and p-tol uene sulfonic
acid (cat., 500 ngy) were added. The m xture was stirred at reflux in a
Dean- St ark apparatus for two hours 10 and at roomtenperature overnight. The
m Xt ur ev)@ﬁm@@ﬁgﬁntrat ed under reduced pressure. The gedemigooivgs purified
by fl ash-chromatography (hexane:EtO A.c-7: 1) to give 11.2 g (70 9% of the
title conpound as a colourless oil. 4R (CDC13, 200 MHz): 5 0.6 (s, 3H),
1.2- 1.3 (t, 31-1), 1.4 (s, 31H, 3.0 (s, 2H, 3.2 (s, 2H), 3.5 (s, 4H,
4. 1- 4. Phe(@pmiEidd orgade Tay@ry woreSddshed with Wit dde (MgSO;,) and concentrated under
{[(5, 5-Di net hyl - 2-phenyl -1, 3-di oxan-2-yl )net hyl }thio}acetic acid 20 Ethyl
([ (5, 56%‘@{1Wrss'ztepﬁmahfp@ycﬂaélstﬁhmzn%;ogmmmeﬁ@mﬁ%@@egaﬁbm 1 they6:434. 3

ol ) PRE R4 48 lEokpRndhda PN BN B CRE g P 8, 10

The sa).g€BENVELE.£Ua SR LEN3.0 The 2BIG Baosinaf 4MRg. BT (e BED, N8tsean, wat er
and di et m§”7 et her. The agueous I%yer was_acidified to a 25 using 2M
ir AL

H of 6
HOL SrkFo 57 58 (G HWb deb dild ZFOHE 6160 (Ph &FR b, BHGAD T e TED Y dr | od

(Na2S entrated under reduced pressure to give 9.8 g (96 %9 of the
titlegg%r?ﬁ@&\%%;s a white solid. 1H NW\R (CDC13, 200 MHz): S 0.6 (s, 31H),
H, 3.0

1.4 (s, 3H, 3.0 (s, 2H), 3.3 (s, 2H), 3.5 (s, 4H), 7.3-7.6 (m 5H. 30
Met hod 22 WD 20051061452 PCT/ SE20011001960 -139

(4S)-3-({[ (5, 5-Di net hyl - 2- phenyl - 1, 3-di oxan- 2-yl ) met hyl ] t hi o} acetyl ) - 4- pheny
I

-1, 3- a i di n-2-one

{[(5, &%@ hyl - - 2- phenyl - 1, 3-di oxan-2-yl)nethyl Jthi o)acetic acid (9.9 g,
33. fh Hanel ) was 5 dissolved in dry CH2C12 (250 m) and cooled to OC

N, N - Di cycl ohexyl carbodiimde (DCC, 7.63 g, 37.0 wnol) and

4- (di met hyl am no) pyri dine (DVAP, 8.57 g, 70.0 mml) were added and the Q

m xt ur LI L0 Nall] S) - (4t)n4- Bh | ~2-0xazol i di none
(5 35 BT Rtk fis smmhate-heie ploRpai 29 DRl - B0 o
t enperl;ﬁéﬁ@ﬁzgﬁﬂm@.ybph&@??ﬁ&t&@e was filtered, concentrated under reduced
pressure and purified by ash-chromat ography 10 (hexane: Et OAc-7:3). This
afforded 10.2 g (70 %9 of the title conpound as a white solid. 1H
15
Ethyl (4-{(15,2R)-1-anilino-2-{[(5,5-dimethyl-2-phenyl-1,3-dioxan-2-yDmethyljthio}-3-0xo0-
3-[(45)-2-0x0-4-phenyl-1,3-oxazolidin-3-yljpropyl } phenoxy)acetate (2.1 g, 2.9 mmol) was
dissolved in dry tohaene (200 ml) and heated to 90°C under inert atmosphere. N,O-
Bis(trimethylsilyDacetamide (BSA, 2.1 ml, 8.7 mmol) was added and the mixture was stirred
20 at 90°C for one hour, At 45°C tetrabutylammonium fluoride (TBAF, cat., 0.1 g) was added

and the mixture was stirred at 45°C for 18 h. The mixture was concentrated under reduced

D

pressure. The residue was purified by flash-chromatography (hexane:EtOAc 5:1). This
afforded 0.98 g (60 %) of the title dbmpound as a yellow oil. "H-NMR (CDCls, 200 MHz):
0.6 (s, 3H), 1.2-1.4 (m, 6H), 3.0-3.2 (¢, broad, 2H}, 3.3-3.5 (m, 4H), 3.95 (d, 1H), 4.2-4.4 (q,

25 2H),4.6 (s, 2H), 4.8 (d, 1H), 6.9-7.1 {m, 3H), 7.2-7.6 (m, 11H). MS (CI) M/z: 584.2 (M™ +
Na).

Methad 25

30 ,
tert-Butyl (4-{(1S,2R)-2-{[(5,5-dimethyl-2-phenyl-1,3-dioxan-2-yhmethyl|thio}-1-[(4-
fluorophenyl)amino]-3-oxo-3-{(4S)-2-oxo-4-phenyl-1,3-oxazolidin’-3—
ylipropyl}phenoxy)acetate



NVMR (CDC13, 200 MHz): 0.6 (s, 3H), 1.3 (s, 311), 2.8 (s, 2H), 3.4 (s, 4H),
3.8 (s, 2H), 4.1- 4.15 (dd, 114), 4.6-4.8 (t, 11-1), 5.35-5.45 (dd, 111),
7.25-7.45 (m 9H). 15 Method 23 Et hyl

(4-{ (1SWD Rps/a6lddd | i no- 2- {[ (5, 5-di met hyl - 2- phenyl - 1, 3- BEDRES20410§et hyl ] t hi
0}-3- 0x0-3-[(45)-2-o0x0-4-phenyl - 1%&0' I di n-3-yl ] propyl } phenoxy) aeet at e
20 Tetrai sopropyl orthotitanate (0 5 1.7 mtol) was added to a solution
of TICL (1IMin Cl12C12, 5.1 m, 5.1 mml) in CH2C12 (50 m) at OC under

i ziert atnosphere, The m'xture was stirred for ten mnutes. (4S)-3-({

5, 5-fdaR .
[yf) met hyl | %ﬁwg?' %%@??Pﬁ‘*ﬂ‘é ggﬂwxiag\gg%%g%? pdfed tg 2 gqtatipg O Tl IR o1y i
dry Crﬂgﬁfﬁlg,cjﬁbml,rﬁ 1 mrald 12(1&%141@52%2 aEO"@/\[ﬁrdcz?mam; mubﬁ;&}e@él%‘hhfi@xgnr%t ure was
stirred for m nutes. FEt enyl i nri no) met enoxy}acet at e
(3.8 ¢/asfyrg g‘?ﬁnqeﬁ‘ TRIRug (4 @-é@f@{ é&ﬂ%ﬂ)ﬂéﬁ@ Xb‘élé‘ddlﬂﬂiy pse ov)ér 30 minutes
d f ' |
S|n| S%Bmopywlgﬁﬁr}%e?gs éﬁé gy§g3§%‘%lﬁ}g 286]{%(5@2% 682{%%‘\’791)31@ Cﬁggﬁ%tcé%%&ynut es 30

and t hsl) wiax adde] &!@pwﬁekfv@:@ﬂo afinutd) Bl tenstinubelifeps-bathe(4ni 4-ur € was cool ed to
-78C and i sopropanol m ) was added. The m xture was slowy warnmed to

room tfé}?ﬁ@hﬁﬂﬂﬁ@'ﬂn@mfhﬂ@nheﬂ%@@ﬁi@ﬂ 9 13&snmebdd danGELGR (69 xtiiwes was

o xt urotEirop Rt WL 86 b€ MR ETRELANN i 2D ol stdalfph lfgnREEoC 2N (e
PCT/ SH2RQ4106319691 amikd Q2 Fhel, ¢atriney inpyailidy b&x@lﬁwxﬁ@ew@&?@ﬂséweb wat er,
ur i

dried (MySGs) and concentrated under . reduced pressure. P I cation by
f | akh-tehEaHHe TR ahe Jirhex warsticradat 3B CLEor pighowrs Thp srxigrayas ¢ppled 2, 13 g (43

((%)s °L TR Wb ROTRAURN 125 BayPisldtlt ficanyre SR LG A M ©

3H), Swd3-48d&d fwd th’é rﬂ.lbdiure 51213 & {odl 35 Tdinhtes 6t ¥bofh Brdpdrandt) ThembetbreSvds N, 4H),
6.9-7.0 (d, 2H), 7f 7H. Mz:_ 747,3 (Mt + Na) Method 24 10 0
Et hyl extracted twice thh diethyl ether. The combined organic layers were washed with water, - -

[4- (2R Rroddd,} ba ConReRERDY bide: RRRAN prbsdtind P ARadao by HEGDY! 1 thi o} -4-oxo-1
15 chromatography (hexane:EtOAc 5:1) afforded 2.95 g (56 %) of the title compound as a
yellow solid. M/z: 793.3 (M + Na).

* Method 26
20
tert-Butyl {4-[(2R,3R)-3-{[(5,5-dimethyl-2-phenyl-1,3-dioxan-2-y)methyljthic}-1-(4-
flaorophenyl)-4-oxoazetidin-2-yljphenoxy}acetate

tert-Butyl (4-{(15,2R)-2-{[(5,5-dimethyl-2-phenyl-1,3~dioxan-2-yhmethyl]thio }-1-[(4-

25 {hiorophenyl}amino}-3-oxo-3-[{45)-2-oxo-4-phenyl-1,3-oxazolidin-3-
yllpropyl}phenoxy)acetate (2.6 g, 3.4 mmol) was dissolved in dry toluene (250 mi) and
heated to 90°C under inert atmosphere. N,O-Bis(trimethylsilyl)acetamide (BSA, 2.5 ml, 10.3
ramol) was added and the mixture was stirred at 90°C for one hour. The mixture was cooled
to 45°C and tetrabutylammonium fluoride (TBAF, cat., 0.5 g) was added. The mixture was

30 stirred at 45°C for two hours. The mixture was concentrated under reduced pressure and
purified by flash-chromatography (hexane:EtOAc 7:}). This afforded 0.65 g (31 %) of the
title compound as a yellow solid. 1H-I*_H\f]TR {CDCls, 200 MHz): 8 0.6 (s, 3H), 1.2 (s, 3H), 1.5




phenyl azeti di n- 2-yl ) phenoxy] acetate 15 _ .
Et hyl (4-{(1S, 2R)-1-anilino-2-{[ (5, 5-dirnethyl-2-phenyl -1, 3-di oxan- 2-yl ) net hy

| ]t hi o} - 3-oxo-

3-[ (49) - 2wepRodaspianyl - 1, 3- oxazol i di n- 3-yl ] propyl } phenoxydpsetsaienéd 1 g,
2.9 mol) was dissolved in dry toluen 200 nil) and heated to 90C under
I nert atnosphere. N, O Bis(trinethylsi r?i‘é acetamde (BSA, 2.1 m, 8.7 muol)
was added and the m xture was stirred 20 at 90C for one hour. At 45C

t et r abui(y ISEHLOS3L um, bramd; RHY, 3.4 BARH)c40 (5, 18)148) (@), dddedl Habd-7 Rdmi xt ur e
was stirred 45C for 18 h., The m xture was concentrated under reduced
pressuréﬁ?ﬁggr%é?d{}%’@gdmag%d by fl ash-chromat ography (hexane;lrt QAc
5:1). This 9 afforded 0.98 g (60 %9 of the title conpound as a yellow oil.
1H NWVR (CDC13, 200 MHz): 0.6 (s, 311), 1.2-1.4 (m 6H), 3.0-3.2 (t, broad,

2H), 3.3-3.5 (m 4H), 3.95 (d, 1H), 4.2-4.4 (g, 25 211), 4.6 (s, 2H), 4.8
(d, 1H ., 6.9-7.11(m 3P1), 7.2-7.6 (m 11Th. M5 (Cl) Mz: 584.2 (M + Na).
Met ho§ Methed 27 ent - But yl

(4-{(1S, 2R) - 2-{[ (5, 5-di net hyi - 2- phenyl - 1, 3-di oxan-2-yl ) net hyl ]t ht o} - 1-[ (4.

f I uor ophenyl ) am noj - 3- oxo- 3-[ (4S) - 2- oxo- 4- phenyl - 1, 3- oxazol i di ni - 3-

yl 1 pr opy4{ (ARE3R)< V- 4-Ftaériphe ) 206k B.6( 21 diide 2 iphkh e B th@fldsbidin-21 4 1

Tetr ai s%opyl orthotitanate (0.51 m, 1.8 mmol) was added to a sol ution of
Ti 0 4 (yNphehoxgipespicasid {1 5 1 mol) in CH2Cl2 (50 ni) at OC under inert

at nosphere. The m xture was stirred for ten m nutes.

(45)-3-(([ (5, 5- D net hyl - 2- phenyl -1, 3-dioxan-2 5

yl') meiohyéA-bhiyd} £C@RAR)- 3 [ eRiimdth 3-2plengl-i S-dioRamde/ ndethylYhi-B(4wol ) in
dry CH2C12 (50 was added dropw se over, 20 mi nutes. After ten m nut es,q
6.

tert- bumrmﬂ?leﬁzaxOﬁﬁj@d %é}BhP‘J"PW}ﬁ‘Eﬂt%@%A &ﬁﬁ%@%}‘)lbﬁ’_éﬁ G 13
I s e

cool ed nd stirrre es. i 1sopropyl am ne .3
ml, 13. 4 prassade Xtetrpefurel< 30Y) CPRGIAdaaik was derificdd bp fiasie clwearatdfiaptan m nut es-

and the (ﬂnéxxa%gzggetc\pﬁ?fomcrarc?g 68210%01% tI) %%fo?c{ {)](.7 %OEBUB S%) c;rth tﬁe Epﬂ()e( tchrn%owf ascaog?glg dto
15 yellow solid. "H-NMR (CDCls, 200 MHz): § 4.15 (d, 1H), 4.22 (d, 2H), 4.71 (s, 2H), 4.91 (d,
1H), 6.92-7.00 (m, 4H), 7.24-7.30 (n, 4H), 7.46-7.63 (m, 3H), 7.94-7.99 (4, 2H). MS (CI)
M/z: 464.2 (M-1).

20 Method 28
Ethyl ({[2-(d-methoxyphenyl)-5,5-dimethyl-1,3-dioxan-2-yljmethyl}thio)acetate @

Ethyl {[2-(4-methoxyphenyl)-2-oxoethyl]thio}acetate (9.57 g, 35.7 mmol) was dissolved in

25 benzene (250 ml). 2,2-Dimethyl-1,3-propanediol {29.7 g, 0.29 mol) and p-toluene suifonic
acid (500 mg) were added. The mixture was stirred at reflux in a Dean-Stark apparatus for
three hours and at room temperature overnight. The mixture was concentrated under reduced
pressute. CH,RCl; was added and the solution was washed twice with H;O and with brine, The
organic phase was dried (MgSO.) and filtered. Coneentration under reduced pressure afforded

3¢ a cfudc oil which was purified by flash-chromatography (hexane:EtOAc 7:1) to afford 5.95 g
(47 %) of the title compound as a colorless oil. 'H-NMR (CDCls, 200 MHz): § 0.6 (s, 3H),
1.2-1.4 (m, 6H), 3.0 (8, 2H), 3.2 (s, 2H), 3.4 (s, 4H), 3.8 (s, 3H), 4.2 (q, 2H), 6.9 (4, 2H), 7.4
(d, 21D.



--78C. lsopropanol (60 m) was added and the tenperature was risen overnight.
H20 (100 n1|) was added and the m xture was stirred for 35 mnutes at room
tenperat “'J]'he m xture was extracted twice with dieth et her. The

‘conbi ned QrZB% 1¢432ayers were washed with water, dried '(%B%@P“%H&GG
concentrated under reduced pressure..pPigifi cation by flash 15 chromat ogr aphy
(hexane: Et OAc 5:1) afforded 2.95 g (56 %9 of the title conpound as a vyellow
solid. Mz: 793.3 (M' + Na). Method 26 20 tent-Butyl

{4-] (2R 3R)-3-{[ (5, 5-di net hyl - 2- phenyl - 1, 3-di oxan-2-yl ) net hyl ]t hi o}-1-(4-

i l uorophenyl) - 4- oxoazeti di n-2-yl ] phenoxy}acetate tert-Butyl (4-{

(1S, 2R) - 2-{ 5, 5-di net hyl - 2- phenyl - 1, 3-di oxanR-yl )nethyl Jthio }-1-[(4 25
fluor om.ﬂé_ém' no]j - 3- oxo- 3-[ (4S) - 2- oxo- 4- phenyl - 1, 3- oxazol i di n- 3-

yl ] propyl } phenoxy) acetate (2.6 g, 3.4 muvl) was dissolved in dry toluene
(250 M) and heated to 90C under inert atnosphere.

N, O-Bi g2ty HOES Ayl G30ickaR M Himb hyBth WPRelic Yy added and  he

mxture was stirred at 90C for one hour. The m xture Wwas Coo to 45C and
tetrabutyl anmoni umfl uoride (TBAF, cat., 0.5 g) was added. The m xture was

SO B B SR AR T B RN S
af f or dﬁﬂmﬁ’) e asﬁ&e&/ﬁa ﬂtm t”fbemutaﬂdl oA e 4 a8 8, y%l w%g%éég%%&e}\ﬂvl R

(CDC13, 200 MHz): 2 (s, 3131),
PUlSEQ@OﬁY)@@maoed amhme(rmxmwas SerCBfOI 9()qmnbireaaw,ate2 why ad@&dandhe 4H), 4.0

ldzl_%‘l’f‘ z%g)éxtrgl_%gttwg& véla'l d1eE‘|Pyl ct%er Tz\e aqlgeous Iayer u)as a01%1f173d3u5$ncrr5M511) ’
( 4- { ( 23(:3 Ruilkid=d shdQteR AW Mmﬁ% Be Qeﬁﬁb%a@ @Qﬂlﬁh{?&k Wl @hagetidin-2

-..yl } phenoxy)acetic acid 10 tert-butyl
[ (5, 5- ﬂﬂmﬁem@ndzcoph@ﬁwadlmgiedrmw Qreysuym aﬁnrqiﬁlrﬁ @§>9&%)4of the title

o ssof vamptes = R Rl Ay RSB I BEF s s H PG BTl ot ur e

was co r3t4@tgg? wsley 4}@@9@@3@6@%5 o) eapearatyre < 30C). The crude oil

was pu |ed |"ash- chr onat ogr aph

Methed 36

20 (45)-3-[({[2-(4-Methoxyphenyl)-5,5-dimethyl-1,3-dioxan-2-yllmethyl}thio)acetyl}-4-
phenyl-1,3-0xazolidin-2-one

({[2-(4-Methoxyphenyl)-5,5-dimethyl-1,3-dioxan-2-ylimethyl }thic)acetic acid (5.4 g, 16.5
mﬁlol) was dissolved in dry CH,Cl, (80 ml) and cooled to 0°C. N,N’-

25 dicyclohexylcarbodiimide (DCC, 3.76 g, 18.2 mmol) in 20 m! of CH;Cl, and 4-
(dimethylamino)pyridine (DMAP, 4.04 g, 33.1 mmol) were added and the mixture was stirred

Cat 0°C for 30 minutes. (8)-(+)-4-Phenyl-2-oxazolidinone (2.69 g, 16.5 mmol) was added and

the mixture was stirred at room temperature for 17 h. The mixture was filtered, concentrated
under reduced pressure and purified by flash-chromatography (hexane:EtOAc 4:1 then 2:1).

30 This afforded 5.69 g (73 %) of the title compound as a white solid. "H-NMR (CDCIs, 200
MHz): § 0.6 (s, 3H), 1.3 (s, 3H), 2.8 (s, 2I), 3.4 (s, 4H), 3.8 (s, ZH), 3.8 (5, 3H), 4.3 (dd, 1H),
4.7 (1, 1), 5.4 (dd, 1H), 6.9 (d, 2H), 7.3 (m, 7E).



(hexane: acetone:formc acid 60:40:0.1) to afford 0.7 g (68 %9 of the title
conpound as a pale 15 yellow solid. 'H NWR (CDC13, 200 WHz): 8 4.15 (d,
111), 4.22 (d, 211), 4.71 (s, 2H), 4.91 (d, 111), 6.92-7.00 (m 411),
7.24-7. 3Qud fosidihsz 7. 46-7.63 (m 314), 7.94-7.99 (d, 21ggr/sidpol/dipeo NVz:
464.2 (M1). 20 NEt hod 28 Et hyl 1

(([ 2- (4- met hoxyphenyl ) -5, 5-di met hyl -T; % di oxan-2-yl ] nethyl }thi o)acetate C

Et hyl ( [2-(4net hoxyphenyl)-2-oxoet hyI)th| o)acetate (9.57 g, 35.7 muol) was
di ssolved in 25 benzene (250 m). 2,2-Dinmethyl-I, 3-propanediol (29.7 g, 0.29

not ) arﬁ ﬁ-tﬁluene sulfonic acid (500 ng) were added. The m xture was
stirre ux in a Dean-Stark apparatus for three hours and at room

tenperature overni ght. The m xture was concentrated under reduced pressure.
CH2A 2 was added and the sol ution was washed twice with H2O and with brine.

The ortgmutymaﬁbmaa -oi(4-Snoreplsoy)amine k- 24(f[8r(é anethoxynienyht 5,6 rdimedlyl-

reduce ressur c uri

oot dvdenrainy S Bhial SouE Loxddama B ERY o of (e
title Réh y@bg{éess oil "HNWR (CDO 3, 200 MHz): S 0.6 (s, 3H),
1.2-1. ﬂ%‘?ﬁ ﬁ‘g 3.2 (s, 2H), 3.4 (s, 411), 3.8 (s, 3H), 4.2
(g, 2H), 6 9 (d, 213) 7 4 (d 2H) . WD 2005/ 061452 PCTI SE2004/ 001960 -143-
Met hod

VTl oo bisisapuepsheptitantes O Ll 36 el s adied £ p pelating 0f TITe (MR ¢ aci d

Ethyl  cH,Cl, 3.18 ml, 3.18 mmol) i in CH,Cly f50ml at 0°C under mert atmosphere The mixture
({[2-(4- metﬁoxypheny )-5,5-di neth di oxan- nmet héd}t hi 0) acet at e

(5. 98 asmmd fomton mingiss. dﬁS)sM(\ié%@-Meﬂncnypbwlhﬁﬁ imgthyddiledioxende. Li OR
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di et hylmgwﬁ@ddt%wog@mwf i@ﬁﬂut&!@?héﬁh‘étufré Qs iSkdlfod Mn Ihﬁutééniéﬁ—BBﬂﬂ =4 and
extract twice with CHICL2. The conbined CH2C12 |ayers were dried ("Na2804)

and cor{éeiit4-Brerdphenybimineduetbyl lphencspiasctats @19, &6 ml raByCHCL RO titl e
comPoun et S THER RGN R & St 8y a5
7.4 {3, mihiek. BthDl MeoPRPYBEmine (1.45 mi, 8.48 mmol) in 10 ml dry CH,ClL, was added
dropwise over ten nrinutes and the mixture was stirred at -30°C for five hours. The mixture
was cooled to -78"C. Isopropancl (60 ml) was added and the temperature was allowed to rise
overnight. HyO (100 ml) was added and the mixture was stirred for 20 minutes and axtracfed
twice with diethy! ether. The combined organic layers were washed with water, dried
20 (MgS0y) and concentrated under reduced pressure. Purification by flash-chromatography
(hexane:EtOAc 3:1) afforded 2.00 g (59 %) of the title compound as a yellow solid. TH-NMR
(CDCls, 200 MHz): 8 0.6 (s, 3H), 1.3 (s, 3H), 1.5 (s, 9H), 2.6-2.9 (1, 2H), 3.3-3.5 (m, 4H), O
3.8 (s, 3H), 4.1-4.3 (in, 2H), 4.5 (s, 2H), 4.6-4.8 (m, 2H}, 5.0-54 (s, broad, 1H), 5.4 (m, 1H),
5.7 (d, 1H), 6.4 (m, 2H), 6.6-6.8 (m, 4H), 6.8-7.0 (m, 4H), 7.1-7.4 (m, 7TH).
25

Method 32

rert-Butyl {4-[(2R,3R)-1-(4-fluorophenyl)-3-({{2-(4-methoxyphenyl)-5,5-dimethyl-1,3-
30 dioxan-2-ylimethyl}thio)-4-oxcazetidin-2-yllphenoxylacetate

tert-Butyl (4-{(15,2R)-1- [(4—ﬂuorophen yhamino]-2-({[2-(4-methoxyphenyl)-5,5-dimethyl-
1,3-dioxan-2-yllmethyl }thio)-3-0x0-3-[(45)-2-0x0-4-phenyl-1,3-oxazolidin-3-



.20

(4S)-3-[ ({[ 2- (4- Met hoxyphenyl ) -5, 5-di net hyi -1, 3-di oxan-2-yl ] met hyl }t hi 0) acet
yl]-4- phenyl -1, 3-oxazol i di n-2-one

“({[ 2- (4- MO B0FBMYPhenyl ) - 5, 5- di met hyl - 1, 3- di oxan- 2- yl ] rREH§ERPHIGYHcet i ¢
acid (5.4 g, 16.5 mml) was dissol veqqsn dry CH2C12 (80 nil) and cooled to
0C. N,N 25 dicycl ohexylcarbodiimde (DCC, 3.76 g, 18.2 mol) in 20 m of
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m xture was stirred at room tenperature e mxture was filtered,
concentmawddvasidded andtheaeidtype ves stiredan@OPD forf dredoby. THeashxturh vasabogdaphy

hexane: c 41 then 2:1).. 30 Thi fforded 5.69 73 9% of the title
((:orrpounta%s 3“%%@“@ @?A‘Eﬁf%wdf?%%@ ; 1%5@? ng)a_gdégl @.dé—?‘? quxyge yas 1 3 (s,
3H), 2.8 (3, , ; , : , , | H),
oy (4 it £ fodfo s Hamindo i coficRlapuetBabSreaiontet it
PCTI SE20i6éDMi6@ a shbddohivet bbaliGd (Herate:BOA 4:1). Purification of the crude oil by
(A (O 2R tdiopraphy (e HHOATS IS pave 0169 & UM Sk Ho il omdpoumd ag . Tor !~

1, 3-di wsob ] M NMR S ER QY03 (4 *XPr 4 Ny - i.din-3-
yl ] pr o%@?gﬁgﬁgkﬁacet ét&?dpézz I‘ggl sop)r’:%g|ho)3ﬁl(§i)?r’léi ’g‘t'?fsé%la ,gl.%gs_, %]iﬁn’f ﬁf—%? " mol )
was addzd), 8G3-85 $ml 4E),8 of, 3H),@.4(d, I1K)] 45 (CEAY £8 (3, 1), 618,.7.6 (LS6HNMD! 2-7N
CH2Cl 2 (50 at 0C under inert atnosphere. The m xture 10 was. stirred for
ton H 8% (4S)-3-[ (([ 2- (4- Met hoxyphenyl ) -5, 5-di met hyl - 1, 3-di oxan-2
yl ] met hyl ) thi o) acetyl] -4-phenyl -1, 3-oxazol i din-2-one (2.00 g, 4.24 mol) in
dry C11202 (50 m) was added dropw se over 20 m nutes. The m xture was
stirred for ten mnutes. tent-Butyl
(4-{[ (4-fl uargphenyl)im no] net hyl } phenoxy) acetate (2.79 g, 8.48 nmol) in dry
CH2Cl 2 0 was added dropw se over 30 minutes. The m xture was cool ed
to -30C and stirred for 20 15 mnutes. Ethyl diirsopropyl amne (1.45 nm,
8.48 mml) in 10 nl dry CHZCI 2 was added dropw se over ten mnutes and the
m Xt U e[4v@ER, 3R)-1+(dFlabrodRayDP-{[R+{(dandthoxyphehifb-2voxdath g Jibivist-opoddidie. - 78C.
Isopropanﬁl (60 M) was, added and the tenperature was allowed to rise
over ni grFDphenoxyasstigpidias added and the nixture was stirred for 20 ninutes
and extracted twice with diethyl ether. The conbined organic |ayers were
washed with water, dried

tert-Butyl {4-[(2R,3R)-1-(4-fluorophenyl)-3-({{2-(4-methoxyphenyl)-5,5-dimethyl-1,3-

dioxan-2-yljmethyl }thio)-4-oxoazetidin-2-yllphenoxy }acetate(0.65 g, 1.02 mmol) was
20 dissolved in formic acid (10 ml) and stirred for 90 minutes. The mixture was concentrated
under reduced pressure (temperature < 30°C) and the crude oil was purified by flash-
chromatography (hexane:acetone:formic acid 60:40:0.1) to afford 0.45 g (88 %) of the title
compound as a pale yellow solid. YH-NMR (CDCls, 200 MHz): § 3.9 (5, 3H), 4.1 (d, 1H), 4.1
(s, 2H), 4.7 (s, 2H), 4.9 (d, 1H), 6.9-7.1 {m, 6H), 7.2-7.4 (m, 4H), 7.9-3.0 (d, 2F). MS (CD)
25 M/z: 494.1 (M* — 1), 495.1 (M")

Method 34

30 Ethyl ({[5,5-dimethyl-2-(4-methylphenyl)-1,3-dioxan-2-yllmethyljthio)acetate

Ethyl {[2-(4-methylphenyl)-2-oxoethyl}thio}acetate (12.2 g, 48.4 mmol) was dissolved in
benzene (350 ml). 2,2-Dimethyl-1,3-propanediol (40.3 g, 0.387 mol) and p-toluene sulfonic
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20 (MgSM) and concentrat ed under reduced press'u_rzn Purification by )
fl ash-chromat ography (hexane: EtOAc 3:1) afforded 2.00 g (59 %9 of the title
conpound as a yellow solid. "HNVR (CDC13, 200 MLiz): 8 0.6 (s, 3H), 1.3
(s, 3H, 1.5 (s, 9H, 2.6-2.9 (m 213), 3.3-3.5 (m 411 3.8 3H),
4.1-4, 3“((97%"%’&‘11)‘5,2 4.5 (s, 211), 4.6-4.8 (m 2H), 5.0-5‘.’&"‘*’%’%’,"“15‘1’“@‘&’, 11-1),
5.4 (m 1H), 5.7 (d,11-1), 6.4 (m -28); 6.6-6.8 (m 4H), 6.8-7.0 {m 411),
7.1-7.4 (m 7H). 25.Method 32 tert-Butyl

{4-] (2R, - fd‘f Al z . @Ry )= W] yl-1,3- 30
i xS ] e el X Sk o R

(4- (( IouzRpeded fx#t fdnsentoqiébnydey asduned pi2s{uie LA lretabhaddedrad yhe edgamicdi net hyl -

1, 3-di gxan-2-yl ] rnet hyl }t hin)-3-0x0-3-[(4S)-2-o0xo-4-phenyl -1, 3-oxazol i din-3
WO 20031%%%%#@3?\3@0@@@11@%3@@@ (QHS& Irabiqe 3B% Gonrealation Ieﬂfao g, 2.5 .
mol ) ' ' r : 3 e under inert
at nos prﬁ@'?cg.gh?%mélgs t ?@ﬁ%%ﬁ%’lﬁw %%é’? g%ﬁ%%ec?%ﬂaﬂ&a@&%a{o%ﬁgg nmol ) was
addeyl (@athnkROAC: 1irte affasd $0.01r(68 %t of ICifle torapsuriicisia cldbh@ili Xt ure was
cooled_ to 45C and tetrabutyl ammonium fl uoride éTBAF 150 was added and

the m F-DMR {@3Ck, 300 MER: 80-u6SHb 1.2 hd (b 6B, 2.4 K% W30 (e 2Rs3-2dhcent r at ed
d d fd h hort | f sili
e D s B o e B B o 8 A OO o S OO o ey e agr aphy

(hexane-Et OAc 5:1) gave 0-65 g (41 %9 of the title conpound as a yellow
solid. "H-NWR (CDCI 3, 200 MHz): 6 0.6 (s, 311), 1.3 (s, 311), 1.5 (s, 9H,
3.0-3.2 (m 2H, 3.3-3.5 (m 411), 3.8 (s, 3H), 4.0 (d, 11-1), 4.5 (s,

21 : IH, 6.8-7.0 (m 6H), 7.2-74 10 (m 6H). Method 33 15

[4-3%({ 2@?&3&-}9%5-(4- Fl uoi rophenyl ). 3-{[ 2- (4- met hoxyphenyl ) - 2- oxoet hyl ]t hi 0}-4-0
xoazetid.in- 2-yl)phenoxylacetic acid tert-Butyl ‘é
{4-[ (2R, 3R) - 1- (4-f | uorophenyl)-3-({ [2-(4-nethoxyphenyl)-5 5-di nethyl-1, 3-
di oxarl{5:3 rneéwirﬂ}@ﬂm&kylpmazle ﬁdenﬁanzz-yhl}lwﬁl@ﬂﬁy})a@é%ce&ca 0.65 g, 1.02
mmol) was 20 dissolved in formc acid (10 m) and stirred for 90 m nutes.

The m xture was concentrated under reduced pressure (tenperature < 30C) and
t he crE®igl @(3,5-dbsethyic2-{4-eetiplpidngbit, 3-dioxan-2-yljmethyl }thio)acetate (10,1 g, 29.8

15 mmol) was dissolved in THF (150 ml) and cooled to G°C. LiOH (3.76 g, 89.5 mmol) in water

(50 ml) was added and the mixture was stirred for two hours at room temperature. The

mixture was concentrated under reduced pressure. Water was added and the mixture was
extracted with diethyl ether. The aqueous layer was acidified using 2M HCl to pH 3 and
extracted twice with CHzCl,. The combined CH,Clp layers were dried (Na;SQO4) and

20 concentrated under reduced pressure to afford 8.7 g (94 %) of the title compound as a white
solid. "H-NMR (CDCls, 200 MHz): & 0.6 (s, 3H), 1.2 (s, 3H), 2.4 (s, 3H), 3.0 (s, 2H), 3.4 (s,

2H), 34 (5, 4H), 7.2-7.4 (m. 4. O
25 Method 36

(45)-3-[({[3,5-Dimethyl-2-(4-methylphenyl)-1,3-dioxan-2-yl}methyl}thio)acetyl]-4-
phenyl1,3-0xazolidin-2-one

30
({15,5-Dimethyl-2-(4-methylphenyl)-1,3-dioxan-2-yllmethyl } thio)acetic acid (8.7 g, 28.0
mmo}) was dissolved in dry CH;Cl; (120 ml) and cooled to 0°C. N,N’-
Dicyclohexylcarbodiimide (DCC, 6.35 g, 30.8 mmol) in 30 ml of CH,Cl, and 4-



.chromat ogr aphy (hexane: acetone:ormc acid 60:40:0.1) to afford 0.45 g (88 %
of the title conpound as a pale yellow solid. '"HNMLZ (CDClI 3, 200 WMHz): 6
3.9 (s, 311), 4.1 (d, 113), 4.1 (s, 213), 4.7 (s, 211), 4.9 (d, 113),
6.9-7.1 WAr2008m13s2 7.2-7.4 (m 413), 7.9-8.0 (d, 211). WNS/EL)/0ZBIM z:
494.1 (M - 1), 495.1 (M) Method 34. 387 Et hyl ‘

({[5, 5-di mret hyl - 2- (4- et hyl phenyl ) -1, 3-di oxan-2-yl | met hyl }t hi 0) acet at e Et hyl

i seor SERe Rt TR b5 St SR Frele B i uiE et ot 0. a7
mol ) amdC Port 3 mBRE:sS(H) QRPN POQR ARG HRA REFH ,@@@41%99%%9 adddfamadgitd (19)

were added. The mixture was stirred at refl ux |§a Dean- St ark apparatus for
two hotikBie weostattdeat doom oeparataretdr UA de The edxiwedw s Blisud eon@d@le® was added

d th i h \ d_twi i th bri d_dri SO4)..
21t 1 aoriv e pReaRE At pepten o rast Siatistebpmby SheanaErora il Boe e oi |
whi idd BG7 B : QOB : ef : fford
10 0 T R R B T B AR o5 K N (PRl 280500 M) -
S 0.6 MHzB01 (s138), 1. 2U(s( BFD),6204 09 32, .8 (s,2H), 3.8() 418, 3.2, 213, £3 (&d, 11913) ,

3.4-3. . A2 (g , 7.2-7.4 (m 413). 10 Method 35

({[5, s-%ﬁ(@}ﬁly%-ﬂi-ﬁ@im&aﬁﬁé%ﬁéﬂj 1, 3-di oxan-2-yl ] met hyl }t hi o) aceti e acid

Et hyl ({[5, 5-di net hyl - 2- (4- et hyl phenyl ) -1, 3-di oxan-2-yl ] net hyl }t hi o) acet at e
(10.1 g, 29.8 15 mml) was dissolved in THE (150 m ) and cooled to OC. LiOR
(3.76 g, 89.5 nmmol) in water (50 m) was added and the m xture was stirred
for twhiethgdS7at room tenperature. The mixture was concentrated under
reduced pressure. Water was added and the m xture was extracted with

di-et,hyl her.. u er cidjfied ng,.2M HCl to pH 3 and

exti cf@ﬁ%‘ﬂ?ﬁ%ﬁé@%3%}@@?%%%‘1@95&&3%39@% @ie dried (Na2SO%)

and 2034]% Y RiniR J@asabl, 9 the

title Co oun?jﬂ}ggeg[(m@fdémbggﬁ?d. ' Eﬁfﬁﬁiﬁ'e‘h?cgcf%ﬁ ogg%w%ﬂ-lgﬁgx%@o%ﬁgfn 3M 1.2

(s, 313syljprepdlipkenozyiaceta@e0 (s, 2H), 3.4 (s, 2H), 3.4 (s, 413), 7.2-7A (m

411). n 25 Method 36

(4S)-3-[({[5, 5- D net hyl - 2- (4- et hyl phenyl ) -1, 3-di oxan-2-yl ] nmet hyl }t hi o) acety
1-4-  Tetraisopropyl orthotitanate (0.37 ml, 1.23 mmol) was added to a solution of TiCl, (IM in

15 CH:Clp, 3.3 ml, 3.3 mnmol) in CH,Cl (50 mi) at 0°C under inert atmosphere. The mixture
was stirred for ten minutes. (45)-3-{({[5,5-Dimethyl-2-(4-methylphenyl)-1,3-dioxan-2-
yllmethyl}thio)acetyl]-4-phenyl-1,3-0xazolidin-2-one (2.0 g, 4.4 mmol) in dry CHzCl, (50
ml) was added dropwise over 20 minutes and the mixture was stirred for ten minutes. zerz-
Butyl (4-{[{4-fluorophenyl}iminojmethyl }phenoxy)acetate (2.9 g, 8.8 mmol) in dry CH,Cl,

20 (50 ml) was added dropwise over 30 minutes. The mixture was cooled to -30°C and stirred for
20 minutes. Bthyl diisopropyl amine (1.5 ml, 8.8 mmol) in 10 m] dry CH,Cl; was added
dropwise over ten minutes. The mixture was stirred at -30°C for four hours. The mixture was
cooled to -78°C and isopropanol (60 ml) was added. The temperature was allowed to reach
room temperature over two houvrs. H,O (100 ml) was added and the mixture was stirred for 20

25 minutes and extracted twice with diethyl ether. The combined organic layers were washed
with water, dried (MgSQ;) and concentrated under reduced pressure. Purification by flash-
chromatography (hexane:EtOAc 5:1 then 4:1) afforded 2.55 g (74 %) of the title compound as
a white solid. "H-NMR. (CDCls, 200 MHz): § 0.6 (s, 3H), 1.3 (s, 3H), 1.5 (s, 9H), 2.4 (s, 3H),
2.6-2.9 (m, 2H), 3.3-3.5 (m, 4H), 4.1-4.3 (m, 11D, 4.5 (s, 2H), 4.6-4.8 (m, 2H), 5.0-3.3 (s,

30 broad, 1H), 5.2 (m, 1H), 5.7 (d, 1H), 6.4 (m, 2H), 6.6-6.8 (i, 4H), 6.9 (m, 2H), 7.1-7.4 (m,
9H).
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phenyl - 1, 3- oxaxol i dl n- 2-one 30 )
(([5, 5- D| nmet hyl - 2- (4- net hyl phenyl ) - 1, 3-di oxan- 2-yl ] net hyl }thi o) acetic acid
(8. 7 g ©28.0 nmmol) was dissolved in dry CH2C12 (120 m) and cooled to OC
N, N Rexyh carbodiim de (DCC, 635 g, 30.8 mml) pichys3Qodilnnflso CH2C12
and 4 %8{5@/ 063452 PCT/ SE2004/ 001960 - 147 (di met hyl ami no) pyri di ne ( DVAP,

6.85 g, 56.1 nmmmol) were added. The mdBure was stirred at 0C for 30

m nutes. (S)-(-F)-4-Phenyl-2-oxazolidinone (4.57 g, 28.0 nml) was added and
the mxture was stirred at roomtenperature for 19 h. The m xture was
filtered, concentrated under reduced pressure and purified by

f 1 ash-Migthedd®gr aphy (hexane: EtOAc 5:1 then 4.1). 5 This afforded 7.07 g (55
%9 of the title conmpound as a white solid. "HINNM(CDCl5 200 MM: 3 0.6
(s, 313), 1.2 (s, 3H), 2.4 (s, 3H), 2.8 (s, 2H), 3.4 (s, 4131), 3.8 (s, 2H),
4.3 (ggst-B: 1{4-?(2?& SR)-3- ,S-cﬁnfétlgﬁﬂﬁ Mﬂ)netl? l?hZHﬁ)-ﬁfﬂ-dlaﬂ;ﬁi-Z- Met hod 37 10
tent - But yl Fg ({[5 met hy| Zy 4- net hyl phenyl ) - 1, 3- di oxan- 2-
yl] rﬁ‘atﬁﬁh?ﬁﬁ’i]@)‘oltlf(‘Hﬂﬁdmphmﬂbﬁyﬂxpamtlthp%ﬁuhﬁmﬂwgatﬁ oxo- 4- phenyl -1, 3-0 *
xazol i din- 3-yll propyl } phenoxy) acetate Tetrai sopropyl orthotitanate (0.37
m, 1.23 mol) was added to a solution of TiCl4 (IMin 15 C132C12, 3.3 ml,
3.3 r%ﬁut‘g{ﬁ(ﬂ'@@@)@ﬂ [5T5 Ak th Y2 UNIREh VIDRESYI AT ARESRAL R IR th Y] thidyrie  was

stirred for ten mn

(43%) - 3[{4@519&@6@1&@111:1?]—3 EKO$FMWO§héHEh‘3)WH:13 -afiogslidinB-

élrimoﬁé%tﬁg@e%ﬁgtﬂaﬁégméggg&y éggmggazo@ B’ ﬁ’lllﬁafyetéﬁﬁﬂﬁ%[?emﬁla%gﬁr e vvas

Sti {(f Shafedlto VBPC HhHiRST atRRPphBINIO Bls(mmethylsﬂyl)acetanude (BSA, 2 38 ml, 9.75
(4{[(4quorophenyI)|mno]rrethyl}ph éya)oacetate g, 8.8 mol) in dry

CH2C12m2®l) §as ardd)edwaé theddisdhird raop wtis r pielduws hﬂmactmemasr@ohais cofl ed

to -30C @ d_for 20 nut sop 1.5 nm, 8.8
nmol ) 5o 1@ FH& F\E’ %%%EE@O(T%?\?& %?)Se‘a]’d%%ﬁnﬁgﬁ e’fﬁ'é m xt ure
vas  stdirfeatht 85°C ﬁ%né %mf QUE rA1RES wad BShcBhithtdd endSedie0@ bﬁ;asdfe and8C and

i sopropanol (60 m) was added. The tenperature was allowed to reach room

t enperpurified by iashtahsomatagrphydex aBihg 6uasThis aordad d.06te(52i%) of dewas
1 S i % DA RURR IER, bt b Sy 1 £k, 15

(s, SH), 2.4 (8, 3H), 3.0-3.2 (m, 2H), 3.3-3.5 (m, 4H), 3.9 (d, 1H), 4.5 (5, 2H), 4.8 (d, 1H), 6.8-
7.0 {m, 6H), 7.1-7.4 (m, 6H).

20 Methogd 39

[4-((2R,3R)-1-(4-Fluorophenyl)-3-{[2-(4-methylphenyl)-2-oxcethylthio}-4-oxoazetidin-2- ()
yDphenoxylacetic acid

25 tert-Butyl {4-[(2R,3R)-3-({[5,5-dimethyl-2-(4-methylphenyl)-1,3-dioxan-2-ylimethyl }thio)-
1-(4-fluorophenyl)-4-oxoazetidin-2-ylJphenoxy }acetat (1.04 g, 1.67 mmo}) was dissolved in
formic acid (20 ml) and stimred for 60 minutes, The mixture was concentrated under reduced
pressure (temperature < 30°C) and the crude oil was purified by flash-chromatography
(hexane:acetone:formic acid 60:40:0.1) to afford 0.72 g (90 %) of the title compound as a pale

30 yellow solid. "H-NMR (CDCls, 200 MHz): 8 2.4 (s, 3H), 4.1 (d, 1H), 4.2 (s, 2ED), 4.7 (s, 2H),
4.9 (d, 1H), 6.9 (m, 6H), 7.2-7.4 (m, 4H), 7.8 (d, 2H). MS (CI) M/z: 478.1 (M* - 1).



with water, dried (MgSO4) and concentrated under reduced pressure.
Purification by flash- chronmatography (hexane:BtOAc 5:1 then 4:1) afforded
2.55 g (74 %9 of the title conpound as a white solid.1H NVR (CDC13, 200
MHz): S wos0ps06133) , 1.3 (s, 3H),1.5 (s, 91-1), 2.4 2.cECUEPHNGd) -
3.3-3.5 (in, 4H), 4.1-4.3 (m 1H), 4.946s, 213), 4.6-4.8 (m 2H), 5.0-5.3
(s, 30 broad, 1H), 5.2 (m 111), 5.7 (d, 1H, 6.4 (m 2H), 6.6-6.8 (m 4H),
6.9 (m%&i@i& 7.1-7.4 (m 9H). WD 20051061452 PCTI SE20041001960 - 148-

Met hod = But y|

14-[ (2R, 3R) - 3- ({[ 5, 5-di net hyl - 2- (4- net hyl phenyl )-1, 3-diortan-2- 5

yl ] met hyl }thio)-1- ()4I uor ophenyl R - 4-oxoazetidi n-2-yl ] phenoxy} acet ate

t ent - BuesttButyl (4-{(£)-[(4-chlorophenyljiminoimethyl}phenoxy)acetate

(4-{(1S,2R) -2-({[5, 5-di net hyl - 2- (4- met hyl phenyl ) -1, 3-di oxan-2-yl ] nmethyl }thin
)-1- [(4-fluorophenyl)am no] - 3-o0xo-3-[(4S)-2-oxo-4-phenyl -1, 3-oxazol i di n- 3-
yl] prsr)ﬂpgﬂsﬁs@éﬁﬁﬁffﬁ?%ﬂtd@??g%mﬁére%oil?’s;%@ , @mi@@ﬁ PP ONEREr) Hrdhas t ol uene

(250 and 10 heate C under 1 nert atnosphere.
N, O Bi sfobtsdrreOR§] Aisblptipa o drydoeyp8Raldedy@8( g, K2 bmmmbuin)dryEaviEdaehiand

the m xture sti.rr at, 90C for,. on QUr.. e.mxture _was, cooled to 45C
and tetwwﬁam%ﬂ%ﬁgﬁw&%‘é’ai EIQB}QQ?MB). é@b{&ﬁ&?@d%@ﬁﬁgbﬁ@%ﬁﬁ%re was
stirrediaty AP0 PN8y4OMKed IRNEHBIRGLHIE %%ﬁﬁ@&&%&ﬁ%@%é{cwgfoﬂﬁdﬁ;ced

pressure and purified by flash-chronatography (hexane: hi s
af f or dethelmBeurg WiBZotgentftedhmdasredidadepresno ieth detier whs tiddebdrddhe 1H NVR

CDCl 3, 200 NMHz): . 6 - 1.3 ,.3H)., 1.5, , 91-1),2.4 ,

S1o 110 smishge Svarashadiyith 30% PUCY alsryipt Biing. e origaic blisg Vs sty * %8 (a
1H), 6. 7 al%@p éaq;qf - -

(Q_.z( ( 2&,%/1 iy -4?’-%%@5%%%%%5 %efﬁf éd;@r{e (- (1 rrelth%| phefﬁ‘%fl hpme Y (0 51 4. ox

(()ZZFE izdm% BiDAc ixylé?)ghg}q&%%dh@?feg&mbam %ﬁlﬁ'nﬁ@helnml)w?tatg (174 2,734 mm?lh ehi
- - di =2-(4-nme e - - di oxan- 2- i o
L L R b kit Foi0us S TR e SRS M dva By RIS SO kT & i
was di speh¥efiniiite (6071, 33 AGhol) 26hs Fhde @ Mhe Shik i@ Hhaf RF1uEEH 1 @DE&?—Stag;‘eand " he

m xture was concentrated under reduced pressure (tenperature < 30
cr udks oigpasatis fpuPf hi eebldslanid| castentiatedrudenredpead predsercablexaneevraldbdrnd c aci d

60: 40: Oth% )for%n%dapfréc%igatg wgs2 ﬁﬂcrga,o W?i/&'leg ftWIICg%Vi | tt:clﬂg héxamb and ‘gc?. '1%143 gtjfgrded
20.0 g (79%}) of the title compound as a yellow solid. "H-NMR (CDCl;, 200 MHz): § 1.5 (s,
9H), 4.6 (s, 2H), 7.0 (d, 2H), 7.2 (4, 2H), 7.4 (&, 2H), 7.8 (d, 2H), 8.4 (5, 1H). MS (CD) M/z:
368.0 (M*+Na, 100), 369.0 (20), 370.0 (30), 371.0 (10).
20

Method 41
25 Ethyl ({[2-(4-chlorophenyl)-5,5-dimethy)-1,3-dioxan-2-yllmethyl}thio)acetate

Ethyl {[2-(4-chlorophenyi)-2-oxoethyljthio Jacetate (8.15 g, 29.9 mmol) was dissolved in
toluene (165 ml). 2,2-Dimethyl-1,3-propanediol (24.8 g, 238 mmol) and p-toluene sulfonic
acid (300 mg) were added. The mixture was stirred at reflux in a Dean-~Stark apparatus for 2.5
30 h and concentrated under reduced pressure. The crude product was dissolved in CH,Cl;. The
mixture was washed with H,O (3x), brine, dried (Na;S04) and concentrated under reduced

pressure. The residue was purified by flash-chromatography (Hexane:EtOAc 9:1) to give 3.36



—30 yelTow solid. ' FFNUR (COC13, 200 Miz): 6 2.4 (s, 311), 4.1 (d, 113), 4.2
(s, 2H), 4.7 (s, 211), 4.9 (d, 1H, 6.9 (m 611), 7.2-7.4 (m 4H), 7.8 (d,
21-1). M5 (d) Mz: 478.1 (W- 1). WD 2005/061451 PCTI SE2004/ 001960 - 149-
Met hod 40 tent-Butyl (4-{(E).[(4-chlorophenyl)inunol rreth hen% gcet ate 5
A suspenBHIYPOIEAH (60 %in mneral oil, 3.69 g, 92.2 ’6’?% DMVF (70
m) was cooled to OC. A solution of -4}5K3y-droxybenzal dehyde (10 0g, 82.0m
nol) in dry DVMP (35 nil) was added dropwi se. The m xture was stirred at 0OC

the m b qar ke Ht i md RORPFARRTDE NS0 QTR 10 aReRC” o

concent ¢1&h,e@310n@ey, 3kedsiced pressure. Diethyl ether was added and the 10

m xture was washed with 10% NHACI, water and brine. The organi c phase was
dried (MySOH)-, concentrated under reduced pressure and purified by

fl ash- chromat ography (10% - 20% Et QAo i n hexane). This gave tert-butyl
(4-fotxnyl phenoxy)acetate (17.4 g, 73.4 nnnol, 90 %yield) as an colourless
oi | . Fhivkethdit £X medi ate was dissolved in dry t ol uene (120 mM) and
4-chloroaniline (9.37 g, 734 mmol) was added. The m xture was refluxed in a
Dean- Stark 15 apparatus for 20 h, cool ed and concentrated under reduced

ressur e S ed,.an t or ne eGi Divta f.i,| tered, washed
P o wilaELRIR bR §ﬁad*&}%%’ 3Gt PsahOn R Acesbn’ (O The ITE
conmpound as ayellowsolld H-NI\/R(CDClB 200 MHz): SlS(s 9H) 46(s
2H), 7.0 (d, ZI-% 2 7.4 (d, 211), H}a VS
(a) M Ethy! 468 chwenﬁm@ -diggghy-1,3d )oxaaﬁyméné}th@ fet@te@ g, 9@5I\/Et hod
41 2 o

(11 230 2w e s TR R e st 026 LAOH (T8 By RPSFLISY 868, byl
{ [2- (4¢ehhpwerasad arrd&h@mﬁtubwaé étm}dat@ﬁuaheat(c@o:ﬁ&rgperaa:&ma@bl)«ems "/
di ssol ved in toluene (165 m). 2,2-Dinethyl-1, 3- propanedl ol (24.8 g, 238
nmol ) awarqﬁVﬂmra@ﬁeTl@mq:méﬁp@duac‘m queﬁ@ﬁtwnéﬂ%teﬁ%ﬂi diqthel ethelt Uhe was

stirred f r at ed
under r 5%8@%&1 ‘Jisstr]aTcgd P%%ﬂmgé él&fﬂg"?&?’éj tﬁu&d q%ﬁagtgglt%% %ﬁ’%o é

m xt ur ecmgm@r@ghq&m wefR dr3)Natsd ) and dbn@ﬂuﬁfﬁﬁm%m&mi,dmmttbat ed

under reduced pressure. The residue was purified % f | ash- chr onat ography

( Hex ah eafiford Rt (06 Fdofiheditls. cgppound as an yellow oil. (CDCls, 300 MHz): 8
0.62 (s, 3H), 1.34 (5, 3H), 2.95 (s, 2H), 3.34 (s, 2H), 3.45 (s, 4H), 7.4 (m, 4H)

Method 43

20
(48)-3-[{{[2~(4-Chlorophenyl)-5,5-dimethyl-1,3-dioxan-2-yllmethyl}thic)acetyl]-4-
phenyl-1,3-0xazolidin-2-one ()

({[2-(4-Chlorophenyl)-5,5-dimethyl-1,3-dioxan-2-ylJmethyl}thio)acetic acid (2.00 g, 6.05

25 mmol) was dissolved in dry CH;Clz (45 ml) and cooled to 0°C. N,N"-
Dicyclohexylcarbodiimide (DCC, 1.43 g, 6.93 mmol) and 4-(dimethylamino)pyridine
(DMAP, 1.70 g, 10.4 mmol) were added and the mixture was stirred at 0°C for 20 minutes.
(S)-(+)-4-Phenyl-2-oxazolidinone (1.40 g, 11.5 mmol) was added and the mixture was stirred
at room temperature for 70 h. The mixture was filtered, concentrated under reduced pressure |

30 and purified by flash-chromatography (20% - 30% EtQAc in hexane). This afforded 1.27 g
(44 %) of the title compound as a white solid. "H-NMR (CDCl;, 300 MHz): § 0.62 (s, 35),
1.34 (s, 3H), 2.78 (s, 2H), 3.42 (s, 4F), 3.85 (5, 2H), 4.27-4.33 (dd, 1H), 4.69-4.78 (1, 15D,
5.34-5.42 (dd, 1¥1}, 7.29-7.38 (m, 9H).



WD 20051061452 PCTI SP20041001960 -150 g (31 % of the title conpound as an
yellowoil. M5 (Cl) Iv1lz: 381.0 (M+Na, 100), 382.0 (15), 383.0 (30), 384
(5) 5 Method 42

~({[ 2- (4- B} MoPRATdy| ) - 5, 5- di et hyl - 1, 3- di oxan- 2-yl | met hPCTHEL063/88840 ¢ aci d
Ethyl ({(2-(4-chlorophenyl)-5,5-di methh-1, 3-di oxan-2-yl | met hyl } .
thio)acetate(3.36 g, 9.36 10 mmol) was dissolved in THE (45 m ) and cool ed
to OC. L1CH (0.79 g, 18.8 nmol) in water n (12 m) was added and the

m xture was stirred for 18 h at roomtenperature. The solvents were
evaporated. The crude product was extracted between water and di ethyl ether.
The aqueous |ayer was acidified using 2M HCO to pH 6 and extracted tw ce
with CHaehid ghe conbined CH2CI 2 | ayers were dried (Na2SO4) and
concentTated under reduced pressure to 15 afford 2.98 g (9617a) of the title
compound as an yellow oil. IHNWR (CDC13, 300 MHz): S 0.62 (s, 3H), 1.34

(25) S 3| UG ol opheb A2 B a PP D ek Ao o) mcet y

11-4 r AR H-Bre 20X 04 1.3 idin-3-
({(2-(2’%h or opzhgﬂ%e)ﬂﬁg}z@kdg?ng{iﬁgmfsg 3?%)‘(163112651}[%/}13”%%3%9 l(Ptnh?f o) acetic acid
(2. 00 gyllfop§lipRtnaxyicetatas di ssol ved in dry CH2Cl2 (45 ml) and cooled to

0OC. N, N - Dicycl ohexyl carbodiimde (DCC, 1.43 g, 6.93 nmol) and
4- (di met hyl am no) pyridine (DVAP,1.70 g, 10.4 mmol) were added and the

i xt ' ! ) | L di
LT TR bl (00 28 SR ol el s ey e
t enpy aCHp@El,f DS @0, 2.25 Hineolyriix CEE,EINAS 1il) ht @Cathdec terembogihect. The etixigsuced

D S0 R oS Bt W TS o s 00 A L 1,
L e MY DR
5. 34- 5. 4D wacddtd drogwie-ofeB85 (uinuBsHhnd the mixture was stirred for ten minutes. zers-
Butyl (4-{(E)-[(4-chlorophenyl}imino]methyl }phenoxy)acetate (2.09_g, 6.04 mrmol) in dry
15 CH,Cl, (25 ml) was added dropwise over 80 minutes. The mixture was cooled to ~40°C and
stirred for 20 minutes. Ethy! diisopropyl amine (1.03 ml, 6.02 momol) was added dropwise
over 40 minutes and the mixture was stirred at -40°C for ten minutes. The mixture was cooled
- 10 -78°C and isopropanc] (80 ml) was added. The temperature was allowed to reach room
temperature over three hours. NEH4Cl (10%, 80 ml) was added and the mixture was stirred for
20 35 minutes. Brine (200 mi} was added and the mixture was exiracted extracted twice with 400
m! diethyl ether. The combined organic layers were dried (MgS5Q,4) and concentrated under
reduced pressure. Purification by flash-chromatography (10% - 20% EtOAc in hexane)
afforded 1.69 g (65 %) of the title compound as a white solid. HNMR (CDCls, 200 MHz): 3
0.65 (s, 3H), 1.3 (s, 3H), 1.5 (8, OH), 2.6-2.9 (m, 2H), 3.4 (m, 4H), 4.2 {m, 1H), 4.5 (s, 2H),
25 4.6-4-8 (m, 2H), 5.3 (m, 1H), 5.7 (d, 1H), 6.4 (m, 2H), 6.7-7.4 (m, 15H).

Method 45

30 fert-Butyl {4-[(2R,3R)-1-(4-chlorophenyl)-S-({[2-(4-chlorophenyl)-s,S-dimethyl-l,S-
dioxan-2-ylimethyl)thio)-4-o0xoazetidin-2-yllphenoxylacetate



\
WO 2005/ 067452 PCTTSE20047/ 001960 - 151- Method 44 5 tent-Butyl
(4-{(15,28)-1-[(4-ehl orophenyl)am no]-2-({[2-(4-chl orophenyl) 5, 5-di nrethyl
1, 3-di oxan-2-yl ] met hyl }t hi 0) - 3- oxo- 3-[ (4S) - 2- ox0- 4- phenyl - 1, 3- oxazol i di n- 3-

yl ] prop henox acetate Tetrai sopropyl orthotitanate 77 mol ).
was addé’é}ﬁ’& SA814¥F ution of TiCl4 (IMin 10 CL4202, 2. Eé%ﬁﬁ“%%‘%mu in
CH2C12 (22 m) at OC under inert atrdSphere. The m xture was stirred for
ten mnutes. (45)-3-[({ [2-(4-Chlorophenyl)-5, 5-di m:thyl 1, 3- di oxan- 2-

ey CHOLEY SR RERSR L T Ao B S | (- A RO Bt T s
sti r r gdofaar2-yRmethybikiop 3-dxeri- {(4B)}f2,5dxo-4 phenyi-1,3- oxazohdm—B-

(4-{(E)-[(4-chl oropheny nQj nethyl}pheno )acetate (2. 0 6.04 nmmol) in
dry 15% Iphepexyoet cﬂﬁﬁé‘g CARBIoN veas @5‘%’1 frninleape fure was .

coole 4 03
T SRR 9&3&.&}2‘1 ﬁ*&éﬁ@g 5%*% ?O%féﬁhﬁ%fe@f&%ﬁm&bwiﬂ%f@w ;@?PQ iy

st | B Qﬁ!mal) wald Q@dé@zﬁnd 0B mitk e @as sthitdl AoREOFEr MRIoRL A iRMnixtie whS Coslad

i sopropanol (80 ml) was added. The tegggrature was all owed to reach room

t enpet@ddiand sirabiiylemmeins ugridel TBAGVH. 1D wspdmambﬂu@@nawm WA nixture

oxt  acHER Bt PR IPR T WAL sroRbts i Re A R S e e bant o
| ayer %nu&r:@d@treaqﬁesfsﬂ&%@a)puaﬂed 59 m@nbn@hﬁ@ogfg%y%ovfﬁﬂm%tomsﬁ HERane

Purification 3/ | ash- chromat o 10% - QAc i n hexane) ?orded
1. 69 Fhissleidsd 084161 % )xafdhey mgom@wmhm@scéxﬁl |H-NMIR1(0IIA@13,(200013 200

(i )453?? shsﬂiif% G303 6P Jo3 b bnaR g A 0Bl ) s

(d, lleS g 1. m7.48H) 10m)Vet hod 45 30 tert-Butyl
{4-] (2R gh) 1- (4 chI orophen)%ll% 3- ({?H)M chl or ophenyl ) -5, 5- di net hyl - 1,3- ‘/

di oxan- 2-yl ] net hyl }t hi n) - 4- oxoazeti di n- 2-yl ] phenoxy}acetate WO 2005/ 061452
PCTI SE20041 001960 -152 tent-Butyl (4-{

(1S, 2R)-1-[(4-chl orophenyl )am noj - 2- ({ [2-(4-chl orophenyl )-5, 5-di‘met hyl -1, 3-
di oxan-2-y]j net hyl }thin)-3-o0xo0-3-[(4S)-2-o0x0-4-phenyl -1, 3-oxazol i di n-3-

15 Method 46

[4-((2R,3R)-1-(4-Fluorophenyl)-4-0x0-3-{[2-0x0-2-(d-pentyiphenyl)ethyllthio}azetidin-2-
yl)phenoxylacetic acid

20
teri-Butyl (4-{(2R,3R)-1-(4-fluorophenyl)-3-{(3-nitropyridin-2-yl)dithio]-4-oxoazetidin-2-
vl }phenoxy)acetate (0.20 g, 0.36 mmol) was dissolved in acetone (10 ml) at room /D
temperature. Water (2.5 ml) and triphenyl phosphine (0.094 g, 0.36 mmol) were added. The
rixture was stirred at room temperature for 30 minutes and then concentrated under reduced

25 pressure to afford the crude thiol as a brown ail. This crude thiol was immediately dissolved
in CH;Cl; (10 ml) and 2-bromo-1-(4"-penthyl phenyDethan-1-one (0.19 g, 0.72 mmol) was
added, followed by EtzN (0.10 ml, 0.72 mmol). The mixture was stirred at room temperature
for 20 hours, concentrated under reduced pressure and purified by flash-chromatography (Hex
: EtOAc 4:1). This atforded 0.21 g of a mixture of terz-butyl [4-((2R,3R)-1-(4-fluorophenyl)-

30 4-oxo-3-{[2-0x0-2-(4-pentylphenylethyl]thio}azetidin-2-y})phenoxylacetate and 2-[(3-
nitropyridin-2-y1}thio}-1-(4-pentylphenyl)ethanone. This mixture was dissolved in HCOOH

- (10 ml) and stirred at room temperature for 18 hours. Concentration under reduced pressure




- yljpropyl } phenoxy) acetate(1.69 g, 2.06 nmol) was dissolved in dry tol uene
(140 mM) and heated to 90C under inert atnosphere.

NO- Bi s(trimethylsilyl)acetam de (BSA, 1.48 ml, 6.05 5 nznol) was added and
“the m xWMPHOHNES48 irred at 90C for one hour. The m xt UPETHEREHIPE@] to 45C
and tetrabutyl annnoni um fluoride (TBAfs3.0.1 g) was added and the mi.xture was
stirred at 45C for one hour and at roomtenperature overnight. The m xture

trated ti duced d_purifjed b
o BRI EPm B R o e R R Ry DO <Ly .01 efberdod aa g (6
% of ¢ kBl R FORDAE i CDC13, 200 10 NMEl z): 8
(?60(5[?'!1]%&(?,1 4 (s?w%??@goﬁé%ﬁgég%%%w,(broad, oH), 3.4 (g) 4H) |
4.0 (s. 1H), 4.5 (s. 2H).. 4.8 (s, 111), 6.9 (d, 2111), 7.2-7.4 (m 1011).
15 Moty

[4-((2 _E@MEP@% POMEPRE A §-142 6%, { 2016565 SE).A-Gré St BRRn3T Yo BRI ] t hi a)
o2l a1 ey R 39 ) SRS B D 120 (D7 et

-2- yl }phenoxy)acetate (0.20 g, 0.36 mmol) was dissolved in acetone (10 m)
at room tenperature. Water (2.5 tit]) and triphenyl phosphine (0,094 g,
0.36 mmol ) were added. The mxture was stirred at roomtenperature for 30
m nut es and then concentrated under reduced 25 pressure to afford the crude
thiol as a brown oil. This crude thiol was i mediately dissolved in CH2Cl12
(10 mMettngdi £7 br omo- 1 - (4' - pent hyl phenyl)ethan-1-one (0,19 g, 0.72 nunol)
was added, followed by Et3N (0.10 m, 0.72 mmol). The m xture was stirred
at 1%on1tenperature for 20 hours, concentrated under reduced pressure and

oS RTS8 T o forces 021 o

4- 0x0- 3-{[ 2- ox0- 2- (4- pentyl pheny]) et hyl ]t hi o} azeti di n-2-yl ) phenoxy] acet at e
and Zléé'ng ni tropyridi n-2-y] i{; hi o] - 1- (4- pent yl phenyl %et hanone. This m xture
| cét(

was di (#&9-Z-aminechryclphdr yiujanga hydrochiaridg(4,08 gnl 8 Sipanal) wee dissplved
h s i PCT/ SE2004/ 401960
b A BBl (s W o ORI BT S e Y Spiton Wt At mhe Raglat 0 a0

015) mxrhi@rvebeditin@d far Dh @6d cfcenfraklieo dios itiegklcarmpsivnd ags calopake: 8L ow
solid. I'HNVR (CD3CI, 300 MHz): 8 0.8-1.0 &m 3|g), 1.2-1.5 (m 4H), 1.6-1.8
(m 2x@pntainirg (80 mpidp of sodium chloride). "H NMR [(CD3):80), 400 MHz] § 0.83-0.97 (m,

2H), 1.10-1.33 (m, 6H), 1.48-1.78 (m, 7H), 3.15 (dd, 1H).

20 Method 48

N-{[4-((2R,3R)-1-(4-chlorophenyD)-3-{[ 2-(4-chlorophenyl)-2-oxoethyl]thio}-4~
oxoazetidin-2-yl)phenoxylacetyl}glycine

25 [4-((2R,3R)-1—(4-Ch10mpheny1)-3-{[2-(4-c}ﬂorophenyl)-2~0xoethyl]thio}-4-oxoazetidin—2—
yhphenoxylacetic acid, 302.1 mg, (.585 mmol) was dissolved in DCM (6 ml). N-
Methylmorpholine (190 pl, 1.728 mmol) and ter-butyl glycinate hydrochloride (133.4 mg,
0.80 mol) were added. After 10 minutes, TBTU (224.3 mg, 0.67 mmol) was added and the
reaction mixture was stirred for 60 h. The intermediate tert-butylester of the title compound

30 was confimmed. M/z: 626.88 (M-H). DCM (10 ml) and water (15 ml) were added and the
mixture was acidified to pH of 3 using KHSO,4 (ZM). The organic phase was washed with
water (2x15 mi). The combined aqueous phases were extracted with DCM (10 ml), dried over
N2,80,, filtered and concentrated. A solution of the residue (500 mg) in DCM (10 m}) and



54.1(d, iH, 4.2 (s, 2I1), 4.7 (s, 213), 4.9 (d, IH 6,9-7.1 (m 4l1),
7.2-7.4 (m 6I1), 7.9 (d, 2H). Method 47 10 Sodi um

(2R) - 2- am no- 4- cycl ohexyl but anoat e Ethyl (2R)-2-am no-4-cycl ohexyl but anoat e
hydr ochlypid@R/defes90 9. 18.75 mmmol ) was dissolved in MROTIBAAHAIHA01S5 m ).
Sodi um hydroxide (1.50 g, 37.50 mmol ) yps added. The reaction 15 mxture
was stirred for I h and concentrated ilo give the title conpound as a

col ourl ess solid (containing 100 nol % of sodiumch]oride). IHN v|R

E ( c:og)1 g@@ (4 m@owmw]rrlelsll co’.ems%m: Biye goiyent ppap rerpoviest undss rf(@#%fém%ss!ref.fabmm@ 78
N Rt A srolad RQ T8 Boyal. of, TEA The sesidus was BPRIEF (it - 4.

oxoaz egr%ia@ata«ammwﬂsa&m;mﬁ.}ml Ak fRim 20 to 50 % MeCN in 0.1M ammonium ,
[4-((2R, 3R) -1 - (4-Chl orophenyl) - 3- EZ&&"Af; chl or ophenyl ') - 2- oxoet hyl ] t hi o} - 4- oxo
azet i dianetate yifiepvensorepd as ehicot. adted lypodisetiag, the tiRomasund wes aiaing §d in

ol yornatutisain 1 Smaor B i oM. IS arTnkaclh. R &1 430t oo,

TBTU ( %ﬁﬁ@hfmﬁ (9 6, amm| ¢, s 5?1@'%%}@0@.%?@ Zﬁ,aﬁlé—qmlr&ﬁﬁtm??.%g%ﬁ%% red

for 60 e intermedi ate tert-butylester o e title conpound

conf i r (edt-750 Am, @28, FB3CTOR)(brsDUW, (ABL-H9S5 GndZiatddrz: (57H.04 (M8 sncafdR88 and

t he mﬁm was acidified to pH of 3 using KIIS04 (2M. The organi c phase
was wad ith water (2x15 m). The conbi ned aqueous phases were extracted
with DCM (10 m), dried over Na2SO4, filtered and concentrated. A solution
of the residue (500 ng) in DCM (10 m) and WO 2005/ 061452 PCT/ SE2004/ 001960
- 154 0TRMeihedd®) was stirred overnight. The solvent was renoved under reduced
presssure. Toluene was added and evaporated to assist the renoval of TFA™
The residue was purified with preparative IiPLC on a CS colum. A gradient

f 2 Y ir A . i €0 d | t.
o e R S e A e e S R e
(166. 9 axgethyittid }-4+axohk@idinabyptenobiiBees]leslRybamioe]apdtid acid. 33 (d, 113),

4.34 (s, 1H), 4.36 (s, |H), 4.47 (s, 2H), 5.17 (d, |H, 6.96 (d, 2H),
7.16-7.211 (m 214), 7.35 (d, 4H), 7.54-7.59 (m 2H), 7.83-7.90 (brs, 1H),

7. 91157 FPTU0.0892 Y 0. M F muAwAdadd B 2 ARELRY 8F BIR)-4-(R)-1-(4-Fluorophenyl)-3-
[(4-fluorobenzoylymethylthio}-4-{A-[N-(carboxymethyl) carbamoylmethoxylphenyl }azetidin-
2-one (0.016g, 0.030 mmol) and N-methylmorpholin (0.101 m1,0.98 mmol) in DMF (Zml).
The mixture was stirred overnight under Ny-atmosphere. Additional TBTU (0.0092 g, 0.029
mmol) was added and the mixture was stirred at 35°C for 2 h.(2R)-amino(cyclohexyl)acetic
20 acid hydrochloride (0.0068 g, 0.035
ramol) was added. The mixture was stirred at 35°C for 2 h and at room temperature ovemnight.
The solvent was removed under reducéd pressure and the residue was purified by preparative (\)
HPLC on a Kromasil C8- colummn using a gradient of 5-100% MeCN in 0.15% trifluoroacetic
acid buffer as eluent. The solvent was rernoved under reduced pressure and 0.009 g (47 %) of
25 the title product was obtained.
M/z 680.01

Methad S0

30 tert-butyl N*-[(benzyloxy)carbonyl]-N°~(fert-butoxycarbonyl)-D-ornithinate



(MtH). 10 Method 49 (2R)-cyciohexyl f

(N-{[4-((2R, 3R)-1-(4-fl uorophenyl)-3-{[2-(4-fluorophenyl) - 2-

oxoet hyl ] t hi 0} - 4- oxoazet i di n- 2-yl ) phenoxy] acetyl }gl ycyl )am no] acetic acid 15
TBTU (0.0092 g, 0.029 mml) was added to a m xture of

3- (R) - (g Rps/s1&: Fl uor ophenyl ) - 3. PCT/SE2004/001960

[ (4-fl uorobenzoyl ) net hylthiol-4- {4 {fNs(.car boxymet hyl ) :
earbanoylnethoxylphenyl}azetldln- 2-one (0. 016g, 0.030 mml ) and
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t enper ature overni ght. The solvent was renoved under reduced pressure and |
the r éeval iteronasteppeiatire dndepitkara fon thice dab‘Plﬂbecmgle}ag’mwad w@Red eothurm using .

Tes SSp i isdionand veae et Mratoteitosr LB AE Sl o Pous BN o 25 ihe
t't'eelaﬁ &sﬁ&so%bt@qseﬂoﬁ%éd&%d ch%%@@bé%h ed0 tort-butyl

N2- [ (benzyli*oxy) car bori -(tent-butoxycarbonyi)-Dornithinate WO
20051061452 PCT/ SE2004f 001960 - 155

RSt (R S L2 7

| NN- di met hMl(rfAB@ﬁa 2§I|74r0q§ﬁ lpgtyl acetal (1.5 nL, 6.25 mmole) was added

drop W m nut es the m xture was allowed to cool down to room

t eper ature and kept there for three days. The .organic | ayer was washed with
5. NaHX03- sol IL:ti on and brine, dried (Na2SO.), filtered and the sol vent was
I enov reduced pressure. 0,67 g (58 %9 of the desired product was
‘obtai ned. NVR (500 MHz, CD3000D) 1.35-1.71 (m 21H), 1.72-1.85 (m 111),

3.06 (t, 211), 4.05 (dd iFl), 5.11 (ABg, 2H), 7.29-7.40 (m 513) 10 Met hod
51 tert-butles (tert-butoxycarbonyl)-])-ormthmate .

15 tert-butyl NZ-[(benzyloxy)carbonyl]~N5-(terf—butoxycarbonyl)-D—omithinate (0.67g,1.83
munole) and Pd on charcoal (95%, 0.115g) were mixed in EtOH ($5%, 20 moL) and stirred
under Hy-atmosphere for § hours and 15 minutes. The mixture was filtered through Celite 521
and the solvent was evaporated under reduced pressure to give 0.45¢ (85%) of the desired
product.

20
NMR (500 MHz, CD3COO0D) 1.41-1.76 (m22H), 3.07 (1, 2H), 3.32-3.36 (m 1H)

Method 52
25
Glycyl-3-cyclohexyl-D-alanine

N-(tert-butoxycarbonylglycine (2.0 g, 11.4 mmol) and DIPEA (4.0 g, 31 mmol) were

30 dissolved in methylene chloride (25 mi). TBTU (4.1 g, 12.8 mmol) was added and the
mixture was stirred for 15 min at room temperature. 3-cyclohexyl-D-alanine (2.1 g, 12.2
mmol) was added and the reaction mixture was stirred over night at room temperature, The

reaction mixture was iransferred to a separation funne} and was then extracted with a



tern-butyl N5-(tent-butoxycarbonyl)-D-oruithinate 15 tert-butyl

N2- [ (benzyl oxy) carbonyl ] -N5-(tert-butoxycarbonyl)-D-ornithinate (0.67g, 1. 83
mol e) and Pd on charcoal (95% 0.115g) were mixed in EtOH (95% 20 rnL) and
stirred gt nmosphere for 5 hours and 15 mnutes, was
filtered #ﬁgg{féﬁ%égl ite 521 and the sol vent was evapor at eﬁ ﬁ]}b?gduced
pressure to give 0.45g (85% of the dekér-ed product. 20 NI YM (500 NMHz,
CD3COOD) 1.41-1.76 (nR213), 3.07 (t, 2H), 3.32-3.36 (m1li) Method 52 25

Glycyl - s , 11.4
m:%o?/) gn y’%%%?%ﬂ 303)6%?@?% 5%&\%/@?%01%8[%?% cr)1 vegérl)wﬁéssr/re %tegﬁaggcﬂl oride
(25 nl)evapBited dnder mdu&é’d Presaund. )I‘hwassladﬂ.eah dipghi vduen fooaia |ae1dv(/29 usld and ed f or

15 min at roomtenperature, hex yl - D-al ani ne 12,2 .mol) was
added aWH“PWewﬁse%’é?qd&WWBﬁFhﬁ‘tém\%\&js &¢ |f‘?f|“B8 g Srasgp Yc‘é‘flgqeé “F%‘?’rper at ure.

ext ract B TR NS RS ish] BAR skt (68 ) BERTRAS ACY InRifen O utRE I T

sol ut § ot rodRQsthpbdnae et eCsotidinthterial weas Bligasal off hty whashod svitteamtet @0 :ﬂlmdsso
evapor at ed under reduced pressure, The residue was dissolved in formc acid

(20 ni ) mgrd0%hef theitidlepompeand Siap pP@iReGver night at 40 C. The fornic acid was
renoved under reduced pressure.The residue was washed with water (50 m)
and then stirred in aceton (25 m) for 1 h 5 at roomtenperature. The solid

t 209 of
The ti ¢ IEIEHIE, S0DIAEE, ChpoRUDRBSIEY (ARl HRG% AL GEahds 3 @Ry ©
13H), 3.94.1 (m 212), 4.55-4.65 (m I11). 10 Method 53

-di net hyl - Dphenyl al aui ne trifluoroacetate 15

I\I—(té@tMﬁarbonyl) bb- di met hyl - D- phenyl al ani ne tern-butyl anmmoni um sakt
(51.2 ng, 0.14 nmol) was dissolved in DCM (15 ml). Water (10 ml) was added
and the mixture was acidified to pH1 with HO (IM. The organic phase was

washed By iWinmtiey]-D-phéfylalaninathifid@roacetate

15 N-(tert-butoxycarbonyl)-b,b-dimethyi-D-phenylalanine zerz-butyl ammonium salt (51.2 mg,
0.14 mmol)} was dissolved in DCM (15 mi). Water (10 ml) was added and the mixture was
acidified to pH 1 with HCI (1M). The organic phase was washed with water (3x10 ml) and the
water phase extracted with DCM (3x10 ml), The solvent was removed under reduced
pressure. The residue was dissolved in DCM (4 ml) and TFA (2.5 ml) was added and the

20 mixture was stirred for 2 hours. The solvent was removed under reduced pressure and the
residue was dried under vacunm overnight. The title compound was obtained as a white solid
(36.1 mg, 85 %). Miz: 194.18 (M), - O

25 Method 54
Glycyl-3-methyl-D-valine trifluoroacetate

To a 30 °C solution of N-{rer-butoxycarbonyl)slycine {0.450 g, 2.569 minol) and N-
30 methylmorpholine (1.30 g, 12.84 mmol) in CH,Cl, (50 ml) was added TBTU (0.99 g, 3.08
 mmol). After 1.5 h, D-tert-leucine (0.303 g, 2.31 mmol) was added. After 30 minutes, the
reaction was quenched by the addition of water (1 ml). The mixture was concentrzited and the
residue was purified through preparative HIPLC using an eluent of 0-40% CH;CN in 0.1M



-wat er phase extracted with DCM (3x10 m ). The sol vent was renoved under
reduced pressure. The residue was dissolved in DCM (4. mM) and TPA (2.5 nl)
was added and the 20 mi xture was stirred for 2 hours. The sol vent was
‘renoved WRPE/Md#3ced pressure and the residue was drired/SEoeyooymeuum
overnight. The title conpound was obt %iTrled as a white solid (36.1 ng, 85
%. Mz: 194.18 (MH). 25 Method 54 C!Iyeyl-3-methy|-DvaI i ne

triflugroacetate To a 30 C solution of N-(terr-butoxycarbonyl)glycine (0.450
g, 2. @%ﬁéﬁ%@ew&m\ﬁ%%t’vﬁm trileptes|and sopcengated, Ta thegasidupwhrs addghndl 2 (50
m) LA I f.t h, D t 4] euci ne (0.303

g, 2\,vgf?LII%’rdjilgrt;I%§b @sﬁg&%é%& 1%10{ g?ﬁgg)n%ﬁ% (ta%@etcﬁémgprogg%i%h%téd denched by the
addi t i chmainéd sadre30 riihuisk) The loactionxiiktereWas copRantiab efveand dédied resi due was

purified through preparative HPLC using, an eluent of "0-40% CH3CN in 0.1M WO
50( 15/0emeRd BEHH S0 TbIess S8, RENOHR [64:50), 00 MHZI A9 ver ¢

col | d C t.ed, i.du o CH2C12 (10 m) and
TFA f?}%’?%%{]ﬁfﬂg%%%%slggﬂ’ @%@%@ﬁr@sﬁ%‘ﬁgﬁgﬂj oaci d was obtai ned
after 30 mnutes. The reaction m xture was concentrated to give the desired
conmpound (0.359 g, 46% as a colourless solid. "H NWR [(C03) 2SO, 400 MHz]
070. 9Method5dH), 3.60-3.67 (m 213), 4.16 (d, M 7.90-8.00 (m 3H), 8.47
(d, 1H). Method 55 {4-[(2R 3R)-3-{

[2-(4-te)t-Butyl phenyl)-2-oxoet hyl]thio}-1-(4-fluorophenyl)-4-oxoazetidin-
10 2-yilgl &% B -4
(4-{( >21{1L'1> @hﬁl)??’%ﬁ%-ﬂ%ﬁi 3%%%%5}‘)@ ) %ﬁdﬁfi’t{’?}g}ﬁ‘f Ji - fuorophenyly-d-axogzetidin. . i
- 2-1ty12-yipbemayjactcatid (0.20 g, 0.36 mol) was di ssolved in acetone (10 ni)
at.room 15 tenperature, then water (2.5 m) and triphenyl phosphine (0,094
g, -0.36 mol) was added. The mixture was stirred at roomtenperature for 15
m nutes and then concentrated under reduced pressure to afford the crude
thiol as a brown oil. This crude thiol was imediately dissolved in CH2C12
(8 nl )teariButgl @r(EB3R)(L44tfararophenyl)- B8 mitcppetdiaid-lyditheo [(Boddazeidif-2Z22  mol )

was ad f ol | owed Et 0. m,.0.72 mol ). T I xture was stirred at
room _238?%&?%}’)&??}?‘8 ([?%? & élé\% %5383]8 wag Siselved @ %%%%ﬁég‘?mg]lﬁdg% press ulr e and
puri§ i @fhpBYanirb 38Ba water (2.5 ml) and triphenyl phosphine (0.094 g, 0.36 mmol) was added.

The mixture was stirred at room temperature for 15 minutes and then concentrated under

reduced pressure to afford the crude thiol as a brown oil. This crude thiol was immediately
dissolved in CH;Clz (8 mi} and 2-bromo-1-(4"-tert-butyl-phenyl)-ethan-1-one (0.15 g, 0.72
mmol) was added, followed by EtsN (0.10 ml, 0.72 mmo!). The mixture was stirred at room
20 temperature for 1.5 hours, concentrated under reduced pressure and purified by flash-
chromatography (Hex : EtOAc 4.1). This afforded 0.26 g of a mixture of tert-butyl {4-
[(2R 3R)-3-{ [2-(4-tert-butylphenyl)-2-oxoethyl Jthio }~1-(4-finorophenyl)-4-oxoazetidin-2-
yl}phenoxy}acetate and 1-(4-tert-butylpheny!)-2-{(3-uitropyridin-2-yhthiclethanone. This
mixture was dissolved in formic acid (10 m!) and stirred at room temperature for 17 hours.
25 Concentration under reduced pressure and purification by flash-chromatography (hex :
acetone : formic acid 70 : 30 : 0.1) afforded 0.08 g (43 %) of the desired product as a white

solid.

YL.NMR (CD5Cl, 200 MHz): 8 1.30 (s, SED, 4.10 (s, 1FD), 4.15 (s, 2H), 4.60 (s, 2H), 4.85 (s,
30 1H), 6.80-7.00 (1, 4K), 7.15-7.30 (m, 4H), 7.60-7.70 (m, 2K0), 7.80-7.90 (m, 2E).

Method 56



chromat ography (Hex : EtQAc 4.1). This afforded 0.26 g of a m xture of
tert-butyl {4- [(2R 3R)-3-{

[2-(4-tent- but%/ phenyl ) - 2- oxoet hyl Jthi o) -1-(4-fl uorophenyl)-4-oxoazeti di n-2-
y1 ] phenoxyP28¥ Y% &2and 1- (4-t en PCT/SE2004/001960 '
but yl phenyl )-2-j(3-nitropyridin-2-yLjig&iLo] ethanone. This m xture,- was
dissolved in formc acid (10 mM) and stirred at roomtenperature for 17
hours. 25 Concentration under reduced pressure and purification by

fl ash- chromat ography (hex : acetone : formc acid 70: 30: 0.1) afforded
0 08 1. ’ Cl, 200
A ({ﬂﬁgﬁﬁ IRH- :Mgr% @%ﬁrmﬁ{meﬁﬁg 2 Bﬁh@x%fé'th?gtm&}lh(ﬂ’ ﬂudﬁﬁl&éﬁyﬁﬁiﬁ% 5

30 11b)iomm-z-ﬁhﬁ(amxy,}ac):tyl)zlytﬁlﬂ- c3clopexyidMplaning0- 7. 70 (m 21 1),
7.80-7.90 (in, 211). Method 56 WD 2001/ 061152 PCT/ SE20041001960 - 158
N({4-[(2R 3R)-3-{[2-(4-tent-Butyi pbenyl)-2-hydroxyet hyl]thin}-1-(4-fluoroph
euyls) -4- oxoazetidin-2-yl]phenoxy}acetyl)glycyl-3-cycl ohexyl-D-alanine 5 To
a solution of

51 4-[ (T8, fﬁgut&d¢ﬂ{4 Kﬁﬁaﬂ)ébL{ﬂa(fﬂmwts)ép%n@%bbmtmﬂ]ﬂm}} -1ke4-HudropbmypPhe gyi))lé
n n ,
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anéle{ ﬁ‘gﬁmqh?ure &ah’@?. rre&QF 1 (g@éggoég ?%&%ﬁ% wa %ﬂ enchgd gy

t he adghlbhe:){ylm alamireer (O(CL9TY, )303sr|rmmxm wtas médavbmdothé mietdravvadsivie@Hof 18 hi ) and
NaBH4 (0. 025 g, 0.661 mml) wa

Al ' h 9 )
quéfc PE@%?WWW%% Wnﬁﬁf’dé’}’@? Mgfﬁg% H{' {Y%reébeinﬁ‘ gh% Hﬁ?‘é’%’a ‘?"%é %Irl]‘}te‘%m:j no\é\?s

of the, u | uti 0o
ves poir EEEN P TYAR OPEPE ORISR AR RRTIREERRE X' O
ammon Iwamqae@dlﬁtieaytthé hédhnaﬁ of 46.181 smntonifm eestate dnffen(® mf) atnﬂencpm bEther act i ons
gave the desired product as a white solid (0.010

g %y %I d%q ES- m z:
733. 2 mathanpl was yemeyad yrigvseduesgergisyse. £h eeem@n@gé h@ﬁp%fﬂﬂ ied®¥- 1. 35 (m

121 e i 8 AR 14 gy e i 1242
( m151 Eljent, Gréede Hrfibg(oNthedre Trabifné gd9e (@ desired product as a white solid (0.010 g,
36 % yield).

ES- m/z: 733.2 (M-1). LHNMR (DMSO, 500 MHz) &: 0.70-0.93 (m, 2H), 1.00-1.35 (m,
13H), 1.35-1.71 (m, 7H), 2.84-2.96 (m, 2H), 3.72-3.80 (m, 2H), 4.12-4.22 (m, 1H), 4.22-4.28

20 (m, 1H), 4.50 (s, 2H), 4.60-4.72 (m, 1H), 4.98-5.03 (m, 1H), 6.94-7.01 (m, 2H), 7.09-7.39 (m,
1010), 7.94-8.03 (m, 1H), 8.19-8,27 (m, 1H).

O

Method 57

25 _
{4-[(2R3R)-3-{[2-(4-Ethoxyphenyl}-2-oxoethyl]thio}-1-(4-fluorophenyl)-4-oxoazetidin-2-
yliphenoxy Jacetie acid

tert-Butyl (4-{ (ZR,SR)-I-(4-ﬂu0ropheny1)—3-[(3-nitropyridin-z-yl)dithio]-4-oxoazetidin-2-
30 yl}phenoxy)acetate (0.25 g, 0.45 mmol) was dissolved in acetone (10 ml) at room

temperature. Water (2.5 ml) and triphenyl phosphine (0.12 g, 0.45 mmol) were added. The

mixture was stirred at room temperature for 15 minutes and then concentrated under reduced

pressure to afford the crude thiol as 2 brown oil. This crude thiol was immediately dissolved




-100), 7.94-8.03 (m 113), 8.19-8,27 (m 18. Method 57 25

{4.[(2R 3R)-3-([2-(4-Et hoxypheuyl)-2oxoet hyl]thio}-1-(4-tluorophenyl)-4-oxoa
zeti di n- 2- %If]_phenoxy} acetic acid tort-Butyl

(4- (2R, IPA05041452 yor ophenyl ) - 3- [ (3- ni tropyri di n- 2-yl ) @ctREsiise@xpazeti din
-2- 30 yl }phenoxy)acetate (0.25 g, 0146-nun ) was dissolved in acetone (10
nil) at room tenperature. Water (2.5 m ) and tri phenyl phosphine (0.12 g,

0. 45 de The ] Xt ure S.Stirr at .roomt erature for 15
i nut ?%r@gﬁg\f\fggﬁ g%ﬂ%@ﬁ??oﬁoég]_ﬁthaﬂac\rlggodjt?g%(&le @?)@S%L?r e Waﬁr"gd? e crude

t hi ol falowecdb PEANOIOL13 thhioDchHEe). The elixtpaswhyareeidak ebom drgsplRdolD)
20051061452 PCT/ sE20041001960 -159 in CH2C12 (10 m) and (2-brono-3' - et hoxy

acet ofhieersopencenirated gndey redicadrprosswa sndpwdldcd by BhdhestedmbipgEOBXN(E: 13 m, 0. 90
). i ti t. t f 1 h ,

concemiP At TR Lt bl et e SRPNRAIR fyroit st il itogr aphy

(Hex sirdd %n@iéﬁgemgﬁlﬁﬁxgéfﬁ&rﬂ%ré (GRLGHABE Tnlby el g%&ng lsgol ved in

formc acid (10 stirred at anbient tenperaturée for 18 hours.
Conc e nprificawm untlash-clerdmemdraphy {saxr :ecatode : fundi¢ add6DorH0bR.1) afforded 0.13

flash-c t.ograph hex ; acetone : formc acid 60:40: 0.1) afforded 0.13
g (57 @g%&%?ﬁgﬂgg%{eﬁé’ao B%%?ﬁa§e%°%§&£yel | ow solid. 'H-NVR (CA3CL,
200ML-1z): S 1.4 (t, 31-1), 4.0-4.1 (m 511), 4.5 (s, 2H), 4.8 (d, 2H,

6.5-7.0 10 (in, 611), 7.1-7.3 (m 413), 7.9 (d, 214). Method 58 15

t ert - BEEMME 4CD4C1 200 MEIZ)pS i ey JH)mit Bed. i §H), ghe (50 25, dc (R DH) L B 47-(But v |
(4-fornyl y)acetate (21 g, 0.09 nol) was dissolved in dry tol uene
(1§@ ﬁ%ﬁﬁﬁg‘%}f’?} :r‘@aﬁﬁée?‘gé. 8 m, 0.091 nol) was added The m xture was
refluxed in a Dean-Stark apparatus for 23 hours, cooled and concentrated

under reduced pressure. Addition 20 of hexane and concentration under
reduced pressure afforded 30.0 g (quant. yield) of the title conpound as an

of f-white soljd. NVR (200 Mz): 1.5 (s, 9R), 4.6 (s, 211), 7.0-7.2 (m 6H),
7.8(d,1‘ié$‘.‘,—3g-4°d 81(s, 1H). Method 59 o

15 tert-Butyl (4-{[{(4-fluorophenyhiminolmethyl}phenoxy)acetate

tert-Butyl (4-formylpbenoxyjacetate (21.6 g, 0.09 mol) was dissolved in dry toluene
(150 ml) and 4-fluoroaniline (8.8 ml, 0.091 mol) was added. The mixture was refluxed in a
Dean-Stark apparatus for 23 hours, cooled and concentrated under reduced pressure. Addition
20 of hexane and concentration under reduced pressure afforded 30.0 g (quant. yield) of the title
compound as an off-white solid. NMR (200 MHz): 1.5 (s, 9H), 4.6 (s, 21, 7.0-7.2 (m, 6H),
7.8 (d, 2H), 8.4 (s, 1H).

Method 59
25
{45)-3-{[(4-Methoxybenzyl)thiojacetyl}-4-phenyl-1,3-oxazolidin-2-one

(4-Methoxy-benzylsulfanyl)-acetic acid (1.3 g, 6.1 mmol) was dissolved in dry DCM
(40 ml) and cooled to 0°C. N,N'-dicyclohexylcarbodiimide (6.1 g, 6.1 mmol) and DMAP (1.6
30 g, 12.9 mmol) were added and the mixture was stirred for 30 minutes. (5)-(+)-4-Phenyl-2-~
oxazolidinone (1,0 g, 6.1 mol) was added and the mixture was stirred at room terperature for
24 hours. The mixture was filtrated, concentrated under reduced pressure and purified by
flash-chromatography (Hex : EtOAc 8:2 then 1:1). This afforded 1.7 g (77 %) of the title



25 (4S)-3-{ [(4-Met hoxyb enzyl)thiol acetyl}-4-phenyl -1, 3-oxazol i di n-2-one
(4- Met hoxy- benzyl sul fanyl )-acetic acid (1.3 g, 6.1 mmol) was dissolved in
dry ACM (40 m) and cooled to OC. NN -dicycl ohexylcarbodiimide (6.1 g, 6.1
mol ) and@RAdedidk1 6230 g, 12.9 rmmol ) were added and t he Wim$Epe/eaASs0stirred
for 30 mnutes. (S)-(+)-4-Phenyl-2- ox tglidl none (1,0 g, 6.1 nmol) was added
and the m xture was stirred at roomte% rature for 24 hours. The m xture

was filtrated, concentrated under reduced pressure and purified by
flash- chnnmmm@am)wlm(:kﬂm NMIRGRG0 8422)t Rdh-31.59 {n, 31'1) $. 43 .36 ded4H), 2.28- (77 1 0)

ol i 0. 148 Eo0BONREY (- 3H 0535500 ok, L1915 4072808 Tokd EnBa S 70 T

(m JH), 4,68 (t, 1E), 5.38-5-42 (m 113), 6.78 (d, 2H), 7.14 (d, 2H),
7.32-7.40 (m SH). Method 60 5 tert-Butyl

(4-{ (! RMéthiod-60l uor oani . | i no) - 2-[ (4- met hoxybenzyl ) t hi 0] - 3- axo- 3-[ (4S) - 2- oxo0-
4- phenyl -1, 3- oxazol i di n-3-yl | propyl } phenoxy)acetate TiCl4 (Mn DCM 7.2
m, 752 nol ) was added to a solution of tetraisopropyl 10 orthotitanate

(0. 71 ni, mg I R: 1 e e, Jhe

i Xt ur e %/’v'é ?ué‘.? %Ri . (9 ?Mo%gmﬁtlﬁégff t[ﬁlel?]ﬁetlﬁ&yﬁgﬂfﬂ)thqu ofd ﬂ&ﬁtjq&m .

(4S) - 3- (;ﬂ{eﬁyng,tshmyﬁaﬁma YR pbgy)deqtdeenyl - C 1, 3-oxazol i di n-2-one
(3.4 g, 9.6 .rnrxol) indry DCM (20 mM) was added and the m xture was -
stirred for flve m nutes. Then tertbutyl (4-( [(4-fluorophenyl)im no]nethyl

} phenoxy) ac ' AN ) and the
m xture was Slf@eﬁ(m@gﬁ o 7% B{%Ol %ag%d m nu 5%91 %%&&g’g@%rl opyl

an ngo( Jetdotftanatt $0.01 mald. 4} mmﬂ) aﬂﬂe:M edidmbheld mOE'CunﬂeMertsathpadmaThc 40C for
19 hours. The m xture was then gi ven -78C, added _isopropanol (50 nl) and

sl owl y @nigane Wgs pimrehins rlétfﬁﬂétﬁé»\ﬁé@h (4hre: {%fr@ﬁhwben yhigiacetyHadegenitd t he

m Xture t t t t ed
T co vl ROl PHoh Ol 34% B lard SRV GOWR) Syt fadfthd iEifilitd W PO
dried ( Mﬁﬁ@for&ﬁzeajﬂutmwtreﬂ‘t-lmﬂylL(KICI(E(&ﬂWPM}ﬂ)ﬁmﬁmMnethy]}hﬁmbmﬂﬁcdmwduct
was di ssol ved in rre} hanol _and _an_off -V\,hlﬁgl@ngrem pitate formed, Fi Itratlon

and dryi(6d &P Gramal) 10 AcyDEM (3F mby wagadde hegmiders dvasst van -6P1C andl ¢
sol 1 45 WYRe& $A00Vhkhites Lyl Siisoblonyt amideY3 @m1, 4D modnfwhSaddlibha vds L o

mixture was stirred at -40°C for 19 hours, The mixture was then given -78°C, added

isopropano! (50 mt) and slowly given room temperature over night. Water (100 ml) was
added and the mixture was stirred for 35 minutes at room temperature and then extracted
twice with diethyl ether. The combined organic layer was washed with water, dried (MgSQ,)
20 and concentrated under reduced pressure. The ¢crude product was dissolved in methanol and
an off-white precipitate formed. Filtration and drying afforded 1.7 g (26 %) of the title
compound as an off-white solid. NMR (200 MHz): 1.5 (s, 9H), 3.65 (s, 1H), 3.8 (s, 3E, 41 ()
(m, 1H), 4.4-4.6 (m, 4H), 5.0-5.2 (m, 2H), 5.4 (m, 1H), 6.4-6.6 (m, 2H}, 6.7-7-4 (m; 15H).

25 Method 61

3-(R)-4~(R)-1-(4-Fluorophenyl)-3-(4-methoxybenzylsulphanyl)-4-[4-(+-butoxyearbonyl
methoxy)phenyljazetidin-2-one |
_ tert-Butyl (4-{{1R)-1-(4-fluoroanilino)-2- [(4-methoxybenzy1)thxo] 3-0x0-3-[(45)-2-0x0-4-
30 phenyl-1,3-oxazolidin-3~ylipropyl } phenoxy)acetate ( 1.3 g, 1.9 mmol) was dissolved in dry
totuene (140 ml) and heated to 90°C under inert atmosphere. BSA (1.4 ml, 5.7 mmol) was
added and the mixture was stirred at 90°C for one hour. The mixture was then cooled to 45°C
and TBAF (dried, 0.1 g) was added. After 1_8 hours, additional BSA was added (0.5 ml, 2.0



(m IH, 4.4-1.6 (m 413), 5.0-5.2 (m 2H), 5.4 (m 113), 6.4-6.6 (m 2H),
6.7-7-4 (rift, 151]). 25 Method 61
3-(R-4-(R-1 (4 Fl uor ophenyl ) - 3- (4- met hoxybenzyl sul phanyl ) - 4-[ 4- (t - but oxyea

Thonyl W@ BBRPYERENYI | azoti di n-2-one tart-Butyl PCT/SE2004/001960
(4-{(1R)-1-(4-fluoroanilino)-2-[(4-netigpxybenzyl)thio]-3-oxo-3-[(4s)-2-0x0-4
- 30 phenyl -1, 3-oxazol i di n-3-yl ] propyl } phenoxy) acetate (1.3 g, 1.9 mmol) was
dlssolved

t ol uene (140 eated t 900 nder .i nert
at nospHEre! )ﬁg&){e( @“WEWF“IBB"(H %H)S@Q?\g‘%r an&H{‘]’éalx SRy eﬁf%?]ﬂ}bet}\ﬁé’%‘xg%ff’ rred
at 90C r r t 18 4RS00 F d,
R e A e L L e A e

2005106115 ThRGTfo8E20041 §03DE0 of tiib&ﬂﬂammhpmmdd]smrvduteemﬂldr BEU2ZO0 Mz ke  at

45C for t six haours f concentr ted
inder (SR8 s Aurd hd ik S e iy it De R hi G - B SED it Onc
5: 1)5Th|s afforded 0,55 g (55 % of the title corrpound as a white solid. MR
(2000M Tz): 1.5 (s, 911), 3.7 (s, 3H, 3.9 (m 314), 4.5 (m 31-1), 6.7 (d,
2H), 6.Methodd2n 4H), 7.0-7.2 (m 6H). 5 Method 62

3-(R-4-(R)-1-(4-Fl uorophenyl)-3-[(3-nitropyridin-2-yl)dithio]-4-[4-(t-butox
ycar bonyl nethoxy)phenyl]azetidin 2-one 10

ﬁug oRLyé% 3}1 e h‘?ﬁﬁf"g‘ﬁgﬁ@ egn ﬁg%ﬁ&gaone%&%‘gl ﬁpbﬁ?@éf"%ﬁ?&ms

di ssol \memoﬁymhyﬂﬁbnﬂw-zmd gi ven OC under inert atnosphere.
3-.Nitro-2-pyridinesul fenyl chloride (0.28 g, 1.49 mmol) was added and the

m xtl$re was stirred for 75 minutes at OC. Then additional 3 15

nitro-2-pyri I | Of_ dded and the
m.xt ure was %i E?E‘?X% ?Q%rlqi'go%@{dé&g@l%g%?&gg’x%g s%ss ﬂ;l[%ge:%%)(ﬁcent rati on under
reduc emumg&mhbﬁylandhw)pﬁangﬂmamubsz-oﬁel (asé6 ghir. Mmmg} aphyis{diesd in DCKAAC 4: 1

t hen 2:18) af forded 0, (97 9%9 of the desired . product_ as a_yellow oil.
NMVR (2660 ppizgnd gtfeleﬁ(f‘sun%mert afmgsphere. privjtro-2-pyridmesylienyl cijondy .28 g.3) |

-7 OliéT]nmc!_g wad added afid é}{@nu%cjcér)a ok sﬁn@:ﬁ‘feﬁ"}?) mﬁnﬁes(aq 0°é.|?ﬁhen%d&n()gal 31—11) . 20
15 nitro-2-pyridinesulfenyl chloride (0.05 g, 0.27 mmol) was added and the mixture was stirred
for an additional 45 minutes at 0°C. Concentration under reduced pressure and purification by
flash-chromatography (Hex : EtOAc 4:1 then 2:1) afforded 0.67 g (97 %) of the desired
product as a yellow oil. NMR (200 MEz): 1.6 (s. 9H), 4.3 (d, 1H), 4.5 (s, 2H), 5.2 (d, 18),
6.8-7.0 (m, 4H), 7.1-7.3 (m, 4H), 7.4 (m, 1H) 8.5 (d, 1H), 8.9 (d, 1H).

Method 63

3-(R)-4-(R)-1-(d-Fliorophenyl)-3-[(4-fluorobenzoyl)methylthio]-4-[4-(t-butoxycarbony!
methoxy)phenyllazetidin-2-one
25
3-(R)-4-(R})-1-(4-Fluorophenyl)-3-[(3-nitropyridin-2-yl)dithio}-4-[4-(¢-butoxycarbonyl
methoxy)phenyl]azetidin-2-one ( 0.67 g, 1.2 mmol} was dissolved in acetone (50 ml) at room
temperature, then water (10 ml) and tributyl phosphine (0.30 ml, 1.2 mmol) was added. The
mixture was stirred at room temperatore for 30 minutes and then concentrated under reduced
30 pressure to afford the crude thiol as a brown oil. This crude thiol was immediately dissolved
in DCM (40 ml) and 2-bromo-4'-fluoroacetophenone (0,29 g, 1.3 mmol) was added, followed
by EtsN (0.20 m], 1.4 mmol). The mixture was stirred at room temperature for 90 minutes,
concentrated under reduced pressure and purified by flash-chromatography (Hex : EtOAc



|
Met hod 63 “ ‘
3-(R)-4-(R)-1-(4-Fliuorophenyt)-3-[(4-fluorobenzoyl)nethylthio]-4-[4.(t-buto
xycar bonyl nethoxy)phenyl]azetldln 2-one 25

3- (R) - 4% 00‘{ ob{izF! uorophenyl) - 3- [ (3-ni tropyri di n 2- yl %@T}S%P@Lfﬂﬁlw[ﬂﬂ (t-butox

ycar bonyl oXy) phenyl ] azeti di n-2-one ( 0.67 g, nunol’) 'was di ssol ved
i n acetone (50 nil) at room tenperatd¥e, then vvater (10 M) and tributyl
phosphine (0.30 m, 1.2 mmol) was added. The mixture was stirred at room

t enperalumaid SfFord6d 04D 6t (€S IR Estall VeP 1O REEY) o ALt ddigfounddy aashiR&opaessur e
to afford the crude thiol as a brown oil. This crude thiol was imed ately

di ssolNMR (300 B (48 (8 HDapS6LdbF EMHZJHM 8riGddet s heHand), 6. 48ds FH). 3

nmol ) je ol t 3N ( 1 I he, i Xt ure was
stirre g&%ﬁ%zt%éﬁgﬁg?é%o& é@in 9195t 6%’ c@ﬁc%fﬁ?’é@“d’ r reduced
pressure and purified by flash-chromat ography (Hex : Et OAc WD 2005/ 061452 -
PCTI SE2004/ 001960 -162 4:1). This afforded 0.42 g (65 %total over two

st eds)Methad@t titl e conpound as a white solid, NWVR (200 Mz) 1.44 (s, 9H),
4.06 (d, J = 2.4 HHz, 1H), 4.13 (d, J = 3.8 Hz, 2H), 4,48 (s, 214), 4.81
(d, J = 2.2 H, 111), 6,83-6.93 (m 4H), 7.05-7,21 (in, 613), 7.90-7.97 (in,

2H) . 3, - . -[4-

3- (R 534h¥ﬁ -((?) ?14(4FFlnuooF'%%lhengl) 3 [(g fﬂ(%ofb Fnzo )&e&%ltﬂo}[rg [ﬁl caﬁ‘_l xjymf ﬂf fy 8 ear boxy
met hoxphenyfiazetidihelzené di n- 2- one 10

3-(R)-4-(R)-1-(4-fluorophenyl)-3-[(4-fl uorobenzoyl)nmethylthio]-4-[4-(t-

but oxycar bonyl nmet hoxy) phenyl ] azeti din-2-one ( 0.42 g, 0.78 mmol) was

di sfpl ved | 8100CH 1 haFbinchl D OF @NTboFnt dyiTmeAlnings. adled dr opui se. The

mxture was slowl'y“gi ven room "t enperature. er S hours and t hen

stirr dubtekycaronybaetheniphenyllerctidim? gint ( Omm&mm@mamﬂmlv@dnmr esSuy e
d i f i.cat] b - hy. OA th 5% NcOH 15 Et OA

o1 or dah ey 850G o U7 3 i 6% e BB st i s O BRI, CoBOD,

' 2 EDO 7%%11)%1‘&631’8 Iﬁder seral ﬁou%s ﬁﬁd th%ﬁ §91rrecﬂab5f06ﬁ1 tegifﬂaratlﬁe Bvéihight Ton&nada? (M

under rcduced pressure and punﬁcatlon by ﬂash—chromatography (EtOAc, then 5% MeOH in

15 EtOAc) afforded 0.32 g (85 %) of the title compound és a white seolid. NMR (CDsQD, 300
MHz): 4.1 (d, 1H), 4.2 (s, 2H), 4.5 (s, 2H), 5.0 (d, 1H), 6.9-7.0 (m, 4H), 7.1-7.3 (m, 6H), 8.0
(m, 2H). '

Method 65

20
tert-Butyl N-[(2R)-2-amino-2-phenylacetyl]-O-(fert-butyl)-L-serinate

O
tert-Butyl N-((2R)-2-{[(benzyloxy)carbonyllamino}-2-phenylethanoyl)-O-(zert-butyl)-

I-serinate (Method 15; 3.3 g, 6.8 mmol) was dissolved in EtOH (95%, 30 ml) and a cat

23 amount of PA/C (5%)(50% in water) was added and hydrogenation was performed at
atmospheric pressure for 3 hours. at room temperature. The reaction mixture was filtered
through diatomaceous earth and the solvent was evaporated to give the title compound (2.35
g, 98 %). NMR (500 MHz, CDs0D): 1.1 (s, 9H), 1.45 (s, 9H), 3.45-3.8 (m, 2H), 4.5 (t, 1H),
4.55 (s, 1ED, 4.85 (s, 2H), 7.3-7.5 (m, 5H).

30
Method 66



~tort-Butyl NE(2R)-2-ainino-2-phenylacetyll-O(tert-butyl)-L-serinate
tert-Butyl

N ((2R) - 2-{[ (benzyl oxy) car bonyl ] am no} - 2- pbenyf et hanoyl ) - O (tent-butyl) -

" L-seri nA@2(E6H6Y 15; 3.3 g, 6.8 nrnol) was di ssol ved PCH/SERUHI¢IER, 30 nil)
and a cat 25 anount of Pd/ C (5% (50%i¢3 .wat er) was added and hydrogenati on
was performed at atnospheric pressure for 3 hours. at roomterrperature The
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Method 67

20 1-(4-Fluorophenyl)-3-(R)-[(4-fluorobenzoyl)methylthio]-4-(R)-{4-[N-(0-(R)-{N-[2-
(hydroxy)-1-(S)-{(carboxy)ethyllcarbamoyi}benzylicarbamoylmethoxylphenyl}azetidin-

2-one

and
25
Method 68

1~(4-Fluorophenyl)-3-(R)-[(4-fluorobenzoyl)methylthio]-4-(R)-{4-[N-(0r-(R)-{N-[2-(t-
butoxy)-1-(S)-(carboxy)ethyllcarbamoyl}benzyl)carbamoylmethoxy]phenyl jazetidin-2-

30 one
TFA (2 ml) was added to a solution of [-(4-fluorophenyl)-3-(R)-[(4-fluorobenzoyl)

methylthio}-4-(R)-{4-{N-(0-(R)}-{ N-[2-(z-butox y)-1-(S)-(s-butox yearbonylethylJcarbamoyl }
benzyl)carbamoylmethoxylphenyl } azetidin-2-one (0.050 g, 0.061 mmol} in DCM (5 ml) at



|
2-one and 25 Method 68
1- (4- Fl uorophenyl)-3-(R)-[ (4-fl aorobenzoyl )nethytthio]-4-(R)-{4-[N-(a-(R)- {N
-[2-(t-

but oxy) - Jw()S)lasmsmsboxy) et hyI ] car banoyl } benzyl ) car banoyl metiispeylydoeonpl-} azeti d -

in-2- 30 one TFA (2 m) was added to aysgol ution of .

1- (4-fuorophenyl)-3-(R)- [(4f|uorobenz@ﬁO methylthio]-4-(R)-{4-[N-(a-(R) -{
N-[2-(t-butoxy)-1-(S)-(t-butoxycarbonyl)ethyl]car bam)yl )
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3- (R) - 47(0B)(m] 459 1 10500 he 1y H) - 839(1!—640f(huﬂﬂmhﬁm 565 nBotw dbivditedolids. 20
(car boxynet hoxy) phenyl ] azeti di n-2-one (0.200 g, 0.414 mmol), glycine
tert-butyl ester

15 Method 69

3-R)-4«(R)-1-(4-Fluorophenyl)-3-[(4-fluorobenzoyl)methylthiol-4-{4-[N-
(carboxymethyl) carbamoylmethoxylphenyl}azetidin-2-one
A solution of 3-(R)-4-(R)-1-(4-fluorophenyl)-3-[(4-fluorobenzoylymethylthio]-4-[4-
20 {carboxymethoxy)phenyllazetidin-2-one ( 0.200 g, 0.414 mmol), glycine tert-butyl ester
hydrochloride (0.113 g, 0.674 mmol) and N-methylmorpholine (0.180 ml, 1.63 mmo}) in
DCM (5 ml) was stirred at room temperature for 10 minutes, after which TBTU (0.193 g, O
0.601 mmol) was added. After 25 hours, the conversion to the ester (m/z: 597.43 (M+1)*) was
completed and TFA (2 ml) was added to the solution. After 1 hour, the solvent was removed
25 under reduced pressure and the residue was puriﬁed by preparative HPLC using a gradient of
20-50% MeCN in 0,1M ammonium acetate buffer as eluent. After freeze-drying, the desired
product was obtained in 0.093 g (41 %) as a white solid. NMR (DMSO, 500 MHz): 3.65 (d,
2H), 4.35 (d, 1H), 4.40 (ABq, 2H), 4.50 (s, 2H), 5.20 (d, 1H), 6.95-7.05 (m, 2H), 7.15-7.40
(m, 8ED), 8.00-8.15 (m, 3H); m/z: 541.3. |
30
Method 70



. hydrochl oride (0.113 g, 0.674 nmmol) and N-nethyl norpholine (0.180 m, 1.63
nmmol) in DCM (5 mM) was stirred at roomtenperature for 10 m nutes, after
whi ch TBTTU (0.193 g, J 0.601 mml) was added. After 25 hours, the

- conver sy@nods@eiRe ester (nmlz: 597.43 (Mr1)') was conpiCasEAGIMITFA (2 nil)
was added to the solution. After 1 hggy, the solvent was renoved 25 under
reduced pressure and the residue was purified by preparative HPLC using a
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Method 71

1-(4-Fluorophenyl)-3-(R)-[(4-fluerebenzoylimethylthio]-4-(R)-{4-[N-{N-[2~(phenyl)-1-
20 (R)-(carboxy)ethyljcarbamoylmethyl}carbamoyimethoxy]phenyl}azetidin-2-one

3-(R)-4-(R)-1-(4-Fluorophenyl)-3-[(4-fluorcbenzoyl ymethylthio}-4-{4-[N-
(carboxymethyl)carbamoylmethoxy]phenyl }azetidin-2-one (21 mg, 0.039 mmol), rert-butyl
D-phenylalaninate HCI (12 mg, 0.047 mmol) and 4-methylmorpholine (12 mg, 0.12 mmol)
25 were mixed in DCM (1 ml). TBTU (15 mg, 0.046 mmol) was added after 5 minutes and the
mixture was stirred for 20 hours. The solvent was removed under reduced pressure and the
residue purified by chromatography on silica with hexane: EtOAc 1:1 as the eluent. The
product was dissolved in formic acid and stirred for 20 hours. The formic acid was removed

under reduced pressure where after toluene was added and evaporated piving (21 mg 64%).
30 Mz 686.3 (M-H). |

Method 72




3-(R-4-(R)-1-(4-F+l uorophenyl )-3-[(4-fl uorobenzoyl)nethylthioj-4-{ 4-[ N
(car boxynet hyl ) car banoyl net hoxy] phenyl } azeti di n-2-one (21 ng, 0.039 mmol),
tert-butyl Dphenyl alaninate HCl (12 ng, 0.047 nmol) and 4-net hyl nor phol i ne
(12 nmg, \90 25 were mxed in DCM (1 m). TBTU ( ¥emgzo@/@4wonmol ) was
added after 95 m nut es and the mxturg6 s stirred for 20 hours. The sol vent
was renoved under reduced pressure an residue purified by .

chromat ography on silica with hexane: Et OAC 1:1 as the eluent. The product

was di $¢-M2&3R) h(ﬂﬂdﬂmmpaenyl)-éF{@Z%lyﬂrmdzq‘[@(nﬂﬂmlﬁm)gheﬂﬁéethﬂ}thm) -&ci d was

renoved E}é-l g%q]u%ed pressure, ‘ghere after toluene was added and evapor at ed
gi Vi ngO{‘We 1545l IphenoxpsefACIE (M H)- . Met hod 72 WO 20051061452
PCT1SE200. 41001960 -166

{4--[ (2R, 3R) - 1- (4- Fl uor ophenyl ) - 3- ({ 2- hydr oxy- 2- [ 4- (et hyl t hi o) phenyl ) et hyl }
t hi i 0) 4err-Baod 14t (2R, BR¥ig(n)fphmrdxzy}]&ﬁe[t@mtaqjyﬁdtrei-tyl)ﬁuhiyoﬂ -4-axoazetidin-2-

(4-{ 2R3R) 1- quoro 3-nitropyridin-2-yl)dithio]-4-oxoazetidin
- 2- PBW ﬁ’é‘“‘e@a@ aﬁé#si'ﬂlr‘(ﬂ in\pgetops 9% acet one (10 '
m t t 0.12
) o 4R TRE T G #ﬂ%d“*ﬁéﬂ“ L kol 15 5 DB HERND RRORHEN el

15 m nmxmrfawds tthesd atqoenémpdraitre fodds nniedms and tlmne:sna:nn&ated wmiboredutdie crude
thiol as a brown oil. This crude thiol n% cgtely dlssolved in CH2CI 2
| dhreAAy

(ég (Tpre&ﬁae tpaliprsitpe grudephighas: vt d 23 ipgmeg! mpsved/asd
added, ;18 Fé{ 2 gﬁg%pycig %%!n(oos 1idheth n;%lr a%egﬂ%%’ d5 ‘92 gga(): 5H Yo Shh&d ed at

room t enpera ours, conce pressure and
pur ilbi €slldsyed tyeBHNQDIGME, 0@0amingl)( Fexmixthre \Eﬁs@&@reé aflrddnetbnﬂieiature'lhr 39

fforded 0.4 f f bu R 3R) - 1- (4-

{1 uor ogﬁ@q%mnsg?t(a{tg !5%5%@2@0 p{e%%s S eE gy Glec: ()
th

") EONERfoon? T LBRRRROA RO MR e e (4RI, | 1

m xt ur éiumheh}d);ﬁlf(‘{M44(meﬁl@[ﬂﬁd);6hbﬁyﬂ13m}amdné}thra)admaiaz&tabim enperature for
1 ash: SRR LIRS A A b neiy R Iy B e P drbo 1 b Fihapene i g (70
15 e oo D g A
Concentration under reduced pressure and purification by flash-chromatography (hex
acetone : HCOOH 60 : 40 : 0.1) afforded 0.16 g (70 %) of the desired compound as a pale
yellow solid.

20 'H-NMR (CD:CL, 200 MEz): 8 2.5 (s, 3H), 4.0 (d, 1D, 4.1 (s, 2H), 4.6 (s, 25, 4.8 (d, 1H),
6.8-7.0 (m, 4H), 7.1-7.3 (m, GED), 7.8 (d, 25,

O

Method 73
N-{14-((2R,3R)-1~(4-fluorophenyl)-3-{[2-(4-flnorophenyl)-2-oxoethyl]thio}-4-oxoazetidin-
25 2-yl)phenoxyjacetyl}glycyl-D-ornithine

A mixture of 3-(R)-4~(R)-1-(4-Fluorophenyl)-3-[(4-flucrobenzoyl)methylthio]-4-{4-[N-
(carboxymethyl) carbamoylmethoxylphenyl }azetidin-2-one ( 0.020g, 0.037 mmole) terz-butyl
30 N°-(tert-butoxycarbonyl)-D-omithinate (0.012 g, 0.042 mmole), and N-methylmorpholine
(0.012 mL, 0.111 mmole)} in DCM (3mL) was stirred at room temperature. TBTU (0.018 g,
0.056 mmole) was added and the mixture was stirred over night. Trifluoroacetic acid (1.0 mL)

was added and after 6 hours the solvent was removed under reduced pressure. The residue



6.8-7.0 ( 4H), 7.1-7.3 (in, 6H), 7.8 (d, 2H. 0 Method 73

‘N-{[4-((2R, 3R) - 1- (4- Fuor ophenyl )-3-{[ 2(4-fl uorophenyl ). 2- oxoet hyl ]t hi o}. 4. ox
oazetidin- 25 2-yl)phenoxy)acetyl}glycyl-Dornithine A m xture of

3-(R) -4-(R)-1- (4-Fl uorophenyl)-3-[(4- quorobenzoyI)rret 1.Q] -4-{4-[ N-

"(car boxyWEx3403/961¢¥r banoy| net hoxy) phenyl } azeti di n- 2- one @f%!ﬁyéhdgéw mol e)
tert-butyl 30 Ns-(tent-butoxycarbonyl$Zb-ornithinate (0.012 g, 0.042

nmol e), and N-rnet hyl norpholine (0.012 m., 0.111 nmole) in DCM (3nlL) was
stirre %@@3 Jr T3 TE al ed and

t he m%aﬁ gh\%ggbgtl r egﬂ ov%Lnﬂaghgﬁca%r %%%t%?ggjgg?l&gn Qig%df%twp§ g%Was added
and af B\deC8 ihfudg HIMBomnml\wnnatwvbsffﬁmrEJMt u%ﬂmremdmg&ﬂe mlesrsuméer The

resi due 0051061 P 2 019 - 167 purif by preparative
BPLC oﬁeg F‘<$ B @% gﬁﬁ q%%erfgesse odpghestbisingd in0 IM
amoni um acetate -buffer as eluent. After renoving the sol vent under

reduced pressure, 0.021 g (87 % of the desired product was obtained. Mz
655. 21 MefldetIVdd 74

N-{[4-((2R 3R)-1-(4-1uorophenyl)-3-{[2-(4-fluorophenyl)-2-oxoethyl]thio}-4-0
xoazetidin- 2-yl)phenoxy] acetyl }gI ycyI N6, N6- di met hyl - L-1ysine 10

oxyme: (1 PRCEET T ~ﬂ99&)§‘3§%ﬂ SRR Sttt )
and N- izejliphieiosplebtyl}glft Nidin@tDAT dygime) were di ssol ved in DVF (0.5nl).

TBTTJ (0 0099 g, 0.031 mole) was added, The mixture was stirred at 30-40C
for 30 m nutes under N9-atnobsphere. N6, N6- di nethyl-L-1ysine hydrochl oride

(0. 945 &y D021 ol o SSesh kA B 10 15 R Bl 040
vere addﬁ:dmwﬂnéthexﬂphmgﬂ}amﬂ&n%m&éﬁﬂlﬁgjerO lsetmoRd apd Besiethelmdiphoresi due

o s i EER b o e et GrBeL 1 (O, Eq?dsﬁ?m@?éif’hz”t
the soly Nt 48 hEANE S REGEE W 4P HBP 30 Snibifids thad i Ao lRL G 4. oduct

was obtai'ne
dimethyl-L-lysine hydrochloride (0.0045 g, 0.021 mmole) was added and the mixture was

15 stirred at 30-40°C for some hours then at room temperature over night. A few drops of water
were added and the solvent was removed under reduced pressure. The residue was purified by
preparative HPLC on a Kromasil C8- column using a gradient of 5-100% MeCN in 0.1M
ammoniurn acetate buffer as eluent. After removing the solvent under reduced pressure, 0.005
g {39 %) of the desired product was obtained.

20 M/z697.31

Method 75
N-{{4-((2R ,3R)-1-(4-Fluorophenyl)-3-{[2-(4~fluorophenyl)—Z-oxoethyljthio}-4-
oxoazetidin-2-yl)phenoxylacetyl}glycine

25
A mixture of [4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-methoxyphenyl)-2-oxoethyilthio }-4-
oxoazetidin-2-yl)phenoxylacetic acid (0.0153g, 0.031 mmot), zert-butyl glycyl-D-valinate
hydrochloride (0.6099 g, 0.037 mmol) and N-methylmorpholine (0.010 ml,0.091 mmol) in
DCM (2ml) was stirred at room temperature. TBTU (0.016 g, 0.050 mmol) was added and the

30 mixture was stizred for 3.5 h. Trifluoroacetic acid (0. 5 ml) was added and after 3.5 h the

~ solvent was removed under reduced pressure, The residue was purified by preparative HPLC

on a Kromasil C8~ colurnn using a gradient of 5-100% MeCN in 0.15% trifluoroacetic acid



|
Met hod 75 .
N-{[4-((2R, 3R) - 1- (4- Fl uorophenyl)-3-{[ 2-(4-fl uorophenyl)-2-oxoet hyl ]t hi o} - 4-
oxoazeti di n-2-yl ) phennxy] acetyl } gl ycine 25 A m xture of
[4-((2R 3%;;% & 4-fluorophenyl)-3.1 [2-(4-nethoxyphenyprReaneeidy | thio }-4-
oxoazet QJI 9 )phenoxy] acetic acid (0.0153g, 0.031 mml ), tent-butyl
glycyl -D-valinate hydrochloride (07 g, 0,037 mml) and '
N- net hyl nor pholine (0.010 a,0.091 mMmvl) in DCM (2nml) was stored at room
t enpe baffer & elddRT T Helsoldht was Cendb@dmodr)redmedadestreand 0s SFadxufibe was

stirred for 3.5 h. Triflu &g tlc acid (0. 5 mM) was added and after 3.5 h
the $&ePEducias ?@W@d\'{;)ﬁw }educed pressure. The residue was purified by

preparative HPLCC on a Kronasil C8- columm using a gradient of 5-100% M:CN
in 0.15%trifluoroacetic acid WO 20051061452 PCT/ SE2004/ 001960 -168 buffer -
as el Méﬂhod'fbe sol vent was renoved under reduced pr essure and 0.015 g (74 %
of thé title efroduct was obtained. Mz 652.20. Method

[ 4- 6( MR(GR3IR)- @hl@mbn@ﬁm:ﬁ{[%—(%1chlompfm)d}%m@mw)]ﬂgnhﬁwaomtidmr%} 4- 0X0

azeti di\n; 2- e | acetic acid tert-Butyl
{4-[(!95 0%?%1:%51 agi%phenyl)-3-({[2-(4-chorophenyl)-5,5-di met hyl - 1, 3- di oxan

- 2-yl]methyl)thin)-4-axoazeti d| n- 2-y| I phenoxy}acet ate(1.69 g, 2.57 nunol)
was dissolved in 10 fornmic acid and stirred for two hours. The

25
mi xt upert-Raty! d brlhBRal dérchisaephep c@&-&-@@gmpém(nxl}fﬁp‘%dm@u&leS -dspnand t he

St o aonlmeB O aR B oin SRBFRSTRLAAPRY o5y b SR HREE BT o ™
yelitbovesat beld (ﬁﬂ‘hﬂy\ﬁd%ﬂfﬁr t%ﬁﬁthrB JThe améltlﬁc 4ua2 chhdentratdl underfefisced2H) , 4.9

d, 1l 6.9 (d, 214 613), 7. , 211 d, 213
E cl) lpalre)zssurs iwmgam(aw? <) @f@) zmi @@)c r%r@ was mmf"(eﬂd:)y ﬂ@hﬁghzoq@@;r(ap!'ﬂ( arrpl) es NE@

t di_at f
:\F{ [ 4 (gt Gegte ff%ﬁﬂ’u ﬁ%‘?%%@ﬁ? @/ ‘ﬁ[ 25 ﬁ’f%ﬁ%p ecifle sompagnd as g paleny 1 1t hi
0} - 4- yillowxelar EHIMR ERC):pRENNEL)EE 402 (B; 3HRAI PG, 2H), 4.9 (d, 1H), 6.9 (d,
2H), 7.2-7.4 (m, 6HD), 7.5 (d, 2H), 7.9 (d, 2H). MS (CI) M/z: 514.2 (M), 515.2 (30), 516.1
15 (70), 517.2 (20).

Examples of intermediates of formula (VI) and XV

20 Method 77

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethylithio}-4~ D
oxoazetidin-2~-yphenoxylacetyl}-D-alanine

25 N-{[4-((2R,3R)-1-(4-flucrophenyl}-3-{ [2-(4-fluorophenyl)-2-oxoethyllthio } -4-oxoazetidin-2-
yhphenoxylacetyl }-D-alanine was dissolved in methanol (1.5 ml). Sodium berohydride was
added and the mixture was stirred for 30 minutes. An ammonium acetate/H20 solution (2 ml)
was added and the methanol was evaporated. The product was purified by preparative HPLC
(CH3CN/ 0.1 % ammoniumacetate buffer 20:80-100:0). The fractions containing product

30 were Iyophilized and 27 mg (48%) of the title product was obtained. M/z: 555.0 (M-1).

Method 78




.25

N-{[4-((2R 3R)-1-(4-fl uorophenyl)-3-[[2-(4-fl uorophenyl)-2-oxoethyl|thio}-4-
oxoazeti di n-2- yl)phenoxy]acetyl }-D-al anine was di ssolved in nmethanol (1.5
-m ). SodwWarrifyg#dizdr i de was added and the mi xture was BIH/SR28/f0d%6030

m nut es. An anmoni um acet at el H20 sol uggon (2 m) was added and the. net hanol
was evaporated. The product was purified by preparative BPLC (CH3CN 0.1 %
anmoni unmacet at e buffer 20:80-100:0). The fractions containing product 30
were |lyophilized and 27 ng (48% of the title product was obtained. Mh:
555.0 hogd-figo i}

TR T e T R K

[ 2- ( 4- foixoazedidiedyyl)plenhydacsty Bttt jpthpladn 4-

oxoazeti di n-2-yl ) phenoxy] acetyl }-L-tryptophan 5

[4-((2R 3R) - 1-(4-FI uorophenyl) 3-((2-(4-fluorophenyl) - 2 oxoet hylJthio

}- 4 goazei oo Lyl RhaRas ol aghhehn 090 bin M h0B ATEDlp) el ad S50l ved

in CH2 ane " tert ster | ori 037g, 0.12
moi ) g@gihemqmamytm:mm@l(@Dﬁmg .33 nmol)i)wﬁétdasmhdd)mﬁﬁﬁl@(ﬁjm@ Tﬁf;hafph&&

4. T bRl eSnaRoq PRy b Dhial i None iresboise G o 031
conconty BCRq R T %?@J%L%%‘ TEXY (RO L P Bl Pmistireon vas

sti rr edvakatirrdd for Ml orbde Stavamspondied bn allied geinchd dieted RBEUAYCEHR@GE Of
TFA was zeo\[)ﬁg_pl cally renoved by co-evaporation with toluene

2 X5 n).
aatt@%w@ant&meeﬁﬁtewewwwds &dldn GardiAyd H‘.(Faeil(rgl)om) g,

The 10e2p
Nt Onc "EF pastPan Al hondi ok SRL B A8 THHERARE o Yod AWM BB 0L Ve

purifi eetnhmmgrtmna mﬁﬂtﬁvewtﬂz@oﬁgptaﬂlmmov% bH 08 Ehidmwih tdtham@riK sm
acetate buffer) Freeze- dryln of the ure fractions g@é{e thet|tIe
our‘i%i adiegetigngias giswolugsd in 051 fung porohgides( Q@A613. 0.4 24NNM

1(12)[’3 353t YR Aaled Bty R e §§ t‘mﬁ@hﬁﬁﬂ%‘t’s AP vidd ) "
i H;) 11158 agtgr ) mﬁﬁﬂﬁggﬁg?g wab céwent2fted Gin) purtfidilby prepatative HPLL (g?acﬁ?&rt 7.92 (m

NZ- { [ 420¢ %CNM¥MWB§REWWW@WWI Freepersryipaohihe)pie fpefiamsgavay| | t hi
O}-4- XORFELSdlind % BRI PREYI AT 4o 25881 WA B3 (M-1). 'HL NMR

[(CD3),S0), 400 MHz] § 2.85-2.95 (i1, 2H), 3.07-3.12 (m, 1H), 3.22-3.27 (m, 1H), 4.24-4.27
" (m, 1H), 4.34-4.38 (m, 1H), 4.41 (s, 2H)}, 4.70-4.76 (m, LH), 5.01-5.04 (m, 1H), 6.80-7.35 (m,
20 16H), 7.50-7.53 (m, 1H), 7.85-7.92 (m, 1H), 10.76 (s, 1.

Method 79

25 Nz-{[4-((2R,3R)-1-(4-fluorophenyl)-S-{[2-(4-ﬂuorophenyl)-z-hydroxyethyllthio}-4-
oxoazetidin-2-yl)phenoxylacetyl}-L-glutamine

[4-((2R.3R)-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-ox oethyl]thio }-4-oxcazetidin-2-
yDphenoxylacetic acid (50 mg, 0.103 mmol), tert-butyl L-glutaminate hydrochloride (30 mg,
30 0.124 mmeol) and N-metylmorpholine (40 mg, 0.396 mmol) were dissolved in methylene
chloride (1 ml). TBTU (40 mg, 0.125 mmol) was added and the mixture was stirred for 90
min. The solvent was evaporated and the residue was dissolved in formic acid (1 mi). The

mixture was heated to 45-50 °C for 4 h, The reaction mixture was evaporated under reduced



l

— - 2R 3R —4-H vorophenyt)=3- { T2- (4-TTuor ophenyl ) - 2- oxoet hyl ] t hi 0)
- 4-oxoazetidi n-2- yl)phenoxy]acetic.acid (50 ng, 0.103 nmmol), tort-butyl
L- gl utam nate hydrochl oride (30 ng, 30 0.124 mmtl) and N netyl norpholine (40
ng, 0.396 mmol) were dissolved in nethylene chloride g Tlgﬁﬂwa'@;éd (40 ng, -
0. 125 n¥él 200¥Red+Rdded and the mixture was stirred for nun. The sol vent
was evaporated and the residue was dil¥8ol ved in fornic acid (I m). The
m xture was heated to 45-50 C for 4 It The reaction m xture was evapor at ed

under 4redy egom&@%%me&@mamﬁé@.@g@qemmgs QGG 18- mFBAgNE (5

m) S added and evaporated. The residue was dissolved in nethanol (1 nl).
NaBH4 r0BONaBH4 @30 8%, M7SB mmak veascdded Al thienipiuee weestivaed B ilp malg. Aesticl5 nin.

Acet i id (50_ng, Q S3nmml dded h i i
v aporasi SR s Tabotes hned af e ToRE BB uh s e iRt TS ot ve -
HPLC ; '%%g}g/r@?ﬁé g&%u@(%/ i Hiﬁr@r@ﬁzﬁﬁﬂﬂ-}ﬁL@Lﬁfsf %racét%ﬁftﬁé)arﬁﬁoﬁhﬂﬁﬁkwtg&gggr

by
freez Ing 4 title conpound was obtained. 1H

VHz 5 HWBER) (35t65)%s 21ukht, (After flet)e-dpyiBg 42 n@b(7dR)2HEhe tiklc0&mdp@adwas  1H) ,
4.26-4.31 (in, 111), 4.50 (s, 211), 4.65-4.78 Ezm 1H), 5.03-5.08 (m 1H),

6. 68 (chtaifed.IH-NMBO 360 MHL,HMENY 1.78-286 (1, 4H), 2)81-2190 {i2hho4.88-4.20 (m,
N-{[4-((2R -1- (4 FEl 0 i) 737 - (4:11 nyl ) 2- r ethyllthio
-4 AEOndRrk R Ty At Gosig) 46475 G 1B SBE K b B o

[4-(( ] 2 _ 1)-3-{[2-(4-fluorophenyl)-2-oxoet hyl]thio}-4-
.oxoazgﬁ%?ﬁgﬁﬁiﬁk’%ﬁ)%g%ti c acid (0.050 g, 0.103 mmmol),

O (tert-butyl)-D-serine tart- butyl ester hydrochloride (0.032 g, 0.147

nmo) aEd gﬁethyl nmor pholine (0.035 m, 0.318 nmmol) in DCM (4 nil) was

St . mn. TBTU (0.044 g, 0.137 mmol) was added. The formation of

the ester was confirnmed after 3 h. Mz: 683.1. TFA (2 m) was added and (ﬁé
20 m xture was stirred for 22 h. The solvent was renpbved under reduced =

pr essuNg[4-T0R,3Rs] -HsFluorapheid 33+ {{2-dd-fluokeidrenyl)-rhydroxgettiylithioldot al | y 0. 130

Qa1 1 onegmadn TSR fer (3 mi). The methanol ves removed:
under reduced pressure. The remaining solution was purified by preparative
HPLC using a gradi ent of 20-60% MeCN in O 1M anmoni um acetate buffer as 25
el uEht A sélutien of f4eE2R3@)\-dgflv@:opRdny)-3-3 2-U-fluedoghenyt)-2-orodthylthiggréduct was
obtal ngx%agesti n~%)j‘l)tpﬁenoxy]acetic acid (0.050 g, 0.103 mmaol), O-{tert-butyl}-D-serine tert-
butyl ester hydrochloride (0.032 g, 0.147 mmo!) and N-methylmorpholine (0.035 ml, 0.318
mmol} in DCM (4 ml) was stirred for 5 min. TBTU (0.044 g, 0.137 mmol) was added. The
formation of the ester was confirmed after 3 h. M/z: 683.1. TFA (2 ml) was added and the
20 mixture was stirred for 22 h. The solvent was removed under reduced pressure. The residue
was dissolved in MeOH (4 m!) and NaBH4 (fotally 0.130 g, 3.44 mmol) was added in smail
- portions. The reaction was quenched by the addition of 0.1M ammonium acetate buffer (3 N
mi). The methanol was removed under reduced pressure. The remaining solution was purified
by preparative HPLC using a gradient of 20-60% MeCN in 0.1M ammonium acefate buffer as
25 eluent. After freeze-drying, 0.021 g (36 % yield) of the title product was obtained as 2 white
solid. M/z: 573.1. 1H NMR (DMSO, 400 MHz): § 2.84-2.96 (m, 2H), 3.47 (dd, 1H), 3.69 (dd,
1H), 3.97-4.06 (m, 1), 4.27-4.32 (m, 1H), 4.52 (ABq, 2H), 4.68-4.77 (m, 1H), 5.04-5.09 (m,

1H), 5.65 (bs, 1H), 6.99 (d, 2H), 7.07-7.41 (mn, 10H), 7.89 (d, 1H).

30
It will be appreciated by those skilled in the art that the examples may be modified within the

realms of the invention, why the invention is not limited to particular embodiments.



.solid. Mz: 573.1. 1H NUR (DVBO, 400 MHz): 8 2.84-2.96 (m 211), 3.47 (dd,
1H), 3.69 (dd, 1H), 3.97-4.06 (m 1H), 4.27-4.32 (m 1H), 4.52 (ABq, 2H),
4.68-4.77 (m 5.04-5.09 (m 1H), 5.65 (bs, 1H), 6.99 g 2H) ,

©7.07-7. ﬂo%'r‘f’["“i , 7.89 (d, 1H). 30 It will be apprecPSTSEMHNVNIELe skill ed
in the art that the exanples may be nbdified wthin the realns of the

i nvention, why the invention is not limted to particular enbodi nents. WO
2005M61452 PCTI SE200-t/001960 -171- Absorption Absorption of the conpounds
of formula (1) was tested in a Caco-2 cells nodel 5 (Gastroenterol ogy 1989,
96, 73&bsorowpound (1) Caco value (10' scual/sec)

N-{[4-((2R 3R)-1-(4-fl uorophenyl)-3-{[2-(4-fluoropheuyl)-2- 0.06

hydr oxyet hyl ] t hi 0) - 4- oxoazeti di n- 2-yl ) phenoxy] acetyl ) gl ycyl -D- vali ne

N{[4 f: 0. 07

hydr oxééﬁeﬁ%% %%ﬂ&éﬁg‘%&%g’?. ﬂﬂmgﬁ{w‘g%ﬁ%ﬁ&g@%ﬁ%?%@ s)mn?d[ ol D tyrosine N-{
[ 4- (§ ARa3Rperiterptody 19800pH §6%):) - 3-{ [ 2- (4-fl uorophenyl) - 2 0.2

hydr oxyet hyl ]t hi o }-4-oxoazeti di n-2-yl) phenoxy] acetyl}glycyl-D lysiine

1- (4- Fl uor ophenyl ) -3-(R)-[ 2- (4-fl uoropheny]) - 2- hydr oxyet hyl t hi 0] - 4- 0. 09
(R-{ 4-IN{N-[2-(phenyl)-I1-(R) (carboxy)ethyl]catbanoyl net hyl

} car baznoyl net hoxy] phenyl } azetidin- 2-one 10 -~~2- Clains 1. A conpound of

- f or mil @okpippimd (T) _ Caco value
(10%cny/sec)

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-{ [2-(4-flucrophenyl)-2- 0.06
hydroxyethyl]thio}-4-oxoazetidin-2-yl)phenoxylacetyl } glycyl-D-
valine
N-{[4-((2R,3R)-1-(4-fluorophenyl}-3-{ [2-(4-fluorophenyl)-2- 0.07
hydroxyethyl]thio }-4-oxcazetidin-2-yl)phenoxylacetyl } glycyl-D-
tyrosine
N-{[4-((2R,3R)-1-(4-{luorophenyl)-3-{ [2-(4-fluorophenyl)-2- 0.2

hydroxye:thyl]thio }-4-oxoazetidin-2-yhphenoxylacetyl } glycyl-D-
lysine

1. (4-Fluoropheny1) 3-(R)-[2-(4-fluorophenyl}-2-hydroxyethylthio}-4- | 0.09
(R)-{4-[N-{N-[2-(pheny})-1-(R)-

(carboxy)ethyl]carbamoylmethyl jcarbamoylmethox ylphenyl } azetidin-

2-one

10



ORLs O HNXI Ol aSlI H Rit5 (l) wherein; Rl is hydrogen,

Cl. aal kyl, C3_ecycl oal kyl, phenyl or naphtyl; wherein said Cl_aatkyl may be
optionally substituted by one or two S%?‘%' tuents selected from hydroxy,

am no, guani di no, carbanoyl, carboxy, v5al koxy, N-(C, _eal kyl)am no,

N, N- (C,, eal kyl) 2am no, Cl-Ceal kyi carbonyl am no, Cl_eal kyl S(O, wherein a is
0-2, C3-ecycloal kyl, phenyl or indolyl; and wherein any said phenyl or

i ndol yl maygiagns optional ly substituted by one or two substituents sel ected
from hal o, hydroxy, C, Balkyl or C,_Bal koxy; R2 and R5 are independently
hydrogen, a branched or unbranched Cl.6al kyl, C3, ecycloal kyl, phenyl or
naphtyl ; wherei m@@mgb,ﬁa oEfirilila (NRY be opti onal | y substituted by one or

nor e hydroxy, am no, guanidino, cyano, carbanoyl, carboxy, Cl al koxy,

phenyl C, _eal koxy, naphtyl C _6al koxy, indolyl, pm dagbl yI]]iEi naght yl ,
(C1-A4)sSi, N—(Csalkyl)ab N, N- (CI. eaIkyI) amn C.. 6al IS(Q),,

C, . 6cycl oal kyl E_Lenyl S| riptl S(O) e,
wherein a is 0-2; Qr I m dazol yl
may be optionaily b s&ected from
hal o, hydroxy;+ Cixeaikyl C J6 R3 is hydrogen, Cl-aalkyl, hal o,
G . eal koxy or Cl.aal kyl S-; R‘;A—qq hydr ogen, Cl.eal kyi, hal o or Cl-eal koxy;

Re is hydrogen. G s al kyl, p@ényi CI or naphtyl C $al kyl ; wherein R6

MAgrein any |p I, napht doI

two substi | t uéht

and R2 may forma cyci epropane or cl ent ane ring and wherein Rfi and R
may forma pyrrole ring; or a pharmaceut ingdl |y acceptabl e salt, solvate, or
a solvate of such a salt thereof; wth the proviso that said corrpound S
not- 3-(R) - 4- (R) 1-(pheny|)-3-(2-(4 fl

uor ophenyl .droxyet hyl sul phanyl ] -4-[4- (N (N-[(R) - 1- (car boxy) - 2-
(hydr oxy) et y| car bamoyl net hyl } car banoyl net hoxy) phenyl ) azeti di n- 2- one; or
3-(R '8 hydragen, G, qalkyl, C,ecycloalkyl, phenyl or naphtyt; wherein said

S a{dq)l iy R dpfbh AR OBARMEL by Brd YA OBLANL Y s BBARY bbr - (LN ((R)-a

hydroxy, amino, guanidino, carbamoyl, carboxy, Cy.galkoxy, N-(C;_salkyl)amino,
N,N-{C;.salkyl),amino, Cy-Cqalkylcarbonylamino, CysalkylS{0). whersin a is 0-2,
Cascycloalkyl, phenyt or indolyl; and wherein any said phenyl or indolyl may be
optionally substituted by one or two substituents selected from halo, hydroxy,
Crsalkyl or Cisalkoxy,

R? and R° are independently hydrogen, a branched or unbranched C,_galky!,
Caqcycloalkyl, phenyl ar naphtyl; wherein said Ci.salkyl may be optionally substituted
by one or more hydroxy, amino, guanidine, cyano, carbamoyl, carboxy, Cisalkoxy,
phenylCsalkoxy, naphtylC, salkoxy, indolyl, imidazolyl, naphtvl,

{C1-Cy):Si, N-(C:qgalkyllamina, N,N-(C,qalkyl),amino, C,alkylS{Q),, Ciscycloalkyl,
phenyl, phenyl-C14 alkylS(0),, naphtyl-C1.s alkylS{Q), wherein a is 0-2, and wherein
any phenyl, naphtyl, indoly! or imidazolyl, may be optianally substituted by one or two
substituents selected from halo, hydroxy, C,.salkyl or Crealkoxy ;

R® is hydrogen, Crealkyl, halo, Ci.satkoxy or CqgalkylS-;

R* is hydrogen, Ci.qalkyl, halo or C,calkoxy;

R? is hydrogen, Ci» alkyl, phenylC,salkyl, or naphtylC, salkyl;

wherein R® and RZ may form a cyclopropane or cyclopentane ring and

wherein R® and R? may form a pyrrole ring;

or a pharmaceutically acceptable salf, solvate, or a solvate of such @ salt thereof;
with the proviso that said compound is not 3~(R)-4-(R)-1-(phenyl)-3-2-(4-
fluoropheny!)-2-hydroxyethyisulphanyl]-4-[4-(N-{N-[(R)- 1-(carboxy)-2- |
(hydroxy)ethyllcarbamoylmethyi} carbamoylmethoxy)phenyljazetidin-2-one; or 3-(R)-



[(S)-1-(carboxy)-2-(hydroxy) ethyl]carba m eyl }benzyl)carbarn

oyl mat hoxy] phenyl }azeti di n-2-one. 2. A conpound of formula (12). 0 R~ O
QL O~/ ~1If Bl 3/ S14 O2 R RON14 (12) wherein: R is hydrogen,
C eal kyl, C3.ecycloal kyl, phenyl ot haphtyl; wherein said Csal kyl may be
optionally substituted by one or two substituents selected from hydroxy,
am no, guani di no, carbanoyl, carboxy, C, eal koxy, N (C, _sal kyl)am no,

N, N- (C, . Bal kyl ) 2am no, C, - Caal kyl car bonyI am no, C, eal kyl S(O)a wherein a is
0-2, (C3_s enyl or
|ndol yl m&b{%;ﬁ%ﬂ&%aﬁ?%ﬁbo E?él Iﬁ)dgo@%tﬂgl%?ﬁﬁ\xg ﬁ@%{ @ I?s sel ected
from hal o, [(ﬁ)yﬂ'(Q?XbOXYJ'@IhMWI or Cl 6al koxy R2 and R5 are |ndependently

vaphtyl - vie PRt I B b BAb peee R LI, WY e by e or

nore hydroxy, am no, guanidino, cyano, carbanoyl, carboxy, C, .eal koxy,
phenyl C, - eal t .koxy, indolyl, i m' dazol yl, naphtyl,

(C -C4)3Si, 2 l{?%od@gﬁﬁ%n@ﬁ ﬁgi NN- (C, . eal kyl ) 2am no, Cl-eal kyl S(O) e,

C3. ecycl oal kyl, phenyl, phenyl-C $ ai kytS(O e, naphtyl-C, .e alkyl S(O e,
wherein a is 4-2; and wherein any phenyl, napht yl, I ndol yl or imdazolyl,
may be optionally substituted by one or twoQ su It tstselected from

hal o, hydroxy. C, _callgy or C ,eal koxy . R |lis hydrogégn, eal kyl, hal o,
C, . eal koxy or eal kyl' s-; | 0o ©OH Csal koxy; Re
I s hydrogen 3 %henyl ¢! , or rapht yl;

(i2)

wherein:

R' is hydrogen, C,salkyl, Cascycloalkyl, phenyl or naphtyl; wherein said
Cr.ealkyl may be optionaily substituted by one or two substituents selected from
hydroxy, amino, guaniding, carbamayl, carboxy, Ciqalkoxy, N-(C,.salkyl}amino,
N,N-=(Csalkyl).amino, C,~Csalkylcarbonyiamino, Ci.,alkylS(0), whersin a is 0-2,
Cascycloalkyl, pheny! or indolyl; and wherein any said phenyl or indalyl may be
opfionally substituted by one or two substituents selected from halo, hydroxy,
Ci.galkyl or Cssalkoxy;

R® and R® are independently hydrogen, a branched or unbranched Ci.aalkyl,
Cyscycioalkyl, pheny! or naphtyl; wherein said C,alkyl may be optionally substituted
by one or more hydroxy, amino, guanidine, cyano, carbamoyl, carboxy, ‘C-;.aafkoxy,
phenylC1.salkoxy, naphtylC, ealkoxy, indolyl, imidazolyl, naphty!,

{C+-C4)28i, N-(Cy.galicylyamino, M, N-(Cygalkyl),amino, C.qalkylS{O),, Caecycloalkyl,
phenyl, phenylC, ¢ alkyIS{0), naphtyl-Cy4 alky!S(O), wherein a is 0-2; and wherein
any phenyl, naphtyl, indolyl or imidazolyl, may be optionally substituted by one or two
substituents selected from halo, hydroxy, C.ealkyl ar Cgalkoxy ;

R®is hydrogen, Cyealkyl, halo, C,..alkoxy of Cq.salkylS-:

R is hydrogen, Ci.ealkyl, halo or Cyealkoxy;

R® is hydrogen, Cis alkyl, phenylCysatkyl, or naphtylC, salkyl;

wherein R® and R may form a cyclopropane or cyclopentane ring and

wherein R® and R” may form a pyrrole ring;



wherein Re and R may form a cycl opropane or cyclopentane ring and wherein
Re and R2 may forma pyrrole ring: or a pharmaceutically acceptable salt,
sol vate; or a solvate of such a salisthereof; wth the proviso that said
compound is not 3-(R)-4-(R)-1-(phenyl)-3-(2-(4-

fl uor ophenyl ) - 2- hydr oxyet hyl sul phanyl]-4-[4(N-{N-[(R) - 1- (car bo) Cy) - 2-
(hydroxy) et hyl ] car banoyl net hyl } car banoyl et hoxy) phenygazeti di n- 2-one; or

4( (R) 1- ( pRERPNI™RCEYticEly BeseatablsRal Plvate Ry 4 ot A prehe SARKEI s 4 [ N ((R) -
L Lo e L (L B
conpound ﬁ%’8¥rbﬁh¥g'%%v(%?q{3E\V%B%ba@ﬁ]"&ﬁ‘ed‘&aﬁﬁg"?‘?anghgbgen or phényl .4 A
-colr)rpounﬁ awﬁmxnj)etggmbarbamysytafetrltyﬂe:ammgmm@owjmnﬂ]azmmaim Em-(has) Ihydr ogen,
ran nor 1 t

\%ergi(r:] gg‘(g <1:¥ @%B ﬁﬂﬁ‘ ”B’Z’pg%fﬁ)&%ché‘@&ﬁé?%kﬁ?@afB‘ii%&é) S?R’m)?/e hydr oxy,
amno, aggha ?BM o rlls S(SO)W C3seycl oal kyl , 0. phenyl , . \%enyl as

| kyl S(O napht a , ein a. ;an erein an
ghe%yl ( )SQ‘H Sﬁfba %’gﬁwy')&?’i‘ WMPAM%MM‘PB%M |y substitut edyby
hydroxy Cl. 4al kyl, al koxy or cyano. 5. A corrpound according to any of the

precedi ng_ cl ai ns '%a i s hydrogen, - C2al kyl, hal o or nethoxy. 6,
A conpound: ACeHPRN ‘-'t°8’déﬂ%/t° a”f'ﬁé"’ér!’@%’&l”ng claims, wherein: R3 is

hydr ogen, RiRfdpdtogetiltr @réme, fluorine, Cl. alkylS-, or methoxy. 7. A
conpound according to any of the preceding clains, wherein: R4 is hydrogen

or halo. 8. A conpound according to any of the precedl ng cl ai ns, wherein:

R4 is chi QM'&@m?éurfdé&btcﬂ?m%nyﬁfm@'ﬁédéﬂﬁlg%ﬁmﬁ§dfbﬂwelh0 any of the preceding
clainms, wherein rogen enyl C1. Bal

Cl e
napht yI Cl R&ﬁI‘WQTOQSP "‘Rﬁ'aa unpranesed %}ﬁ?ﬁ%b leqyﬁlﬁa'kkiloph%yg‘aﬂfﬁ'ﬁﬂtﬂﬁ accor di ng
to clai m kherhtesd G callgl ma$ bbbﬁf@ﬁ‘ﬂf‘substrtmed by one or more hydroxy, amino,

agylaming, C1.;alkylS(0), , Csscycloalkyl, phenyl, phenyl-C,, alkylS(0),
naphtyl-Ci.e alkylS(0), wherein a is 0-2 ; and wherein any phenyl, naphtyl, indolyl or
imidazolyl may be optionally substituted by hydroxy, C,alkyl, alkoxy or cyano.

5. A compound according to any of the preceding claims, wherein:
R?is hydrogen, C,-C;alkyl, hale or methoxy.

6. A compound according to any of the preceding claims, wherein:
R® is hydrogen, methyl, chiorine, fiucrine, CqsalkyiS-, or methoxy.

7. A compound according to any of the preceding claims, wherein:
R*is hydrogen or halo.

8. A compound according to any of the preceding clairns, wherein:
R*is chlorine or fluorine.

9. A compound according to any of the preceding claims, wherein:
R? is hydrogen, Cr.s alkyl, phenyiCialkyl ar naphtylC, salkylor R® and R? form a
pyrrole ring.

10. A compound according to claim 1, wherein:
R is hydrogen;



R2 is a branched or unbranched C, 4al kyl, optionally substituted by a

C3. Bcycl oal kyl, C _6al kyl -S-, phenyl, indolyl, imdazolyl, naphtyl,
optionally substituted by hydroxy or cyano, am no, N (C, -6alkyl)am no,
NN- (C, _eal kyi)2ami no or, phenyl-Cl.6-%kyts(Oe, naphtyl-C, .e alkylS(O,,
wherein a is 0-2; R3 is halo; RS is hydrogen or C _6 alkyl; and R6 is
hydr ogen. 11. A corrpound according to claim1, whichis chosen from

N-{[ 4- ((2%2%% néﬁaamgwbﬁsﬁaﬁéw ) zaficyl IOE cfrf}m F%M% E}?ﬁylap(,gkgxya hyl 1th

i 0}-4- oxoazetidin-2- acet'yi 1-(4-Fl

uor ophenth1-a@k)("I5)- qf@nymmmbrrwgmwlr)ap tyhmh@a}lnsn@atrswwy uyr(rﬁyy qa-[N-{N-[2-

(phenyl) wha.
noyl et hyIJc é:ﬁa%)r bamoy ?pnet @ﬁ ﬁe(g,e%alkgl)garrbno o phenyl C1o alkyIS(O)s
N- { [ 4= ((Zmasotﬂ)cﬂa-é(lwl$(ﬂlo QWIS)U-% ((2-(4-fluor ophenyl ) - 2- hydr oxyet hyl | t hi

0} - 4- oxo hNn-2-yl)phenoxy}acetyl }glycyl-D-valine;, N {[4-((2R
3R) - 1- (4-fl uorophenyl)-3- ([ 2- (4-fl uorophenyl)-2-hydroxyet hygt hi o} - 4-
oxoazet i diRf Qhwf rogsimeat $y pixgleand } gl yecyl - D-t yr osi ne;

N-{[ 4- ((ZRaQﬂm}' é]é],\ fl uor ophenyl)-3

-{[2-(4-fluoro ) - 2- hydr oxyet hyl | t hi 0) - 4- oxoazeti di n-2-yi ) phen
oxy] acetyl } gl ycyl - Dprollna N-{[4-((2R 3R)-1-(4-fl uorophenyl)-3-{f

2-(4-11 uong R%{S‘%E?:W%féﬁ%gfoﬂ?é]t}:’:%i%'1] %Hi R%c‘hos‘@ﬁ‘%ﬁme“ di- n-2-yl)phe

noxy) acetyl }g

38)-1- (4- N- %{(ﬁﬁ%ﬁ;ﬂl-od-fﬁm(qmehﬂhﬁﬂﬁﬂﬂu@mphmyﬂeﬁeMamaHW&mWWt hi o} 4-

T oo conat I TP R SRR, 1) (L1 47 5
oxoazet i di nI 2-yl ) phenoxy) acetyl } gl ycyl - 2- but yl nor | euci ne; N—{[4-_((2R,4
317) - 1- (4- r r - 2-hvdr i 0) - 4-
oX OZB.Z et |( di'n 4@0(?%!%}3)@‘} gi_ét yﬁ’f%ﬂhlégvﬁ Q@?ﬁé&%}ﬁ\f@@?%&ﬁ;@w{{[?[ 4- % (2R,
3R) - 1- (4- (pHeoyppHBRMarbay [did]carbambymetity§ayrbimBylmethoayipberyiazdtidn-2) - 4-

oxoazeti di Ra 2-yl ) phenoxy] acetyl ] gl ycyI 3-cycl ohexyl - D- al ani ne;
N-{[4 ((2I3 %"R) 1- (4-f 1l uorophenyl)-3-{[2-(4-fl uorophenyl)-2-hydroxyethyl]thio

) -
N-{[4<((2R,3R)-1-(4-fluorophenyl}-3-([2-(4-flucrophenyl)-2-hydroxyethyifthio}-4-

oxeazetidin-2-yhphenoxylacetyilglycyl-D-valine;

N-{[4-((2R,3R)-1-(4-flucrophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyl]thic}-4-
oxoazetidin-2-yl)phenoxy)acetyl)glycyl-D-tyrosine;

N-{[4-((2R,3R)~1-(4-flucrophenyl)-3-{[2-(4-fluorophenyl)-2-hydroxyethyijthio}-4-
axoazetidin-2-yi)phenoxylacetyl}glycyi-D-proline;

N-{[4-((2R,3R)-1-{4-flucropheny!)-3-{[2-(4-flucraphenyl}-2-hydroxyethyijthio}-4-
oxoazetidin-2-yl)phenexylacetyllglycyl-D-lysine;

NH{4-((2R, 3R)-1-{(4~flucrophenyl)-3-{[2-hydroxy-2-(4-methoxyphenylethyl}thio}-4-
oxoazetidin-2-yhphenoxylacetyllglyeyl-D-valine;

N-{[4-((2R 3R)-1-(4-fluorophenyl)-3-{[2-(4-flucrophenyl)-2-hydroxyethyilthic}-4-
oxoazetidin-2-yl)phenoxylacetyilglyeyl-2-butylnorieucine;

N-{[4-((2R,3R}-1-(4-Flugraphenyt)-3-{{2-(4-fluorophenyl)-2-hydroxyethyi)thio}-4-
oxoazetidin-2-yl)phenoxylacetyllglycyl-S-methyl-L-cysteine;



oxoazeti di n-2-yl ) phenoxy] acetyl )g tycyl -3-cycl ohexyl -D-al ani ne; N-([4-((2R
3R) - 1- (4-fl uorophenyl)-3-{[2-(4fl uoro phenyl)-2-hydroxyethyl]th io}-4-
oxoazeti di n-2-yl) phen oxy]acetyl}glycyl-4-nethyll eucine;

N-{[4- ((2R, 3R) - 1- (4- Fl uar ophenyl ) - 3-£{®&4f | uor ophenyt) - 2- hydr oxyet hyl ] th

i 0}-4- oxoazetidin-2-yl)phenoxy]acetyl)-L-alanyl-D-valine; N{[4-((2R

3R) - 1- (4-fl uarophenyl) - 3- ([ 2- hydr oxy- 2- (4- net hyl phenyl )et hyl]thio)-4-

g)é;)aie'z I4d|ch ﬁg%m@ e Wb%{}ygrﬁ %fgd }%rﬁﬁﬂ.é@ﬁaz- ox eﬁ@ﬁo i 0) - 4-

oxoazet i di rexpazatiiphey pwﬁmeﬂl}pb’bywycbhearl-ln-aiemne
N-([4-((2R 3R)-1-(4-chlorophenyl)-3-{[2-(4-chl orophenyl) - 2- hydr oxyet hyl
t hi o}-4- oxoazeti di n-2-yl)phenoxy]acetyl}g |ycyl-3-nmethyl-Dvaline;

N- ([ j ((2RN- Hﬂ@ﬁif@-f-t%ﬁlmmnw -B-{I2-(RifRoKophéhyljed- bxﬂﬂremlﬂ)hv:]ﬁm{hﬂd BOX?/ ethyl]th
II\I'-S%[4:(?)2(%, @i¥%uoro%ﬁ We’gﬁ%@c%hgﬁ?oaﬁ%éﬁezy?? 2- %yérox?e?ﬂlyl ]n'?hi o]
)-4- oxoazeti d| n- 2-yl ) phenoxy] acetyl } gl ycyl - 3-net hyl -D-valine; N {(4-((2R
oxmazet i ai (B RS R PR heru - S B MRd PL

hydr oxy- D- mapdzetidingey!)phenoxylacetyiiglycyl-4-methylieucine;

N-{[4-((2R, 3R) - 1- (4- Fl uorophenyl ) -3-{[ 2- (4-fl uorophenyl ) - 2- hydroxyet hyl Jt hi o
}-4- oxoazetidin-2-yl) phenoxy]acetyl)giycyl-N, 2-di net hytal a ni ne;

N- ({ 4- { ( 2RN-{I4-((2R,3R)-1-{4-Fluoropheny!)-3-{[2-(4-flucrophenyl)-2-hydroxyethyljthio}-4-

3R) -1-(4-Flu enyly -.3- X net hyl t hi o) phenyl ] et hyl}thin)-4-
axz)azs'gl di 058%!%@?‘?%!@2?8@% %ggyﬂj al%gpﬁﬁ- af%'gn‘et hgl Dv?alol ney }\l-([z %(ZR_)
3R)-1-(4-fl u oro phenyl)-3-{[2-(4-f] uoroph a ny |)-2-hydroxyethyl]thi
0}-4- oxoa F ol I CW ~S- th D- cyst ei ne;
N (12- (( 2RI U R BRI ey R gy PRemifeife. A > cvste
phenyl) - 2- oycaetigieidayl)phthoxglacdtyllglycyl-D-valine; _

Kli(??i-ezl(gkn- gRg/l)lp?leln?i(y] acetyl)glycyl-S-(tent-butyl)-Dcysteine; and

uor opheny! ) {R-JR)-1-{4erdni o, avy el ykiraxyethyllthio)-4-

oxoagetl él ?;V-QH E%R?q ﬂ Wgzg)a'{@“wé ﬂ?wm}etyﬁy?yﬁa {J]helﬁ}yt al ani ne. 12.
Use of a C(%B c}(:)(ﬁ’?'ae{%ﬂ @%We"%’f‘ 'clains 1 to 11 for the manufacture
of a nedicanent for treating or preventing atherosclerosis. 13. Use of a

compound a?\?ﬁ-& ﬂbﬁ%é)ql (‘inéﬁlorop enyl) %l {f’i (EB ch}oroﬁneny!) fz%r cl;[fo%etmﬂﬁlioﬁgt ure of

oxoazetidin-2-yl)phenoxylacetyllglyeyl-3-methyl-D-valine;

N-{[4-((2R,3R)-1-(4-fluorophenyl)-3-([2-(4-fluorophenyl}-2-hydraxyettyllthia}-4-
oxoazetidin-2-yl)phenoxylacetyl}giycyl-3-(2-naphthyl}-D-alanine; -

N-{14-{(2R,3R)-1-(4-flucrophenyl)-3-{[2-{4-flucrophenyl)-2-hydroxyethylthio}-4-
oxaazetidin-2-yl)phenoxylacetyl}atycyl-3-methyl-D-valine;

N-{[4-((2R, 3R)-1-(4-flucraphenyl}-3-{[2-(4-fluorophenyl}-2-hydroxyethyl]thio}-4-
oxoazetidin-2-yl)phenoxylacetyl}glycyl-(3R 45,5R)-3,4,5,6-tetrahydroxy-D-norleucine;

N-{[4-((2R 3R)~1-(4-Fluorophenyl)-3-{[2-(4-flucrophenyi)-2-hydroxyethyilthic)-4-
axoazetidin-2-yliphenoxylacetyliglyeyl-N, 2-dimethylalanine;

N-({4-I(2R 3R)-1-(4-Fluorophenyl)-3-({2-hydroxy-2-[4-(methylthio)phenyljethyl}thic)-4-
oxoazetidin-2-yllphenoxy}acetyl)glycyl-3-methyi-D-valine;



a nedi canent for treating or preventing Al zheiners' disease. 14. A

phar maceuti cal formulation useful in inhibition of chol esterol absorption in
a - warm bl ooded ani mal, such as man, conprising a conpound according to any
one of claims 1 to 11 in adni xture w't¥rpharnaceutical |y acceptabl e
adjuvants, diluents and/or carriers. 15. A process for preparing a conpound
of fornmula (1) or a pharmaceutically acceptable salt, solvate, solvate of

such a sal ty; o5 di whi-C 4 i .Jsabl e groups
arer uni o SRARSALT-tanlarabal 2 MloRRBRy) L B Bt BLER o Toes” of
Process 2) axeazstidine?-uhphesoxylesetilighevtS(4-methytbenzyt-DreysteioesOH 3 RN, O1 ~ R
a (V) or an activated derivative thereof; with an amne of fornula (V): R6
D HHNOH OR2 R Mand thereafter if necessary or desirable: iii) formng

a phar maceuv-{[¢4(2R3Rx tépiumsbrheny)-8;{ 2268 fluarapheny)-R-hydrogfathyijiolet-sal t or a
prodrug.  oyoazetidin-2-yl)phenoxylacetyliglycyl- S-(fert-butyl)-D-cysteine; and

N-{[4-((2R 3R)-1-({4-fluorophenyl)-3-{[2-(4-fluorophenyl}-2-hydroxyethyi)thio}-4-
oxoazetidin-2-yl)phenoxylacetyl}glycyl-b,b-dimethyl-D-phenylalanine.

12. Use of a compound according to any one of claims 1 ta 11 for the manufacture of
a medicament for {reating or preventing atherosclerosis.

13. Use of a compound according 1o any one of claims 1 to 11 for the manufacture of
a medicament for treating or preventing Alzheimers’ disease,

14. A pharmaceutical formulation useful in inhibition of cholesterol absorption in a
warm-blooded animal, such as man, comprising a compound according to any one of
claims 140 11 in admixture with pharmaceutically accsptable adjuvants, diluents
andfor carriers.

15. A process for preparing a compound of formula (1) or a pharmaceutically
acceptable salt, solvate, solvate of such a salt or a prodrug therecf which process
{wherein variable grc:upé are, unless otherwise specified, as defined in formula (1))
comprises of

Process 2) reacting an acid of formula (IV):

O
o P
© OH
3 S
R
N
SR

R4

{iv)

or anh activated derivative thereof; with an amine of formula (V):



g -
R&

HN OH
0 R R

V)

and thereafier if necessary or desirable:
iif) forming a pharmaceutically acceptable salt, solvate, solvate of such a salt or a

prodrug.



