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2- PHENYL- 4- CYCLOPROPYL- PYRI M DI NE DERI VATI VES Fi el d of
the invention: The present invention relates to

W@ 2000a2336@2- phenyl - 4- cycl opropyl - pyri m di ne der PUEIB20€%051499
and their use as P2Yi 2 receptor antagonists in the
treatnment and/or prevention of peripheral vascul ar, of
vi sceral -, hepatic- and renal -vascul ar, of
cardi ovascul ar and of cerebrovascul ar di seases or
conditions associated with platel et aggregati on,
i ncluding thronbosis in humans and ot her mamal s.
Background of the invention: Haenostasis is referred
to as the natural balance of maintaining the fluidity
of thesUBSHITUTED 2:PHENYL-P¥RIDINEDERMNATIVES
excessi ve bl ood | oss subsequent to bl ood vessel injury
by rapid formation of a solid blood clot. After
vascul ar damage, contraction of the vessels and
pl at el et adhesi on occur imredi ately foll owed by
aggregation of the platelets, activation of the
coagul ation cascade and finally also of the

Field dTithdilvyhtignh: Syst em Haenostati c abnormalities can
| ead to excessive bl eeding or thronbosis, both

life-threatening situatiops, A serieg of antiplatelet :
Theéﬁ%ﬁ%lﬂﬁ%lents@é%s H’e?Fé‘ia’(S‘psélEStSWSﬁi S . YR el dgheir use
as ﬂﬂgﬁ;qe&ptodlaﬁtfag&ﬁm IR AR SIE /ARG ERRBton! BE pBMsHeral vascular, of
~widely used agent in antipl atel et theragy is aspirin,
visogflc hepatice wad §?I@I-yaﬁchlﬁfamft@ﬂb9‘@ls%%y@@n secrgbrgypgeular discases or
contiSHE RoBLASHIP PR SLOTRAL DL BN LR wnd e
mamm@ali ns the standard therapy agai nst whi ch new

t herapeutics are conpared and judged. O her drugs |ike

t he phosphodi esterase i nhibitors dipyridanole and

' . | as the vitam n K antagonists
Bacieh Al ifd ?"ﬂén&ﬁereted but do not show all desirable
features for such drugs. Three intravenously
Hacapypsiasis able&rred ¢ enthe @Riutdd bhlbha afecepbiomgght Egdiiy sf the blood in the
bci xi mab, ., eptifi batide nd tjrofiban ocki ..
v o R, PR b s o R al b Tt infry by
rapiBeBimten SoInEsobidadldad @6t iAfer GRlcult ldhihaga rbagRibs b the vessels and
(e.qg, sibrafiban, xem | ofiban or orbofiban) have nat .
platglsbitthetier aedy immpdiate]y; foflewrd bredaaregstanet be plajglets, activation of the
coaHENRSIa0&.d0 and RN RSANAL f&hé ﬁ‘@ﬁ’ﬁol#ftﬁ; &s&RY HIBHbRLRY abnBrmalitics can
(flatelet activation and aggregation interfering with
lead tsx pdssive blse dinDpr theamelpisisr botPA-thegaten PR ¥itRatioAmt agoni st s
of the platel et ADP receptor have been identified and

A sgfﬁc?ss%ﬁ%rgﬁ IQEIQ'E 5%691% Rivegﬁe%&ﬁdggﬁggggé‘%?g%% ?)\Q/sé%geral years based on

otic activit
differetaigedhiasisms khawtions Thd anostawidelyhsed hgeah opantiptitalesherapy is aspirin,

ticlo iq%?e .cl opi.dogrel and g§E7 7 %gich have been
whigh G Bty Gt 2O Geeonrd o e e RGP parhvay.
Altl&iﬂl@lwi\{)holtt hepkindal@ SEfieHcU@Ss, tr¥tmchth@lith §Patt kdtfins the standard therapy
nmet abol 1 tes,
against which new therapeutics are compared and judged.
Other drugs like the phosphodiesterase inhibitors dipyridamole and cilostazol, as well as the
vitamin K antagonists (warfarin), are marketed but do not show all desirable features for such

drugs. Three intravenously applicable, potent GPIIb/IIla receptor antagonists (abciximab,

eptifibatide, and tirofiban) blocking platelet aggregation are available on the market. Besides,
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irreversibly block the ADP receptor subtype P2Yi 2.

Sonme P2Yi 2 antagonists |i ke AR-C6993 | MX (Cangrel or)
wWoer00AA2BE610 have reached phase 111 clinical stBci/E009/051499

These inhibitors are selective platelet ADP receptor

ant agoni sts, which inhibit ADP-dependent pl atel et

aggregation, and are effective in vivo.

Pi per azi no- car bonyl net hyl am nocar bonyl - naphtyl or

-qui nolyl derivatives have been descri bed as ADP

receptor antagonists in WO 02/098856 and WO

2004/ 052366. WD 2006/ 1 147742descri bes

2- phenyl - 4- (car bonyl net hyl anmi nocar bonyl ) - pyri m di ne
sonf@&rh]%addtive &P/ 102 nth gb GiSte PE. O siBratiR@0 RéEll SibaPes e fiofibh®rhave not

of the invention: The inventors have now found that
beer eccoss Bl dgliniopl doistoppreaipt @hyri ni di ne deri vatives

according to the present invention surprisingly show
Ad&b8Ré f5h Qb phaic-NOMER Dike) dEdtRdr Rl PIRRICE 1288y 4BANAH S gregation

to the correspondi ng derivatives viously known to
integfgang with el platelat M Baieeenigrs PRY apnd ]E@(ﬂe an

et hoxycarbonyl substitution on one of the nitrogen

f

AnLERE, Ot BB PRSPLOR, Q0L AL BR TSGR, AN QYo
aggre)gafﬁmarmrmlﬁnombmmlwmn Thermodt pffeehatamsgbwists erown so far arc the

thlegg@?%?{%gﬁiﬁ%& ig?r,r%'ila?algégrs N C%CF 6{; ﬁlg:: vghéﬁhs %Q\t/ g r}lerlllé/ed clinically as
antiff@bbotie, agentst U esdBehghowar thin thHeka amg@retzlaahyir rad&dVRZnetabohtes
represents hydr ogen hydr Pc%qmet hyl or al koxynet hyl ;
irreygrrbly Plegkedhe ADPICqaplpr Sabty kA e phar maceut i cal |y
acceptabl e salts) of such conmpounds. The conmpounds of

Sonh P, Anthg s BIRNARLIGI9B MK (CARERI0BE & ADOSIU0GaO¢ reached phase 111
mretric centers, such as one or nore asymmtrl C

Clln@&?ﬁ@@ie%ﬂéﬁ@ inhifigorg arepsleatiee RptelehARR rgeqptereyptagprists pehich inhibit
ADP!d%gé‘Ha*entﬁﬁ téﬂ:tx%%fe §n<§ij aﬁ&ﬁ%%ﬁ&ﬁ%‘% §ivgr preferably as

pure stereol so xtures Sstereoi soners may be

~separated in a manner known to a person skilled in the
Plp%razmo-?rdtréomtbmpfbmhdsn@ﬁrbbwlﬂupbtyl ar e-@NGlY rdeciepies have been
0 Acco di ng us j py

ces e R aft R DR I a R A Ga 5EH0 b laShe

w dely used as | nh| bitors of platelet activation,
WQCaggeapat 1i4am an deszteigesan ul phem4-(@sbpmydmothglamiwfcarbonyl)-pyrimidine

derHEF o diavag TEEagr ADRESTB DV e et PR oSS 2 phen

6-(Céedoh t@l‘@ﬁh@@kbdﬁg )qiyhﬁﬁlef QeritV B c§ 0APOUNYS AEQESH N@itagonists.
to t elnventlon aid definitions are intended to

Hovwgyist 91l these epmpoyndirdourgih seittain gay gisehgnicagid enphesehoppigimesif.
unl ess an otherw se expressly set out definition

Description of the invention:

The inventors have now found that the substituted 2-phenyl-pyridine derivatives according to
the present invention surprisingly show significantly improved biological properties compared

to the corresponding carboxylic acid derivatives previously known to one skilled in the art.
Various embodiments of the invention are presented hercafter:

1) The present invention firstly relates to the compounds of formula I
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provi des a broader or narrower definition. The term
"hal ogen" refers to fluorine, chlorine, brom ne or

wo oabonzs3epr ef erably to fluorine, chlorine or bPCIIB2009/051499
and nore preferably to fluorine. The term "al kyl",
used alone or in conbination, refers to a saturated
strai ght or branched chain al kyl group containing 1 to
7 carbon atons (e.g. nethyl, ethyl, ~-propyl, -propyl,
"-butyl, o-butyl, sec-butyl, tert-butyl, "-pentyl,
neopentyl, o-pentyl, "-hexyl, o-hexyl, "-heptyl or
zs-heptyl), and preferably 13to 4 carbon atons.
Represent ati ve exanpl es of preferred al kyl groups
include nmethyl, ethyl, propyl, o-propyl, "-gutyl,
o-butyl, sec-butyl and tert-butyl. TheVVé?nw"aIkoxy",
used al one or in conbination, refers to sat ur at ed
strai ght or branched chain al koxy group tontaining 1

to 6 carbon atons (e.g. nmet hoxy, pr opoxy,

0- pr opoxy, -but o- bufloxy, Bec- bufloxy,

tert-butoxy -pgﬁ\y ent. ML oxy Iqu,
- hexyl oxy or o-h

E and preéfferably 1 t@R'4
esent

carbon atong. Rep ative |exanplles of preferred

al koxy groB i thoKQsztHaxy, pr opoxy,

0- propoxy, "-b toxy utoxy sec- but oxy and

tert - but oxy. he ter "al koxymgt hyl ", as used herein,
refers to a nethyl group mherel —ones hydr ogen atonlhas

been repl aced by an al koxy g ﬁ\as previ ously

defi ned. Exanpl es of al koxynet hylr@roups i nclude, but

are not limted to, methoxynethyl and ethoxymnethyl.

Besi des, the follow ng paraggaphs provide definitions

of various other terns. Said definitions are intended
whdr&napply uniformy throughout the specification and

claims unless an otherw se expressly set out
R r@elfesqmuwtpl@nylmp@vnaibfssubstmt@%écr omep frreligiably edionslly Jubstituted once

or t\-xmc% 8rn%re %pe%%rpgl ﬁh%o%a?llyl s%b&?&g(? E)l%éz %5§§$stt1§ueg{seefaa{ ?nd%lg)endently

Toxic, organi ¢ aci

selea'd:dl fromn ﬂﬁ:a|gt'(ﬁlp Refsarien ce halngebﬁ wrettiel, t meth&ay, t trifluoromethyl and
sel ection for basic drugs", Int. J. Pharm (1986), 33,

triflgeyPmsHPXYiThe term “room tenperature” as used herein

W reSE@ns 4 ond ah@@eerp@ésama gl 8@%&@16&@51 H#38@rdagasdi ng

tenperatures, , the term "about" placed before a
W reprgganiscQr agdhRUgeproxenty gkl byctﬁxx I@W@ﬁkylaﬁ ﬂipﬁe@&wlbh or

t?%f@&f % 2\;}?6” ext Q&gée )Samogyzﬁl%;l ﬂF )éafk 1 alkoxyalkyl

X, and pre era to an
hetefroczyniyl( clyclnwlkyB%ybér alkypl a)ﬁd;ﬂ lnsprEé%ltsﬂlydﬂcogtmoﬁdﬂgfl or

W BPRRE oy JRERC pir o fiier i B Blsp @t el mem. o

hetdr@VRRE aingl ©f "4Y"to I'BfiRébbdrs Wheeif Uthé eﬂﬁtemaapl hegadd @® doghplete said
an interval extending fromthe tenperature Y m nus

10
hetqggsyekic Ying|ag cach leéepem‘ﬁalﬂpﬁ rekeedgrom r6Ham -~ HRer vat: -S-, ~CO- and
-Nl?x,tlte&%gntﬂldfefs%ﬁﬁowever that said heterocyclic ring does not contain more than one

member selected from the group consisting of -CHR*-, -O-, -S-, -CO- and —-NR’-, R*
representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and R representing hydrogen
or alkyl;

R® represents hydrogen or methyl;

R® represents hydrogen or methyl;

R” represents alkoxy;
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mnus 5 0Cto Y plus 5 0C. ii) In particular, the
invention relates to conpounds of fornmula | that are
wak®o/1zsmpounds of formula | CE | CE wherei n RL PCT/IB2009/051499
represents phenyl optionally substituted once by
hal ogen (especially fluorine); and R2 represents
hydr ogen, hydroxynet hyl or al koxynethyl; and to salts
(in particular pharmaceutically acceptable salts) of
conpounds of formula ICEiii) According to one
preferred enbodi nent of this invention, the conpounds
of formula | as defined in efbodi nent i) above or
their salts (anmong which the pharnmaceutically
R’ @p@@mﬁmdﬁ)@am ®OM,0l obR’-pikgERHE;ed) will be such that
¢ R gresents phen¥ optjonally substituted once by
R rﬁléﬂe%?@ lkyhesrtapy! gralliaxyearbgydmet hyl . i v) Preferably, the
&g&g la | as defined in enbodinment i) or
R & ag%%%mgﬁmﬁﬂﬁf? salts (anmong which the
n rephmma@,eluﬂl az &l dng Zais @elq@nébr e ishhindZ W phicnpl(thr-gH(@)(REM )zroup being
resents phenyl optionally
]ﬁeyh%éPnfﬁ?%%”gm@éngns e)ggen v) More preferably, the
and@® fHRGLIMISEN pffrtléuldiﬂphbﬁndceﬁt&:aﬂﬁ fi¢depdblic RaledybOsliche binpdbyndor
ii) above or their salts (anong mhich the
harnac ut.i.cal acceptable salts wl referr
Thevﬁop}po é)lg é‘ﬂ mgy ?(51&_1% Q‘é?]‘frsmffﬁ ém()ggﬁf iogﬁsgmngftrlc genters such
as ohbBS Moﬁ&is?fﬁln&ﬂﬁﬁcab&onfdté{ﬁ§ ITAE c6@BHaRE 3F fo¥mEMAndyhdits ;R present as
represents phenyl or 4-fluorophenyl, and notably such
mixfyeg ofpgtqr@cm(@geéhprsprﬁf%qu 3s pUjg yteyg@@gmggsn]gluft@reé Qé&Stereoisomers may
t he conpounds
lms%?i%%?%% aﬁﬂpgﬂ&&?lné@ﬁ$ﬁﬁgﬁghg¥&£hgodlnents i) to v)
above or their salts (anong which the pharnmaceutically
Thea@@&qmlacbl o fornuls Iwid P2Ye rprepfoe mn@ﬂ?niw IAccmii@lnﬁht}h@ue useful in
thera %fr)lcl% 1%2t & I'Dfr(lj rt Fer o]?/}ll)lt theccﬁl\r/dln @t obr? W?cﬂ t Hseed as 1n 1b1t0rs of
platelfet ﬁ@mmbra aggtagatdﬁfanﬂ&ﬁ:gtanul@n@l ab pesrbetelis mfl]ﬂaﬁelbt) dltaggkegatlon or
ahove or .their salts (anong which the pharmaceutically
%38E6@BF§B?%%§§FtS will be preferred) will be such that
R represents hydroxynet hyl or al koxynmethyl. viii)
ThAESI RGN Pata@r a?ﬁ@ pYeVidantfigtiogroedhdraatiow Ehemﬁ:ilem01etles for the
conpounds 0 ormula | _as defined . in enbodi nent vii)
compeyds efcotding fo dhy inyeptinpp mgidvdeidmtiemeaisniatengded (@ japRly | yoiformly
thro%%ﬁ(ﬁﬁ?ttﬁpl edt ata%n Wil clgﬁlspﬁﬁés‘@ra{rﬁ g}hei%lké eQ}?re%P}p Red Bt deﬁmtlon
R represents hydroxynethyl. 1x) According t'he ot
provides alrbadsf oemdyadiengefinitzon.) , t he conpounds of formul a I
as defined in enbodi nent vii) above or their salts
< [aecromg ‘hhlogin’t eéerploaflumameuthl@alel yroateept abine, wafetably to fluorine,

chlorine or bromine and more preferably to fluorine.

+¢ The term “alkyl”, used alone or in combination, refers to a saturated straight or branched
chain alkyl group containing 1 to 7 carbon atoms (¢.g. methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, iso-pentyl, n-hexyl, iso-hexyl,
n-heptyl or iso-heptyl), and preferably 1 to 4 carbon atoms. Representative examples of
preferred alkyl groups include methyl, ethyl, propyl, iso-propyl, r-butyl, iso-butyl,
sec-butyl and tert-butyl. The term *“(Ci-Cy)alkyl” (x and y being integers) refers to a

straight or branched chain alkyl group containing x to y carbon atoms.
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will be preferred) will be such that R2 represents
al koxynmet hyl (in particular nethoxynethyl). x) The

WO 200va23ng conmpounds of forrmula | as defined iPCT/IB2009/051499

enbodinment i) or ii) are particularly preferred: - 4-
{(5) - 4- car boxy- 2-[ (6-cycl opr opyl - 2- phenyl - pyri m di ne-4
-carbonyl)-am no] -butyryl} - piperazine-1-carboxylic
acid butyl ester; - 4-((5)-4-carboxy-2- {[6-(
ra"*-2-nmet hoxymet hyl - cycl opropyl) - 2- phenyl - pyri m di ne-
4- car bonyl ] -am no}-butyryl)- plpera2|ne | - carboxylic
acid butyl ester;-
4-((5)-4-carboxy-2-{[6-((i5 ,25)-2-nethoxynethy|-cyclo
PhORYh) akoRre ﬁsléd AWl ol bdiBbination, refers to a saturated straight or branched

4- car honyl ] - am no}.-butyryl)-pi perazine-I-carboxylic
a]&qua agqgf(wgr@g)t %qntalmng I" to” 6 "carbon atoms (e.g. methoxy, ¢thoxy, n-propoxy,

gfrg’;%m& %atL zgo ﬁl[thX}( (§e§ bu?é%i %erli])bﬁlﬂ'o%yg‘ﬂaﬁ%;{y,cﬂ&Jp@ntyloxy,
pyl) eny pyrim-wd
lkomn‘b@xyl ]n-hﬁwlm}/ butisa- bfdxquzwpemaizlm@ceﬂabbfadbm(w icerbon atoms.

C
RSt P RN ool vy BB HRes megiany oy aprovony
ORFOEUIXY - - byﬂ‘()lxj?ﬂ ish-bgtody, Gar-b@Byy hnd rerr-butoxy. The term “(C,-C,)alkoxy”
-@g{ﬂ nyo elng41n¥e(g51)s yp‘%@g?({)%;%pqgt P% Ea?&l%%)éﬁgllnalk%%/ ggrotl)l%tc)(/)lltammg X to

%mﬁgﬁggﬁﬁnethyl cycl opropyl) - 2- phenyl - pyri m di ne-
4 car bonyl ] - am no} - butyryl) - pi perazi ne-1-carboxylic

i @’erfﬁmh\g/hrogéﬁlﬁﬂ a%sus\éﬁlhlere@rc' rEi‘%Fs ®alnt ﬁk}(l' OLHf"ﬁst bl%lv'ﬂoﬁﬁy defined

pharmaceutical |y acceptabl e’salts) thereo
fvbetchernediymetn @tbrrthae bcmﬂenltachrby &th@(ydamp@hﬁcmom Examples of

R By e Sk L £ S Su afpro-e

?Q@&ﬁ)lt(@lplr@yib 312-111$dr0a§-1n‘ﬁﬁhﬂaﬂmm 8- hlylahﬁyclonnmhl@s eth‘yl 1 hydroxy-
or mu and t ar naceuti ca accept e sa

oY e Ty s R rut ylegélydﬁoes%bﬁ TBhsirom -t hydroxy-

phAYINRE 8y ldfRly- 3{:91@@1 ghidyons for enteral or par ent er al

admnistration. xii) The invention thus also rel ates

trRe RO FREENLIKGR! 28 QEFAORLih ORFerS @A LAl aliyD %r(‘ﬁfp Jtseﬁr%{/loﬁﬂﬁ defined

compound according to one of enbodi nent’s 1)

aborea, orarhyaqumaratmc bt be@alrd:nlacad @e@a&ﬂi@yg&dmp &‘ShEc\eatﬁSlY defined.
r cal | t e carr| | I ue

ER e LR MR T ot PRAERL B G POl Jt ot pPhtny and

phwdthasediylical conpositions containing at | east one

conmpound of formula I (or of formula I CE) and one or

B¢ rpltay aBsiRyl’] Sabsey harts ploabloe i€ aly t@hibinatibinl ttem $o0 @fsaturated

exci pients. The productjon of the pharnaceutica

evss by ioedhen awictyeonisinig e 7 %r%on@é%w ikRineay 'w jupstiggted once

Bﬁ‘ rﬁ'yhllo§§/ ﬁ}gﬂr@%&%ﬂsgﬁogﬁ&ﬂﬁ c{pl‘e'ﬂerﬁ n?trtltlox(}ﬁl%ﬁlyi @F cthoxymethyl

exanpl e Rem ngt on,” The ence and ractl cé of
EahhmnmcprefeMX mgthoxymethy 2 ODE%OXmee‘@bly Phthormoeethpxyahnd more

prel? tab 39 trrlilertlll n%) IL lflc?slentatlve exa¥nples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 4-hydroxy-cyclohexyl,
2-hydroxy-cyclohexyl, 2-hydroxymethyl-cyclopropyl and 2-methoxymethyl-cyclopropyl
(in particular cyclopropyl, 2-hydroxymethyl-cyclopropyl and 2-methoxymethyl-
cyclopropyl).

The term “carboxyalkyl” refers to an alkyl group as previously defined wherein one

hydrogen atom has been replaced by a carboxy group (that is, by a —COOH group).
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Li ppi ncott WIllianms & WIkins]) by bringing the
descri bed conpounds of fornmula | or their

web@eneseut i cal |y acceptable salts, optional | yPEHIB2009/051499

conbi nation with other therapeutically val uable

substances, into a galenical admnistration form

together with suitable, non-toxic,inert,

therapeutically conpatible solid or liquid carrier

materials and, if desired, usual pharnmaceutical

adjuvants. xiii) The conpounds according to fornula I

as defined in enbodinents i)y6to x) above and the

pharmaceutically acceptable salts thereof nay be used

Repretdneativt epamplds0bf QhrbaxilikyC aifeuds, irkidecanat ¢ @kl Bmited to,

for the treatnent or prophyl axis of di seases i ncl udi ng

drcamoay-sthyl #l 3-cmbexaprardngi na, nyocardial infarction,

enmbol i sm (i ncluding conplications of atherosclerosis,

ABe My ‘s aefers tetanoRenatiqeyclie jgeun Wit whesivg or three rings, having
C [ C Il

b Dbt b oo b co &P el o, BRE oms. for

t*mmi@@@lsnjlmmalﬁiﬂyyl @ec&ms Vanidmotabiyotoipbsiyg eroupky dnpesil group (and

?qel;%g ncal ! ?/.?B§/ gge\élgfﬁ g]io%lﬁsas c%fra %flilet?c%lg tng'illg{g)gfsu‘t?s%ed Wﬂh one, two or more
alRiREmts GReRdblY msth, onéed aRee Isubdtivien i &ﬁ;aépﬁsferﬁmymﬁ{heme or two
i schaem c attacks, peripheral vascul ar dj sease

PPotBE and nefpbly &tl‘ihdﬁlexmﬂ?sﬁ“t?iﬂt)v@% a@&pqqﬁiﬁ@m#%dsﬁom the group
@Mﬁisﬂﬁé %k'}f‘aﬁ)r @ﬁ ' Mﬁylddnﬁe%&y tSBE(Qﬁp %ﬁé(rhﬂ@@%'f 3ryl &hjseare phenyl,

di sease, [ "anmmat ory bowel di sease, thro
tzﬁhl@mglwlﬂpédiuocon@@mﬂur d-liraeptohylt | - dﬂ@l@lﬁlfﬂlyl 3 chlorophenyl
yndr one: prey atic,co
e S A S G e SR
anﬁéthyﬂﬁmphol i pﬂ-(ihlﬁwlﬁlfeﬁﬂle heb,afdl1ﬂh1drd51ﬂidﬁﬁﬂ 3 4 difluorophenyl,

ég&?@ﬁﬁcyt ea m Qgﬁr%ra Y bR Sl?géff?rg#s%g?r{?@% QB PE?IWI and 4-

ﬁgﬂggthgwocedures (notably coronary revascul ari sation

|'i ke angiopl asty (PTCA), other vascular graft surgery,

eRd @e’rﬁlera%ﬁlt;ﬁf%s Qsed h&Bn, RIoAE %F‘ﬁ{‘ﬁﬁy eSm@hitRh, A6k 480k %lryl group
trauma; for ‘preventing organ graft rejection. Xiv)

aprsnéaest to éhmwcmemlecum encn@mﬁugmhsarmﬂkﬂ@rml \ahdrelaélowever the aryl
6}‘re?fui;) nedebuet unsuby gut%{g {():rte SS bt t}lteg Wlfh[ la%o gl%besg &!ertltrs] %elgcted indapendently

ﬁofn tHaegxpnﬁnahmtmgnoiohalagmchlmmﬁt alk&yd Rﬂpﬁas&uaﬁx&bkﬁmples of
onplications in conditions in

t ch
@wi rgr?égg 111'021%16 C'ela K 8YIRLEd foc syl arrhepylgdyl, 3 phenylpmpyl and
tzln%ﬁl%ﬁ QLﬁ&Hﬁ”Pﬁ':fé?fedta'rzﬁ}%H rSABRLR tﬁ@?l?elr WOBIKS) gro¥iys.

Therefor'e, a particul ar” object of S invention is

The Hse ”Bﬂer@’la@l&'ﬂ'poééngseﬁf hér@iﬁmélo"f\e ol §F a% cfo%fﬂé{l@n I I(E@rs to an

as defined in oné of enbodinents i) to above, or of
anguhstitntad @htm}daarbuyp aprsegedatyl élesmrtnttrh@c@mfr méigty thingugh an alkyl
nanufﬁptur 9 uses

grodp, K %rﬁ%en a 1ve exatjlglg 8?%5&%{12\1/ yl %{ﬂ%ps 1nc161ger; Séuqua[r% not hmlted to,

beraot Rmtivhylxthyl a)n)i 3afieudproppd for the

The term "heteroaryl”, as used herein, alone or in combination, refers to a mono-, bi- or
tricyclic aromatic ring system containing up to 14 ring atoms wherein at least one of the
rings contains at least one heteroatom independently selected from the group consisting of
nitrogen, oxygen and sulfur; in addition, the term “heteroaryl” may also refer to 1-oxy-

pyridinyl groups. The heteroaryl group can be unsubstituted or substituted with 1 to
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manuf acture of a nmedi canent for the treatnent of

occl usi ve vascul ar disorders in general. xvi) Mre
w@emwenzisbe, the invention relates to the use OPCHIB2009/051499

compound of forrmula I (or of fornmula ICE) as defined

in one of enbodinents i) to x) above, or of a

phar maceutically acceptable salt thereof, for the

manuf acture of a mnedi canment for the treatnment and/or

prevention of occlusive vascul ar disorders as well as

to the use of a compound of formula |I (or of formula

| CE) for the manufacture of -a-nmedi canent for the

treatment and/or prevention of peripheral vascul ar, of

yisstsaifhts, (pRERaly d- toaN dubsaitidhts \4a8 Ghdrafpref@hbly 1 substituent) selected

cardi ovascul ar and of cerebrovascul ar _di seases

or
H¥RRndeE s fragsihe igewacamsshng phhalogsn. aifgl-e}heve frifluoromethyl and
]g%pg WPRRS
ggﬁkHﬂh&ﬁ»&ht é%@kn%ﬂiloneﬁﬁggggk%? Conpoun ge Putam not
hmntmll ta tlnemdr fupdnyt, mymnlyée Ib}@E)Obdr thcafzolwh amidageyt, |06a10l1y51 pyridinyl,
acce tabl §alﬁs t her eof for t e %f act 1 linvl
T eaneiy  ac 13K g’ i mye’rrb ROt vy ab8¥/“mldt‘1}¥ quinolinyl,
b&ﬁ‘&nifdﬁlolﬂﬁnbbfrﬁﬁﬂlwtbllyg ethodasint Sehixatdhd, t beabfemly], indolyl,
s of nyocardial infarction, arteri al
?%P%ﬁ?g’gsﬁ nqth@{ﬂm H%F%B%}fwlc stroke), transient
. Lschaenjc attacks, peripheral vascul ar disease and
* dhatre dwoarfétcahﬂteéoaaﬁ@ prausprl | herghy efest o 3 Bpnogygiis jayomatic ring
g—ﬂ?erﬁ '381%5‘15 %nS b ﬁtrh%r athb %Bﬁ)ﬁgctéﬂn&h? 0‘11§em9§ be h%%%%kdselected
formula ' (or of fornula according to one of
éntmo@; MemtdsS i "Ihet monycyaboheteroaryl cgfrmap phabaracebititeed by substituted
glpéofg suebﬁtS ‘L%el%t? gp fera%fly tlﬁgbsgiué:gt ps% g?t%c(rijva({epenqenttly ?rg{n 916 group
emtsaﬁg bAh&Sgen, é)lkylf alkoiﬁ enmﬁc&umeﬂhymhdqhﬂa@mhwmom Rdpresentative
extra corporeal glood or bl oqd p thUCt treatne
ﬁ’ﬁ?@?‘ﬂ ored ncugﬁ)&y]c i¢ hejegoazyl gﬂ@lg}sy%q it AT Bt lgplted to thienyl, furanyl,
?’ﬁﬁﬁ%ﬁ(ﬂﬂ hiBAENI R&BkolyX 'o%@zom SpyrfAUSNEA PR rRhi8 Ry,
re ate

s"to methods of treatment for the disorders
<> Tﬁ@ttéﬁpegetbﬁcﬁmedhm%(ﬁ h&le] rﬂ )alHadb 0%, )éhy )eob®ihtibA refers to an
particular in enbodiment xiii)) above, said nethods
ammp$tltsned1 gattlta@daquw@tcrlaouetymft%wﬁ pag rrrmbersr(amée@ferably 4106
ane mee?nétl)eiss f%r?algf f eIC‘[to|2 }r ter? AN %egec(t)er r%ra ntiQ[rogen coxygen and sulfur, it

Beibg dbwevdr Smtlarsﬁood xﬁax (1:) fa meracyplyakgrfa@auﬁabc atkdcked to the rest of the

accept able salt of such co reference to a
if»‘ﬁp ﬁﬂa/ dutfogemafog: (ithp %F@@%JHYFW@ t‘%)@t orj 4 ripg npggnbers contains

Hﬂ?%&t}%@gozﬁ%r&lﬁl% h{ BhiRb&RA didmiha Gdl iﬁet@%?clyl group does not

especi a the pharnmaceutically acceptabl e sa

smhnc?omi%'u pths. dbe aplduropeinaafea heteroeyghedirew maYth@ ln an oxidised
f re S at e n

B 3t ac ol DGR utoRl), TG SOMRRE Soules & BHbBedeivt groups

fretuda) aut G;E ncashmmaéd toaSazttd‘.diiiyi‘lﬁ p&&d)lidin}dnd:trahydrofuranyl, piperidinyl,

harnnc uti a y ﬁ ab ers Its of the conpounds of

@Fﬁ%F%.Fn%W R REETRY "he sane applies to these

nds as [ 0 phar t|ca
Fur@e ‘i“flP‘bﬁwgf g@&wgﬁiﬂe %H%%Lg%meteﬁ%p % capgpds,aecording to the

invdtibA Cakep ®en bEl%wt ReidU&SitRhs tah?ﬁﬁen‘a@m BhlS uh@5rmtiP/hroughout the
manuf acture of a
specification and claims unless an otherwise expressly set out definition provides a broader or

narrower definition.
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medi canment for the treatnment of the di seases according
to this invention or to the conpounds for the

wao e@watnzend of the di seases according to this | PUEMB2MMN51499
According to the invention, the conmpounds of fornula I
(or of formula ICE) can be prepared by the process
descri bed bel ow. PREPARATI ON OF THE COVPOUNDS OF
FORMULA | Abbreviations: The foll ow ng abbreviations
are used throughout the specification and the
exanpl es: Ac acetyl ADP adenosi ne di phosphate Al BN
2,2' -azobi s(2-nmet hyl propi oni-frile) ag. agueous BSA
bovi ne serum al bum n CC col unm chr onat ography DCM

% The Wraran®kiaatyldeasdisas hetRo ik ¢ exedss ghlupBferein one hydrogen
di i sopropyl et gﬁgl am ne DME 1, 2-di net hoxyet hane DMF
atpgr dRfreteRy | FTBRARSNOY e 2 K V¥ c 8NP pr PFAVIAWEY  eR{insdhyfixamples of

ﬂi@iﬁﬁfgygﬁugs (I{%‘ltgig gﬁft by RmiReRa R)[,)}{AQ}HOX%zmethyl and ethoxy-methyl.

"-et’hy im DTA et hyl enedi'ami netetraacetic

o 3 frblreLIXA-NIEPL . NRPS ROE t5 VAR iAHAL fiyd
Hﬁ’i%nﬁi g -agé/b N(;F'F mance 4?%%% Chr onat oglr aégﬁgﬁ@%ﬁngh vdrogen
viagubam beCa MPladedhiydarChlkpheroop raa pgvious lyadeinSp dartd piktably a (Ci-
m@; E%prﬁ%gﬁﬂ {ﬁ%ta %/)l(éfo%i)q?tsu lit%{e%p\%t eR7._P§gflé}ably the substituent
R’ and the nitrogen atom of the amino group are attached to the same carbon atom of the
alkyl group. Examples of R’-alkyl-NH- groups include, but are not limited to, 1-alkoxy-

carbonyl-ethylamino and notably 1-cthoxycarbonyl-ethylamino.

+ The term “alkylcarbonyl”, as used herein, refers to a carbonyl group which is substituted
with an alkyl group as previously defined. Examples of alkylcarbonyl groups include, but
are not limited to, methylcarbonyl (acetyl) and ethylcarbonyl. Preferred is acetyl.

+¢ The term “alkoxycarbonyl”, as used herein, refers to a carbonyl group which is substituted
with an alkoxy group as previously defined. Examples of alkoxycarbonyl groups include,

but are not limited to, methoxycarbonyl and ethoxycarbonyl. Preferred is ethoxycarbonyl.

Besides, the following paragraphs provide definitions of various other terms. Said definitions
are intended to apply uniformly throughout the specification and claims unless an otherwise

expressly set out definition provides a broader or narrower definition.

The term "pharmaccutically acceptable salts" refers to non-toxic, inorganic or organic acid
and/or base addition salts. Reference can be made to "Salt selection for basic drugs", Int. J.

Pharm. (1986), 33, 201-217.
The term “room temperature” as used herein refers to a temperature of 25°C.

Unless used regarding temperatures, the term “about” placed before a numerical value “X”
refers in the current application to an interval extending from X minus 10% of X to X plus
10% of X, and preferably to an interval extending from X minus 5% of X to X plus 5% of X.
In the particular case of temperatures, the term “about” (or alternatively the term “around”)

placed before a temperature “Y” refers in the current application to an interval extending from
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org. organic Pd/C palladiumon carbon Ph phenyl PyBOP
benzotri azole- 1-yl-oxy-tris-pyrrolidino-phosphoni um
whmeooafizases ophosphate Rf retention factor RT roRGT/1B2009/051499
tenperature SDS sodi um dodecyl sulfate tBu -butyl TCCA
trichloroi socyanuric acid TEMPO
2,2,6,6-tetranet hyl pi peridine 1-oxyl radical TFA
trifluoroacetic acid THF tetrahydrofuran TLC thin
| ayer chromatography tRretention tinme Tris
tris(hydroxynet hyl ) am nonet hane Z
benzyl oxycar bonyl General preParation route:. The
vari ous conpounds of fornmula | can be prepared using
the tihe GRITE IYahinu® U €C SoNMpsi [Ded, Al PeRReB tb aneftedht &ttending from Y
. Schene 1 The conpounds of fornula I can be prepared
minpsa fe Y PJusky Gy dr ol ysi s of the correspondi ng
conmpounds of fornula Il under standard conditions well
i) IaNRAbul®, B8 envakiidd RfhtdsnotddmpBhitds JPTERaNAPkAt URI 1€ ddbounds of
Besi des, whenever the conpounds of forrmula | are
forrale &i ned in the formof mxtures of diasteronmers they
may be separated by an appropriate conbi nati on of
silica gel chromatography, HPLC and crystgﬂfﬁsation
techni ques. Preparation.of the.yarious. $ynthesjs
.internedi ates; Preparation of the conpounds of
formula Il The conpounds of fornula Il be prepared
using the routes summariz in Schene
hereafter. (I11) R

NN
o

Ip

wherein

R' represents phenyl optionally substituted 1 to 3 times (preferably optionally substituted once
or twice and more preferably optionally substituted once) by substituents cach independently
selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
trifluoromethoxy;

W represents a bond and R? represents alkyl, cycloalkyl, aryl or heteroaryl; or

W represents -O- and R? represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocyclyl; or

W represents —NR'-, R? represents alkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl,
heterocyelyl, cycloalkyl, aryl or aralkyl and R’ represents hydrogen or alkyl; or

W represents —~NR’- and R? and R’ form, together with the nitrogen that carries them, a
heterocyclic ring of 4 to 7 members wherein the members needed to complete said
heterocyclic ring are each independently selected from —CH,-, -CHR™-, -O-, -S-, —CO- and

-NR’-, it being understood however that said heterocyclic ring does not contain more than one

member selected from the group consisting of -CHR*-, -O-, -S-, -CO- and —-NR’-, R*
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(1v) (V) (H Scheme 2 Thus, the internedi ates of
formula Il can be coupled to 4-((5)-2-am no- 4- r
WO bawvax3se@ar bonyl - but yryl ) - pi per azi ne-| - car boxyPCTIB009451499
butyl ester, leading to the conpounds of fornmula IV.
This can be achi eved using standard peptide coupling
nmet hods, using standard coupling agents such as HOBT,
EDCI hydrochl oride, 1, 3-dicycl ohexyl carbodii m de,
PyBOP, benzotriazole- 1-yl-oxy-tris-(dinmethylam no)-
phosphoni umhexaf | uor ophosphate, optionally in the
presence of a suitable base-®uch as NEt , Dl PEA or
7V- met hyl nor pholine and in a suitable solvent such as
reprbMting hifdroky, DiViroxpmether, aldoyy@tthl dredmpsiyaind R rapresbating hydrogen
RT, or using oxalyl chloride or thionyl chloride in a
oralkylit abl e sol vent such as DCM or MeCN, at a tenperature
a The conpounds of formula Il can
R]Qﬁkﬁﬁggwggiaﬁggﬁgggireact|ng the internedi ates of
R,mpWﬁmhdwﬂmgmnﬂmmémgents of formula V wherein Mis
R* =R n,tsaFﬁ(belng al kyl, using standard conditions for a
§f P9"e ¥€Xetion, and preferably a tributyl stannane
n refefénta0,i IV e orr B add Uk h BbhdorSoisvemt 7sid pherg$ (thé)l—B(tE))QHBngoup being
z@L}rably heati.n betmeen 1100C and 1300C
prefafabiRZe 4sionip Biseitplounds of formula 11 can be
andce@ﬁfelsal%d(nbyarﬁ&ﬁwhagmtceﬁlda \)t SEIBAbRLER) efsdcﬁ i éuddy
a reagent of fornmula V wherein Mis -
. be hydrogen or al kyl, using standard condltlons for
iii) fp %Hlfflr theaBYangAN relafes for emeonndsyofforptla hitkat gt dlspompounds of
mnﬁéﬁﬁr derivative in the presence of a suitable base
such as K3PO4, Na CO or K CO33, in the presenceof a
sui tabl e pal | adi um cat al yst such as
tetraki s(triphenyl phosphi ne)pall adiumin gjéhitable
sol vent such as DVE/water or dioxane, and preferably
heati ng between 800C and 1100C. Preparat}jon of the
conpounds of fornula Il The conpounds formula 111
can be prepared as shown ©h Schene 3 ferea
(111r) Scheme 3 T conpou ds ofgfornu a ll

prepared by OXIdI M (for
their preparatlon ee 2006/ 1 14774, tion of
the conpougss of formulja I'V, g usi ng
standard oXi nts SJ [

per manganat e, [JCCA/ TE in a 3uitable sol vent such
as di oxane/ watgsr, acetone/aq HCO sol ution, and at a

tenperature between 5C and RT. __Prepanati on of the
compounds of formula V ol
OH

Ick

wherein

R! represents phenyl optionally substituted once by halogen, methyl, methoxy, trifluoromethyl
and trifluoromethoxy (and preferably optionally substituted once by halogen, methyl or
trifluoromethyl);

W represents a bond, and R? represents alkyl or a cycloalkyl group of 3 to 7 carbon atoms
(preferably of 3 to 6 and more preferably of 3 to 5 carbon atoms) which may be substituted
once by hydroxymethyl or alkoxymethyl (preferably methoxymethyl or ethoxymethyl and
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If not comrercially avail able, the conpounds of
formula V can be prepared foll ow ng procedures known
W@ 0oonzs3skil led in the art. In particul ar, thePCT/IB2009/051499
conpounds of fornmula V wherein Mis -SnR3 (R being
alkyl), RR is -CH 2-OR (R being hydrogen or alkyl)
and the groups -SnR3 and R2 are in a trans arrangenent
can be prepared as described in Schene 4 hereafter. =
R2 - *- RB3Sn R 2 R3Sn R (V1) (M11) (V) Scheme 4 The
compound of formula VII wherein Ris -CH -OH can be
converted (Schenme 4) into the-correspondi ng stannanes
of formula VIl wherein Ris -CH -OH through a
moﬂé)iﬁéf@ﬁb@ﬂﬁé’th@t}jnwﬂhyﬂﬁ AERF @d’pr@@ﬁ}t@ hqjhelgﬂtg@o@ dyh@ﬁaa@wuesmuted once
descrlbed by Belanger G et al. in J,
by albpyyoyr alsedy gepigyats @d}nauf@BWmeC&$llcrlwwral gwwna okan
W bR EnRE £ ARY RP L&fsLAE Qb NGy GORRANI AP 2Rk il | #hd\n particular alkyl
ergln Ris -‘ﬁga; ﬁ?ou ﬁga cycl 06r0p2%§¥50 1 particuiar afy
(ﬂaﬂ@ayﬂkdh<mccordlng to a procedure descri bed by
W %Hreseet %9 4§IR_I_ 1 2 re gse %S Ca}kly{\?d:alg]ﬁ)g}/ar%li‘:}g gl%yd,{rcg(lyaﬁ%r alkoxyalkyl
hetdry@lc@ﬂ)rlﬂﬁﬁy’llaéﬂ ﬁlﬁ:nylaﬂ@l,lcﬂl’hnl wnssbstinead e;m@ﬂltw@rmfp of 3 to 7 carbon
conduct esence of oxabor ol an and,
atom%gaﬁ%@a%fyw{ hé é@ﬁﬁd’&ﬂ’fﬁlé’r%?f fPlasr tp y/c %1% é ORISR and R’ ggpresents
hydrdgeh @ﬁalﬁmgﬁ@n&myhy& nSor neétﬁﬁ)"vlraat ively, the
conmpounds qf for wher ei n is -SnR (R being
W mpkopénts —NRi's andCR a@ﬁz RY( @erbé@gﬁ:@lehyﬂﬂbg@nm@pg@l thyt pargpgl them, a
r
hetetrgcgrcgé g %f 4 escéﬂg gmglraﬁ 0?{63 ‘tgerr{e %&e{ﬂgﬁe@ % needed to
conﬁiﬂﬁf] stSn:te(erylc)lc (rin¥) ar¢ \é)lclﬁﬁhiep@dBnﬂEh eelmem&umd —©F,-, -CHR"- and
converted

f.or.
"N’ ne@’ee%u@s%srogﬁ&awam%haéﬁ%mﬁgwggé'fc T E?H?P 501 spnipgrpmgfe fhan one
merRBerl sSlectel ﬁ%nokﬁetgﬂa@ugéhs@ulgg dr astirRjatNen R’el%gielsafﬂmg hydroxy,
e S.

according to a procedure described by Sheppard G
hydegxygiethyi er afkoxyead RSsemeseptiooadlyl (spegalbgadhylhe

Rarfegegeglyglg@ teggr‘lalgﬁg {.ng to the conpound of fornula V

or me 'ng the nethods al ready descri bed
R’ iepiesdnehyclospesy si on of t he conmpounds of fornula VIII
R4|nto E ?kconpounds of formula V (see Schene 4).
lﬂmﬁqvl?ﬁecmmOWMSoffonmhavamelnR2|s-CH

n reprdsbhte anl, hars bfl 2lskybaided o 9t nd MR GUBESE (OF -POOM), &rdlp being
wherein R2 is -CH 2-OR, R
preferably in para position in this case);

and to salts (in particular pharmaceutically acceptable salts) of compounds of formula Icg.

iv) According to one preferred embodiment of this invention, the compounds of formula I as
defined in embodiment 1), ii) or iii) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that R* represents (C,-Cy)alkoxy, especially
linear (C,-Cy)alkoxy and in particular n-butoxy.

v) According to a preferred variant of embodiment iv), the compounds of formula I (among
which the pharmaceutically acceptable salts will be preferred) will be such that R* represents

cthoxy.
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bei ng al kyl, using standard conditions for the

al kyl ati on of a hydroxy group, using an al kylating
wag@at2sbo formul a R - X, X being a | eavi ng gr oupCHIB200%(51499

hal ogen, in the presence of a suitable base such as

NaH, the reaction being carried out in a suitable

sol vent such as THF, MeCN or DMF and preferably around

RT. Preparation of

4-((S)-2-am no-4-tert-butoxycarbonyl -butyryl) - pi peraz

ne-|-carboxylic acid butyl ester The synthesis of this

conpound is described in thel?Exanpl es (Exanple 1, step

1.4).Particular enbodi nents of the invention are
vi) Aesdtin® €slahdihdr pectbiodd MaRgo Enaigal et ivhihe Ros®bWRlsto® formula I as

illustrate the invention in nmore detail wthout )
defipgdhin qm‘lg)dilrp%nt é@oaé)@w; ﬁm% \%ﬁg,h thewhsplapetically acceptable salts will be
profchBAGHSlsAat IR TRHRQAR HBGbxy LH NVR (400 Miz) was

carried out on a Bruker Avance 400 device. Chem ca

shifts are given in ppmrelative to the solvent used;

vil) pfysicpidplg teiong @articlaergbethyment of ghisingeufiyinethe compopndsif dermula I as
= qu u . = pent | e , = et e = .
deffled y3AE VG ShipplaRaR®R 16! 8 WY S BP s RincTie which the
pharredcentidatin at depeblchaiew biderprabtrad)vet basicighitherchekdntnd.ng
el ution conditions: A Zorbax(r) colum (Zorbax SB. AQ

...5 . 6x50 was. used.. The t el ution splvents r
viit DA Coup@ DOl e R Grogfe P g b Mt BBl en g of formuta
I advRichhedThe oakusmMembddimchitatig toasi) abovdrlor ntheir avalls t(l@ong which the
characteristics of the eluting m xture proportion in
pharacep iy gecepiablesplipvill bespteatdryillde spelethel nepisiensy b
summari zed in the table below (a |linear gradi ent being
ix) WeeskdRBt WeeR dndthef PARREME I ollint¥Rt ROItRL Shventib® ®BI dodlpounds of
HPLC retention tines for the determ nation of a )
forrgpladtas dsBngst inconsxafeasrbodapanthB dp vokibaiv e et theyi salfs {4aeong which the

i i it : i 0 H
e W RS S o e
at 25C. The two elution solvents were as foll ows:
X) Aolovding t\yet 7 the xzmecula cdmviedimdat -of Ehi®HNB8O84pn. Othe dompounds of

TEA.. Thecel uent flow rate 0. [m n.and t.h .
o6t S s R B2 i P el Emnggvhich the
phatis@&dutida)ly Re@pabitsaewilibaibefeirgd) vAllBie g nehinBmaxrepakahia3.

(Gemni 1Qu A 8 HOA Ax 50x21.2 mm) was used. The two

. elution sol vent. re.as fal]ows: solvent A = ter_ +
i) Do @ o e n TS oL (WSCRYeaTg0, FErohMeoutceT Fofaula 1 as

defidbdi@nbnd bO¥Mb&liMeMRS) ROxTHORE NandThGalINak Jctigdd Bt dbiSoddhent viii)
t he eIutln? m xture proportion in function of the ti
St

e
aboye)f ¢roheis salfst (aprong ehid) thei Rbarmgesutiqataescptayly splts all be preferred)

wilttRRLEStHREY QW §g! | near gradi ent being used between two
consecutive tine points):

xii) According to one sub-embodiment of this invention, the compounds of formula I as
defined in embodiment xi) above or their salts (among which the pharmaceutically acceptable

salts will be preferred) will be such that they have the stereochemistry drawn below



) Preparative LGMS (1): I1) Preparative LC-NM5 (I1):

A X-Terra(r) colum (Prep M5 C 8 OBD(tn) 1CQu 30x75
worgoomzseased. The two el ution sol vents were aBCT/IB2009/051499

descri bed for the preparative LGM (1). The el uent

flow rate was 100 nL/m n. The characteristics of the

eluting mxture proportion in function of the tine t

fromstart of the elution are summarized in the table

bel ow (a |inear gradient being used between two

consecutive time points): Stationary phase usedfor CC

The purifications by CC havel3been perfornmed using

silica gel unless otherw se specified. Exanple 1:

4-{(5)-4-carboxy-2-[(6-cycl opropyl - 2- phenylz2pyri m di ne

- 4-carbonyl ) - ami no] -butyryl }-piperazi nggt-carboxylic

acid butyl ester: 1.1. Piperazine-1,4-dilcarboxylic

acid butyl ester tert-butyl ester: To a

pi perazi ne- 1l-carboxylic @cid tert-bugy

in DCM (1.05 L) cool ed at |[4C wad addef NEt [(123.6 m)

foll owed by "-butyl~hlo or rOQMAse
over 30 min. The Fggﬁ? bgiAT was andRt he
reaction mxture was al|l otledZt o mto RT over 2.5 h.
Wat er was Ridded,-Nhe phases (&gl éparated and the agq.
phase was extrfacted Wi th DCM \The conbi ned org. phases
were dried ( SO and evapobafpa_ﬂ?f to give an oi
(242.8 g). The’compound was eng d directly in the
next step. TLC. (EA/Hept 1/1) Rf= 0.7. 1.2.
Pi perazi ne- 1-carboxylic acid butyl ester hydrochlorlde
xulﬁﬂl:éordlﬁg) t@aﬁ‘&ﬁ’ér%db(eﬁl@@m&ﬁi ot th@ninGdntioAt @E @&ﬂb@trﬂs bf formula T as
g) in MeOH ( 1 L) was added 4VHC1 in di oxane
deﬁ(letbm f‘rml)odlmWé Xpi a)bPYF‘r & %% sadsi(pgre whish pgplargacertcagipgeceptable
T [
S B A R R R SR o C
and filtered off. The solid was dried underzHV to
afford a white solid (176 g). 1H NWR (Cpprd) : 10.05
(br. s, 2 H, 4.21 (t, J =6.5Hz, 2 H,;] 3.85 (t, J =
4.8 Hz, 4 H), 3.22 (s, 4 H, 1.69(m 2H, 1.39 (m 2
H, 0.96 (t, J =7.5H, g§H. 1.3 X
4- ((S) - 2- benzyl oxycar bonyljam nog4-t erft - but dxycar bonyl -
butyryl) - plpera2|ne- 1- caglboxyljyc aci ester: To
a solution of Z- ( THF

(240ni/ 60mL) wer adde e L hydr hior i de (17.2 g),
HOBT hydr aR&e_( 13.N. g) nd DI(@HA), ( 2 n). After
stirring at for |ntkrnediate 1.2 (20 g) was

added. The m ure was stlrbgﬂPam-Rﬁ'overnight. DCM
and \\

R5

xiv) According to another main embodiment of this invention, the compounds of formula I as
defined in onec of embodiments i) to vi) and viii) above or their salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that Z is phenyl, and
preferably such said compounds of formula I or their salts have the stereochemistry drawn

below



wat er were added and the phases were separated. The

org. phase was washed with 2M Na CO3, with \M NaHS q 4
w@e@meshe bri ne, was dried (Na2SO and evapor at BCT/t82009/051499

Dryi ng under HV gave the desired conpound as an orange

oil (40 g). LCMs: tR=1.04 min; [MH +: 506.49. 1.4.

4-((S)-2-am no-4-tert-butoxycarbonyl - butyryl) - pi perazi

ne-1-carboxylic acid butyl ester:Internediate 1.3 (40

g) was hydrogenated in MeOH (300 m) with Pd/C (wet,

5% 194 ng) for 24 h. The mxture was filtered through

celite and evaporated off. H¥-drying afforded the

desired conpound as a |ight brown oil (28 g) LC ME:

tR=0.79 min; [MH + 372.58. 1.5.

- chl or o”- phenyl pyri m di ne®-carboxylic @p(d To a

sol ution of

(6-chl oro- 2- phenyl - pyri m di n-4-yl)-neth (240 q;

prepared using a nethod a@al ogous to e descri bed

in WO 2006/1 14774, Exanplle 24,Hi nter|pedi atje 24.2) in

acetone (2 L) was ed aH n g1596
961 nl). The m xtfre whk CQO &d d C an® NaBr (
1 1.2 g) fo]lowed by TEMPO (8\56 ¢) were added. TCCA

(506 Q) md% he port|0rmns over 1.5 h. The
resul ting m xtfure mas stl at RT for 1.5 h. The

m xture was filltered thr pad of Celite and the
sol uti on was apor at ed 'he resi due was dil uted
in water/ EA. The aq. phas .s extracted with EA and
the conbined org. phaseg _were ggled (Na SO and
evaporated of f. Recryst [ ron of the residue

(EA/ Hept) afforded the de3|§hﬁ product as a beige
solid (162.1 g). LCGMS: tR = 0.94 nmin; [MH +: 7235.18.

sidipgnds of Pk PSSP B ST Ry - pyr
i m di ne-4-carbonyl ) -am no] - 2
but yryl } - pi perazi ne-1-carboxylic acid b yﬁzester: To
a suspension of internediate 1.5 (17.5 g§ in MeCN (600
nm.) was added oxalyl chloride (12.6 niL).| The m xture
was heated at reflux for A h, cool ed o 00C and
NEt (31 nmL) was added slo| y, fgllowel by internedi ate

1.4 (27.6 g). The n1xture
resi due was purlfled b ‘-pt/

was stirred at RT.

af forded t dested p Oduct a @eige solid (18 g).
LC- V5. tR = :

4-{(S)-4-tert- utoxycar-

588.79. 1.7.
[ (6-cycl opropyl - 2- pheny
| - pyri m di ne- 4 car bonyl
am no] - butyryl } - pi perazi arboxylic acid butyl
ester: A mxture of interymedrate 1.6 (80 ny),
cycl opropyl boroni c Qﬁggpglﬁsng), K3PO4 (58 ng) and

\os

R

xv) Preferably, the compounds of formula I as defined in one of embodiments 1) to xiv) above
or their salts (among which the pharmaceutically acceptable salts will be preferred) will be
such that R' represents phenyl optionally substituted once by halogen, methyl, methoxy,
trifluoromethyl or trifluoromethoxy (notably phenyl optionally substituted once by halogen,
methyl or trifluoromethyl and especially phenyl optionally substituted once by fluorine,
methyl or trifluoromethyl).
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Pd(PPh 3)4 (7.9 ng) in dioxane (0.5 nL) was stirred at

1100C under argon overni ght. Thesol vent was evapor at ed
wW@2F09/1743¢6 cr ude was purified by preparative TLECT/BPo¥51499

afford the desired conmpound as a yellow oil (25 np).

LC-MS: tR = 1.20 nmin; [MH +: 594.44. 1.8.

4-{(S)-4-carboxy-2-[(6-cycl opropyl - 2- phenyl - pyri m di ne

-4-carbonyl)-am no] - butyryl }- piperazi ne-1-carboxylic

acid butyl ester: Internediate 1.7 (20 ng) was

di ssolved in TFA (0.5 nL) and DCM ( 1 nL) and the

m xture was stirred at RT fol5-4 h. The sol vents were

renoved and the residue was purified by preparative
XV1)|-)Q'SB@r6(f&r)1bI§/Othafcf)ﬁhbguﬂdb of dasiul£dascasmped ﬂﬂorfbsofaan\l%idtrﬁents i) to xv)

ng) . MS: tR=1.06 min; [ MH + 538.58.

abog(grnt}lgplé sajts (grm(n%%jvh]&h é}éﬁ,lﬁ@gyacgut{c[a@y (aeqeptable salts will be preferred) will
be s%cﬁ it WQ%}?&H@W@MO@@H 8} %fh?/p)dlci rR2 réfﬂ%kﬁt@’ Ihp&rogéﬂ, Q_h@?n particular

4- car bon amn utyryl)-pi perazine-I-carboxylic
suclathaticash o R* est Ry repsehts hydrogen.

(E)-3-tributyl stannanyl - prop-2-en-1-o0l: To neat

< RSERBE o SR (EpSIRLE ARy o st o

of dll’iboﬂimnf&ltw\iam he'alhbcd/ef(m nthd s lﬁaracbng&@ﬁ)iﬁl;l tleogaedadeotiddlly acceptable

an ire ri /95) to afford
s i o Pt St ome %Wge@éﬂsenm (DO 3) 6. 21
(m 2H); 4.20 (m 2H) 1.56-1.29 (m 18H); 0.92 (t,
xvuﬂl'Brefe?abEy the compounds of formula I as defined in embodiment XVll) above or their
(Trans-2-tributyl stannanyl - cycl opr opyl. } nmet hano| :

Salt% &ﬂf%&nugdﬁhlﬁh thei nvgtpRsk YA ReccpabiegslthiIl be PEbe(ed) amlé Be Such that
R? M dnd 0 l@)&lk?P@lg\h?eglaﬁk cyé&)&]ﬂﬂ%@ﬂ%ﬂ@@uﬂ@%t@d &W‘e%y‘flﬁggﬁsiymethyl
di et hyl Zi nc exane .
or ellkmdmtbxlhamepl(e@m@@mppmﬂy asubstltmed puci by alkixye or also an
t he int.erna erature nd 7 After
“ns‘cl%('%ﬁpte‘?“‘ono%?hc%tem%l %“r’%”n(esl%ﬁ% ity e|nn39y1§ol ution was
stirred for 10 mn at -5C. A sol ut| on of internediate
xix PMbrd pro@raty), thercdagpduhds mf_ﬁorlwahi laddiefinett mpaniselimdtiexviii) above or
.coq| i hg bat h. renoved th t|o mxtur
teifilbEorie s AT BT TR STTRERTo Va0 AT aisTHRe) R be such
thatTRE FePagEitO V}ﬁ%n}qugﬂggie@pti@nﬁlny abaftuteNHHet 59| kdx8N (dspecially
1 nm), and a \M a solution ( 1 m). The m xture
4-mgthexppheryde o taﬁo Hap, urshstigted IBH%E%ClSCeé]ﬁF%Qa@d &FRapt Kespecially
thio genp gse was extracted with Et O The conbined org.
hases 'were dried over MySq 4 and evaporated off. CC
(Hept/ EA 95/5) gave the desired conpound (374
XX) @yo@m.g[\]mng@w@ant of3thisgnyqntion.Hhe c@nagundsrpf fq-x:»nula I as defined in

one Ofggm%?é}‘z’ﬁﬂ?] i) 8'508;%/1)( a§08v§|-8r2§]8 "%lt?::}‘])amf)&s ]mgb&g‘éh E\}armaceutlcally

accithbile sdlts 3011 berprefded) RilBbe such that W represents -O-.
Tri butyl - (trans-2-nmet hoxynet hyl - cycl opr opyl ) - st annane:

xxiiﬁf%ﬁ%@y ﬁ&h&:@)&lﬂ%&f_&?@&}%ﬁé gt e%lﬁed gn err?bo%ent XX) ab%vg gro their salts

(among which the pharmaceutically acceptable salts will be preferred) will be such that R

represents alkyl (e.g. methyl) or alkoxyalkyl (e.g. 2-methoxy-cthyl).

xxii) According to a further variant of this invention, the compounds of formula I as defined in
onc of embodiments i) to xvi) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that W represents —NR’-, R? represents alkyl,
carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or aralkyl and R’
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m neral oil) at RT, and the m xture stirred 45 mn at
RT. CH1 (0.150 nL) was added and stirring was
waeomwviziiedd at RT for 15 h . The reaction m xt uPET/ikR809/051499
diluted with water and the ag. phase was extracted
several tines with DCM The conbi ned org. phases were
dried over Na SC and evaporated off. The crude was
purified by CC (Hept/EA 100/0 to 95/5) to give the
desired product (248 ng). 1HNWR (CDA 3) : 3.45 (dd,
IH; 3.38 (s, 3 H; 3.12 (dd, IH); 1.55-1.47 (m 6H)
1.37-1.28 (m 6H); 1.04 (m-16H); 0.91 (t, 9H); 0.83
(m 6H); 0.55 (m 2H); -0.30 (m IH. 2. 4.
replése(n(sﬁayd{logteﬁ rolr 'abdyl Q%)éﬁ@lf hanw re%re%érﬁs (NR&NGdR aidhexfommt together
yl - cycl opr opy henyl pyri m di ne-
Wlﬂn ﬂ&ﬂa%@ﬁw Jhaérﬁafféf’ﬁ bzamy @yhlqterawﬁé? dnenel f-teaf pesayher Wherein the
merfGdrd n@é’&eﬁl to & lete %aﬁ%e‘férb%h@ ring Y€ rﬁ‘%ﬁen%eg’tl}( Z&ected from
ng), internme te 1.6 (100 %d Pd( PPh
4lbeIGHBe 04 Et)CMbgnde@3§sé®emgdmﬂea®edhaweﬁﬁﬂacaﬂdhdmoqwhc
B A R e T
-0-1 ¢-afdor shdt-herd els’i fe@ﬂ:sémllﬁg Olyﬂﬂ)xﬁ,Sh}alr()é@kﬂeﬂwl ailtoxfymbthyl or alkoxy
). LC-MS =1.1 [N%Fu+ 638.29. 2.5.
‘mdggfﬂ@ﬁﬁﬁ“@%b Y8RP &8 (trans - met hoxynet hyl - cycl opro
pyl) - 2- phenyl - pyri m di ne-
xxiify AaER@RY ltd vABTsHariabtt ¥ id FRHTRE Kadi ethl - GapR X! d)foormula I as
acid butyl ester: This conpound was prepare u3|ng
defiged H@deral?faipra@téu@ﬂt)oabqﬁfﬁt orp fthemy safs| €amongs vbjghy thg, pharmaceutically
[ | e 3T
accécﬂﬂz{bqou V@,gg’eﬁ%éfé%g@ V@lﬁlrlfé?sluglghﬁc& Wgép?(%_sgnt} é& I/'ﬂ@ represents alkyl,
car‘tfoawlbyledhydgoxmlbyiara&toxyzékﬂphmo@wﬂyl lo@elvBkylt Rryd dr @tblkyl and R’

repr&§e(n ségy%}%lépb%gé_(ggt{i?@y%gen or methyl).

, 25) - 2- met hoxynet hyl - cycl opropyl ) - 2- phenyl pyri m di ne-
XXi¥)- Rrajfetublw |tﬂe- @i poahdseft fgriph ) 4 pk defi@zl inenlbodiardaoxyili) ebove or their
i d but ster: 3.1, . .
salty ?‘c}fﬁt@n@gy foh {imbairicniisau Agecriehleolst Sy Py PraGirrehail by such tha
R’ @E R dIQﬁ) Bfdréliyari h QH%QH'H%VI%&&O%@@I r@y):lohlkyﬁﬁfw df Q4fkyl and R®

cooled at -10C under ar?on was
reprgm@dwdrcaehyr alkidngtablyihy droercerrrasthul)-88 ni) foI | ovved
by dii odonet hane (0.768 nL) over a 20 m n period while

XXVK @fo‘?i: gﬂ:férg'lﬁy,' fAE %519 urd€ OP &SRl leasa([e@lﬂgﬁj in’ éltgb%crﬁ‘f)&ﬁf above or

conpletion of th ddition, the resulting solution
theig saltsr(emofigowhitd t]nn phaamacemjmﬂy adcaptdblrt sadtm woll be preferred) will be such

that R trg?rlese%t%)ﬁ ui}y)égpx%a]g}/l algggfrag?yéﬂ hez[ergcycéyl élgg gg )r(eé)rl:ﬁsaxéts hydrogen

mwﬁ&hﬂZmﬁmknﬂﬂyﬁﬁﬂbéﬁ)nL) was added over 5 nmin,
|nned|ately foll owed by a solution of |nterned|ate 2.1

) GROBBE oG VAN G SR AL TS ‘BT o F SRBBO T~ Ghfgmala o
defihed T @nsbdvasntSkiinr gsbvever Mcahkalat (among which the pharmaceutically
acceptable salts will be preferred) will be such that W represents -NR’- and R? and R® form,
together with the nitrogen that carries them, a heterocyclic ring of 4 to 7 members wherein the
members needed to complete said heterocyclic ring are cach independently selected from
-CH,-, -CHR"-, -O-, -S-, -CO- and -NR’-, it being understood however that said heterocyclic

ring does not contain more than one member selected from the group consisting of -CHR™-,
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RT. The reaction was quenched with an aq. NH4C
solution (2 m.), and a \Mag. HO solution (2 nL). The
worzoopazsesnas diluted with H O the org. phase BEPEB2a0H1499
and the aq. phase was extracted with DCM and Et O The
conbi ned org. phases were dried over MySq 4 and
evaporated off. CC (Hept/EA 95/5) gave the desired
compound (660 ng). 1HNWR (CDCl 3) : 3.55 (dd, IH);
3.39 (dd, IH); 1.54-1.44 (m 6H); 1.37-1.24 (m 6H);
1.14-1.03 (m IH); 0.89 (t, 9H); 0.81 (t, 6H);
0.80-0.75 (m IH); 0.55-0.507(m 2H); -0.20 - -0.30
(m IH). Optical rotation (589 nm CHO 3, 25C, 1= 10
-0-c1%-, X3~ ﬁ1dn:g\uk>h Il’oreEﬂeserﬁmg hdfR%6) hydapgaicttye, aixyaRthyl or alkoxy
tation = +1
andﬂg TBRIESPNLiRg lp@rcml Ozalﬂfﬁk W@B@Wé}ﬁgﬂgc%%mé@mpw ) - st annan
e: This conpound was prepared using a nethod anal ogous

xxvhprelféﬁbIthhgé@tﬁpétﬁld@ of ﬁ;n%ﬁlazl a% deﬁﬂé@ﬁq%ﬂio@fn@en@ X)lVl) aboale or their

pl acing internediate 2.2

salt$ @mong Bgcl the rhapfhacegiqply @é{(@ptab]ab salté_wg',lhbq_)pnger(qql]) € such that
R? %ﬂd’sﬁs %_Srﬁld' 65%21 ?';Dlch%b qg’trég«%' 6!13(#) carr%_bstﬁe\ét %hgﬂo’cyglcslqng of 4 to 7

merbdr{ Enddndtaily ol Lt @x§ anmhi&m) | wierdif Ghe( (deHib21S) ne2deetdh cotypicte said

hetGGoqs Gy Pat HOSBURT ShPE BP st e FHReT 6514 AR~ it being

und@&todd Heel e Ba€ kaid TG0 &R IP AR ddIMA Shol 'BRAIE thoS k1A éhe member
nmet hod anal ogous to that of Exanple 2, step_ 2.4,

selected el ora dhatesoup, QOHS@BP%@if ngHRat, datMR%, B Erregting Rydroxy,

hydrm%zr%ﬁlygblgaélgi ;f%&f?ﬁ“’é gﬂgsl (gpecial or>r<1§:/th t) hyl - cycl op

ropyl) - 2- phenyl pyr| m di ne- ' ' '
xxvaii)ddetg @nf;ftr]ablaimhn @pmbmmylﬁ yf forpilodraa i fweed|in @mbmbwhﬁ xxvi) above or
thel?(s:el%lﬂ ébUt ﬁlscéglée ]t)harl%l%ce%ltc; O (})/lg:gelpp%?e %ﬁt Qvaﬁ %e Pr clerpe%) will be such
thati Rf’tzemirl@d“bﬁh aoé’eﬂ@er rvapl e inhggemtier Eﬂidd:ﬁﬂh&m,la Heter'Bhﬁchc rlng of 5t0 6

me C‘t?q; o cﬁeln[ ih,pr'jﬁnvc\e% e@sgllél fdI acﬂﬁm E%) élj:terocgqfs rJ(n§ are each

1nde!(ﬂébtdenﬁ @Qle&t&l fréfd) ~CHo~ 8—@3Pﬂ@+ -bHhnd 1\115‘1 1( Bdin ﬁﬂdersﬁo@dzhowever that
FB/ 4.14 (t, 2H); 3.80-3.48 (m 9H);

salq-|)1€t613>c34g@1c( rgng :dpgs not gEntgin 4Borg nthap jqpe ngengbpr (s,q-]‘ecqe from the group

nfib A 9 -1 e ot ) o s s

andF)repr&eintiag midBlyC(in pRticuldr §ucB't'h2mRﬁ an& BYdaten, tdexdrepivith4he nitrogen

4- car box
tha 581128 o ALY - by BPGYPHTY- 2 BRENGY YRR aY gk methosy-
pyrl‘b‘h@ﬁlf bpn y3 Shy @Bk ey rdlidin ¥l ) orP RS R Methlyt-Fipela@XML¥lICand notably
suc}?%ﬂat R an(¥ R’ ?(?rgn? r‘[ogether with the nitrogen that carries them, 4-methyl-piperazin-1-

yl, 3-methoxy-pyrrolidin-1-yl or 2-hydroxymethyl-piperidin-1-yl).

xxix) According to another variant of this invention, the compounds of formula I as defined in
onc of embodiments i), ii), iv) to xvi) or xx) above or their salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that W represents -O- and R?
represents heterocyclyl (notably tetrahydrofuran-3-yl).
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4. 1.

4- ((S)-4-tert-butoxycarbonyl -2-{[6-((]S, 2S)-2-hydroxym
weehyli2sye! opropyl ) - 2- phenyl pyri mi di ne- PCT/IB2009/051499

4- car bonyl ] - am no}-butyryl)-pi perazi ne-1-carboxylic

acid butyl ester: This conpound was prepared using a

nmet hod anal ogous to that of Exanple 2, step 2.4,

internediate 3.1 replacing internmediate 2.3. The

conmpound was however purified by CC (Hept/EA 1/1 to

3/7, then EA). LCMs: t R=1.11 mn; [MH +:

624.26. 4.2. -18 -

4-((S)-4-carboxy-2-{[6-((IS, 2S)-2-hydroxynet hyl -cycl op
xxxJ Q;@Ndr)imé-t@ﬁ@fb}férrdd}&fahﬂﬂtdif lﬂﬁs invention, the compounds of formula I as defined

4- car bonyl ] - am no} - but ){)@ ﬁﬁper azi ne-1-carboxylic

in ogei o grhogimendt Brio xRl d Shs (Presaybigh gad Rprapaccutically
accéﬁ&ﬂ"éjgalt‘? Kl 89 gﬂ'ﬁeﬂeﬁ) %v'ﬂlaf)e §hfch FReARP lre?rc%en@ flf(ﬁo;gy 8,

I'nt er nedi at e replacing inter late T. The crude
conpound was however taken up in MeOH Na(]—| (3 m/ 1M
xxx8rmgcordiie toraothiexyaniaat efehis dnveptien thet compomis g donmyha 1 wﬁned in

onefﬁg)éhl% %B‘Wg’é d?&l fé/ td JE)HS) Ablx\klf\gge?h ?Qe ﬁg (V%%;&Whé Eheggy!:eutlcally

accet@Eposads edll bt f)refe'ﬁ‘ed) wilbbaduweh vims Rp wpra‘ser&d RB}DCHQO or R’-alkyl-NH-.
preparative TLC (Hept/EA/ AcOH 95/5/0.1). LG Ms: tR =

0,97 mn: [ Mt +: 568, 45. Exanpl e 5:
o) (el e ok P oF (o 5By campppds of formula 1 as
deﬁn&ﬁ)ln Zeniiidiadnt By kbove or their salts (among which the pharmaceutically

cycl opropyl ) -pyri m di ne-4-carbonyl ] -am no}-butyryl)-pi
acceiiable palfe will g%\P{S’S%ESﬂd? wlhkg ey R EDFPNs B PCH%

4-fl uoro-benzam dine: To an ice-cold sol ution of

XXXHQXF}BEFJBY}J dhStd Y4 fdﬂlﬂllal Faﬁﬂefgeﬁ‘m ok Jof WakiboaRelRes xxxi) or

'-BuLi (1.6Min hexanes, m), followed by a
XXXg b|ahpyo AT dhelﬂsﬁlFSubﬂﬂ&?én‘szwht ﬁhﬁll@a{@acg}lthaﬁy Ercegptghlg salts will be

i v ri Bg .
ol I B 5 51 R0 oS L L e ORI oty
metliylearbdntl or ethomsadongd).fied to pH 1 by adding a \M HC

sol uti on and was washed vvith CHCI 3. The aqueous | ayer

xxx\llxvﬁ%ccor% a%h(];t eerir%fo 1rrg)ci_| V%Ila ﬁgféﬁfélq%\]%gtf‘%n the comqourll\@ O?’ formula I as

¢ VRS ext rac W Ce
defined én dﬁt’mlﬁﬁﬂnﬁé‘ﬂaZS@l)aﬁﬂox&V ap ahdt saltso{dmdry &ﬂﬁdhr Chet bl&trmaceutlcally
acc?ﬁl{l& s?_a. ts mlgggmre egreé) WIIPbe Such IT%:[ N@reptrger?[s OR7 %ﬁ(y[nNr}]f (and preferably

1- alﬁo)@}}@la%gyl@l(ﬁmﬁﬂngpro phenyl ) - pyri m di ne- 4-car boxylic
cid: This conpound was prepared in 4 steps from

|nter nmedi ate 5.1 using net hods anal ogous to those
xxxyjb 8esferplly. the opmrepeds of foamyla 1 sydahiped in ongof smbodimgrts xxxi) or

xxxﬁ)saz[mlvg & Hhei® LGRS (a%ﬁon"g' \x%'gbhzth%nﬁha%ﬂac%utlcally acceptable salts will be

preferred) will be such that R” represents ethoxycarbonyl.

xxxvi) According to another variant of this invention, the compounds of formula I as defined
in embodiment i) above or their salts (among which the pharmaceutically acceptable salts will
be preferred) will be such that

R' represents phenyl which is unsubstituted (preferred) or monosubstituted with halogen,
methyl, methoxy, trifluoromethyl or trifluoromethoxy;

W represents —~NR’- and R? and R’ form, together with the nitrogen that carries them, a

heterocyclic ring of 5 or 6 members (preferably 5 members) wherein the members needed to
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LC-Ms: tR = 0.90 nmin; [MH +: 253.24. 5.3.
4-((S)-4-tert-butoxycarbonyl -2-{[6-chl oro-2-(4-fl uoro-
WO k@asteBeyri m di ne- 4- car bonyl | - PCT/IB2009/051499
am no} - butyryl ) - pi perazi ne-1-carboxylic acid butyl
ester: This conpound was prepared using a nethod
anal ogous to that of Exanple 1, step 1.6, internediate
5.2 replacing internediate 1.5. LCMS: tR = 1.19 mn;
[ MtH +: 606. 09. 5. 4.
4-((S)-4-tert-butoxycarbonyl -2-{[2-(4-fl uoro-phenyl)-6
-((1S, 2S) - 2- met hoxynet hyl cycl®pr opyl ) -
pyri m di ne-4-car bonyl ] -am no}-butyryl)-pi perazi ne-1-ca
confp@X BhidChetb &l chltrily @6teath Tﬂﬂeﬁerﬁﬁﬂmoﬁﬂéctwifroﬂf EZ(DH{ edCHR - and
N@SI ng. a net hod anal ogous to that of Exa

npl e
(preferably il arde B -) #hicHig ywyersieed Pﬁ‘é‘@‘fﬁ‘éﬁ@t Qalé hetwychc ring

doeggngLcn \9@&6 ?%W%rmaﬁﬁérfs'e§?te@3fro% %a%r@{iﬂ X@nsksg'n&/%f -CHR*- and
-NR& (H“ @prdseomgﬁjk%ﬂi){e[f@al@%nfeltlboaybar}dliéynylbr)?se@tl(lg hISyIZS) 2-
R0 resen%(% th I - cycl opropyl ) -

p?/ Ycar bonyl J- am no} - butyryl) - pi perazi ne-1-ca
R’ Ireb@mnltslg/d&cged butyl ester: This conpound was prepared

usi ng a_met hod anal ogous to that of Exanple 1, step
R repigseiSAlk¥edi ate 5.4 repl acing intermedi at e 1.7. The
R® (SRR ves, Hoyavespuli ed by preparative TLC

(DCM acet one/ AcOH 5/3/0.1). LC-MS: tR = 1.06 min:
R® ipvesdnts; allgO@urizmy! @edkplyearbonyl;

r@ I(eée%)[ a‘h&&? 883)%'1221 {1[6 (c/s-2-nmet hoxynet hyl - cycl opr opy

5) h F pyri‘nidine-

nreﬁresanbnmydr]}(pmfafml}lybmmdrms)ahmmler azi ne-1-carboxylic

acid butyl ester:

oG Rl e %@%%@@%”ﬁé?rﬂé‘faa?m Rl ey gitee & ey i ar

parthulaEPS'qﬁ‘@feﬁedZ step 2.2,
& trlbutylstannan}él-pro-Z en-1-o|  (Sheppard et
- 4-GR)-2[A-{Sat 3-ressewy- Yoo 8in; 1-40-6- @@Byzlypyfr@mea?cf%gonyl -aminoj -

4- pl'l(ﬁg O}ﬁ’%ﬁ pgpe}aznilcﬂ' %Wlﬁ)ethyl g’stg}6 1 3. 5 g 0 1 ( Lrn4 g— mH)

- 4-@R)-2- {(D4 84)-6- r@ﬂhqupm@hﬂl)l 1-gl)- ﬁ@lﬁnﬁélp}’@mneﬁ ¢drbonyl]-amino}-

4 phl"rngu“t"q?“erEf)g’l‘ THR hloﬁargo’iyrlﬁ‘} PP Ehy ) - st annane:

- 4-{{RH-S- {@(mﬁwﬂﬂxy@ﬁerm)e@ph@m P dige-2-cobhdilaminal 3gehesphodo-
that of Example 2, internediate 6.1

prowewrlbeipﬁﬁzmﬁtleqaﬁ%w %%mcéetéyl Sfl4NMVR (CDCl 3) @ 3.35 (s,

- 4- %(RZDSZ i@-gl?&ler%l-?ﬂgl HBn- Ly PyiridhetReadbdrd 1 hind|-Ephosphono-propionyl} -

piperazine-1-carboxylic acid ethyl ester;

- 4-{(R)-2-[(4,6-diphenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -piperazine-
1-carboxylic acid ethyl ester;

- 4-{(R)-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl } -
piperazine-1-carboxylic acid ethyl ester;

- 4-((R)-2-{[4-((R)-3-hydroxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-phosphono-propionyl)-piperazine-1-carboxylic acid cthyl ester;

- 4-((R)-2- {[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]-amino } -3-phosphono-

propionyl)-piperazine- 1 -carboxylic acid ethyl ester;



10

15

20

25

30

1.28-1.39 (m 8H); 0.83-0.94 (m 16 H); 0.24-0.28 (m
1 H; -0.04-0.02 (m 1 H). 6.3.

Wa@2(00/3$)53d6 t er t - but oxycar bonyl - 2- {[ 6- (ci s- 2- met POKIBRBINF1499
| -cycl opropyl)-2-phenyl pyri m di ne-
4- car bonyl J- am no}-butyryl)-pi perazi ne-1-carboxylic
acid butyl ester:This conpound was prepared using a
nmet hod anal ogous to that of Exanple 2, step 2.4,
intermediate 6.2 replacing internediate 2.3. The
conpound was however purified twce by CC (first CC
Hept/EA 1/1 to 3/7, then EA;20second CC. Hept/EA 1/0 to
1/1). LCGCMs: tR =1.17 mn; [MH +: 638.38. 6.4.

- 4- lem -0 9)4- & B@drb@xb‘th?la{nﬁrﬁﬁ-(&p}ﬁn}a peidhey b diyl |=Eyiad CRpHAHhono-

) -2-phenyl - pyri m dj ne-

promoedkawﬁwl]ncdrﬁafwylqui9‘1hy1 sfer azi ne- | - car boxyl i c
- 4- R?‘a 3 (?Mg(z'm&ﬁ&gr cthyl bRt RERRANY. M@ﬁylﬁﬂyﬁeﬁl -Qd(ia‘ﬂlgdn@ﬁ -&mino)-

hod nal ogous to that of Exa
3- phqsplecrnmaﬂmabeylﬁp@emmbdmmxvm encﬂretdiylaﬁts@rl 7 LC— I\/S: tR

- 4- {(eki 2 % rge%zylabmo- - he ?% 4§1ne-§-ccajr‘b SAmmOL?- - on&})roplonyl}

rocedur e 'nese

plpe(r&@mefibbsyIWaIch’cleﬁestbﬂ nant expression of the human

P2Yi 2 receptor were uItu ed in 24 ceII- uIture
il

R R A T A T e R e T
2- plbdé lfld?nro 5121)%&5211% pJEhr%of‘yhc]aQQi BMI%@Q 1 M EDTA, 0.5

% e cells were then incubated mnth 0.5 m per

- 4-(8)- 2 { - ) -Srepcthoiy ey i béindi-vl)-hphenylipyddine bl ey ]-amino } -

5p%ﬁgﬁngﬁk%gggﬁbggsggﬁ?meen(Tghgggéﬁgﬁ gﬁﬁocno dpm per

- 4-WB)-R){ [4((F)-B andtiniy - onddint I-gl) i6eptenyif pytrieite-2 carpatyiietsnino} -
fter incubatjon at. RT for hour, eIIs wer e washed

>-p %P%@Oﬂ?eﬁego PRBZRA; n@rwlﬂfewd% Stiel 1's were
- 4- g@% Zﬁdo@;@h@d) i@y dlﬁemcaﬁ%yltpahhﬂ@u Alos hono-
fer E B ¥h P

e content of each wel
propipyd)- Pmalﬁélﬂlé-rlr@d?qxﬁ]tl%a%‘éblété’b%tﬂﬁ{ er vials and 2 0 m of

- -l R G- Bt BhL AP e Byt S8Ry Fublol.
3- phxfsphmiol-moplbmy‘l) msrazmhdtdadioaglha’ adidbutykestap; maxi nal
4 @?f’-@b{%@zhﬂ&b%#ﬁ PR b i b B Ao

prolﬁlb?l pipk@winBd - daahulxgﬁc §adbety b@te@bt ained for the Exanple
erence compounds u5|n t he procedure descri bed

- 4- é@é\?e[(‘f shenyhé pﬁtzizrl@ym@eeﬁtcafbowlﬁﬁw cRheyPSuBSTIPTONNED
mp&ﬁEEEN¥55E%RkaMﬁmBﬁ%hypTIVES Field of the invention:
The

resent” 1 nvention rélates to certain substituted
- 4-(«1Rbﬁe{lh§LK(J§>25§ aﬂnmehodemmhat cyﬁéczpr@mdi) ¢-pkinyl-ppadias 2 R2¥0Ry1]-
ant agoni s at nent

i /
am%? }ceig-é)hﬁpgﬂn bornp/gﬁ)éq 53[211}%15 gadﬁ%yhc 8f1d%ﬁgyl gsrter;

- 4-((R)-2-{[4-((1S,25)-2-hydroxymethyl-cyclopropyl)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;

- 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid cthyl ester;

- 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;

- 4-((S)-2-{[4-((S)-3-methoxy-pyrrolidin- 1 -yl)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-phosphono-propionyl)-piperazine-1-carboxylic acid cthyl ester;
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visceral -, hepatic- and renal -vascul ar, of
cardi ovascul ar and of cerebrovascul ar di seases or

W@ omvdizi3emns associ ated with platel et aggregat i BCE/1B2009/051499
i ncluding thronbosis in humans and ot her mammal s.
Background of the invention: Haenostasis is referred
to as the natural balance of maintaining the fluidity
of the blood in the vascul ar system and preventing
excessi ve bl ood | oss subsequent to bl ood vessel injury
by rapid formation of a solid blood clot. After
vascul ar damage, contracti ontlof the vessels and
pl at el et adhesi on occur imredi ately foll owed by

-4- ggpzqg@((spmnwﬂhdqu)yabaalal 18413-6- Iﬂl@ﬁylxp@zhume 2oefartsdin91] amino}-

coagul ati on cascade and finally also of

3- (%leSPhﬂﬂpmhF@/ spopiony |l mrsirsicat Febamitis laﬁ*éler(Yll gdeigan
-4- :{(?(?2_ [34) 1s%f§1%§§156 ﬁﬁer@/i Eﬁ%lﬁ]@2 Qﬁrb%h‘ﬂ? Hﬁ%g-?a hkd%ﬂano ropé(%nyl}-

' ' hr eat situations. A series ant|
mpﬂgemrscmévaﬂbeenHMEM@MBped over t he past several years
act.l

n
- 4-3&9@%— “Thetl (E)X%g ep en¥l n‘pyrl ne- -aatr (fné/%) %nﬁler apyhosghono p]ioroplonyl}
plpmlﬁdﬂucﬁﬂbexﬁfcsacm buwlrehﬂebl t s cycl ooxygenase- 1 and

t cting.the thronboxane pathway. Although
- 4- ﬁ@g &E%’ Pﬁ%ﬁﬁ%fp fidigdiry u%‘/ﬂdtqe-e?af%%mybmlﬂo ladsphesphono-
Ixo16ﬁﬁy%ﬁmhﬁﬁw3¢&ﬂgﬁaﬂcEaé%ﬁﬂﬂeﬁaa'nSt whi ch new
rapeutics are conpared and Judged O her drugs |ike

-4- t(Rb2 osbmsthyesieraaivel -yixethicnd iy ridingya-tadearol lephapithonomethyl-
aml(éé\gag?e‘gﬁfﬁl)pera% e-\/f/-ecahk(&?hé g] ?(liJ ?ﬁtg o K ant agoni st s

are nmar o not show all desirable
- 4-§(@p2 U @ phdnyi-( Bt (tettthyds - fuldnr B glaimidd) ye dmu Ll garbonyl]-amino} -

i cabl e, otent GPIIb/III r antagonlsts
3191%‘5?8]%‘?% TRFgRon bP‘iPFH%‘&F rboxy c {57 GRS > bl ocki ng
- 4- gd gj(ghy@ggﬁﬁegﬂ}m@@h@fy@s avas-tahhedren A her rasykigtnyl-2'-carbonyl)-
esi des, sone or al i active GPI1b/111a anfagonists
amipel-3yphasphonsf prpiany’ @incraFinchlaprrbexybie beitlibglrhystetave not

80 ESCaR U oS AP L ORRERY) 0B phorppon
qumbmﬂemqmnahmig?mb®QMaaddbggLa$at|03 Lg;srfering mﬁth
RV G P MM el Sk I R i eI

pip&hARd- a-)éaﬂbeklylm Jci(ﬂﬁlt}QfestEf at el et aggregation and
antithronbotic activity. The nopst effective

- 4- A0 A orPREY R iy lagine @V”‘é‘ﬂ%thﬁ@op}ﬁlo'éWdWT3rﬂ}0ﬁ@§n0 -propionyl}-
mp&ﬁﬁhgpbgmggwrgkgﬂ&@gggg and CS-747, which have been

clinica as antithronbotic agents. It could be
- 4-GRpAr{[4- hlatarbdnefsﬁhyiamg@) -6xphanytlipeiidine @a@hongl]-amino } -3-phosphono-

met abol it es |rrevef Sib ¢ L k. the ADP receptor
Proipt 5/)'8%’“[35‘% J:CaERRY “b%‘r% Bug ?S oni sts |ike AR C69931MX
-4- ((@mqqekamktm&y@%licﬂﬁl1t3ay&phag@lp§ﬂdlnaas@arﬂohy1 -@dnlnﬂi}ca|

studies. These inhihitors are selective plate
3- pwelé%oa?m@ﬁwbéﬁm%% PIRGZEL -} -FHPDTIC APP e&abéﬂdéﬁ?tably 4-((R)-2-

4@&5@13%@&10)%9?}5@(9@% PR)- @-ﬁl%n?f ﬁyrﬁfnﬁeeﬁ: Eﬁr‘ﬁ@n}}lpaﬂﬂn\ﬂ 9.3-phosphono-
propionyl)-3-methyl-piperazine-1-carboxylic acid cthyl ester);
- 4-((R)-2- {[4-(2-methoxy-cthoxy)-6-phenyl-pyridine-2-carbonyl]-amino } -3-phosphono-
propionyl)-piperazine- 1 -carboxylic acid butyl ester;
- 4-{(R)-2-[(4-methyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -

piperazine-1-carboxylic acid butyl ester;
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Pi per azi no- car bonyl net hyl am nocar bonyl - naphtyl or
-qui nolyl derivatives have been descri bed as ADP

WO 2@epLBr6 ant agoni sts in WD 02/ 098856 and WO PCT/1B2009/051499
2004/ 052366. WD 2006/ 1 14774 descri bes
2- phenyl - 4- (car bonyl net hyl am nocar bonyl ) - pyri m di ne
derivatives as P2Yi 2 receptor antagonists and WO
2008/ 044217 descri bes 2-phenyl -
6- (car bonyl net hyl am nocar bonyl ) - pyri di ne derivatives
as P2Yi 2 receptor antagoni sts. However all these
conpounds do not contain any??phosphonic acid or
phosphonate notif. Description of the invention: The

- 4- ((S)ZEI{[LD((S) Bavegh gxOWyFroliid- 1L IRG-ghbey 1 pyBigink 2udesbnyl]-amino } -

yl - pyridine derivatives accordlng to the present

4- ph%@@ﬁprwrgumqr@w -garberailic eFig vl 4pi | v i nproved

as v&euoals% ﬁL (&@%@ﬁm ARrANRACAY k& aIBﬁa s%R?rtﬁéQWd' ng
car boxy derivatives preV| own to one

skilled |n the art. Various enbodlnents'of t he
xxxin) dirthemprafesrcd cemporndsl of &rewia bes defined e cpbediment i) are selected

fro+w\%gép0&ngiiﬁg’f§g£&y relates to the conpounds of formula

epresents phenyl optionally substituted
- 4-((RY-3- (Blﬁacﬁe)s;ylﬁlptheiﬁpbdsblyorypm {ma(S)ys menbsky putrddlio hg)-6-phenyl-

d nore preferabl t tituted
pyrheeeho S etne el gL R R BT SR RLbY EU%s r om
-4- ((R?—3Q(B%U@h&@/@%§ﬁ}}l&@/n§bfthd%9lﬁhgﬁﬂ‘lory']f—‘ﬁ]!Vi ((Sﬁ?—ﬁrﬁ‘ﬂi@ky pyrrolidin-1-

trifluoronethyl and _trifluoronethoxy; Wrepresents a
YD-pohenyimmerifng-grraghwantl-gmangiyiropiepd)-pikegine- lavraylroxahc acid butyl
fyeteroaryl or Wrepresents -O and R represents

al kyl , hydroxyalkyl al koxyal kyl or heterocyclyl; or W
-N N}Bﬂﬂéﬁ&)ﬂ-sthokRarboanet@DFki@)t [4-(68) Kyingthosy- bmghadiﬂe%y,l) -6-phenyl-

YRS o KSR DL S ORI L AL 8 o

am@ﬁm@pkeﬁﬁmts -NR 3- and R2 and R3 form together with
nitrogen that carries them _a heterocycllc rin of

- 4- KRQ -@-(7O-RBeyerd (e er nfurane3 whapd myridee dedirty Bopin
pho§[?dogo Es%p%@ﬂy@'érgzlﬁé PQa@B?ylf%aa%ﬂi Bﬁﬂ%@t@f‘dﬁl% ly .Stel gglt ﬁg
as thlda@rﬂm bl (ih pweivelar phaamacs:atl@ﬁllhet@p@bmalt@ thfrrf:@ does

not contain nore than one nenber selected fromthe

: p t n
o EERULRRE 0O 5o o By, po R ] Frvoaimens
xxx@i) ak Ioo;xyma,nWhm ise pstesgiicitlyg adsyrhedgenyobe ah kypkolutRa(R)- or (S)-
cOnﬁgrlresents hydr ogen or nethyl; Rb represents hydrogen

A&thy |

est

xxxix) A further object of the invention is the compounds of formula I (or of formula Ip or
Icg), as defined in one of embodiments i) to xxxviii) above, or their pharmaceutically

acceptable salts, as medicaments.

The compounds of formula I and their pharmacecutically acceptable salts can be used as
medicaments, ¢.g. in the form of pharmacecutical compositions for enteral or parenteral

administration.

x1) The invention thus also relates to pharmaceutical compositions containing at least one
compound according to one of embodiments 1) to xxxviii) above, or a pharmaceutically

acceptable salt thercof, and a pharmaccutically acceptable carrier, diluent or excipient. In
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R represents al koxy;- A - R5 represents hydroxy,
R6- OCH2O- or R7-al kyl -NH; R6 represents al kyl car bonyl
wW@eooaliksre/car bonyl ; R7 represents al koxycar bongCT/IB2009/051499
represents O 1, 2 or 3 and Zis a bond or nis 1 and
Z is phenyl (the -P(O (R 5)2 group being preferably in
para position in this case); and to the salts (in
particul ar pharmaceutically acceptable salts) of such
conmpounds. The conpounds of fornmula | nmay contain one
or nore stereogenic or asymmetric centers, such as one
or nore asymmetric carbon at®ns. The conpounds of
formula | may thus be present as m xtures of
partsduit € BHeS dRhorO keltt e ft@ rhiacesti AUImPLENati seEhvg at least one
M xtures of stereoisomers may be separated in a mann
compqBih ok feraulgd (eiopf fermylp dor IﬁE)taﬁlé OFp O MPFbhFRPEHHELY @ﬁceptable
mnﬁggthgﬁgmq&kmﬁ%ﬁl receptor antagonists. Accordingly,
hey are useful 1 n therapy (including conbination
therapy) where they can be widely used as inhibitors
Thegfrogyictipie p&the abaimageUtisal compgrisigat jadrbeahidctad it amanrarivdyich will be
famﬁ?atr Ry ?ﬂpﬂeﬁ%ﬁ = éleg I@{lﬁg laﬁt(sle%'fg‘]?egﬁgﬁgﬁzﬁén? H%%E P %éence and Practice
of Praomude Aef Editibh c(@osof Padne, vaharﬁmsemlheanahfacmrimg”i gaiblished by
0 onp he .i nventi on i d .
Lineigrath NGRS el iy EACHETE Aoty TGy Bt Jupded or thei
phahﬁ'zﬁ:eﬁﬂilﬁﬁyf heapthile ang Qbﬁ’dﬂiﬁy Uil esEbiamiddt ReIMWoBR:r therapeutically
ressly set out definition provi des a broader or

Vahﬁlhﬁ?r whetaneses inf pigglenicalrpdmipistration fragiegethpreth suitgple. non-toxic,
1ner1f[I HRF Qﬁlcaﬁﬂlc%'iﬂpgﬁble by g He i ﬁld' odiige mapé'rﬁi eﬁﬁgl if ctleglred, usual
uor lorrne or bromn nore preferably to
phafrhaconticabadjuvine. t er m "al kyl ", used alone or in
conbi nation, refers to a saturated strai ght or
xli) Atharcinpainclk atdordihg ol fognmial p ac definad i ergbddimenty i)aa kkvotiii) above and

atons (e.. met h
the ..pl@ml%%}ltl%ﬂ%u?wgtaglg aétét ghereo? g}y kh?t yﬁgdr %g% é]i)ﬁ )Hreparatlon of a
meQPRAN LYY arcQupgiid:yl , "-hexyl, /so-hexyl, "-heptyl or

zs- heptyl), and preferably 1to 4 carbon atons.

< REPhe SRR b8 RYFHIRIXES 0P liskAse! @ﬁdlt%ﬂn@'sfﬁﬁﬂe zg{g%f)%nstable angina,
i nclude nethyl, ethyl, propyl, o-propyl,

nygcag@@ypnfagggn bgmk)q)hsgh(gmp tn.gbggryphcatpp@ p%ratherosclerosw notably

;I§1r allc%%O%%J; ktem(lxtﬁt%ﬁ%g 1S . 1% 1?% 1 i g%%}teljiaﬁftfﬁroﬁlbggc @01%1%11cat10ns

ranc ain a contailnin
yf caﬂjehxwlea)sismotametht@nbnticattkﬂxxy"yenuumchraﬂnbm ()11[otath‘]ly deep vein

eterst asatu stralgt. I . . .
PRy Shamhiar kSeh el o 8 St afisg "t Fordengpon netudin
aisQﬂlﬁtls( QrtBritidTBtd QPoYherdd KMUS) ' vEHoRPEIve BrsEHsEN WeMsient ischaemic
'-but oxy, o-butoxy, sec-butoxy, tert-butoxy,
aﬂaﬁgﬁtmgpherﬁe@ﬁ@ﬁqrﬂlm%s myocardlal infarction with or without thrombolysis,
myeloproliferative disease, thrombocythaemia, sickle cell disecase, inflammatory bowel

disease, thrombotic thrombocytopaenic purpura, haemolytic uraemic syndrome;

s for preventing thrombotic complications of septicaemia, adult respiratory distress
syndrome, anti-phospholipid syndrome, heparin-induced thrombocytopaenia and pre-

cclampsia/eclampsia;

«» for preventing cardiovascular complications after certain surgery procedures (notably
coronary revascularisation like angioplasty (PTCA), other vascular graft surgery,

endarterectomy or stent placement) or after accidental trauma;
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0- pentyl oxy, "-hexyl oxy or o-hexyloxy), and preferably

1 to 4 carbon atons. Representative exanpl es of
wee@baryded al koxy groups include nethoxy, ethoRgT/1B2009/051499

" - propoxy, O-propoxy, "-butoxy, o-butoxy, sec-butoxy

and tert-butoxy. The term " (Cx-Cy)al koxy" (x and y

being integers) refers to a straight or branched chain

al koxy group containing x to y carbon atons. The term

"hydroxyal kyl ", as used herein, refers to an al kyl

group as previously defined wherein one hydrogen atom

has been replaced by a hydro¥y (i.e. -OH) group.

Exanpl es of hydroxyal kyl groups include, but are not
< Edr@rév%ﬂtiﬁg%rgzﬂ}’@&ﬂ&éj%ﬁohw , 2-hydroxy-ethyl,

2- hydr oxy- propyl, 2-hydroxy-I -nethyl-ethyl,
xhl)zfﬂ']hfrﬂﬁlﬂ%)émbladﬂnmﬂ|tH@E$1Mﬂ)OL@iH§%f foﬂ{nﬁlﬁqré@)ﬁéﬁh@@lﬂ embodiments i) to

3- hydr oxy-propyl, 1-hydroxy-butyl, 3-hydroxy- butg
xxx&uﬂy@ogng(yanguthy phamlpp}ﬁ@p%klyp@qqutpblgn@hs thercof may be ‘used for the

r | - but yl A : TENGI

preﬁarﬁ%qhég?yemﬁdlgﬁh er%lﬁt {t)r¥ asy]ltag)-ﬂ{:?q p@%\%‘ﬁ%ﬁéagw?&F%Itss?yc%ﬁdltlons in
whidie frasogehsmb Braé invasnepnktyidtiggenl thumsstlmsclhraam or ephadedh gecrosis).

an alkoxy group as previously defined. Exanples of
xlllﬁe¢g%¥oal’ Ihalrtlgiacu(i)alil é)%ch fltt g%ﬁvepltj it’)l ? r‘[ﬁe nOt aI crgrr}p Qn& 8F formula T (or
of f‘oq:mulaoﬂ,l kIyIICE) aasddfﬁledi 1h&frﬁl of eﬁb@dlﬁleﬁtfs il)rtoamxvul) above, or of a

conbi nati on, er 0 a_sat ated cyclic¢c hydr.ocarban
pha%%éwaﬁzs FESEPHDlfGY B, dak s mas WG\H?&HXFFE%%%“ ot the uscs
llsteﬁil"ﬁsetrﬁﬂoﬁhﬁéilltsoﬂif)ean@%r Ryiehr @4 in Béfgélﬁa(rylm%ttﬁﬁéhlment xli)) aboch and for

| koxynmet h preferably methoxymet hyl or ethoxynethy
the mqwfﬁ@p@ qj%ém@@(@meyt fioe thedsepimesmh off gcclypivaviesrlpr disorders in general.
(preferably nmethoxy or ethoxy and nore preferably
xlivprédl brg xgeneralke pthe sevandipn velatex amﬁlhaagseobf @ycotrmaurl@ pf turowps! (or of
formlﬂa:[oé) tlﬂg ut Cf/l% %gpé :1 Ply IPII’IQ E:o)%g ddlm r?tls 016)r prva) above, or of a
phaﬁnzl?i:)tdﬂi@ldy ayeptatiersylt, therebiy dffooxthe crm'iuﬁd@am/ lof a medicament for the

treagnq%tar?g%ymt n lFlE)lgy | Op Uﬁ%l VB(SFlﬁ &}S’Plid&‘ﬁl ay well as to the use of a

cong)Y)ﬁJl(PQf fe¥ihla Ig(bhyfjfo%ﬁqult B]y 1CEF56§ k}%p[hﬁ’rﬁlﬂlct@@ dfa medicament for the
met hoxymet hyl cycl opr op The term "carboxyal kyl "

treagragng pad/ pioprayenapk f p@jrpéa Ya@cwg@vf ma@qrgl .dhepitise andusaslejagcular, of
cor VIS QRE Nor2 L LIRS BN ERLAGE i BC LD ONP patce
aggm@athmxmchjdmg thephdhopis in lnmhajﬂend bt]nbr mammaat [imt ed to,
2- car boxy-ethyl and 3- carboxy propyl. The term"aryl"
refers.,to,an aromati,c up 0
o] KGR Hednde- RO Bt b FSlist B Msbiiar G o 4w g gr 10 or
of phaeiedaly hé@plabletsaltslBecaf f0 tha hNgFRINQEDS rrfeﬁfcaﬁé(rﬁﬂ'@&o@rdmg to
to henyl or naphth I roups fand notahly to pheny
em%dawé)x HIARPOXE.y fhe gisst Fof é‘?ﬂﬂ‘u aﬁtuﬁlagt@%?@?@nﬁnﬁorp%nwtmem or
pro M@oﬁﬁy&@fdﬁﬁ%aﬁﬁ!i@ 'aﬁeﬂ@Xh@%b@é—ipéfokaboW l%pon?ﬂﬂotﬂia 595]1%) transient

or nore
1schaem1c attacks, peripheral vascular disease and stable and unstable angina will be preferred.

xlvi) The invention further relates to the use of a compound of formula I (or of formula Ip or
Icp) according to one of embodiments 1) to xxxviii) above, or of a pharmacecutically acceptable
salt thereof, for the preservation of blood products in vitro (e.g. the preservation of platelet
concentrates), or for the prevention of occlusion in extra-corporeal blood or blood product

treatment machines (such as renal dialysis machines or plasmapheresis machines).
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substituents (preferably with one to three
substituents, nore preferably with one or two
waast2Beent s and notably with one substit uent PCT/EBR069/051499
i ndependently selected fromthe group consisting of
hal ogen, al kyl and al koxy. Specific exanples of aryl
groups are phenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fl uorophenyl, 2-chl orophenyl, 3-chl orophenyl,
4- chl orophenyl, 2-nmet hoxyphenyl, 3-methoxyphenyl,
4- met hoxyphenyl , 2-nmet hyl phenyl, 3-nethyl phenyl,
4- et hyl phenyl, 2, 4-di fl uorohenyl ,
3, 4-di fl uorophenyl, 2, 4-di met hoxyphenyl and
xlvid), Fhéiimehhil pRe¥lates Ffbe&l@tht‘)&doﬁﬁaﬂﬁieﬁﬁ @l fe p;h@iﬂd/drs Mtloned in
Anet hoxy Pheqﬁ The term "ar al as used here
embgdpento i) Andipr, xkiio ryich By p%fﬁculareme?@ﬁ%msw %lr)wb@%@bld methods
co ﬂ@ﬁ?dﬂ;{{l Jdgllmﬁﬁatfbﬂrﬁng ﬂ!ﬁleﬁ%' ﬁéedrr@l'efaetoy ot i H@&:tl@‘@ amount of a
rou erein however the aryl group may
commgmbsf |f0mtvé2tildpr stifeniulaifiedr ki Redordiog 3o sulosifi etmlmdtrsents i) to
S nde end ou conS|st|ng of
XXXH%\':) ooéé)n TrElyFeutlcg ya?‘%e pic étp?efesg%hn% at TR exarrpl es of
aral kyl groups incl ude, but are not limted to,
An}belﬁ?zrwcp t@a pdSIﬁpmindtolﬁ ﬁdrmu&-]phﬁﬁ)lbﬂ)ilnohiy kexaimcdto be understood as referring
ferred.

sl ARy PR PR the TRTEEE i neror kg Tio) oRatch sagpounds. s

apphpkigichind @Jqﬂzﬂﬁ:n@ IThi Preét¥n @O MY dAaddi feinthe t&th dt 6 Rfnula I of course
unsubstituted phenyl grou a_qpended to _the parent

apphola@iis Fuieigisetoythe momp@ﬁn e Ol@‘lﬂadl’ Qtipce, as well as to the salts and
|

phaﬁﬁz%gt?cgﬂ%%é ﬁ%{%i%g b?ﬁle%&n?m éﬁ‘ fﬁr}él %?E Pcﬁm'uﬂl dﬂ WISt formula

ICE.SF};@I’E_EWI gppbgyto. thes'EIwntp@nmds dsemahwmqnls to aharnnseidltlcal compositions

er.ei al one or conbi nat.i
conffti s i BPRP R 4 SFRTT OPPFRG s PR ARAT Rg iy for the
mankdachirf 9f ahRIBamb@Ifel the BtatheasIf t@s@bestadorinA @Sthis invention or to
contains at | east one heteroatom jndependently
the gemeauneylor fhsreehecny pbihp diserist %qCPWgn%;tp ﬂh‘ﬁ ﬂrrvsgféml oxygen
and sulfur; in addition, the term"heteroaryl" nay
AcRtERy ke 1n'&/éht1l>hoi‘1iépé’cfrﬁﬁ$luﬁél’§ oIFRHRS: 1 (oM RtanRalk Yr ICE) can be
group can be unsubstituted or substituted wth 1 to3
prepaggsky the erpcess (dgsasibed BAPY. 1 to 2 substituents and nore
preferably 1 substituent) sel ected independently from
t he group consisting of hal ogen, al kyl, al koxy,
trifluoronethyl and trifluoronmethoxy. Representative
exanpl es of heteroaryl groups include, but are not
limted to, thienyl, furanyl, pyrrolyl, pyrazolyl,
PREPRRATION @H;E:Otﬂ]z CAMPOURIS O FORMULA 1
Y LD AL
1-oxy-2-pyridinyl, pyrimdinyl, quinolinyl,
ben2|n1dazolyl benzot hi azol yl , benzot hi enyl
Abevistinnsz ol yI | benzofuranyl, i ndol yI , carbazolyl,
phenoth|a2|nyl and phenoxazinyl. The term "nonocyclic
The"f@ﬂ@\fli‘ﬁg %Mﬂ)rewaﬁ&lsléﬁ@&jseﬂ @d’r&hghoutr t@é %ﬁe&ﬂc@ﬂ@h ARNBE YGhiples:
aromatic ring system contai ning ring atons
absanong whi ch ibwiut2 may be heteroatons sel ected

Ac acetyl
ADP adenosine diphosphate
anh. anhydrous

aq. aqueous
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fromO N and S. The nonocyclic heteroaryl group can

be unsubstituted or substituted wwth 1 to 2
waast2Beent s (preferably 1 substituent) sel ece@dIB2009/051499

i ndependently fromthe group consisting of hal ogen,

al kyl, al koxy, trifluoronmethyl and trifluoronethoxy.

Represent ati ve exanpl es of nonocyclic heteroaryl

groups include, but are not limted to, thienyl,

furanyl, pyrrolyl, pyrazolyl, thiazolyl, imdazolyl,
oxazolyl, pyridinyl and pyrimdinyl. The term
"heterocyclyl", as used herein, alone or in any

conbi nation, refers to an unsubstituted saturated
Bodronocycl i ¢ marebytoRfcatbohpl 7 ring menbers (and

referably 4 to 6 ring nmenbers) containing 1 to 2
Bsﬁeteroatoms baviae paUm YR t r ogen, oxygen and sul fur,

it being ho od that (i) a heterocyclyl
Cbigroup IS no%gﬁyg%gg‘gg?&g@t he rest of the nolecule by a
CCni trogen at owplugnnichrandtedraphycycl yl group of 3 or 4

(r:i ng nenberscgrclacrét@itgg only one heteroatomwhich is a
nitrogen atom an i) a heterocyclyl group does not
DCeoNt ai n 2 suldfchtoréh&h®e The sul fur atom of a

het erocyclyl group may be in an oxidised form i.e. as
DIFEA | f oxi de QPSR lamiRgpr esent ati ve exanpl es of
pMiet erocycl yl 9L guRokRGhdtde, but are not limted to,

azetidinyl, pyrrolidinyl, tetrahydrofuranyl,
DM§i peri di nyl , MVgéenethylfigrmamadsr phol i nyl and

i onor phol i . +F [ initions of additional

DM?:)hlﬂjem cal noi g%/l}]é%m%ghyih%ﬂ@q%%&%%aunds according to the
dpmi nvent i on ar de@iyvesr miablew. Sai d definitions are
Ai ntended to a&&L%C uni formy throughout the
EAgpecifi cati of °E%i ms unl ess an ot herwi se expressly
EDSEt out defi NL{3LameMyQmiifGTosy 1 PIaaEeca®bdinaide ower

definition. The term "al koxynmet hyl ", as used herein,
EDFAfers to a stvlppdighgistasrstiertidone hydr ogen atom has
gt been repl ace%&y an al koxy group as previously

defi ned. Exanplfes of al koxynethyl groups include, but
eq.are not |im eeqdvilent(siret hoxynet hyl and et hoxy- et hyl .

e 2t e 85 o e ol LR 2,81

repl aced by asxalukypheipaate as previously defined (and
preferably a (C - C4)alkyl group), wherein the alkyl
Hepyroup is sub®erttifted with R7. Preferably the
HOBYgbsti tuent R7, FbggyBQ&oﬁfaEc(ngen atom of the am no
group are attached to the same carbon atom of the
HPIRCkyl group. Higanpfemaode [Rpid¢Hcghathitaplgr oups i ncl ude,
0 but are not E[Ji_m'ted.to, 1- al koxycar bonyl - et hyl am no
°and not abl y -%%%ﬁ%ear bonyl - et hyl am no. The term
HV" al kyl car bonyigh,vaasumised herein, refers to a carbonyl
roup which is substituted with an al kyl group as
ch/ll%vi ously défqehromataesinby —d¥lassiSRGEEMBIInyl  gr oups

MCPpBQl ude, Dbut ,are NGbpébEARAIPL. Methyl carbonyl
(acetyl) and ethyl carbonyl. Preferred is acetyl.
Me methyl

con

NMP N-methylpyrrolidone
org. organic
Pd/C palladium on carbon

Ph phenyl
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The term "al koxycar bonyl ", as used herein, refers to a
carbonyl group which is substituted with an al koxy
w@e@ap2sso6 previ ously defined. Exanpl es of PCT/IB2009/051499
al koxycar bonyl groups include, but are not limted to,
met hoxycar bonyl and et hoxycarbonyl. Preferred is
et hoxycar bonyl . Besi des, the follow ng paragraphs
provi de definitions of various other terns. Said
definitions are intended to apply uniformy throughout
the specification and clains unless an otherw se
expressly set out definitiomr’provi des a broader or
narrower definition. The term "pharnaceutically
PyBOmIEEpPt abl e sabiBtridzelear§l-dxg-thepytrokdifo-phddPh@ithC or
organi c acid and/or base addition salts. Reference can
be nmade to " 8axaflugebethdf for basic drugs", Int. J.
rf Pharm  (1986),c3R3n 290 217. The term "room
tenperature” as used herein refers to a tenperature of
RT25C. Unl ess usedtonggeatdicng tenperatures, the term
"about" pl ac%éjrug?efdore a nunerical value "X" refers in
‘the current app]i|cati on to an interval extending from
SDX m nus 10% eddi¥mtdodotypsulfatcl0% of X, and preferably to
an interval ext%nd' ng fromX mnus 5% of X to X plus
Bugoes of X. I n {4k ‘ﬁéilrti cul ar case of tenperatures, the
TBMEr M " about " L apu@int&kahével y the term "around")
| aced before a tenperature "Y' refers in the current
TFfgppl i cation twflepmodcptiesoyhl ext endi ng front he
enperature ' Q0 0OCto Y plus 10 0C, and
TH]E)r ef erably tget}aghgﬁﬁ@éarnval extending fromY mnus 5 0C
TLEo Y plus 5 ®@n ldye) chromagiaplewl ar, the i nvention
relates to conmpounds of formula | that are al so
&R conpounds of "TOMHHYS P wherein R represents phenyl
TriOpt i onal 'y subghydrssty@ebttlyathisbridiigps (preferably
optionally substituted once or tw ce and nore
preferably optionally substituted once) by

sat

.........................................

trifluoronmethyl and trifluoromethoxy; Wrepresents a . .
TheprquasrImrIndeh osapad can Ry prepaied Usiae KA gengpay foudss summarized in
SchB@E €A@KYhomOf s W LERF esents - O and R2 represents

al kyl, hydroxyal kyl, al koxyal kyl or heterocyclyl; or W

represents -NR 3-, R2gpepresents al kyl, carboxyal Kyt ,

hydr oxyal kyl , al kox ﬁ<y| , heterocyclyl, cycloal I,

aryl or aral kyl AN represents hydrogeg of, ;

or Wreptesents y NR 3: and R2 and RRY or tQ etlh

with fhe ‘ni}ro ent 4t Rar r-es—t hem ﬁ%g\etero

ri ngRofMto 7# hefiber s wherein t hephber sre
conpl e s& d heterocyclic ring aregeach independently
sel ect ed fr%:rf;@@-, -CHRX-, -O, -S-, -Oéglo"é\nd

(-

n (U]
Scheme 1

The compounds of formula I, wherein R’ represents hydroxy, can be prepared by treating the
compounds of formula II with HCI optionally in the presence of water, in a suitable organic

solvent such as THF, EA, dioxane or Et,O and preferably at a temperature around RT, or with
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-NRy-, it being understood however that said
heterocyclic ring does not contain nore than one
woremwpaesisel ected fromthe group consisting of POMEE2009/051499
-0, -S, -CO and -NR y-, Rxrepresenting hydroxy,
hydr oxynet hyl, al koxynethyl or al koxy and Ry
representing hydrogen or al kyl; Ra represents hydrogen
or nethyl; Rb represents hydrogen or nmethyl; R4
represents al koxy; n represents 0, 1, 2 or 3 and Zis
a bond or nis 1 and Z is phenyl (the -P(O (OH) group
being preferably in para position in this case); and
to the salts (in particular pharnaceutically
trimR B B Blogni&abit §ImadhylSie o i@ ROMB@gblel dollyent Buch as DCM or MeCN
partlcular the invention relates to conpounds of
andfyyfegbly of a fomatcragyrs agquag RAdaehsosds: of formula | CE | CE
wherein Rl represents phenyl optionally substituted
once by hal ogen, nethyl, nethoxy, trifluoronethyl and
trifluoromethoxy (and preferably optionally ,
substituted once by Wdiogen nmet hyl or “rR
trifluoronmethyl); W epresents a bond, and R2
represeRIs alkylu oradcycl oal kyl grqup of 93 Ho
carbon a yrof 3 to 6 a
of 3grtO E car tons) which m nayk e NS bst bykﬁd once
by hyd%xy@t%yl or al koxynet hyl ef eﬁ'a 'y
nethox&heth&h>@n et hoxynet hyl andnn?e pbe.aﬁably
met hoxymet hyldy or R2 represents a phenyl rgroup
optionally substituted once by al koxy, or also R2
represents an unsubstituted nonocyclic heteroaryl
group; or VVrepr@sents -0 and R2 represent@mblkyl
hydr oxyal kyl or al koxyal kyl (and in particul ar aIkyI
or al koxyal kyl); or Wre demstle - NR -, R represents
al kyl, carboxyal kyl, hydroxyal kyl, al koxyal kyl
Thehﬁﬁ@'oﬁﬁdé%ﬂ’ﬂormlﬁlﬂ QH%,' wﬁéreﬁhﬁﬁyép?ésgﬁfé R°QICIYO-, can be prepared by the
unsubstituted cycl oal ky grou to 7 carbon atons
reaqtign dfcsyesp| 4/ PgspBonig aelda@fd br\’@feéﬁi‘llam yrepfes@ity Bydoxy, and an
r Sj@?g
appf:o%lflg%rhaﬁgé) gaovélgg@gfr Brﬁlﬁlﬁyﬁf‘;@@fg% W ep ghelﬁl{l%eal_b@!ngé gﬂg)dlde, in
the Rreagrae Rf ) smntablethagte(etge NE#, CAPEARind iul"rabie momhatsudaasrlbw NMP or

a r clic ri of 4t es i al
DMPL Bidlier ahe s e o bt fet sfgcen 45 and
90°6sheeligy. ocyclic ring are each |ndependently sel ect ed
from-CH 2-, -CHRX- and -NRy-, it being understood
h t d het I t t
Th encg)\lérvg)\(l)gr psp ﬂrélfualall Ing,eWEerrglg%{Q rlelg:resrelntr;gR@a lgysl-l\?P(I)-, cgr? e Srlegared by the

reaction between a phosphonic acid of formula I, wherein R’ represents hydroxy, and an

appropriate amino acid alkyl ester (preferably an o-amino acid alkyl ester) of formula
R’-alkyl-NH, in the presence of a suitable base (c.g. NEt;) and an activating mixture of
reagents such as a combination of 2,2'-dipyridyl disulfide and PPh; in a suitable solvent such

as anhydrous pyridine and preferably at a temperature of about 60°C (scheme 1a).

Preparation of the compounds of formula Il
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menber selected fromthe group consisting of -CHRX-

and -NR y-, Rx representing hydroxy, hydroxynethyl or
w@bkwongslaend Ry representing al kyl (especially P&r/mB0)9/051499

Ra represents hydrogen or nethyl; Rb represents

hydrogen; R4 represents al koxy; n represents O 1, 2

or 3and Zis a bond or nis 1 and Z is phenyl (the

-PQ(COH) group being preferably in para position in

this case); and to salts (in particular

pharmaceutically acceptable salts) of conpounds of

formula I CEiv) According to-¥ne preferred enbodi nent

of this invention, the conpounds of forrmula | as
TheO®iipaaadsi of e IIn®RAtbe iptepatdd)us@ig thé tutdRamenadized MeSchemes 2, 24

salts anDng whi ch the pharmaceutically acceptabl e
and g4 heeea be preferred) will be such that R4

represents especially linear and in particul ar

"-butoxy. v) According to a preferred varrant of

enbogrne iv), the co unds of fornula}T
whi ch > Wnaceutlc acceptabl e sa R
N(NI)

prre e ebl be HS)UC a; R repres
Acc dlmg to another &f efred vari ant f eﬁbodlnent

iv), theﬁﬁ ounds of fornula | as defined P7C
enbodi nen® i V) above (anong which the pharma&utically
acceptable salts wll be preferred) will be such that
R4 represthts "-butoxy.™ii) According to one
particul ar enbodi mrent of this invention, the conpounds
of formula | as defined in,one of enbodinents i) to
vi) above or their saltswfannng whi ch t he
pharmaceutical ly @ccept e salts will be preferred)
will be suchR%bgt ents O viii) According to
another- parti ;ﬁﬁpi odPnébt of this invention, the
compounds o as defined in one of
enbodi ment s Q) Lp?v6) above or their salts (anong
whi ch the pharnmacguti<cal ly acceptable salts will be
preferred) will be-such that n represents 1. iXx)
According to yet anoﬁper particul ar enbodi ment of this
i nvention, the conmpounds of formula | as defined in
one of enbodlnents i) to i b ve or their salts
(annng whi ch the pharnaceuflcaﬁ?y acceptable salts
ferr suc represents

T boripedGbionSTRIGR b o THEPED S PRG s SLFETE e Eoppound of

forrnlilh $I1 I\xmheﬂ&drﬁ{fbunﬂ BE f&ﬁiﬁpﬂl&ndﬁngi)ﬁtaﬁdhf@yép@idb cagplishg frhdileslls such as
in one of enbodinents i) to vr%{above or their salts

PYRGEoh Hrowkiserreth @ spiahiqbise stahca NG AIBEPtoa pFBetdyinagpholine and in
a sufthblk sOGehE ﬁéhez{srlﬁ@i&/[ waklor PRIS %&eﬁaB@Iat 9 tén'?fﬂﬁrﬁ&% Rfund RT.

xi ) According to one main enmbodi ment of

The Igé{ﬁﬁ]ﬁé ARrmEdfieS SMRAMBS, ofn hef gyl:(ﬁwbrt@(?mto compounds of formula II

wherein W is —NR’- by aromatic substitution reaction with an amine of formula HNR’R’
optionally in the presence of a suitable base such as NEt;, DIPEA or N-methylmorpholine, the
reaction being carried out in a suitable solvent such as THF, MeCN, DMF or NMP and
preferably between 80°C and 160°C in a microwave oven. Alternatively, the compounds of
formula II wherein W is —NR’- can be obtained by a Buchwald-Hartwig type of reaction,
using an amine of formula HNR’R®, in the presence of a suitable palladium catalyst such as
acctato(2’-di-tert-butylphosphino-1,1’°-biphenyl-2-yl)palladium, in the presence of a suitable

base such as sodium zerz-butoxide and heating in toluene at about 90°C.
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defined in one of enbodinents i) to x) above (and

notably as defined in enbodinent viii) above) or their
wa 200v823eong whi ch t he pharmaceuti cal | y accepkElB2009/051499

salts will be preferred) will be such that Zis a

bond. xii) According to one sub-enbodi ment of this

i nvention, the conpounds of fornmula | as defined in

enbodi ment xi) above or their salts (anong which the

pharmaceutically acceptable salts will be preferred)

will be such that they have the stereochem stry drawn

bel owxiii) According to anot¥er sub-enbodi nent of this

i nvention, the conmpounds of fornula | as defined in
TheeiRaded®Be oX formalov @a® FurtH3Ghére L2l doﬁve(r@mmg c\o/ﬁip@ﬁndshff formula I

phar maceutical |y acceptabl e sal t;s w be preferred)

whepin Wi adiaf 4 repgas plalpenprdl” sﬁ@l%)wbé?%&ly hydrggep or alkyl

w1t}pﬁ5ﬂﬁélrd(éo\ﬁ)dlti%ﬁ§ - di PuitiQeRR0E NGl pREd &bl?%%ﬁd%m OIOefster erivatives
this invention, the conpounds o? formula I as define

in thn ponencefofempo@bivemts sich asoKyHQ4, &ad"Q1 pi K.@Bovie the presence of a

sulta‘tl)]e gal% %qu cat Slpf%r{%ﬂ %e%&lséglé)%lgnry{il%h&))s eléilﬁt) lpa@ae(iué(mu & PlHtaPle solvent

suclz asS I}MEWWter anddipxakeraall presaiathly Shdating obpausidst00€ and 110°C.
fornu a % or thelr s%ﬁhg hg¥e the stereochem stry

Alt?ip%{wnﬁ Yo dho W eimedagitpiu FARUGE Vi 63malse Be egME’ em%l.cr?aipounds of

forRAI8 T HABLM Wolstzhﬁoﬁcp rugiﬁlgafn%‘?zleQandQﬂvaﬁv%fs rabinYula RASVIgBr, in the
conpounds of fornul a fined in one of

pressnesoefi nritableiijontcgtakisy yuchise vendH) ackiglacctgnite.gn (aesmﬁarhje solvent such

60 B RLRRUAL) plyPeERietl gyaal sl 15 . i

(20@)1 il BEDBE 13363 metudt:s,lttbaj 1Iﬂ)¢‘rﬁedia§es k| fompeuia \h’eﬁrhylso be converted into

nmet h x tri or onet f 1 uor onet hox not ahb .
compQu B’t“inB a Wh%ﬂagw. o @an sEgpiragent Soa?éﬁo(r"w& Ryw%nBWlth
starfrdt Ednfditid)% a5Eh Il aRsktRaPasd @féf&a&?%%ﬁbu%@ithrﬁﬁﬁé ld¥rivative in a

substituted once by fluori ne,

suitallp solyent swabitas yelyeneyand Wfﬁtﬁbb’rl@ﬂ@iﬂ%ﬁl apouttl§8°(¢onmpounds
of formula | as defined in one of enbodinents i) to
Xxv) above or their salts (anong which the R?
pharmaceutical ly acceptable salts will be preferretl)
Wil | b suah that Ra repmﬁgents hydrogep oronenhy

Ro re fQSﬁ NHy dr ogen, d in partlcul W R
eackr_ofy d Rb+repr elen S vid) ﬁp or di ng

to ONE véq‘olzant of th| Y1 i on on}ab nds of

formiPa Ioasodeflned i 9 one of enbodl ntsm#)oto XVvi )

above or their—salts (anmong whi ch the phar céUtlcaIIy

acceptable salts will be preferred) will be such that

Wrepresent® a bond. xviM) Preferably, the coffpounds

of formula | as defined in enbodi nent xvii) above or

their salts (among whi ch $themsar maceutical |y

acceptable salts will be preferred) will be such that
AlteRpativelys dweerngporndd gﬁfdtwla(légp@@adrdzgar@y@ﬂ dpehpgl in Scheme 2a by

i I | & ut C d :
e SR P S S BN s s v
couplipe bynah&nxy,smﬂlaISE anPyB@BbstiHOB@d ndmbcycluqdnmhbﬁdq
1,3 I&E:tyglg eX}Xcarb rdgrlillPde( ?ISApIe[?, tloxaﬁy n BQ eprgesgn c gf a suitable base such as
NEt;, DIPEA or N-methylmorpholine and in a suitable solvent such as DCM, THF or DMF,

preferably at a temperature around RT.

Besides, the compounds of formula IT wherein W is a bond and R? is phenyl can be prepared

as described in Scheme 25 hereafter.
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Xi X) More preferably, the conmpounds of fornmula | as
defined in enbodi nent xviii) above or their salts

W@ 2000253040 ch t he pharmaceutical |y accept abl e BEI/1B2009/051499
will be preferred) will be such that R2 represents a
phenyl group optionally substituted once by al koxy
(especially 4-nmethoxy-phenyl), or also an
unsubstituted nonocyclic heteroaryl group (especially
t hi ophen-3-yl). xx) According to another variant of
this invention, the conpounds of formula | as defined
in one of enbodinents i) to-3Xvi) above or their salts
(anmong which the pharnaceutically acceptable salts

Wi | e prefe wi |l bg such that represents -
XXi referabl the coﬂ!ﬂ nds of f
i n erbodi nent Xx) above dr their salt
the|p rnaceut IIy aceept abl e salt
o1 red) L, R2 H

la | asryefi ed

( armng m\ JID/NHZ

11, B Nod 6
met hyl ) or kq;yalky (& g 2-net hoxy-ethyl). xxi9% &

Z
According to a further variant of this invention, the_
conmpounds of fornula | as defined in one of )
enbodi nents i) to xvi) above or their salts (anobng
whi ch the pharmaceutically acceptable salts will be
preferred) will be s that Wrepresents -NR 3-
represents al kyl, caxbgxyal kyl, hydroxyal kyl ,
al koxyal kyl, heterocyclyl, cycloal kyl, aryl or ar

and Rreprgsent hwdrpg n or alkyl, orgsuch®that
represents N .and R3 forn1 . p

the ni kt.O ngth 4, earries them a k terqyyc ihcoring of

4 to 7 nbeRe wherein the nmenbers n ededbﬁo conpl ete

said heterocytPg&_rrng are each independenttg sel ected

from-CH -, -C#H , -S-, -CO and NR9 t being

under st ood however that said het er ocyclic rlng does

not contain noreMhan one nmenber sel ected fin#¥HR'ERE

group consisting of -CHRX-, -O, -S-, -CO and -NR y-,

Rx representing hydroxy, $shdmexdpnet hyl, al koxynet hyl

or al koxy and Ry representing hydrogen or alkyl.
4-phxeniyl-pyridiec Dicakbogtrilo 19 masigu bmssiilaintusbfg g diterafune tpheedure (J. Org.

var nds la | as,d
Cregit\ A7t B RIBR RS G ofifia g y@eRf et Doy cpr gridation
of OPRIIVRS asihg c@hdard agidemigicatssath 8s MAHBAdn prsaftasle e6lyent such as
wi Il be such that Wrepresents -NR -, R represents

DCM, k%ﬂd ats aﬁ@@;@g&tw&%bewa r9RYa fHRneratge k@@yé\ | The pyridine oxide
derlk}gﬁx%rtf?&y@dté{hed CH Bk gﬁlloi‘r}ﬂttecﬁﬁ{lﬂ% sth{da @nli¥on %hosphoryl chloride

represents hydrogen or al nota y hygrogen or
at refiyThe cyaxb \groupr efndrcatuirticr h}tdeolymdp@mgdsa@mf omdiffoas Ke.g. conc.
hyd och%%c aré%,dat re];llﬁxgb?ﬁea ?1?}121:’: gm]ilc:hgea | r%paal\éfg é:%l% aft%:?:gtllprlec}s f}) compounds of
forrmulh |IIIb>@ mf@hﬁg rl&:ck)cld/\tﬂlbrlctteusﬁigcdmaﬂdhﬁt refeheHuels @s’lﬂﬁonyl chloride or

hydrox kyl, al koxyal kyl, hete ycl
Oxa@/ SRy 9T asaﬁia}lrneéreaglrear wyhe dirosarer %ﬁ?‘%g‘ﬁﬁ?@){lﬁ%d’r%ﬁ@ﬁ as those
des@ﬁbeal d08ke (BOURDLYPNHE OL%Bn AhvdTBhEYdonpounds of formulae IIT and VI

(Scheme 2a). The intermediates of formula VII can finally be converted into compounds of

formula II using reagents of formula R'-B(OR), wherein R is hydrogen or alkyl, using the
same standard conditions for a Suzuki reaction as those described with the intermediates of

formula V (see Scheme 2).
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15

xxv) More preferably, the conpounds of forrmula | as
defined in enbodi nent xxiii) above or their salts
W@ 2000253040 ch t he pharmaceutical |y accept abl e BEI/1B2009/051499
will be preferred) will be such that R represents
al kyl, hydroxyal kyl , al koxyal kyl or heterocyclyl and R
represents hydrogen or nethyl (and notably hydrogen).
XXVi) According to another subvariant of said further
vari ant, the conpounds of fornmula | as defined in
enbodi nent xxii) above or their salts (anong which the
pharmaceutically acceptable-®alts will be preferred)
will be such that Wrepresents -NR - and R and R form
Simtil@fplob&furdd dah bk hgedtiot SRGE RofPainde F Foramld NeMerén W is a bond and
, heterocyclic ring of 4 to 7 menbers wherein the
R” igp splesiitoierhgBY &oieonpl et e said heterocyclic ring are
each i ndependently selected from-CH2-, -CHRX-, -0,
Preparution &ne 8o of foirtui BTN under st ood however tha
said heterocyclic ring does not contain nore than one
nmenber sel ected fromthe group consisting of
The_ Wur,ldscpf, forrg.ll,a I veherepy @g 1S M@W,anm llsép&]g@éﬁﬁri “ﬁl@e compounds of
XY r t I nd Ry
o T Aoy SRR e o
netgylka &xvii)ngrgferabky,che conmpounds of fornula I
as de Ugﬁd i odi,neq wi Joabove qr thejIns
(anoné iaﬁqﬁﬁe pharna%ﬁﬁ?iéﬁfﬁ§ accepfﬁpl §§?h§?
will be"preferred) will Hepsuch that R2 anffoR3. form
together with the nitrog that carries th a
het erocyclic ring of 4 to menbers (and notably of 5
to 6 nmenbers) wherein the nenbers needed to conpl ete

sai d heterocyclic ring eweach independeptly Bel ected
from —€6H——€HRX-," <O yRR¢- —t- bei n Nt 0od
however Bhg{Nsaid4h 2Focycloc 'ring do ngco tain
nor e t,{zanhfloryé' nmenbgr s&l esed fromthe grioupR® o=p-q
consi st NAg™{F - CHRX-, -O and— NR y-, Rx represeril
hydroxy}’huﬁ[oxynethyl ﬁb a}Koxy and Ry reprege ting
al kyl (especially nethyl). xxviii) More preferably,
t he conpounds of fornul a ke éng§fined i n enbodi nent
XxXvi) above or their salts (anohg which the
har maceut i cal cceptable,salts.will. b referred)..
T TRERE, o e SR 2 £ 6% b Risk e B P “riing  from
B0d3$-ﬁ(f6d©gﬁr¥;\éd-ba/le mﬁlﬁBb{t-BSO(’llqdﬁB%Ia&)Me:t af (Agb’tgb{/ Gedctibg lisOf)erﬁ)rmed (e.g.
.to nmenber s rein the nenpers needed to conplete |
uSI@a?(Qﬁﬁ)eta&Fe@@g%fq%eWFﬁi Ry asrRondlicaion feRspehbipg piyndeed eqndgtpns such
as NdOHIbr [HH in a SRfe of weter 8Ada siiR¥te orbdniP&IVG: URAGE THEORICOH or
however that said heterocyclic ring does not contain
EtOfb rimatlidhe ovolting ragisk insesingdipigdis faoophed athge gampound of formula VIII

.consj. st - -, - -NR ¥- .epr esent.i .
oSS Wl SR, RSO I M RScOBR! B8EPH, s o
confpatunsl of{ fonmphar Mi (s¢d Schesiechu)t Mat cBmpoehdR dfoformulh dYiet bar then be
obt%ll[mlat (Sﬂfrl] it ?cb%gg%_%%%wfa?%{ bg;ﬁa%ci(?% F:(r)r? itliodnls r}(_)r t11ie_: ¥6Jrﬁoval ofa
Boc3zri®} thaXatOWell ®hbwh B onk-s¥llled 31 ¥ dFoXy -Hyr dralfadi n- | -yl

or 2-hydroxynet hyl -pi peridin- 1-yl and notably

The compounds of formula III wherein Z is a bond and n is 2 (hereafter “the compounds of

formula Ill3,”) can be prepared using the routes summarized in Schemes 3a and 3b hereafter.
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such that R2 and R3 form together wth the nitrogen

that carries them 4-nethyl-piperazin- 1- yl,
W20t eisuke/- pyrrolidin-1-yl or PCT/IB2009/051499

2- hydr oxynet hyl - pi peridin- 1-yl). xxix) According to

anot her variant of this invention, the conpounds of

formula | as defined in one of enbodinents i), ii),

iv) to xvi) or xx) above or their salts (anbng which

the pharnmaceutically acceptable salts will be

preferred) will be such that Wrepresents -O and R2

represents heterocyclyl (not&bly

t et rahydrofuran-3-yl).xxx) According to a preferred
Thev@nh@ihdObf fdtimSlal MKE RHeRin tﬁd"'@hrmﬂﬁg $hObhmirer ggh@ hbs the “R”

as defined in one of enbodi ne i) to xxix) above or )
config@ptionsgereafierathsnepriporags qfrfemgiﬂerlﬁmé&@rl £ by prepared as shown in
&mggggghaggﬁﬂsalts will be preferred) will be such that

5 represents hydroxy. xxxi) According to another

va iant of this |nvent|o- the co unds of fornmula |
def,j,ned in /m\r ments iJ oy io XXi X)

%b e orTheiosa tﬁ/(annng_thth pceutical ly
sptabl e salts wi Pl be preferred%/mnpl be such t hat

R50mepresents HOCH2q - or R7-al kgh-NH. xxxii)
According to a preferred variant of this invention,

the co ounds of ormul a | &S defln i n enbodjment
XXX ) JJ\( r salts& hthe N Q
phar meedf | dal y accept abP aﬁfs Wi be pr erréﬁ}

wi | be(§ cf that R5 represgﬁts R OCH O . XXXi
Preferabty, the conpounds o, “f6rnula | as defd n%d/'n
one of enbodi nents xxxi) or XXII) above or the|r
salts (anong which the pharnaceutlcally accept able

salts will be preferred) be such that R6
represents aIRkyI c enyw/‘l koxycarb yI and
preferabl y net et¢u;ﬂycar NKX X1 V)
Acc%rdrng R angih preferred varlQOMﬁJtP;
hnvethon ?Eé c% ds of formula | /las d% .bped in

odfnent XXXI ) %abpve or their salts (anmnqowhlch t he
ph8rnaceut|cally acceptable salts will be pre{erred)
wi | lvipe such that R5xyepresents R7-al kyl - Nhgg) (and
pref erably 1-al koxycarbonyl -et hyl am no). xxxv)
Preferably, the conpoundss@enfe@zmul a | as defined in
one of enbodi ments xxxi) or xxxiv) above or their

D-Hohds8rif 20BN GirhbeC prdtéi@e 0 BAI AR GRS deh alv it @@b@ﬂér@@ @sing standard
salts will be preferred) will be such that

conﬁlélsn%@wrst%wosk}l&érlbdwwﬂ WXQHTBeSMé%cﬂl%@lqh@Xﬁ%tnﬁéﬁlt of the
resugtzl{é dep:l Iﬁlg(i att his R%Eré:?ﬁreﬂ Qﬁ'c;l He et@g St Uéﬂ:sbeolfonfl%f ﬁgﬁlrgal\/[lel in DMF

In e eir sa
at a(temparguwhircindt R Tiedrydece uﬂmcd:lah kcyn ther bp taistimtasldiyt sbromide using

stanyﬁgq%%gﬂﬁﬁgggﬁrhraes Wl %gg&% 6{11@3%&:',? \ée)n?g?c%s 1581\/1 preferably

betWENOPALSId RUI Ehe Wit hhﬂaalsege rreadmgttbythe cHBpAMYY of formula X can be
trifjiuoromethyl or trifiuoromethoxy

performed using conditions such as those alrcady descrlbed for the synthesis of the

compounds of formula IX (see Scheme 3). The compounds of formula Illgr can then be

obtained by cleaving the Cbz protecting group using standard conditions known to one skilled

in the art.
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Wrepresents -NR 3- and R2 and R3 form together wth

the nitrogen that carries them a heterocyclic ring of
wG2@p/153menbers (preferably 5 nmenbers) wher ei nPETEB2009/051499

menbers needed toconpl ete said heterocyclic ring are

each i ndependently selected from-CH -, -CHRX- and

-NRy- (preferably -CH - and -CHRX-), it being

under st ood however that said heterocyclic ring does

not contain nore than one nenber selected fromthe

group consisting of -CHRX- and -NRy-, Rx representing

al koxy (preferably nethoxy)-#nd Ry representing al kyl;

Ra represents hydrogen; Rb represents hydrogen; R
The @R8N 6f &rkakyITsRWHeERE @FetdrborRbeddabidtd aMlino group has the “S”

R7-al kyl -NH-; R represents alkylcarbon | or
conﬁg%&%@ﬁ%ﬁw theeqgiopadseeft formadly ises alr%ﬁw be rrpared as shown in

Sdéﬁp@gﬁggg§xl 2 or 3 (preferably 1) and Z is a bond.
xxxvii) The follow ng compounds of fornula | as

deflned(in enbodlneng i), ii) or || are articularly
preferr NH, 4- ((|7) 4[4 (( rrolidin-
1-yl) HB- p enyI yrl N carbg) ﬁh1no}

4- phosphono- butyryl) pera2|ne arBoxylic acid

ethyl edrer; - 4-((i®-2-
{[4-((5)-3-nethoxy pyrrolidin-

1-yl)-6-pheny - yri2 car bonyl] Ham%?f@

4- phosphenoe fy?y< pi-per-azi-neo - *ﬁb aci d
butyl ester; 0

4-((17?)-2- {[ -§4-net hoxy- phenyl ) -, Ophenyl pyridi ne-2-c

ar bonyl ] - anPndgfs phosphonopropl%n ) -
pi per azi ne-| - boxylic acid ethyl ter; - 4-
{(1?)-2-[(6-phenyl - 4- tBIO hen- -pyridine 2- carbonyl

) - am no] - 3- ph phosph Nonyl
pi perazige- 1- ¢ hVF Cld ethyI esteér; -
-

{(i?)-2- ’Enﬁ r|d|ne - car bon PE”%nfn
hosphB hpa p|on afﬂe azi ne- 1-carboxy®ic % i
et hyl terR -

4- {(|7) 2- L(4 cyclopropyl 6- phenyl - pyri di ne- 2- carb nyl
) - ani no] -%Yphosphono- propi®nyl } - pi per azi ne-  Mezs)
1-carboxylic acid ethyl S§ter; - 4-((17?)-2-
{[4 ((i?)-3-hydroxy-pyrr

) - 6- phenyl - ¥r|d|ne 2- car bonyl ]

To sbtalﬁd% H‘?JHI?)Q%‘%B BYRHIR_TBibte pRg, ATt th@éwﬁasaw 1éth 48)r()-2-amino-
4- bl%m{ltﬁéta%fd hydrobromide salt, Whlch is first rotected on the acid by forming a
4- {[4- (2- met hoxy- et hyl am no pyridine
methzl-mr bsmg/ Isf}m@nd n@}dJ@np ﬂios‘ph @m@tpar &kgiiedny Itl)e— o (e g HCl in MeOH). A
| perazi aci.d eth t
Cbzggllg)tq) ,gjm e{l[bf 1(1% ?ucaérf Sy ythe thrqggrrln unl(r:)l% ng?]d coPderl?/rrlsl lown to one

skilted- ipathb ainty |'l]healﬁ‘ﬂxn®1}reé3-stﬂp©3@ﬁlﬁfg0w i ﬂi’my[io)mds of formula XI can be
performed using conditions such as those already described for the synthesis of the
compounds of formula IX (see Scheme 3). The Cbz cleavage can be performed using standard

conditions known to one skilled in the art (e.g. Pd/C in MeOH).

The compounds of formula III wherein Z is a bond and n is 0 (hereafter “the compounds of

formula IlIz,”) can be prepared using the route summarized in Scheme 3¢ hereafter.
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pi per azi ne-|-carboxylic acid ethyl ester; -
4-1 (i ?)-2-({4-[ (2- et hoxy- et hyl ) - net hyl - am no] - 6- pheny

WO 2@9nedsee- 2- car bonyl } -am no) - PCT/IB2009/051499
3- phosphono- propi onyl ] - pi perazi ne-1 -carboxylic acid
ethyl ester; - 4-

{(i?)-2-[(4-benzyl am no- 6- phenyl - pyri di ne- 2- car bonyl ) -
am no] - 3- phosphono- pr opi onyl } - pi per azi ne-
1l-carboxylic acid ethyl ester; - 4-(-2-
{[4-((5)-3-net hoxy-pyrrolidin-
1-yl)-6-phenyl - pyri di ne- 2- ca¥bonyl ] - am no} -

2- phosphono- acetyl) - piperazine | -carboxylic acid

but yl ster -

4-(( \vﬂi:JS met hoxyk pyw OLLE;E | -yl)-6-phenyl -
pyrlzgjgf carbonyl] an1ndykP’Hr

5- phosp Oﬂo pent anoyl ) - plp@kﬂ |ne- 1-carboxylic acid
but yl ester - 4-((17?)-2-

{[4-((5)-3- nEthoxy pyrrglidin-

1-yl)-6-phenyl pyrkﬂlne aQboﬁi:| -am no} R4 X

5- Dhospggng—pentgnqyr)/inéWé2|ne I —gaLbeyH/EJ%éfNH

butyl ester; b

4-((1 gy - ,f% (2-™ uofo- phenyl) 4- phenyl - py?IdI%e 2 ca

rbonyl | ﬁ1@o} 3- phosphonopr opi onyl ) - pi perazi ne- |

-carbox?llc acid butyl ester; -

4- ((i ?)- 2" 4- phenyl -6%3-tri f1 uor omet hyl - pheny™epyr i

di ne- 2- car bonyl ] - am no} -

3- phosphono propi onyl ) - p|%@$3§¥¥b | -carboxylic acid

but yl
They. qoerrp@)méz {Tfe fekrmrlrl uctb- pHendd ) obt2igpdnin - Py i HFife-Sarting  from
CbZ &%ﬂg%)l) rﬁ@g@am lgmgthglsﬁfg&g;h?% &Bﬁgﬂ%ln)reacﬂbﬁ) ?srl%{f‘oﬁﬁed using standard
condiipfs éRl):h 2s N@@thdn@ﬂ- i6-a/Hixtuod yif wigyrr andli anseit@ble argaoioysblved such as

TH@CW o@%’tﬁ)@—? Otﬁo cﬂ) Or??d? négjl @te?mgcﬁarltgzls nceoupl%dcv%lrtl?oa)%(l)rlngound of

forrﬁlﬁlﬁwm gsmgﬁianaarﬂelsém&y neupilg eeloapraply | as- Hoghassekiby for the
rialne car

]-
syngigsin s CCEHW@%H%f%mchlbi(%ﬁ)ﬂcbmﬁ por 3h¢ pampeuady phfgymula Mlzo can
theri'"? S‘DtQH&y ﬂ)y &%(ﬁf(kcondldﬁo(lg Fof MicZremoval of a Cbz group that are well known to
4-((1 ydr oxynet hyl - cycl opr opyl g ph enyW

mwmkdkdarmeaﬁK@@dWV¢4mﬁﬁOﬂm

3- phosphono- propi onyl ) - pi perazi ne-1 -carboxylic acid
The {%MJ{)F@? cgr fbrl%llﬁlggﬁg\{lhe?‘r?l%iz 1aian‘t30nd and n is 3 (hereafter “the compounds of
forruly M)z;B8) q:mhéﬁy)kepp;edludlng ehZroa@rshomakiyed iarfichahe 3d hereafter.

3- phosphono- propi onyl ) - pi perazi ne-1 -carboxylic acid

ethyl ester; - 4-((i7?)-2-

{[4-((5)-3-nethoxy-pyrrolidin-

1-yl)-6-phenyl - pyri di ne-2-carbonyl] -am no} -

3- phosphono- propi onyl ) - pi perazi ne-1 -carboxylic acid

butyl ester; -

4-((5)-2-{[4-((5)-3-net hoxy-pyrrolidin-1-yl)-6-phenyl -

pyri di ne- 2- car bonyl ] - am no} -

3- phosphono- propi onyl ) - pi perazi ne-1 -carboxylic acid

et hyl ester; -

4-1(5)-2-{[4-((5)-3-net hoxy-pyrrolidin-I-yl)-6-phenyl -

pyri di ne- 2- car bonyl ] - am no} -

3- (4- phosphono- phenyl ) - pr opi onyl ] - pi per azi ne-1 - car boxy

lic acid ethyl ester;
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4-{ (i ?)-2-[(4-isopropyl - 6-phenyl - pyri di ne-2-carbonyl) -
wW@Rri0na2538 phosphono- propi onyl }- pi perazi ne- 1- CBEDBYIY 51499
acid butyl ester; - 4-
{(i1?)-2-[(4-nmet hoxy-6-phenyl - pyri di ne-2-carbonyl )-amn
0] - 3- phosphono- pr opi onyl } - pi perazi ne-1-car boxylic
acid butyl ester; -
4-{(i?)-2-[(6-phenyl -4-pyrrolidin-I-yl-pyridine-2-carb
onyl ) - am no] - 3- phosphonopr opi onyl }
- pi perazi ne-1-carboxylic act®¥-butyl ester; -
4-((1?)-2-{[4- (4- et hyl - pi perazi n- I-yI) 6- phenyl - pyri d
ine-zycgrbégétggphosphonoﬂeqpyla

- acetly| Nz po i ne-  1-gakb igﬂl butxl esﬂerw\/[:j
4- (

{[ 6- phe yl-(i?)-4- (tetrahydro fur an- 3- ylan1aj;[?¥¥|d|n
e- 2- cas |]-am no} - OH |

3- phosphono propi onyl ) - plpera2|ne | -carboxylic acid

but yl ]

47?0 2> ynethmb Tj:@ ,4,5,6-tetrahyd
ro-2 H[I,4 Joipyridinyl-2"-c nyl ) -

am no] - 3- ph spgono proplonyl} |Bera2|ne 1-carboxylic
acid butyl qﬁt@ - 4-

{(i?)-2-[(4- cyt\opropylan1no 6- phé\yl pyri di ne- 2- car bo
nyl ) - am no] - 3- phosphonopr opi onyl }

- pi per azi ne-1- carbaxyhlc ac butyl ester; e
{(i?)-2-[(6-p A no- pyr|d$Pew bonyl)
an1no|-3 ﬁhﬁ on -p o jonyl } -

R4
pi pe g arbexyl ic aC|d but yl egﬁér R>

4-(iR) oJ2- [(6 phenyi - 43Py ami no- pyPldlne 2-t bchyl
)-a n0R93 phosphono- ﬁ?oQ\onyI} pi per azi ne-
1-carboxylic acid butyl ester; - 4-((i?)-2-

{[4- (2agar boxy- et hyl ampp) - 6- phenyl pyrldlmmmz-carbony
I

[
] -am no} - 3-phosphonopropi onyl)- piperazi ne-
carboxylic acid butyl es$deine-3d
4-((1?)-2-{[4-(3-net hoxy-pyrrolidin-I-yl)-6-phenyl -pyr
Thd @dﬁﬁy%oﬁ@bﬂﬁi%n]be&fﬂﬁ@h by forming the mixed anhydride on the acid function
3- phosphono- propij onyl ) - 3- net hyl - pi per azi ne- |
of C%@%&Mel using-4 @hl@fq{%maé%fe@gen(tﬂ@t tgmpyesgfnc(e(qfqe) suitable base such as
N-n{e[ﬂf’ylﬂl&@loﬁne'”f%{ Q%ﬂ(ib‘i’é’ £J194n't chrl‘l ds~ Vi - eﬁld&%ﬂ%i/a!blypé(trz{bg{nn §35°C. The
2- car bonyl ]-an1no}- -p osphonopr opi onyl")
mix8d metyfdyikde Ipéucadlbmels ng-acanthlgx y¢ducinggigent sttty bs MeBldy in; presence of
A (12)-2-{[ 4- enyl
Nké?%%%@FTm%%$%8%; ggp onoprg%%;ﬁhﬁ mn(mﬁgﬁgkg%%%F%M%dbyan
iodide asib@xphdad aﬁth(ﬂtldﬁists)dbh %inﬁdazo}e #Ph; and I,, in a suitable solvent such as

(i?2)-2-1(4-ne I I ne-2-carbon am no
1% %ﬁ@% 6%% {S.aélﬁ T oo et s Fr?éepwe@grgoﬁygh j ompounds of
forrﬁlﬂhd}ﬂ@y%é’ﬂ b@%%rmed usm%1 conditions such as those already descrlbed for the

5 4-((5 [idin-I-yl
synﬁlnglé Q% ﬁ)@ (:{@Ermg](al](gb?gﬂ fprrawte %{(se%ysrcrhgmle 3I) nThe glorr)lpounc?s of ormula g3

t i
mﬁﬁﬁ %%M{W%@%ﬁ@%%ﬁ%@%mwwm
]qmphabnnmﬂuﬂmbahhynaggeB&ﬁbhedamﬁls) t her eof .

The compounds of formula III wherein Z is phenyl (hereafter “the compounds of

formula IlIp,”) can be prepared using the route summarized in Scheme 3e hereafter.
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XxXXviii) Further preferred conpounds of fornula | as
defined in enbodinent i) are selected fromthe group
W@ eisBshg of @ - PCT/IB2009/051499
4- ((R) - 3- (Bi s-acet oxynet hoxy- phosphoryl) - 2-
{[4-((S)-3-nmet hoxy-pyrrolidin- 1-yl)-6-phenyl pyridine-
2-carbonyl ] -am no}-propionyl)-piperazi ne-
1-carboxylie acid butyl ester; -
4- ((R) - 3- (Bi s-et hoxycar bonyl oxynet hoxy- phosphoryl ) - 2-
{[4-((S)-3-net hoxy-pyrrolidin- 1-
yl)-6-phenyl - pyri di ne- 2- car bonyl ] - am no}
- propi onyl ) - pi perazi ne- 1-carboxylic acid butyl ester;
9 N, N -Bi s- (9 Sk- %-ethoxycar onyl%thyl)-z- o N
[ A= (&) -3 y=pyricot —
|)-6-pheny pgfi I ne- ir\T<
bonyl ] - aninre} - 3- oxo- 3- (4- oxy-car bonyl -
n- \) - pr opy osphoni ¢ aci d\.diam de; and - —p O~
4-[(R)-2-({6-Pheny|-4-[(tetrahydro-furan-s-yl)oxybﬁﬁzr
i di ne-2-car bonyl }-am no) - 3-
hosphono-propionyl]-piperaq&ne- 1- carboxylic aci
ut§l ester; as well asathe jsalfts (in particuylar

HO phar wacEut i cally accept gbl £)§) T&hereaf . 1t N
un ePs{Egd t hat _any §£ﬁﬁ%@§pnic %elfﬂr of ﬁnyib otnd

tdd jin eqboa{\ t xmxviT) xxviii), whoch ¥s got)
ex P BTy %S@Fgwgd, mey be i ngbEghite (R)- or (S)-=7r5>"
conffgurati oo xxXkix) A further ‘objlect of the
invention is thg conpounds ofypfornula | (or of forpula
Ip or ICE) , as defined in one of enbodinents i) to
XxXviii) above, or their gharnegeutically acceptable
salts, as nedi canments. The conmpounds of fornmula |I and
theLr ' e.rsalt . S
T 85 SR TG A SRS o (S RRREy WOBRLRS can be
preoetoasiing dros thoriodapheryéddlanime ¢pa@nhdy @slingadaidards¢onditioom known to

X he 1 nv ion.thus _.alsp relates to pharpmaceuti.cal, . .
one SSsBaR EPOHE. i AGoRE EaRee B COrpOtary Hanine derivaives
can FFGHedpro@cte® b9 FernHtios B QH IcfEN bterl UsideOstXoard ¢dnlitRRO¥Bown to one

or a Eharnaceutlcally acceptable salt thereof, and a

skillgdainndie etit i el Pymprsedptigl ebteiaed icat thagi pyspeveged into the dicthyl
phog;ﬁzg)hgt% ed%hvatl\)gf %%igl%‘;ﬂli’étﬂlzphtogﬁzit%,nf‘ﬁetﬂg !p%%eﬁc%l (ﬁt§§ui{agle base such as

rmaceut | ca ositi‘ons containing at [east one
NEgoinpleiptsaice H6r uikabld palledivof catadystnstich dsPPdoPPH;iEIN asdtable solvent

soci i 0 BRI etV GATee P et i i eading to the

confpdand¥ag Eorintudal 11,6 eaSickfoansd @iy dadiibheaichds thds@already described
nner which will be famliar to any person skilled in

nma /
for the synthesiy ofdle ¢ampposnRdsf farnmdad g (56 SChyiee Bei ence and
Practice of Pharmacy, 21st Edition (2005), Part 5,

Prepdidabn BB toksunMesbaatik iy ng” [ published by

HO

The compounds of formula IV wherein R' is phenyl can be prepared using the reaction shown

in Scheme 4 hereafter.
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Li ppi ncott WIllianms & WIkins]) by bringing the
descri bed conpounds of fornmula | or their
web@eneseut i cal |y acceptable salts, optional | yPEHIB2009/051499
conbi nation with other therapeutically val uable
substances, into a galenical admnistration form
together with suitable, non-toxic, inert,
therapeutically conpatible solid or liquid carrier
materials and, if desired, usual pharnmaceutical
adjuvants. xli) The conmpounds according to formula I
as defined in enbodi nents i)3%-0 xxxviii) above and the
pharmaceutically acceptable salts thereof nay be used
foro the preparatioon of a medi canept, and are suit &bl e:

stlabl e _anging, st abl e angt na,_kyocardiar T nfoar e .
13 (i ncl Gdithg )
enbolic strok&), arterial thronbosis
(including primary arterial thronbotic conplicatigts
of atherosclerosis, notably thronbotic stroke), venous
t hronbosis (notably deep vein thronbosis), thronbosis
secondary to vascul ar damage or to inflamation cl
(i ncluding vasculitis, arteritis and X
gl omer ul onephritis), venooccl usive diseases, tH
i schaem c attacks, peripheral vascul ar diseases, §
myocardi al infarction with or w thout thronbolysis,
nyel oproliferative disease, thronbocythaem a, si citr =prh)
cell disease, inflannator% ﬁomel di sease, thronbotic
t hr onbocyt opaeni ¢ purpur a, %%Iytlc uraemc
syndrone; for preventing thronbotic conplications of
Thes epitingaemitaial athalcthyi- éqmif:]ﬁﬂtl(ﬁf yyrd:hﬁ-t‘l-FCEBSlSS yaillyoagcessible using a

et RBSEYID bhcFa, G SA0G Ay AP2BEF diies be cHppated to vied

4-cRERVERIHB 6 SAE DY AGRE B rnginHahdeé’Jﬂdﬁfb%s q&gePhd‘ssﬁ&r I Phloride at
sur gerh{vg@ pr ocedur es not ab y Ccoronar revascul ari sati on
C.

reflpy)k -8pneikxlyo- pmmyrld@tqﬁ@fn thers bg loaidizgd dhto 4shydyexyy6-phenyl-
pynt%ﬂl%az" &%@@?B’Q&d"r %f&%ﬂfy R 2 %t lﬁrdléiaﬁlg)'\wa?e?‘:}ndﬁﬁ?tp?énsence of

reventing organ gr rej ection
scleaiunt HE)D(ldemﬁh)dremie]mhg cbﬂnpommlnpmamdmtmrhmfgcﬁtmﬂl as Imm@asity, can then be

el falel 3 e iRy Sitng G FiRah: ik cBpPose e ity wherein

R' &Qhehyl&aR be RBtaAtddHY Qﬁnd@r&@@bﬁhﬁﬁﬁﬂfn m&R6ldsaueh 4 itHoa®ldescribed in
for preventing conplications in conditions in which

Sd@@@éspasns lead to vasoconstrlctlon and thus

Slmtllhrsérld?edu%érbgmb@ u9dd lIOIO%ﬁllIll? § Gfaﬁhﬁﬁlasli/ W&réihi\f}/ is a bond and

ore, a particular o Ject 0 Is Invention is
1shSMM$BH@ﬁmﬁmybm@uund of formula | (or of formula IP
or ICE) as defined in one of enbodinents i) to

]%e&%xxg ﬁ2m9?9% ngggﬁgwgdgg?rnaceuticalIy accept abl e
LAYt Her ebt"PH6f e manutfacture of a nedi canent for

Thet Igc?mpounas of formula VI can be prepared using the reaction shown in Scheme 5

2
Cl W'R
X X
| —_— |
HO Nl HO N
N 'R N” 'R
o o

(v) (v

Scheme 5

hereafter.
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listed in enbodinents xli) and/or xlii) (and in
particul ar in enbodi nent xli)) above, and for the
woremwafizssar e of a nedi canment for the treat nentPOF/1B2009/051499
occl usi ve vascul ar disorders in general. xliv) Mre
generally, the invention relates to the use of a
conpound of formula | (or of forrmula IP or ICE) as
defined in one of enbodinments i) to xxxviii) above, or
of a pharmaceutically acceptable salt thereof, for the
manuf acture of a nmedi canent for the treatnent and/or
prevention of occlusive vascitl-ar disorders as well as
to the use of a compound of forrmula I (or of fornula
Thel PorBfoun@E)of flormilhevimameicactwirie -ofR'a daRdheamedbtdifdd breromatic

treat nent . and/ or prevention of perlpheral vascu| ar, of
submtg‘ré(gy gpctlonmfptgi: ﬂ@ﬂﬁéﬁﬁ@‘[qs&fafprm@g AVl \alrt agfamine of formula HNR’R?

;
i GRS s P S
W i nRUdperSchhmoAbosi s i n hunans and ot her mammals. x| v)
Anmong t he above-nenti oned uses of conpounds of fornula
Besldeg,othe ofonfpounds af fqgmota N(]:E/yh@cinow isha@maredmi adadihgd by aromatic

t bl th th
Subﬁé]atll % a]fa?g?l {eogl ) ti% rlaﬁeﬁlréeecﬁ) ﬁfggoaﬁn}e}@ )\ZVil Oalugb 8@8X1d?sh 8f formula
NaOBeshd RuctivarvdmcCiauiddiag MMHabRIBRESt fudk at iR doiRasoRaIMg alcohol of

or prophyl axi s of nyocardial infarction, arterial
forr{lﬂﬁ%&@ﬂ% rd HE, gecdpie{eratily ¢fiipods ©meeiBke) , transi ent

i schaem c attacks, peripheral vascular disease and
Pre &@Bbﬁoﬁﬂgc&h}%ﬁ% & amdiipa 11 be preferred. xlvi)
he invention further relates to the use of a conpound
of formula I %gr of formula Ip or 1CE) according t
Theg remppudsph Od Al | YII{ o3y b mmpa@éo\pémgo,theofroate descrlbed in
PG t I
e iy %%a%#ﬁﬁ BSOS e TS s Grpfs of formula V.
Schpmes®anbid)on of pl atel et concentrates), or for t he
prevention of occlusion in extra-corporeal blood or
bl ood product treatnent nmachi nes (such as rena
Pa u@zlr%?ﬂb%dﬁ@eﬁﬁ' Jf‘ﬁ?e 19(761‘{? Oﬁ%.%g&{&allé gg%]:m g)Exétln l'eé )whlch serve
e invention also relates to netho 0 at ne
to ilseraditsomderton membiadesd] withetrbodingatstssopd in anamwdy .or
xlii) (and in particular in enbodinent xli)) above,
said nmethods conprising the adnministration to a
patient in need thereof of an effective anmount of a
conpound of forrmula | (or of formula IP or |CE)
according to one of enbodinents i) to xxxviii), or of
.Eéﬁé@ﬂ@&ﬁ§§§Utically acceptabl e salt of such a compound.
nce to a conpound of fornmula I, 1P or ICE in
this text is to be understood as referring also to the
salts (and especially the pharmaceutically acceptable
Chagagrerddation meifiods ewdpounds, as appropri ate and
expedi ent. The preferences indicated for the conmpounds
'H- ﬁf\/lfi A;GBJM'IZ? v &HWdS(ﬁlt et} Y}rﬁﬁé} %daﬁce%(ﬁ@gh&: "Giheﬁﬁb%l shifts are
conpounds of fornula Ip or ICE, as wel
givenaint gpna ndatpiede nim:mthn(caisddy Hatfqéptt@bl o= §a1gl@ 0bf= ct0hlblet t = triplet,

ds of fa Ip o rmul a
= FEEAER st b £5 e nale T bl Bllon 8 i
medi canents, to pharnaceutlcal conposi tions
The LC-MS retention times have been obtained using the following elution conditions:

A X-terra® column (MS C18 5 um, 2.1x50mm) was used. The two elution solvents were as

follows: solvent A = water + 0.06% formic acid; solvent B = MeCN + 0.06% formic acid. The
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cont ai ni ng these conpounds as active principles, to
the uses of these conpounds for the manufacture of a
worewoazwsent for the treatnent of the di seases BCTIB2A091F1499
to this invention or to the conpounds for the
treatnment of the diseases according to this invention.
According to the invention, the conpounds of fornula I
(or of forrmula Ip or ICE) can be prepared by the
process descri bed bel ow. PREPARATI ON OF THE COMPOUNDS
OF FORMULA | Abbreviations: The foll ow ng
abbrevi ations are used throuhout the specification
and the exanpl es: abs. absolute Ac acetyl ADP
cluché €1es ine wdk Bhasphabel trhchaakhtyiciQuss @g. elmmlgaﬁixaﬁqumpomon in
te/t-butoxycarbonyl BSA bovine serum al bum n

fungg)ﬁlzgﬂ t@?(ﬁ’lér!ﬁrtb%?ﬂyl stz{lrof:gqelﬁl#po@rﬁr% ﬁﬁlpg}@pgﬁlhly the ﬁ@zle below (a linear
gra&‘l&ﬁ%@fﬁ u@é Wt@'o(éghs%[:ﬁmtt nll?L)PEA

di | sopropy [ am ne - hoxyet hane DVF
V- di met Hyl f o nanLFe U7 i mgt hy) g opyll en

td%@é dpm dedays ger 'nngPEA =thv|fgcetatet%ECI F.80
7V- ( 3-.di et hyl argenopriopyl k- 7V t et hyd car bodi iai de [EDT.

SOYW%?A(& di am ne{B traaceti ¢ acifl Et get hy 95" s

§ﬂ%9§§é t(C) HATU 2-1(7- - 1—Lbe§$otr|azoi - 1-y|)-5

etranet yl urjoni um hexaf | uor opho sphate

Preparative LC-MS methods used:

The purifications by preparative LC-MS have been performed using either a Phenomenex”
column (preparative LC-MS methods (I) to (IV)) or a X-Terra® column (preparative LC-MS
method (V)) unless otherwise specified in the relevant Example description, with the general

conditions described hereafter.

A Phenomenex” column (Gemini 10u C18 110A Ax 50x21.2 mm) was used. The two elution
solvents were as follows: solvent A = water + 1% formic acid; solvent B = MeCN + 1%
formic acid. The cluent flow rate was 50 mL/min. The characteristics of the eluting mixture
proportion in function of the time t from start of the elution are summarized in the tables

below (a linear gradient being used between two consecutive time points):

I) Preparative LC-MS (I):

t (min) 0 0.4 2.6 3 34 3.8 3.9 5

Solvent A (%) 75 75 55 55 4.5 4.5 75 75

Solvent B (%) | 25 25 45 45 | 955 | 955 | 25 25

IT) Preparative LC-MS (II):



Hept heptane HOBT 1- hydroxybenzotriazole HPLC

Hi gh- performance |iquid chromatography Hse
waQ.2000neses i ne HV hi gh vacuum LC-MS Liquid PCT/IB2009/051499

Chr omat ogr aphy - Mass Spectronetry MCPBA

met o- chl or oper benzoic acid Me nethyl NW

7V- et hyl pyrrolidone org. organic Pd/C palladi umon

carbon Ph phenyl PyBOP benzotri azol e-

1-yl -oxy-tris-pyrrolidino-phosphoni um hexaf | uoropho

sphate Rf retention factor RT roomtenperature sat.

saturated SDS sodi um dodecyt4lsul fate tBu tert-butyl

TBME r -butyl methyl ether TFA trifluoroacetic acid THF

tetrahydfofyran TLC thin Tayer chr tlo phy
rté'f"é'ﬁtior tFme TLE‘% r?g(hydr xyrre?gsll)%ncrregtgane 5

General _[prepar @t i on [OouLe:| The varioug conpounds of
Solveptrfu(“a) | be r eparted usifg ft heSgenet-al |rdites 63

summari zed i n pchene| I and[ SChene | angreaf ter. ( H) (3|5)

Solgenidht o)l | THS conpdunds 58f [ obhrulja 95,5 h8P&i 1

represents hydioxy, canm be prepared by treating the

) Preparative LC-MS (11I):

t (min) 0 0.4 2.6 3 34 3.8 3.9 5

Solvent A (%) 70 70 50 50 4.5 4.5 70 70

Solvent B (%) 30 30 50 50 95.5 95.5 30 30

IV) Preparative LC-MS (IV):

t (min) 0 0.4 2.6 3 34 3.8 3.9 5

Solvent A (%) 85 85 65 65 4.5 4.5 85 85

Solvent B (%) | 15 15 35 35 | 955 | 955 | 15 15

A X-Terra® column (Prep MS C18 OBD™ 10u 30x75 mm) was used. The two elution
solvents were as described for the Phenomenex® column. The cluent flow rate was 100 mL.
The characteristics of the eluting mixture proportion in function of the time t from start of the
clution are summarized in the table below (a linear gradient being used between two

consecutive time points):

t (min) 0 0.6 33 3.9 4.5 5.1 52 6

Solvent A (%) 85 85 65 65 4.5 4.5 85 85

Solvent B (%) | 15 15 35 35 | 955 | 955 | 15 15
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conpounds of formula Il wth HC optionally in the
presence of water, in a suitable organic solvent such

W@2009HEE36€EA, di oxane or Et O and preferably atP@r/1B2009/051499
tenperature around RT, or withtrinethylsilyl brom de
or trinethylsilyl iodide in a suitable solvent such as
DCM or MeCN and preferably at a tenperature around RT
(schenme 1). (1) (I PDG Schene \ a The conpounds of
formula I PDG wherein R5 represents R OCH O, can be
prepared by the reaction between a phosphonic acid of
formula |, wherein R5 repres€nts hydroxy, and an
appropriate halide derivative of formula R-OCH -X, X

Stat@iaRgpiebsisedl@y da:om de or iodide, in the presence of
a suitable base (e.g. NEt , DIPEA) in a suitable

sol vent s NVP or .DNVPU, . option in the
Theﬁ?‘%‘éﬁéﬁt&élsE‘B’%r\(gﬁ”%e‘bi?%ﬁf%’ﬁﬂwnéﬁlhé € «’rsapﬁl@@me specified. The
rev@&! WBER 4Rdand 1998CTESchegerdR) Biolhe. mguﬁd%eofabbrewatlon for

for rrul a | PDG wherein R5 represents R7-al kyl - can
LiCheppppe - £81( 152 1) Merck.i on bet ween a phosphonl ¢ acid
of formula I, wherein R5 represents hydroxy, and an

appropriate am' no acid al kyl ester (preferably an
Exagnpleil h od-6&)-2- ddkP)-3emethoxy-pirrobidimg] -zl) f&7plzdniel py ik ei2acarbonyl] -
t he pres qnce of a . suitable nd an
i R SR P A LR P eid Wl Bt T o
of 2,2 -dipyridyl disulfide and PPh3 | n a suitable
1.1.s@)Beidreuehrdslimnhydbaugic pyid rehrberndesderpr ef erably at a
tenperature of about 600C (schene la) . Preparation of
Di-fefrebuydrdicarisonsy. nuﬂes;'g)s \x'/zmt enddd atpesionRisepatat ioon sofution of

f 1. Th f f la |l
(53-%%%%? g%‘gfn@o&%orﬁ@ S (rBan St ”n%g ML) Mheseaction mixture
wastirrd@ otdtdigBPatlrer Q@z{t&e&as ddlitd ﬁnd(th%rgéiﬂasé Rhs BRI, & was washed

The conpounds of formula V can be i ned (Schenme 2)
withyyate 8 pNHrlgl. aate sapiaidOafand driral Bhq pre. whase wasc drgsb (N&SO4) and
QHQ e de coupl i ng net hods
evalg rated @%éy@ggﬁﬂé&é&gﬁeﬁpr eglégéﬁ Ap% a suitabl e base such
lH-NMR\EtDChDMFAEAbDB HHe 8 A9 (4 h Gl 70r(en, aHg 1.98 @, 2th)i bdd 6, 9H).
sol vent such as DCM THF or DVF, preferably at a

“-E ??%?}fiwyipgﬁfr PR i Ge bR hog ee%%ﬁéﬂﬁé'saéfe s o
[ R i
o pRArioBh R e B ras el TIRRCHOGHE! BRet i 72

55% BRpdties anGchd of) oHibdbke TthaS@cﬁmﬁlmeNasgmr&l RBEA) @fin at RT,
N- et hyl nmor phol i ne, the

cooled downr to 0°C and Mel (11 mL) was added dropwise. Stirring was continued for

additional 2 h at RT. Water and cthanolamine (14 mL) were added to the reaction mixture that

was stirred for 15 min. The org. phase was separated and the aq. phase was extracted with

DCM three times. The combined org. phases were washed with brine, dried (Na;SO4) and

evaporated off to afford a yellow oil (27.5 g).

'H-NMR (CDCL): 3.94 (br. s, |H); 3.44 (m, 4H); 3.35 (s, 3H); 1.99 (m, 2H); 1.48 (s, 9H).

1.3. (§)-3-methoxy-pyrrolidine hydrochloride salt:

Intermediate 1.2 (27.5 g) was dissolved in 1M HCI in EA (300 mL) and 3M HCI in EA
(50 mL) was added. The reaction mixture was stirred overnight at RT and the solvent was

evaporated off. The residue was taken up in Et;0O (500 mL) and the compound precipitated
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reaction being carried out in a suitable solvent such

as THF, MeCN, DMF or NWMP and preferably between 800C
W@RWIASBOC i n a m crowave oven. Alternatively, PE€HEB2009/051499

conmpounds of fornula Il wherein Wis -NR 3- can be

obt ai ned by a Buchwal d-Hartwi g type of reaction, using

an am ne of fornmula HNR2R3, in the presence of a

sui tabl e pal | adi um cat al yst such as

acetato(2'-di-tert-butyl phosphino-1, I

' - bi phenyl -2-yl)palladium in the presence of a

sui tabl e base such as sodi unt-e/t-but oxi de and heati ng

in toluene at about 900C. The internedi ates of fornula

out Wmsﬁeiﬁtohavmlefeb EfmCDBV eiltéred offdnd GO PPRUACGSashEd with Et,0. HV
formula Il wherein Wis bond, wusing reagents of

drymsnaffmdﬁdif@ ‘E@‘@@)}Z’dm@}o&dﬁsﬁﬁ@ 9H§)dr ogen or alkyl wth
'H- ﬁr ! gﬂg@l Fondi b} QNSHT: O 1AbEYZIK 3183 kA3 . 3It{)ﬁ§.19 (m, 1H);

ny boroni ¢ acid or ester derivatives in
204b(ﬂ&sléﬁce of a suitable base such as K3PO4, Na CO or
in the presence of a suitable palladium

1 40@%3%%&”2»’%:1&2” tef rakj s(triphenyl phosphi ne)

ui tabl e soI vent such as DI\/Fvaater or

A Sfauglaﬁno%‘A%,t entgre?cﬂ(? reagll%IShm% Ll nlgnbgﬁa SAL )Sg)(f 220 afl%tlcvamount of

ernative feredi
parGasiualesfdng acﬁflmeﬁdll@'dratdﬂI)@S(g) i lueds (iﬂ)‘o rﬁl@lwrzikllreﬁlukd:d for3.5hina

rein Wis ab | nesi um de ives
rou%ﬁﬂtm% flesk gyippe |Vﬁlﬂt ﬁj) gééaéﬁ QBDAFUY 38, RSP ?lt?nsoluﬂon was
con@éﬁt@{eﬁ% d@HQs@ t@?lvle F[H%Q{elsﬂréd) Rafo¥hAELR AR 0ill (89.3 g).

sui tabl e sol vent such as THF and at a tenperature
LC-Mfter &A0ymian; BUnH] RT7¢.5ke A. Furstner et al. in J. Am
Chem Soc. (2002), 13856-13863). Besides, the

]5|§%§mgﬁg¢;’f] %ﬁfﬂ'a@ V can al so be converted into

compound wherein Wis a bond, using

To %1 g—?g? %%c)'?l?(? 5318{15[]" L?z ,%6%?&!%%%&@}%% ﬁglg Z(rl 9’7 %P ﬂ{j*l“f{'Fo('gO mL) was

e reaction
added ndbutyylitbivanisnd idéexanat GV enl rovar $dimtim b feer 26Imie stirrmgah—78°C a

e RSB BT R0 s 2 i

follOfed BY BWbiatidd oEBhzBErNE 4729 8dl) as THESQ00 BaY over ﬁrﬁafmrhe coohng
2a by coupling conpounds of formula IIl with conp

bathyfvag gemencd apd the inHEuE: WaY élrlQiN%’e@t Veran &au%ﬁ ﬁn@vq&étﬁqde;ICl (32%,
18655'*’%hw| Cyﬁ?eﬁ@ollo%-r Etggr (IZi mﬁd&hgﬂ opt| OO mL The Rhases were

ohexyl car bodi i i de, naI y in
Sepzpafeéeﬁb@ ond. phasuivaabyeshbdseths waker 2 dNEEB (3DI6PEﬂO rth) was added,

foll7v_ 'ewogﬂ@) EE e]?lgag%sl)\?glrg ?Sp%g&?(P al}?g tﬁ af“b Ip Elsgf ua% ﬁ:&aporated off.

The%mdtﬁﬁ&hﬁﬁﬁen e t@ﬁl&'ﬁ@ hllﬁtﬁévapf)rafe@rtmdlbaleéd toWRFE 24D W\bF he desired
a bond and R2 | sé\g)f can be prep ar ed as descri bed

comw%w@h@ PIPUREY- Yo g er(nurlflyatmmaf peifprmedyy R2 = ph)

LC-MS: tg = 0.64 min; [M+H]: 186.25.

1.6. 4-chloro-2-methyl-6-phenyl-pyridine:

Intermediate 1.5 (233 g) was dissolved in POCI; (83 mL) and DMF was added (0.15 mL). The
mixture was refluxed for 4 h and cooled down. Toluene was added and the mixture was
evaporated off. The residue was taken up in EA/water, and 32 % NaOH was added until pH 7.
The phases were separated and the aq. phase was washed with EA. The combined org. layers

were evaporated to dryness. The crude was purified by CC (EA/Hept 1/9) and the obtained oil
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Schenme 2b 4-phenyl - pyridi ne-2-carbonitrile is easily
accessible using a literature procedure (J. Og. Chem
W@ 1®92233667, 6020-6025). It can be oxidi zed usPEIB2009/051499
standard conditions for the oxidation of a pyridine,
usi ng standard oxi di zi ng agents such as MCPBA, in a
sui tabl e sol vent such as DCM and at a tenperature
bet ween room t enperature and 400C. The pyridi ne oxi de
derivative thus obtained can be chlorinated using
standard conditions (e.g. phosphoryl chloride at
reflux). The cyano group cambe further hydrolyzed
usi ng standard conditions (e.g. cone hydrochloric acid
wasabkdnafp 1hiX])BMEhEh@5ir|g0Ia9&y\Klilsd\iv£LQe&| efith\0ed MVECE ant. BRHCO;, water and
coupl ed to_ conpounds of fornula Il _ by preparln t he

WasEVRRPTaMRe by dryeesy &9 HEprd therlssired! sorwgait & s 9(Rl -8y
LCON- %‘-%@33%1&{&\6}#}{!] s @i de, or as defined earlier,

using the sanme standard coupling methods as those

descri bed above for the coupling reaction involving
1.7.cbhpbanaé-pbeni-opidineé-carlox ﬁdl'f (Schene 2a). The

internedi ates of fornula VII can finally be converted

To ispleniugo Wpoided 63308 of o\raﬁuzidaled | intsrsmm:jatc ehfe@t ¢) obllpwednhyadioxane
(165 {an%g('%%) m}/\l@ﬁi‘rg %vas he t%dc' u ﬁg}?_nA ﬁ(ﬁy\i’a‘[er I2"175 n!iLD%vas added and

standar d ¢on ora r'eac
the hbde vassohiilned dMeltnighlt.hWauen(M nﬁdlvais eddaf arfd(lhmuhﬁtui\é was further

see, S .Simlar procedures can be
reflgse Tonie ﬁﬁ% Featasroop I P o o R e added
andRRe hﬁxtﬁres\wg)gs@tir;e'dtzﬁ RIPRL I h. WeAtPwaPiRRAAY RN e@f1tibd Grixture was
conpounds of formula Il The conpounds of fornula

filtopgteeesr g madiof Gelibo ldie dHgr pakeswas Yirbed afithaylcOHhmd the solvents were
|
R I e T U T

for ¢ chrrr]imrtdnglaoétatﬁe omwﬂemolvéd eah EleH qb@ambe dvas ndtldit @el bdaggolsagain to

rtin m Boc- 3 o
reti Br 1 bl e S BRI BHTT LG HOH R o) by s added
The( BixBure Wik M@atBd ﬁfﬁe}luﬁtfoﬂ eh |aidé¥ rvdRtdtene th¥fferd the desired compound
saponi fication reaction using standard conditions such
stillponigparg BOH (219)in a nmixture of water and a suitable
LcRigan Q)e?o%{‘ﬁe r@@l@ﬁ THF, MeOH or EtOH finally the
resuftlng aci ernediate is coupled with a conpound
of formula VIII usi ng standard peptide coupling
1.8.méchods 6 phetyl-asridinegeadwsilic wwédletfigrestehe synt hesi s of
conpounds of formula Il (see Scheme 2a). The conpounds
Integhedigte nhil €34 .| Bntagang EX2) bes dbbtdiaved POOM TheL) and the mixture

e RTRIYIFR, R P R TR 5L A R RTGe aive

witlo DEM kinll vetkri wast didedi I the IEy@s wieltd fildred Eﬁ’d séﬁﬁﬁttfﬁio mpeugdByer was
fornmula IIl wherein is a bond

of and 2
Wastl%wggﬁf{(“é\d ]@ehg)nétaﬂeéloq}gd]quﬁ were evaporated off The crude was purified by
CC (isopropylacetate/methylcyclohexane 1/3) to give the desired ethyl ester compound as a

brownish solid (29.11 g).
LC-MS: tg = 1.04 min; [M+H]": 262.10.

1.9. Sodium 4-chloro-6-phenyl-pyridine-2-carboxylate:

NaOH (32% in water, 50 mL) was added to a solution of intermediate 1.8 (20.1 g) in
EtOH/water (2/1, 150 ml). The mixture was stirred for 1 h at RT and EtOH was evaporated

off. The suspension was filtered off. The aqueous mother liquor was washed with
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formula IHB ") can be prepared using the routes
summari zed in Schenmes 3a and 3b hereafter. The
w@oivporalds of formula 111B2 wherein the car bonP@EEB2000g51499
the am no group has the "R' configuration (hereafter
"the conpounds of formula Il B2R " ) can thus be
prepared as shown in Schene 3a hereafter. (VIII) (X
(B2R) Schenme 3a D Honobserine can first be protected on
the nitrogen with a Cbz group using standard
conditions known to one skilled in the art. The
correspondi ng di cycl ohexyl amne salt of the resulting
i nternedi ate can be prepared and the nmethyl ester can
isopR6pyll e tied atigifiag wiidl 3205 HOVEolatiorRarddesipaEad Wit BrMuUmBe fRtered solid
The hydroxy function can then be substituted by a

Yy
washrddas! de 2 RiKiEC 8t dhdei@l Wit ngridCldie aayeppiveg sgprfated and the
aqugg{sdlaye'r Ry %h%ﬁ%&l‘gﬁ vant orﬁéﬂﬁb 1RSrsYE c?fn@fn%ﬁ ahk gvaporated to

ween QOC an . The next "threé steps leading t

drymdsetO_cgjmb(mg dEblafk $ibrlimglod Wasdaken g ipMdQH (5@ nuls)i and NaOH (32% in
Watgr? I’l%l rtnL? %ass%itagd.aala%e? g?ﬁ) %lngfe\%gsy ac?cﬁ:ﬁgéi%/%g ((jas félgsg)ggsaogn. MeOH was

synt'hest s Sf*the compaunds or mmu e
evaprated o€f, clapapadionofad fitered affl dod B2 Rolkdmathednwitie water. After HV
‘Obttﬁi aed gy cl eavi ng t he, Cc%)z protecting g7r up using
dryigg oA 47 oE SAPRUNIECTR ARINACE & DHRISRITIEET H- t he

LCAIS:t] e Aappopda]'obs3f @ nul a |11 B2 wherein the carbon
bearing the am no group has the "S" configuration

é]hereafter "the conpounds of formula |II11B2s") can thus
1.1y eA-(S e paitedlep sy nbdin- vl - Sehenérandineesarhaaylic oyl | )
(XI') (1HB2S) Schene 3b To obtain the conpounds of '
A splytimlod intpimegRg; 13n@68 are) sintarmedine ls%t-zgg) gndyDIREA (2.2 mL) in
- - - 4 r r.ohr
) LR FERTRPUINE 0% AW ARLETIOR. fc g o
wasaadded hyd the sthieturaiwangrtsicrd darhdE Aok 4q. phsscknpvaeidificdotoepH 5 with

e o5 it afudbaob Rt P b Bl stamakial 096800 and

evap@AEl bFOMBe &DBWMYad PurdMA bSKEE (Q6hnt A : ERE cRiaht B:TNEORE ¥fadient: 20%
three steps |l eading to the conmpounds of formula Xl can

to 49 Bltefiforiide detiigd cennenndia adrawsh fpami(h§ @) al r eady
LC-WQIQL%%){R r M_ng sy§g hesi s of the conpounds of
ormul a’l ?’s%e é

heme 3). The Cbz cl eavage can be
performed using standard conditions known to one
1.1 6 kiR)2elenipdoxyber bamtlariigodf -hyBdp@-Lupyrifeoidy . The conpounds
of formula Il wherein Zis a bond and nis
To @f her@atdadetolutioheofddifrotiid<S @ if alfaxaha2 M| N8oH)(16&mlyé2 mL) was

addﬁ%?%%%y? gclh&lO?YIQ)i%?T%Q (e()(ilrf%{ifl q%r é%%g%r}%lgc tf%gereg’c%on mixture was
allowed to warm to RT and was stirred overnight at RT. The solvent was evaporated off and
the aq. residue was extracted with Et,O and acidified with a 2M HCI solution. The aq. phase
was extracted with DCM. The DCM layers were combined, washed with water, dried
(Na,S0Oy) and evaporated off to give the desired product as a white powder (6.2 g).

LC-MS: tg = 0.71 min; [M+H]": 254.37.

1.12. (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid dicyclohexylamine salt:

To a solution of intermediate 1.11 (6.2g) in EtOH (41 mL) was added dropwise
dicyclohexylamine (3.7 mL). The solvent was removed and the white powder was suspended

in Et,O. The suspension was filtered off and the white solid (7.38 g) was dried in vacuo.
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The conpounds of formula Xl can be obtained in two

steps starting from Cbz-a-phosphi nogl yci ne tri net hyl
W@ga0en25366 saponi ficati on reaction i s perfor medPCEIB2G09/051499

standard conditions such as NaOH or LiOHin a mxture

of water and a suitable organic solvent such as THF,

MeOH or EtOH;, the obtained acid internediate is

coupled with a conmpound of forrmula VIII using standard

pepti de coupling nmethods such as those described for

the synthesis of conpounds of fornmula Il (see Schene

2a). The conpounds of formut#-111 BO can then be

obt ai ned by standard conditions for the renoval of a
LC-Ohe: tgeowe hhafMaH§g: ped.d7.known to one skilled in the

art (e.g. Pd/Cin EtOH). The conpounds of fornula [

rein Zis a_ bond and &ﬁerea "t he

1.1 c{e Vi A e L r é@xy bugpicses %t €86 usi ng

the route summari zed in Schene 3d hereafter (V1
Mel Sapl) Werpdssy dsemgie g sypenyRruploinergdiss UntE Cath @em anhydrous
DMERY &2 RRY. ’pﬁ/e IfeQthEh xRS Wl @?ﬁfi:dafﬂmf@ﬁ 'afjﬁTONIei (Pm@§ Wils added, and

function of d u-Ove using a chloroformate reagent,
the mactl(mgmpft@geme;tlgﬁd avgmgh‘amh@ sblyset \g@ﬁcrlqmaged The residue was taken
up 1 ng oF e arlrp ﬁll I ng phs arge awaséul %%Qérﬁvelﬁl?n xe ﬁﬁ:o&}lﬂ%e s'f)lﬁl’tlon dried
(NarSoly cad eb&tp@lﬁileﬂgbfﬂ ”Bhtl tmbl: ewdseldmﬁieﬂgoya@ﬂl(Etw)Ctb gS/eNﬂiB desired

esence of at a tenperature around -15C. The

“mﬁvaﬁ£%yw@ﬁﬂ%FW%aE§£%)then be substituted by an i odide

LCugs:ng=9tAndar fveandbéd. pns such as i m dazole, PPh3 and
| , In a suitable solvent such as THF, preferably

bet ween QOC and RT. The next three steps Ieadlng to
114 W& 2hepaieidsrdemiarinatsabramptbugiis asel pefrlesteed usi ng

condi tions such as those already described for the )
PPhgyort g8 (§.00nmehe Kotipwierdedfto fpieaipepladeolyiva dcipsppediate 1.13

3 C : : o
O s P e e P bt P TR DE i v sed ax0°C
for Zhznd mas plld)\h(ai toawamve IRT. Hflhe\lwslrt waOfildersk off laedi thersoluhen evaporated

o B iy A RS s

aﬂ&@kﬁuhagbgh@h can be prepared using the route
summari zed in _Schene 3e hereafter.The Boc protected

LCMRidpRdm minahYnE] 6839-0%t i ves, if not commercially

avai |l abl e, can be prepared starting fromthe

113, OWQ%WJJZ(%/@&W)B%zl%%%@ﬁéhd%??ﬂ&s@&%d&[ z&Wh@El‘h?Zrb%ter

known to oné skilled in the ar e aci functi on of

Intehﬁ§d1§901 et ?@gﬁ@aé gﬁ@(ﬂb&f‘}ﬂ i %O%Etle \@b' 1Y1E ”Plﬁ:nmlxture was
rst be protected formation of an et hyl

heatﬂ:.d,lah P ECarvdamght emh@wapol@h:d ti dD'WﬁSSt Bhemredfswsl Ibvedied met(}ﬁe(Hept/EA

obtaln e converted
13 ?0 Q/l f? Eowegi%n%gA/W osp Or%Ye a %oe(r“ilrveg ?III/Q] ﬁh@ 'ng di et hyl

LCPIsphiotA, minl;'I[N/HHH ‘peERENCe of a suitable base such as
NEt , in the presence of a suitable pal | adi um cat al yst

1 .]63. y )—2—aZ’JSenZFJ)/%)CE)/ECJI'}”ZJonjllcl;]m1%084}J (Ldt ea# oxXy-p osp orytl) butyric acid:

An aq. solution of lithium hydroxide hydrate (268 mg in 3.2 mL) was added to a solution of
intermediate 1.15 (1.24 g) in THF (13 mL). The reaction mixture was stirred at RT overnight
and DCM and a 1M HCI solution (60 mL) were added. The phases were separated and the aq.
phase was extracted three times with DCM. The org. phases were combined, dried (Na,SO4)

and evaporated off to give the desired product as a colourless resin (1.19 g).
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such as MeCN, and preferably heating around 700C. The
next three steps leading to the conpounds of fornula
wO RdoPh2Be be perforned using conditions such BST/1B206%051499
al ready described for the synthesis of the conpounds
of formula I11Bi (see Schenme 3). Preparation of the
conpounds of fornmula |I V The conpounds of formula IV
wherein R1 is phenyl can be prepared using the
reacti on shown in Schenme 4 hereafter.(1V; RL = Ph)
Schene 4 The starting material 2-nethyl-6-phenyl -
H pyridin-4-one is easily actessible using a
literature procedure (J. Med. Chem (2004), 47,
LCAZS £z 4233)minl [MeHI': Bt.ghl orinated to yield
4- chl or o- 2- net hyl - 6- phenyl - pyri di ne usi ng standard
condi tions (e.qg. phasphoryl chloride at reflux). .
1.1 ﬁ-%ﬁ(ﬁg-ﬁoﬁezwwg 3%@?1‘ skl e hgiverazine-
1-cA%bilig @fid P By dr oxy- 6- phenyl pyri di ne- 2- carboxylic
acid, preferably by refluxing it in dioxane/water in

To glg@lug&? senf&nRliagel €6 '(H'@ Iﬁ%%' ﬁ@F/DBI\@ (A ﬁfLu) 4 inﬂg were added EDCI

und, when containin tOH as inpurity, can then

hydpreshlohide (1 Han@d HORT lesirase %Kﬂéng)bvpd CHPEAX) A0 md.) POBH3tirring at RT
Ei nal Ly, the conpound .of roul a |V, wher i g :

for g 8% 1 OB STRRIA o (B B M S B B was contincd

ovef@gth@adRTSDCM asd Whtesee@deasded. Mhad phayeSebenepdatedi Thel g, phase was

washof B oA O o e R HS05 SUR SN BRSO and

cvaBdiidR offfh eiefdahd @Rired cdhfour@aPyatsy o (ommyl a VI The
compounds of fornula VI can be prepared using the

LC-MSidk FOPOshionkMitH] sehedd 5 hereafter. (1V) (M) Schene
5The conpounds of fornmula VI wherein Wis -NR 3- can

11§ h&?(ﬂb’-%-%ﬁz[9‘-!4%%&%)@-2?%?%@2—@@%ﬁ%%&&%—I —?%BJP% P ethyl

the internmedi ates o an anine o
estdror mul a HNR2R3 usi ng conditi ons such as those

descri bed for the synthesis of conmpounds of formula Il
Intewhedigte ri . WV 280 migRw3s hydreegerBaidam®MEH (Bedi)deth Pd/Rgwet, 5%, 25 mg)

unds .of fornula Vi rein is - C e, .
for SR FRRHC G G ler el B ol Eogireb i Vnging afforded the
desirét @niRdh@bLspHE ydIRMaIl @38Vhgy t h sodi um al koxi des of
formula NaOR , the reaction being carried in a

LC-Mf:ttmbl0 98I0y BATHE ud®)-23 t he correspondi ng al cohol of
formula HOR or THF, and preferably at reflux

1.18. eRRY- AL WleBroxy-phosphoryl)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-
pyridine-2-carbonyl]-amino}-butyryl)-piperazine-1-carboxylic acid ethyl ester:

To a solution of intermediate 1.10 (78 mg) and intermediate 1.18 (100 mg) in DCM (1 mL)
was added PyBOP (151 mg) and DIPEA (0.05 mL). The solution was stirred at RT until
completion. It was diluted with DCM and washed with water and brine. The org. phase was
dried (Na,SOy4) and evaporated off. The crude was purified by preparative LC-MS (I) to afford
the desired product as a yellow oil (113 mg).

LC-MS: tg = 0.84 min; [M+H]: 660.66.

1.20. 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino}-
4-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester:
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Preparation of the conmpounds of fornula VIII The
conpounds of formula VIII can be prepared using the

WO omwv@23escri bed in WO 2006/ 1 14774 (see generBCT/IB2009/051499
preparation routes, preparation of the conmpounds of
formula V, Schenes 5 and 5a). Particul ar enbodi nents
of the invention are described in the follow ng
Exanpl es, which serve to illustrate the invention in
nore detail without limting its scope in any way.
EXAMPLES Char acterisati on nethods used: H NVR (400
MHz) was carried out on a Britker Avance 400 devi ce.
Chemical shifts are given in ppmrelative to the

To SaD|le@ﬁt)n Ltﬁedmterﬁiéﬂia’iep|1i1(9i Kiﬂeﬁag) Sn —arﬁﬂyéﬁ@h@tMeON—(l mL) was added

g = quadruplet, p = pentuple

trln}qg;ylsﬂyhlgggci_e (ﬁ@gg m-L)Hié v§§e The ;eaﬁtu(pq qnﬁqtlgp wap pllowed to warm to RT
and%%%qrre{ QM&&M%@&&%I Wiect kl”i%i) hay gaRache ALAINEL stirred until

usin ow ng elution conditions: A X-terra
corrmbdtmh}'drélwﬁs @d 8va501mnd off. The Omdy waasunifdaichy pRaesrative LC-MS (IV) to
affl ut i an (swcaldélr?g vvere as follows: solvent A = wat er +
O 68@ 8PHE ‘At solvent B = MeCN + 0.06% form c
LC-at$:dx T)hBahime[MJrHﬂ od04.4t.e was 3 m/mn and the
characteristics of the eluting mxture proportion in
function of the tinmet fromstart of the elution are

Exanploar | £-¢@k)20{[406S)-Bahtthobepowvolidin-1-pha-plgmgtip aridinbe-cagbonyl]-
use et ween two consecufive tine Preparative

s HeppSb MO D USRI DRRE ST |-F1reaR) RS Hb s} ST at | ve
LC- M5 have been perfornmed using either a Phenonenex(r)

2.1.CRYMFMire I £RREAMME: defd WD IWBRNRISHU)esteR (1V)) or a
X-Terra(r) colum (preparative LC-M5 nethod (V))

To Y8188 Mﬁﬁérﬁﬁﬁﬂ—%%@kﬁic%ld Rr iyl 8le PYB0Lg) ﬁmmM €1.05 L) cooled
descrlptlon th the general conditions described

at 4Rereaf adsed Nijte pla2r3aﬁ g Toltowadebyatbpd shiorgformgnte (107 mL) dropwise
oveﬁ§§ qum%)%éﬂ g‘{lﬁJﬂPwS ﬁeﬁfo%&‘ Lcm(ilﬁ?é rgct1§n H%l%ai%%éve@ to warm to

tron solvents were
RT foutd DHvh: Waitdr weastaddeds thaplescstwdidostmarate € amt ihd ; aqsplhase mtas Bxtracted

witly DYRE DS harbiR e pBReS sl (NEB0L] il Syl GitaS Bive 2028

oforﬂr wﬂ@&dnhpmnd Wal bk bPdirRfly ih@e hbt®idp. from start of the
ion are summarized in the tables below (a |inear

TL%r(Eéﬂé‘?ﬁt IgdiRdg Uded between two consecutive tinme

points): |) Preparative LGMS (1): I1) Preparative
2.2. L@ MRzl Do d? B&I\%ﬁg akilr e L1V IRIhBENY YaiAh X- Terra(r)
Ipurm Prep C]g

To a cooled (15°C) solution of 1ntermed1ate 2.1 (230.5 g) in MecOH (1 L) was added 4M HCI
in dioxane (604 mL). The mixture was stirred overnight at RT and evaporated to dryness. The
residue was suspended in TBME (800 mL) and the mixture was stirred for 30 min and filtered
off. The solid was dried under HV to afford a white solid (176 g).

"H-NMR (CDClLs): 6.12 (br. s, 1H); 5.71 (br. s, 1H); 4.11 (m, 4H); 3.77 (s, 3H); 2.33 (m, 2H);
1.41 (s, 9H); 1.33 (m, 6H).

2.3. 4-[(R)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butyryl]-piperazine-
I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.17,

intermediate 2.2 replacing 1-cthoxycarbonylpiperazine.
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MM 1Qu 30x75 mm) was used. The two elution solvents
were as described for the Phenonenex columm. The
we@bkwenesstd ow rate was 100 nL. The charact eri st PCHIB2009/051499
the eluting m xture proportion in function of the tine
t fromstart of the elution are summarized in the
tabl e below (a |inear gradient being used between two
consecutive tine points): Stationary phases usedfor CC
The purifications by CC have been perfornmed using
silica gel unless otherw se specified. The reverse
phase used is | SOLUTE (r) C498 fromBiotage. RP 18 is
the abbreviation for LiChroprep (r) RP- 18 (15-25 n\),
LCIMES: Gk = oBganit BMAH] 4542.05.
)-2-{[4-((5)-3-nethoxy-pyrrolidin-I-yl)-6-phenyl-pyrid

i ne-2-carbonyl] - ' ' T
2458 463}2 Wﬁﬂﬁ%’lmywaf'wgw]):%%v dEIe: CagbheRKficiagid buty!
estéaCi d ethyl ester: 1.1.

(S)-3-hydroxypyrrolidine-I-carboxylic acid tert-butyl
Thi€b@pourdd Wﬁseéﬁepgﬂ&i)ﬂsm%' &%el%mlaﬁlﬁll ﬁs P Bat VBERIPRA 1, step 1.18,

portionwi se to a solution of (5)-3-hydroxypyrrolidine
inte(m@ligy 2a@rdpINeng {(gameilipte Inl DCM (24O m.). The reaction

LC'NIé(t%JLz)%l 5@?46’9@ n| ght at RT. Water was added

was separated. It was washed with
sat. aq. NH4CI sat. aq. NaHCO and brine. The org

2.5. phﬁéﬂmzetldny@ﬂo@hb@a@ MEE((VLE kmaqbox;apﬁdolmﬁrf 190- @ﬁﬁazxyhpyridine—
sire ound 21 4 NI‘;/R : 4.43
2—0?1”8?1@9 bu@ OpZ{a?ﬁa %ﬁ)l caég%cblz? %zd z't_liyl(esﬁ_er93 (m 2H):

2.
Thig gymgéwét wg%reaw aiingi hanathodaptlpeprt & e @ thaemplsud yitep 119,
1nteﬁ§écﬁ£te 21D r@hadise 10Ot deed WtiROMhefeoldpbBRdTRE a}iuelﬁéd by( BRparative
in THF (300 nL) was added NaH (7.7 g, 55%
chﬂ%ﬁér sion in mneral oil) portionw se. The reaction
ur |r 30 mn at RT, cooled down to
Le %géttang)'dﬂggﬁm( hi[iﬁfrf)@%% added dropwi se. Stirring was
continued for additional 2 h at RT. Water and
2.6.e{H@Hat-di( ﬁ%%mdflm)pymiéinaﬂﬂw -henylhperid@ack qabonyl]-amino)-

Th h
-l e’w"gp%mé L G0k 488 el oot 2 B f‘ i

t Th nbi ned t
Thig, $pREound T atsP (R L P eaban i SPHRR &1 Fef S IRAERIE  Sep 1.20,
1nteytﬁéd1ﬂw 05 lrefl@cAnd ng&rme]iidtd\"lﬂ% e Ampoud s (JUkified by preparative

I—Q 3.44 (m 4H); 3.35 (s, 3H); 1.99 (m 2H); 1.48
LC-@.\@ (I 1.3. (S)-3-nethoxy-pyrrolidine hydrochl oride

LcmttR—lorBto%fﬁe%/@H 4321(27.5 g) was dissolved in IM
;}and BMHO in EA (50 nL) was added.

The reaction m xture was stirred overnight at RT and

Exdl ol JLemy-2 LYRPRL f6-phkhg1- ] i ﬁﬂ' -
whifle 30 L) 2T (EHAMISAEn0h lo-pIiFL bR dRFol 3K Rlino)

3-plr¢ﬁ®h9m@-pe¢mom) msrzmnerlr-e@rbﬁ)@thamﬂ ethy] es¢gred of f and
the powder washed with Et O HV

3.1. (R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid methyl ester:
Boc-3-iodo-L-Ala-OMe (10 g) was dissolved in tricthyl phosphite (79.7 mL). The mixture was
heated at 140°C for 15 h and evaporated to dryness to give the desired compound (9.37 g). It
was used in the next step without further purification.

'H-NMR (CDCL): 6.12 (br. s, 1H); 5.71 (br. s, IH); 4.11 (m, 4H); 3.77 (s, 3H); 2.33 (m, 2H);
1.41 (s, 9H); 1.33 (m, 6H).
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drying afforded the desired hydrochloride salt (13.9
g). 1IHNWR (CDA3) : 9.84 (br. s, IH; 4.10 (br s,

WO RH09/133d8 (m 4H); 3.33 (s, 3H); 2.19 (m | H PCRIBE209/051499
(m IH. 1.4. (2)-4-phenyl am no-pent-S-en-2-one: A
solution of 2,4-pentanedione (51.5 nL), aniline (45.6
m.) and a catal ytic anount of a-toluenesulfonic acid
nonohydrate (0.95 g) in toluene (500 m) was refl uxed
for 3.5 hin a round bottomflask equi pped with a
Dean- St ar k appar atus and condenser. The sol uti on was
concentrated to dryness to gi%e the desired conpound
as an orange oil (89.3 g). LCGCMs: tR = 0.90 mn;

3.2.[ WH rbit-Bul&a ddy bordylamino-3-(diethoxy-phosphoryl)-propionic acid:
2-met hyl - 6- phenyl -1 H pyri di n-4-one: To a -78C cool ed

Thi$ @bmbo i Vhs gre%at@dﬁrsirgti afgiday Al R hd & l’tlﬁlt (o¥Txahpld M, step 1.16,
THF (830 nL) was add n- butglllthlun1( .6 Min

inteprascigie, 3. @sgr?ph@}lg optsrmadatg bl AfThe reopmopnt vesi hewaygr qurified by

nternedlate 1.4 (63 g) in THF (200

Iem%%%ﬂzﬁmﬁQ%g{%&$ m xture over 25 mn, foll owed by

LC-MS ot ath @minf [ MeH}:oﬁI&% le (47.9 nL) in THF (200 ni)
over 30 min. The cooling bath was renoved and the

ni r a r
R e R e s e T e s
1-canoxylitlacid20! edegr: The phases wer e separated. The org.
phase was washed with water and HCO (32% 150 niL) was

Thlﬁddlﬁﬁourfdobvh@‘p&@aﬂw u&ﬂigez[ e fa)ogolh@o HMASEEBIHE 1, step 1.17,
separated and th %hase was evaporated off. The
lnmpégﬁﬁﬁéZW@@aﬂﬁ%gﬁﬂﬁﬁdﬁ i uene and evaporated to

chbis/qg&s@) d6Onif Mfkﬁ 248 8 of the desired conpound with

396pur|ty urther purlflcatlon was perforned.
LC-MS: tR = 0.64 mn; F@ 186.25. 1.6.
3.4. 44wz’fﬂ)03r@nlzmr$e<{drﬁﬂraxﬁ pﬁﬂ@ﬁy oy epignvikpivercdtenfedirbewlia agd ethyl

(233 g) was dissolved in POO3 (83 nL) and DVF was
added (0.15 nL). The mixture was refluxed for 4 h and

To §98hsh cf’fq d‘?itéFE 191938 ﬁféﬁ%\,\g@ %@tlﬁfb mo&td%ﬁ%sr added TFA

evapora e reSI en ‘up 1n
(2. 29ndL)’3<2ve%15Iaﬂ11 wésr edhaigetiomndfithe pddliifon, Thecqhiag ésthwedseremoved and

separated and the.aq. ase was washed with EA e
the ZERRiwe %’F’&g il BT TS Epgpc g qoawéﬁ{}ﬁv@stg oHfguenched by
the Gdditén ¥es NAOH bed poy12Cad(ddddepitn BHERA. 120 %hﬁd’é@ were separated. The
obt ai ned oilwas taken up in TBNE The org

orgyigprel 2w xtreydgvitHR L M, ghaied (] andmftaeqara@ﬁ@f%asafford the desired
to dryness to afford t he desired conpound
©° \séa}g(g&??g%&e 0il (31 .2 g). LGMs: tR= 0.83 nin;
LC@M&H&*O(EOﬁm92ﬂ+H]736643
4- hydr oxy- 6- phenyl - pyri di ne- 2-car boxyl i c aci d:

3.5. 4-[(R)-2-[(6-chloro-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-(diethoxy-phosphoryl)-

este

propionyl]-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.19,
intermediate 3.4 replacing intermediate 1.18 and intermediate 1.9 replacing intermediate 1.10.
The compound was purified by CC (eluent A: DCM; cluent B: MeOH; first CC: 1% to 10% B
second CC: 2% B).

LC-MS: tg = 1.01 min; [M+H]": 581.44.
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To sel enium di oxi de (33.8 g) was added internediate
1.6 (31 g) followed by dioxane (165 nL). The m xture
woe®onzssed up to reflux. After 4.5 h, water (BCRBR0HOS1499
was added and the heating was continued overni ght.
Water (2.5 nlL) was added and the m xture was further
refluxed for 7 h. The m xture was cool ed down to 00C
sel enium di oxide (16.9 g) was added and the m xture
was stirred at RT for 90 h. Celite was added and the
resulting mxture was filtered over a pad of Celite.
The filter cake was washed wilth MeOH and the sol vents
wer e evaporated off. The crude was suspended in
3.6.1 SR SRR N8splh 8RN - T M- @DRe AR A MP6 pRery ) idind-Or
1 h. lsopropyl acetate was renoved and EtOH (400 niL)
2-cqhemlladBo SR IERY st Aea & DosKlicukid SV eI Et OH vvas
rem)ved and EtOH (400 nL) and HO (32 % 30 nlL) wer
A T imisemadiate dod | IBEEh damedonpheripargnie apids3 mah@pd Pd(PPhs),

6 BRI 00, LSV NS LoD SR S e

ovefight1The miixt8re Wahfilberod thrpt@n@bl—itpythiedjah@-\xlas cashakyith EA and the

et hyl ester t cQpt ai.ni ng , . .
o necaraeii ol FReaadt Sphaiy ton el Jrfiga: pow
cludkeB: NRAIE Grddiont:2% &F 109% Bf) @ afforld theRIGc3 dvapotihB80lnhgd

of f, the _remaini n%hre5| due was diluted with DCM and

LCYAY v vy B HTRESI S ers were filtered and

separated. The aq. | ayer was washed with DCM The
3.7. C@J(TZQJ)QGQ 4—(?5 %etﬂo@)\c’%héayw ﬁhe@z)ﬁﬁ;@‘?fa%eeﬂc@fbgnylﬁ:aﬁm%?Qgﬁzosphono—

was puri f i Sopr opyl acet at e/ met hyl cycl ohexane
Progipgyl Pwewzwe-]t%b@@ i eed eélﬂ/%@frerester conpound as a

browni sh solid (29.1 1 g). LCM: tR = 1.04 mn;
A spivtipd of im@medigte 316 980 Bglin/ NGl ordoxane (2.5 mL) and water (0.25 mL)
was n;{h)rreﬁyalé Rﬂ"yr I‘[1 | rc])r%p!ietlg)rg lrog?ﬁ(eg rlﬁgcét%eon ri&ja@ré'rﬁé glézlg/?cll(ﬁ:f d%é%mfgrure was
evapratict offfl Cﬂﬂévmﬁcﬁrwéﬁf)ﬂmﬁeﬂa@ picparailiee LATME UiTg tmﬁord of the desired

stir ﬁg%ﬁ%r 1 h at RT and Et OH was evaporated off. The
COH%B%‘L i was filtered off. The aqueous nother |iquor
LCWES taiedni (Wi gppsopyl acetate, acidified with 32%

HC solution and extracted with DCM The filtered

solid was added to a m xture of 32% HC sol ution and

Exdaple 4Th4’-{dl§éae[(§-pﬁ@ﬁﬁ @Wh@dﬂwmb@z@amw AR 6]-

was washed w organic | ayers were conbi ned
3-phmhewpmm9@d}-pmemzmekgamxghwwckethgl gsters| ack oil .

The oil was taken up in MeOH (150 nL) and NaOH (32% i n
4.1. V\@t{ at):3- (Ja@etﬂg'x} p‘h@ﬁah@%ﬁ?j 646\—%;6%;] 4—%%}1%-)3 gy\@?m@ggg@arbonyl)

gl ving a suspensi was evaporate
amigespensvpl- pmsaziinért ewrbdvdificahdnd heersol i d washed with

water. After HV drying, the desired conpound were
Thipkbmpoed wss grephicdeuspgnvd encthdd agdlogous to that of Example 3, step 3.6,

thiophene-3-boronic acid replacing 4-methoxyphenylboronic acid.

LC-MS: tg = 1.05 min; [M+H]: 629.67.

4.2. 4-{(R)-2-[(6-phenyl-4-thiophen-3-yl-pyridine-2-carbonyl)-amino]-3 phosphono-
propionyl}-piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 3, step 3.7,

intermediate 4.1 replacing intermediate 3.6. The compound was purified by preparative

LC-MS (II).
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LC-Ms: tR = 0.91 nmin; [MH +: 234.09. 1.10.
4-((S)-S et hoxy-pyrrolidin-I-yl)-6-phenyl -pyridine-2-
W@ 2000023366 ¢ aci d: A solution of internediate 1PGI/(E26®/051499
ng), internediate 1.9 (1.49 g) and DIPEA (2.2 nL) in
THF (2 nmL) was heated in a m crowave oven at 1100C for
10 h and at 1400C for 6 h. Water was added and the
m xture was extracted with EA. The aq. phase was
acidified to pH5 with \MHC and extracted with DCM
The conbi ned org. phases were dried (Na2SO and
evaporated off. The crude wa¥-purified by CC (el uant
A. EA;, eluant B: MeOH, gradient: 20%to 40%B) to
LCafg:af € oihem@epviEY: smpmund as a browni sh foam ( 1. 06
g). LCGMS: tR=0.70 mn; [MH+: 299.08. 1.11.
(R) - 2- benzyl oxycar bonyl am no- 4- hydr oxy-butyric acid:
Exah@pla8: | £-§R920)(£06-dEpH dilyi-piri@ineld-ddsBors)-4Mmird)-3-phosphono-
di oxane/ 2M NaCH (168 ni/42 nl) was added benzyl
Proe?ﬂ“éi]r}d?‘l%?rﬁﬁ'ﬂ‘é'l(‘@.ﬂ?o’f‘?ﬂ‘f agldfihylestebyer 15 nin. The
reaction mxture was allowed to warmto RT and was
5. z.sxu{fweﬂ(a@e\t%@lp@mpha;yz R/ (4J08ipBEL LB diNAS-cEMBRI-BInBRb) -
off and the ag. residue was extracted with Et O and
propiendi-pipetiziet heaabemivayidgdivlesteésn. The aq. phase was
extracted with DCM The DCM | ayers were conbi ned,
Thisvgemeound whs watpered ehinged methoEaEnangbusvigpbrtapedxanpletd step 3.6,

phefi bt Aaeyhag, Rty Rollld ipoyty, (02 0
LC-{MR:-tR =bedszyino Ry eHT b628/5ANM no- 4- hydr oxy-but yri ¢ aci d
di cycl ohexyl am ne salt: To a solution of internediate

1, in EtOH (41 : d i se.
2. SR b N s ey PP o R e -
pip@Rgind-Neaidhpie RANEIBS] s suspended in Et20. The

suspension was filtered off and the white solid (7.38

Thig)scz guﬂzirl {N%g prdparaCiigngd & dY&hod BnalofoGonihit of Mkldhpl: 3, step 3.7,
inteppgdigte b hZgplasiye dntsergAize Ho- B gempsyndpiey musfigd ity preparative
e hydyy estabs ho(3 ) Si.ad dr j;Sext o .
L | A TFA 100/1
Cg”gljgp)én%i or? g?eiyﬁtbgr n%g}ag(yé%felz g?’3888 ti n anﬁét rr/ous 0071
cluddhvB: McCNZTra )1 00/Theradiestc 6Yo0n Ifo®ur e was stirred for 48

it RT. . Mel ) added, and the reaction
Lc'ﬁlﬁlittﬁr_ ‘%&gmsfﬁ?ﬁtd%ei]rni ght. The sol vent was
renmoved. The residue was taken up in EA/water and the
orq. .ph washed wth a sodiumthi ogulfate.
Exadlye o1 of 00 TR Sutt-S o B it i ides Bigor
3-phésplen g Bopiouylf-pip@rinClcafbox{ic Add giliveedthe desired
conmpound as white powder (3.1 g). LCMs: tR = 0.79

mn; [ +. 268.12. 1 14, . .
6.1.(%) CRZ:%@?ﬂfwlwyeﬁr%mr%mwﬁ-Wé%v.%@mW & (dethg-
PhoSBHPY -pRSE BN -piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 3, step 3.6,

cyclopropylboronic acid replacing 4-methoxyphenylboronic acid.

LC-MS: tg = 1.01 min; [M+H]": 587.69.

6.2. 4-{(R)-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-3 phosphono-

propionyl}-piperazine-1-carboxylic acid ethyl ester:
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PPI 13 on resin (1.6 mmol /g, 16 g) was added to an

i ce-cool ed solution of internediate 1.13 (3.1 g) and
w@Br4/12864 g) in anhydrous DCM (150 nlL). The rRGEE1B2009/051499

m xture was stirred at 00C for 2 h and was allowed to

warmto RT. The resin was filtered off and the

sol ution evaporated off. The crude was purified by CC

(EA/Hept 0/1 to 1/0) to give the desired conpound as a

colourless oil (968 ng). LCGMs: tR = 0.99 mn; [ MH

+: 330.02. 1.15.

(R) - 2- benzyl oxycar bonyl am no¥34- (di et hoxy- phosphoryl)-b

utyric acid nmethyl ester: Internediate 1.14 (1.39 Q)
Thiyv@sm@b&RIoWdE Ghrdpareir hiseid ¥ | mehes phalbgous %o thatl-pf EXi@ple 3, step 3.7,

m xture was heated at 1300C overni ght and evapqrat ed

intefrgecipty fak seplarae dpigaeedids Mur Thg sempgundCves@ytifiggh by, preparative
LC‘M’? O/((I"Hff °|f$lfb"x\€e‘3 bB(y E@d\/b@é'vc%el) pha%eg' Fl%e@c C{?' OWak?e@/;{%A 100/1;
eluaht BeMeCN/TFA 1'00/1 grad{ent 5% to 90% B) ' T
2- lo flo] m no- 4- (di et hoxy- phosphoryl)-b
ti‘c%gggjlz% Mgﬁ!q. %Hy%lbatl on of 1ithium hydroxide
hydrate (268 ng in 3.2 nL) was added to a solution of

N TR T Ve YT e —

amiad -3 hobp ddo-jpoplonyD+pifdazint-l -oaeb exydid deld.etﬂ'ﬁestﬁhas es
were separated and the aq. phase was extracted three

! The or re combined, di
AR A A I Y g e el N T R
yrzrazr&dy@drb@@yaamb pyfdpmyrp%&ér&m&elJ%&bg}yzie%cmthﬂz Bsrzr:
0.83 mn; [MH +: 374.07. 11

A séhl[tleﬁ)ofznt@&wdt@&s%o Ydn R')‘-Q rioftiRbNEXYmPNBSPAPI(Y ImL) was

) -butyryl]-pi perazi ne- car oxylic acid ethyl ester:

heatpd g aswlauew¥is wen@ﬁtléi?"r?eéqraioelw e (sglvontnyys PYROqRaApERend the
cm%ﬁsr{heé dﬁec%%li)é%rngm)as ed EDCl hydrochloride (191 ng),

drate nd DI PEA (0.156 nmlL). After
LC-MS: rtﬁFrﬁ)g70atunR[MfrH] 6043, 1-ethoxycarbonyl pi perazine
(134 ng) was added and the stirri ng was conti nued

72 U B PR Bl A R G R R

3-plesyphda-g2ehion i bzl@elaﬂmel]l\ﬂzd)@dﬁlzﬂaéd eyt &1y i ne, was
dri ed (Na2SO and evaporated off to afford the desired

Thi€ Qﬂmpd)lﬁﬂl Ass @re)beﬂeHQIMr@ 2!1 Iﬁem&l @) ogobCtdviliat tolR ExabhpR01, step 1.20,
H +: 514.
mtemlfdm? blaﬁwﬁana lPEﬁrIQF‘H%tﬁyl bhrod Bhdioyppurd tyasy hqweyeh dyusified by
preﬁa!rﬁﬁze'L‘CCW zl ic acid ethyl ester: Internediate 1.17
ydrogenated in MeOH (3 nL) with Pd/C
LCM\%ttR 5)%8 Iﬂ@, [M#Hi ‘0f7@20.h. The nmixture was filtered
through Celite and evaporated off. HV drying afforded

t he
Example 8: 4-((R)-2-{[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyl|-

amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester:

8.1. 4-((R)-3-(ethoxy-hydroxy-phosphoryl)-2-{[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-
2-carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid ethyl ester:
A solution of intermediate 3.5 (50 mg) and 2-methoxy-cthylamine (0.5 mL) in THF (1 mL)

was heated in a microwave oven at 160°C for 5 h. The solvent was evaporated off and the

crude was used directly in the next step.
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desired conmpound as a pale yellow oil (138 ng). LC Ms:
tR=0.65 mn; [MH +: 380.59. 1.109.
W@ 2(09R)53d6 ( di et hoxy- phosphoryl)-2-{[4-((S) - 3- NeCTBYeYN51499
rrolidin-Il-yl)-6-phenyl pyridine-
2-carbonyl ] -am no}-butyryl)-pi perazi ne-1-carboxylic
acid ethyl ester: To a solution of internediate 1.10
(78 mg) and internmediate 1.18 (100 ng) in DCM ( 1 L)
was added PyBOP (151 ng) and DI PEA (0.05 nlL). The
solution was stirred at RT until conpletion. It was
diluted with DCM and washed-¥i-th water and brine. The
org. phase was dried (Na2SO and evaporated off. The
LConstde=\ga mwt [NI+-HY: by2 fy.eparative LC-M5 (1) to afford
the desired product as a yeIIomroiI ( 113 nmg). LG ME:
0., 66.
8.2.43 (((R#z)Z %4{({’ mehosy @%tﬁ@@r rzarra’arer? farpen e pietiy| -
3 pﬂ)&fah&i}!o%aﬁzo - ?z%@b’a!zﬂne—]aéﬂr%hc acid ethyl ester:
4-phosphono-but yryl ) - pi perazi ne-| -carboxylic acid
Th1§tct91¥1b01ﬁ§1t ®hs PR Ng@reéquﬁfg' Phod ﬁ{aﬁfg%ﬁéj k@bt bf @aﬁﬁgﬁa MBdtep 1.20,
i n anhydr ous was added trinethyls
intehneghate el { orerzl%mml)ltedmdb@tesbw ThEe reaweieh WﬁSXhW@ewamrlﬁed by
| | ntto RT and was stirred at RT unti
mﬁ&nmg%ﬁg} it er 1 nm) was added, the m xture was
LC-MS: 1tk ecd).?tlrthint Merﬂ e643(mydr ol ysi s and evaporated of f.
The crude was purified by preparative LCG-M (1V) to
afford a white powder (8 ng). LGMS: tR = 0.75 mn;

Exdnifielp +: 4-G@R3-24{[4-(Ehpdipixe-ePhylamino)-6- phenyl—pyr1d1ne-2 carbonyl]-

amlnﬁg/-s-({i@%? y&é%ﬁ]pqgérg% lpc)gr{)oxy ic ac1d etlel)est%r pheny!

ani no} - 4- phosphono- but yryl) - pi perazi ne- | - carboxylic
9.1.a¢i(@R) ButeWlox L83 Bbiy-Zhokph PV IPeLBZ NeydvoxyletyIGATBPE ey -pyridine-

acid butyl ester tert-butyl ester; To a solution of
2—%"(79@1051%%} -PHopécsw Ba¥RAr NG bicarbosrlic.asibe/l e¥eisr (150 g)
DCM (1.05 L) cooled at 4C was added NEt (123.6 nL
Thlr @ptnavml Bgs 'prapated) usingy aripethed gatlegquedty thit) o Egpplees, step 8.1,

etha%\éﬁrlrméé)rema&n Er}ﬁetﬁ&g étﬁqgugﬂl h was renoved and the

reaction Fare to warmto RT over 2.5 h
LdewwiemeamnaﬂdeH] theSphases were separated and the
aq phase was extracted mﬁth DCM The conbined org.

e R o R T e R

3 phdﬁtﬁhcﬂ@)@mﬁzbeﬁ) piﬁk@zznéﬂ%drb@r‘g‘zlzd&dz)i eﬂiﬁzl este@ 7. 2.2.
Pi perazine-1 -carboxylic acid butyl ester

Thifgeihpeltdowhd erepardet]  usibg aﬂn‘i‘eﬂiﬁﬂd%ha{@(ﬁ) t& @Hati tolf Axabiple 1, step 1.20,
|nterned|ate 2.1 (2 was. added

L :
inteppRqate i h 1 dicBieains lelee&eqsﬂtf e The votmauihavies hovag: purified by
mﬁﬂwﬁﬁgqghpﬁggvfﬂ'and evaporated to dryness. The

LC-MS: tg = 0.67 min; [M+H]: 550.37.

Example 10: 4-[(R)-2-({4-[(2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine-

2-carbonyl}-amino)-3-phosphono-propionyl]-piperazine-1-carboxylic acid ethyl ester:

10.1. 4-[(R)-3-(ethoxy-hydroxy-phosphoryl)-2-({4-[(2-methoxy-ethyl)-methyl-amino]-
6-phenyl-pyridine-2-carbonyl!-amino)-propionyl]-piperazine-1-carboxylic acid ethyl ester:
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resi due was suspended in TBME (800 nL) and the m xture
was stirred for 30 mn and filtered off. The solid was
waletoed2ncder HV to afford a white solid (176 giCT/IBI00IR1499
(A 3) @ 6.12 (br. s, IH; 5.71 (br. s, IH; 411
(m 4H); 3.77 (s, 3H); 2.33 (m 2H); 1.41 (s, 9H);
1.33 (m 6H). 2.3.
4-[ (R) - 2- benzyl oxycar bonyl am no- 4- (di et hoxy- phosphoryl
)-butyryl]-piperazine- 1-carboxylic acid butyl ester:
Thi s conmpound was prepared using a nethod anal ogous to
that of Exanple 1, step 1l.17-internediate 2.2
repl acing 1-ethoxycarbonyl pi perazine. LG Ms: tR = 0.97
A s@ﬂuﬂ@)n [)M'hkﬂrlﬁedlgl%z} 9B0 Mgyland N-(2- methoxyethyl ethylamlne (39 UL) in NMP
ime - 2-am no- 4- (di et%oxy phosphoryl )-butyryl L gl per a
(1 k- Wag ahpisdy| inc acimdcioweyd  ewdnerat TROEC cdppo wae cq. of

t
N GARIRSSS 00 B 1 BNELORPYS DAL R C o
10 rhork7eq. ENVR- mtﬂRox?/eﬂlyY)aleni’lyrhamleﬁH}d- addbd8and1the fmlﬁture was heated at
120?¢ gqgr%)dli ?Il: g{)/llgérﬂgx)l( ﬁglﬂwe {1%/ clq%de{vLas ugéds alre%ﬂ}rfr?r}t & néxt s}/ep.

Lc&g;aﬁbwl]lmam/[mg} BoY NG yI ) - pi perazi ne-1| - carboxylic
aC| d butyl ester: This conpound was prepared u3| ng a

t hod anal ogous to that of Exanple 1, step

103 rff RNl &l @ ethow AT HGY - it néﬂﬁ%ﬁyépnﬂdlse-Z ?ﬁ@onﬂ} -amino)-
3 pﬁ%ppwr}ﬁ Omﬁyzp W eﬁdz% zba/ar%;vn@aay'e»&z LM (1). LG M

Thi§ cg)ﬁl urkl whé gﬁc%@ed sﬂEI Q%éf?cﬂy ﬁﬁa%éoqls N5 Ikl of ﬁxa%}ﬁ@yll Step 1.20,

pyri di ne- 2-carbonyl | --am no
intedmghgs poh aefating yhtpmpidpes dzli9nelfhic- campoxy | wes heweber purified by

Thi s conmpound was prepared using a nethod
pre%aﬁ%f(rs&%jlg/ﬁ(gV hat of Exanple 1, step 1.20,
LC-MmS:af rextilah@; pM5HIepf@ss.ng i nternmedi ate 1.19. The

conmpound was purified by preparative LCM (1V).
LCMs: tR=0.80 nmin, [MtH +: 632.1 1. Exanple 3 :

Exaftnif16 1 7) -42((f)-2-[(44bevedy hnsidio siresly - p i ine-2ydar Doty Hium ol C

arbonyl ] -amn
3'P@°§BH8§?JHB%OW%B}PGHﬂﬂ“}e'b‘cfb@"éﬁ“h%c‘ﬂ ety 6%y 1 i ¢ acid
et hyl ester:
11.LR)-7@ens b%%yﬁ@m@%wl AHidIRe-3 c@ﬁbo@pzmmyndgm&zMy Y droxy-
-proplonic acld nethyl ester: Boc-3-iodo-L-
phogplgrxfy-pigaiongl] Py ger-1 watbordictigid kb sprit e ( 79 7 an)
The m xture was heated at 1400C for 15 h and
A selutipoo bingdmedatd Byn@§sng)cind ibviezyidnane 892 Lidd i divRdy (IngL) was heated
in a(r%ic§()7waq\)e'ovlert1 at 120°C for 12 h. 20 eq. of benzylamine were added and the mixture
was heated at 120°C for 6 h. The solvent was removed and the crude was used directly in the
next step.

LC-MS: tg = 0.89 min; [M+H]: 624.66.

11.2. 4-{(R)-2-[(4-benzylamino-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-

propionyl}-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 11.1 replacing intermediate 1.19. The compound was however purified by
preparative LC-MS (IV).

LC-MS: tg = 0.78 min; [M+H]: 596.06.
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was used in the next step wi thout further
purification. 1HNWR (CDCl 3) : 6.12 (br. s, IH); 5.71
W@ R009/13536d H); 4.1 1 (m 4H); 3.77 (s, 3H); 2. 3BCT/MB2009/051499
2H); 1.41 (s, 9H); 1.33 (m 6H). 3. 2.
(R)-2-tert-but oxycarbonyl am no- S- (di et hoxy- phosphoryl)
-propionic acid: This conpound was prepared using a
nmet hod anal ogous to that of Exanple 1, step 1.16,
intermediate 3.1 replacing internediate 1.15. The
conpound was however purified by recrystallization
with isopropanol. LCGMS: tR¥-0.72 mn; [MH +:
326.08. 3. 3.
Exﬂn?lé'ﬁ 24-{-2{[4-QUJ-SRY S RO Al 0 =y3)-6 Phe h unh@waﬂsonyl]-
propi onyl ] perazi ne- 1-carhoxylic acid ethyl
amipg}-drph O?Pﬂ‘glowﬁg'@cmﬂe%&%“*p‘r%&t’@d‘ﬁ%l%‘@“%{l ¢htRTHod
anal ogous to that of Exanple 1, step 1.17,
12. } n@&rzﬂg c@itb%nﬁa%zrfoi(ﬂg n@éiﬁzd}g ghﬂ%@:ﬁg‘?)d&c@fa@e BB s VB!

6 mn

Cbz 0 f%@é)hﬁlfggbl}g (;[glml(egltl\{ﬂ:d{axé’l @EP%}BQ (d{sgdl)fe fnoﬁfdﬁn(g ]m@l 8 treated

acid et ester: To a soluti
wﬁloﬁ solntier ofelthiCa. HzG (B0Y mgBRlG\/Ig(DHi/Iﬂiz(DCﬂ\/ﬂanl 238).flke reizolreas stirred
at Ogé ﬁﬂ%@%l\gﬁgg de?sﬁ Vegtg\gz?st(rglgﬁgedphée (gl\?;lgr 15 g)g\lg{l‘]shusgéél?dctly in the next
gq;ennved and the m xture was stirred overnight at RT.
The m xture was cool ed down to 00C, quenched by the

LC-Mfite 7 & Soninp NWEH: 8Ht-9¢- pH 12 and diluted with DCM
The phases were separated. The org. phase was

0. i miethBx X it f
L2ﬁxifﬁ9&ﬁw}@dﬂ%ég%ﬂzﬁyiﬁg ) é%@@ﬁ%?%&%%?k%%ﬁ%&%z

to afford t'he desired conpoun
I-cqybewyligiarid Bumkefter+: 366. 43. 3. 5.
4-1 (R) - 2-[ (6-chl or o- 2- phenyl - pyri m di ne- 4- car bonyl ) - am
To p ﬁ@l}lti@n ()ﬂin@ftrh]@diytep}?ob phdigy in DC ()fﬁ)miﬁyqu added DIPEA (3.4 mL) and
i d.et.

[ 1- rbo [ ter,:
HAT o A6 A8 AP AMEALRT. B A B Pn e, 0L B oprgea. The
readdon Eiﬁaﬁlig% Qaslstlrﬁbtieﬁerluglﬁ at RTtaad MeOivadseadded I{he Pha&es Wgre separated,
i nt ernedi ate I nt er me re acl n
the of i at & ietor miReing ﬁ&&u@@asfm EPW?I?Oéﬂe%y?fcéhe crude was
puriel ‘B? gic é@epﬁ@ﬂﬂ@ltb@ﬁ&che dé‘sgéd cdmﬁﬁlhd@pl 62:(;/;]’ t o 10% B;

seco
LCH4S:. tpg,zf 0®5@nin,; [M+H] 486.01.
4- ((R) - 3-(di et hoxy- phosphoryl)-2-{[ 4- (4- et hoxy- phenyl

12.3 ﬁgpgonyl aﬁr%tﬂo?ﬁpho Ophogyl) Fgefly p{ 61 relglzzfnﬁ e] ?arbox ic aczﬁ Dbutyl ester:
[ 09
Thlé%gngdpgdddy%v%se ﬁ}eg redALl [;Hgi(do %eghoglc? &%(gggﬁnogsﬂ?agﬁ)g%@%h , step 1.18,

intermediate 12.2 replacing 1ntermed1ate 1.17.

LC-MS: tg = 0.67 min; [M+H]": 352.55.

12.4. 4-(2-(dimethoxy-phosphoryl)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-

2-carbonyl]-amino}-acetyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.19,
intermediate 12.3 replacing intermediate 1.18. The crude was purified by CC (EA/MeOH 1/0
to 1/9).

LC-MS: tg = 0.90 min; [M+H]: 632.31.



10

15

20

25

(6 mg) in DME ( 1 nL) and 2M Na2CO3 (0.173 nL) was
stirred at 800C under argon overnight. The m xture was
W0 dovaesee t hr ough Celite, the cake was washed RET/IB2B09/051499
and the solvents were evaporated off. The crude was

purified by CC (eluent A- DCM eluent B: MOH,
gradient: 2%to 20%B) to afford the desired conpound
(80 nmy). LCGMs: tR=1.07 mn; [MH + 653.68. 3. 7.
4- ((R) -2-{[4- (4- et hoxy- phenyl ) - 6- phenyl - pyri di ne- 2-ca
rbonyl ] - am no} -3 phosphonopr opi onyl)- pi perazi ne-
-carboxylic acid ethyl ester3’-A solution of
internediate 3.6 (80 ng) in 4M HO in dioxane (2.5 nl)
12.8040 (R £y (S(-9-nddh X pyWeEdist I-plj-6Chhavky L BPridint-Dl cakympl] ntins)-
f the reaction. Toluene was added and the m xture was
2-plessalsiostcad!arperazpe € thesy s dRidxies e by pr epar ative
LC-Ms (I1) to afford of the desired conpound ng%
Thiy comymoundRwvas gropare ying] amgthod godogpys to thah @bl azpple , step 1.20,

1nte?m§({1Tt (%2 4 re%lafm%r 1nt?]rmed1h ate 1 9 hepcrude dw%seplglﬁggr o%():ll(se}]grsﬁ phase;

cludnn@l} HzG%T;fb?ob(hhbmh}aper/leﬁw’i}EppilQﬁét,@ad]mti 5 odloeRY.l i c

Lci\%{qpyos (B fopioy g‘#oéphoryl) 2-[ (6- phenyl - 4- t hi ophen
-3-yl -pyridi ne- 2 carbonyl)
am.noj, - p ' | <Pk perazi ne- arb lic Cld thy
ExRiE 5 RS 2SR RS P LR 2 en il
2-c@b3h@APanfind}os-phésphoho-pxtanbd)- §lpe8£2ﬁ‘|£b B—»cﬁrboxyllc aCld butyl ester:
t hi ophene- 3-boroni c acid repl aci ng

’\&%27 %y@g} gq}?agrglng 5- Cldlgoxy %J(e:ﬁtynsozc acid me]7ry9ester

To |4'<) Lol 1616 Rl onint Bt Bnene (Y ey HAE, GoSRLP W% added
N—me@lﬁﬂ@@?@ﬂbl‘l& ard1é Iﬁﬂ"Ydllo%HeJy isdhlitsl @lﬁmﬁh‘ﬁg‘[e 31 mL) dropwise.

prépared using a nethod anal ogous to that of

Aftg, 30smaypstaring atf ndee et 674 . me)regsl aldpd gollowak m@gﬁdrepwwe The
t
reacfipft {85 RRRE DS B L byl o REERRE! MGl By s
solutrofi( The mixture was extracted with EA. The org. phase was Washed with water, dried
:2-[ (4, 6-di di ne- 2- car bonyl - 3- phos
Ry R i e S Y T
LC283.8f = 0%2Imind fNI¢R) - 381.di et hoxy- phosphoryl ) - 2- [ (4
6- di phenyl - pyri di ne- 2- car bonyl ) - am no] -

gyoplonylj-plpera2|ne | - carboxylic acid ethyl ester:
13. r{r%%b@ﬁ%&}ﬁ@w@w Omlé@rérl@@ DYV GerREY @il ogous to

t hat henyl boroni ¢ ac

of ste id
To 3 gﬁptg@i q{gntgmpﬁélllqﬁ@;(%,bﬁ]eﬁg} }gldl?lélg (40 Ia{_j} were added 1m1dazole (545 mg) and
PPh; (1.97 g). The mixture was cooled down to 0°C and iodine (1.9 g) was added portion

wise. After 10 min, the reaction mixture was allowed to warm to RT and was stirred at RT for
4 h. An aq. solution of Na,S,;03 was added to the mixture that was further diluted with Et,0.
The phases were separated and the org. phase was washed with water, dried (MgSO4) and
evaporated off to afford the crude compound as a yellow oil (3.5 g).

LC-MS: tg = 1.04 min; [M+H]": 391.87.

13.3. (S)-2-benzyloxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoic acid methyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.15,

intermediate 13.2 replacing intermediate 1.14.
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LCMs: tR=1.06 nmin; [MH +: 623.57. 5.2.

4-{(R) - 2-[ (4, 6-di phenyl - pyri di ne- 2-car bonyl ) -am no] - 3-
WQEb@spLino- propi onyl } - pi perazi ne-1-car boxyl i cP@LIRL009/051499

ethyl ester: This conpound was prepared using a nethod

anal ogous to that of Exanple 3, step 3.7, internediate

5.1 replacing internediate 3.6. The conpound was

purified by preparative LC-Ms (I1), followed by CC

(reverse phase; eluent A: water/TFA 100/1; eluent B:

MeCN TFA 100/ 1; gradient: 5%to 90%B). LCGMS: tR =

0.92 mn; [MH +: 567.51. Ex¥nple 6:

4-{(1?)-2-[(4-cycl opropyl - 6- phenyl - pyri di ne- 2- car bonyl
LCMS$t BO]92 min; [M+H]™: 402.02.

3 phosphono- propionyl} pi perazi ne-1|-carboxylic acid

est
134, (?fﬁz) quxztca&wy@ﬁflamfr(d'@”ﬁr%ﬁ@?spbwf)d%eﬁ@n@ceaadbony| )
-am no] - S- (di et hoxyphosphory pi ony
This ﬁPlﬁé?% Wes DIRACHIRING & n&‘éh@ﬂl) @%aﬂgﬂouw éhal offixgmple 1. step 1.16,

1nte?rﬁ€&?é%9n§|3\’1\@1§ad%%eﬁ?eﬁ~ﬁ€’d1%'1nl% a method anal ogous to that
Ex , cyclopropylboronlc acid

anmpl e
LC-MpitaciOny mchﬁ‘ﬂhHi(yé%&slﬂxl boronic acid. LCGMs: tR =
1.01 mn; [MH +: 587.69. 6. 2.

13 R BRI SO
I-cabox)lietuhiilbuedeger: Thi s conpound was prepared using a

nmet hod anal ogous to that of Exanple 3, step 3.7,
Thisi; mbmpdsmrdli whe pfepdred aplngca rmg:t}idalt ﬁl’al‘@duﬁtce tidt @f ERaenple 1, step 1.17,

ound ri.fied b t|ve CI\/IS
inefr RSl B CET R oS GD: 8 ueRY A G TEA?  replacing

1et11@£ycarb0§}-lép@eltazﬁe MeCN/ TFA 100/ 1; gradient: 5%to 90%
tR = 0.87 mn; [I\/H-H]+: 531. 46. Exarrple?

LC'M% GRQ)O%TWLMTH?) SHMydr oxy-pyrrol i dml-yl)-6-phenyl
- pyridme-2-carboiiyl]-

13.4N g@} 2%WB%’?79919{)19;?%}9&}99(%))%éﬁﬂaﬁ@ﬂﬁﬁz%%‘zz‘né-‘?%a‘?%bé Gcid butyl

aci d ethyl ester
ested- ((R) - 3- (et hoxy- hydr oxy- phosphoryl)-2-{[4-((R)-3-hydr
oxy-pyrrolidin-1-yl)-6-phenyl pyridi ne”-
Thig @pinpowydd) waxhpmpjapegr@pigomyhcjthqﬂ pmi@iunee Ithagaotboxaphple 1 step 1.18,
. tacicfj tez]jl;] I qst.er: A s ﬁ?l ut.i an o internediate 3.5 (50
RS AR -%ir?i?) 4L IIrBPTIEe ol (31 mg) in THE ( 1 nl) was
LChesitted 0072 m@innfMFHYAYE pyven at 1600C for 30 min. The
sol vent was evaporat ed off and the crude was used

13. ? 5 (%IZ/ ehol;g ! B ! eﬁ4 ((ES‘S:.? methéxJF\: p;l”l%]l?l’lcl)’l F}/P ;6 phenyl-
pyrﬁz’zr{e(ﬂargo }Dﬂa&ﬁa@ pgmg'ly@!’)%}/erﬁéfﬁé' olehiboRpitedtid BilpIRbeRyY| -

pyri di ne-2-car bonyl] -am no}-
This compound was prepared using a method analogous to that of Example 1, step 1.19,

intermediate 13.6 replacing intermediate 1.18. The compound was purified by CC (EA/McOH
10/1 to 9/1).
LC-MS: tg = 0.91 min; [M+H]": 702.13.

13.8. 4-((S)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino}-
S-phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester:
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3- phosphono- propi onyl ) - pi per azi ne-1| - carboxylic acid

ethyl ester: This conpound was prepared using a nethod
wW@rabogses to that of Exanple 1, step 1. 20, PCT/IB2009/051499

intermediate 7.1 replacing internediate 1.19. The

conmpound was however purified by preparative LC M

(V). LCGM: tR =0.68 mn; [MH +: 576.20. Exanple 8:

4-((1?)-2-{[4-(2-nmet hoxy- et hyl am no) - 6- phenyl - pyri di ne

- 2-carbonyl ] -

am no} - 3- phosphono- propi onyl ) - pi perazi ne-1| - carboxylic

acid ethyl ester: 8.1. -59-

4- ((R) - 3- (et hoxy- hydr oxy- phosphoryl ) -2-{[ 4- (2- met hoxy-
Thi€tbyibaimdn@)s BrepheiVsingys ingbitRl- analogous to that of Example 1, step 1.20,
. 2-carbaonyl]-am no} - propi onglﬁ) ;ﬁli per azi ne-| - car boxylic
integpeatatIQy] repkeepe. intgrmaggliafe jlohy- dtheicamppwsgvay aursfisl pyEC (reverse
phal lvafRAIENTRORO ¥ GhAWLABY gf% (Qtive T 6EK/1\XJ:‘JEH (2(111). )

was heated in a nicrowave vgn at 1600C for 5 h. The
LC36%:vtent).asineiMpdl ad4dl®f f and the crude was used

directly in the next step.LGMs: tR = 0.73 mn; [MH

+: 592.50. 8.2.

Examigle &= 2A4-((Rr2({M-((8)-Ransthexyapyrantidio) L-ghorhenlyl-pynididéne-

2ofr SRR SPILPRRGrpentopevipinsiagine Liepoyplicad pyo ester:
ethyl ester: This conpound was prepared using a mnethod

14. an@) Cgeusylbycathaty lohinEoakypy @y Ipenwneip atidethyl ester:
intermediate 8.1 replacing internediate 1.19. The

Thic oompound was pilepaved exing ur mtthed aaylopssparthit veEx(Gas 13, step 13.1,

CbZ:(-IB- l'u-(%l&é Iycsp:lac'inl?g C:bz(-)G17u:!'OMen; [ MHH] +: 564.30. Exanple 9

LCA1K: (th 20-@2-hind Ni2H 1Y dg 0Ky - et hyl ami no) - 6- phenyl - pyri di ne
-2-carbonyl ] -
am n%} - 3- phosphonao- propi onyl ) - pi perazi ne-| - carboxylic
14. 2 iR el{\eﬁwlwfé@qr@pl_qyl@mfod—zodo—pentanozc acid methyl ester:

4- ((R) - 3- (et hoxy- hydr oxy- phosphoryl )-2-{[ 4-(2- hydr oxy-
Thi@lcé,n(yp%imdn\ggs_ Btepz{r@qiélpmgya?/ mg‘qhﬁéf)analogogs to tLEI;I of( Exarr%/ple 13,y step 13.2,
intefnERALORY AT ALEREAREGENL ) - PT per azi ne- | - car boxyli c

acid ethyl ‘estet: Jhrs conmpound was prepared using a
LC3:hod lddahmgpPdsHi 039h&t. of Exanple 8, step 8.1,

et hanol am ne repl aci ng 2-net hoxy-et hylam ne. LC M. tR

145 QR eyt kB R R sl gasgpicssit g eser

oif oERBRRRY G BRIEpine. pistiod, taloseue 5 st i Fpomeley! step 115
inte@h&tWite @g2@Eplachiy Bitce@biMNcanvas prepared using a net hod
anal ogous to that .of Exanple 1, step 1.20,

LCMR:dr mdei2aies BMIH  ef92% ng i nternedi ate 1.19. The
conpound was however purified by preparative LC M
14.4] A’@—Z—benzyloxycarbonylamin0—5—(diethoxy—phosphoryl)—pentanoic acid:
This compound was prepared using a method analogous to that of Example 1, step 1.16,

intermediate 14.3 replacing intermediate 1.15.

LC-MS: tg = 0.80 min; [M+H]": 388.09.

14.5. 4-[(R)-2-benzyloxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoyl]-piperazine-

I-carboxylic acid butyl ester:
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LC-Ms: tR = 0.67 mn; [MH +: 550.37. Exanple 10:
4-1 (i ?)-2-({4-[ (2- et hoxy-et hyl) - nmet hyl - am no]

WO geophzasgd - pyri di ne- PCT/IB2009/051499
2- car bonyl } - am no) - 3- phosphono- pr opi onyl ] - pi per azi ne-
-carboxylic acid ethyl ester: 10. 1.

4-[ (R) - S- (et hoxy- hydr oxy- phosphoryl) - 2- ({ 4-

f (2- met hoxy- et hyl ) - net hyl - am noj ' -

6- phenyl - pyri di ne- 2- car bonyl } - am no) - pr opi onyl ] - pi pera
zi ne-1-carboxylic acid ethyl ester:A solution of
internediate 3.5 (50 ng) and®-

-(2-met hoxyet hyl )met hyl amne (39 nL) in NWP ( 1 L)

ThivasmpPe@idedad Prepardt GlsBivay encduRINardloghdd @CtHa0of IExampkO1, step 1.17,

eq. of 7V1é2-nethoxyethyl)nethylan1ne wer e added and
mtefrﬁ%dl@f? xtifre Vedadiggt defemedipppod oor aigl h intguedisie d¢t.  replacing

1- et%x] ity IPELAONKY Stk ):&ﬁ%&){l'cia%@‘gplﬁm 8 8ddeg LI 2/8, then

ture was heated at 1200C for The” sol vent™ was
EA@@ﬂﬂﬂédﬂhnd the crude was used directly in the next

e e M L 5 T b 92002

- 6- phenyl - pyri di ne-2 car bonyl j-am no) -
14.8- ph@sPhomosPr [@jtiony-bhosph@er) aenaeotf-paetaiy! i-irbaiylic acid butyl
ethyl ester: This conpound was prepared using a nethod
!nal ogous to that of Exanple 1 step 1.20, internediate

10.1 replacing interpediate 1.19, The caonpound wa
Thig, G%Q%Ifndpwﬁ PegereByspieed Acthqdy e goNs Iq F‘%P o IEseRle reten 118,
1nterm&1(1'z[@ 10% @eplﬁ%ﬁ'ﬂnﬂ'ermg’(?lgte 28. 7 Exanpl e 11:

-2- benzyl am no- henyl - pyri di ne-2-car bonyl
LC)M r’fkn29}74 r£11(n [M+H]y422 13. P yi-py y

3- phosphono- propi onyl } - pi perazi ne-1| - carboxylic acid

t .
]4.&_{{('% ?g?z[%f(rﬂc%éﬁézlsgfra {)-2- {[4 (ESKS me hoxy Fayrrlolrz]cgnzl yé)a? heny( fyrzdzne
2-carém'¢yrh]eqzmms}-@mtww&)-mgajmnmyM@d}@h}dw@d butyl ester:

propi onyl | - pi perazi ne-|-carboxylic acid ethyl ester: A
This ebmpownd @hs prepercdedingt € nBtpd( &G lamghs a&ndhab el Adasupienég, step 1.19,

ilpeunaeorBpiae g THerS rifunih B EHTCE Ehmeon

8/2,anh EAasOMDUNE was heated at 1200C for 6 h. The
solvent was renoved _and the crude was used directly in

LCM tr 00 lonisp[MERT WE924R = 0.89 nin; [MeH +: 624. 66.
11. 2.

14.8- 1R 227 ? é‘[f 17ya @%k’éﬁlﬁy%Zzgznppflﬁﬂphg%mp%Bﬁe@ %MUYJ?})MG}

- am no] - 3- phosphonopr opi onyl }-" pi perazi ne-1-carboxylic
5ph@ﬁ@ﬂ@ﬂﬁvﬂmedfeﬂwnwhwsﬁ@@ﬁﬁﬂﬁﬂdaﬁéwﬂbﬁ%@ared using a

nmet hod anal ogous to that of Exanple 1, step 1. 20,
This wompensdi wee pepartd ruspigae imﬁghddnar@iqgem @a ghat of Fixamipe 1, step 1.20,

inte%rﬁ%}q%g rlgf 7 repla@%\ével\r{%rmgd’l a{tle f1I 199d T%g 8 %vlagl %urlf%dl\@y CC (reverse
phase, water/MeCN 1/0 to 0/1) and then by preparative TLC (EA/MeOH 2/1).
LC-MS: tg = 0.80 min; [M+H]: 646.12.

Example 15: 4-((R)-2-{[6-(2-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

15.1. 4-[(R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-

I-carboxylic acid butyl ester:
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LCMs: tR = 0.78 mn; [MH +: 596.06. Exanple 12:
4-(-2-{[4-((5)-3-net hoxy-pyrrolidin-I-yl)-6-phenyl-pyr
WO giovna23ecar bonyl ] - PCT/IB2009/051499
am no} - 2- phosphono- acetyl ) - pi perazi ne-1| - car boxylic
acid butyl ester: 12.1.
Benzyl oxycar bonyl am no- (di net hoxy- phosphoryl)-acetate
lithiumsalt: Cbz-a-phosphinoglycine trinethyl ester
(1.6 g) was dissolved in EtOH (5 nL) and treated with
a solution of LiOKH 20 (408 ng) in MeOH/ H 20 (5 nlL/
2mL). The mixture was stirred-at 00C for 30 m n and
the sol vent was renoved. The crude ( 1.5 g) was used
Thl[ﬁ icf)@p&lin)dsiilgs 8%@aﬂ%g)ﬁsm§t £cthdd- Malogotd Fo Ghaf DfMxAmple 1, step 1.17,
+:
mtemnfdzatﬁen%% oseplesing onpfeamedinte2- {-4f metWox A6 didkor ¢12) - &placing
1k XbiboR) IBEEAZOE Thi- CaRN! o %‘\x@v&u%ﬁhﬁ&?t(tﬂce B9 @c (first

solution Intermediate 12.1 (1
CCvideptdidd €8/11 PEN1 (.. ﬂalan)?d ayd ENANIEOH29/2, ddllowafdt by EA/MeOH/NEts
tirrin t 0 internediate 2.2 (1.1 g)
8/2/61 5% °8‘a|‘98.6 Iflﬁ%t/Efrjga/clt]tl om)m xture was stirred overnight
LCMS.R&' amd hinMeH] adekes4. The phases were separ at ed,
the org. phase was washed with brine, dried (MySO* and

v ted off. The c s purifjed b
15,5 {0 3 dapipese{dieti@e ?SP&’I\?G@ bl 2,6)99 AR gt b
es;e,:_- 0.95 min; [MH +: 486.01. 12 3.

4-[ 2- am no- 2- (di met hoxy- phosphoryl)-acetyl]-pi perazi ne

This cdbmpEEHRIONUY Ipfep@fe Gushist le@cﬁé@ranalg%’dlﬁ t%otlﬁ'@tob)f‘@x!ﬁﬁﬁle 3, step 3.4,
prepared using a nmethod anal ogous to that of Exanple

integmediate 5.1 ragacipgingrmedipatdesd- 12. 2 repl aci ng i nt er nedi at e

Lc}/r%é ?CB'\@]R E(l\%—i—HHgé%horyn; [ MtH] +: 352.55. 12. 4.

[)-2-{[4-((S)-S net hoxy-pyrro
I|d|n | -yl)-6-phenyl - pyri di ne-
15.2- 4 phdwphylridira?nolboritéley| ) - pi per azi ne- 1-carboxylic
acid butyl ester: This conpound was prepared using a
To resdinbranfliegeuslpyudinhat-opide Eeagplie DCMs{(¥pml,)19as added at RT

e VTR D RO B B B 6 iy 1y reaction

mixtre Svdd. el dVier i gt Hit R T. 682s08kioh2foaq. 10% Na,CO; was added and the
4-(-2-{[4- ((S) - S net hoxy- pgrrol idin-1-yl)-6-phenyl - pyr
MIX{HE s zzxgaqt%quh] EAamnﬁ@?m ined org. phases were washed with brine, dried

(N aZS(E’J? s r@/@ﬁor%&t&ff )Flﬁ’r'aﬂgﬂ dgLNg Irp'luc%C af by h%@tﬁ;‘t@Ab Wiy lgave the

tér: Thi's compound was prepared usi ng
desmmomgmusd(%Otr@t of Exanpl e 1, step 1.20,

LeaRide Vel w867 BB 8F (Pever se phase: ai uant A

H2O TFA 100/ 1; eluant B: MeCN/ TFA 100/1; gradient: 5
15.4.0/ —9}@9/4—B)zenyl—pyridine—2—carb0nitrile.‘
MCPBA (766 mg) was added to a solution of intermediate 15.3 (400 mg) in DCM (10 mL) at
RT. The reaction mixture was heated to 40-45°C for 48 h. The reaction mixture was filtered
off and the solid was washed with DCM. The solution was concentrated and Et,O was added
to the residue. The suspension thus obtained was filtered off and the white solid combined to
the first batch to give the desired compound (410 mg).
LC-MS: tg = 0.83 min; [M+H]": 197.48.

15.5. 6-chloro-4-phenyl-pyridine-2-carbonitrile:
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LCMs: tR=0.77 min;, [MtH +: 604.47. Exanple 13:
4-((5)-2-{[4-((5)-3-net hoxy-pyrrolidin-I-yl)-6-phenyl -
W@ 000/d23366 PCT/IB2009/051499

2- car bonyl ] - am no} - 5- phosphono- pent anoyl ) - pi per azi ne-
-carboxylic acid butyl ester: 13.1.
(S) - 2- benzyl oxycar bonyl am no- 5- hydr oxy- pent anoi ¢ aci d
net hyl ester: To a cold (-15 0C) solution of
Cbz-Qu-Ove (1.5 g) in THF (70 nL) was added
- met hyl nor pholine (0.616 nL) followed by isobutyl
chloro formate (0.731 nL) dr@pw se. After 30 mn
stirring at -15C, NaBH 4 (576 ng) was added, followed
To Mele@b@PBI4SE@00 T2 waeaddddosn R )HO(H?(Wﬁllﬁdﬂdrth@ﬁlspénsroiaQ;tlrred at

OC for. 15 mn and quenched by the addition of | MKHS
reﬂ% lfqn% fynTheRgction migee Was addadreaeafelly (o 3hiceaoldmieOr] rsghmon The

g)%?ﬁeﬂte%(f 5‘ff Wﬁﬁ &le Wﬁlﬁé ?(qm(Mhépw)ithWer and dried under
eva OI' ate

Ive the crude product as
HVct@b/@Ldﬂlleéeelledk)rcv(dmcﬁ3@() mg)h.C-Ms: tR = 0.82 ni n [ MEH]  +:

LC%%%} ééﬁ%&?@@%&%ﬁgHSQWQn%%%3 -i odo- pent anoi ¢ aci d

methyl ester: To a solution of internediate 13.1 (1.4
15.@) 6-chloiHFph 4Q1-pir) dinel-eaddaigld doid:dazol e (545 ng) and

PPI 13 (1.97 g). The m xture was cool ed down to 00C and
Interaedime 1515 QSSQ)Ing/)/aiﬁ @dcledCp 37,012 m’[ﬁ)evasAfeh&d taGeMmfor 2 h. The

the reaction ure was, al |l one owarmto RT
reacdiop pighire, pvagrpdgl %ff togic- CO%AWatﬁh (103 B #h2 epia héac%l daldtion (32%,
10 Iﬁgﬂ qhetaq. HHASe WaX bR tckRRtccWaith EAr TH@EOIﬁitblhéH &9, Yhak&l were washed

Et 200 The phases were separated and the org. ase was

withwaertee HIGM apﬁ bpiae.edricddNagD4) nasevaposaiadl eff 4p arvattae desifed cgmpound

ford the crude conpound as a yellowoil (3.5 Q).
63?&@%5‘ tR=1.04 min;, [MH +: 391.87. 13.3

LC@%SAQeEENMymo@veHTbﬁhWIﬁnino-5-(diethoxy-phosphoryl)-
entanoic acid nethyl ester: This conpound was prepared

155k B 2 TR Rl RO BRI e e e P e i S Baphory)-

proﬂwllﬂ] bleNBinet Redrbbky82 abiibund Mt +: 402.02. 13. 4.
(S) - 2- benzyl oxycar bonyl ani no- 5- (di et hoxy- phosphoryl)-p

To eRti@nI€ s@gtich off MitSnRAMROUNG (B@EmPY epMe@N (ksmmg veus added oxalyl
nmet hod anal ogous to that of Exanple 1, step 1.

chlgrige 4P 48Y M eThegnixtirg maaal%@eq fQtver e iRel @Oqle%gantéowsto 0°C and
NE%E? ?S?m ) Bgl:s] Qd?éd“été'& f(??l%&fe&%y als%hﬁg)n of 1ntermed1ate I%g)r(gl?S mg) in

zyl oxycar bonyl ami no- 5- ( di et hoxy- phosp
Nk¢Np@nnhhdykanMpewamHﬂb“@dicambmu@lREzmdnwmbunyﬂVMiRTi%r2Oh

est This und re red u5|n
Integﬁ cf %ta oli gl b i %I%ﬁﬁggs WS \@éﬁg& a :[hes tng T’g V&?IS stlrre% for 2h at RT.
Intcritdintee SJza(w) thg) Wad gplmeidedandthe hﬂﬁdteam sirr® faarsch at RT. EA and
intermedi ate 2.2 replacing
water were added to the mixture. The org. phase was washed with a Na,COs solution and with
brine. The aq. phases were extracted with EA and the combined org. phases were dried

(Na,S0Oy) and evaporated off to give the desired product as a brown oil (950 mg).
LC-MS: tg = 1.06 min; [M+H]": 609.04.

15.8. 4-((R)-3-(diethoxy-phosphoryl)-2-{[6-(2-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl]-
amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:

A mixture of intermediate 15.7 (100 mg), 2-fluorobenzencboronic acid (30 mg), K;PO,
(70 mg) and Pd(PPhs3)s (9.5 mg) in dioxane (0.5 mL) was stirred at 110°C under argon
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1- et hoxycar bonyl pi perazine. LGMS: tR = 0.97 mn;
[ MtH] +: 555.98. 13. 6.
W@ 240042538 am no- 5- (di et hoxy- phosphoryl ) - pent anbgT/iB2p09E51499
razi ne-|-carboxylic acid butyl ester: This conpound
was prepared using a nethod anal ogous to that of
Exanple 1 step 1.18, internediate 13.5 repl aci ng
internediate 1.17. LCMS: tR = 0.74 mn; [MH +:
422.12. 13.7.
4- ((S)-5-(di et hoxy-phosphoryl)-2-{[4-((S)-3-nmet hoxy- py
rrolidin-Il-yl)-6-phenyl pyri dine”-
car bonyl j - am noj - pent anoyl j - pi perazi ne-1-carboxylic
oveﬁﬁgi;}d lrué )éblveﬁtt @S cViposateDIPOUNE MWage praegﬁlrleddugﬂ' p@p@ative TLC
hod anal ogous to that of Exanple 1, step

(quaefrtﬁ%ﬁ/%&te affgrdgthe dpsyinge Fﬁl@pwrri@r Arsaloiless Pﬂié5 mgire

LC@@?R%UQQ2M¥% BHLH g@;?y CcC (EA/NEOH 10/1 to 9/1).
mon; T MH] 702.13. 13.8.

S 4-((S h lid l -yl)-6-ph |
15. %yﬁs ?(61))133[[ E(Q;g;gtcgfg?ﬁqeﬂzynf%Wz;f%/y}’—gj)//rrzcg’zge—b—cla?bonyly a)mzno}p3 Sgggphono—

proézo%%ﬁ%@r%@z%e eg;ltrg %Y£ 2101939%% j,ne-1-carboxylic acid

ster oun prepared usi ng a net hod

Thif n?mgggnglswgs p&e?%r(./ed u51 %rﬁgetﬁo& anglh%cgl l[o t%it B.EX'?Hgle 3, step 3.7,

repiacing 1nter ate
mteﬁﬁmmu ntb.§vasplptifig fihneemdiatCG.¢.r eheroepphas avaswadvesveVuNfied by
1/0.t?1$§ﬁ£(@pd then by preparative TLC (EA/ MeCH 2/1).
PrepaFatiyg 80 min; [MH+ 646.10. Exanple 14:

LC‘M&( (tJ{Q)(w% hin4 a4 B) 313186 hoxy- pyrrol i diii-1-yl)-6-pheny

| - pyridi ne-
2- car bonyl ] - am no} - 5- phosphono- pent anoyl ) - pi per azi ne- |

b hexy4- ((R?é%'[ﬂpﬂéﬂﬂ% (§&Pi@lﬁlor&ﬂetﬂyl-phenyl) -pyridine-2-carbonyl]-
- 2- benzyl oxycar bonyl am no- 5- r oxy- pentanoi c acid
imet-Ayithoghamo- pwnrogybmmaﬁaemr%@@paraed hydgylegtes:

net hod anal ogous to that of Exanple 13, step 13.1,

16. ﬁbﬁ?(ﬁf—%ﬁzﬁe%)é—%g&lfﬁ%D%4@ %h%ﬂ—é%rﬂ&&o%lhyi ﬁlenyg p§igdzne—

2-cqriRyw/2/-einpyp oyl ey hzne- hoaBoddacpbindreiec aci d
met hyl ester: This conpound was prepared using a
Thisredipehndnahsopepscd @sing at meﬂm&martpg@slt@ thatt efpExdBniide 15, step 15.8,

344@%&{5@2&%@%, gfo][%_c'r_ﬂec regfgilgg znﬁ gée%tebor%r%c %mdLC_ ME:

LC-MB:tR=herzuinopyer] bonyyam no- 5- (dr et hoxy- phosphoryl ) -
entanoi ¢ acid net hyI ester: This conmpound was prepared

16. #SI 2{%)3 J}? pEr]eny trz L?Olrlfgmgtgyl -p enyl ;)yr%l? carbony? amzno}

3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 15, step 15.9,
intermediate 16.1 replacing intermediate 15.8.

LC-MS: tg = 1.02 min; [M+H]: 663.55.

Example 17: 4-((R)-2-{[6-(4-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

17.1. 4-((R)-3-(diethoxy-phosphoryl)-2-{[6-(4-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl]-

amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:
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intermedi ate 14.2 replacing internediate 1.14. LC M
tR=0.92 min; [MH +: 402.02. 14.4.

w@ Rov22493ezy| oxycar bonyl am no- 5- ( di et hoxy- phosptinrBz)9/(51499
entanoi ¢ acid: This conpound was prepared using a
nmet hod anal ogous to that of Exanple 1, step 1.16,
internmedi ate 14.3 replacing internediate 1.15. LC Ms:
tR=0.80 mn; [MH+: 388.09. 14.5.
4-[ (R) - 2- benzyl oxycar bonyl am no- 5- (di et hoxy- phosphoryl
) - pent anoyl ] - pi perazi ne- 1-carboxylic acid butyl
ester: This conpound was prepdred using a net hod
anal ogous to that of Exanple 1, step 1.17,

Thi R6@psERdi Rieptfardd LSRPL ACMBGol RhelbpRMi Bt tatloflBxaaide 15, step 15.8,
| nt er medi ate 2.2 replacing 1-ethoxycarbonyl pi perazi ne.
-flyprebergrisdoricasyd rﬁH]IaFlflgg Wwe@ FRPPNEACY/ 8 t hen

LC-WNEQ?.&%&) iMHF Meso R = 0.98 min; [MH + 556.02.

- 2- am no- 5- (di et hoxy- phosphoryl) - pent anoyl | - pi pe
17.3. a‘%( (Re2ri e 4t-Bowptihende - ehoulyyriése é’rcarbmylé—amm}o%m&sphono—

prof YR BRRERE S3 Ay B Tl B AR 02°18. % eplaci ng
Th1§1r éne1 (gu%%l \%g%prepared us%g a me]éhod angllogous 0 tha{ N#E]xample 15 step 15.9,
mteﬁnéctlg&45.|4(retjne¢1ﬁgm;ermbmsqehmg|) 2-{[ 4- ((S) S et hoxy- pyr
LC”}/?élaﬁl %gr%ﬁl%lné@?ﬁﬁvegéﬁgﬁg;l I) nSI- per azi ne-|-carboxylic

amﬂ butyl ester: This ;:orrFouExnd vvlas ErerSJ?redlusbng a
ExARIE B o 40 2160 Bh e AR TR LRG: et chogs B o ghosphono-

ro erd@in e AUrh b8 Tic i d%tfrfegfe'vbm 8/ 2, then EA MeCH
P ml}%g Mol barbyadic Atiad MiH] +: 702, 42. 14. 8.

1 813%?@142(;1{@9}@5}(}%2@% n?)%’(ﬁéyz%fl r601£ IIO%I/Z r}JyLz;z’znle—)Z—c%rgonyl) amzno]

proﬁb%?ﬁ%%%epﬁwrgmxk ziRIpRBY ggbne-1 - carboxylic acid

ester: This conpound was prepared using a nethod

Thi&l ?&ﬂlgsw&sopr%gﬁgd ngmE%aHiQ hEd ]anal%%é% th- tggloflgxamﬁ%e 15, step 15.8,

I nfe iate repfacing Inter ate
4-todydbgrouvia dcasplpung 2-fledrobynzE@borevesse phase, wat er/ MeCN

to 0/.1 preparative TLC (EA/ MeCH 2/1).
LCMNB‘ ‘/F%Izunoﬂgﬁhﬂfﬁé);{%\mrw 646. 12. Exanpl e 15:
4-((i?)-2-{[6-(2-fluoro-phenyl)-4-phenyl -pyridi ne-2-ca

18.2. bR 12- f@p hedyi-6-p-tolyl-pyridine-2-carbonyl)-amino] -3-phosphono-propionyl -

piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 15, step 15.9,
intermediate 18.1 replacing intermediate 15.8.

LC-MS: tg = 1.00 min; [M+H]: 609.18.

Example 19: 4-((R)-2-{[4-((15,25)-2-methoxymethyl-cyclopropyl)-6-phenyl-pyridine-
2-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:
19.1. (E)-3-tributylstannanyl-prop-2-en-1-ol:

To neat propargyl alcohol (1.77 mL) were added tributyltin hydride (10.3 mL) followed by
1,1’-azobis(cyclohexanecarbonitrile) (378 mg). The mixture was heated for 2.5 h at 8§0°C,
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3- phosphono- propi onyl ) - pi per azi ne-1| - carboxylic acid
butyl ester: 15.1.

Wa2(00/R5386 t er t - but oxycar bonyl am no- 3- ( di et hoxyP@EHmBp000051499
yl ) - propionyl ] - pi perazi ne- 1-carboxylic acid butyl
ester: This conmpound was prepared using a nethod
anal ogous to that of Exanple 1, step 1.17,
internmediate 3.2 replacing internmediate 1.16 and
internmediate 2.2 replacing 1-ethoxycarbonyl pi perazi ne.
The conpound was however purified twce by CC (first
CC. Hept/EA 88/12 to 0/100, -%ol | oned by EA/ MeCH 9/1,
foll owed by EA/ MeOH/ NEt 3 8/2/0.1; second CC. Hept/EA

coofbdtotRT Qhd Miredtly- plifiddRoy=CQ. @/ Aepy; 5/DMHd] afford W 8sired compound

15. 2.
(54¢9[(R) 2-am no- S- (di et hoxy- phosphoryl) - propi onyl ] - pi pe
"H-RRA (EDELE RTBQRY bis: 4326 Qﬁ)y Sﬁtz@r(m T4ins O@QTEP?HS‘.d

mas prepared using a Rod “anal ogous’ t o f hat
le 3, step 3.4, |nterned|ate 15.1 repl aci ng
192 n(t( A - mlytagst@nam WBOPRARY B-n@iipgoti n; [ MeH] +:
394.37. 15.3. 4-phenyl -pyridi ne-2- carbonitrile: To a
To zetlutianof dohethopietnge Oyd md) rrearhydioxs BEM 670gL) epobdt ¢ BIFC under
argen %vlaél\@l% b%ﬁ%g Zitlet]illq-ll-mhjg I(Sfr?%téﬁi? . hlgw c}/ 80 d%rgd%elﬂr]lﬁn%% :Fth in DCM
(20 Im{a(ﬁvlef)l A 301 rﬁﬂiﬁp’eﬁodﬂﬁnl&theépjlﬁgl v teh hémlwratﬁﬁ': aréund -12.5°C. After

crfut L, IR0 S 200 e X s tuin
of Eﬁ%@ﬁ}b%%ﬂi\bﬁ INM&- te@tﬁfn@ﬂil%/( m%&@oﬁﬂ)@r&éﬁéWff afcﬁfﬂ>09z§1£1de in DCM

Itration over a silica gel (Hept/EA 1
(25 gdvevastasldgé slopdd tac ouﬁqmat mer@qre bEbW\/SO°@,anfn igqly followed

by F"SE‘)II’thll)lg/Pr H%’l] ternfeﬁfla;[/eflg%ll #g QAZ@) dn ] Onl n?Ig drwﬁg (1(117%%211 terilperature
betwas dﬂE{é dintl 0-82C)s dlhat doofingfathntves ltmnb\atl,e adb 11 fed@®dnmyjxture was
allowgd b W&é‘n 8@&}1’) L&a@#tlrr—% Z)V%I‘g;gl% !fltglﬁ'l' :ﬂ?l})g %%(Sloﬁviashq%enc%ed with an

aq. NHCesgdtief {102md),tha S0l 4. W SWRSHEd1 ML, PEdVinixkh@ was diluted
sol ution was concentrated and Et O was added to the

with HeQ e orgripbass @é@?éﬁ@‘ﬂ & thaag. @@ﬁeaWﬁSe@ftmﬁtﬁdwlm 13¢ Mang E,0. The
conﬁ)ﬂ%dt &%e }5\%{5&§w§ ik canb é\ﬁ?ﬁ%b p&%ﬁ%&o@?&éﬁ%ﬁté%A 100/0 to

grve t esl re conmpoun
95:Migaye BB Eljof thekBFiratigompusd.

' RAFCGRED 8353 Plbo A madEadadd STt Popeary 2¢ (. o

1.14-5.03 (M, )1 HBN0.90 [tg 9815 PBB. T (nS,t GHL); e)d75a1 69 ehl UR);f055-8.50 (m, 2H);
The reaction m xture was added carefully to an
-0.20ce0.88(8. NboH sol ution. The

Optical rotation (589 nm, CHCl3;, 26.6°C, 1 = 10 cm, 99.6 mg in 10 mL, ¢ = 1.0): specific
optical rotation = +14.74.

19.3. Tributyl-((1S,2R)-2-methoxymethyl-cyclopropyl)-stannane:

To a solution of intermediate 19.2 (9.5 g) in THF (200 mL) was added NaH (2.27 g, 60% in
mineral oil) at RT, and the mixture stirred 30 min at RT. Mel (7.55 mL) was added and
stirring was continued at RT overnight. The reaction mixture was diluted with H,O and
extracted with DCM. The combined org. phases were dried over MgSOj4 and evaporated off to
afford the desired compound as a pale yellow oil (10.49 g).
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resulting suspension was filtered off and the white
solid washed with water and dried under HV to yield
W@ b@odezsse ed product (350 ng). LG MS: tR = 1. OBCTiB2009/051499
[ MFHHCH 3CN] +: 257. 30. 15. 6.
6- chl or o- 4- phenyl - pyri di ne- 2- car boxyl i ¢ aci d:
Internmediate 15.5 (350 ng) in cone. HO (37% 12 nl)
was heated to reflux for 2 h. The reaction nmixture was
added to ice-cold water (100 nL) and a cone. NaCH
solution (32% 10 nL). The ag. phase was extracted
twice with EA. The conbi ned-®rg. phases were washed
with cone. HO and brine, dried (Na2SO and evapor at ed

'H- NMRt(o:nge Jiﬁe(d@smpds g@n(@wmﬂl)( 330 (@), 18 VB5-114R @m, 6H);

1 3741 {2(3 ﬁe)ﬂ @HI E'é)ﬁc,(ma oHY 049 lp(ﬁe%i)i 0. §§/£mo§%9éﬁé@v Bkiy?-$0 ami H)-
o] -S-(diethoxy-phosphoryl)-
19. PF@WRQJQYM cﬁ’l‘oﬁﬁg—ﬁ%é J/rz&ﬁé bQXYAN$I) Bikb] @Wéth&%%@rﬁsphowl)

To an ice-cold solufion of internediate 15
propznn%wewzmﬂ)cqm@cyédd@d basehksydr: chl ori de (0. 109 m_)

The m xture was allowed to warmto RT, cool ed again
Thiggampewnd0BS areganiktus(ng, @@kthﬁLd) amoad@kedlasmﬁvﬂvmple 1, step 1.17,

inte?tﬁel:ci\ifce)[y\&ﬁdl(gy r{?}glggll t I18ter dlaetg E/\g;f'g;?:a%\‘i/\g dr}t?rmedgaé I%RTreplacmg

1- etan;d«cmnyslpipemedearhé?{ommunaomis hdwdver pedfiat by T8 2H{AA 1/1 to
ng) was added and the mixture was stirred for 2 h at

OUDRT. Internediate 15.2 (150 ng) was agai n added and the

LCMIgtEq ovafinSNIFHfded®so 3 h at RT. EA and water were
added to the n1xture The org. phase was washed with a

CO3 solution and with brine. ag. phases were

19. %x‘f ((&«ée(dlewoefhp@spml)t%ﬂ%{él%%%dn@h@fymﬁﬂila%@@l%é%l) 6-phenyl-
t
B B R RO,
A 00 95 B i ot 0390t B 0 )
toluede (ifemy) wpy degdbsed -aﬁd haitdmml)lBﬂ)o-C for 16 h under argon. The same quantities
of lg@{ngé’cﬁatgﬁﬁg')gga?ﬂg)(%@{ fvas h@ 4! g tlklrbfgwas%%hg%egtled at 130°C
for 20 hl worRhenEFANRbRraatd CardiCthé pﬁa?s@s wel)e, scparited. TheQorp ha@endas dried
Pd(PPh 3 (9.5 in dloxane (0.5 &ﬁh s stirre

(NagxXo end ﬁ%?@pra&dﬁ% oRErehidghtas pridicd O v&ntEARE QY é@otpalt/ Bdo afford
the ?%B\/?I&ﬁ &Inﬁqga ovaﬂ¥15 fg). by preparative TLC

acetone 5/ 3) to a ford the desired conmpound as a
LC-0M9$:0ur | ldddsmioi [M’(rHB ). 75.LCG-MB: tR = 1.12 min; [ MH +:
669. 59. 15.09.
I
1 9% 4— )/%% 2 df#? kﬁ?‘ (2§)' Eﬁrgeghr Jgﬁ%ﬁ 52[0@/0%&5 %the%\/l pygzdzne—Zz ca(;’gonylj

mn@@@é@ﬂdﬂ%&wﬂpﬁp&hﬂ&¢&k&uﬁﬂ¢dc@ﬂh@%caSMHmmdewm~

This compound was prepared using a method analogous to that of Example 3, step 3.7,
intermediate 19.5 replacing intermediate 3.6.

LC-MS: tg = 0.90 min; [M+H]": 603.71.

Example 20: 4-((R)-2-{[4-((1S,25)-2-hydroxymethyl-cyclopropyl)-6-phenyl-pyridine-

2-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

20.1. 4-((R)-3-(diethoxy-phosphoryl)-2-{[4-((1S,2S)-2-hydroxymethyl-cyclopropyl)-6-phenyl-
pyridine-2-carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:
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Thi s conmpound was prepared using a nethod anal ogous to

that of Exanple 3, step 3.7, internediate 15.8
WO 2pbazi3ng i nternedi ate 3.6. The conmpound was POUEB2669/051499

purified by preparative LCG-Ms (I11). LC-Ms: tR = 0.98

mn; [MH+: 613.20. Exanple 16:

4-((i ?)-2-{[ 4- phenyl -6-(3-trifluoronethyl-phenyl)-pyri

di ne- 2- car bonyl ] -

am no} - 3- phosphono- propi onyl ) - pi perazi ne-1| - carboxylic

acid butyl ester: 16.1.

4- ((R) - 3- (di et hoxy- phosphor y47)-- 2-{[ 4- phenyl -6- (3-tri fl

uor onet hyl - phenyl ) - pyri di ne-
Thi? c@@pmﬁyxlvis Biehared uihg i ﬁlembal-aﬂhlbgmab N@atl ofcaxdhquhm:step 19.5,

acid butyl ester: This conpound was prepared using a
intepaediyg laﬁalfealgsl@g ipigrpgsitc &P SEtamsPEPawd wiseppviayegpurified by CC
(HeFrER 1T 407 PIREAYARRRIY L 9T oni ¢ aci d repl aci ng

-f uorobenzeneboronlc acid. LCGMs: tR=1.15 mn;

LCMB: i +:0.9718in7 IM+HIB ; 845.57.

4-((R) - 2-{[ 4- phenyl -6- (3-trifl uoronet hyl - phenyl)-pyrid

i ne- | . 7
204 BB R b DS e exdonany)-Eabengpriding Zcqroon]
mn%@}&@h@g%emipﬁbkﬁybwamaumdzMambpnépacmﬂmg$bﬂg¢a net hod

anal ogous to that of Exanple 15, step 15.9,
Thi$ rb@pomdi ate pldpaikdr eplgaai method tagal opalis ato ethd’ o8 Exhip W3, step 3.7,
. tR =1, mn;. [ MH] +;. 663. 55. Exanple 17:
mteam%ctl?t@)?g % rmlw@mﬁ%ﬁﬁh@tﬁ Hfenyl ) - 4- phenyl - pyri di ne- 2- ca
LCMG#](T%&O}WH 589.61.

3- phosphono- proplonyl) pi per azi ne-| -carboxylic acid

butyl ester: 17.1.

Exa4n4[£1é Rl 3-((#h-2t irysy- Bh@anbgr ﬁ*ﬂroﬂdﬂﬂlﬁyﬁ 4-pHenPLpyidigay | )
henyl - pyri di ne- 2- car bon

2- C%nbpnﬂj-apwﬁr%nwsphpn?rerwmé)-plp@mm%a@oaxh@a%wllyl ester:

ester: This conpound was prepared using a nethod
21. ﬁnﬁlf(ﬁgg%ze;%x} B%sp@éwﬁxﬁm )@mel@gﬁ%ﬂﬁjlﬁm 1-yl)-6-phenyl-

uor obenzeneboroni ¢ acid replacing

yrzzhrferétjmré@aré/z@nwbbpmpvcmyéimwmi@rNEarleR/l ke atidi@hyhiester:

[ MPH] +: 669. 97. 17. 2.
Thig-cofiRyur@d- {h6 ploparel using- p methydd) arrhlqgoefnyd 1ty roif dixaepR>- tastep 1.17,

1ntebrf1%cﬁ?,tgz Ialr1nL6] 0} %pi?(ghos p gr%ge@fagé)bﬂpﬂ %%({ elmter-frﬁ,dgate 3.4 replacing

1e@6ﬂ@@ﬂﬁd@M@ﬁm@mepared usi ng a nmet hod anal ogous to that
npl e 15 ste? 15.9, internediate 17.1 replacing

LC1N|[§ éxné)cﬁ“d‘fuél MTH]: P tR = 0.98 min: [ MH +:
613.67. Exanple 18: 4-{(i )-2- [(4-phenyl-6-/

21.2. t@lrm 20V - (isSH30Re RoxGyrrolidin- ]—yl) 6- phenyl pyrzdzne—Z—carbonyl] amino}-
am no] - 3- phosp onog? I ony

3 plmsggfmzﬁrn@wnyltawwwﬂca& @@@lgf IetheféQSéqr 18. 1.
4-{(R) - 3- (di et hoxy- phosphoryl)-2-[(4-phenyl -6-p-tolyl -
Thipgeingpund- Ras ardpeney | Usingnd method analogous to that of Example 1, step 1.20,

intermediate 21.1 replacing intermediate 1.19. However no work-up was performed, the
reaction mixture was cvaporated off and the residue was purified by preparative LC-MS (IV)
followed by preparative LC-MS (V).

LC-MS: tg = 0.72 min; [M+H]": 590.44.

Example 22: 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-

2-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:
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propi onyl } - pi perazi ne-|-carboxylic acid butyl ester:
Thi s conmpound was prepared using a nethod anal ogous to
wa b@v/1zf3eeExanpl e 15, step 15.8, 4-tolyl boroni cP@UIRL009/051499
repl aci ng 2-fl uorobenzeneboronic acid. LCGMs tR =
1.13 mn; [MH + 665.73. 18.2.
4-{(R) - 2-[ (4- phenyl - 6-p-tol yl - pyri di ne-2-carbonyl)-am
noj - 3- phosphono- pr opi onyl } - pi perazi ne- 1-carboxylic
acid butyl ester: This conpound was prepared using a
nmet hod anal ogous to that of Exanple 15, step 15.9,
internedi ate 18.1 replaci ng-®#nternedi ate 15.8. LC Ms:
tR=1.00 nmin; [MH +: 609.18. Exanple 19:
22. B-4-((RDB- @remoﬁy phkdsphoryl)-2-{[4-((S)-3- methoxy pyrrolidin-1 —yl) 6-phenyl-
v2S) - 2- et hoxyrret hyl - cycl opr opyl } pheiiyl-pyridiiie-
yﬂﬂﬂ@a?r% OOY/-ghin pr%%@m%% 6@" eﬁ}g/m@m &5'erie- |
-carboxylic acid butyl ester:
Thig cympoyndj Wag Preppgd risingl meélpdza@mglou% to thph ofdigemple 1, step 1.17,
avl 1@l mggj)avve a d tri Lt :
1nteﬁ‘5%{r?§[ée 1(11(}81 g&!:'ﬁi&; éornlz%we E:y [ ¢6 20680 itk Rutivk t 113 2 replacing
1-ethpxycadpoyppeay ok chexampoandwea purified by (Z7E AyleOHTHO to 9/1).

I Xt ur s. h .5 h at 800C, cooled to RT and
Lc'g%l§é%?$f\ﬁaﬁﬂW? ﬁﬁéﬁﬁb%ﬂ%(wl—bpt 5/95) to afford the
desired conpound (5-4 g). 1HNWR (CDO3) : 6.22 (m
22. 2H)-((RA}- 2204 (8- 324 Dth ox3-pifrolid i2 81 -4 v - ph8id-py A dide- 2( day bA -amino -

3 p’%wéwsam@owﬂi BREAF S AritapP e g BPOpYA) - met hanol : To
a solution of dinethoxyethane (1.8 nlL) in anh us
Thipegmpegndnives prrepsd uing: ﬂ@@thﬂﬁid%‘}al%toﬁ% P W& od) ple 1. step 1.20.

1nte?g9(ﬁrﬁ£j[§: @:2? a%fng Qn{eilrﬁccﬁatm-l) 19. fI‘Blﬁ | BMBHurky wild bﬁ’[‘#ﬁ’é@ﬁ}h @€ (reverse

over a mn period wh
phakﬁ&@@twg/let%%/ﬁtt@i@{%) t enper ature around -12. SC After

<SRBI Ty
Examon " SASE s af bR A B T AR RIAL A€

2-carbopdi-aitin & -33phasphodOPEopiomyte gipai edine- f-ohitbowelic duyd athyl ester:
sol ution of interrredi ate 19.1 (3 2 g) in DCM (25 nL)

23 b e ﬁﬁ%@%oxy SOREGH i e bever

was allowed to vvarmtoRT stlrre overn t at
Thiggpomppincy ga%tpr@ﬁr%@%érfeﬁﬁ T A VAT LS ARSI
BoosslhdatoLm1£ tR/1deplachB BoR- 3\MainrA1dCd)1v§ol ution (10 m) .
he mi xture was diluted with H O

B GH Grid Bhe. HAL SoH At Swbtd AN 1 At . BeZatdm. 2H):

1.4ELs. 8- The ned org. phases were dried over MgSO4
Eﬁ]d e)vapor at g§5 off. CC (Hept/EA 100/0 to 95:5) gave

3.18 g of the desired compound.
23.2. (§)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid:

This compound was prepared using a method analogous to that of Example 1, step 1.16,
intermediate 23.1 replacing intermediate 1.15.

LC-MS: tg = 0.77 min; [M+H]: 326.29.

23.3. 4-[(S)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-

I-carboxylic acid ethyl ester:
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IHNWVR (CDCI3) : 3.55 (m IH; 3.39 (m IH); 1.54-1.44

(m 6H); 1.36-1.24 (m 6H); 1.14-1.03 (m IH; 0.90
W@ 2009924866 0. 83-0. 78 (m 6H); 0.75-0.69 (m | H) PCT/IB2009/051499

0.55-0.50 (m 2H); -0.20 - -0.30 (m IH. Optical

rotation (589 nm CHCO 3, 26.6C, 1 = 10 cm 99.6 ng in

10 mL, ¢ = 1.0): specific optical rotation = +14.74.

19. 3.

Tributyl-((IS, 2R) - 2- net hoxynet hyl - cycl opropyl ) - st annan

e: To a solution of internediate 19.2 (9.5 g) in THF

(200 nL) was added NaH (2.279g, 60%in mneral oil) at

RT, and the m xture stirred 30 mn at RT. Ml (7.55
Thimbmp@mdaﬁid@gre@Mdatsiﬂgri Rk tVRIS arfaitold e thatto f Bkample 1, step 1.17,
. overni The reaction mxture was diluted with H O
mtegﬁ%fh@%g-?ééﬂ@%?l% ingrmedipte THE- conbi ned org. phases were

LC@UE qd-— ? rmMOR#apngdseypporated of f to afford the
desired conpound as a pal e yell ow 0|I (10.49 g).1H NWR

CDCl3) : 3.45 (dd, IH); 3.38 (s, 3 H; 3.12 (dd, I H;
455(5124:17}111(1(7113 (@pp)hoxnplgopp@_orz@ p(mzor@%—pzpq_mgge—(] marl]qwlzc acid ethyl

este?ﬁ?&o%@bqa%_pdlt.o 83 (m 6H); 0.56 (m 2H); -0.30 (m

This cL)élR%lgl % yepra)l e(()ig SE (%? h é(tilocP gou? 5™ e Qf) @/{ lel% ,nstep 2.2,

1nteﬁf1ﬁh;ht6 oy Bj Jremaq@@“ ﬁfdrlﬂedlhte Qalr HBA rplaatigbOHy| ester:
P ed using a nethod anal ogous to
tRo%%&E\ [ﬁ é?qug?rl 17, intermediate 1.9

repl aci ng |ntermsd| ate 1.16 and internediate 15.2

23.5. @Pk(a)iBf(@zeﬂéb%ﬁ—)ﬂﬁb&%ﬁ‘@j’zm%[k@(%fzﬁéthé}@-pyﬂ?b@dﬁzoﬂpwf}ﬂzeﬂﬁs
however pur| 5Hept/EA 1/1 to 0/1). LC ME:

pyriding- quarhw?y /]- a[nmpp}j—pmpg@ag l)paperqaynas]-carboxylic acid ethyl ester:
4- ((R) - 3(d|etho phosphoryl) 2-{[4-((1S, 29) - 2- net hox
Thiy gempgundcyyes gr,gngp% [UpING - apppgﬂw Walp@@qqeto that of Example 12, step 12.2,

1nte?mg c‘rltgonlyi eg%ﬂlen:ﬂv}g p[n?&ﬁhl%&% ,Fi Pera%al nigtelrmg(ﬁ tgo?ﬁu Creplacmg

uty utron o I nter nedl at e
1nten’g§d,1ate AreThedimatoend Sad pl9ficdy) CENBARPEOPRICB) 11010 9@9)

in.toluyene (1 ) degassed and heated at 1300C
ch\{?ﬁ" t&é%ﬁgldﬂ‘%ep\ﬁﬁ%oﬁwg’%e same quantities of

internedi ate 19.3 and Pd(PPh were added and the
23.6M X1 (Sy-e-YReg Sk &-rnieﬁ‘llﬁfxy—h@l&bﬁﬂnatyl)lB@Q@ﬁ—@ﬁnﬁﬁe D-caMtying -amino -

nd EA were ded and the ses separated. The
3p’2€rf@h0"ﬁrﬂ§@0w§§plﬁﬁmé@e( NGB esON ? dm@vgﬁfﬁfat ed off The
crude was purified by CC (EA/MeOH 1/0 to 1/1) t
Thig cogperndyway Bsprisd %&gp%m?&l%ésar&l%g@w Gwthsit jof (th@l%e) 1, step 1.20,

1ntehged\i/§§: 2t3% regﬂacgi? iflePmediddt Hll b T@@%o&%ouri]dgwgs purified by CC (reverse

pha&,zgyer/qué‘i Hﬁfﬁymé@/ﬁ(y))i cycl opropyl ) - 6- phenyl - pyri di ne- 2
LCH rbyﬂ] o [MEHT: 59023,
am nd S[:) ono- propi‘onyl ) - pi perazi ne-1-carboxylic
acid butyl ester:

Example 24: 4-[(8)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-
2-carbonyl]-amino}-3-(4-phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid
ethyl ester:

24.1. (§)-2-tert-butoxycarbonylamino-3-(4-iodo-phenyl)-propionic acid ethyl ester:

To a solution of (S)-2-tert-butoxycarbonylamino-3-(4-iodo-phenyl)-propionic acid (3 g) in
anh. EtOH (38 mL) was added DMAP (187 mg) and PyBOP (6 g). The reaction mixture was
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Thi s conmpound was prepared using a nethod anal ogous to
that of Exanple 3, step 3.7, internediate 19.5

WO 2pEbazi3ng i nternediate 3.6. LC-Ms: tR = 0. 90 PETB2009/051499
[ MkH] +: 603. 71. Exanmple 20: 4-(( )-2-{[4-((7
, 25) - 2- hydr oxynet hyl - cycl opr opyl ) - 6- phenyl - pyri di ne-
2- car bonyl ] - am no} - 3- phosphono- propi onyl ) - pi per azi ne-
-carboxylic acid butyl ester: 20.1.
4- ((R) - 3-(di et hoxy-phosphoryl)-2-{[4-((IS, 2S)-2-hydr ox
ynet hyl - cycl opropyl ) - 6- phenyl pyri di ne”-
car bonyl j - am noj - propi onyl j = i-per azi ne- | - car boxyl i c
acid butyl ester:This conmpound was prepared using a

stir¥@bh @R ARAH PE@IiSnddbethedn A alk@afRt. €hd drg. pha w. séparated washed
intermedi ate 19.2 rePIaC|n i nternmedi ate 19. 3.

S
witly, d o Bt dCiliies 24 8 ¥t g INFHE P yfried (NaeHR4) a&dlmp@réted off. The

res%t/u? cr{%ﬁkelg%l%éél%uﬁ@ }% by {k% &@pt/EB 7o & @/Y) 18 fiord Mt ‘compound

asa@ﬂmgszEﬂ(QghydroxynethyI cycl opropyl ) - 6- phenyl - pyridin

-.carbon 1J
LC%& 6th§ pa&% gi plpera2|ne | - carboxylic acid
butyl ester: This conpound was prepared using a nethod
24. an@)-egeradutonydaWadny binikox 34fpl( & eB oxysplepporil)-phety g pregioaiceicid
h%o.l‘replacing internediate 3.6. LCGMS: tR = 0.84 mn;
et g+ 589.61. Exanple 21:

To |4 a( (équ)%ﬂq%e{l) (tsl)meglate EZ? )l(y-(%y ' OllnI dll\/[eCN ¥1|2)8-rr?[-,)ph$vgg/ added
tetr;aagafpha@[%ﬂosanhﬂg&naanﬁh Q6P lamqﬁgy QRN blosPhiRE{ PE 1if1§- dnd NEt;

-car oxy I C acCl eth y ester

(2 nal) ( Fjhe3- pdtarchoxys pHgpthoran ) 20- 7020, ( ®) - Sddisiohdlxyapgunt  of
tetr%l%érzt)g)ﬂéﬁ]ﬁhggnﬂyﬂmgpﬁﬂgﬂﬂ g(?) (1'896 H%% was . addeq a_lr%:datrhborgl(l))/(fulr% refluxed on.

noj’= propi o razine-
Me@nli xdaseftvlaycbrateé toéff andTthe sesaimapaen dipya A ﬂéxaa:trgobhasd weos washed with

10°F it e A s 87 20RO At Fapd: VG NP Qg rapof off. The crde

matteﬁznameﬁiratea i Byepl A%WEA ®1 ROXYC ah&O DYIMMREIERZIN®. 20/1) to
LC-MS; tR = 0.84 nin; + 647.05. 21.2.

affoad(h@m}lezompqul{d(@)acslqwﬁtfms‘@yn BFYDt i di n-1-yl)-6-phenyl -
LCRYS: IL 827 H2 M@ﬁ}g*n 4T noj -

phosphono b opl - pi per azi ne-1| - carboxylic acid
ethyl ester: This conpound was prepared using a nethod
24. 3ar(§v -8gotrdutoaydaatny byinimx il @ethoxyspleysphor 20 phenyl]-propionic acid:
internediate 21.1 replacing internediate 1.19. However
Thineompetndupasvaspped fusmged methvel aredagoiomo thag tofl rexawgés 1, step 1.16,

ff. t id fied b
inteHEBRE 24 2o B baioned by brepar ot ve LG NE

LCMA:.tx EQ-9¢Bnint RIFHP: 4@2.00.n; [ MtH] +: 590. 44.

24.4. 4-{(S)-2-tert-butoxycarbonylamino-3-[4-(diethoxy-phosphoryl)-phenyl]-propionyl}-

piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 12, step 12.2,
intermediate 24.3 replacing intermediate 12.1 and 1-cthoxycarbonylpiperazine replacing
intermediate 2.2. The compound was purified by CC (EA/McOH 1/0 to 40/1).

LC-MS: tg = 0.93 min; [M+H]": 542.01.
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Exanpl e 22: 4-((
)-2-{[4-((5)-3-nmet hoxy-pyrrolidin-I-yl)-6-phenyl-pyrid
WO p@9/125366 PCT/TB2009/051499
2- car bonyl ] - am no} - 3- phosphono- pr opi onyl ) - pi per azi ne-
-carboxylic acid butyl ester:22.1.
4- ((R) - 3- (di et hoxy- phosphoryl)-2-{[4-((S)-3-net hoxy- py
rrolidin-l-yl)-6-phenyl pyridi ne-
2- car bonyl ] - am no} - propi onyl ) - pi perazi ne-1| - carboxylic
acid butyl ester: This conpound was prepared using a
nmet hod anal ogous to that of-Bxanple 1, step 1.17,
internediate 1.10 replacing internediate 1.16 and
24.5.0d-gsyedinah e 313- (Qzeﬂz@@} pﬁ‘dsﬁﬁoryl)—phenyl]—propionyl}—pipemzine—] -carboxylic
1- ethoxycarbonyl I perazine. The conpound was purified
acidygfhxbesteEydra9idesatio 9/1). LC-MS: tR = 0.90 nin;
[ MtH +: 674.72. 22. 2.
Thig compyurpl ppy prqrayed Sisig Aonsthed, rpgpgais ol thyt pt Expmelsyd.-step 2.2,
0
1nm§¥&LQEQﬁgﬁ E%ﬁ%%%lagpgé%g;?%ngwngggoxyl|c acid
LCﬁmSyk éﬁﬁenm.mﬂﬁﬁicéﬁbbhnd was prepared using a nethod
anal ogous to that of Exanple 1 step 1. 20,

n 22. 1 Ia 1.19.
20 B TR TG R B R PR BB Pt
6- p%ﬁ/Bpﬂrﬂz’zﬁeQ? 9&'))bonjklpaNBzo}{UFbpfor@/])7[8pém:ﬂne—ﬂ%H]Oﬂcylzcﬁﬂc%i 28yl ester:
Exanpl e 23:
Th1§'061€1§()1m3 Widpilepdtd IsiABtahosthod\anlopddi t0-thatydf) Empheny] step 12.2,

mtezn%da%tsorﬂy G - &#lacEE 3IHBEHREN Ol Dt oGy PP aA9me- Feplacing

1nterrﬁ@(fl§9§}2| e &dthSbufill RS pESE&Iby @8 (HA/McOH 1/0 to 98/2).
(S)-2-tert- butoxycarbonylan1no 3-(di et hoxy- phosphoryl)

LCl\fiﬁfdpF@rﬁ9cmlalc[M+Hiat R33.8%Bster: This conpound was
prepared using a nmethod anal ogous to that of Exanple

24. 738’ 4- f(%’? B. (‘.@4 %(E) ?%etﬁo&@%gﬁi&ﬁl@l%rﬂgf%&gg—f an lbonyZ] -amino}-

3-(4-phasphorndIphetyr)-popionily <piderdzire- (-oqrbéxyic ddidieth Bster3|—|)
2.33 (m 2H); 1.41 (s, 9H); 1.33 (m 6H). 23.2.
Thi§{ S)mBeundr &adb ptepxryd asingny h&tﬁoﬂmrﬁb@dhftdﬂﬂmy opEasmphler ;| step 1.20,

BB 0 B RS BRSSP PR a0 Bvense s
watkimieC Regdi ale o0& 1 repl aci ng |nterned|ate 1.15. LC M5
tR=0.77 mn;, [MH+ 326.29. 23.3.

LCM% (tsF-075trewng Mt bx ®@¥Dbonyl ani no- 3- (di et hoxy- phosphor
yl') - propionyl] - pi perazine- 1-carboxylic acid ethyl
ester: This conpound was prepared_ using a nethod

Exaspple 850 Lfb{(tRMr[(f!;tsOBlropE!cémbleeyljpyrgtlwwanbpnyl) amino]-

3-ph§&)ﬁb.gﬁggéﬁl&#ﬁ§f,ﬁh%@ 85&5’%%%&&%{‘3& Estdp:16. LG MB:

4-1(S) - 2- ani no- S—%dlethoxy phosphoryl ) - propi onyl ] -
25.k. a‘k[ (Re-2t {abbox§phervapiddiet- Iﬁ;clarl@yyléﬂmydf%@imtm@éowhowl)

propzonyl] -piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.17,
intermediate 1.9 replacing intermediate 1.16 and intermediate 15.2 replacing
1-ethoxycarbonylpiperazine. The compound was purified by CC (EA/Hept 1/1 to 1/0).
LC-MS: tg = 1.07 min; [M+H]": 609.71.
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Thi s conmpound was prepared using a nethod anal ogous to
that of Exanple 2, step 2.2, internediate 23.3

WO epbazidng i nternediate 2.1 and EA repl aci ng MCHIB2009/051499
LC-MS: tR = 0.66 nmin; [MH +: 366.12. 23.5.
4-((S)-3-(di et hoxy-phosphoryl)-2-{[4-((S)-3-nmet hoxy- py
rrolidin-I-yl)-6-phenyl pyridi ne-
2- car bonyl ] - am no} - pr opi onyl ) - pi perazi ne-1-carboxylic
acid ethyl ester: This conpound was prepared using a
met hod anal ogous to that of Exanple 12, step 12. 2,
internedi ate 1.10 repl aci ng-2nternedi ate 12.1 and
internedi ate 23.4 replacing internediate 2.2. The

25. 23Wd(d)W%xp{éhbsfph@@l)W[@%@WMWWZM&JZQW&WZ) amino]-
9/0/1) LC- M5, tR [ MHH[ +: 646.85. 23. 6.

propioyy!Bpipgraging- Icf@Q@llﬁéﬁﬁéxgﬂ 647 ol i di n-1-yl)- 6- phenyl
pyri di ne- 2- car bon ) )

To 3- @%@Bh@nm%mé@a%nilﬁ (%ﬁ @g) a i THEL Q¢ arlpowsd pédedcat RT, iron(IID)

ace§ tjgréégﬁ ts(%trSOm-%T] aafid gg’"@gg&‘i’?ﬁ’&s oP'i cﬁﬁB%%gcﬂteg A piEh%n THF

(0.13mbIex ﬂfhdnmttereﬁﬁa.sﬁtlrreﬁbf(méllﬂg RiTnztrElr ame?ddalbealhnwnt offreel M solution of

sorgaRgE g s e e Ent) P R FRRE THEBGhuignY furber

stlrIEéI%IDﬂSGrn% quédchddwita 1M/ solution of aq HCI and extracted twice with EA. The

((5)- 3 netho pyrrolldln | - henyl - pyri di ne-
org 2p1taé? B i ﬁ@‘ ). FveperRe 9bh %fl@lpwaﬁqwl}ﬁe& by CC
(EA/IQI%O@IZI/G?O iS/ 9210 Reyd the tlﬁg b&nﬁ&ulﬂﬁ Ias §§Elﬁ{w1s}2r%sﬂ1 14 mg).
(S)-2-tert- butoxycarbony am no- 3-(4-10do-p enyl) prop

LCdedRadM@IemhRM+E$ték76ﬁb a solutlon of (5) 2-
ert - but oxycar bonyl am no- 3- (4-i odo- phenyl ) - pr opi oni c

C
25 8916 ) 0 U 30,00 R S AL s
piparazied- 1 Rartamdicqpaid biryiened bet ween EA and water. The
org. phase was separated, washed with 10%aq. citric

Thiﬁebmpanﬂ wad prepared NaHGGs medfoidadlalolgausSfB )haabﬂ Example 1, step 1.20,

eva d off. The r crude materi
mtefn}? ‘l‘tF 353&;9131@2311% HRIEe Eﬂ ;(55‘ ?Eli c Vg %9rff%p&’yt9§% (reverse phase,
watEﬂ/ME@N%M%@O?S a white solid (3 g). LGM tR =
mn, [MH+ 419.78. 24.2,

LC@@ﬁiQ K@%ﬂnwuﬂﬂkﬁlaﬁ@bﬁ&lan1no S-[ 4- (di et hoxy- phosphor

yl) - phenyl ] -proplonlc aC|d ethyl ester: To a solution
of internediate 24.1 in MeCN (128 nL) was added
Exanaple 303 s4( {(Ro-ar{&weﬂmm-m bayridiaeZnearbynylpamingy33-phosphono-

proaé)gltygtl pera Q-ri-(t,a%b%ééamd)blﬁg]gﬁ NEt (2 nL). The mixture

on at an additional anount of
26.1. 4-methoxy-6-phenyl-pyridine-2-carboxylic acid:
To a solution of intermediate 1.9 (1 g) in anh. DMF (5 mL) and anh. MeOH (3 mL) was added
dropwise at RT a 5.4 M solution of sodium methoxide in MecOH (3.2 mL). The resulting
suspension was stirred on at 100°C, cooled down and concentrated in vacuo. The residue was
treated with water, the insoluble material was filtered off and dried in HV to give of the crude

product as a beige solid (1 g).
LC-MS: tg = 0.68 min; [M+H]": 230.37.

26.2. 4-{(R)-3-(diethoxy-phosphoryl)-2-[(4-methoxy-6-phenyl-pyridine-2-carbonyl)-amino] -

propionyl}-piperazine-1-carboxylic acid butyl ester:
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tetraki s(tri phenyl phosphi ne) pal | adi um (0) (846 ng) was
added and the m xture refluxed on. MeCN was evapor at ed
w@Rdovarided he resi due taken up in EA. The org. PCEER0GES1499
washed with 10% aq. citric acid, sat. ag. NaHCO and
brine, dried (Na SO and evaporated off. The crude
material was purified twice by CC (Hept/EA 9/1 to 0/1,
then DCM MeOH 1/0 to 20/1) to afford the title
conpound as a colourless resin (2.79 g). LCMs tR =
0.98 min; [MH +: 430.05. 24.3.
(S)-2-tert-butoxycarbonyl anm R#o- 3- [ 4- (di et hoxy- phosphor
yl ) -phenyl] -propionic acid: This conmpound was
Thlfp'i:@lﬁpdslﬁﬁ We P@p@cdRLiRgt RBRLOGAMSSR tohait of Exxanplie, step 12.2,
16, i nternedi ate 24.2 replacing i nterrredl ate
1nteg_mq_(gate Lé6|\}5 rqpﬂ@c-l-ngo BYETRRC ate[ M@.ﬂ +-andonfgymediatg 415.2  replacing
I phosp
BT Bt R A SR e
LC-at$: dRetthAtmms[MttH] Th@%&:on‘pound was prepared using a
met hod anal ogous to that of Exanple 12, step 12. 2,
n [ n [ 1
26.3 J?#g—gg/t(?tmbeth%ﬁ 3. Jhgt?)ll %%}ﬁlglg?_g a%ﬂz%g al%r%]t% 12,4 Egzoznrgpzonyl}
pzpe't'fhan@d)mpmmﬂzc\mssd @uyllefsneed by CC ( EA/ MeCH 1/ 0 to 40/ 1) .
LC-Ms: tR = 0.93 nmin; [MH +: 542.01.24.5.

Thidcifyund- wad pepSefl Asingi € tvdoyd- magpﬁmfoyth)at ph&xyinplepr, yoep 1.20,

. . ionyl }-pi.perazi ne-| rbox aci th ster

mteﬁpiﬂz%te I%B&rrieﬂlé"l%lutter &&p rfdu Sp%gﬁﬁeﬂéa silFryorge phase,

watBEVIRON 9@7@40%@@ to that of Exanple 2, step 2.2,
intermedi ate 24.4 replacing internediate 2.1 and EA

LC-MP|taciOig meOM+HE: M9.5TR = 0.69 min; [MH + 442.1 1.
24 6
Exa.m@g ﬁ Xy‘l i@?ﬂ-&?{kﬁe tﬂﬂgfi(ﬂ 4%;;?5&?{1}/ l—)?l p@?l?l?l}/el-;-cgrb{oglil) (a(mslzlof
nyl i pera
oBeRRYpE B PR ER o AAIR b BT )8
prepared using a nethod anaI ogous to t hat of Exanpl e
27. L 24-{ Stetjpxt 2y &oxi-ptephet) - K 6-phay -Hepriabidingl -yI-pyridine-2-carbonyl)-
nt.er me e 24.5 repl acing
amit G R B T e R B 1 ed by o
A sélg?o%afqﬁ'?irlngdlgt% 2%81/ (%23 mglj yrrol%me P68 LL%,) [}HP[ (nggl_ﬂtL) was heated

in AmlideSyavd- dleft-d (1S Staret RoxNe PUUER A Rapordibd wRd REEARE by NMP

yridi ne-2-carbonyl] -am

(0. SSHKLMarphﬁlstbmeeCpwémytryhcbm)m}e@rﬁdld]:d |6E hsapizitirp@ap heaedeixh20°C for

lh glllcﬁgl?t%lﬂg pﬁ}lﬁ%((i té)?ﬁlteg rg‘m{ hmaC? @@0 %l‘p? X‘@%Ild% ? P Siﬁﬂéygt)lnglgtmg ofa

mixiturt ef the desated c@dhp&urdeypll acme gorresp edimgldiathel (thodghondtee

LeKidide_vas R h\f/[Lrﬁji by, GC (reverse phase,

27.2. 4-{(R)-2-[(6-phenyl-4-pyrrolidin-1-yl-pyridine-2-carbonyl)-amino]-3-phosphono-

propionyl}-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 27.1 replacing intermediate 1.19. The compound was however purified by
preparative LC-MS (IV).

LC-MS: tg = 0.79 min; [M+H]": 588.28.
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wat er/ MeCN 95/5 to 20/80). LC-Ms: tR = 0.75 mn;
[ MtH] +: 666. 03. Exanpl e 25:
wa2qopnPPe@- [ (4-i sopropyl - 6- phenyl - pyri di ne- 2- cCBeB2Y9051499
am no] - 3- phosphono- pr opi onyl } - pi perazi ne-| -carboxylic
acid butyl ester: 25. 1.
4-[ (R) - 2-[ (4- chl or 0- 6- phenyl - pyri di ne- 2- carbonyl )-am n
0] - 3- (di et hoxy- phosphoryl) -
propi onyl | - pi perazi ne-|-carboxylic acid butyl ester:
Thi s conmpound was prepared using a nethod anal ogous to
that of Exanple 1, step 1.17/4-internmediate 1.9
replacing intermediate 1.16 and internediate 15.2
Exafijlk 28 ng{(k)at[nquw@@mﬂoﬁypﬁbwznm-yﬁmommumomﬁlethyl-
puri pt 1/1 to 1/0). LCMS: tR = 1.07
ethW@rbaWuﬂé{:phmgpyng#-zl} I-methyl-piperazin-1-ium formate
4-{(R) - S (di et hoxy- phosphoryl)-2-[(4-isopropyl - 6-pheny
28.1.-Pyy. (e@lﬂd’x}f T PAIOR- P%ﬁhar?/ﬁmm-](zl -methyl-piperazin- ]—y? 6-phenyl-pyridine-
proplony ] -pi perazine-1-carboxylic acid butyl ester:
2-capgorylseninpi-sropainyi) s ersik- hrer bp®ylit qepebuiesteri THE (0. 4
nm.) was added at RT, iron(lll) acetylacetonate (0.8
Thiﬁwmmmldawéiﬂ\/p@mrad iU@inng af mie‘éloéra@plygmgtnetbatuﬁ Bravmild @7 sfep 27.1,
1 meﬂalpg%erazgn e 18%13 roh 11#1J [ %nggqlﬁulsnglrﬁa? hogl%v?r purlf‘ (;:d BTpreparatlve
L£HN§D§NOpyInagneS|un1bron1de in THF (0.21 nL) was added
RT. The ni ur further stirred for 15 mn,
LC%%%ﬁ%ﬁéﬁﬂﬂpph Hﬁlwgfﬁ{lon of ag. HO and extracted
twice with EA. The org. phase was dried (Na SO ,
28. 28V43 2t 24 4HuloxPRBb SR pFektB - Il SX b3l 1 mpwowfeth@ﬂ by
g?%/NbOH 1/0 to 25/1) to afford the title conpound
ethygeargany@i |-nRirgw-prsdin- 40 a L g hyp@ensin-{ Rmeformge: m n;
[ M+H] +: 617.63. 25. 3.
Thigy compyungl. Weﬂpre@@rﬁﬁd@wg ® sty napspopy i éhap -of dxgemla | - giep 1.20,
. I} e
1ntepﬂ1&g;tg 801“}2[91: b L?Igédgdg%olgn h% 5 rogg% ?’\g EQ\?%\)& a{ﬁlrlfled by
pmmmmh@dihhﬁﬂ@gbus to that of Exanple 1, step 1.20,
ate ing internediate 1.19. The
LC@E%g%ngbéhﬂﬁrﬁa éh ge}%é (reverse phase, water/MCN
95/5 to 20/80). LCGMs: tR =0.94 min; [MH + 561.54.
Exait %5 SR 3P R B sty fipripa-serginon gagitine;

2- caﬂb@hylg&aﬂhﬂ@p319nsgpmem9Mlbnylppmf@znmachrmyma bﬁtyl ester
acid butyl ester:

hen \ 2- car box
29.C s ﬁf@é%}%@? NG pleny’ d)py¥rﬁllél.4h1° s (-7t bonyl-
amzﬁﬂjdpi%ﬁfbny gdr&z:l)’nem—}aﬁb@)%/lz@@g%ugﬂ ehw.se at RT a 5.4 M
solution of sodiumnethoxide in MeOH (3.2 nL). The

A rERSih hiRBre containing intermediate 25.1 (100 mg), (R)-(+)-3-aminotetrahydrofurane
toluenc-4-sulfonate (43 mg), acetato(2’-di-tert-butylphosphino-1,1°-biphenyl-2-yl)palladium
(9.7 mg) and NaOtBu (46 mg) in toluene (1 mL) at 90°C under argon until reaction
completion. The solvent was evaporated in vacuo and the crude product (119 mg) used
without further purification.

LC-MS: tg = 0.78 min; [M+H]": 632.16.

29.2. 4-((R)-2-{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-2-carbonyl]-amino,-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:
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suspensi on was stirred on at 1000C, cool ed down and
concentrated in vacuo. The residue was treated with
wawioen2ssshe i nsoluble material was filtered of PCEIBL009/051499
dried in HV to give of the crude product as a beige
solid ( 1 g). LGMs: tR=10.68 mn; [MH+: 230.37.
26. 2.
4-{(R) - S (di et hoxy- phosphoryl)-2-[ (4-met hoxy- 6-phenyl -
pyri di ne- 2- car bonyl ) - am no] -
propi onyl } - pi perazi ne-1-carboxylic acid butyl
ester: This conpound was prepé&red using a net hod
anal ogous to that of Exanple 12, step 12. 2,
Thi$ Rb@PsSEA RLE prParkd NBRIgAE initghddniRAdRdd & ﬂlal%flﬁxaﬁ@e 1, step 1.20,

internmedi ate 15.2 rep I acing internediate 2.
intepBedidE Rd: | ekl aging lf\‘“fr@& i lc?? A vl leird?emmdﬂlyd after 1 h, the

reaéﬁgn l\@lxtﬁrg benilg @u“n}ﬁ} %tlrrL(Mﬂ?ﬂ "I 'h. GfR: @&n Afd 3was howT: er purlﬁed by
R) - 2-[ (4-met hoxy- 6- phenyl - pyri di ne 2-carb ony\s
prelvm%twgl;ﬁhwmﬁ%ho propi onyl }- pi perazi ne-1-carboxylic
but.yl +Thi onpound was prepared using a
LC{MI% %d%ﬁa?ogtﬁJrH E@ﬁ%\f of Exanple 1, step 1.20,
internedi ate 26.2 replacing internedi ate 1. 19 The

AR AR L R S L ST L s

2HIFKapiperidifyl- 2'-carb0nyl) amino]-3-phosphono- proplonyl} plperazine-

I C?ﬁ!’%ﬂh‘)rﬁci'q %‘}Wlmgnyl 4-pyrrolidin-1-yl-pyridme-2-carbo

3- phosphono- pr opi onyl } - pi per azi ne-| -carboxylic acid
A b:@&twn afk@re cgﬂtaf-hmg intermediate 251 (100 mg) 2 hydroxymethyl-piperidine

(etho hydr oxy- phosphor % ¥rro|

(382 Eﬂgh |3‘091|a1;06%// rcildprﬁ-@uél}@g?%ﬁ)y]r¥ 1pheny 2 yl)palladlum (1.5 mg) and
Na@t@'urtmi ?IP}O‘M%EJ(I P‘%[B%a@qfegt@d Lt SO %r%o@%rcg }pulgﬁélsolvent was

ester: ution of “internediate 25.1
evapymricdlin diave a¢168hart_6)%1dum ﬁTITHFed( @veb RPE)8 wasS lgp &t wehoiva thee amine. The

wave o 1 h. The sal vent

ero, EisdPG Rt F s e i SRR SRRop (P Bepus g thet of
Exa@fple Of sty nnol il a@dw@iuad eigthcinghitdiin¥ditteel \I\BISTllilfaérﬁpbund was

at 1200Cfor 1 and directly purifjed by arative
howieengrifiey wre@?%V%LQéWWM? givearelgyy selsh .rggl ng of a
LCJNISCttﬁEQ) ’P/fminhﬁ\/l fi ggjgzorrpound and some correspondi ng

di et hyl phosphonate. LC-MS: tR = 0.82 min; [MH] +:

616. 50. 27.2.
Exaﬂﬁ 1@ Bi 2¢ [ﬁ@-‘zq@@&’dmﬁbﬁyﬁﬁﬂﬁd éipmhyly[iyrﬁuﬁé slicRAsonyH2mARo]-

m no] - S- phosphonopr opi onyl } -

-pmmpmpn@wn)dhmewecl-s@thmt 3id butydesterrhi s

conmpound was prepared using a method anal ogous to that

f e Ny [ r
ThlQnt e J|1a\t)%s 1&%}8«)‘? #h%%gomgﬁ%%ggﬁgi%vi? %E!ru % ample - 30,
cyck@propy@pamqatmpleclng MBydno¥ymethyl-piperidine. The compound was however

purified by preparative LC-MS (IV).
LC-MS: tg = 0.78 min; [M+H]: 574.38.

Example 32: 4-{(R)-2-[(6-phenyl-4-phenylamino-pyridine-2-carbonyl)-amino]-
3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:
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LCMs: tR = 0.79 mn; [MH +: 588.28. Exanpl e 28:

4-{(i?)-2-[2-(4-butoxycarbonyl - pi perazi n-1-yl)-2-oxo-
WO piwospased | omet hyl et hyl car banoyl ] - PCT/IB2009/051499

6- phenyl - pyridi n-4-yl }-I-nethyl -pi peraziii-I|-ium

formate: 28.1.

4- ( 3- (et hoxy- hydr oxy- phosphoryl)-2-{[4- (4- et hyl - pi per

azin-1-yl)-6-phenyl -pyri di ne-

2- car bonyl ] - am no} - propi onyl ) - pi perazi ne-1| - carboxylic

acid butyl ester: This conpound was prepared using a

nmet hod anal ogous to that of-Bxanple 27, step 27.1,

1- met hyl pi perazi ne replacing pyrrolidine. The conmpound
Thly\@Smb@MﬁIV ks Wﬂafejde@sllt@/ apmepad @hhlﬁgodsctol\@a( bV)Exala@teM®), aniline

tR=0.72 mn H.+: 645.17. 28.
repl&@l{l% @)h@rqxznreﬂw atpsse%aﬂélaﬁmmrpﬂuaé i oy purificdyky. preparative
LC@W@E; ononethylethylcarbannyl]
enyl - pyridin-4-yl}-1-nethyl-piperazin-I-ium

LC@@SﬁnFéHHFhHS]Mbﬂ$oﬁﬁﬁhhas prepared using a nethod

anal ogous to that of Exanple 1, step 1.20,

internediate 28.1 replacing internediate 1.19. The
Exagpopitp 83 of-{&3-2H cwphrenyl-depriopylathing ppridinar2a¢arbenyicamiio]-

3-pﬁ(lgs\;%bn(l)‘-%i‘(')\[/)%n);l}gpﬁ)egazzlg)e-{'jcgl;bogr%cl_gch(:l bgllyz 'es?l%'f: Exanpl e

4-((i?)-2-{[6-phenyl -(i?)-4-(tetrahydro-furaii-3-ylamn
This cahpqydivdisiprepared using a method analogous to that of Example 30, propylamlne

replazuélgg‘?1 [}g}y&%{q%mgmyggéﬁ{l%@ o’@lﬁ)ggor}r? " g%{la%%l\x)evgr Sl%lrfae%i by preparatlve

LCA1d @viet hoxy- hydroxy phosphoryl)-2-[ (6-phenyl -4-pyrro
i din-1-yl-pyridine-2-carbonyl) -

LC@%@ﬁbf(ﬁﬁdbmoﬂﬂrﬁlpﬁﬁékéZ|ne | - carboxylic acid butyl
ester A reaction m xture containing internediate 25.1

& 7)&§§% 3- am not et r ahydr of ur ane
Exqrmplgéﬂe 44(( Iri2ft glrpgygy ﬁgl)ylammo -6-phenyl-pyridine-2-carbonyl]-

amﬁ%F@ﬁﬁQgﬁhong 7prroﬁf0§1 ﬂﬁ%&lﬁﬁ@ﬂma?ﬂoﬁyhk acﬁ'lﬂﬁﬁ%&er‘z yI )p

um ( in toluene (
nm.) at 900C under argon until reaction conpletion. The
This gbwpendweiss preapod asiod 4 methad voalagebst toethetr ofdExgmpd 3ot B-alanine

eth}gles%e %@ch%r@%&ﬁﬁla{g%g&&y%@%&@% uprlll)gr{d? at I1’&3 compouNE Was%owever

purtde( bRprepadatiGe POMSIFW)R) - 4- (tetrahydro furan-3-yl am no)

™
Lcéﬁ%ﬁbsﬁﬁﬁﬁBmppgbﬁ£%9$§2%|pe%azrne | - carboxylic acid

butyl ester:This conpound mas prepared u3|ng a net hod
analo%gus to. that of

Examyple 3 e -4 fRe22H4-¢S)- épw%ﬂ}??frgPrrﬁplérlﬁﬂdr%ﬁé)hfnxbmér#&ni@
carb6hy1RAmi¥REp IRR) H&l(}aﬂ%ﬂn@i)tﬁﬁle@hﬂf é}éﬂﬁnﬁ@-@%i‘@d&ykc acid ethyl

m Xture being further stirred fo he conpound
esteyas however purified by preparative LC-M (1V). LG Ms:
tR=0.71 min; [MH +: 604.14.

35.1. 3-methyl-piperazine-1-carboxylic acid ethyl ester:

To a solution of 2-methylpiperazine (10.0 g) in MecOH (120 mL), H,O (40 mL) and AcOH
was added at —5 °C dropwise during 25 min ecthyl chloroformate (10 mL) and the reaction
mixture was stirred overnight at RT. Then, HO (100 mL) was added and the MeOH
evaporated in vacuo. The aq. phase was diluted with toluene (70 mL), the layers were

separated and the org. layer was washed with water (50 mL). The aq. phase was then basified
with NaOH (2M, 80 mL) and extracted with toluene (100 mL). The combined org. phases
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Exanpl e 30: 4-{(
)-2-[(2-hydroxynet hyl -6' - phenyl - 3, 4,5, 6-t etrahydro-
WQ@RHoPh125866 | bi pyri di nyl -2 PCT/IB2009/051499
t - car bonyl ) - am no] - 3- phosphono- pr opi onyl } - pi per azi ne-
1-carboxylic acid butyl ester: A reaction m xture
containing internediate 25.1 (100 ny),
2- hydr oxynet hyl - pi peri di ne (382 ng),
acetato(2'-di-tert-butyl phosphino-1,1"-biphenyl-2-yl)p
alladium (1.5 ng) and NaGtBu (46 ng) in toluene ( 1
m.) was heated at 900C under7’/argon for 3 h. The
sol vent was evaporated in vacuo and the residue
werk idsh@t eathoraic BPmIDS dfie@ov&@ WSO ah& ¥R rithe® /aMhdaR. to give the
The crude product was directly engaged in the next
desiggdqomotAg (% et hod anal ogous to that of Exanple 1,
LCMM$R, 1:020 minDpMEHUEE ERPAYEE 49, 8P aci ng internedi at e
1.19. The conpound was however purified by preparative
LC-MS (IV) to give a yellowsolid (6 ng). LCGMS:. tR =
35.2). 4 1(Ro2riertibyperdy ctr b unBoo- 3 EdigtholoepBasphoryl)-propionyl]-3-methyl-
pip A}’b;i)(z%—z)cbglfoggl)gld'c_aCCYaCét%Qre?lgiy.‘l am no- 6- phenyl - pyri di ne- 2- car
%ony -am (ﬂ-
.3-ph ono- praopionyl 1 -pi perazi ne-1-car [ i d
Thip GRRSEITRR BiRed lnb b hR e R Rann B AL HL s aRlsthguen 117
intcanalistgod& 1 t @plabial oOfcthoxpspbeyBiherayed apd opydrandiae 3.2 replacing

. repl.aci 2- hydr oxynet hyl - pi peri di ne. The conpound was
lnmﬁB&£V€ﬂqgurified by preparative LG M (1V). LC-MS: tR

LCM® 8 0dsminl WrHIT: 470d6.38. Exanple 32:
4-{(17?)-2-[(6-phenyl - 4- phenyl am no- pyri di ne- 2- car bonyl

-ani noj -
35-%-‘bﬁ(&ﬁ]rfwﬂac’ﬁr(dﬁrwpﬁasgﬁwﬁﬁmémﬂ-éw%wmeeaZér@'rldcarboxylic
mmPHEkaéﬁter:This compound was prepared using a method

anal ogous to that of Exanple 30, aniline replacing

o y ° g T ;
Thi€ cO Y BB B paRUDRMCR Ml ErRURE O\t PRARHED. step 3.4
interediatf BF-Rlrepladidinfodmeixtad@. e 33:
LC§@%&%%6¥%%L&?ﬁamﬁ?ygg&§£ropyIanino-pyridine-2-carbony|
3- phosphono- propi onyl } - pi perazi ne-1| - carboxylic acid
35.40M-}VAR)eaH@rﬁoxﬂﬁh@pﬁ?wp%{[dim®$-@émw@?rdﬁim9ya—mtel had
anal ogous to that of Ex e 30, propyl am ne repl acing
PYrginG i R gy ‘P’ff@f?”éfﬁ‘rr?‘). ef*rﬁevle%fﬁﬁ(%ﬁﬁzfac@gy[rfo%gz@ﬁyl ester:
purified by preparative LCM (1V). LGM tR = 0.75
Thlmcw;np?lmﬂkﬂvqs_ p@p@r_e(fll_gl_mngxaaﬁﬁrbé)dw_alogous to that of Example I, step 1.17,
inteﬁfé&{éig?%%%i lﬂ%ﬂi’aéigg CﬁEt@Q@éﬁﬁ%Hﬁbﬂ)@?a&%' SidP ReAlcaRY 11dion $eplacing
integmehast 1 3.6pHlos ghareonp map howgver ppii et bz CRdEA/Tdent B oxtpl 1V¢ followed
by BEMMRBHS7/$RIS5s).

LC-MS: tg = 0.86 min; [M+H]: 660.16.

35.5. 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine-2-carbonyl]-amino,-
3-phosphono-propionyl)-3-methyl-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 35.4 replacing intermediate 1.19. The compound was however purified by
preparative LC-MS (IV).

LC-MS: tg =0.73; [M+H]: 604.30.
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Thi s conmpound was prepared using a nethod anal ogous to
that of Exanple 30, b-al anine ethyl ester hydrochloride
WO 2p@bazidng 2- hydr oxynet hyl - pi peri di ne. The conpOUMBLOEE1499
however purified by preparative LCM (1V). LCGM: tR

= 0.74 mn; [MH +: 606.27. Exanple 35:

4-((1 ?)-2-{[4-((S)-3-net hoxy-pyrrolidin-I-yl)-6-phenyl

- pyri di ne- 2-

car bonyl J- am noJ- S- phosphono- pr opi ony”- S- net hyl - pi per a

zi ne-|-carboxylic acid ethyl ester: 35.1.

S- net hyl - pi perazi ne- 1- carbox¥l-ic acid ethyl ester: To

a solution of 2-nethylpiperazine (10.0 g) in MeOH (120
Exdthple 362 Q-((#§-20009- (ﬁﬁfétﬂb&@dtm) a9meflyIadyridike-0Cals MR Y)iaiBino} -

during 25 mn ethyl chloro formate (10 nL) and the
3-phesphenesprepigny-RipRERTine: 1 -carbgxylicaid émyl SH1T. Then, H

O (100 nL) was added and the MeOH evaporated in vacuo.
36.The (BRenBRRSBoNAS- ﬂzleiguip;ﬁdz\pkiztmtrpwﬁasag 70 m), the

| ayers were separated and the org. |ayer was washed

To \ﬁ" §1ﬁpé’f@foﬁr oi( %l%)(SSH}ﬁ R%anhPPERe (Vo )t RN 8RS 3- n%qloxy ethanol

and extract ed Wi t h toluene (10
(0. 2|4=Ln)L) TJH@ wmswedWm gtlrrpdwaise&ﬂvefpe 3famire dhani ot SBG metll complete

dlsaéggarar% % ofd tﬁlle esg)dl Ver IGNQSS hgs golggl (&P Eéapfé%d[e Wasagéjc%gt c?ropw1se a

e desire npoun
solution ;of [%ﬁb@i‘dw\ﬂ) -(QOCQrihé) 14101nh3]3HE (0.8 mL) and the resulting suspension was

s s L8 RGeSt bory a1 % (4, o DOuy- IOBOROL

(sodhiY( 35%§§)99-m&rﬂ6>@ &HJH%PWQ4 ? &NdChH. elq{IU%B RO.)R aABLRAE to the
anal ogous to that of Exanple step 1

readtion dpiide-allee 8B pansiapWag ifiprghet -Sétrhdmpctmdbb mﬂ%u Pl eonicerirated in

vacﬁ‘ n %?ést‘?wgﬁ‘éé%n mpﬁl;l (‘%ﬁﬁ {E@ Et}g%f gg{&ﬁ%g%gfed% B2 with 25% HCl
andxfradd RithrHeNd-: Ihé digetphaseyw phbed(dnyd0) pnd pvaposatdd & meafford a
t hyl.- pi. per azi ne-1-carboxylic acid ethyl ester: This
yeHS?R/r%lcﬁgh‘g"‘&gs prepared using a nethod anal ogous to that
LCOAS Bxanpl mdn; %Mﬂﬂ 374,061 nternedi ate 35.2 repl aci ng
i nternedi ate LCMS: tR = 0.67 mn; [MH] +:

380. 38. 35. 4.
36.2-1-((R)- I ethosy-Rbsey L YHBSpHE G 1rerpp iopy) Srehermer isksf: py
ccfrrbgilzﬂljdbiﬂznlo xwpz&zy? %M!IZQNJ ¥ gb%xylzc acid butyl ester:

-car ony am no} - propi onyl)-3-nmet hyl - pi perazi ne-| -ca
I te [ red
Thl{I gl ng(l)dng R gr ggﬁg uglg%usﬁlte%lgﬁ aﬁal%%@%gﬂn%"\@s]%}pinﬁﬂ@ 180step 12.2,

intefmddfate  36. 1 replacmg intermediate 12.1 and intermediate 15.2 replacing
intermediate 2.2. The compound was purified by CC (EA/McOH 1/0 to 25/1).
LC-MS : tg = 1.03 min; [M+H]: 649.77.

36.3. 4-((R)-2-{[4-(2-methoxy-ethoxy)-6-phenyl-pyridine-2-carbonyl]-amino-3-phosphono-
propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 36.2 replacing intermediate 1.19. The crude was purified by CC (reverse phase,
water/MeCN 95/5 to 20/80).

LC-MS: tg =0.88 min; [M+H]": 593.46.
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i nternmedi ate 35.3 repl acing 1-ethoxycarbonyl pi perazi ne
and internediate 1.10 replacing internediate 1.16. The
W@ 09poea3ce was however purified by CC (EA/ Hept RBET/IB2009/051499
1/0, followed by DCM MeOH 97/3 to 95/5). LC-Ms: tR =
0.86 min; [MH +: 660.16. 35.5.
4-((R)-2-{[4-((S)-3-net hoxy-pyrrolidin-1-yl)-6-phenyl -
pyri di ne- 2- car bonyl] -am no}-
3- phosphono- propi onyl ) - 3- net hyl - pi per azi ne-1| - car boxyl i
c acid ethyl ester: This conpound was prepared using a
nmet hod anal ogous to that of-Bxanple 1, step 1. 20,
internediate 35.4 replacing internediate 1.19. The
ExapIp o pndy- mzq(umiémym li ey By f2din P26da@b éxtyil M £min6] ¥ hosphono-
(1V). LG M tR = Qf +: 604. 30. Exanpl e 36: 4-((
PrOPl@y{}tmD?@Z%tlh%NPQ@tlﬁ@W‘)b‘ﬁyl&ﬁ%yI pyri di ne- 2- car bony
I']-am no}-
37}?’b fh@gg(tgg?zagj} g@b@ﬂ&ly)) = NJ RSH A5 Her 5185 PN &ar BEAD-amino] -
uty
profiop2i-pigerasiy-letarboyyic ecigibetyy bsigyr i di ne- 2- car boxyl i c
acid: To a suspension of sodium (35 ng) in anh. THF (3
Thisrc)mpeimdadae preparad Lo g y- eltethaddilnalp@o@moﬁhat offeample 25, step 25.2,
a lﬁug(ﬁﬁp g’r{ oor} e%ny%télrnreg gmatbr mlde 1 %Q-IPmr ltaclﬁgn %t ‘?% %olution of
| ete ppear ance oflﬁ od? i pi eces.
mo@ﬁpﬁnﬁ@kd@hﬂﬁo@ﬁk&hKHWlde was added dropMAse a
ution of Ler iate 1.9 (200 ng) in anh. THF (0.8
LG, %t&ngoﬁﬂéd 'égﬁ%g suspensi on was stirred on under
reflux. An additional solution of alkoxide was
37, pnﬁ 0/ (A BBB61 ROV 2 GBS cdeidR0 [P hosphono-propionyl
p@ao% et ﬁgnofpl b,gdm m.) and a%g] THé (% rr{) ar dp v
lﬂp%ﬂﬂé@]ﬁéﬂpﬁﬂuﬂéﬁé@ﬂdﬁmﬁfxture The suspensi on mas
further stirred on under reflux and concentrated in
Thiy gempourhway pepage uime & gleteodugnalogoviatoethah Al Expeplggl, step 1.20,

1nte\rj‘1mﬁét:cﬁ£tEg?A %%hlg&g% gtge gglgé \%é%v' "fg]ﬂ;l %gc%’ y}{/\lgla;‘ %%ﬂg; (E@%e@grse phase,

watendpONSETtoR0f80h.0 afford a yeIIOM/0|I (204 ng). LC-MS

7 274.26. 36. 2.
LCN% tpy0§9 [é/llgﬂlhoéi;"\%hosphoryl) 2-{[ 4- (2- met hoxy- et hoxy
) - 6- phenyl - pyri di ne-
2-ca onyl L per.a | - arbo I|c
Exig s R e g e
2-cambohA( afiigd cpH6sphoné-BatyroOh-piyaazine 11carb&ivip adid. bthyl ester:
i nternedi ate 36 1 replacing intermediate 12.1 and

' d t | t diate 2.2. Th
35 GG B P18 o BARBCH 110 1o 251 1)

LC- M5 49. 7
A sglutipRol 259{@4-2(@1%-6&6%?9@%%(%13 élyawémlgwﬂ 6 Heinz gojution of
3v Ny Mem%L?WQ@%BQWﬂP PORI PRY}ehction mixture was evaporated off to

afford after HV drying the desired compound as a brown oil (3.97 g).
LC-MS: tg = 0.27 min; [M+H]: 193.18.

38.2. (S)-2-benzyloxycarbonylamino-4-bromo-butyric acid methyl ester:

To a suspension of intermediate 38.1 (3.95 g) in DCM/water (18 mL, 1/2) was added NaHCO3
(2.6 g). The mixture was cooled to 0°C and Cbz-Cl (2.48 mL) was added. The mixture was
stirred at RT overnight. DCM/water was added and the phases were separated. The org. phase



pi perazi ne-|-carboxylic acid butyl ester: This
conpound was prepared using a nmethod anal ogous to that
wW@booB23pd e 1, step 1.20, internedi ate 36. 2 r epCHIB20¢P/051499
internediate 1.19. The crude was purified by CC
(reverse phase, water/MeCN 95/5 to 20/80). LC-Ms: tR
=0.88 mn; [MtH +: 593. 46. Exanpl e 37:
4-{(1?)-2-[(4- et hyl - 6- phenyl - pyri di ne- 2- car bonyl ) - am
noj - 3- phosphonopr opi onyl } - pi perazi ne-1| -carboxylic
acid butyl ester: 37.1.
4-{(R) - 3- (di et hoxy- phosphor y80)-- 2-[ ( 4- net hyl - 6- phenyl - p
yri di ne- 2-car bonyl ) -am noj -
waspmrali Oy$ D) Ring&svagdrixed bCRr HOXYAd gesaed dolpdund &4 péle yellow oil
hi s conmpound was prepared using a nethod anal ogous to
tgiat of Exanple 25, step 25.2, a \Msolution of
Lc! q@% Lopgngsi (va-piom e in THFE replacing the \M
0 | on of i sopr opyl magnesi um brom de in THF. LC ME:
tR =1.04; [MH] +: 589.98. 37.
38.3- B l?é)bezzyquﬂc szaoﬁrfdmoxwhcvsghmfl)?ﬂ@&ﬁb@r@mqthﬂwtﬁr
0] - 3- phosphono- propi onyl } - pi perazi ne- 1-car boxylic
Thig chaipgrndywase preppred Thing & oreffodnahalegeusptoehat efl Exeinplg b step 1.15,
al S. f Exanple 1, step 1.20,
mter % 893?5 ?pqg%ig T&%n%ﬁlpam glg internmedi ate 1.19. The
LCMSldﬁ \N&H it [NH-H B&S@C (reverse phase, water/ MeCN
95/5 to 20/80). LCG-Ms: tR =0.89; [MH +: 533. 46.

35 P@?g)beﬁzy?qxx“(f’%’waé’”%#H@%VOMP?%PFWH “HA0eyci: pheny! -

Thi cela%lm??yws BEFPHSY Uaing b 85O Bloeg sy 19 that BEEX9Rls- |- step .16,
1

inteh&RHXY BR 8 réfthdndmi¥me@stcarys. 38. 1.
S) - 2- am no- 4- br ono- bu%gnrlc acid nethyl ester: A

g F@S4oning YR 324 2hi no- 4- br onobut yri ¢ aci d
hydrobrom de salt (5 g) in a solution of 3MHCL in MeOH

38.854 /i (@-b B%ZJ}C?&JFHW?}EZQ& 42(Qzenr0xjj- Bﬁo%%bi@@ﬂ—ﬁtﬁy&ine—
was evaporated off 'to afford after dryi ng e

I-catbgiiedciddmpduarier-as a brown oil (3.97 g). LCMs: tR =
0.27 mn; [MH +: 193.18. 38.2.

Thi{ Sympelyenwyd pvcy)mad isimg| aametiod4andloges teuthyt o€ Eaeinple 1, step 1.17,

inte?tgc%cgéle g)eﬁ%t.éﬁr: O(ng Zgg‘[g l?e % Int & érgl at Hgf?l'c& replacing
1-cthdxy@a@bnylpiperapingt ur e was cool ed to OOC and Chz-d
2.48 gﬁ was added. The mi xture was stirred at RT

LC'&W/%rthl: 7 minf ] P42 added and t he phases were
separated. The org. phasewas dried (Na2SO»4) and

38. @\ééflp(gf @gﬁ?n@w(dkﬁz)o%} YRoshhsy09shi-aH, SRR BB0:31iP i butyl
yel ['ow oi -
ester:

This compound was prepared using a method analogous to that of Example 1, step 1.18,
intermediate 38.5 replacing intermediate 1.17.

LC-MS: tg = 0.74 min; [M+H]": 408.55.

38.7. 4-((S)-4-(diethoxy-phosphoryl)-2-{ [4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-
pyridine-2-carbonyl]-amino}-butyryl)-piperazine-1-carboxylic acid butyl ester:
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LCMs: tR = 0.97 min; [MH+: 327.12. 38.3.

(S)-2-benzyl oxycar bonyl am no- 4- (di et hoxy- phosphoryl)-b
waieapiizs3eci d nmet hyl ester: This conpound was pPEPEB20e)/051499

usi ng a nmethod anal ogous to that of Exanple 1, step

1.15, internediate 38.2 replacing internediate 1.14.

LC-MS: tR=0.91 mn; [MH +: 388.44. 38. 4.

(S)-2-benzyl oxycar bonyl am no- 4- (di et hoxy- phosphoryl)-b

utyric acid: This conpound was prepared using a method

anal ogous to that of Exanple 1, step 1.16,

internedi ate 38.3 replacing-§internediate 1.15. LC M

tR=10.84 mn; [MH+: 374.24. 38.5.
Thid thiiRund- R&NEbAXY Gaihp ANk Bl Rfaldedudi tetthaxyf-hasphos Ytep 15.7,
. )-butyryl]-piperazine- 1-carboxylic acid butyl ester: .
intempediate rRtrcingsintsraprinte d Sus piehy indermseRisd | AR asRigangs intgmediate
15.4. hat c%p%%s%ogveyétpﬁﬂﬁgd lérypregﬂglﬂe' is00 @@M?ﬁ:e&)ne 2/3).

repl aci ng |nternquate 1.16 and internediate 2.2
LCMpltaciofty mnefMokY ca3bhdhyl pi perazine. LC-MS: tR = 0. 97

mn; [ MH] +: 542.40. 38.6.

-J.(R).227AMNe- A5 L di ¢ Y YL 5 LPS i,
354 K AT RO OB b L P G
4-phsphaioeidityush)ipip caaivet hod-band agadusnl estthat of Exanpl e

1, step 1.18, internediate 38.5 replacing internedi ate
Thid cdiipoun@- Wk piePared Qusitg arindethold Minllogoudd @8tHab of ERarhple 1, step 1.20,

. 4-((.S)-4-(di et hoxy-phasphoryl)-2-{[4-((S)-3-nmethoxy- py

inteprpegiaty P/ |r@rglwngsm§ﬁlgﬁ§ﬁt§3r#%i ne-

LC@AS?%{QW%@[M@H]; Bst o4yl ) - pi perazi ne- 1-carboxylic
ester: Th

aci d butyl i s conpound was prepared using a
nmet hod anal ogous to that of Exanﬁle 15, step
B

15. 7,
Example et S-@s-seatepymethony-phosphoradi at [4-(69-3mg hexy-pyrrolidin-
- t - . ) H M 1 . . .
T L o o T
butyBDSMracet one 2/3). LC-MS: tR = 0.90 min; [ MH| +:
688. 73. 38. 8.
A sdlu(i¢B) £ idtefrhddift¢ 3.2 $50reighand/Ep)n(0.6#1 chlnin NWMD 06 mhemyps stirred 20

. pyrj.di.ne-2-car bo - am -
minkgh S B BR | JechmPaL: mb) pros s dylipwecey Bt (13 me) and
the Retchbn @fik@re widkSr&DHRIRIAEE Woss Q! FRAredtibs niguse Wasd dneed with
anal ogous to that of Exanple 1, step 1. 20, )
toluepg é‘?fﬁﬁ’éii@fi_e‘“ﬁs watey d ¥ )a Epety 24-need i dftcewardy gxtracgsdygith toluene
(2x)t. Rhz chB%eWoﬂg'. lz[ylgp's'_&lé"ré Ras ogé'NaQSO4 and evaporated to dryness. CC (EA)

gave 6 mg of the desired product.

LC-MS: tg = 0.91 min; [M+H]": 762.30.

Example 40: 4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2-{[4-((S)-3-
methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl|-amino}-propionyl)-piperazine-

1-carboxylic acid butyl ester:

A solution of intermediate 22.2 (100 mg) in abs. DMPU (0.3 mL) and NEt; (68 uL) was
stirred for 10 min at RT. Then, chloromethyl ethyl carbonate (650 mg, prepared as described
in W0O2004092189) and Nal (29 mg) were added at RT, and the reaction mixture was stirred
overnight at 50°C. The reaction mixture was diluted with H,O and the aq. phase extracted with

toluene. The combined organic layers were dried over Na,SO, and concentrated to dryness.

CC (EA) gave 19 mg of the desired product.
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Exanpl e 39:
4- ((R) - 3- (Bi s- acet oxynet hoxy- phosphoryl)-2-{[4-((S)- 3-
woreaohoxpeyrrolidiiil -y PCT/IB2009/051499
- - phenyl - pyri di ne”-car bonyl j - am noj - pr opi ony”- pi per azi
ne-|-carboxylic acid butyl ester: A solution of
intermediate 22.2 (50 ng) and Et3N (0.041 nL) in NW
(0.6 n.) was stirred 20 mn at RT. Then, brononethyl
acetate (0.092 nL) was added followed by Nal (13 ny)
and the reaction mxture was stirred overni ght at 45C
The reaction mxture was dit¥#ted with tol uene and
washed with water (5x). Each aq. |ayer was afterwards

LCox$:rtaetoey mint pMEH|"'werE31.2X) . The conbined org. |ayers
vvere dri ed over Na2SC and evaporated to dryness. CC
t he desired. pr

Ex%nlgi % TR nﬁ-ngn(g) lﬁﬁowarmm)@?)dgﬂhi) [lzlc%_(%sf;-n}elt:ehozxy-pyrrolidin-
1-yl?'6(-[(lﬁ)1 ﬁgﬁmlﬁemd&%&w _ DA BXOATES - Y oRNR AN Mbibe Fazdn-1-y1)-

propetpinsphonie pedidiamide: y| ) - 6- phenyl - pyri di ne- 2- car bony! |

- am no} - propi onyl ) - pi perazi ne- 1-carboxylic acid butyl '
A selytien of mtgoicdiaico?. HE200nme) ddi Frirda-2Et 2149100) and) NER (0.27 mL) in

abs n]i)bffldn%D'\@Tng,W%s @i“gtﬁc? gor gbr?gét ﬁor (1%21%1%11‘ )Thc af’%othllt%rorne 6%%&}11092 (2,2°-

dipyidgpdiseldidas(2de sgy)iahé @Phﬁ(mélﬁ) QBS'L 9idiandl ) p@ééﬁrrﬁd]} )1‘[ RT for

wer e ad and the reacti.on stir
10 gireat @%}%ga%nds%éeacmnv@ame frd épﬁ @V%@ﬁasﬁhatrea&tm mixture
wasMifufbdviEh B OBl AQ-cxRRASEWRN U@@ Sﬁg Phd Jbrﬂlﬂﬁéd%@amcﬁ@?ers were

conmbi ned organic |ayers were dried over

dricd rvee Merisethdt eonenyiiated go d@@eéEAF)hegaw@el\gamgurdiedt lmsCC (EA, then
acet&ﬁ(@'tg %R/eglfqgéjgitthé'gesl}@d pfo%uc?t. .97 mn; [ MrH +: 822. 32.

B gD bonyl et hyl )-2-{(R)-[4-((S)- 3-
LCN&%\rh%xlofgpl(I%ro[MEﬁﬁ DRYygRr bonylethyl) - 2-{(R)-14-((3)

yl)-6-phenyl - pyri di ne- 2- car bonyl ] - am no} - 3- oxo- 3- (4- bu

Exampdy dar b&hR)-pi{ p-hanyl-4- {(tet;rdln)ydrtp}flupy+3-yibmﬂ){)ynﬂmeaz:'cajrbonyl}-
i nt.er

amiof: &q'e@h%ei%gh@?l?%%&%@ge-ﬁ%aﬁ i i B | e

ted to_.600C for 10 m hen
42é<§1 %@WQ F” y?m?%%? ygﬂxz idinegi-g PH&’F agids uI fide)
To (ﬁrdgug{l f%@lggﬁi%‘ﬂ%%g #O0. ?TTI%F é‘ﬂadg%gé SQYH@X%%trahydrofurane

(0.8B8RCE 4t WY 'T‘hétshgp@ng"@rﬁ&l%dstﬁlﬁed@p@ RUEATRT mtlen lTlheﬁ 65°C. A solution of
reaction nm xture was luted with brine 10 and

integnediate tl (AN te) DTRAK- 3BHF (Srm) conbidrddlropgian a@d thgyegegion mixture
stlrrwg ;fgrd R L‘d \%gg% :T}%la ﬁgg? %Q?%A%%ﬂ%%e%g%%d?o%gﬁnfé %I‘ess-[ltlle and the

resid takerodp inHié,Cd i ne Cbh@ﬁd)dh&trashbd?\xhﬂﬁ EtiR(2x) @nd)fhenilqn];ayer acidified
to JI—ME'_QVRh 2%3%6 H%q The aq. phase was extracted with DCM (3x), and the combined
organic phase dried over anh. Na,SQO4, and concentrated to dryness. Purification by CC

(reverse phase; cluent A: HyO/TFA(1%); cluent B: MeCN/TFA (1%); gradient: 1 to 95% B)
gave 80 mg of the desired product.

LC-MS: tg = 0.72 min; [M+H]": 286.29.

42.2. 4-[(R)-3-(Diethoxy-phosphoryl)-2-({6-phenyl-4-[(tetrahydro-furan-3-yl)oxy]-pyridine-2-

carbonyl!-amino)-propionyl]-piperazine- 1-carboxylic acid butyl ester:
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Exanpl e 42:
4-1 (R) - 2- ({6- Phenyl - 4-[ (t et rahydro-furan-3-yl)oxy]-pyr
WO giovna23ecar bonyl } - PCT/IB2009/051499
am no) - 3- phosphono- propi onyl ] - pi perazi ne-1| - carboxylic
acid butyl ester: 42.1.
6- Phenyl - 4- (t et rahydro-furan-S-yl oxy) - pyri di ne-2-car bo
xylic acid: To sodium ( 118 ng) suspended in anh. THF
(8 nmL) was added 3-hydroxy-tetrahydrofurane (0.83 nlL)
at RT. The suspension was stirred for 30 mn at RT,
then Ih at 65C. A solution ofB-internmediate 1.9 (400
ng) in anh. THF (8 nmL) was added dropw se and the
To & e@libOBf Mtoxibdigte SIRI1r (86 Gnd)Qdnd Intdrmdddiald G .2 The m$P i BAM/THF (0.7
S then evaporated under reduced E essure and the

Ly &) wee ddHanPlp. ¢4 W Gpllorirel bigH D). Wi e dogfiom mixture

Was%rrgd%fﬁxg 5 %naq lﬁtqagaelfaq Ih%é%ﬁ 5‘17@3{%' ghéd ?ﬁi th%@{f}(_@% 6%541 d&g({?ed with

DCMWhETe0 rrtmbmeld mrgap]naseqolm&e deied edzeoMS@n fand I\bzﬁﬁi@atam do dryness.
purfiRREE e S N ORI iy S e sialg 4Rk (169

di ent to 95% ve 80ngofthe desired
Lc'gﬂgd&ct 03@“»\/@/’ %ﬁ E%logJ 2 min; [M+H + 286. 29. 42. 2.
4-[ (R) - 3- (D et hoxy- phosphoryl)-2-({6-phenyl -
423 (tets R’IR)’QI(% PH&@&#?{IWF&W& fW&WBJy@bﬂ? ﬂfv'rzdzne—Z—carbonyl} -amino)-3-
car bonyl } - am no) - propi onyl ] - pi perazi ne-[-carboxylic
phoghogowinBiervgstiserazge-4-ceghoavoridbuypset nedi ate 42. 1

(80 ng) and internmedi ate 15.2 (55 (g i n DCM THF
To gisolution jof iatsrmaestinsel 4D2PBA paBimMeCGRb -b@/\@&)bWaSI-FQFIQS (timsthylsilyl
bro:&gﬁe (gﬁﬁlf’ n{Lg Gt R;;ta C’%e?@acﬁb%h‘}f%ﬁre\/@% ltobvre{i ‘?(Sj EI% toRP aHd Hhas stirred

was ad andteaq phase was
at Rk bvaightd HaDt (h iOMvasTideled antbitivechixourg . washséisred favel b at RT. The aq.

dri ed over SC.an aporated t dr €ss.
phad it SHEFEH By R PR O EETOS off RS ie g v MEsOs and
contéég?ra%g% Zi%e@r DB Elude Wes Miifiddby=Cl. (Q&eﬁb Phade Mttt 'A: H,O; eluent
B: MeENRpragiont: 6. ol (B)ang thesy brapiparstiyuf ha-BOMMsEH Igyto 3:1) to
givd Sh g @Ftﬁ@&é%ﬁ@é’g b no) - 3- phosphono- propi onyl |

- pI per azi ne- rboxylic acid butyl ester: To a
tL 42.2 (36 ng) in MeCN (0. 16
L&, LEWag)r}gzg @fﬁﬁ??yf%”ﬂ brom de (0.141 nL) at
00C. The reactlon m xture was allowed to warmto RT
and was stirred at RT overnight. HO ( 1 nL) was added
and the mxture was stirred for 2 h at RT. The ag.
BIONEGIBSL.erERa® ed 5x with DCM the conbined org.
= phases drred over MgSq 4 and concentrated to dryness.
The crude was purified by CC (reverse phase; eluent A
P2YH2 & ceptondnmdilg as¢gbCN; gradient: 5 to 80% B) and then by
preparative TLC (DCM MeCH 9:1 to 3:1) to give 2.2 ny
Proot¢durdhe desired product. LC-MS: tR = 0.85 mn; [MH] +:

605. 15.
Chinese Hamster Ovary (CHO) cells with recombinant expression of the human P2Y;

receptor were cultured in 24 well cell-culture plates. Cells were washed three times with
binding buffer (50 mM Tris pH 7.4, 100 mM NaCl, 1 mM EDTA, 0.5 % BSA). The cells
were then incubated with 0.5 mL per well binding buffer containing tritium-labeled 2-methyl-
thio-adenosine 5’-diphosphate (2-methyl-S-ADP) (between 100°000 and 300’000 dpm per
well) and various concentrations of test compounds. After incubation at RT for 2 hours, cells

were washed three times with binding buffer. Then, cells were solubilized by addition of
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Bl OLOd CAL TESTS P2Yi 2 receptor bindi ng assay
PXQcedur e Chi nese Hanster Ovary (CHO cells with

WO ewomadmant expression of the human P2Yi 2 r eR€piB2009/051499
were cultured in 24 well cell-culture plates. Cells
were washed three times with binding buffer (50 nM
Tris pH 7.4, 100 MM NaCd, 1 mM EDTA, 0.5 % BSA). The
cells were then incubated with 0.5 nL per well binding
buffer containing tritiumlabel ed 2-nethylthio-
adenosi ne 5'-di phosphate (2-nethyl-S- ADP) (between
100' 00O and 300000 dpm per w&l-l1) and vari ous
concentrations of test conpounds. After incubation at

0.5 RL telubifiztur buffd elSDS, wedGH WasITed. trhe Qﬁ)nfehﬂBS e\m':}t Rvell was then
bi ndi ng buffer. Then, cells were sol ubi

trangtgF finSn beRepontaL Vigls| 'cwlm ) phof &WHB@QO& Sflsw@tlomalaqld was added.
Aﬂg%ﬂéﬂtlﬁc-m@n SOML eAl- as%t)?lgt@& 'é‘lgﬂﬁl cl:xté’i@%f mmtlclgrf @%Séaﬁ:gﬁa%h relative to

bet a- counter vials an
max3eiripdshiblgtintobition demansivatsd dé@i.tlomf.)f exceyod nolid2imethy lesr ADP.
of the cell-associated signal, extent of inhibition
Reswlss cal cul ated relative to maxi mal possible inhibition

denonstrated by addition of excess of cold
Usi2e thetpiydedie ABRribRe shulvt $orlshe RYY 1heceptoo b'eﬂhigeismsﬂi‘stdging from

bov r th P2Y|2 receptor bin as
1l o AHHERF S SBCHM 1Y Oh RO T3 Rk FEC dcgRured for the
comfdlint® SIExapLt 1484nM were nmeasured for the conpounds
of Exanples 1 to 42. For exanple, the follow ng
Forlc@8HpIEb Sthe @Mlﬁv@@re@ﬁ“@oﬂﬁﬂbé’@dtﬂge& NE PO GeHA G e described above for
described above for the P2Yi 2 receptor binding
‘megggayﬂ@pwrhﬁﬁﬂmEB$Wconpound of fornula | wherein R
represents phenyl optionally substituted 1 to 3 tines
by substituents each independently selected fromthe

1T ubFORBISN S ACPRIHETG: ROt binThy FEAY s

bond apd R2:{epresents al kyl , cyﬁgoalkyl aryl or
het eropryl ; "or Wrepresents -C) d R2 represent g
al kyl , hydrﬁﬁyalkyl alkoxyalkyl3§ heterocyclyl or W
represgnts R 3-] R2 represents~al ky carboxyalkyl,
hydroxyalkyi al kpxyal kyl , heterigyclyl, cycl oal kyl ,
aryl or ara’&yl anhd R3 represents” hydrogen or al kyl ;
or VVrepreSﬁfts -NR 3- and R2 and R3 form together
with the nitrogen/ that carries them a heterocycl|ic
ring of ? 7 mepbers wherein tﬁe menbers needed to
conplete satt

31 4

36 2

39 3
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heterocyclic ring are each i ndependently selected from
-CH-, -CHRX-, -0, -S, -CO and -NRy-, it being
wapwensdeod however that said heterocyclic ri nRCTHIE2809/051499
not contain nore than one nenber selected fromthe
group consisting of -CHRX-, -O, -S-, -CO and -NR y-,
Rxrepresenti ng hydroxy, hydroxynethyl, al koxynethyl or
al koxy and Ry representing hydrogen or alkyl; Ra
represents hydrogen or nethyl; Rb represents hydrogen
or methyl; R represents al koxy; R5 represents hydroxy,
R6- OCH2O- or R7-al kyl -NH; RSrepresents al kyl car bonyl
or al koxycarbonyl; R7 represents al koxycarbonyl; n
represents 0, 1, 2 or 3 and Zis a bond or nis 1 and
Z is phenyl; or a salt of €Glagfis:a conmpound. 2. A
conpound of formula | according to claim1, that is
al so a conpound of formula Ip wherein Rl represents
phenyl optionally substituted 1 to 3 tinmes by
substituents each i ndependently selected fromthe
gr oup consistinq of hal ogen, nethyl, nethoxy,

L A ¢qnoyad ehrmyla land trif I uor omet hoxy; Wrepresents a
bond and R represents al kyl, cycloal kyl, aryl or
heteroaryl; or Wrepresents -O and R rep;ﬁ%%nts
al kyl, hydroxyal kyl, al koxyal kyl or heté&yfocyclyl; orW

represents -NR 3-, R2 represents al kyl, farboxyal kyl,
hydr oxyal kyl , al koxyal kyl, heterocyclyl; cl oal kyl ,
aryl or aral kyl and R3 reptesents hydfiogen~lor al kyl;
or Wrepresents 3- R2 apd oget her

wi th the nitrogen ffiak 3 acyiclic
ring of 4 to 7 mepbers Wher ei[n the| er's needed to
conplete sgid het roc‘élic ricg) ars each i ndependently
sel ect ed fro\hjga—(&/-mRX-,\-\b, -S-, -CO and
-NRy-, it being undersikdod howegZer that said
heterocyclic rgng does not cont$in nore than one
menber selected fromthe group. ersRSting of - CHRX-,
-0, -S, -CO and -NRy-, RPTre r;senting hydr oxy,
hydr oxynet hyl , al koxynet hyl or alRoxy and Ry
representing hydrogen or al kyl; Ra represents hydrogen
or nmethyl; Rb represents hydlogen or nethyl; R4
represents al koxy;

wherein

R' represents phenyl optionally substituted 1 to 3 times by substituents each independently
selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
trifluoromethoxy;

W represents a bond and R? represents alkyl, cycloalkyl, aryl or heteroaryl; or

W represents -O- and R? represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocyclyl; or

W represents —NR’-, R? represents alkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl,
heterocyelyl, cycloalkyl, aryl or aralkyl and R’ represents hydrogen or alkyl; or

W represents —~NR’- and R? and R’ form, together with the nitrogen that carries them, a
heterocyclic ring of 4 to 7 members wherein the members needed to complete said
heterocyclic ring are each independently selected from —CH,-, -CHR™-, -O-, -S-, —CO- and
-NR’-, it being understood however that said heterocyclic ring does not contain more than one

member selected from the group consisting of -CHR*-, -O-, -S-, -CO- and —-NR’-, R*
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n represents 0, 1, 2 or 3 and Zis a bond or nis 1
and Z is phenyl; or a salt of such a conpound. 3. A
w@oivpaeaice of fornula | according to any one of PCI/EB2089/051499
to 2, wherein Rl represents phenyl optionally
substituted once by hal ogen, nethyl, nethoxy,
trifluoronethyl or trifluoronmethoxy; or a salt of such
a compound. 4. A conpound of fornmula |I according to
any one of clainms 1 to 3, wherein Wrepresents a bond;
or a salt of such a conmpound. 5. A conpound of fornula
| according to any one of ct&i-ms 1to 3, wherein
Wepresents -O; or a salt of such a conpound. 6. A
rep@ oA Roldioky , fHearot ethyBQOQ@k gn BByt & Akikyamne Rfrefled@intbg Bydrogen
to 3, wherein Wrepresents -NR -, R represents al kyl,
orallkylihoxyal kyl , hydroxyal kyl , al koxyal kyl, heterocyclyl,
R* EYEL AR fMlogeRbY ne@y1; ar al kyl and R3 represents hydrogen
, or alkyl, "or wherein Wrepresents -NR 3- and R2 and R3
R” iepresgntst lpgetgar or micthlyl;t he nitrogen that carries them a
R4rréerteeern sCaXl%xi c ring of 4 to 7 nenbers wherein the
TRDers” needed to conpl ete said heterocyclic ring are
R’ epekhinndspengeRt-Dr ek ecRbalkiFeA,- CH -, - CHRX-, -0-,
-S-, - and -NRy-, it peing understood however that
R6f§@?%fnﬁgﬁé’rl‘6‘é§ﬂf‘l‘/{\l%r Yk¥ycaB¥Ynot contain more than one
R’ ks sRIx§E4r86hyfir om t he group consisting of - CHRX-,
-0, -S, -CO and -NR y-, Rx representing hydroxy,
n repiedersx e loy B andZkox w%/ﬁyi is drang Lkorlensihd Ry
Orarsgfg%&ecgtaicgglpg?ﬁgfogen or alkyl; or a salt of such a
compound.” 7. compound of formula | according to any
one of clainms 1 to 6, wherein R4 represents
2. N @@arodipdbkoxympladacardiag to diinslidhat & denpoumebund of #rmula Ip
conpound of fornmula | according to any one of clains 1
or 3to 7, wherein R5 represents R6- OCH2O or
R7-al kyl -NH; or a salt of such a conpound. 9. A
conmpound of formula | according to claimLRwhichis
sel ected fromthe group consisting of: -W4-((i ?)-2-
{[4-((5)-3-net hoxy-pyrrolidin-
1-yl)-6-phenyl - pyri di ne-2-car bonyl] -
4- phosphono- butykxl ) - pi peloazi neHI - car poxylijc acid
et hyl ester;

r\/\N R
4 N J CH,), O
RY \/\ i ( \E)
A
© P R—oH
OH
Ip

wherein

R' represents phenyl optionally substituted 1 to 3 times by substituents each independently
selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
trifluoromethoxy;

W represents a bond and R? represents alkyl, cycloalkyl, aryl or heteroaryl; or

W represents -O- and R? represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocyclyl; or
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- 4-((1?)-2- {[4-((5)-3-nmethoxy-pyrrolidin-
1-yl)-6-phenyl - pyridi ne-2-carbonyl] -am no} -
wa2EhospEhono- but yryl ) - pi perazi ne-1 - carboxyl i ¢ BCT/tB2009/051499
butyl ester; -
4-((i?)-2-{[4-(4-net hoxy-phenyl)-6-phenyl -pyridi ne-2-c
ar bonyl ] - am no} - 3- phosphonopr opi onyl ) -
pi perazi ne-|-carboxylic acid ethyl ester; - 4-
{(i?)-2-[(6-phenyl - 4-t hi ophen-3-yl - pyri di ne- 2-car bonyl
) - am no] - 3- phosphono- propi onyl } - pi per azi ne-
1-carboxylic acid ethyl este¥; - 4-
{(i?)-2-[(4, 6-di phenyl - pyri di ne-2-car bonyl ) -am no] -3-p
W h@ﬁh@mmo VORI QY I rbpreqinBe radidil,n&urbbx GARNOMldrsxyalky - alkoxyalkyl,
et
hetezxoqye yh)cygloflknl eyt priopriband &’ PRERYIS By fiogrmer Bk atbony |
W )ep?egerﬁQLNwQQ@ @{h%a Ly RRMORYdctior %&eﬁezmﬁsgen that carrics them, a
1-carboxylic acid ethyl ester: - 4-((i7)-
hete{r{)qfc(m{ |1‘ia)g- 3f Wd@ o&ynejyqulwlmrmn the members needed to complete said
P r|d| e-.2-carh I
hetﬁo%'ﬁ i nﬁgna{)e %arcc})lplxoﬁ) b entl?/pef;%gtzeggén% ér boxy N7 Oxeda ~CO- and
-NREt, h ?%/BelmgSﬁrﬁ%rstood howeveﬁ that saldl}lle‘[lerocycllc)(rlng doles notI contain more than one
4- 2- met hoxy- et hyl am no) - 6 eny ri N
mem%rc%ﬁl%%frymafh ngPUR-SHYS O A oF B onfr) =5 0 an . R
rep@g&ﬁﬁgﬁyaﬁex% hyaﬁ;x?%h!yl QIR 1qetﬁ§/lhé/r| eJnd R representmg hydrogen
ydr oxy- et ylan1no) 6- phenyl - pyri di ne
Oramzacarbonyl] an1no} 3- phosphonopr opi onyl ) -

I|c acid ethyl ester; -
R1§ﬁ¥%5@§b§ﬁ> Sf%g P(thoxy et hyl ) - net hyl - an1no] 6- pheny
R*mpmyﬁmwmmmxﬁnoanbm@yl} -am no) -
hosphono- proplonyl] pi perazine-| -carboxylic acid
RY f&ﬂ% el g
nrebﬁels@ats@ 1[Q%r@@H@Z'l@ﬁb&f&&rﬂ'é‘@%lizﬁyﬁlhéﬁlyﬂe 2-carbonyl ) -
anmi no] - 3- phosphono- pr opi onyl } - plpera2|ne-
or apak gf Pishylcomraetdd et hyl ester; - 4-(-2-
{[4-((5)-3-net hoxy- pyrrolldln-

3. Alcéfmﬂo&dm%ﬁﬁulﬁ’wdc%rﬁﬁg%o GAY RABWIFlc1ARE N0 2, wherein R' represents
2- phosphono-acetyl)-pi pérazine-I -carboxylic¢ acid

phehylt pbtiesilgr substituted once by halogen, methyl, methoxy, trifluoromethyl or
tnﬂum%ﬁ?ﬁlzyﬁ[4 ((5)-3-nethoxy-pyrrolidin-I-yl)-6-phenyl -
ar e 2- carbonyl ] - am no} -
cna&apboﬁmhamem@emkhnoyl) pi perazi ne- 1-carboxylic acid
butyl ester; - 4-((i?)-2-

4- ((5) - netho roli
4. Ag_[:(g}péq(ug%lﬁﬁ émulapi/(?le%ﬁ%g o %Ig/r %tg,n?f (ilalmérh 1&;} wherein W represents a
bond- Phosphono- pent anoyl ) - pi perazi ne-1 -carboxylic acid

butyl ester; -
or azalt of sych 2 comgowal £ | yor o- phenyl ) - 4- phenyl - pyri di ne- 2- ca
rbonyl ] - am no} - 3- phosphonopr opi onyl ) - pi perazi ne-

5.X &ﬁ‘ﬁﬂ%‘ﬁﬁ& bf fbnﬁﬁl'aq apégr&'mg ﬁ?‘&rﬁ/r ane of claims 1 to 3 wherem W represents -O-;
4-((1?)-2-{[ 4-phenyl -6-(3-trifluoronethyl-phenyl)-pyri

or agalyef alcbarcmmym]d- am no} -
3- phosphono- pr opi onyl ) - pi perazi ne-1 -carboxylic acid

b terg
6. A # AL brfiyly ding t £ 1 to3 W t
%%‘ o PRI P SRRy £ Sy b el oY ggprsenes
—NR ,dR] ])remmm&yISanﬂ)msfp]ﬂmh bpdropyadiyt) dlkoxyalkyl, heterocyclyl, cycloalkyl
aryl or aralkyl and R’ represents hydrogen or alkyl, or wherein W represents -NR’- and R?
and R’ form, together with the nitrogen that carries them, a heterocyclic ring of 4 to 7

members wherein the members needed to complete said heterocyclic ring are ecach
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pi perazi ne-1 -carboxylic acid butyl ester; -

4-{(i?)-2-[(4-phenyl -6-/"-tolyl-pyridine-2-carbonyl)-a
worReoliz836ohosphono- propi onyl }- pi perazi ne- 1- cB€DBepO9/E51499

acid butyl ester; - 4-((i?)-2-

{[4-((i5",25)-2-nmet hoxynet hyl -cycl opropyl ) - 6- phenyl - py

ri di ne-2-carbonyl]-

am no} - 3- phosphono- pr opi onyl ) - pi perazi ne-1-carboxylic

acid butyl ester; - 4-((i?)-2-

{[4-((i5",25)-2- hydroxynethyl cyclopropyl)-6-pheny|-py

ridine-2- carbonyl] am no} -

3- phosphono- pr opi onyl ) - p|pera2|ne-l -carboxylic acid
ind h&éntl?%%l%éted frofir (CH2) =@HR*-, -O-, -S-, —CO- and -NR-, it being understood
met hoxy- pyrrolldln-

hovsfpvgq éuat@_a&]l@ltﬁypcy,gyg [8g deesmog g@rﬁ@ﬁyap(]re thagiong member selected from the
groxé’pt ﬁé}}?&ésﬁﬁﬁbfpf@fg@??y@ ] g':SPGV rapngid G PREY el hydroxy,
hyd{c[xéln(e(lﬁ') aﬂéommhtbxyor@jkop@ landiRh#epresenting hydrogen or alkyl;
raky ahen lﬁyrldine-Z-carbonyl] -am no} -
° %f ﬁo%ﬁﬁ (QH%P% onyl ) - pi perazi ne-1 -carboxylic acid

butyl ester; -

7. Meqropyund- ({f[féﬂfuﬂ?o)l adeoretink o yanp yome aificttiims |1- tpl §, ~vehapdie Y| represents
«:gy I di ne-2-carbonyl]-am no}-
2

hono- propi onyl ) - pi perazi ne-1 -carboxylic acid
or a8hAYF sRAa@bmpound.
4-1(5)-2- {[4 ((5) 3- nethoxy pyrrolidin-I-yl)-6-phenyl -
pyrldlne car bonyl ] - am
8. AgCquapgyRe §5F%ﬁlalaﬁr?éﬁfgfﬁ5ngﬁ? a@r oy 2T claimp d o4 3i tad. Whergingxigpresents
R’ btfl@cbﬁREMEthﬁSter - o
( ?) - 2-[ (4-i sopropyl - 6- phenyl - pyri di ne- 2- car bonyl ) -
(Ha&ﬁhnﬁywﬁaphawphmho propi onyl }- pi perazi ne-1-carboxylic
acid butyl ester; - 4-

9. Ag fc{n@o’uﬁd bf ﬁbrfﬁﬁfaﬁ%)forgl §Qf D4l @y&lhlgh e c{é‘:grfg) }q I)g;r:@dﬂ $dnsisting

phosphono- propi on plpera2|ne- -
of: aci d butyl ester -

- 4- éﬁié {_f[)%m%(m 5]??61ﬁ@]p{-8@|6l 1 p}/}l{ldlI{%yi car onyl 2arr(1:1%(r)
4- ph&pﬂ&foaﬁjtﬁgr)lpqﬁamubarso@%qcliatwwl eeter; 4-((i?)-2-

erazi n-

-4- &BQ/'Q)ﬂ%(%éﬂ%tﬁ(ﬁ?rﬁ%ﬁﬁoﬁémﬂ -¥R1opds)y fpyridine-2-carbonyl]-amino} -
oSSBT AL SNl

- 4- ((Fﬁzp{m‘éﬁ%fhw(ho?y-phel(yﬂ)eﬁ pldny tpyriding-2wadoyy hainino) -3pphosphiomo-
progo G RBRE Hr SRBN0 J BB ne- 1 - car boxyl i ¢ aci d

- 4- l{)(l,Rl)éQL @@h(ﬁﬁ/l 4-th10phen 3-yl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl}-

4-{(i?2)-2-[( -hydroxynethyl 6' - phenyl -3, 4,5, 6-tetrahyd
plp%m@e HCPHbowl]%cmlp €H§T - 2' - car bonyl ) -
-4- ?(W) Q%DZI § dﬂ;h@ﬁﬂ%?l‘alrﬁr?@drﬁ’dﬁf/b}amlﬁé p?f)ﬁ(?sbﬂﬁlolp&ﬁl%gﬁ}(%llﬁe?azme-
1C$ﬁ©&ﬂw20@6ﬂ3@yﬁﬁbpropylan1no 6- phenyl - pyri di ne- 2- car bo
- 4- {%é)be[? }/cqgéprip}g%? S}E:ng]]nlo é‘ldg éel fd)n%rh%rwl)-aerrsl’i{l%#?-pllos&)llono-propionyl}-
pipdraiitd- 12a1[bbﬁylp;fnenydthy4e§thenyl am no- pyri di ne- 2- car bonyl ) -

osphono pr
i @%})ér{é‘& e qlhl’éié‘i"xléfd%’%o malcvlﬁmhewl “y&ige; 2-carbonyl]-amino; -
3-phosphono-propionyl)-piperazine-1-carboxylic acid cthyl ester;
- 4-((R)-2- {[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]-amino } -3-phosphono-

propionyl)-piperazine- 1 -carboxylic acid ethyl ester;
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4-{ (i ?)-2-[(6-phenyl - 4-propyl am no- pyri di ne- 2- car bonyl
WQ 2@0i123p6 3- phosphono- pr opi onyl } - pi perazi ne- PCT/IB2009/051499
1-carboxylic acid butyl ester; - 4-((i?)-2-
{[4- (2-carboxy-et hyl am no) - 6- phenyl - pyri di ne- 2- car bony
| ]-am no} - 3-phosphonopropi onyl)- piperazine-|
-carboxylic acid butyl ester;
4-((i?)-2-{[4-(3-nethoxy-pyrrolidin-|-yl)-6-phenyl-pyr
i di ne-2-carbonyl ] -am no}-
3- phosphono- propi onyl ) - 3- net#yl - pi per azi ne- |

-carboxylic acid ethyl ester; - 4-((i?)-2-
-4- {(Eeﬁz({f{% (BhyRsyy-ethiianyho) &= Iﬂiéﬁj’lyﬂyTlldWeLZjd:d’ﬂEm@i CaauiiB@NYphosdhono-
nm no phosphonopr opi onyl ) P perazi ne-|1 -carboxylic
propieny B@psapn@-ét—c@pboxthamd ethyl ester;

) ( i L
Yo 05 BB o
3- p]amphbrbtnryﬂ)loeﬁ] piperazine-1- carboxyhc acid ethyl ester;

) 4@%'&3&% %e ﬁn{l%g%fgfn}’afgpgé§é l3)/cr21¥b(%)|n|}/ Ianmlrllo yg ghosplPono IXoplonyl}

¢ar
pip&azife sphdooyluicid athyl cgeper azi ne- 1-carboxylic acid

| | f d. 10.
- 4- E gtri%‘bu%bg &ethq%&rﬁ?/rrz ihtna]glélél%u%ﬁﬁﬁ nyrlé}ngf%q‘;aigommf\aeﬁn?}s
p%t»%&foe&e%g%érgﬁneg[ Q%o%ﬁ%‘cﬁtﬂuﬂg Qs

i's- acet oxynet Hoxy- phosphoryl ) -

- (P2 (B)(SB3mettvaxyypylidiot li-d)-o- phmnxl’rp)yrlempﬂewyquy} |raetiine-

5 p}iosﬁ n@ (}%é‘fallgylgg]pg%%mg r1°é’a'rb°o&g id aaa B&L PZLAe-

- 4-4R{-C R 4-8:5%- &metﬁdﬁg@yy@??igﬁhyﬂ)@xghf_eylhgmwrmm;whmyy]@miﬂe}-
5 p%yh%ﬂ%ﬁ?mﬁ et lzcaa%ﬂxesﬂﬁmi butyl e

- 4- c(RKIQﬁ @gﬂhﬁo1’6?h;@ﬁﬁ?ﬂ%ﬁenyl—p?ﬁ&ﬁ@&%at%n?l‘}iai%nk&}t%bh(%%ﬁ&for

et hoxycar bonyl et hyl )
progipmyl)- pmel(a@sy Wﬁb&w@wbﬁrsﬁm n-

)
- 4GRY RIS BX Bty Lohepyipyridine 2-cabonvil-aminol
3-plesbhgro}prppiopyl)-pphgipbd dacbcaglidadd hlntyhkﬁster,and -
A(_gg %3&%—%}; g}{,«grB E@%ﬁgﬁqph%(ﬁ%{&lﬂggrc%rtfo%{y amln | 2-81%(3/51)}_131}6[
prolﬁblbﬁ)ﬁpbipeﬁzﬁéqmaﬂibkwlc Mipshrdshg- | - carboxylic aCI d
ester; or a salt of such a compound. 11.

-4 rﬂ@dﬂc[é‘heh%nyl -8-Pciehirpyndings- PR to) ATINGLS Rk pfEE- pirqplonyl}
plp&hﬁh& JcaerJizylf% a@ﬁﬁ% Q:gtg;l cally accept able salt

rmacedti cal composition containing
- 4- (E(R) Refbt(1638)- %mqﬂwmuheml ﬁXIﬂCmHMa’lH aherdébymrbde Rvaboaylin

oSSR TR SRR Eed T o
- 4-dR)-DEM-F( 18 2SR -Gy Pogrh &thyl-cyclopropyl)-6-phenyl-pyridine-2-carbonyl]-amino} -

3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;

- 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid cthyl ester;

- 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;

- 4-((S)-2-{[4-((S)-3-methoxy-pyrrolidin- 1 -yl)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-phosphono-propionyl)-piperazine-1-carboxylic acid cthyl ester;
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13. Use of a compound of formula | as defined in claim
1, or of a pharnmaceutically acceptable salt thereof

wo erootiesedranuf act ure of a medi canent for the tPEEIB2BIN051499
of occlusive vascul ar disorders. 14. A conpound of
formula | as defined in claiml1, or of a
phar maceutically acceptable salt thereof, for the
treatment of occlusive vascul ar di sorders.

-90 -

- 4-[(5)-2-{[4-((S)-3-methoxy-pyrrolidin- 1 -yl)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-(4-phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl ester;

- 4-{(R)-2-[(4-isopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -
piperazine-1-carboxylic acid butyl ester;

- 4-{(R)-2-[(4-methoxy-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl } -
piperazine-1-carboxylic acid butyl ester;

- 4-{(R)-2-[(6-phenyl-4-pyrrolidin-1-yl-pyridine-2-carbonyl)-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester;

- 4-((R)-2-{[4-(4-methyl-piperazin-1-yl)-6-phenyl-pyridine-2-carbonyl]-phosphonomethyl-
amino }-acetyl)-piperazine-1-carboxylic acid butyl ester;

- 4-((R)-2-{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;

- 4-{(R)-2-[(2-hydroxymethyl-6'-phenyl-3,4,5,6-tetrahydro-2 H-[ 1,4'|bipyridinyl-2'-carbonyl)-
amino]-3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester;

- 4-{(R)-2-[(4-cyclopropylamino-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester;

- 4-{(R)-2-[(6-phenyl-4-phenylamino-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -
piperazine-1-carboxylic acid butyl ester;

- 4-{(R)-2-[(6-phenyl-4-propylamino-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -
piperazine-1-carboxylic acid butyl ester;

- 4-((R)-2-{[4-(2-carboxy-cthylamino)-6-phenyl-pyridine-2-carbonyl]-amino} -3-phosphono-
propionyl)-piperazine- 1 -carboxylic acid butyl ester;

- 4-((R)-2- {[4-(3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-phosphono-propionyl)-3-methyl-piperazine-1-carboxylic acid ethyl ester;

- 4-((R)-2- {[4-(2-methoxy-cthoxy)-6-phenyl-pyridine-2-carbonyl]-amino } -3-phosphono-
propionyl)-piperazine- 1 -carboxylic acid butyl ester;

- 4-{(R)-2-[(4-methyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -
piperazine-1-carboxylic acid butyl ester;

- 4-((S)-2-{[4-((S)-3-methoxy-pyrrolidin- 1 -yl)-6-phenyl-pyridine-2-carbonyl]-amino } -
4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester;

or a salt of such a compound.
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10. A compound of formula I according to claim 1, which is selected from the group
consisting of:

- 4-((R)-3-(Bis-acetoxymethoxy-phosphoryl)-2- {[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-
pyridine-2-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl ester;

- 4-((R)-3-(Bis-cthoxycarbonyloxymethoxy-phosphoryl)-2-{[4-((S)-3-methoxy-pyrrolidin-1-
yl)-6-phenyl-pyridine-2-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl
ester;

- N,N'-Bis-((S)-1-cthoxycarbonylethyl)-2- {(R)-[4-((S)-3-methoxy-pyrrolidin- 1 -yl)-6-phenyl-
pyridine-2-carbonyl]-amino } -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-phosphonic
acid diamide; and

- 4-[(R)-2-({6-Phenyl-4-[(tetrahydro-furan-3-yl)oxy]-pyridine-2-carbonyl } -amino)-3-
phosphono-propionyl]-piperazine- 1-carboxylic acid butyl ester;

or a salt of such a compound.

11. As a medicament, a compound of formula I as defined in claim 1, or a pharmacecutically

acceptable salt thercof.

12. A pharmaceutical composition containing at least one compound of formula I as defined in
claim 1, or a pharmacecutically acceptable salt thercof, and one or more pharmaceutically

acceptable carriers, diluents or excipients.

13. Use of a compound of formula I as defined in claim 1, or of a pharmaceutically acceptable
salt thereof for the manufacture of a medicament for the treatment of occlusive vascular

disorders.

14. A compound of formula I as defined in claim 1, or of a pharmacecutically acceptable salt

thereof, for the treatment of occlusive vascular disorders.



