WO 2009/069100PCU1B2008/055002 PHOSPHONIC ACID DERIVATES AND THEIR USE AS
P2Y12 RECEPTOR ANTAGONISTS Field of the invention: The present invention relates to certain
phosphonic acid derivatives and their use as P2Y12 receptor antagonists in the treatment andlor
prevention of Bé?&?ﬁg?é%ascular, of visceral-, hepatic- and renal-vascuI&’r?%’?%%??&(gvgg%ular and of
cerebrovascular diseases or conditions 5associated with platelet aggregation, including thrombaosis in
humans and other mammals. Backuround of the invention: Haemostasis is referred to as the natural
balance of maintaining the fluidity of the blood in the vascular system and preventing excessive blood
loss subsequent to blood vessel injury by rapid formation of a solid blood clot. After vascular damage,
contraction of the vessels and 10 platelet adhesion occur immediately followed by aggregation of the
platelets, activation of the coagulation cascade and finally also of the fibrinolytic system. Haemostatic
abnormalitizé%oég%Ofgacd%SngggggY\?gﬁeﬁ%ﬁnaﬁgﬁthﬁ%s@%ﬁﬁ%—’iﬁ?@a‘?gﬁﬁ?ﬁ%ions. A series of
antiplatelet agents have been developed over the past several years based on different mechanisms
of action. The most widely used agent in antiplatelet therapy is aspirin, 15 which irreversibly inhibits
cyclooxygenase-1 and thereby affecting the thromboxane pathway. Although not optimally efficacious,
treatment with aspirin remains the standard therapy against which new therapeutics are compared and
judged. Other drugs like the phosphodiesterase inhibitors dipyridamole and cilostazol, as well as the
vitamin K abi&gShde Ipeiidns) are marketed but do not show all desirable features for such 20drugs.
Three intravenously applicable, potent GPIIb/Ilia receptor antagonists (abciximab, eptifibatide, and
tirofiban) blbbkipgsptatetettigg reduatio i aretavalabldondhel indrketiiBesidd shesome ordlByactive
GPlib/llla antagnists, (&8s sThrafiban.emiafiben g aheiPan)hayeaethean sygcassiiin clinical

development so far. _ _ o
hepatic- and renal-vascular, of cardiovascular and of cerebrovascular diseases or conditions

5 associated with platelet aggregation, including thrombosis in humans and other mammals.

Backeground of the invention:

Haemostasis is referred to as the natural balance of maintaining the fluidity of the blood in the
vascular system and preventing excessive biood loss subseguent to blood vessel injury by
rapid formation of a solid blood clot. After vascular damage, contraction of the vessels and
10 platelet adhesion occur immediately followed by aggregation of the platelets, activation of the
coagulation cascade and finally also of the fibrinolytic system. Haemostatic abnormalities can

Iead to excessive bleeding or thrombaosis, both life-threatening situations.

A serics of antiplatclet agents have been developed over the past several years based on
different mechanisms of action, The most widely used agent in antiplatelet therapy is aspirin,
15 which irreversibly inhibits cvclooxygenase-1 and thereby affecting the thromboxane pathway.
Although not optimally efficacious, treatment with aspirin remains the standard therapy

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
20 drugs. Three intravenously applicable, potent GPHb/IHa receptor antagonists (abciximab,

eptifibatide, and tirefiban) blocking platelet aggregation are available on the market. Besides,



Adenosine 5'-diphosphate (ADP) is a key mediator in platelet activation and aggregation interfering
with two platelet ADP receptors P2Y1 and P2Y12. Antagonists of the platelet ADP receptor have been
identified and display inhibition of platelet aggregation and antithrombotic activity. The most effective
antagonists known so far are the thienopyridines ticlopidine, clopidogrel and CS-747, which have been
used clinicatipasrahtitatomBGBlid/Hde arsageves|tr e Shelibrth ActhésB e vgsra theihrracnie

metaboliteg, jrreyersily glgggiggpdé@ﬁ’)gﬁgg‘(gglfﬁpbtype P2Y12. Some P2Y 12 antagonists like
AR-C69931MX (Cangrelor) or AZD6140 have reached phase Il clinical studies. These inhibitors are

selective platelet ADP, r tar ntﬁ)&%ists hich inhibit ADP-dependent.platelet aggregation, and
are effectiv‘g(til?ﬁn\(}?\l/%e. glﬁﬁ Cr}zéz)sqg%a onylrlr%e ‘r’%ﬁ ﬁ%ﬁ%ﬁbg}n }ag(ggﬁwfiﬁ lgra%qﬁiﬁ%?yig eﬁ\a}%a?f\l/es have
been descriltedcasADR recoptolcaitlyanistoirs WO 62088866 and WO 2004/052366.
WO02006/114774describes2-phenyl-4-(carbonylmethylaminocarbonyl)-pyrimidine derivatives as
P2Y12 recepiar aiagemistsiaHRueYH ihiesencompsindasdamat sontrinanymiaspoopieaeid or
phosphonate motif. Summary In a first aspect, there i vided a compound of formula | .- 2a -
wherein R] %Fé@téorﬁsa %Laénrﬁ%ev abeorlie]“fna %el hghﬁl%oﬁn%%%}éﬁ%?ﬁda %?nsl%f)léﬁtoﬁgdg 1% %rﬁr%hgs
(preferably thirsuipstitinadtoigubstitutgdidngeloatdviCs ; brevpicichabty haesubsdtded el s usstituted
once and mashpigigiAPY: UnsuRsilie Ao SuhSHeRis eahindapandentseleciagkiiam the group
a

consisting o ogen, methyl, methoxy, trifluoromethyl and trifluoromethoxy; W represents a bond,
and R2 repteaert®HIRIACHsrOIFIRG P SIKEERN 2y zloalkyl, aryl or heteroaryl: or W represents -0-
and R2 represents alkyl, cycloalkyl, hydroxyalkyl or heterocyclyl; or W represents -NR3-, R2
represents Sikyd, PaK oxarcawtan syl BHey AR APHRO3/ 2| ( Carenaioraliay b Alkobdfaliayk fratbrdayeisd, lEycloalcyl,
ary! or araliy, el S (erERe R BNGoaR LAY L ok Sapssaeiay MR Ad RARAMRB (M

together with the nitrogen that carries them, a heterocyclic ring of 4 to 7 members wherein the
members néBiecdtrenéepletictagdretbracirfiernf sty edctiindependently selected from -CH2-,
-CHR", -0-, -S-, -CO- and -NR-, it being understood however that said heterocyclic ring does not
contain motgpthatinonearmeninethsbimtte chftony Haephroluparonssimetybf etk es0- hSe, -GOr and

-NRY-, R" representin roxy, hydroxymeth I XA%% 4 AAGLRY representing
hydrogen og%ﬁ%?/f;goa? ‘%5;%%%6 etﬁtgﬁ1 -@éﬁsagnﬁxg?g%}gyl%%%un, together with the nitrogen that carries
them, an imidazolyl, pyrazolyl, 1,2,3-triazolyl or 1,2,4-triazoly1 ring, which ring may be supstituted by
an alkyl grotf[ (es)égi‘)?éllﬂﬁalxa m Wlﬁfoup%'ﬂﬁ%bﬁgghf?%%& '@Pﬁ%%iw,ﬁﬁﬁr%’b &ents
hydrogen oddrieitiyd; R4 Pepreseniptatkaxygsnieprésentsn the otcdpbunprelsents ecbmind aand m
represents &0%515‘0 ﬂ?ﬁ%ﬁ%@%ﬁlgs%ojﬂat\é [epresents phenyl, and m represents 0; or

Summary

In a first aspect, there is provided a compound of formula I

formula 1



n represents 1, V represents phenyl, and m represents 1; R5 and R8 are identical and represent each
hydroxy, unsubstituted phenyloxy, unsubstituted benzyloxy, a group -0-(CHR6)-0-C(=0)-R7, a group
-0-(CHR®6)-0-C(=0)-0-R7, a group - 0-(CHR6)-C(=0)-0-R9, a group -NH-(CHR10)-C(=0)-0-R9 or a
group -NH-C(CH3)2-C(=0)- 0-R9; or R5 representd hydroxy or unsubstituted phenyloxy, and Rg
represents a group -04012)-0- or a group -NH-CH(CH3)-C(=0)-0-R9; or P(0)R5R8 represents a group
selected from the following structures - 2b -  wherein the arrow marks the point of attachment to the
remaining peutof compounds of formula I; g represents | or 2; R6 represents hydrogen or (CrC3)alkyl;
R.7 represents (C1-C4)alkyl or unsupstituted (C3-C6)cycloalkyl: R9 represents (C1-C4)alkyl; RI
represents“e]hy%aséﬂfs(@ DAL bRt RPSAY b HE Ny PGS AR BEHZY 1 RA repbB&Ents
hydrogen, ((C¥eCa)alleyubei{ti-C Halkdxyinoedh pharmaceiticallyracoefitaidle salfdksuwctdascompound.
- 2c - In a sacani-aseeel. gl Piovidetas, A medicament: agompaund.of o b as defined
above, orap alnlaceutlcfl?y accep able salt thereof. In & thitd aspect, there Is pI‘O\PI eda
pharmacetfiegkeofrpositionscomtainitids ttde ast whesenmpoiitl orebientilatrifydenqddlaseve, or a
pharmaceytigally,acggRiable salt thereof, and one or more pharmaceutically acceptable carriers,

diluents or_excipients.
W repe.esents a bond, and R” represents alkyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, aryl or

heteroaryl; or

W represents -O- and R® represents allkyl, cvcloalkyl, hydroxyalkyl or heterocyelyl; or

W represents ~NR’-; R® represents aikyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl,
alkoxyalkyl, heterocyclyl, 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 selécted from —~CHjy-, -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*
representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and Ry.representing hydrogen
or alkyl; _

or W. represents ~NR’- and R? and R’ form, together with the nitrogen that carries them, an
imidazolyl, pyrazolyl, 1,2 3-triazolyl or 1.2,4-triazolyl ring, which ring may be substituted ’by
an alkyl group (especially by a methy! group); '

R® represents hydrogen or methyl:

R represents hydrogen or methyl:

R? represents alkoxy;

nrepresents 0, 1, 2 or 3, V represents a bond, and m represents 0; or

nrepresents 0 or 1, V represents phenyl, and m represents ; or

n represents 1, V represents phenyl, and m represents 1,

R’ and R® are jdentical and represent each hydroxy, unsubstituted phenvioxy, unsubstituted
benzyloxy, a group —-O~(CHR6)-O-C(mO)—R7, a group mO-(CHRG}mO-C(=O)~O—R7, a group —
O-(CHR®)-C(=0)-0-R’, a group -NH-(CHR'*)-C(=0)-0-R® or a group ~NH-C(CH,),-C(=0)-
O-Rg; or |

R’ represents hydroxy or unsubstituted phenyloxy, and R® represents a group —O-(CH4)-0O-
C(=0)-R” or 2 group -NH-CH(CH;)-C(=0)-0-R’: or

P(O)R’R® represents a group selected from the following structures



In a fourth aspect, there is provided the use of a compound of formula | as defined above, or of a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the treatment of
occlusive vascular disorders. In a fifth aspect, there is provided a compound of formula | as defined
above, or of a pharmaceutically acceptable salt thereof, for the treatment of occlusive vascular
disorder. Descrirtioii of the invention: The inventors have now found that the phosphonic acid
derivatives according to the present invention surpgsingly show significantly improved biological
properties compared to the corresponding carboxylic acid derivatives previously known to one skilled
in the art, WO 2009/069100PCT/1B2008/055002 - 3 - Various embodiments of the invention are
presented hereafter: 1) The present inventign firstly relates to-the cof@pounds of formula | formula 1 5
wherein Ri represents phenyl, wherein efﬁhenyl is unsubstitu?%d substituted 1 to 3 times
(preferably unsubstisuét;d/ r substituted/eﬁc.gor twice, more prejerﬁbl;( unsubstituted or substituted

once and most prefer unsubstituted) by stbstituents eaChQndepen tly selected from the group
consisting of halog%n,/méth |, methoxy, trifluofomethyl gnd 10trifluoromethoxy; W, represents a bond,
and R2 represents alkyl, hydroxyalkytalkoxy |, cyefdalkyl, ary| or Beteroarykor W represents -0-
f reprgsents -NR3-, R2

cycloalkyl, aryl or aralkyl and R3 represen dregen or alkyl; or WgRresénts -NR3- and R2 and le
-form, together with the nitrogen that carries thém, a heterocyclic ring of 4 to 7 members wherein the

members negded to complete\iai;ovvo 2009/0691GHPCT/1132008/055002 R®
b4 Y
RSN o ~0 = HO/ \O ==
9) O 0
O o]

wherein the arrow marks the point of attachment to the remaining part of compounds of
formula T;

g represents 1 or 2,

R® represents hydrogen or (C;-Cj)alkyl;

R’ represents (C;-Cqalkyt or unsubstituted (Cs-Cs)eycloalkyl;

Rg':r'epresents (Cy-Cy)alkyl;

R represents hydrogen, (C;-Cy)alkyl, unsubstituted phenyl or unsubstituted benzyl;

R represents hydrogen, (Ci-Ca)alkyl or (C;-Cy)alkoxy;

or a pharmaceutically acceptable salt of such a compound.



heterocyclic ring are each independently selected from -CH2-, -CHW-, -0-, -S-, -00- and -NW-, it being
understood however that said heterocyclic ring does not contain more than one member selected from
the group consisting of -CHW-, -0-, -S-, -CO- and -NRY-, W representing hydroxy, hydroxymethyl,
alkoxymethyl or alkoxy and RY representing hydragen 5or alkyl; or W represents -NR3- and R2 and
R3 form, together with the nitrogen that carries them, an imidazolyl, pyrazolyl, 1,2,3-triazolyi or
1,2,4-triazoly1 ring, which ring may be substituted by an alkyl group (especially by a methyl group); le
represents hydrogen or methyl; 10Rh represents hydrogen or methyl; R4 represents alkoxy; n
represents 0, 1,2 or 3, V represents a bond, and m represents O; or n repre é) r 1 V resents
phenyl, and inrepresents spen th@mmmg‘md‘?ﬁré%)r%é%?ﬁécﬂﬁ%la E O RLINE é‘g ents” % and R9
are identical eg(e 6)p ent each ‘%g&)ﬁt}&g q\%ggfgggg@mfrm@p@)é,funsubstrtuted benzyloxy, a group
-0-(CHR®6)-0-C{(=-- grou HR6)-0-C(=0)-0-W, a group -0-(CHR6)-C(=0)-0-R9, a group
-NH-(CHle)-C(=0)-0- R9 or a group -NH-C(CH3)9- C(=0)-0-R9; or R5 represents hydroxy or
unsubstituted qé]engél y agucq %%Ireegrg&eﬂa%(gg&g@%@ﬂ@&n@ﬁﬁﬁeﬁ)@mmm@mmﬂ one
-NH-CH(CH3)- or P(0)R5R9 represents a group selected fr, mayég t[%ﬂpé/vgglg sltgtures
WO 2009/069@@@@@48@6@8@%@@2 degined appTef thREFBNS TRATRE tie DBt of attachment to the

remaining part Ofdc one %9‘1{{195 ﬁ{maceutically acceptable carriers, diluents or excipients.

Tn a fourth aspect, there is provided the use of a compound of formula I as defined above,

orofa pharmaéeutically acceptable salt thereof, for the manufacture of a medicament for -

the treatment of occlusive vascular disorders.

In a fifth aspect, there is provided a compound of formula I as defined above, or of a

pharmaceutically acceptable salt thereof, for the treatment of occlusive vascular disorder.

Description of the invention:

The inventors have now found that the phosphonic acid derivatives according to the present

invenﬁon surprisingly show significantly improved biological properties compared to the

corresponding carboxylic acid derivatives previously known to one skilled in the art.



5formula 1; g represents 1 or 2; R6 represents hydrogen or (C1-C3)alkyl; R7 represents (Ci-C4)alkyl
or unsubstituted (C:-C6)cycloalkyl; R9 represents (Ci-C4)alkyl; 10RI represents hydrogen,
(Ci-C4)alkyt, unsubstituted phenyl or unsubstituted benzyl; Ri | represents hydrogen, (C1.-C4)alkyl or
(C1-C4)alkoX HAYYS Wik salts (in particular pharmaceutically acceptabl€ &I BF &R compounds.
The compounds of formula | may contain one or more stereogenic or asymmetric centers, such as one
or more asymmetric carbon atoms. The compounds of formula | may thus be present as 15mixtures of
stereoisomers or preferably as pure stereocisomers;Mixtures of stcreoisomers may be separated in a
manner known to a person skilled in the art. The compounds of formula | are P21712 receptor
antagonists. Accordingly, they are useful in therapy (including combination therapy), where they can
be widely ugadbas dnibibitors:6fo MAHO iRGH9IB62ERORETABEZRABMH55002 platelet activation, aggregation
and &granulation, as promoters of platelet chsaggregation or as anti-thrombotic agents. The following

paragraphs pigvige deflintians ohibe, vareus.die gl mricties fenthe compounds according to the
invention. Said definitions are intended to apply uniformly 5throughout the specification and claims

unless an otherwise expressly set out definition provides a broader or narroaver definition.

W/

YN

R \H/N\/\ (CH% 0
R" l

o) (CHo)m /R5

P
o/ \RB

formula 1

5 wherein
R’ represents phenyl, wherein the phenyl is unsubstituted or substituted 1 to 3 times
(preferably unsubstituted or substituted once or twice, more preferably unsubstituted or
substituted once and most preferably unsubstituted) by substituents each independently
sclected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
10 tnfluoromethoxy;
W represents a bond, and R* represents alkyl, hydroxyalkyl, alkoxyalkyl, cvcloalkyl, aryl or
heterparvl; or
W represents -O- and R’ represents alkyl, cycloalkyl, hydroxyalkyl or heterocyclyl; or
W represents ~NR™-, R* represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl,
15 alkoxyalkyl, heterocyelyl, cveloalikyl, aryt or aralkyl and R’ represents hydrogen or alkvl; or
W represents ~NR* and R* and R’ form, together with the nitrogen that carries them, a

heterocycelic ring of 4 to 7 members wherein the members needed to complete said



+ The term "halogen" refers to fluorine, chlorine, bromine or iodine, preferably 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 10 chain alkyl group containing 1 to 7 carbon atoms (e.g. methyl, ethyl,
n-propyl, isoYSaHroeltyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, neogéritfBA4BHEAY, 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, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and
tert-butyl. The term "(C,-COalkyl" (x and y being integers) refers to a 1.5straight or branched chain
alkyl group containing x to y carbon atoms. The term "alkoxy", used alone or in combination, refers to
a saturated,siaightiariranchestfhair ARV ORI GORGININGH 10 & parbomatoms (6. mgthoxy,
ethoxy, n-pro Xy, |s,o-propo>§/, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy, n-pentoxy,
neopentyloSNy,glsdﬁﬁ’éH’@IW" REBABRY D RO HEAAGTS, B ATBRARTABI T A S St SRfs. 20
Representativeexampies of-aief@eragoatkaxyngronp s inalide” methoxy, ctiady andprafivky, #So-propoxy,
n-butoxy, iso-butoxy, sec-butoxy and terf-butgxy. The term "(Cx-Cy)alkoxy" (x and y being integers)
refers to a §?P5?5?\ t%rg branc e”Jg % ain %‘1%%&5 aa?r%ﬁ%%%h elalf’r‘{i r?%%(x?’oX)’}%:grbigﬁréﬁ%nrﬁ%?@ﬁéo gech
"hydroxyalkyl4lkad used herein, refers to an alkyl group as previously defined 25 wherein one hydrogen
atom has b&ewrﬁegl@gsgﬁs by hygiexry (he ROIDugreiemExamples piRydraxyalisvharewns include, but
arc not limited to, droxymeth%/[j 2-hydroxy-9th%/I, 2_,-hydro>_<,y-prol}1:),y‘l, Z-hydroxy-l-methylr-?e hyl,

S bycoxy. TRV RGPy S L om T £ BRIt SRS -buty,
4-hydroxy-httyk 3 diydsaxypedD BORSREQ10RRET/1132008/055002 pentyl and
3-hydroxy-3:methyl-butyl (and preferably hydroxymethyl, 2-hydroxy-ethyl and 3-hydroxy-buty1). Cr
The term "a ég?ﬁa %} ﬁ%{g(r U ctaandoﬁénrf'étllallr‘??l refers to an alkyl group as previously defined wherein one
hydroden afonrimassisesridiepracadasien alkoxy group as previously defined. 5 Examples of
alkoxyalkyI[g?rggﬁ,g,\éém;;lla[g,;%1551 ut are not limited to, 3-methoxy-propyl, methoxymethyl and
2-methoxy-ethyl (and notably methoxymethy| and 2-inethoxy-ethyl). In analogy, the term
"alkoxymetRyPPHEARIfdr %Qﬁ%ﬁfé%@fﬁ%ﬁt&%ﬁdﬁ%{ﬂ?—%ﬁﬁw hYl. “1. The term “cycloalkyl", as
used hereim, raleeet inoany\Cambiratigmengfeisdmacpatumaite® 40 cyclic hydrocarbon moiety
containing 3 10.7.carb toms whic Y. substituted or substituted once by hydroxy,
hydroxyme{jhre rgﬁgg%y?r’z\eﬁheﬁr?ﬁer% e?g%%?rﬁg(f?hr}ggg %ﬁ%ﬁ g’r ethoxymethyl and more preferably

methobymét %%Rémﬂy&e@ﬁé@bﬁa@lwﬁﬁ%@@y BIHORY At HRBTa piarbeariyE i stpigRtuted
Reﬁresent?;&\ﬁgj@aggl ‘ m QI|%§OQ£ cr%@&ljg@mﬁ)qbcl)ghps)rp'_ Igﬂgcﬁe%mgaxgm%ﬁqﬂmulgd;my@mﬁmpgtfgycIlobutyl,l
cyclopentyl, cyclohexyl, 15 4-hydroxy-cyclohexyl, 2-hydroxy-cyclohexyl, 2-hydroxy -cyclopropy
and 2- metﬁéﬁ%ﬁﬁﬂ%@ ?6%'rgpyla(i’ﬁrﬁé7rti6 %’r@é&oﬁ‘réb‘y@?@ dr8%ymeth -c?%g§r(?p%lﬂ)§nd
2-methoxymethylayelopropyl). The term "alkoxycarbonylalkyl” refers to an alkyl group as previously
defined wherein one hydragen atom has.been replaced by apalkoxycarbonyl group is,a20
group itself%uﬁ?ﬁ?ﬁ?% gﬁf‘ﬁ%&a%ﬁs&%ﬁ%’% Bl?é% ?)?}%iy %éﬁ%eéc. qﬁ%ﬁ?essdéﬁggf%e %)?(g%a%%eé of
alkoxymarbonylajksd greypsuinchiidecbyC Hre netdingted; te, 2-ethoxycarbonyl-ethyl and
2-methoxycarbonyl-ethyl. 4'. The term "carboxyalkyl" refers to an alkyl group as previously defined
wherein onBf rggé??%mgﬁég%’@éﬁi?&tﬁfh%ﬁﬁ By LisrrB%y gitsthat is, by a -COOH group).
25Representative examples of carboxylalkyl@roups include, but are ot limited to.

A/ A/

/N

O/ \NH
C}/ \O R11 R
—t,




2-carboxy-ethyl and 3-carboxy-propyl. .1:- The term "aryl" refers to an aromatic cyclic group with one,
two or three rings, having from 6 to 14 carbon ring-atoms and preferably from 6 to 10 carbon
ring-atoms, for example to phenyl or naphthyl groups (and notably to phenyl groups). Any aryl group
(and WO 2808A9BY4CHPCT/1B2008/055002 - 8 - in particular any phenyl o348 thed herein
may be unsubstituted or substituted with one, two or more substitucnts (preferably with one to three
substituents, more preferably with one or two substituents and notably with one substituent), each
independently selected from the group consisting of halogen, alkyl and alkoxy. Specific examples of
aryl 5 groups are phenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2-chlorophenyl,
3-chlorophenyk, 4-chlorophenyl, 2-rBethoxyphenyI, 3smethoxyphenyl, 4-methoxyphenyI,R9
2-methylpheny, 3-methylpheny, 44nhothylphenyl, 2,4-difluoropheryl, 3;4-difluorophenyl,
2,4-dimethoxyphenyl and 2,4-di | (prefegably phenyl and4~methoxyphenyl). .4 The term
[ petionrefers tq_@réryi\gfg 1 d to the
parent molegular mgiety through an alkyl groupiwhereif however the aryl group may be urisubstituted
or substituted\with-Hto 3 substituents selected m dently from the group consigting of halogen,
alkyl and alkg/y. Representative examples of aralkyl\yroups include, but arc not limited ¥, bcnzyl,
referred aralkyl groups are the phenylalkyl
groups. 154 The term "phcnylalkyl”, as used herein, alone or in any combination, refers to an

unsubstituted phenyl group appened to the parent molecular moiet through an alkyl group.

and 3-phenylpropyl. Preferred is beXyzyl. The term "heteroaryl”, as ised herein, alone or in
combination, refers to a mono-, bi- gr 20-Qricyclic aroggatic rifgSystem containing up to 14 ring atoms
wherein at least one of the rings ¢ t Iea§t\or}ﬁ’ heteroptom ingependently selected from the

\ Ifur;iy,ﬁd%[ﬁi]on Re terpthetgfoaryl" may also refer to
1-oxypyridinyl groups. The heteroa & be un [ \ '

substituents (preferably 1 to subs |
independently from the groupsefsisting of halogen, alkyl, alkoxy, tri omethyl and trifiuoromethoxy.
Representafiye samPies of HelRaAD.qiouns. ki o are BRLITHCR.Ie oiehl, dugnyl. pyrrobv
pyrazolyl, thiazolyl, imidazolyl, oxazolyl, pyridinyl, I -oxy-4-pyridinyl, | -0xy-3-pyri my?, | -oxy-2-pyridinyl,
pyrimid nyl,fa’[!Fi‘ﬂ=|l ) i?fiyl, benzimidazolyl, benzothiazolyl, benzothienyl, benzoxazolyl, benzofuranyl,
indolyl, WQ 2008/e9160RCT/1B2008/055002 - 9 carbazolyl, phenothiazinyl and phenoxazinyl

(preferably thienyl, pyrazalyl and 4-methylpyrazolyl). : The term "monocyclic heteroaryl”, as used
herein, refe{r% t& éasrhgg\{ﬁ%%%/g e%%rﬁ%%%%%éystem containing 5 or 6 ring atoms among which 1 or 2
may be het8loapormssdléctedabfromudpdtand® CHie)nyohetydlic heteroaryl group can be
unsubstitutgd ggég%yt(l&e_@(i g{y@ to 2 substituents (preferably 1 substitucnt) selected independently
from the group consisting of halogen, alkyl, alkoxy, trifluoromethyl and trifluoromethoxy.
Repres@ntdfive Bxambidy Gpass 'y@fi@lgﬁfé%*ﬁhﬁﬂﬁﬁﬁé“iﬁﬁ%B‘?%’@ﬁ%eﬁé‘ﬁﬁﬁﬂted to, thienyl,
furanyl, pyrrobegpysazolyddtbiazaolyl,-migazolylioxazalyb«pyridinyl and pyrimidinyl. 10: The term
"heterocyclyl”, as used herein, alone or in any combination, refers to an

and to the salts (in particular pharmaceutically acceptable saits) of such compounds.

oy

A

The compounds of formula [ may contain one or more stereogenic or asymmetric centers, such
as onc or more asymmetric carbon atoms. The compounds of formula T may thus be present as
15  mixtures of stereoisomers or preferably as pure stereoisomers. Mixtures of stercoisomers may

be separated in a manner known to a person skilled in the art.

The compounds of formula T are P2Y; receptor antagonists. Accordingly, they are useful in

therapy {including combination therapy), where they can be widely vsed as inhibitors of



unsubstituted saturated monocyclic moiety of 3 to 7 ring members containing 1 to 2 heteroatoms
selected from nitrogen, oxygen and sulfur, it being however understood that (i) a heterocyclyl group is
not attached to the rest of the molecule by a nitrogen atom, (ii) a heterocyclyl group of 3 or 4 ring
members coREBHEEANBne heteroatom which is a 15 nitrogen atom and GfEAEEP™clyl group
does not contain 2 sulfur atoms. The sulfur atom of a heterocyclyl group may be in an oxidised form,
i.e. as a sulfoxide or sulfonyl. Representative examples of hetcrocyclyl groups include, but are not
limited to, azetidinyl, pyrrolidinyl, tetrahydrofaranyl,piperidinyl, piperazinyl, morpholinyl and
thiomorpholinyl (preferably tetrahydrofuran-3-y1). 20In this patent application, variably attached bonds

may be usegl.for.sHhstifen géegageﬁ%nmgmﬁéé&litai@ ﬁp&a@&xb%m@ta%ﬁ%@ i HOWP is
IS

attached to either atom linked by the bond into which the variably attached bon rawn into. For
example, tHé ¥R asH BHelow H3C NH WO 2009/069100PCT/1B 2008/055002 - 10 - is either
2-methyl-piperazine-1 -carboxylic acid ethyl ester or 3-methyl-piperazine-1 - carboxylic acid ethyl
ester. Besldesfaherfoowirageahagraphds plolidecdefiitibas efivayichsiothérmeriiss Saidthiefinitions

are intendeg, 1o, apply waifoamly thrauohoutibe shecificationansolaimsitnless i othaomsg Sexpressly
set out definition provides a broader or narrower definition. The term "pharmaceutically acceptable

salts" réfershiGHEATORIE, TARFTGEHC DB g AR B dfBr BASY Kt ditioiT sHits REFe S ¢An be made
to "Salt selegtianctor hasiedrugstowt: defRiarm. (1986), 33,201-217. The term "room temperature” as
used herein refers to a temperaof 25C. 10Unless used regarding temperatures, the term "about"
placed befate dhsunmaridalagstierelty efdisarinheldormmbappiicationdaamisferbll extbiedirg from X

minus 10% of X, {0RIks:d8%:ah & nRRdRLesarably fRathinterval 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") pkacatideferedkiarmperatisaes ¥ irefersbinddbe Ctukentapplication do:amintchvalcddxdending
from 15the temg,eratg{ry Y minus 10V t and prefe n interv I.extendipg fromY

. in a T3 COnLalnin [Y Plclzja%b]ég FOms ?‘3. T, mc{%/qlsy(:%ggﬁ n-gr%?y . ISOEEI'OW .
minus 5 C to Y plus ; qufn particufar, the fnvention relateés 1o ompounds of formula that are also

compounds of fdrfi aséSEWY 20091089 TBuRCTY¢I8R 008/085002-feriililarheE ], iso-hexyl,

n-heptyl or iso-heptyl), and preferably 1 to 4 carbon atoms. Representative examples of
preferred alkyl groups include methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl and fert-butyl. The term “(Cy-Cylalkyl™ (x and y being integers) refers to a

15 straight or branched chain alkyl group containing x to y carbon atoms.

% The term “alkoxy”, used alone or in combination, refers to a saturated straight or branched
chain alkoxy group containing 1 to 6 carbon atoms (e.g. methoxy, ethoxy, n-propoxy,
iso-propoxy, n-butoxy, iso-bufoxy, sec-butoxy, fert-butoxy, n-pentoxy, neopentyloxy,
iso-pentyloxy, n-hexyloxy or iso-hexyloxy), and preferably 1 to 4 carbon atoms.

20 Representative examples of preferred alkoxy groups include methoxy, cthoxy, n-propoxy,

iSo-propoxy, #-butoxy, iso-butoxy, sec-butoxy and tert-butexy. The term “(Cy-Cyalkoxy”™

(x and v being integers) refers to a straight or branched chain alkoxy group containing X to

y carbon atoms,

%+ The term “hydroxyalkyl”, as used herein, refers to an alky! group as previously defined
25 wherein one hydrogen atom has been replaced by a hydroxy (i.e. -OH) group. Examples of
hydroxyalkyl groups include, but are not limited to, hydroxymethyl, 2-hydroxy-ethyl,
2-hydroxy-propyl, 2-hydroxy-I-methyl-ethyl, 2-hydroxy-1.1-dimethyl-ethyl, 1-hydroxy-
propyl, 3-hydroxy-propyl, I-hydroxy-butyl, 3-hydroxy-butyl, 4-hydroxy-butyl, 3-hydroxy-



wherein  R3 represents phenyl, wherein the phenyl is unsubstituted or monosubstituted with
halogen, 5Smethyl or trifluoromethyl; W represents a bond, and R2 represents alkyl, hydroxyalkyl
(notably 3-hydroxy-butyl), alkoxyalkyl (notably 3-methoxy-propyl), a cycloalkyl group of 3 to 7 carbon
atoms (preféY2AYPEPEHP 6, more preferably of 3 to 5 carbon atoms and RbSIBFEATEFERN of 3 carbon
atoms) which may be substituted once by hydroxymethyl or alkoxymethyl (preferably 10
methoxymethyl or ethoxymethyl and more preferably methoxymethyl), a phenyl group which is
unsubstituted or monosubstituted with alkoxy, or an unsubstituted monocyclic heteroaryl group; or W
represents -0- and R2 represents alkyl (notably methyl), cycloalkyl (notably cyclopentyl), hydroxyalkyl

(notably 2-hydf;@wml)s%H@B@L@%Wﬂﬁ@bmwg@mg&gmg%??yxile)sh?r, 20, VirEeprarenise NR3-, R2
represents alk I,halkoxycarbonylalkyl [notably 2-(ethoxycarbonyeethyl], carboxyalkyl (notably
2-carboxy-ethyl 'S8Ry (notably 2-hydroxy-ethyl), alkoxyalkyl, heterocyclyl (notably

teterahydrofuran-3-y1),.cycloalkyl ¢notabl clopropyl), phenylor phenylalleyl (notably benzyl) and R3
reprasents Ty e e D B A a6
represents -NRECHHHRR AP RS form hesgutiercnirerehay ritrotienytissr uatri ey adiswdocyclic ring
f,f 4t0¢ nﬁemwﬁxﬁﬂé@f%ﬁggoém dzng?mﬁaﬁrﬁ)a%hf@,rejﬁt tgse Zr%fg%%&ﬂetgg%d%&@tﬁ&wﬁﬁ@R Mete said
eterocyclic ring are each independently selected from - - - -,-0- and -NR-, it bejng
understood hoWEVEF{REIYART ét%&?@’ic@'ﬁﬁg( %goﬁ%’f‘%%ﬂﬁ‘f‘f‘ﬁ%‘%%%‘% 6?1%1%@bselected
from the groupltansistinghef et Rtko:@+arid FNRMns R eepresentingohydioxy:, drythoximmethyl,

alkoxymethyl (th bly methoxymethyl) or alkoxy (notably methoxy) and RY representing alkyl
(especially methyl); or W represents -NR3- and R2 and R3 form, together with the nitrogen that

carries them, arpyrazalytvingwhichmaydeunsubsiiues anmanasHhsiituter Ry an alikdeioup
(especially 10by a methyl group); Ra repre.sergfs3 hydrogen or metg)égﬂ§4 re%resen s alkoxy (preferably

ethoxy Or n-bufSKYs; H FEHFEENTO ™ S P B8 ?e?%?ﬁ% BB ERIHY rep FESERE D
represents 0 osubshfurepresemis ipldenyl, antiony represelitsx®OneriiSiprefpresentstho iy regrasents phenyl,
and m represeqyis 1, RS and 8 are identisal andfeprasant each ixdroxy. Mnsybsiitied phenyloxy,
unsubstituted é}e}]?\)glr%(y?la élr%up -%-%HRG)%-C(-O%R?,%%)roup -O-%{’CIq;Ié%)-O- (-0)-0-127, a group
-0-(CHR®6)-C(-10y20-RY angreupeRIpRiC ARt e [-03c0rRGH a RPNt «f (egydyl groups
include, but are not limited to, cyvclopropyl, cyelobutyl, cyclopentyl, cvclohexyl,
15 4-hydroxy-cvelohexyl, 2-hydroxy-cyclohexyl, 2-hydroxymethyi-cyclopropyl and 2-
methoxymethyl-cyclopropyl (in particular cyclopropyl, 2-hydroxymethyl-cyclopropyl and

2-methoxymethyli-cyclopropyl).

% The term “alkoxycarbonylalkyl” refers to an alkyl group as previously defined wherein

one hydrogen atom has been replaced by an alkoxycarbony! group, that is, a ~C(=0)-
20 group itself substituted by an alkoxy group as previously defined. Representative examples
of alkoxycarbonylalkyl groups include, but are not limited to, 2-ethoxycarbonyi-ethyl and

2-methoxycarbonyl-cthyl.

<& 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).
25 Representative examples of carboxvlalkyl groups include, but are not limited fo,

2-carboxy-ethyl and 3-carboxy-propyl.

% The term “aryl” refers to an aromatic cyclic group with one, two or three rings, having
from 6 to 14 carbon ring-atoms and preferably from 6 to 10 carbon ring-atoms, for

example to phenyl or naphthyl groups (and notably to pheny! groups}. Any aryl group (and



Ce=0)-0-R9; or 20 R5 represents hydroxy and R8 represents a group -0-(CH2)-0-C(-0)-R9; or R5
represents unsubstituted phenyloxy and R8 represents a group -NH- CH(CHS) C(=0)-0-R9; or
P(0)R5R8 represents a group selected from the following structures 0 /70
2009/1)6918&’@@/@%88/055002 -13- wherein the arrow marks thg(bgfﬁ?%qsa?ﬁ’ ¥¥Rment to the
remaining part of compounds of 5formula ICE; g represents 2 ; R6 represents hydrogen or
(C1-C3)alkyl (preferably hydrogen or methyl); R7 represents (Ci-C4)alkyl or unsubstituted
(C3-C6)cycloalkyl; R9 represents (C1-C4)alkyl; 10RI represents hydrogen, (C1-C4)alkyl, unsubstituted
phenyl or unsubstituted benzyk

in particular any phenyl group) as defined herein may be unsubstituted or substituted with
one, two or more substituents (preferably with one to three substituents, more preferably
with one or two substituents and notably with one substituent), each mdependently
selected from the group consisting of halogen, alky! and alkoxy. Specific examples of aryl

5 groups are phenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2-chiorophenyl,
3-chlorophenyl, 4-chlorophenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-difluorophenyl, 3.4-difluorophenyl,
2 4-dimethoxyphenyl and 2,4-dimcthyiphenyl (preferably phenyl and 4-methoxyphenyl).

% The term "aralkyl", as used hercin, alone or in any combination, refers to an aryl group
10 appended to the parent molecular moiety through an alky! group wherein however the aryl
group may be unsubstituted or substituted with 1 to 3 substituents selected independently
from the group consisting of halogen, alkyl and alkoxy. Representative examples of
aralkyl groups inchude, but are not limited to, benzyl, 2-phenylethyl, 3-phenylpropyi and
2-naphth-2-ylethyl. Preferred aralkyl groups are the phenylalkyl groups.

15 4 The term "phenylalkyl”, as used hercin, alone or in any combination, refers to an
unsubstituted phenyl group appended to the parent molecular moiety through an alkyl
group. Representative examples of phenylalkyl groups include, but are not limited to,

benzyl, 2-phenyiethy! and 3-phenyipropyl. Preferred is benzyl.

< The term "heteroaryl", as used herein, alonc or in combination, refers to a mono-, bi- or
20 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 L-oxy-
pyridinyl groups. The heteroaryl group can be vnsubstituted or substituted with 1 to
3 substituents (preferably 1 to 2 substituents and more preferably 1 substituent) selected
25 independently from the group consisting of halogen, alkyl, alkoxy, trifluoromethyl and
trifluoromethoxy. Representative c¢xampies of heteroaryl groups include, but are not
limited to, thienyl, furanyl, pyrrolyl, pyrazolyl, thiazolyl, imidazolyl, oxazolyl, pyridinyl,
1-oxy-4-pyridinyl, [-oxy-3-pyridinyl, [-oxy-2-pyridinyl, pynmidinyl, quinolinyl,

benzimidazolyl, benzothiazolyl, benzothienyl, benzoxazolyl, benzofuranyl, indolyl,



Rhydrogen, (Ci-C4)alkyl or (C1-C4)alkoxy; and to the salts (in particular pharmaceutically acceptable
salts) of such compounds. 3) According to one preferred embodiment, the invention relates to
compounds of formula 1 that are also compounds of formula Ip 15 WO
2009/06910BCTI94E30H8/055002 - 14 - wherein RI represents phenyl 8ph8RAMIRFEt8%tuted 1 to 3
times (preferably optionally substituted once or twice and more preferably optionally substituted once)
by substituents each independently 5selected from the group consisting of halogen, methyl, methoxy,
trifluoromerhyl and trifluoromethoxy; W represents_g_bond, and R2 represents alkyl, hydroxyallcyl,
alkoxyalkyl, cycloalkyl, aryl or heteroaryl; or W represents -0- and R2 represents alkyl or heterocyclyl;

or 10W represgnis,sNR3-nB24eRieseMa Allckh alkan ﬁeg%ggﬂf%yén%q&)ﬁéy@MyAﬂ@mm}@lkyl,

alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or aralkyl an esents hydrogen or alkyl; or W
represents --NR3%8h4)R2 and R3 form, together with the nitrogen that carries them, a heterocyclic

ring of 4 to ¢, mﬁ]m?ers wherein }h membelr,s needra to comﬁlet% said heterolc clic rin@ are each

independently séledted f?c?r%o%(i-ﬁ-,e-tgﬁ%(-, -?)S-,u-sg-, 96" "and 15N r-rﬁrt]%céfi%lg Lﬁiﬁ%% ood-however

that said hetereisyeticadntyidesinot comairianorenthag whisimembemsel detbeifroetiiesghestns consisting

of -CHRX-, -0- &, L R-Aatk:NRz, Ronreprassiaiings Ry drevey, avdromeiiradkoxymeiiter alkoxy
and RY representing hydrogen or alkyl; WO 2009/069100PCT/1132008/055002 - 15 -
with T to”2 substituents (preferably 1 substituent) selected independently from the group

consisting of halogen, alkyl, alkoxy, trifluoromethyl and trifluoromethoxy. Representative
examples of monocyclic heteroaryl groups include, but are not limited to, thienyl, furanyi,

pyrrolyl, pyrazolyi, thiazolyl, imidazolyl, oxazolyl, pyridinyi and pyrimidinyl.

10 % The term “heterocvelvl”, as used herein, alone or in any combination, refers to an
unsubstituted saturated monocyelic moiety of 3 to 7 ring members containing 1 to 2
heteroatoms selected from nitrogen, oxyvgen and sulfur, it being however understood that
(i) a heterocyclyl group is not attached fo the rest of the molecule by a nitrogen atom, (i1} a
heterocyclyl group of 3 or 4 ring members confains only one heteroatom which is a

15 nitrogen atom and (iii) a heterocyclyl group does not contain 2 sulfur atoms, The sulfur
atom of a heterocyclyl group may be in an oxidised form, i.e. as a suifoxide or sulfonyl.
Representative examples of heterocyelyl groups include, but are not limited to, azetidinyi,
pyrrolidinyl, tetrahydrofuranyl, piperidinyl, piperazinyl, morpholinyl and thiomorpholinyl
(preferably tetrahydrofuran-3-yl).

20 In this patent application, variably attached bonds may be used for substituents or groups. In
such case it is meant that the substituent or group is atiached to either atom linked by the bond

into which the variably attached bond is drawn into. For example, the compound drawn below
HaC

\/\NH
[

\/O\(H)/N\)



or also W represents -NR3- and R2 and R3 form, together with the nitrogen that carries them, an
imidazolyl, pyrazolyl, 1,2,3-triazolyl1 or 1,2,4-triazolyl ring, which ring may be substituted by an alkyl
group (especially by a methyl group); 1r represents hydrogen or methyl; SRb represents hydrogen or
methyl; R4 P@Bréé’éﬁ?é’ ]:kaoxy; n represents 0, 1 or 2; R5 represents hydrg%ﬂc—ﬁzpoéftﬁé’ﬁ%z
-0-(CHR®6)-0-C(-0)-R7 wherein R6 represents hydrogen or (Ci-C3)alkyl and R7 represents
(C)-C4)alkyl; 10and to the salts (in particular pharmaceutically acceptable salts) of such compounds.
4) In particular, the invention relates to compounds®f formula Ip that are also co formula ICH) po ids of
formula Icry wherein 15RI represents phenyl optionally substituted once or twice by substituents

independently selacted-fram thp-aranp censisting ofhalogan, reathylomethxyytpfiuaranethyl and
trifluoromethoxy (and preferably optionally substituted once or twice by substituents WO
B e o5

2009/069168 BoB55002

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

5 expressly set out definition provides a broader or narrower definition.

The term "pharmaccutically acceptable salts" refers to non-toxic, imorganic 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.

10 Unless used regarding temperatares, the term “about” placed before a numerical value “X”
refers in the current application to an interval extending from X minus 10% of X fo 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 temperatore “Y™ refers in the current application to an interval extending from

15 the temperature Y minus 10 °C to Y plus 10 °C, and preferably to an interval extending from Y
minus 5 °C to Y plus 5 °C.

2) In particular, the invention relates to compounds of formula [ that are alse compounds of

formula Ieg



- 16 - independently selected from the group consisting of halogen, methyl and trifluoromethyl,
especially optionally substituted once by halogen, methyl or trifluoromethyl); W represents a bond,
and R2 represents alkyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, a phenyl group optionally substituted
once by alkd¥y 28P4€8 Un unsubstituted monocyclic heteroaryl 5group; opr(iﬁ‘%?@gé -0- and R2
represents alkyl (notably methyl) or heterocyclyl (notably tetrahydrofuran-3-yl); or W represents -NR3-,
R2 represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, phenyl
or phenylalkyl, or a cycloalkyl group of 3 to 7 carbhon atoms 10 (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 more preferably methoxymgethyl), and R3 represents
hydrogen or alkyl (and notably hydrogen or methyl); or W representsv\NR'S- and R2 and 124 form,
together with the nitrogen that carries them, a 15 heterocyclic ring of 4 to 7 members (and notably of 5
to 6 members) wherein the members needed to complete said heterogyclic ring are each
independently selected from -CH2-, -CHRXx-, -@s and -NRY-, it bei rgtood however that said

heterocyclic ring does not contaiﬁamore than ofje member selectgfl from the group consisting of
' lkoxy (pptably methoxy) and RY

-CHRx-, -0- and -NR-, It' representing hydroxy hydroxyﬁpethyl or

representing 20alkyl (especially R2apd R3 form, together
with the nitrogen that carries them, a pyrazolyl ring which may be substituted by an alkyl group
(especially by a methykgroup); ‘r:(grvezsgnts hydr( or methyl; Rb represents hydrogen; 25R4
represents alkoxy; n repr , "R5 represer?&/hydroxy or a group -0-(CHR6)-0-C(:=0)-R1
wherein R6 represents hydrggen or (C1-C3)alkyl and RT represents (Cl -C4)alkyl; and to salts (in
particular pharmaceutically acceptable salts) of compox{égs)of fogaula ICE. WO
2009/069100PCT/182008/055002 - 17 - 5) Preferably,t & mpounds of formula | as defined in
embodiment 1) or 2) above or their salts (among which thg//pﬁqmsaceutically acceptable salts will be
preferred) will be such that they are also compounds of fermula & 11 and have the stereochemistry
drawn below

formula Ieg

wherein
R! represents phenyl, wherein the phenyl is unsubstituted or monosubstituted with halogen,
5  methyl or trifluoromethyl;
W represents a bond, and R* represents alkyl, hydroxyalkyl (notably 3-hydroxy-butyl),
alkoxyalky!l (notably 3-methoxy-propy!), a cycloalkyl group of 3 to 7 carbon atoms
(preferably of 3 to 6, more preferably of 3 to S carbon atoms and most preferably of 3 carbon
atoms) which may be substituted once by hydroxymethy! or alkoxymethyl (preferably
10 methoxymethy! or ethoxymethyl and more preferably methoxymethyl), a phenyl group which
is unsubstituted or monosubstituted with alkoxy, or an unsubstituted monocyclic heteroaryl
group; or
W represents -O- and R? represents alkyl (notably methyl), cycloalky! (notably cyclopentyl),
hydroxyalkyl {notably 2-hydroxyethyl) or heterocyclyl (notably tetrahydrofuran-3-y1); or
15 W represents ~NR’-, R* represents alkyl. alkoxycarbonylalkyl [notably 2-(cthoxycarbonyl)-
ethyl], carboxyalkyi (notably 2-carboxy-ethyl), hydroxyalkyl (notably 2-hydroxy-ethyl),
alkoxyalkyl, heterocyclyl (notably teterahydrofuran-3-yi), cycioalkyl (notably cyclopropyl),
phenyl or phenylalkyl (notably benzyl) and R’ represents hyvdrogen or alkyl {notably methyl);

or



5formula Isri 6) According to another preferred embodiment of this invention, the compounds of
formula as defined in embodiment I) or 2) or their salts (among which the pharmaceutically acceptable
salts will be referre%\/ill be such that they are also compounds of formula isr2, wherein n represents
1 or 3, and P?é%“ﬂ%(’ feochemistry drawn below WO 2009/069100PCTH{8205488002 - 18 -
formula Isr2  7) According to one preferred embodiment of this invention, the compounds of formula |
as defined in embodiment 1), 2) or 5) or their salts (among which the pharmaceutically Sacceptable
salts will be preferred) will be such that V represents.a bond. 8) According to another preferred
embodiment of this invention, the compounds of formula | as defined in embodiment 1), 2) or 5) or

their salts (amepgsvhichitré. pharmaceutically-accepiaklesaltsiwithibe gretianed)ydll besueh that V
represents phenyl. .. 9) According to a preferred embodiment of this.inventjion, the compqunds of
formuia 1 A RS b SoTRETEE 55 5 0 b (eI SNV WhPire Bhimacetcally
acceptable tsaitsmwlitiosidrefemneiviliibe sachdhatdaredutie peesantéranb ol th€iHR regPesents 0

and n repregantsds. 2@y HAARSI NG -aprefared-rrahediment f this inventiopyhe,compounds

of formula I as defined in embodiment 1), 2), 5) or 8) or their salts (among which the pharmaceutically
15acceptaiecsarg il B eBARdPWAIBE SHRYFHIS WHER'Y reftegihts Bhenll, i ehresents 0
and n repregeits 0 aivlireWie2309/069400RGT/ 1132008/05600¢mli9 1 aceepliadie saltsaulill be
preferred) will be such that when V represents phenyl,.then m represents | and n represents 1. 12)
According t%mé%}r@earl}% ‘ erﬁ%%sg}%%?ﬂﬁﬁlﬁgﬁ%c\%nﬁﬁ%yﬁ%hm compounds of formula | as defined in any
one of embodihemtssEL) N -7andr ) andtReifeaits(gahong hibh thieosphhnmaeaetidaty. acceptable

salts will bepwﬂagnemgwmﬁ LI MIENRISRTESEN i YEE SR IR Bond @askanigpresents O,
then Rié(l) re|%resene t}sw(]cgrl’:-)tcl:p(:;)aIkoxy, especially linear (C4-C6)alkoxy and in particular n-butoxy. _
Yy amenyl g ,

R" represents hydrogen or methyl;
R* represents alkoxy (preferably ethoxy or n-butoxy);
nrepresents 0, 1, 2 or 3, V represents a bond, and m represents 0; or
nrepresents 0 or 1, V represents phenyl, and m represents 0; or

15 nrepresents 1, V represents phenyl, and m represents 1;
R® and R® are identical and represent each hydroxy, unsubstituted phenyloxy, unsubstituted
benzyloxy, a group —O-(CHR®)-0-C(=0)-R’, a group ~O~(CHR®)-0-C(=0)-0O-R’, a group
~O-(CHRH-C(=0)-0-R’, a group ~-NH-(CHR')-C(=0)-0-R’” or a group -NH-C(CH;),-
C(=0)-0-R”: or

20 R’ represents hydroxy and R® represents 2 group vO—(CHZ)—O—C(zO)—Rg; or
R’ represents unsubstituted phenyloxy and R® represents a group WNH-CH(CHQ-C(:O)-O-R?;
or

P(OYRR® represents a group selected from the following structures

YV Vi

O P P
\P// o o o™ wH

o o o g R
C k@ %j



13) According to one preferred embodiment of this invention, the compounds of formula Ip as defined
in embodiment 3) or 4) above or their salts (among which the pharmaceutically 10acceptable salts will
be preferred) will be such that when n represents 2, then R4 represents (C4-C6)alkoxy, especially
linear (C4-CETAMBXYSEHE in particular n-butoxy. 14) According to one paPdiiB8#i5eient of this
invention, the compounds of formula | as defined in any one of embodiments 1) to 5), 7), 8) or 10) or
their salts (among which the pharmaceutically acceptable salts will be preferred) will be such that n
represents 0. 1515) According to another particularsembodiment of this invention, the compounds of
formula | as defined in any one of embodiments 1) to 11) or their salts (among which the
pharmaceutlcauy acceptable salts II be preferred) will be such that n represents 1. 16) According to
yet another patrticular embodln\ thls invention, the compoungs ofgormula 1 as defiped in any one
of embodiment 1) to 5).7), 9 2) to 13) or their salts 20(amongwhich the pharmacgutically
presenig2”] 17%‘\5

such that n refdresents 2. 2518) According to yet anotfer particular embodiment of this |
compounds
pharmaceutically acceptable salts will be preferred) will be such that n represents 3. WO
20(19/0691(10PCT/1B2008/055002 - 20 - 19) Preferably, the compounds of formula | as defined in

3 / Pthe pharmaceutically acceptable
Ky, especially linear (C4-C6)alkoxy

wherein the arrow marks the point of attachment to the remaining part of compounds of

5  formula Icx;
q represents 2
R® represents hydrogen or (C1-Cs)alkyl (preferably hydrogen or methyl):
R’ represents (C-Cyalkyl or unsubstituted (C3-Cgleycloalkyl;
R? represents (C;-Cyalkyl;
10 R'®represents hydrogen, (C-Cq)alkyl, unsubstituted phenyl or unsubstituted benzyl;
R represents hydrogen, (C-Cy)alkyl or (C;-Cy)alkoxy;

and to the salts (in particular pharmaceutically acceptable salts) of such compounds.

3) According to one preferred embodiment, the invention relates to compounds of formula |

that are also compounds of formula I

15



22) Preferably, the compounds of formula | as defined in one of embodiments I) to 21) above or their
salts (among which the pharmaceutically acceptable salts will be preferred) will be such that RI
represents phenyl optionally substituted once by halogen, methyl, methoxy, trifluoromethyl or
trifluoromet R IISEBA? pheny! optionally substituted once by halogen, T5A{EERESF Pl fuoromethyl
and especially phenyl optionally substituted once by fluorine, methyl or trifluoromethyl). WO
2009/069100PCT/11320081055002 -21 - 23) More preferably, the compounds of formula | as defined
in one of embodiments 1) to 22) above or their saltg, (among which the pharmaceutically acceptable
salts will be preferred) will be such that RI represents unsubstituted phenyl. 24) According to one
variant of this invention, the compounds of formula 1 as defined in one Sofgmbodiments 1) to 23)
above or their salts (among which the pharmaceutically acceptable sq\lﬁs/will be preferred) will be such
that W represents a bond. 25) Preferably, the compounds of formula | as defined in embodiment 24)
above or their salts (among which the pharmaceutically acceptable salts will be preferred) will be such
that R2 represents alkyl (notably methyl and is8propyl and especi ), hydroxyalkyl 10
(especially 3-hydroxy-butyl), alkoxyalkyl (espegjally 3-methoxy-pridpyl), cydloalkyl (especially
cyclopropy! optionally substitute 6{;ce by hyd xymethﬂ or alkoXymethyl); a phenyl group optionally
substituted once by alkoxy, or alif n itu on ¢’ he wp (especially

I

thiophen-3-y1). 26) More preferably, the compounds of formula 1 as defined in embodiment 25) above
or their 15 salts (amorﬂfg which the pharm ceuticag le salts will be preferred) will be such
that R2 represents hyclroxyalky!, atkQxyalkyl or cy | (especially cyclopropyl optionally substituted
once by allcoxymethyl or alkipxy and morésespecially gyclopropyl optionally substituted once by
alkoxymethyl). 27) According to another variant o@ﬁs\'\nven ion, the compounds of formula | as
defined in 20 one of embodiments I), 2), 5) to 12), 14) to\6), 18) to 20), 22) or 23) above or their salts
(among which the pharmaceutically acceptable salts will be preferred) will be such that W represents
-0- and R2 represents alkyl (notably methyl), cyglgalkyl(notably cyclopentyl), hydroxyalkyl (notably
2-hydroxyethyl) or heterocyclyl (notably tetrahydrofuran-3-y1). 28) According to another variant of
this inventiardfeécompounds of formula | as defined in 250ne of embodiments 1) to 23) above or their
salts (among whiet.the RSPl AnaRRIaRle:Salte P RIFSSRAN L REaeR dhat W

represents ) ]
or twice and more preferably optionally substitated once) by substituents each independently

5  selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
triflucromethoxy;
W represenis a bond, and R? represents alkyl, hydroxvalkyl, alkoxyalkyl, cyvcloalkyl, aryl or
heieroaryl; or
W represents -O- and R represents alkyl or heterocyclvl; or

10 W represents ~NR'-, R? represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl,
alkoxyalkyl, heterocyclyl, 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 ~CHp-, -CHR™, -O-, -8-, <CO- and

15 -NR’-, it being understood however that said heterocyelic ring does not contain more than one
member selected from the group conmsisting of -CHR*, -0O-, -S-, ~CO- and -NR*-, R*
representing hydroxy, hydroxymethyl, alkoxymethy! or alkoxy and RY representing hydrogen
or alkyh;



WO 2009/069100PCT/1B2008/055002 - 22 - 29) Preferably, the compounds of formula | as defined in
embodiment 28) above or their salts (among which the pharmaceutically acceptable salts will be
preferred) will be such that R2 represents methyl or heterocyclyl (e.g. tetrahydrofuran-3-y1), and
notably hetefSty#@EHecially tetrahydrofuran-3-y1). 530) According to B4tEPE&iTaR of this
invention, the compounds of formula | as defined in one of embodiments 1), 3) or 5) to 23) above or
their salts (among which the pharmaceutically acceptable salts will be preferred) will be such that W
represents -NR3-, R2 represents alkyl, alkoxycarharylalkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl,
heterocyclyl, cycloalkyl, aryl or aralkyl and R3 represents hydrogen or alkyl, or such that W represents

-NR3- and R2,0 anc-R3 farmatraetherwithithe pitiogen-thateairies dheitepueteroryelenting of 4 to 7
members wherein the inembers needed to complete said heterocyclic ring are each independently
selected froth TeifRlyLanfiegplylol2:SriseRd! hd-nwiiaae B AR uNBE TS HEWEEP TR €aid
heterocycli¢yiag aiog e nab cantainl nbye: tham-drecopd@mber selected from the group consisting of
-CHRY-, -0;,:-S-, -CQ- and -NR-, Rx representing hydroxy, 15 hydroxymethyl, alkoxymethyl or alkoxy
and RY repfr{eégjr}ﬁ%eg%ﬂ%?%%gle\éﬁ %Trrgﬁ%l)(%r also such that W represents -NR3- and R2 and R3 form,
together with tserpiesebrdtagtrcarmsdiem, either an imidazolyl, pyrazolyl, 1,2,3-triazolyl or
1,2,4-triazolyl: ke WRigRJi9g may be substituted by an alkyl group (especially by a methyl group). 31)
According to a further variant of this invention, the compounds of formula | as defined in 20 one of

embodimertseP 5™ 6r '59'td 23) above or their salts (among which the pharmaceutically acceptable
salts will beRjrefersed) willihesuch ghatp\ M repHREAECNRBR RZheprekentsraikyd; alkmgeoanbonylalkyl,
carboxyalk)g]bIhéfg)%%ryﬁgg%k{ellg_léég&(%%y{gh_%t\%%,clyl, cycloalkyl, phenyl or phenyialkyl and R3

represents hydrogen or alkyl; or suc at represents -NR3- and R2 and R3 form, together with the

nitrogep that,gasries emnd2elriespavclicsinaisf 4dephmembsts (beafanabbudito 6 members)
wherein the members needed to complete said heterocyclic ring are each independently selected from

-CFI2-, -CHRX-, -0-, -NR-, it hei Jerst Vv ' e iG I ot contain
more than ﬁéﬁﬂgﬁ%ge%ré’é%éft}e§ ﬁg}r%ﬂlggg%?r% %g%%gﬁl\’csﬁm(% fg% éﬁgﬁg{ﬁwﬁﬁ -%Ijlég}%ﬁgﬁzgresenting
hydroxy, hy@fexijiethyl, alkoxymethyl or alkoxy (notably methoxy) and RY representing WO
2009/069100PCT/1B2008/055002 - 23 - alkyl (especially methyl) or also such that W represents -NR3-
and R2 and R3 form, together with the nitrogen that carries them, a pyrazatyl ring which may be
unsubstituted or monosubstituted by an alkyl group (especially by a mgthyl group); 32) According to
one subvariant of said further variant, the compounds of formula | as defined 5 in embodiment 30)
above or their salts (among which the pharmaceutically acceptable saiis will be preferred) will be such
that W represents -NR3-, R2 represents alkyl, alkoxycarbonylalky}-Carboxyalkyl, hydroxyalkyl,

alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or arajkyl and represghts hydrpgen or alkyl (notably
s defi in embodiment 31) or 32)

hydrogen or methyl). 33) Preferabl ,,thge(iomp nds of {grmula
th eptabig;Salts Wikkbe preferred) will be

above or 10 their salts (among wt pHarma
such that W represents -NR'-, R2jrepreserits alkyl, alkoxycarpponylalkyl, carboxyalkyl, hydroxyalkyl,
I d,R3 regresents hydrogen or alkyl (notably

alkoxyalkyl, heterocyclyh cycloal \o‘rag&iz ylalkyl }

hydrogen or methyl). 34) prefe the compoyunds of formula | as defined in embodiment 31)
or 32) above 15 or their salt§ (among whigh the phar igally acceptable salts will be preferred)
will be such that W represents -NR3-, R2 represems/(c -C4)alkyl, (Ci-C2)alkoxy-carbonyl-(CiC4)alkyl,
carboxy-(CI-C4)alkyl, (Ci-C4)hydroxyallcyl, (C -C2)allcoxy§C1-C4)alkyl, heterocyclyl, cycloalky! or
phenylalkyl (and in particular methyl, ethyl, iso-propyl, 2- ethoxycarbonyl-ethyl, 2-carboxy-ethyl,
2-hydroxyethyl, 2-methoxy-ethyl, tetrahydrofur@aﬁalgg)cx}l), cyclopropyl or benzyl) and R3 represents
hydrogen or methyl (and notably hydrogen).

wherein
15 R' represents phenyl optionally substituted once or twice by substituents independently
selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and

trifluoromethoxy {(and preferably optionally substituted once or twice by substituents



35) According to another subvariant of said further variant, the compounds of formula 1 as defined in
embodiment 30) above or their salts (among which the pharmaceutically acceptable salts will be
preferred) will be such that W represents -NR3- and R2 and R3 form, together with the nitrogen that
carries them‘?g ﬁoé)f’é?@&glic ring of 4 to 7 members wherein the 25 mem %Tg%ze"g%{g?ﬂ%zcomplete said
heterocyclic ring are each independently selected from -CH2-, -CHRx-, -0-, -S-, -CO- and -NW-, it
being understood however that said heterocyclic ring does not contain more than one member
selected from the group consisting of -CHW-, W0Q12009/069100PCT/182008/055002 - 24 - -0-, -S-,
-CO- and -NR-, .12" representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and RY
representing dyydragen, araikyll (netabhe hydmpoemasimethy hal@eh Prefeablyd thegompeupds of
formula | as defined intem Idinge%t:% ) or 32.1%?0% or_t&eilr s%lt armogg hich the pharmaceutically
acceptableeggﬁ%%vﬁl(ﬂjel%ﬂrae rsruec%lm e su %%I%Wre%r%rséln S - Dand R2 and R3 form,
together willi therertragehotihtaod Ricsphesomscahelehydyalichiny okaxaRyhensbelksytandivomrbly of 4 to
6 membersang esperialysab iRl mﬁc@Qﬁramk},ea@im@%&r@@mﬁ%@qﬂ&%?&gm%@@@id
hetero%yclic ring are each independently selected from -CH2-, -CHRXx-, -0- and -NR-, it being
understoodsHdWeVer that said heterocyclic ring does not contain more than one member selected from
the group 10 cepsisiing ab-GiRXR; -@:pandnth RikR.' iepibise ntiagyhy dsoxdiydreaxymethisly
alkoxymetht)é][ro a#(&é%(‘gﬁdl ,%trably hydroxy, hydroxymethyl or alkoxy) and RY representing alkyl
(especially meat{% . Moré preferably, the compounds of formula | as defined in embodiment 31) or
35) above O thasiressiits (AROnE Wisiwhstne piiafmelkeutraaiynatdegtasbaaiolilNyérpratérbd) will be
15 such thaf\yrenresaris N3 aRdiR2andRaMm, pasthervithihe ditegendhah catries them, a

heterocyclic ring of 4 tg 6 members (and especially of 5 to 6 members) wherein the members needed
to completd RS HAerbAy € ﬁ*ﬁb%?éeéﬂa%ﬁﬁfﬁ%véBﬁﬁd&ﬁn@ﬁ&%@f@ﬁﬁﬁd}%@éH%Y, bephestitgehng -NR-, it
being undesai@obyhbviememtbay saiddieteyacyiohc (findecbés mothoapiaithyheredhanyareayhember

selected from the group consisting of -CHRX,3-0- and -NR-, 20 12x re entin roxy.,
ool e A e R ey s v
representingf metisii(@ihd especially such that R2 and R3 form, together with the nitrogen that carries
them, 3-meihaxyragiiyl-azetiding RyhnayRokginl-ybarphalin feyhids Rathd: RineaziRcy o
3-methoxy-pyrrolidin-1-yl, 3-hydroxypyrrolidin-1 -y1 o Z-Pﬁdroxymethy -piperidin-1 -yl and in particular
uch thixt REGHRFRI6I, 08 B et RRAtN RS PPEGER thd? CaPHER RN iR mpe™s
morpholin-4addedt metlydpileer azid- hewyko3yohiethimey ¢y reatinlimtyde BHnytroxieoydr dhdin-Hy ar

2 hydroxymelgoingeridipyl k). WR00%0691MRCTAL3008055007.: 25 salisyil 4 preferrec)

will be such that W represents -NR3-a 3 form, together with thexnltrog n that carries them,
an imidazolAni#iapelythanosetmgadRristeded Famahe |y Emep wiRicls Ahd-mMBy-bestbstittitéd by an
alkyl group fkespgcialyiRy @ methy hgiiine139)oP refekabiye i CRRROUN ds O orBpa:h@s defined in

embodiment 31) or 38) above ar 5 their salts (among which the pharmaceutically acceptable salts will
be preférre@)WilHR €l ﬁ'fﬁzgf 2 and R3 form, together with the nitrogen that carries them, a pyrazolyl
ring which maasbéisutystitatad 5§ 2 méfryhighdupgoandoige fharticitiah sutt ghatRCcamdsRB:farm, together
with the nit : ' yrazol:: eétlkpqp -y1), 4C ides, the

com pound&%‘%ﬁﬁ%‘gﬁ@?@‘éﬂﬁ%ﬁ%&%@%ﬁﬁ%ﬁ%{%nts Rt%%gﬁh%}té ‘%8?3%‘)3% i’) to 39) above
(among whiRhrepesssrisrydessicamededeptable salts will be preferred) will preferably be such that R4
represents C2s5-Aalkaxyrespecially linear (C2-C4)alkoxy, in particular ethoxy or n-butoxy.

25 R*represents alkoxy:
nrepresents 0, 1 or 2;
R’ represents hydroxy or a group mO~(CHR6)~O-C(ZO)-R7 wherein R represents hydrogen or
(C;-Cs)alkyl and R’ represents (C;-Cq)alkyl;

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



41) According to a preferred variant of embodiment 40), the compounds of formula 1 (among which
the pharmaceutically acceptable salts will be preferred) will be such that R4 represents 15cthoxy. 42)
According to another preferred variant of embodiment 40), the compounds of formula | as defined in
one of embd¥ih38#85214H 39) above (among which the pharmaceuticallyAc¢BRASE YRS will be
preferred) will be such that R4 represents n-butoxy. 43) One main embodiment of this invention
relates to the compounds of formula Ip as defined 20 in embodiment 3) that are also compounds of
formula Ipip WO 2009/069100PCT/1B2008/055002 - 26 - wherein RI represents phenyl optionally
substituted Ito 3 times (preferably optionally substituted once or twice and more preferably optionally

substituted grge)by, gubstitichis sachdrdenendentiysrlecteddsommibe 9N pronsistipaifhalogen,

methyl, methoxy, trifluoromethyl and 5tri fluorom ethoxy; W represents a bond, and R2 represents
alkyl, hydrosyalidmoatc Rt ,pé%f@ﬁﬂ%?%%‘ﬁﬁ@fg%o%ﬂ% VHIRE RS FeEehtd U PasticR ﬂg?éprese nts
alkyl or hetgrecyelyls©cIMpepresentsniNR 3y, Redrepresentsradkybraloxyeabbeykalkyl, carboxyalkyl,
hydroxyalkyl, 10alkoxyalkyl, haterocyclyl, cycloalkyl, aryl or aralkyl and R3 represents hydrogen or
alkyl; or W represents -NR3- and R2 and R3 form, together with the nitrogﬁm that carries them, a
heterocyclic ring of 4 to 7 members wherein the members needed to ﬁprﬁplete said heterocyclic ring
are each independently selected from -CH2-, -CHRx-, -0-, -S-, -CO- apd -NR-, it being understood
however that said heterocyclic ring does not contain more than one 1% member selected from the
group consisting of -CHRXx-, -0-, -S-, -CO- and sNRY-, Rx represep#fig roxy, hydroxymerhyl,
alkoxymethyl or alkoxy and RY rgpresenting hydrogen o}g alkyl; WO 2009/p69100PCT/1B2008/055002

27 -
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6) According to another preferred embodiment of this invention, the compounds of formula 1
as defined in embodiment 1) or 2) or their salts (among which the pharmaceutically acceptable
salts will be preferred) will be such that they are also compounds of formula Igr,, wherein n

represents 1 or 3, and have the stereochemistry drawn below



or also W represents -NR3- and R2 and R3 form, together with the nitrogen that carries them, an
imidazolyl, pyrazolyl, 1,2,3-triazolyl1 or 1,2,4-triazolyt ring, which ring may be substituted by an alkyl
group (especially by a methyl group); Ra represents hydrogen or methyl; 5le represents hydrogen or
methyl; R4 %Brégg)r{f@lg"(oxy; n represents 0O, | or 2; and to the salts (in &ﬁ'ﬁ%&?%ﬁgﬁpﬁaceuticaﬂy
acceptable salts) of such compounds.  44) Another main embodiment of this invention relates to the
compounds of fommla Ip as 10defined in embodiment 3) that are also compounds of formula IP-PDG
'P-PDG wherein R 1 represents phenyl optionally-sgbstituted Ito 3 times (preferably optionally
substituted once or twice and more preferably optionally substituted once) by substituents each
independently selected from the group consisting of halogen, methyl, meth@xy, trifluoromethyl and
15triflu oromethoxy; W represents a bond, and R2 represents alkyl, hxdﬁxyalkyl, alkoxyalkyl,
cycloalkyl, aryl or heteroaryl; or WO 2009/069100PCT/1B2008/055002 - 28 - W represents -0- and R2
represents alkyl or heterocyclyl; or W represents -NR2-, R2 represents alkyl, alkoxycarbonylall<yl,
carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterogyclyl, cycloalkyl, alkyl and R3 represents

hydrogen or alkyl; or W represenis -NR3- and JR2 and 3§ form, t ?ether wijth the nitrogen that carries
s needdd to complete said
20-, -S4CO- and -NR-, it

them, a 5 heterocyclic ring of 4 to X members yyherein the memb
being understood however that spid hete}cyclic rirlg does nigt contain more than one member

heterocyclic ring are each indepe

selected from the groupsconsistig of -CHE-, -0-, - H-SZO- d -NR-, Rx representing hydroxy,
25 .
hydroxymethyl, alkoxyme alkbx;%l(ld RY represer!a,tlrlg hgdrogen

8
0 R
formula st

7} According to one preferred embodiment of this invention, the compounds of formula I as
defined in embodiment 1), 2) or 5) or their salts (among which the pharmaceutically

5  acceptabie salts will be preferred) will be such that V represents a bond.

8) According to another preferred embodiment of this invention, the compounds of formula I
as defined in embodiment 1), 2) or 35) or their salts (among which the pharmaceutically

acceptable salts will be preferred) will be such that V represents phenyl.

9) According to a preferred embodiment of this invention, the compounds of formula I as
10 defined in embodiment 1), 2), 5) or 7) or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that when V represents a bond, then m

represents ( and n represents 1, 2 or 3,

10) According to a preferred embodiment of this invention, the compounds of formula 1 as
defined in embodiment 1), 2), 5) or &) or their salts (among which the pharmaceutically
15 acceptable salts will be preferred) will be such that when V represents phenyl, then m

represents () and n represents G or 1.

11) According to a preferred embodiment of this invention, the compounds of formula T as

defined in embodiment 1)}, 2), 5) or &) or their salts (among which the pharmaceutically



10or alkyl; or also W represents -NR3- and R2 and R3 form, together with the nitrogen that carries
them, an imidazolyl, pyrazolyl, 1,2,3-triazolyl1 or 1,2,4-triazolyl ring, which ring may be substituted by
an alkyl grou é?‘ﬁ“ ecially by a methyl group); R represents hydrogen or methyl: 15Rb represents
hydrogen or‘ﬁ? 5{9 : epresents alkoxy; n represents 0, 1 or 2; R5 rep?gg’éﬁ@‘}g’%%%
-0-(CHR®6)-0-C(=0)-R7 wherein R6 represents hydrogen or (C1-C3)alkyl and R7 represents
(Ci-C,t)alkyl; 20and to the salts (in particular pharmaceutically acceptable salts) of such compounds.
45) Preferably, the compounds of formula Ip as defined in embodiment 44) above or their salts (among
which the pharmaceutically acceptable salts will be preferred) will be such that R6 represents
hydrogen (andpairbiisuehithisd RR feepsatst2, Zudimatylvprapionyoxsmethmayrihen m
isobutyryloxé/meth%fygh 546 @cc%grding to a preferred embodiment, the compounds of formula | as
defined in éﬁeﬁﬁ%so Embodinients 1) to 43) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that R5 and, if present, R8 are identical and represent
hydroxy. W) 2669489 106Rey1B200RI05880 2L D5 MY IRECBIIFATPRS HHBAE FBrETE et
embodimentfihe! canmppundsHf fetmdiadnas defineshjmany one otiembadimentsd )wRikib)ie 12), 14) to
16), 18), 19) or 22) to 42) above or their salts (ameng which the aceutically acceptable salts will
e s A R R SR R e Sl
phenyloxy, raprssitssitutbens behzylostyeseerolpthon(BHRB)SC{=(0)-R7)atkgrougspecially linear
-O-(CHR6)-&£Q&EFQQ&81;;& @ PR EPHEGHRS)-C(=0)-0-R9, a group -NH-(CHRI0)-C(-0)-0-R9 or a
group -NH-C(CH3)2- C(=0)-0-Rg. 48) According to a more preferred embodiment, the compounds of

formula | a5 definedjn.embodiment i) sbave.or thelrsalls (among which the pharmageutically
acceptable salts willfhfébe preperr'e will B&"SUch that R5 an , #’presefﬁ‘,)(fl\”s are identical’and

represent -Gc{CHRB) TICEDHR 2 andimelstsrefefabitysaiy Crppe-glid) Ry phag)asgdseding to
anothey prefeadiambrdimeni, thercempaunds Q&JQW'@H&%%E%%Q ,@mmokimee%@ésat@bove or

their salts (amang which the pharmaceutically acceptable salts will be preferred) will be such that R5
and, if presérit RB S iErRAPA IR PE Fredert KoXCIRE) BB L0ERY (and most preferably
-0-(CH2)-0-C(=0)-0-R7).

14) According to one particular embodiment of this invention, the compounds of formula I as
defined in any one of embodiments 1) to 5), 7), 8) or 10} or their salts (among which the

pharmaceutically acceptable salts will be preferred) will be such that n represents 0.

15 15) According to another particular embodiment of this invention, the compounds of formula |
as defined in any one of embodiments 1) to 1!} or their salts (among which the

pharmaceutically acceptable salts will be preferred) will be such that n represents 1.

16) According to vyet another particular embodiment of this invention, the compounds of
formula I as defined in any one of embodiments 1) to 5), 7}, 9} or 12} to 13) or their salts
20 (among which the pharmaceutically acceptable salts will be preferred) will be such that n

represents 2,

17) According fo yet another particular embodiment of this invemntion, the compounds of
formula Ip as defined in embodiment 3) or 4) above or their salis (among which the

pharmaceutically acceptable salts will be preferred) will be such that n represents 2.

25  18) According to vet another particular embodiment of this invention, the compounds of
formula 1 as defined in embodiment 1), 2), 5), 6}, 7) or 9) or their salts {among which the

pharmaceutically acceptable salts will be preferred) will be such that n represents 3.



50) According to another preferred embodiment, the compounds of formula | as defined in
embodiment 47) above or their salts (among which the pharmaceutically acceptable salts will be
preferred) will be such that R5 and, if present, Rs are identical and represent -NH-(CHRI)- C(=0)-0-R9
or -NH-C(CHZ206/ee8-R9. 2051) According to still another preferred eRSFOEHEREIHE compounds
of formula | as defined in any one of embodiments 1), 2), 5) to 12), 14) to 16), 18), 19) or 22) to 42)
above or their salts (among which the pharmaceutically acceptable salts will be preferred) will be such
that R5 represents hydroxy and Rs represents a grgup -0-(CH2)-0-C(=0)-R9 (and notably
-0-(CH2)-0-C(=0)-CH3). 2552) According to still another preferred embodiment, the compounds of
formula | as glefined,in An.0nG A5 SMPOSIMENS e RhlPid 2in 140 B dnd ) o 2)st0 42)

above or their salts (among which the pharmaceutically acceptable salts will be preferred) will be such

that WO 26Db97p60TcoPE T FIyPgogisbsbp phanerertcaty dsaRidlialip Sl s P HarAb%Y land Rs
represents B GiRY AN R GIffGEHR-CH-CHHARI dandNptabhar WiH-CH{CHS )akd 3 Qi H2Z H3). 53)

According tgutstill another preferred embodiment, the compounds of formula 1 as defined in any one of
embodiments %Y'Z), 5) to 12), 14) to 16), 18), 19) or 22) to 42) above or their 5salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that P(0)R5R8 represents a group
selected! frorty tistfomehvitty strppaurss ablommé dintHetiaabin ﬁﬁ%l%ﬁété-a?rﬁb@f’%&hﬂﬁiﬁéﬁﬁsto the
remaining pasi@korR@ouRAseffarmulaly prepiesrnisd ekl Kane-preferably 8), 2% reprasents

(CLCorallyt (a0 Rl ey oL IRTHRUY 20 R JSPIRTSRR Mg (G-l o

21) Preferably, the compounds of formula Ip as defined in embodiment 17} or 20) above or
their salts (among which the pharmaceutically acceptable salts will be preferred) will be such

10 that they have the stereochemistry drawn below

O
%
SN
A\
mm-\

22) Preferably, the compounds of formula I as defined in one of embodiments 1) to 21) 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 triflnoromethoxy (notably phenyl optionally substituted once by halogen,
15  methyl or trifluoromethyl and especially phenyl optionally substituted once by fluorine,

methyl or trifluoromethyl).



WO 2009/069100PCTRB2008/055002 -31- 54) Another preferred embodiment of his invention relates
to the compounds of formula | as defined in embodiment 1), wherein RI represents phenyl; W
represents -NR3- and R2 and R3 form, together with the nitrogen that carries them, a 5 heterocyclic
ring of 5 meWBEPENIPEAEIn the members needed to complete said heterdyEHBA PR a2 ach
independently selected from -CH2- and -CHR8-, it being understood however that said heterocyclic
ring does not contain more than one -CHRXx- group, Rx representing alkoxy (and preferrably W
represents -NR3- and R2 and R3 form, together with_the nitrogen that carries them, a
3-methoxy-pyrrolidin-1 -yl group) 10Ra represents hydrogen; Rh represents hydrogen; R4 represents

alkoxy; n represRS,L QLA tE%F&ﬁﬁﬁ&Eﬁcﬁ DPRdHARA M IRARIEAS:D0r ertn dRAARN #fe ddentical and
represent each a group -O- (yC R6)-0-C(=0)-R2, a group -015 (CHRG6)-0-C( HE%WIRZ or a group

-NH-(CHRiHpt-<0iiRels fmreyRiskish s akumacavgratin sseraebly it BNRE stk tures

wherein the;aewimnarksdpe peintefatiaatmsrniremaining part of compounds of formula I; 20q
represents 2; R6 represents hydrogen; R7 represents (C1-C4)alkyl; R9 represents (Ci-C4)alkyl; R18

represents hydrageni{&-Gb A ehHRsURRIIGd phenvl enand fadhe salts (Rpadichlat
pharmaceuticall acceptable salts) of such compounds. W% 2009/069100PCT/1B2008/055002
5  of embodiments 1) to 23) above or their salts (among which the pharmaceutically acceptable

salts will be preferred) will be such that W represents a bond.

25) Preferably, the compounds of formula I as defined in embodiment 24) above or their salts
(among which the pharmaceutically acceptable salts will be preferred) will be such that R
represents  alkyl (notably methyl and isopropyl and especially methyl), hydroxyalkyl
10 (especially 3-hydroxy-butyl}, alkoxyalkyt (especially 3-methoxy-propyl), cycloalkyl
(especially cyclopropyl optionally substituted once by hydroxymethyl or alkoxymethyl), a
phenyl group optionally substitited once by alkoxy, or alse an unsubstituted monocyelic

heteroarvl group (especially thiophen-3-vI).

26) More preferably, the compounds of formula T as defined in embodiment 25) above or their
15  salts (among which the pharmaceutically acceptable salts will be preferred) will be such that
R* represents hydroxyalkyl, alkoxyalkyl or cycloalkyl (especially cyclopropyl optionally
substitted once by alkoxymethy! or alkoxy and more especially cyclopropyl optionally

substituted once by alkoxymethyl).

27) According to another variant of this invention, the compounds of formuia 1 as defined in
20 one of embodiments 1), 2), 5) to 12), 14) to 16), 18) to 20), 22) or 23) above or their salts
(among which the pharmaceutically acceptable salts will be preferred) will be such that W
represents -O- and R? represents alkyl (notably methyl), cycloalkyl (notably cyclopentyl},
hyvdroxyalicyl (notably 2-hydroxyethyl) or heterocyelvl {notably tetrahydrofuran-3-vi).

28) According to another variant of this invention, the compounds of formula I as defined in
25  one of embodiments 1) to 23) above or their salts (among which the pharmaccutically

accepiable salts will be preferred) will be such that W represents -O-.



- 32 - 55) The following compounds of formula | as defined in embodiment 1) to 4) are particularly
preferred: 4-((R)-2- { [64(5)-3-methoxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-4-carbonyThaminol -
3-phosphono-propionyl)-piperazine-1 -carboxylic acid ethyl ester;
54-((R)-2-1[B/A8) &% &8k oxy-pyrrolidin-1 -y1)-2-phenyl-pyrimidine-4-carB&riyiRapA 502
3-phosphono-propionyl)-piperazine-1 -carboxylic acid butyl ester; 4-((S)-2-
1[64(S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyli-aminol3-phosphono-propiony1)-pip
erazine-1-carboxylic acid ethyl ester;  4-((S)-2- I6-((S)-3-methoxy-pyrrol
idin-l-y1)-2-phenyl-pyrimidine-4-carbonyThamino }- | 04-phosphono-butyryl)-piperazine-1 -carboxylic

acid ethyl egfe¥, 4-(():2 ISRl AR XY RY T liditdsy 1)-gnhbery-pyHmisine 4-grrbemyll-a no) -
4- phosphono butyryl)-piperazine-1-carboxylic acid but I ester; 44(5

1[6-((S)-3-etABxy Byt oftai R PER SIS TRk Mérfﬁ?oﬁv{%ffa%w& ljbe such that R*

3- phosphom@wﬁmow&ﬁa@npejram@bpasbowgc acichbatyfieate¥;y1bdandl(Sp2H2-pbenyiebpyrazo 1-1
-yl-pyrimidi e- 4(}(1:‘iL hr]‘f]“%pli]é sphono-butyryll - piperazine-I-carboxylic acid butyl ester;
4-((S)-2-{ [ (p4e p az0 yl}f phenyl -pyr idine-4-carbonyl]-amino

-4- phosphonobutyryl) piperazine-1 -carboxylic acid buty| ester;

4-[(S)-2-({2 M ERFTE RS- BT Ry B AR s N BS W i R A ERR b S v ) defined in
204-phosphesefuutpndinpiperazine-trarboxylicvacitibiityhestefiohe which the pharmaceutically

{(S)-2-[(2- phe (ﬁz}bﬁ leso{;vq bf@% ngﬁ{{;{ﬁg car otrﬂ g{amlgcofiéqpi?@ﬁphgmo but%%- ﬁerazme -1

-carboxylic b er; 4 sopropy amino- nyI pyrimidine-4-Carbony1)-a

inoJ-4- phosﬁh@ﬁﬁﬁ%ﬁ@?%}@blpef@z&‘?ékﬂcb%w@%blé Wléé}fe}ﬂe’@%ydyl cycloalkyl, aryl

{(S)-2-[(6-marphalin-y k-2-RhaMsmadiRer 4:carh oy LirdminelA-aheaphono-bugylland R’
plperazme |- carbp ﬁy“C acid butyl ester;

44(9)-2[6 8 RSEDRT-ID)- Do ARy e -LCabonyIf SiRfEh< ring of 4 to 7
4- phOSphOnﬁebibﬁygyl&}ﬁtpﬁra*zmendmbammdﬂe@@d hutybestespid Meterocyelic ring are each

{(R)-2-[(6-methylamir %eac -pyrirpidine-Arcarbopy1 hosphapg: N
30piperazine-I-Car QP"C gc;‘3 %ﬁ% erggr véé 009%6 1OOPCT§/1982QO%®8/%{;%O%§W&¥& d

however that said heterocyclic ring does not contain more than one member selected from the
group consisting of -CHR™-, -O-, -S5-, —CO- and -NR’-) R* representing hydroxy,
15 hydroxvmethyl, alkoxymethyl or alkexy and R representing hydrogen or alkyl or also such
that W represents ~NR™ and R? and R’ form, together with the nitrogen that carries them,
either an imidazolyl, pyrazoiyl, 1,2,3-triazolyl or 1,2.4-triazolyl ring, which ring may be

substituted by an alkyl group (especially by a methyl group).

31) According to a further variant of this invention, the compounds of formula I as defined in
20 one of embediments 1) to 3) or 35) to 23) above or their salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that W represents -NR'-, R?
represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl,
cycloalkyl, phenyl or phenylaliyl and R® represents hydrogen or alkyl; or such that W
represents —NR’- and R* and R’ form, together with the nitrogen that carries them, a
25  heterocyclic ring of 4 to 7 members (preferably 4 to 6 members) wherein the members needed
to complete said heterocyclic ring are each independently selected from ~CH,-, -CHR™-, -O-
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- and -NR’-, R” representing

hydroxy, hydroxymethyl, alkoxymethyl or alkoxy (notably methoxy) and R” representing



- 33 - 4- {(R)-2-[(6-dimethylamino-2-phenyl-pyrimidine-4-carbony1)-amino]-3-phosphonopropionyl}
-piperazine-l-carboxylic acid butyl ester; 4-
{(R)-2-[(6-ethylamino-2-phenyl-pyrimidine-4-carbonyThamino]-3-phospho ropionyl
piperazine- I‘g&’r%&ﬁﬂ@ é%:ld butyl ester; 54- P B?‘E"S/Oy %”2
{(R)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono- propionyl}
-piperazine- 1-carboxylic acid butyl ester; 4-((S)-2-
{[2-(4-fluoro-pheny1)-648)-3-methoxy-pyrrolidin-I-yR-pyrimidine-4-carbonyl }- amino }
-4-phosphono-butyryl)-piperazine-I-carboxylic acid butyl ester;  4-((S)-2-

{[6-((S)-3- ﬁmbpzeéyﬁwmyli@kmwmbl)a%opd@%mﬂmigmmanbﬁhymband R’ form, together
104- phosph rf?} ty 1) azme -1 -c rboxyllc aC|d bu /| est ggﬂ?{?ﬁ q
[2-(2-fluoro %?“3 RSB py P Tidin YS9 By Hﬁ%du‘ﬁ §i) EiRgitwted or
-4- phOSphomoanﬂWﬂu)tq@lb@mahefmmmmmmh}buw&@st@mdpﬁ(s) -2-
f[2-(3-fluoro-pheny1)-6-((S)-3-methoxy-pyrrolidin-l-y1)-pyrimid e-4-carbonylp amino }
-4-phosphonp- JQHEMFM{%L %ﬂﬁf@ﬂ%&ﬁaﬁ%b%ﬁ'ﬁ@@ﬂ@ﬂ%t%@éoJn%éunds of formmula 1 as defined

{(R)-2-[(6-metho r|m|d| -4-c aminp]-3-phosphono-propion |pe azmc 1
Catoonic SRR B DRI 2 o DR By A RO e
no]-3-phosphidndqropiGmyedi)- pv;dérazlneuih-carttox%cxamﬂsbnm ek, R4-depresents alkyl,

(R)-2-[(6- cya&ga%g;a;ﬂacmgﬁzﬁ-em@mg IMidings$-aarP Ay AMING:R:BRAIPh D AZARIPPIRAY

-piperazine-l-carboxylic acid butyl es

{(R)-2-[(2-pPietiptod @ﬁeﬁa;ﬂ%ﬁ%ﬂ#ﬂ@ﬁﬁ@%ﬂ%ﬁ%&ﬁ%ﬁh‘ﬁmﬁwweﬁbﬂémo propionyl } -
piperazine-1 -carboxylic acid butyl ester; 4-

{(R)-2-[(6- béh)zytafcﬂatdﬁiphenyﬂppyuﬁmidﬁrfepmdarb@ml&.ﬁhmahimoéiﬁapﬁmhémb@réb]mhyt}er or

piperagin MQ&&Y g}n%ﬁ \QH%' tﬁ%%armaccutwaii acceptabic salts will be prcfcrrcd will be such
254-[(R)-2-({2-pheny1-6-] )-(tetrahydrosfuran-3-yl)aminol-pyrimidine-4-carb ony -amlno%st
rrolidin -1

3- phosphoﬁ ahropioFRATSHBErazive-1 &rbmﬁ&eaféud B edteraatRmaliel3-trlrsx

-y1)-2-phenypysimidinaidoeasonthannen |} o 2phesphoseieriany)rdiRgrazine hikneashoxylic acid
butyl ester; R&a?b &{% 2 methox&eﬁhyl) methyl-amino]-2-phenyl-pyrimidine-4-carbonyll -amino)-

303-phosph°5r?1ok5fj)[£)p|on erazine- rboxyllc acid butyl ester; WO

2009/069100PCT/1132008/055002

34} More preferably, the compounds of formula I as defined in embodiment 31) or 32) above
15  or their salts {among which the pharmaccuticaily acceptable salts will be preferred) will be

such that W represents -NR’., R? represents (C)-Cyalkyl, (C;-Co)alkoxy-carbonyl-(Ci-

Calalkyl, carboxy-(C-Calalkyl, (C1-Cy)hydroxyalkyl, (C1-Coyalkoxy-(Ci-Coialkvl,

heterocyelyvl, cycloalkyl or phenyialkyl (and in particolar methyl, ethyl, iso-propvi, 2

ethoxvecarbonyl-ethyl, 2-carboxy-ethyl, 2-hydroxyethyl, 2-methoxy-ethyl, tetrahydrofaran-3-
20 yl, cyclopropyl or benzyl) and R” represents hydrogen or methyl (and notably hydrogen).

35} According to another subvariant of said further variant, the compounds of formula T as
defined in embodiment 30) above or their salts (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 camries them, a heterocyclic ring of 4 to 7 members wherein the
25  members needed to compleie said heterocyclic ring are cach independently seiected from
~CH,-, -CHR"-, -O-, «8-, ~CO- and -NR”-, it being understood however that said heterocycelic

ring does not contain more than one member selected from the group consisting of -CHR™-,



- 34 - 44(R)-2-{[6-(2-ethoxycarbonyl-ethylamino)-2-phenyl-pyrimidine-4-carbonyll-amino)-
3-phosphono-propionyl)-piperazinc-1-carboxylic acid butyl ester; 4-((R)-2-
{[6-(2-carboxy-ethylamino)-2-phenyl-pyrimidine-4-carbonyl]-am no}
-3-phosphoMUpPEIERY I piperazine-1-carboxylic acid butyl ester; 54- {(R¥CL{{B26:# 3Ry I-pyrimid
ine-4-carbonyl)-amino]-3-phosphono-propionyl} -piperaz ne- | -carboxylic acid butyl ester; 4-
{(R)-2-{(2-pheny1-6-thiophen-3-yl-pyrimidinc-4-carbony1)-amino]-3-phosphonopropionyll-piperazine-1-
carboxylic acid butyl ester; 4-((R)-2- { [6-(4-methoxy-phenyl)-2-phenyl-pyrimidine-4- carbonyl]-ain
inol1-3-pho sphono- 10propionyl)-piperazine-I- carboxylic acid butyl ester;

4-10-2-[(6- cgg}clogropyé ZaE&‘eﬂkfmﬁ"r% 1‘@%%1%1 %‘ drox;{methyi alkoxymethyl or alkoxy

aol-3- phosphono propionyllpiperazinc-I- carboxy [o aC|d bu yl este

{(R)-2-[(6-btiy R prersyHpS A ﬂfé%ﬂdﬂ%?]ﬁéﬂyérwrﬁﬁéyamplonyl{ piperazine-l-carboxylic
acid butyl ester; 154-[(R)-2-( {2-pheny1-6-[(S)-(tetrahydro-furan-3-yl)oxy]-pyrimidine-4-carbonyl { -a
no)- 3-phosithdhoiperbpiothy Thipiperadine: broakbdyyliccuinl butyhbsdancddfR)-R-35) above or

{{6-0)-3- meﬁt@?(yaﬁy @%Q{g ‘!N)ﬁlc)ﬂ %EQ'B@%MHHE@?%C%S%@QQQXHSQQLH be prcferred) will be such
3-phosphono-propiony1)-2-methyl-p %ﬁramng 1-carboxylic acid ethyl ester;  4-((R)-2-

f[64(S): rrréﬂ%aééywﬁ@ﬁa.ﬁﬂﬁyﬂ@ &Y oy FdliECH e P B e fRiRRgy that cattics them, a
204-phosphenresbulyeyjzpiperaznechearxylitoatit ethykestare bR ndt especially of 5 to 6

{[64(S)-3-methoxy-pyrrolidin-1 -y1)-2-phenyl-pyrimidine-4-carbon: )
4-phosphono- %lu%r 1)- }E)(fﬁ:ér}az%e r(]:I?é\)r b)&/‘igc Aeid bu%?il;éis ter: %ly(l%tiroféjc ? ring are cach

3,2S)-2-metirsrgndetithyl wmr&pwj@iphéa@mpyﬁ@ﬁmw%armmmmd however that

{-3-phosphong-Rrepiepydll- mpger&za@%& 9@5&%&%@%{9%%eﬁ%&%ﬂ&é@fr{)m the group
[6-((IS,2S)-2-hydroxymethyl-cyclopropyl §x henyl-pyrimidine-4-carbonyll- amino
b

1-3-phi8ph 6 BB T b ip et ARG - yRErsSeHBE LY dgtep; hydroxymethyl, alkoxymethyl

44(R)-2- 1[63(2atkyod§oxyneth;damw®;)y&’mp@enwwmdme drcarhonyllaamiRd{rpRasphroanpropionyl)-pi

perazine-1- Fa}gggﬁllc agnddautyl ester;

37) Morc preferably, the compounds of formula T as defined in embodiment 31) or 35) above
or their salts (among which the pharmaceutically acceptable salts will be preferred) will be

15 such that W represents —NR™- and R? and R? form, together with the nitrogen that carries them,
a heteroeyclic ring of 4 to 6 members (and especially of 5 to 6 members} wherein the members
needed fo complete said heierocyclic ring are each independently selected from -CHj-,
-CHR®-, -O- and -NRY-, it being understood however that said heterocvelic ring does not
contain more than one member selected from the group consisting of -CHR"-, -O- and ~NR”-,

20 R representing hydroxy, hydroxymethyl, methoxymethyl or methoxy (especially hydroxy,
hydroxymethyl or methoxy) and RY representing methyl (and especially such that R? and R’
form, together with the nitrogen that carries them, 3-methoxymethyl-azetidin-1-v1, pyrrolidin-
1-yl,  morpholin-d-yl, 4-methyi-piperazin-1-yl, 3-methoxy-pymrolidin-1-yl,  3-hydroxy-
pyrrolidin-1-yl or 2-hydroxymethyl-piperidin-1-yl and in particular such that R* and R” form,

25  together with the nitrogen that carries them, pyrrolidin-1-yl, morpholin-4-yl, 4-methyl-
piperazin-1-yl, 3-methoxy-pyrrolidin-i-yl, 3-hydroxy-pyrrolidin-i-yl or 2-hydroxymethyl-
piperidin-1-y1}.

38} According to vet another subvariant of said further variant, the compounds of formula I as

defined in embodiment 30} above or their salts (among which the pharmaceutically acceptable



44(R)-2- [6-(2-hydroxymethyl-piperidin-l-y1)-2-phenyl-pyrimidi e-4-carbonyl {-a
303-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester; WO
2009/069100PCT/182008/055002 - 35 - 4-((R)-2- [6-(3-methoxy-propyl)-2-phenyl
-pyrimidine-#eaP%AsAKEMI no -3-phosphonopropionyl)-piperazine- 1 -cAiPBXGHOHIEBUty| ester;
44(R)-2-1[6-(3-hydroxy-buty1)-2-phenyl-pyrimidine-4-carbonyl]-a no }
-3-phosphonopropionyl)-piperazine- 1 -carboxylic acid butyl ester; 54-((S)-2-
{{6-((5)-3-methoxy-pyrrolidin-l-y1)-2-(3-trifluoromethyl-pheny1)-pyrimidine- 4-carbonyll- amino }
-4-phosphono-butyryl)-piperazine- 1 -carboxylic acid butyl ester;

44(S)-4-[bigye, ZHpEkRIO %w%ymtwywme HQEY A6 A3 merh YRy K %’éﬁl@r 1
-y1)-2-phenyl-pyrimidine-4-carbonylkaminol-butyryl Eperazme 1- carbox;lllllc acid butyl ester;

1044(S)-4-BiS S BUEASABAM SO BB SPhBRAESY i BYmzsithctrokyKisyrisligin- 2y jiazolyt
2-phenyl-pyrimidinerdieaibonylpamineddbyiul)ypipeipzinpcdianamoxylichacid dmtyl ester;
44(S)-4-{bis-[(2,2-dimethyl-propionyloxy)-ethoxyl-phosphory115 -2- { [6-((S)-3-methoxypyrrolidin-1

"y1)-2- phens\d RyERidine-dLarhonyllcaarng Lo vy haRiegrazingJagahoxyic asisl Al ester;
154- ((E!q) (2,2-dimethyl-propionyloxymethoxy)-phosphory1]-2- [64(S)-3-methoxy-
pyrrolidin-| s[rf)fz%ﬁﬁéﬁwwﬂmmﬁév@%%%ﬁwaéﬁhﬁﬁ&w&%6ﬂ§ﬂ) p‘gp@rﬁ’éffﬁ‘é ?@a%kﬂ?&%d buty!

ester; 4-((R)x-82 thish1423; %@&K&yhﬁm@ﬂﬁﬁgﬁﬁ-ﬁﬂﬁ@xbﬁﬂ@hﬂ&ﬁhﬁwl}azziy{l ring which may

[64(S)-3-methox rroI in- 1 p r|m|d| ne- -4-C i -amjr
-proplonyl)%plpgréggfne- a6 9%%@ E‘%‘%ﬁ iu{: (?,%; an %m fogether with the

-|sobutyryloxy®¢m&!9)4pﬂm®(5ﬂwvylﬂ%z@{wisy%m@mwpyrﬂoh bll n-1 -y1)-2- phenyl-pyrimi

dine-4-carbonyll-amino -propionyl)-piperazine-1-carboxylic acid butyl ester;
4-(00-3-[bis+(} -Brapianioxy b exywhosabiary 4-- (6 $)-Saonsthaxypmsatidingy1): 14) wo

2-phen Ipyr |d| -4 b n amin )-pi e ine-I- c 0 |ca ester;
254-(( é?s] u y%y oxg)?me{’lﬁ If/g \i%[cs}{)ﬁ%éjlp %)ﬂ)é) %E f}yf That IE(%l?f(:y p}?r%ﬁ in- Iimxl] -
2- phenyl pw:ﬂh@ﬁe%bfabb@nyﬂkﬁmﬁolrqwrm)@arﬁp}?#ﬁ@me@p@aﬁbbi%@ld@d"@dﬁ}ﬂt@gtem 442-

{[64(S)-3- "}‘?ﬁh‘%ﬁ)&p&ﬁﬂﬂ%‘?ﬁz gg,gogyphenyl pyrimidine-4-earbonyll-amino [ - 2-phosphono
-acetyl)-piperazi ne-1 -carboxylic acid butyl ester;  wherein it is well understood that any stereogenic

center of any Shoveisiod S9mRSHA MOIPD AR DRLEXPIF] W 2Ssigpemidn s R ARl (10-or
which the pharmaceutically acceptable salts will be preferred) will be such that R represents

15 ethoxy.

42) Accerding to another preferred variant of embodiment 40), the compounds of formula 1 as
defined in one of embodiments 1} 10 39) above (among which the pharmaceutically acceptable

salts will be preferred) will be such that R* represents n-butoxy.

43) One main embodiment of this invention relates to the compounds of formula Ip as defined

20 in embodiment 3) that are also compounds of formula Tpp,



WO 2009/069100PCTRB2008/055002 - 36 - as well as the salts (in particular pharmaceutically
acceptable salts) thereof. 56) Further preferred compounds. of formula | as defined in embodiment 1)
or 2) are selected from the group consisting of: )
4-((R)-2-1[6W?4ﬁ}g}(&)r[gwpé)thoxy)-zphenyl-pyrimidinc-4-carbony|]-amino} -E?Eﬁ‘c‘?%% AoRD
5propionyl)-piperazine-1 -carboxylic acid butyl ester;
44(5)-2-1[64(S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidinc-4-carbonylka- c-
phosphono-pentanoyl)-piperazine-l-carboxylic acickbutyl ester; 4-[(S)-2-
1[64(S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyll-aminol -344-
phosphono-phenyl)-propionyl]-piperazine-I-carboxylic acid ethyl ester; g2
104-[(8)-2-1[6-((8)-3-Methoxy-pyrrolidin-l-yl)-2-phenyl-pyrimidine-4wa’r50nylI-amino} -344-
phosphono-phenyl)-propionyll-piperazine-I-carboxylic acid butyl esterj 4-[(S)-2-
[164(S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonylkam _no} -344-

4-[(S)-2-1[64(8)-3-Methoxy-pyrr9<udin-l-yl)-2- henyl-pygflimidine- carbonyjll-amino} -344-
' id butyliester;
-4-C yll-argino -5-

15phosphonomethyl-phenyl)-propionyll-piperazine-1-carboxylic

r; 4-
{(R)-246-Isopropyl-2-phenyl-pyriggidinc-4- arbony?@mino]- phosphono-propionyl} -
piperazine-I-carboxylic ac vl e3ter-X04-((R)-2-1 é4”3-MethoxymcthyI-azetidin-1
-y1)-2-phenyl-pyrimidinc-4-cgrbonylj-amingr-3- phosp -pyppionyl)-piperazine-I-carboxylic acid
butyl ester; 4-1(R)-2-{(6-Cy pentyloxy-2-phenquﬁ (dine-4-carbonyl)-a
nol-3-phosphonopropionyl}-piperazine-I-carboxylic acidgthyl ester;  4-[(S
)-2-1[64(S)-3-Methoxy-pyrrolidin- | -y1)-2-phenyl-pyrimidine-4-carbonyll-a no} -3-(4-
25phosphono-phenyl)-propionyThpiperazine-1-caxioxylic acid ethyl ester; 4-[2- {
[64(S)-3-Methoxy-pyrro lidin-I-y1)-2-phenyl-pyrimidine-4-carbonylpam no } -244-
phosphonovgiweawy1)-acetyll-piperazine-l-carboxylic acid ethyl ester; 4- [2-1
[64(5)'3'M@h%%ME%MFl'_é/ﬂﬂb%‘aﬂ@%ﬁbﬂtﬁﬂ(éﬁ"l%?ﬁ&@r@%ﬁ’iﬁmﬂh%ﬁ@'subsﬁmted once
phosphono-phenyl)-acetyll-piperazine-I-carboxylic_acid butyl ester; , ,
or twice and morte preferably optionaliy sabstituted once) by substituents cach independently
selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
5 trifluoromethoxy;
W represents 2 bond, and R? represents alkyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, aryl or
heteroaryl; or
W represents -0- and R? represents alkyl or heterocyclyl; or
W represents —-NR’-, R? represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl,
10 alkoxyalkyl, heterocyclyl, cycioalkyi, aryl or aralky] and R’ tepresents 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 —CHj-, -CHR™-, -O-, -8-, =CO- and
-NR’-, it being understood however that said heterocyclic ring does not contain more than one
15 member selected from the group consisting of -CHR*-, -O-, -§-, ~CO- and -NR’-, R*
representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and R representing hydrogen
or alkyl;



WO 2009/069100PC171B2008/055002 - 37 - 4-[2- f [64(S)-3-Methoxy-pyrrol i din
-1-y0-2-phenyl-pyrimidine-4-carbonylkamino -2-(3- phosphono-phenyl)-acetyll-piperazine-1-carboxylic
acid ethyl ester; 4-[2- E 6-((S)-3-Methoxy-pyrrolidin-l-yl)-2-pheny|-pyrimidine-4-carb9n¥1]-amino
-2-(3- phosﬁﬁ%ﬁﬁ‘%ﬂ@ )-acetyl]-piperazine- 1 -carboxylic acid butyl eﬁgﬁj Igﬁi-}[lffﬁf:’aa
[64(S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonyThamino -2-(2-
phosphono-phenyl)-acetyll -piperazinc-1 -carboxylic acid butyl ester; 4-((R)-2- {
[6-(4-Methyl-piperazin-l-y1)-2-phenyl-pyrimidine-4-garbony0O -amino | -3-
phosphono-propionyl)-piperazine-1 -carboxylic acid butyl ester; 4-
{(g{)‘z'[(ﬁ'MQWT@&%B&I@TWJ‘M iﬁdﬂmﬁm@a&&h@%ﬂ{m&bgﬁmmm carries (t)hem.,
10propionyll-piperazine-l-carboxylic aci tyl ester; N,N'-Bis-(ethaxycarbonylmethyO-3-
(oS 5 TS DR oy BN AA L B R o SupNetite
-4-0x0-4-(4bhutoxdiet grbamidspioatbzin-kFyyligremphosphonic acid di amide;
44(R)-3-(Biﬁaq&%g&g\@fgﬁ%gfp&qﬁm%yl)-z [64(S)-3-methoxy-pyrrolidin-1 -y1)-2-phenyl-
15pyrimidine-4-carbonyll-amino -propiony1)-piperazine-1-carboxylic acid butyl ester;
44(R)-3-(BR-propisH o nssrEdsiidsphory1)-2- { [6-((S)-3-methoxy-pyrro lidin-l-y1)-2-
phenyl-pyrigfigipe«drgéasberyl] -amino | -propionyl)-piperazinc-1-carboxylic acid butyl ester;
4-(02)-3-(Bis-but %%Lsoa()ﬁr%emoxy-phosphory0-2- { [6-((S )-3-methoxy-pyrrolidin-1 -yI)-2- ph

I

enyl-pyrimiai]ﬁig- -carbOniniaminol -propionyl)-piperazine-1 -carboxylic acid butyl ester; 20N,N’
-Bis-(ethoxygarbanylmethyhaZa diR) »Hk@edamathQRoligio: 3t 2RpeaNk:. o
pyrimidine-4-carbonyThamino -3-oxo0-3-(4-butoxy-carbonyl-piperazin -1 -y1)-propylphosphonic acid
diamide; . . . . ‘ _
N N'-Bis-((EFh MBS EXHBO RS S-O(R s R & S ety o SRERIY D) - 8- S RERY ofrificine-4-car
bony THamidg}x3t oxerBqdishtrtoXyedrsonigh mipeprawids of Tpprojeykatosphonic acid diami de;
N,N'-Bis-(methoxycarbonylmethyl)-2- )
{(R)164(8)-3-methoxy-pyrrolidin-l-yl)-2-pheny|pyrimidine-4-carbonyThgnﬁno
-3-0x0-3-(4-butoxy-carbonyl-piperazin-I-y0-propylphosphonic acid diafhide;
N,N'-Bis-((S)-1-methoxycarbonyl-2-methyl-propyl)-2- { (R)-[6-((S)-3-nethoxy-pyrrolidin-1-
30y0-2-phenyl-pyrimidine-4-carbonyl]-amino -3-oxo-3-(4-butoxy-car I-piperazin-l-y1)-

8] N

D)
/
priign

wherein

R’ represents phenyl optionally substituted 1 to 3 times (preferably optionally substituted once

or twice and more preferably optionally substituted once) by substituents each independently

selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
15 trifluoromethoxy;

W represents a bond, and R’ represents alkyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, aryl or

heteroaryl; or



propyl-phosphonic acid diamidc; WO 2009/069100PCT/182008/055002 - 38 - N,1 -Bis-(tert-butyl
oxycarbonylmethyl)-2 - { (R)16-((S)-3-m ethoxy-pyrro lidin-1 -y1)-2-phenyl -
pyrimidine-4-carbonyThamino -3-ox0-3-(4-butoxy-carbonyl-piperazin-1-y1)-propylphosphonic acid
diami de; N, NOBEYS) 4t methoxycarbonylpropyl)-2- (R)-(64(S)-3-methoXyiNAtdiFdirR2y1)-2-
5phenyl-pyrimidine-4-carbonyl]ami no } -3-oxo-3-(4-butoxy-carbonyl-piperazin-1-y1)-propyl- phosphonic
acid diamide; N,1\i'-Bis-((S)-1-methoxycarbony1-2,2-dimethyl-propy1)-2- {(R)-[6-((S)-3-meth
oxy-pyrrolidm- 1 -y1)-2-phenyl -pyrimidinc-4-carbogylpam ino} -3-oxo- 3-(4-butoxy-carbony!
-piperazin-1 -y1)- propyl-phosphonic acid diamide; 10N,N'-Bis-((S )-1-tert-butyloxycarbonylethyl)-2-

{(R)-[6-((S)3-masthexy-yrialisind sylits Abany HRyEiRidiRe-g-carbonyll-amino}
-3-0x0-3-(4-butoxy-carbonyl-pi 2erazin-l-yl)-prop%/lphosp onic acid diamide; N,N.-Bis-((S)-1
-methoxyca%éﬂgris%h—&%ne!%yff@@ﬁwék«b P ReBRS bliane X pifyl hydroxyalkyl,
i-Spf;]enyl;\pw_imi@*@éﬁg{lmmﬂgm@mmy&-mfd%%w}?m?hwh@i;iazémbwﬂc)ypmpyl-
phosphonic acid diamides: ' -Bis-((S)-methoxycarbhon nylmethyl):2 - . )
(R46.((0) SO oyt 5, By oty e MR AR fanies e, »
-3-0x0-3-(4Hstorycbarboaybhipetazin mepbepropytpho sponiensss digpdigeto complete said

N,N.-Bis-((Rslzethoxvearkonyde tiyhses R0 S d-3-Mmathay:pysreliehn-loy 1)s2-phenying
20pyrimidine-4-carbonyll-amino } -3-o0xo-3-(4-butoxy-carbanyl-piperazin-1-y1)-propyl- phosghonic acid
diamide: N,N%TSWBFW&}Q%W%%E said héterocyehic’ring does not contdin morc than on
{(R)-[6-((S) B=methaxdpydrétidintis ydn-@pphenidpysimidiag carbonyll-amido Jand —NR’-, R”

e R MR OGS e
10 oralkyl;
or also W represents ~NR’- and R? and R’ form, together with the nitrogen that carries them,
an imidazolyl, pyrazolyl, 1,2,3-triazolyl or 1,2 4-triazolyl ring, which ring may be substituted
by an alkyl group {especially by a methyl group);
R® represents hydrogen or methyl;

15 R® represents hydrogen or methyl;
R* represents alkoxy;
nrepresents 0, 1 or 2;
R® represents a group mOn(CHRG_)uO-C(EO)-W wherein  R® represents hydrogen or
(C1-Cx)alkyl and R’ represents (C)-Cy)alkyl;

20  and to the salts (in particular pharmaceutically acceptable salts) of such compounds.

45) Preferably, the compounds of formula Ip as defined in embodiment 44) above ot their salts
(among which the pharmaccutically acceptable salts will be preferred) will be such that R®
represents hydrogen (and notably such that R® represents 2,2-dimethyl-propionyloxymethoxy

or 1sobutyryloxymethoxy).

25 46) According to a preferred embodiment, the compounds of formula I as defined in any one
of embodiments 1) to 43) above or their saits {among which the pharmaceutically acceptable
salts will be preferred) will be such that R® and, if present, R® arc identical and represent

hydroxy.



pyrimidine-4-carbonyll-amino} -3-oxo-3-(4-butoxy-carbonyl-piperazin-l-y1)-propylphosphonic acid
diamide; N,N' -B is-(2-ethoxycarbonyl-prop-2-y1)-2- { (R)-[6-((S)-3-methoxy-pyrrolidin-1
-y1)-2-phenylpyrimidine-4-carbony 1]-amino -3-o0x0-3-(4-butoxy-carbonyl-piperazin-1 -y1)-propyl-
30phosphor¥?’§§8?§%a¥?ﬂde; WO 2009/069100PCT/1B2008/055002 - 39‘%% 1820081055002
44(R)-3-(Bis-methoxycarbonyloxymethoxy-phosphory1)-2- {
[64(S)-3-mcthoxy-pyrrolidin-ly1)-2-phenyl-pyrimidine-4-carbonylkamino -propiony0O-piperazine-1
-carboxylic acid butyl ester; 44(R)-3-(Bis-ethoxycasbonyloxymetboxy-phosphoryl)-2-
[6-((S)-3-methoxy-pyrrolidin-1 - 5y0-2-phenyl-pyrimidine-4-carbonylkamino

-propiony 1) piperazine: heafboxy beeseidouiyodsierit, the compounds of formula I as defined in any
44(R)-3-(Bis-isopropoxycarbonyloxymethaxy-pbosphoryd)-2- { ) .
(D R Sy oy L A oy 2143} 52551% B eraine-
-carboxyliclasignbutliéstby; pharmaceuiically acceptable salts will be preferred) will be such that R’

1044(R)-3-(Bis-tert:hutpxpearhonyaymath oxy-Rles RGN hkd-HIRAB R pethoxyrralidin-
l-y1)-2-phenyl-pyrimidine-4-carbonylFaminol -é)ro ionyl)-piperazine-1 -carboxylic acid butyl ester;

4-((R)-3-[BREFTYSPRYI OxFEoib ook ety F-BHE sph SR 248 (&) B ethoky gy g grotp
lidin1-y1)-2-pheryRHyrigitiie &-carhenygpaNin CIpRODHOMILMpIRErazine gtowgardelylioCatig -buty
15ester; 44(R)-3-[Biss(1-isopropyloxycarbonyloxy-etboxy)-phosphory11-2- f
[64(S)-3-m 832&/ S}’?rolidin-I-yl)-2-phenyI-pyrimidine-4-carbonyThaminoI -propionyl)-piperazine-I
-carboxylic acid butyl ester; 44(R)-3-[Bis-(I-cyclohexyloxycarbonyloxy-ethoxy)-phosphoryl]-2- {
[64(S)-3-méthox§copdipyrioidimersy D esere ayibp s IHI riBeAcemposndt] chMmrel [ as defined in
]:[pgz(li)sionsyl)sﬁ%t%%ﬁleﬂi)'%ﬁé?@’é))"{zﬁc@fgg@:{w&&%%b&i@'%é%%ﬁ@%ﬂf%@éﬁﬂﬂ@@t@wﬂl_ .
-3-methoxy-pyrrolidin-l-y1)-2-phenylpyrimidine-4-carbonyThamjnol-propiony1)-piperazine-1-car
oy aciObU R A ARSI (e A TS50 31 TEEH Y BT S MRy 17
[64(S)-3-méthaxXyR 26pyrralitimefara)ip-phédil, piritidingidrcarbonylkamino}
-propionyl)-piperazine-1-carboxylic acid butyl ester; 4-[(R)-2- {

[64(S)-3-Methoxy:purlitingoRe2Rbenvl Ry ding-4rarbanyikaminok mde: PX0#HAEX R-benzo
[1,3,21dioxaphosphinin-2-y1)-propionyThpiperazine-1 -carboxylic acid butyl ester; _
embodiment 47) above or their salts among which the pharmaceutically acceptable salts will
be preferred) will be such that R® and, if present, R® are identical and represent —~O-(CHR®)-0-

15 C(=0)-0-R’ (and most preferably ~O-(CH,)-O-C(=0)-0-R).

50) According to another preferred embodiment, the compounds of formula I as defined in
embodiment 47} above or their salts (among which the pharmaceutically acceptabie salts will
be preferred) will be such that R® and, if present, R® are identical and represent -NH-(CHR'")-
C(=0-0-R? or -NH-C(CH,),-C(=0)-0-R”.

20 51) According to still another preferred embodiment, the compounds of formuia 1 as defined
in any onc of embodiments 1), 2), 5) to 12), 14) to 16}, 18), 19) or 22} to 42) above or their
salts (among which the pharmaceutically acceptable salts will be preferred) will be such that
R’ represents hydroxy and R® represents a group —O—(CHE)—O-C(:O)—RQ {and notably
—0-(CH,)-0-C{=0)-CH;).

25 52) According to still another preferred embodiment, the compounds of formula 1 as defined
in any one of embodiments 1), 2), 5) to 12), 14) to 16}, 18), 19) or 22) to 42) above or then

safts (among which the pharmaceutically acceptable salts will be preferred} will be such that



WO 2009/069100PCT/1B2008/055002 - 40 - (R)-2- {[6-((S)-3-Methoxy-pyrrol din-l-y1)-2-phenyl-pyrimi
dine-4-carbonylkamino -3-(2- oxo-1,4-dihydro-2H-222-benzo [d] [1 ,3,2]oxazaph osphinin
-2-y1)-propionyThpiperazine-1- carboxylic acid butyl ester; 4-[(R)-2- {164(S)-3-Methoxy-pyrrol
idin-1-y1)-2-preajanififdine-4-carbonyll-amino -348- PCT/AB2008/055002
methy1-2-oxo0-1A-dihydro-2H-2?c5-benzo[d][1,3,2]oxazaphosphinin-2-y1)-propionylipiperazine- 1
-carboxylic acid butyl ester; 4#12)-3-[Bis-(3-0x0-1,3-dihydro-isobenzofuran-1-yloxy)-phosphory11-2-
[64(S)-3-methoxypyrrolidin-1-yl)-2-phenyl-pyrimiding-4- carbonyl] -amino}
-propionyl)-piperazine-1-carboxylic acid butyl ester;
104'((R)‘3jﬁ3_'?gﬁ%%%éQﬁﬂ%%@%llEE‘@H?l‘aﬁyrm%@@*ﬁgf@gei{@%(ﬁkégmﬁ?-WcMﬁ% Ly Rp-2-
phenyl-pyrimidine-4-carbonyl]-amino -propiony1)-piperazine-1-carboxylic acid butyl ester;
4-((R)-3-[Bisu{{SpebethdXiEaHdmyrethoxy)-pHaSphbry 1]-2-
{[64(S)-3-methoxy-pyrrolidin-1y0-2-phenyl-pyrimidine-4-carbonylFaminol-propionyl)-piperazine-1-carb
oxylic acid byfyl-estehsleNdiShdtthexicribonyleihyd]-@obeaydurdds of formuta I as defined
{(R)46-((S)-3-methoxy-pyrrolidin-1-y1)-2- phenyl-pyrimidine-4-carbonyll-amin )

5 oxo-5- (AR MR RUEEEA Doy oyt HOEb ot i AT i gigye o e
{[6.4(S)-3-Math oxyepyrratidindy pheRaploemydafiyr mmichred4-cdebeily tikapnifiored; (R4l! be such that
0X0-22,541 ' 10sphinan-2-y1)- | ' Ine:1-carboxylic acid butyl ester; 20 4-[(R)-2-
{[64(S)-3-Me @(ﬁﬁ%ﬁ&%ﬁaly}%@@%%ﬂ%fﬁé?%gf?rﬁ%%%@?agr%%%@#ammo } -348- methy1-2-oxo0-4H
-22,5-benzo [l ,3,2]dioxaphosphinin-2- )-%&Jionylkpiperazine -caypoxylic acid butyl ester;
4-0)-3-(8-Isopropyl-2-oxo-44-22,5-benzotl/3, 2]dioxaphosphinin-23y¥)-2- [64(5)-3- methoxy-pyrrolidin-1
-y1)-2-ph enyl-pyrimi‘&kng{ﬁf-carbonyl%@nﬁn opionyl)-pipergaz e-kg@parboxylic acid butyl ester;
44(R)-3-(8-Methoxy-2-gXa-1,4-dihydrg-2H-2k5
((S)-3-methoxy-pyrratdin-1-yt)-2-phen) imi
-carboxylic acid butyhester; /WO 2009/086 LB
44(R)-3-[(5-tert-Butyl- )1,3]dioxol-4-y]methox

acid butyl ester; 4-((R)-3-(B is-benzyloxy-pho3ghtryl)-2- {[6.4(S)-3-methe
5pyrimidine-4-Rc§;1rbonyll -amino 1 -propionye-piperaziig@-l-carboxylic acid butyl ester;

\/ Vi
5 S O/ \O = 5 HO/ P\o 2
O
s TR TR
O O O

@) o
| 0 o
\V4
O/ \O
10

wherein the arrow marks the point of attachment to the remaining part of compounds of
formuia I, q represents 1 or 2 (and preferably 2), R’ represents (C-Cy)alkyl (and preferably
methyl or zert-butyl) and R’ represents hydrogen, (C1-Caalkyl or (C;-Cylalkoxy.



44(R)-3-(Acetoxymethoxy-hydroxy-phosphory1)-2- {[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-
phenyl-pyrimidinc-4-carbonylpamino}-propionyl)-piperazinc-1-carboxylic acid butyl ester; 44(S)-3-
(Bis-acetoxymethoxy-phosphoryl)-2-

{{64(S)-3-mBtHHRGG7I8f din-1-y1)-2-phenylpyrimidine-4-carbonyll-aminolESrEPRBIRHY e razine- |
-carboxylic acid ethyl ester; 104-((S)-3-(Bis-butyryloxymethoxy-phosphory0-2-
[6-((S)-3-methoxy-pyrrolidin-1 -yl)-2- phenyl-pyrimi dinc-4-carbonyll-amino
-propionyl)-piperazine-I-carboxylic acid ethyl ester;zN,N'-Bis-((S)-1-ethoxycarbonylethyl)-2-
{(S)46-((S)-3-methoxy-pyrrolidin-1-y1)-2-phonylpyrimidine-4-carbonylkamino}
-3-0X0-3-(4sgihexyncarhenylipsiazn knlormenyihasphonisasidhdi@midnds of formula 1 as
154-((S)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- [64(S)-3-methoxy-pyrrolidin-l-y1)-
2-phenyl-p>%ﬁﬁﬂ6‘?d8-9ﬂ’@8%‘8ﬁ'§ﬂQ&ﬁﬁ%ﬂlﬁropionyl)-piperazine-l -carboxylic acid ethyl ester;
4-((R)-3-(BistagataxymgiiboNy-phosphory1)-2- {[64(S)-3-methoxy-pyrrolidin- |
-y1)-2-phenylpyrimidine-4-gar -amino}-propj -pipgrazine-1-c: vlic acid.ethyl ester;
AR5 B D ooy D e e e L
20pheniyl-pheigindirréla i bdRyifambss iopionba ysiperezivedqd dagsengiit seld BeyPetey;
N,N'-Bis-((Sid -athexycarboryletiy))serelR BothS)eBrmetoxsmyLr alidinnb dd-phenibwever
pyrimidine-4-carbaonylFaming1-3-oxo-3-(4-ethoxy-carbonyl-piperazin-l-y1)-propylphosphonic acid
diamide: K‘&fﬁ?-‘é}‘ﬁﬁ%‘l‘é%)ﬁc’ﬁ%yffa%b%?ﬁ’yﬁl %‘)é’tfﬁ%kgf}lﬁﬁo* RN %é el P Ffolidin- | -
25y1)-2-phetiylkpyrindigiaédatirvonykaemino Npropiohi ] yapipet daime 1hecdrboxitliciacidietiyl ester;
44(S)-3[4-(Bis- X hoxy-phc ryl) | -2- { [64(S)-3-methoxy-pyrrolidin-1-
yI)-2-pheny%§ty%r%}|g“ i@§§%§%§%ﬁg%6%%r%%%ﬁ§%piperazinc-l -carboxylic acid ethyl ester; WO
2009/@691@9%@@%2@0@;@5@002 - 42 - N,N'-Bis-((S)-1-ethoxycarbonylethyl)-442-
{(S)-[64(S)R-mpthaxy-RyHralidin-1-y1)-2-phenylpyrimidine-4-carbonyll-aminof
-3-0x0-3-(4-gthoxy-carbonyl-piperazin-l-y1)-propyl] Thenylphosphonic acid diamide; and
44(S)-3[4-(Bist W&ﬁ(ﬁﬁ%‘ﬁ’yloxymethoxy-phosphoryl)-phenyl]-z- {[6-((S)-3-methoxy-
5pyrrolidin-kyd:&quitehyl-py¥insidisest-edvdnytli-mmipeges Opiony 1)-piperazine-l-carboxyli ¢ acid
ethyl ester; st IS 3 ste e &gﬁgef f hove |i cempound,
which is no{ﬂ\g(%é?c%y &e?s:gcg%&é%}gr%%t%%&%@gés%gl%te%g?%%%%%-cgnfigl?rg%)rt]);?aﬁs ’V\?e‘ti%%g[ﬁe@salts (in
particdiar pHaRadedticaly e pthpiesartét f)-4652)-Rfurther object of the invention is the
compoundspphfRfRfughitenehiomapiailekl @ m the following structares

) \ P //O R
N/ = o o =
< % \<
0 O
) q C O

wherein the arrow marks the point of attachment to the remaining part of compounds of
formula I,
20 qgrepresents 2;
R® represents hydrogen;
R’ represents (C,-Cy)alkyl:
R’ represents (C-Cy)alkyl;
R represents hydrogen, (C1-Cy)alky] or unsubstituted phenyl;

[ o]
h

and to the salts (in particular pharmaceutically acceptabie salts) of such compounds.



defined in one of embodiments 1) to 56) above, or their pharmaceutically acceptable salts, as
medicaments. The compounds of formula | and their pharmaceutically acceptable salts can be used
as medicaments, e.g. in the form of pharmaceutical compositions for enteral or parental
15administrg{%ﬁ(.mg§ HHE invention thus also relates to pharmaceutical c%‘?%’&‘é%u %’Plsss%gntaining at
least one compound according to one of embodiments 1) to 56) above, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier, diluent or excipient. In particular,
the invention relates to pharmaceutical compositiogs- containing at least one compound of formula 20f
(or of formula kb) and one or more pharmaceutically acceptable carriers, diluents or excipients. The
production eftecpbacmagesticahean@positions Candamrifestedisamanner whichpwitcbadamiliar to
any person skfilleddjn the art (see for example Remington, The Science and Practice of Pharmacy, 21st
Edition (20856),65%’[ 5, "Pharmaceutical Manufacturing” [published by 25 Lippincott Williams 8z,
Wilkins]) by4gU@ginggjl@ggg%%%gﬁﬂgg&{gq%g}ﬂ_i%mmm#&qrm@gepﬁggm&gqygﬁg,llly}gcceptabIe salts,
e ca

optionally in combination with other therapeutically valuable substances, into a galenical administration
form togetheP PRI SONREIEI S H-RIRFE 2O -SHBOF0HS AROPR TEA82008/055002 - 43 - inert,

therapeuticallyrganpatisiessolithotliguehGairtiervinatenalgl andnif desiredsiuayBiphacsnaceutical

adjuvants. 3 SQJSThe compoungds accordér_lp_ ctgrggrrq}élgcl. s delnel_d in embodiments 1) to 56) above

and the phaf&ac%ih%?géﬁrf cceptable salts thereor may 1ge u e%f%? the preparation of a medicament,
5and are suit@Bie- 1br-the-freahentorpriopmilatisiothdsdasssideladisg stablEampma, unstable

angina, mygcardial jfaretioeh i (Cluaing comRlicatiopsef atherosclerosis, notably embolic
stroke), arterial t@romboss (including primary. arteglal thrombotic complications of atherosclerosis,
notably thrombotic 'stroke); t SIS {0t s Sis), thrombosis

Sifbotic Shdke) enBUs thYBRMSYSTs YHotR6 delp THiiP Y GRTBbSIS) Tt
secongary toprasgias-tamateptyetozinflammatighd nciuding ssasculitis, arteritis and
glomerulongphyitis), venoacclusive diseases, transient ischaemic attack ipheral vascular
diseases, rﬁsy c%?d)ié%/m%:t%%ﬁfv%pgf iv(\)n}[ﬁgu]t %ﬂr_c‘)"rﬁggwg?gr%}g%epﬁ)?ﬁrzdrog%?\ﬂe{l}%}e% se,
thrombocythadmigosicikieesll tisersucimflampratisrycbbiveridigesase, thrombotic thrombocytopaenic

purpura, hagmelyie sipemic.sidiomes tad- 1L ionprvstingthepmaoticeamplisations of septicaemia,
adult respiratory distress syndrome, anti-phospholipid syndrome, heparin-induced thrombocytopaenia
and preeclaiiberRoORRIBRIZY L RIPSSHEVER RO I0IHERNYY E8ffiplications after certain surgery
procedtires4niably Cotengryrevasdulalisationdike angioplaistyn{ R SAYhothiemvdsoutal; graft surgery,

20endarterectoszng_rig(tsgr%to%%ccea%} Rt); rcgtfégr accidental trauma; C. for preventing organ graft

rejection. GBSpﬁerefore, a particular object of this invention is the use of a compound of formula | (or of

formula ICE) &8 defiftdd-mebne-afemboditentery kysepigisve cabord phafnatatirealy scceptable
salt thereofpf@r i manuiaciure-of .8 medigameantigr the uses listed in embodiment

4-1($)-2-({ 2-phenyl-6-[(S)-(tetrahydro-faran-3-yl)oxy]-pyrimidine-4-carbonyl} -amino)-

20 4-phosphono-butyryl]-piperazine-1-carboxylic acid butyl ester;
4-{(S)-2-](2-phenyl-6-pyrrolidin-1 -yl-pyrimidine-4-carbonyl)-amino]-4-phosphono-butyryl} -
piperazine-1-carboxylic acid butyl ester;
4-§(8)-2-[(6-1sopropylamino-2-phenyl-pyrimidine-4-carbonyl)-amino}-4-phosphono-butyryl } -
piperazine-1-carboxyiic acid butyl ester;

25 4-{(8)-2-[(6-morpholin-4-yl-2-phenyl-pyrimidine-4-carbonyl}-amino|-4-phosphono-butyryl} -
piperazine-1-carboxylic acid butyl ester;

4-((S)-2- {[6~(4~mcthyl-piperazin-1-y[}-2-phenyl-pyrimidine-4-carbonyl}-amino} -
4-phosphono-butyryl)-piperazine- 1 -carboxylic acid butyl ester;
4. {{R)-2-[(6-methylamino-2-phenyl-pyrimidine-4-carbonyl}-amino]-3-phosphono-propionyl} -

30  piperazine-1-carboxylic acid butyl ester;



2559) above, and for the manufacture of a medicament for the treatment of occlusive vascular
disorders in general. WO 2009/069100PCT/1B2008/055002 - 44 - acceptable salt thereof, for the
manufacture of a medicament for the treatment and/or prevention of OCCM YRARGY Gdisorders as
WO 2009159160 . \fl? 35402 :
well as to the use of a compound of formula | (or of formula 'cc) for the manufacture of a medicament
for the treatment and/or prevention of peripheral vascular, of visceral-, hepatic- and renal-vascular, of
cardiovascular and of 5cerebrovascular diseases or conditions associated with platelet aggregation,
including thrombosis in humans and other mammalbs. 62) Among the above-mentioned uses of
compounds of formula | (or of formula ICE) or of pharmaceutically acceptable salts thereof for the
manufacture gkeficdmentis aceortipt: 19 gmbadimedtcaBoabhueithd ipdssfdromanufacturing
medicaments for tqf_treatmen or I%Q)Qr 19@1)!!%6- fegp%ocardial infarction, arterial thrombosis (notably
, transient Ischaemit attac erip

angina will fe(BietdffedthyBs)imne-thyartinrifaidier rerhosb-ghe e’ ghasebapaling B tormula | (or of

formula Ic%)if&gg;m@gcgpowggggmqmgﬁs 1) to 56) above, or of a pharmaceutically acceptable
salt thereof, for the preservation of blo dgéodu,cts in vitro eg. he Pr%fgrv tioE of platelet
( rporeal bioo

1500ncsentrﬁigg)),"?o‘l[%disﬂl?éoﬁ}%@\%‘ﬂﬁgﬁp ORI SRR OFBISGd product treatment
machines (stughoag! renadrdialysisatachines driplatem@pheresis machines). 64) The invention also
relates to methods of tre Nt for the_disorc nii i'ﬁ{?[?bﬁ- dimert ;. said methods
comprisingﬁf@%ﬂ rr{ﬁr{] &ﬁﬁ%ﬁﬁl gl%gtgle@% né&g%ﬁ&%%%%@f Jz?r% ef ecti&%%ﬁﬁjﬁ?gg gﬁc]om pound of
formula | (Greffdrimpasibopadetytiyg trzeBse sREMBOGIHERRH 556), or of a pharmaceutically

acceptable pgitpf Such 3-sompeudvholdaferanos te s compaund-ofdteroiia dmiey; -lli, ‘cup, Ism Isr2,
Ipo or IP-PDQ, in this text is t1 be understood as r_efe(r.]g% a{sqt_to_ the salts (and especially the
pharmidceufiaRiy AR DAL L RIRS) BHS TR E S SLIs "A 'S Bfopriate and expedient. The
preferencegifidicatgzt o flthecegrmpdutdsspd famhaley ppfrobdise -apaty imidatisdrathmdiS to the
CompOUndSal%g49}’[5!%'@;3@?0@054}&?&8@R,%%Q%‘?U%&Wﬁclﬁi&%%&PEE&QQUnds of formula Icpp, the
compounds of formula Ism _ - o
4-((8)-2-{12-(3-fluoro-phenyl}-6-((S}-3-methoxy-pyrrolidin- [ -y1)-pyrimidine-4-carbonyl }-

thrombotic ’%E?Bi?é‘)‘( Bhsient ischa S, eral vascular disease and stable and unstable

amino } -4-phosphono-butyryl}-piperazine-1-carboxylic acid butyl ester;

15 4-{(R)-2-[(6-methoxy-2-phenyl-pyrimidine-4-carbonyl)-amino}-3-phosphono-propionyl} -
piperazine- 1 -carboxylic acid butyl ester;
4-1(R)-2-[(6-methyl-2-phenyl-pyrimidine-4-carbonyi}-amino}-3-phosphono-propionyl } -
piperazine-1-carboxylic acid butyl ester;
4-{(R)-2-{(6-cyclopropylamino-2-phenyl-pyrimidine-4-carbonyl }-amino |- 3-phosphono-

20 propionyl}-piperazine-1-carboxylic acid butyl ester;
4-{(R)-2-[(2-phenyl-6-phenylamino-pyrimidine-4-carbonyl)-amino}-3-phosphono-propionyl } -
piperazine- | ~carboxylic acid butyl ester;
4-{(R)-2-[(6-benzylamino-2-phenyi-pyrimidine-4-carbonyl)-amino]-3-phosphono-propionyl { -
piperazine- 1 -carboxylic acid butyl ester;

25 4-[(R)-2-({2-phenyl-6-[(R)-(tetrahy dro-furan-3-yl)amino]-pyrimidine-4-carbonyl} -amino)-
3-phosphono-propionyl]-piperazine-1-carboxylic acid butyl ester;

| 4-((R)-2-{[6-(3-hydroxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
4-[(R)-2-({6-[(2-methoxy-ethyl)-methyl-amino]-2-phenyl-pyrimidine-4-carbonyl} -amino)-

30 3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;



the compounds of formula Ism the compounds of formula Ipp and the compounds of formula IpipDG,
as well as to the salts and pharmaceutically acceptable salts of the compounds of formula |, of formula
Icp, of formula Ip, of formula Ichp, of formula Ism of formula Ism of WO
2009/069109PCTIHAB2H08/055002 - 45 - formula Irn or of formula IP-PDE:T{ia08EME Hhplies to these
compounds as medicaments, to pharmaceutical compositions containing these compounds as active
principles or to the uses of these compounds for the manufacture of a medicament for the treatment of
the diseases according to this invention. 5 PREPARATION OF THE COMPOUNDS OF FORMULA |
Abbreviations. The following abbreviations are used throughout the specification and the examples:

Acacetyl anf) anhydreus ad.agusgusBasiarputaxycarhonyt brbroadiGhabenzylexycarbonyl

CCcolumn chromatography 15 cHexcyclohexane conc.concentrated Cremophor-ELecompound with
the ChemicaPAYSHERIPIEYENY RipeBE g 1L £ ESRIAPFOd IRRRE
4-((R)-2-{[6-(2-carboxy-cthylamino)-2-phenyi-pyrimidine-4-carbonyl]-amino } -3-phosphono-

propionyl)-piperazine-1-carboxylic acid buty! ester;

5 4-{{R)-2-{(2.6-diphenyl-pyrimidine-4-carbonyl}-amino]-3-phosphono-propionyl} -piperazine-
I-carboxylic acid butyl ester;
4-{(R)-2-[(2-phenyl-6-thiophen-3-yl-pyrimidine-4-carbonyl}-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester;
4-((R)-2-{[6-(4-methoxy-phenyl)-2-phenyl-pyrimidine-4-carbonyl}-amino} -3-phosphono-

10 propionyl)-piperazine-1-carboxylic acid butyl ester;

4 {{R)-2-[(6-cyclopropyi-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-propionyl} -
piperazine-1-carboxylic acid butyl ester;
4-{(R)-2-{(6-butyl-2-phenyl-pyrimidine-4-carbonyl}-amino}-3-phosphono-propionyl} -
piperazine-~1 -carboxylic acid butyl ester;

15 4-[(R)-2{2-phenyl-6-[(S)-(tetrahydro-furan-3-ylyoxy]-pyrimidine-4-carbonyl } -amino}-
3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester;
4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl}-amino } -
3-phosphono-propionyl}-2-methyl-piperazine-1-carboxylic acid ethyl ester;
4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-y[}-2-phenyl-pyrimidine-4-carbonyl}-amino} -

20 4-phosphone-butyryl)-piperazine-i-carboxylic acid ethy! ester;
4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-vi}-2-phenyl-pyrimidine-4-carbonyl]-amino } -
4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester;
4-((R)-2-{]6~((18,25)-2-methoxymethyl-cyclopropyl)-2-phenyl-pyrimidine-4-carbonyl]-
amino}-3-phosphono-propionyh-piperazine-1-carboxylic acid butyl ester;

25 4-({R)-2-{[6-((15,2S)-2-hydroxymethyi-cyclopropyl)-2-phenyl-pyrimidine-4-carbonyl}-
amino }-3-phosphono-propionyl-piperazine- I -carboxylic acid butyl ester;
4-({R)-2-{]6-(2-hydroxy-ethyiamino}-2-phenyl-pyrimidine-4-carbonyl}-amino } -3-phosphono-
propienyl}-piperazine- | -carboxylic acid butyl ester;
4-((R)-2-{{6-(2-hydroxymethyi-piperidin-1-yI)-2-phenyl-pyrimidine-4-carbonyl]-amino } -

30 3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;



DCC1,3-dicyclohexylcarbodiimide 20 DCMdichloromethane
DCMCN,N'-dicyclohexyl1-4-morpholinecarboxamidine DIPEAdiisopropylethylamine
DMEL1,2-dimethoxyethane DMFN,N-dimethylformamide DMPUWc-climethylpropyieneurea EAethyl
acetate EDGYRA8UITEEAylaminopropyl)-N'-ethylcarbodi de - 46 - Eqequittali@RtEEdHP?
Fmoc9H-fluoren-9-ylmethoxycarbonyl HATUZ2-(7-aza-1H-benzotriazole-1-y1)- |,3-tetramethyluronium
5hexafluorophosphate Heptheptane Hexhexane HOBT1-hydroxybenzotriazole HseL-homoserine 10
HVhigh vacuum .35 .

4-((R)-2-{[6-(3-methoxy-propyl}-2-phenyl-pyrimidine-4-carbonyl}-amino} -3-phosphono-
propionyl}-piperazing-1-carboxylic acid buty! ester;
4-((R}-2-{[6-(3-hydroxy-butyl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-phosphono-
propionyl)-piperazine-1-carboxylic acid butyl ester;

5 4-({8)-2-{[6~({S)-3-methoxy-pyrrolidin-1-yi)-2-(3-trifluoromethyl-phenyl}-pyrimidine-
4-carbonyl]-amino } -4-phosphono-butyryl}-piperazine- 1 -carboxylic acid butyl ester;
4-((Sy-4-[bis-(2,2-dimethyil-propionyloxymethoxy)-phosphoryl]-2-{{6-({5)-3-mcthoxy-
pyrrolidin- 1 -y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -butyryl}-piperazine- 1 -carboxylic
acid butyl ester;

10 4-((S)-4-(bis-isobutyryloxymethoxy-phosphoryl}-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino } -butyryl)-piperazine- 1 -carboxylic acid butyl ester;
4-((S)-4-{bis-[(2,2-dimethyl-propionyloxy)-cthoxy}-phosphoryl }-2- {[6-((5)-3-methoxy-
pyrrolidin-1-y)-2-phenyl-pyrimidine-4-carbonyl}-amino | -butyryl}-piperazine-1-carboxylic
acid butyl ester;

15 4-((R)-3-{bis-(2,2-dimethyl-propionyioxymethoxy)-phosphoryi]-2- {[6-((5}-3-methoxy-
pyrrolidin-1-y}-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl}-piperazine-1-carboxylic
acid butyl ester;
4-({R)-3-{bis-[1-(2,2-dimethyl-propionyloxy)-ethoxyl-phosphoryl}-2- {[6-({S)-3-methox y-
pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl}-amino } -propionyl}-piperazine- i -carboxylic

20 acid butyl ester;
4-((R)-3-]bis-(1 -isobutyryloxy-ethoxy)-phosphoryli-2- {{6-({5)-3-methoxy-pyrrolidin-1-y1}-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxylic acid butyl ester;
4-((R)-3-[ bis-(1 -propionyloxy-cthoxy)-phosphoryl}-2- {[6-((S)-3-methoxy-pyrrolidin-i-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl ester;

25  4-((R)-3-{bis-isobutvryloxymethoxy-phosphoryl)-2- {[6-((5)-3-methoxy-pyrrolidin-1 -y1)-
2-phenyl-pyrimidine-4-carbonyl}-amino} -propionyl-piperazine- 1 -carboxylic acid butyl ester;
4u(2-{[6-((5)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyt]-amino -
2-phosphono-acetyl)-piperazine-1-carboxylic acid butyl ester;
wherein it is well understood that any stereogenic center of any above listed compound, which

30 is not explicitly assigned, may be in absolute (R}- or (8)-configuration;



LC-MSLiquid Chromatography - Mass Spectrometry MCPBAmeta-chloroperbenzoic acid Memethyl
n-BuLin-butyl lithium 15 NMPN-methylpyrrolidone org.organic Pd/Cpalladium on carbon
PEG400polyethylene glycol with a molecular weight of 400 g/mol PGpolypropylene glycol 20 Phphenyl
PyBOPben28#iaiecai8fl-oxy-tris-pyrrolidino-phosphonium hexafluorophBSpABIRTTSEM temperature
sat.saturated 25TEAtriethylamine TFAtrifluoroacetic acid THFtctrahydro loran TLCthin layer
chromatography tRretention time 30 Zbenzyloxycarbonyl

- 36 -
as well as the salts (in particuiar pharmaceutically acceptable salts) thercof.

56) Further preferred compounds of formula T as defined in embodiment 1) or 2) are selected
from the group consisting of:
4-({R)-2-{]6-(2-Hydroxy-ethoxy)-2-phenyl-pyrimidine-4-carbonyll-amino !} -3-phosphonoe-

5 propionyl)-piperazine-1-carboxylic acid butyl ester;
4-({S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin- 1 -y1}-2-phenyl-pyrimidine-4-carbonyl]-amino} - 5-
phosphono-pentanoyly-piperazine- 1 -carboxylic acid butyl cster;
4-[{S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-y[}-2-phenyl-pyrimidine-4-carbonyl }-amino} -3-(4-
phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl ester;

10 4-J(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-y1}-2-phenyl-pyrimidine-4-carbonylj-amino }-3-(4-
phosphono-phenyl)-propionyl}-piperazine- 1 -carboxyvlic acid butyl ester;
4-[(8)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-vI}-2-phenyl-pyrimidine-4-carbonyl}-amino } - 3-(4-
phosphonomethyvl-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl ester;
4-J(8)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yi)-2-phenyi-pyrimidine-4-carbonyli]-amino } ~3-(4-

15 phosphonomethyl-phenyl)-propionyl]-piperazine-1-carboxylic acid butyl ester;
4-((R)-2-{]6-((S)-3-Methoxy-pyrrolidin- [ -y1}-2-phenyl-pyrimidine-4-carbonyl]-amino} -5-
phosphono-pentanovl)-piperazine-1-carboxylic acid butyl ester;
4-{{R)-2-[{6-Isopropvi-2-phenvl-pyrimidine-4-carbonyl}-amine]-3-phosphono-propionyl } -
piperazine-1-carboxylic acid butyl ester;

20 4-((R)-2-{]6-{3-Mcthoxymethyl-azetidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3~
phosphono-proptonyl}-piperazine-1-carboxylic acid buty! ester;
4-{{R)-2-{(6-Cyclopentyloxy-2-phenyl-pyrimiding-4-carbonyl)-aminoj-3-phosphono-
propionyl }-piperazine-1-carboxylic acid cthyl ester;
4-1(S)-2-{[6~((8)-3-Methoxy-pyrrolidin-1-yl}-2-phenyl-pyrimidine-4-carbony!}-amino } -3-(4-

25 phosphono-phenyl)-propionyl]-piperazine-1-carboxvlic acid ethyl ester;
4-[2-{[6-((S)-3-Methoxy-pyrrolidin-1-v1}-2-phenyl-pyrimidine-4-carbonyl |-amino } - 2-{4-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid ethyl ester;
4-[2-{[6-((S)-3-Methoxy-pyrrolidin-1-y1}-2-phenyl-pyrnimidine-4-carbonyl]-amino } -2-(4-

phosphono-phenyl)-acetyll-piperazine- 1 -carboxylic acid butyl ester;



WO 2009/069100PCT/1B2008/055002 - 47 - General preparation routes. A further aspect of the
invention is a process for the preparation of compounds of formula (I) (or formula ICE). Compounds of
formula (I) of the present invention can be prepared according to the general sequence of reactions
outlined in tWé}sztf’E%ﬁq%’é’(below wherein V, W. RI, R2, R3, 5Rt, R5, R6, R¥*RERE™X6%, m and q are
as defined for formula (I). The compounds obtained may also be converted into pharmaceutically
acceptable salts thereof in a manner known per se. In general, all chemical transformations can be
performed according to well-known standard methggdologies as described in the literature or as
described in the procedures below or in the 10experimental part. The various compounds of formula |

can be prepared §3{89-1ha SRNSLal FRURS- SYMITaHZed- 1y Sehemoe chexeafieimids 1-R23rl OH1 ' NO----7

R L ot phas - Bty pimcraite - cibbiyiie R G BNRA 1y S\NIA, (6H2).0
4-[2-{16-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimudine-4-carbonyl]-amino } -2-(3-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid butyl ester;

5 4-[2-{[6-((S)-3-Methoxy-pyrrolidin- [-yl)-2-phenyi-pyrimidine-4-carbonyl}-amino { -2-(2-
phosphono-phenyl}-acetyl]-piperazine- 1 -carboxylic acid butyl ester;
4-((R)-2~{[6-(4-Methyl-piperazin-1-y1}-2-phenyl-pyrimidine-4-carbonyl}-amino | -3-
phosphono-propionyl)-piperazine-1 -carboxylic acid butyl ester;
4-{(R)-2-[(6-Morpholin-4-y1-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-

10 propionyl}-piperazine-1-carboxylic acid butyl ester;
N, N’-Bis-{ethoxycarbonylmethyl)-3- {(S)—[G—((S}-3dncthoxy—pyrroiidin-l -y1}-2-phenyi-
pyrimidine-4-carbonyl]-amino } -4-oxo-4~(4-butoxy-carbonyl-piperazin-1-yl}-butyl-phosphonic
acid diamide;
4-((R)-3-(Bis-acetoxymethoxy-phosphoryl}-2-{[6-((S)-3-methoxy-pyrrolidin- 1 -y1)-2-phenyt-
15 pyrimidine-4-carbonylj-amino}-propionyl)-piperazine-1-carboxylic acid butyl ester;
4-((R)-3-(Bis-propionyloxymethoxy-phosphoryl}-2- {[6-((5)-3-methoxy-pyrrolidin-1-y[)-2-
phenyl-pyrimidine-4-carbonyl}-amino } -propionyl)-piperazine- 1 -carboxylic acid butyl ester;
4-((R)-3-(Bis-butyryloxymethoxy-phosphoryl)-2- {{6-((S}-3-methoxy-pyrrolidin-1-y[)-2-
phenyi-pyrimidine-4-carbonyl]-amine} -propionyl)-piperazine-1-carboxylic acid butyl ester;
20 N.N’-Bis-(ethoxycarbonylmethyl)-2- [ (R}-[6-((S)-3-methoxy-pyrrolidin-1 -yi)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox 0-3-(4-butoxy-carbonyl-piperazin-1-yh)-propyl-
phosphonic acid diamide;
N,N’-Bis-((8)-1-cthoxycarbonylethyl}-2- { (R }-[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-
pyrimidine-4-carbonyl]-amino} -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
25  phosphonic acid dianude;
N,N’-Bis-(methoxycarbonylmethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yi)-2-phenyl-
pyrimidine-4-carbonyli-amino}-3-o0x0-3-(4-butoxy-carbonyl-piperazin-1-yl}-propyl-
phosphonic acid diamide;
N,N’-Bis-((S)-1-methoxycarbonyl-2-methyl-propy-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-
30 yl)-2-phenyl-pyrimidine-4-carbonyl}-amino} -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl}-
propyl-phosphonic acid diamide;



,....\-)),0 RVIIRb Y (I)o (cH2)",(lo) \\ 0=P-00=P-OH 6H Scheme 1 WO
2009/069100PCT/1B2008/055002 - 48 - The compounds of formula ID can be prepared by treating the
compounds of formula 1l with HC1 optionally in the presence of water, in a suitable organic solvent
such as THEYEXY%He or Et20 and preferably at a temperature arourf&ﬁﬁ*f%?%ﬁ%?ﬁmethylsiIyI
bromide or trimethylsilyl iodide in a suitable solvent such as DCM or MeCN and preferably at a
Stemperature around RT. The compounds of formula IpDG (Rs and R8 0 OFT) can be prepared by the
reaction between a phosphonic acid of formula ID and an appropriate halide derivative of formula
X-(CHR®6)-0- C(=0)-R7, X-(CHR®6)-0-C(0)-0-R7, X-(CH2)-C(=0)-0-R9 or 3-bromophthalide, X being
chloride, bromide;oriadide,i . Hay it SRR R EABGMGHIn a 10
suitable sol%ﬁt gf&%%@%%ﬂ%ﬁ%?ﬁg&%% %){@E‘joﬁé;h??n%?ﬁg%%ﬁc% o% NEI/S) a)nd%re%grably ata
temperaturByE’é‘fW&?ﬁ%@rgﬂWB@@’%}téarﬁ’éﬂi;é@f gﬁ@%ﬁ%ﬁ&ﬁ’ﬁh@‘%‘frﬁﬁfpﬁhﬂ)ﬁm@@s and/or R8 0 OH)
can be preparephbyitheitehstiar:between a phosphonic acid of formula ID and an appropriate a-amino

acid alkyl et of opmla NHZ-(CHEINC(O) 0-RY of NHRCIGHA CALQROT ihe presence of a 15
suitable base (e.g. 3& and an activ. tl%g Xtu gﬁ’gf reagents such as a comblnailon of 2,2'- dipyridyl
disulfid® anehPPLIginidisuitasdosoNent such-axoahffybveus sprhand-amerprerd rabiyapdtemperature
of about 608xosphonic acid diamide;
N,N’-Bis-((S}-1-methoxycarbonyl-2,2-dimethyl-propy)-2- {{R)-[6-((S)-3-methoxy-pyirolidin-
1-yh-2-phenyl-pyrimidine-4-carbonyl]-amino} - 3-oxo-3-(4-butoxy-carbonyl-piperazin-1-yl)-
propyl-phosphonic acid diamide;
10 N N’-Bis-((S)-1-tert-butyloxycarbonviethyl)-2- {(R)-[6-(({S)-3-methoxy-pyrrolidin-1-yI}-2-
phenyl-pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
N,N’-Bis-((8)-1-methoxycarbonyl-2-phenyl-ethyl)-2- {(R)-[6-((5)-3-methoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino}-3-oxo0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
15 phosphonic acid diamide;
N,N’-Bis-({S)-methoxycarbonylphenylmethyl)-2- {{R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl J-amine } -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
N,N’-Bis-({$}-1-methoxyearbonylethyl)-2- { (R)-{6-({S}-3-methoxy-pyrrolidin-1-yI)-2-phenyl-
20 pyrimidine-4-carbonylj-amino}-3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
N.N'-Bis-(propyloxycarbonylmethyl)-2- {{R)-[6-((S)-3-methoxy-pyrrolidin- 1 -y1)-2-phenyl-
pyrimidine-4-carbonyl]-amino | -3-0x0-3-(4-butoxy-carbonyl-piperazin-1 -yl}-propyl-
phosphonic acid diamide;
25  N,N'-Bis-(isopropvioxycarbonyimethyi)-2- {(R)}-[6~((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyi-
pyrimidine-4-carbonyl]-amino}-3-oxo-3-(4-butoxy-carbonyl-piperazin-1-yI)-propyl-
phosphonic acid diamide;
N,N’-Bis-(2-cthoxycarbonyl-prop-2-y1)-2- {(R)-{6-((S)-3-methoxy-pyrrolidin-1-y1}-2-phenyl-
pyrimidine-4-carbonyl]-amino?-3-oxo-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
30 phosphonic acid diamide;



Alternatively, the compounds of formula limo (R5 and/or R8 0 OH) can be prepared by the reaction
between a phosphonic acid of formula ID and an appropriate alcohol of formula HO- 213
(CHR6)-C(:0%O-R9, HO-CH2-(CF12)g-OH, phenol, benzyl alcohol, 4-hydroxymethy1-5-
methyl-[1,3]‘5| %8?9@-%)3%0, 2-hydroxybenzyl alcohol being unsubstitued or Sub ﬁm%/gsgw%he phenyl
ring, 2-aminobenzyl alcohol being unsubstitued or substituted on the phenyl ring in the presence of a
condensing reagent (e.g. PyBOP) and a suitable base (e.g. NEt3, DIPEA) in a suitable solvent such as
DMF and preferably at a temperature between RTsand 45C. 25Alternatively, when Rs represents
phenyloxy and R8 represents a group of formula NH- (CHRI0)-C(---0)-0-R9 or

NH-C(CH3)7+®(-0)®rRActthe yespestive campeunts:ahdormola iR BG Larbepreparkaiin a three-step
procedure s [)tciglg fr%m the.reSé) cti egﬁ?s honic acid oflformula.ID'l V\/(B lic.acid butvl
2009/069 180 R Y 3BUHBITEE 05 48 A S e RS e S v \6ifis 4 Bienol in the
presence ofs&econdensing reagent (e.g. PyBOP) and a suitable base (e.g. NEt3, DIPEA) in a suitable
solvent such@g) RN and RIR iGNl AdRMRES ﬂ&%ﬁoﬁ)ﬁ%‘ﬁe—e}i'_él-ﬁér}%ﬂﬂlc‘%ﬁ%yp?r?olﬂi%lf’-o”ification

a 0

reaction is performed using standard conditions such as )H in a mixture 50f water and a suitable
organic solvert BERH 4y ResH o egmdhaIakyP P A BOUPING Faschsir s péitarifédWith an
appropriate:@=amino acid alkyl ester of formula NH2-(CHRI)-C(-0)-0-R9 or NH2-C(CH3)1-C(=0)-0-R9
in the presen suitable base (e.q..NEt3) and an activatj ] f reagents sych as a
combinatioy D G A E R e B e B an
preferably dtd)10pbempkraniredoicaboubetd]-memativelpnwherREreplesartsyhydeakyuarid RS
represents ggroup -0-(CH2)-0-C(=0)-R9, the compounds of formula Ipoc, can be prepared in a
two-step procedure starting from the respective phosphanic acid of formula ID: I. a coupling reaction is
perforhed AR e By PP ESamEEsi g BiREaBR D AsE (& (6 5 REES AR Hetivating
mixture of reagenthsuchamadiombiadiion bhidi2e pipyhtyldisifiide and -PRh3 ihassidtablé solvent
such as angéégrr,ous pyridine and preferably at a temperature of about 60C to give the mono-benzylated

intermediate; ahd 2. a substitution reaction is performed with an appropriate halide derivative of
formula X-(EHR)-DIB(=0)ctizdoxy traheg dporideotiaphidehorib didd o thé-présencavad dnitable base
20 (e.g. NEf3,1PIREAy PSMkiRa suliabiasaMant sHahas 1M MME 0nMR L a6l Breferably at a

temperature between 45 and 90C. The benzyl cleavage occured simultaneously. Preparation of the
variou]sssyn‘?ﬂé%is intermediates: Preparation of the compounds offormulct I The compounds of

formula Il cari(ke piepared ausinglthe cotitesisuyrstiatiy pdhics@ehdine Jad)2ZbGetherye 2a hereafter.
WO 2009/01%%1591 Elgl]-)ﬂ]5%{91%%4/9—?3?{%%%&%-4~carb0ny1]~amin0}mpl‘opionyl)—piperazine-] -carboxylic
acid butyl ester;
4-((R)-3-[Bis-(1-cyvclohexyloxycarbonyvloxy-cthoxy}-phosphoryl]-2- {[6-({S)-3-methoxy-
20 pyrmrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxyiic
acid butyl ester;
4-((R)-3-(Diphenoxy-phosphoryl}-2- {{6-((S)-3-methoxy-pyrrolidin-1-yh-2-phenyi-
pyrimidine-4-carbonyl]-amino } -propionyl}-piperazine-1-carboxylic acid butyl ester;
4-((R)-3-[Bis~(5-methyl-2-0x0-[ 1,3}dioxol-4-yimethoxy }-phosphoryl}-2- {[6-({S}-3-methoxy-
25 pyrrolidin-1-yI)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid butyl ester;
4-[(R)-2- {[6-((S)-3-Methoxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -3-(2-
oxo-4H-24"-benzo[1,3,2]dioxaphosphinin-2-yl)-propionyl]-piperazine- 1 -carboxylic acid butyl

ester;
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4-1(R)-2-{{6-{(S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(2-
oxo-1,4-dihydro-2H-2A"-benzo[d][1.3,2]oxazaphosphinin-2-y1)-propionyl]-piperazine-1-
carboxylic acid buty! ester;
4-1 (R)-2- {[6-((S)-3-Methoxv-pyrrolidin-1-v1)-2-phenyl-pyrimidine-4-carbonyl }-amino} -3-(8-
5  methyl-2-oxo0-1,4-dihydro-2H-22"-benzo[d][ 1.3,2}oxazaphosphinin-2-yl)-propionyl]-
piperazine- 1 -carboxylic acid butyl ester;
4-({R}-3-[Bis-(3-oxo-1,3-dihydro-isobenzofiran-1-yloxy)-phosphoryt]-2- {[6-((S)-3-methoxy-
pyrrelidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid butyl ester;

10 4-((R)-3-(Bis-cthoxycarbonylmethoxy-phosphoryi)-2- {[6-((8)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino }-propionyl)-piperazine-1 -carboxylic acid butyl ester;
4-((R3-3-[Bis-{{5)-1 -ethoxycarbonyl-cthoxy}-phosphoryl]-2- {[6-((8)-3-methoxy-pyrrolidin-1-
y1)-2-phenyl-pyrimidine-4-carbonyl}-aminoc b -propionv])-piperazine-1-carboxylic acid batyl
ester;

15 N-[(§})-1-Ethoxycarbonyl-ethyI}-O-phenyl-2- {(R)-[6-({ S)-3-methexy-pyrrolidin- 1 -y1}-2-
phenyl-pyrimidine-4-carbonyl]-amine } -3-0xo-3-(4-butoxy-carbonyl-piperazin-I -yh)-propyl-
phosphoric acid amide;
4-{(R)-2-{[6-(({S)-3-Methoxy-pyrrolidin-1-yl}-2-phenyl-pyrimidine-4-carbonyl]-amino} -3-(2-
ox0-22"-1,3.2]dioxaphosphinan-2-y1)-propionyl]-piperazine-1 -carboxylic acid butyl ester;

20 4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yI}-2-phenyl-pyrimidine-4-carbonyl}-amino} -3-(8-
methyl-2-oxo-4H-24°-benzo[1,3,2]dioxaphosphinin-2-y1)-propionyl]-piperazine- 1 -carboxylic
acid butyl ester;
4-((R)-3-(&-Isopropyl-2-oxo-4H-21 -benzo[ 1,32 ]dioxaphosphinin-2-y1)-2- { [6-((S)-3-
methoxy-pyrrolidin-1-yl}-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-

25  carboxylic acid butyl ester;
4-((R)-3-(8-Methoxy-2-0x0-1,4-dihydro-2H-2)"-benzo{d][ 1 3,2 Joxazaphosphinin-2-yl}-2-{ [6-
((S3-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-aminoc } -propionyl}j-

piperazine- 1 ~carboxylic acid butyl ester;



0 HN Rav,,,Nl,,,---..NARi i N O N )( C(1-2) 61H2n: ....\ RV b\\ 0 t-Ck_ (Il) 0 Scheme 2 The compound
of formula V can be obtained (Scheme 2) by coupling a compound of formula 11l with a compound of
formula IV using standard peptide coupling methods such as PyBOP, in the presence of a suitable
base such a¥REPEMSEA or N-methylmorpholine and in a suitable so|v8ﬁ?§ﬁ%‘F?%%”%9?3M, THE or
DMF, preferably at a temperature around RT. 5 The resulting intermediate of formula V can then be
converted into a compound of formula Il wherein W is --NR3- by aromatic substitution reaction with an
amine of formula HNR2R3 optionally in the presenge of a suitable base such as NEt3, DIPEA or
N-methylmorpholine, the reaction being carried out in a suitable solvent such as DCM, THE, MeCN or

DMF and piefgrably Hesween RToandi 798010 -Thenstieryediaie af-foomita-canaige)e converted
into a compound of formula Ii \% erEin w is -0- by aromalic gubstit tion reaction with.an alcohol of
formula R2BEH AR BPESHh e S aPd i pE B E R RS N AH RS IS BN Calned out in a

ase’suc
suitable sokwehtsuchrad MedkkiFHE, MeCN or DMF and preferably around RT. The intermediate of

formula V cap fyrtherm 0 IS 2rgQraPaUR iz dl1hwhersin Wi.is a bond, using a
reagent of %Qﬁﬂ%@%’%@%& F?%%%\gggﬁ@dr?g%g%@)?zﬁg%%ﬁ%ndard%n itioar?/é for a Suzuki

reactiof, i FrefEragatRIAY LeBBPE HB AN Bh SR AR 2T st TP $5008/055002 - 51 -

derivative R2qB(QR)2 épihe prRsensenokasuitableyDase such) asicBRQ4 0 bERACOS))in-the presence
of a suitable aII?dium.gat%lI‘ys uch, as tetrakis(tri hos e ium.

I cny -pyvoimidin -o:[ %o. lami o(?— LopL nhﬁrul ég)cram Q—I ne Pbablgca?: C@E)uwl cster;
tris(dibenz Bnehld onef |pa°1fad[|l&7 , opll na 3r/’|n¥ resence of a suitable ligand such as
triphenylpheésphiiie(His-acsuitabletisoivehbspichyas2dbxéive- dmetolvenerRidknrhixthrepfendl-

pyrimidine-4-carbonyl}-amino} -propionyl)-piperazine- I -carboxylic acid ethyl ester;

10 4-((S)-3-(Bis-butyryloxymethoxy-phosphoryi)-2- {[6-((5)-3-methoxy-pyrrolidin-1-yl})-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propionyl}-piperazine-1-carboxylic acid ethyl ester;
N, N’-Bis-({(S)-1-ethoxycarbonylethyl)-2- {(S)-[6-({S)-3-methoxy-pyrrolidin-1-yl}-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-¢thoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

15 4-({S)-3-(Bis-ethoxvearbonyloxymethoxy-phosphoryl)-2- {[6-({S)-3-methoxy-pyrrolidin-1-y1}-
2-phenyl-pyrimidine-4-carbonyl}-amino} -propionyl)-piperazine-1-carboxylic acid ethyl ester;
4-({R)-3-(Bis-acetoxymethoxy-phosphoryl)-2- {[6-((S)- 3-methoxy-pyrrolidin-1-y1)-2-phenyl-
pyrimidine-4-carbonyl}-amino } -propiony!}-piperazine-1-carboxylic acid ethyl ester;
4-{(R)-3-(Bis-butyryloxymethoxy-phosphoryl)-2-4{6-((S)-3-methoxy-pyrrolidin- [ -y1)-2-

20 phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine- 1 -carboxylic acid ethyi ester;
N,N’-Bis-({S)-1-ethoxycarbonylethyl}-2- {(R)-[6-((8)-3-methoxy-pyrrolidin-1-yD)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-cthoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- {[6-((S)-3-methoxy-pyrrolidin-1-

25 yl)-2-phenyl-pyrimidine-4-carbonyl}-amine }-propionyl)-piperazine- 1 -carboxylic acid ethyl
ester;
4-((S)-3~[4-(Bis-butyryloxymethoxy-phosphoryl}-phenyl}-2- {[6-((5)-3-methoxy-pyrrolidin-1-
y1)-2-phenyl-pyrimidine-4-carbonylj-amino }-propiony}-piperazine- 1 -carboxylic acid ethyl

esfer;



5 preferably heating between 80C and 100C. Besides, the intermediate of formula V can also be
converted into a compound of formula 1l wherein W is a bond, using a reagent of formula R2-SnBu3,
using standard conditions for a Stille reaction, and preferably using a tributylstannane derivative
R2-SnBu3 iNé%ptasdiile of a suitable catalyst such as tetrakis(triphenyfiSHI&3 & p&fadium in a
suitable solvent such as toluene, and preferably 10 heating at about 110C. Alternatively, the
intermediate of formula V can also be converted into a compound of formula Il wherein W is a bond,
using a magnesium derivative of formula R2-MgBr4in the presence of a suitable iron catalyst such as
iron(Imacetylacetonate, in a suitable solvent such as THF and at a temperature preferably around RI

(see Firsingrot. ealsf A Cem: ok (2092) EARER 93803 SAGToRiNeh ey Rlgymediate of
u

formula V can also be converted in a two step procedure into a compound of formula Il wherein W is a
bond, usingﬂmgbwﬁf‘rﬁawﬁuréfﬁ@@k:%-éw-@@-gaﬁﬂg%%ﬂlﬁbﬁ%ﬁaa%g&aﬁw&%ﬁ&hions for a
Sonogashinsheegiation zdndiprefierably using an alkync derivative R-C.CH in the presence of a suitable
base such gs NEt?,, in.the presence of a suitable palladium catalyst-such as his-(triphenylphosphine)
pauadium(&?(-@&igél aﬁé%‘,siﬁtg%yﬁ% B?Oié’éf ?5%?’?5%%%%%8’@ppf?e%%@ta;@:@c_E' %ﬁ%ﬁ‘fﬁﬁem iodide, in
a suitable sefvshitsuth s DVElayaatdRT-dreatserbriadte p el obtaiABg ATBerMediafE din be

converted iptgaworpeund of formula Il by reducing the triple bond to the single bond in the presence
of a suitable catalyst such as Raney Nickel, in a suitable solvent sych as MeOH, at a femperature
Ao I0Rt

preferably aFOHil B P ATHoRa Juh Qb SsRerEc SRty PIB9BB/B5602 NH2 i+
(RF12)n \IOi{ @N2xmlici{V 3 0mPed, anay . R20Hhstd (Y- kit KSAchidizniteciRi”,

as well as the salts (in particular pharmaceutically acceptable salts) thereof.

10 537) A further object of the invention is the compounds of formula I (or of formula Ics) as
defined in one of embodiments 1) to 56) above, or their pharmaceutically acceptable salts, as

medicaments.

The compounds of formula 1 and their pharmacemtically acceptable salts can be used as
medicaments, c¢.g. in the form of pharmaceutical compositions for enteral or parental

15 administration,

58) The invention thus also relates to pharmaceutical compositions containing at least one
compound according to one of embodiments 1) to 56) above, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier, diluent or excipient. In particular, the
invention relates to pharmaceutical compositions containing at least one compound of formula
20 T (or of formula Icx) and one or more pharmaceutically acceptable carriers, diluents or

excipients.

The production of the pharmaceutical compositions can be effected in a manner which will be
familiar to any person skilled in the art (see for example Remington, The Science and Practice
of Pharmacy, 21st Edition (2005), Part 5, “Pharmaceutical Manufacturing” {published by
25  Lippincott Williams & Wilkins]) by bringing the described compounds of formula 1 or their
pharmaceutically acceptable salts, optionally in combination with other therapeutically

valuable substances, into a galenical administration form together with suitable, non-toxic,



(eHom(ll) 0\ 0=P-0 6\\ Scheme 2a Alternatively, the compounds of formula Il can be prepared as
described in Scheme 2a by coupling a compound of formula 11l with a compound of formula VI using
standard peptide coupling methods such as PyBOP, HOBT, EDCI hydrochloride,
1,3-dicycloh®/iarietfifthide, HAW, optionally in the presence of a suitaBle #3808 eHts 5 NEt3,
D1PEA or N-methylmorpholine and in a suitable solvent such as DCM, THF or DMF, preferably at a
temperature around RT. Preparation of the compounds offOnnula 11l The compounds of formula 11l
wherein n is I, V represents a bond and m is 0 can,ge prepared using the route summarized in
Scheme 3 hereafter. 0 HOH9 H 00 Th< Th< OHO<H'N(Th<\ 00,00,) 0 9 H R\JJNo) Thir)c 0

inert, therapeutically compatible solid or liquid carrier materials and, if desired, uvsual

pharmaceutical adjuvants.

59) The compounds according to formula I as defined in embodiments 1) to 56) above and the
pharmaceuticaliy acceptable salts thercof may be used for the preparation of a medicament,

5  and are suitable:

++ for the treatment or prophvlaxis of diseases including stable angina, unstable angina,
myvocardial infarction, embolism (including complications of atherosclerosis, notably

embolic stroke), arterial thrombosis (including primary arterial thrombotic complications

of atheroscierosis, notably thrombotic stroke), venous thrombosis (notably deep vein

10 thrombosis), thrombosis secondary to vascular damage or to inflammation {including
vasculitis, arteritis and glomerulonephritis), venoocclusive diseases, transient ischaemic

attacks, peripheral vascular diseases, myocardial infarction with or without thrombolysis,
myeloproliferative discase, thrombocythaemia, sickle cell disease, inflammatory bowel

discase, thrombotic thrombocytopaenic purpura, haemolytic uraemic syndrome;

15 <+ for preventing thrombotic complications of scpticacnua, adult respiratory distress
syndrome, anti-phospholipid syndrome, heparin-induced thrombocytopaenia and pre-

cclampsia/eclampsia;

s for preventing cardiovascular complications after certain surgery procedures (notably
coronary revascularisation like angioplasty (PTCA), other vascular graft surgery,
20 endarterectomy or stent placement) or after accidental trauma;

7

<+ for preventing organ graft rejection.

60) Therefore, a particular object of this invention is the use of a compound of formula I (or of
formula Icp) as defined in one of embodiments 1) to 56) above, or of a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for the uses listed in embodiment
25 59) above, and for the manufacture of a medicament for the treatment of occlusive vascalar

disorders in gencral.

61) More generally, the invention relates to the use of a compound of formuia 1 (or of

formula Icp) as defined in one of embodiments 13 fo 56) above, or of a pharmaceutically



ObRb (VII) Scheme 3 WO 2009/069100PCT/1B2008/055002 - 53 - at reflux) followed by a
saponification reaction using standard conditions such as NaOH or LIOH in a mixture of water and a
suitable organic solvent such as THF, MeOH or EtOH; finally the obtained acid intermediate is coupled
with a compBBd8Rf8HMula VII using standard peptide coupling method€ SHERALHHELY described for
the synthesis of compounds of 5formula 1l (see Scheme 2a). The compounds of formula Il can then
be obtained by standard acidic conditions for the removal of a Boc group that are well known to one
skilled in the art. The compounds of formula Ill whegein n is 2, V represents a bond and m is O can be
prepared using the route summarized in Scheme 3a hereafter. OPH HO--C---NH2HONYO OHOH OH

,0°1r -0 Bﬁcceptabi_e salt thereof, for the manufacture of a medicament for the treatment and/or
prevention of occlusive vascular disorders as well as to the use of a compound of formula I (or
of formula Icg) for the manufacture of a medicament for the treatment and/or prevention of
peripheral vascular, of visceral-, hepatic- and renal-vascular, of cardiovascular and of

5  cerebrovascular diseases or conditions associated with platelet aggregation, including

thrombosis in humans and other mammals.

62) Among the above-mentioned uses of compounds of formula I {(or of formula Icg) or of
pharmaceutically acceptable salts thereof for the manufacture of medicaments according to
embodiment 59) above, the uses for manufacturing medicaments for the treatment or
10 prophylaxis of myocardial infarction, arterial thrombosis (notably thrombotic stroke), transient

ischaemic attacks, peripheral vascular discase and stable and unstable angina will be preferred.

63) The invention further refates to the use of a compound of formula I {or of formula Icg)
according to one of embodiments 1) to 56) above, or of a pharmaceutically acceptable salt
thereof, for the preservation of blood produets in vitro (e.g. the preservation of platelet
15  concentrates), or for the prevention of occlusion in extra-corporeal blood or bloed product

treatment machines (such as renal dialysis machines or plasmapheresis machines).

64) The invention also rclates to methods of treatment for the disorders mentioned in
embodiment 59) above, said methods comprising the administration to a patient in need
thereof of an effective amount of a compound of formula T (or of formula Icx) according to

20 one of embodiments 1) to 56}, or of a pharmaceutically acceptable salt of such a compound.

Any reference to a compound of formula 1, Ics, Ip, Icee, IsTi, Ist2, fep oI Ipppg in this textis to
be understood as referring also to the salts (and especially the pharmaceutically acceptable
salts) of such compounds, as appropriate and expedient. The preferences indicated for the
compounds of formula I of course apply mutatis mutandis to the compounds of formula Icg,
25  the compounds of formula Ip, the compounds of formula Icap, the compounds of formula Iy,
the compounds of formuia Isrs, the compounds of formula Isyy and the compounds of formula
Tr.rnc, as well as to the salts and pharmaceutically acceptable salts of the compounds of

formula I, of formuia Icg, of formula Is, of formula Icge, of formula Igr, of formula Igr, of



9 H-.-C--r10 H47-, - N1(0,---1Ha--L0"."--..k.,,,- OCKN .p., 0- 00- 0 C1-..
K 0" 0(ll)

10

20

WO 2608/069100

Scheme 3a R\INHrRb 00,

PCT/AB2008/455002

- 45 -

formula Ipp or of formula Ts ppe. The same applies to these compounds as medicaments, {o

pharmaceutical compositions containing these compounds as active principles or to the uses of

these compounds for the manufacture of a medicament for the treatment of the diseases

according to this invention.

PREPARATION OF THE COMPOUNDS OF FORMULA 1

Abbreviations:

The following abbreviations are used throughout the specification and the exampies:

Ac
anh.

aq.

Boc

br.

Chz
CcC
¢Hex
cone.
Crcmophm&EL®
0AY
DCC
DCM
DCMC
DIPEA
DME
DMF
DMPU
EA
EDCI

acetyl

anhydrous

aqueous

tert-butoxycarbonyl

broad

benzvloxycarbonyl

column chromatography

cvclohexane

concentrated

compound with the Chemical Abstracts registry No. 61791-12-6
column volume

1,3-dicyclohexyicarbodiimide

dichloromethane

N, N'-dicyclohexyi-4-morpholinecarboxamidine
diisopropylethylamine

1,2-dimethoxyethane

NN-dimethylformamide

NN -dimethylpropylencursa

ethyl acetate
N-{3-dimethylaminopropyl)-N"-ethylcarbodiimide



L-Homoserine or D-homoserine is first protected on the nitrogen atom with a Z group using 10
standard conditions known to one skilled in the art. The dicyclohexylamine salt of the obtained
molecule is prepared and the methyl ester is formed using Mel in DMF at a temperature around RT.
The hydroxy*8ret514%hen substituted by a bromide using standard coRGitiBFLERIUE PPh3 and
CBr4, in a suitable solvent such as DCM, preferably between OC and RT. The next three steps leading
to the compounds of formula IX are performed using 15conditions such as those already described for
the synthesis of the compounds of formula VIII W&, 2009/069100PCT/IB2008/055002 - 54 - (see
Scheme 3). The compounds of formula IIl can then be obtained by cleaving the Z protecting group
using standard conditions kno%{l}pa%g skilled in the art (e.g. hydrogenation with Pd/C in EtOH).

The compounds of formula 111 wherein nis 0, V represents a bond and m is 0 can be prepared
5using the FSute summarized ifSEheme 3b hereafter. hNH N Rb (Vi) OHN4N)o-P.0(1"00

Fmoc 9F-fluoren-9-yimethoxycarbonyl
HATU 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
5 hexafluorophosphate
Hept heptane
Hex hexane
HOBT 1-hydroxybenzotriazole
Hse L-homoserine
10 HV high vacuum
LC-MS Liquid Chromatography - Mass Spectrometry
MCPBA meta-chloroperbenzoic acid
Me methyl
n-Bul.i r-butyl lithium
15 NMP N-methylpyrrolidone
org. organic
Pd/C palladium on carbon
PEG400 polvethylene glycol with a molecular weight of 400 g/mol
PG polypropylens glycol
20 Ph phenyl
PyBOP benzotriazole- 1-yi-oxy-tris-pyrrolidino-phosphonium
hexaftuorophosphate
RT room temperature
sat. saturated
25 TEA triethylamine
TFA trifluoroacetic acid
THF tetrahydrofuran
TLC thin layer chromatography
tr retention time

0 Z benzyloxycarbonyl



(X) Scheme 3b The compounds of formula X can be obtained in two steps starting from commercially
available (&)-Z-a-phosphonoglycine trimethyl ester: a saponification reaction is performed using
standard conditions such as NaOH or LiOH in a mixture of water and a suitable organic solvent such
as THF, MeBi? 8?2151 %¢he obtained acid intermediate is coupled with a ¥8TEBHASBERA%T formula VII
using standard peptide coupling methods such as those described for the synthesis of compounds of
formula Il (see Scheme 2a). The compounds of formula 111 can then be obtained by standard
conditions for the removal of a Z group that are wellknown to one skilled in the art (e.g. hydrogenation
with Pd/C in EtOH) The compounds of formula Il wherein nis 3, V represents a bond and m is 0

rther aqpect of the invention is a ploce‘;s for the preparation of compounds of formula (1)
{or formula Icp). Compounds of formula (1) of the present invention can be prepared according
to the general sequence of reactions outlined in the schemes below wheremn V, W, R! R%E R,
5 RURLROR, RY, R”. R n, m and q are as defined for formuta (1). The compounds obtained
may also be converted into pharmaceutically acceptable salts thereof in a manner known per
se.
In general, all chemical transformations can be performed according to well-known standard
methodologies as described in the literature or as described in the procedures below or in the

10 experimental part,

The various compounds of formula T can be prepared using the general routes summarized in

Scheme | hereafter,

2 2
W'R W R
O H N O H S N
R4 N | . RA L
) F\/\N)K( N)\R1 r,\JN)H/N ; N/LR1
RN (CH2O R4 N CH
\.\Rb n Y \‘\Rb { \VZ)n
|
(CH,) (1 (GHa) (Io)
O=p-0 O=P-OH
O\__ OH
|
\ 2
wR
H [N

Scheme 1



OHOH Scheme 3c Cbz-(L)-Glu-OMe or Cbhz-(D)-Glu-OMe can be reduced to the respective alcohol
by transforming the acid to a mixed anhydride using, for instance, a chloroformate reagent, in the
presence of a suitable base such as N-methylmorpholine, in a suitable solvent such as THF, and
preferably at"Sb8t/44%5€%and subsequent reduction of the mixed anhydri§& Witi%4%&i4ie 5 reducing
agent such as NaBH4 in presence of MeOH, at a temperature around -15C. The hydroxy function can
be substituted by iodide using standard conditions such as imidazole, PPh; and 12, in a suitable
solvent such as THF, preferably between 0C and_Rd.. The next three steps leading to the compounds
of formula Xl can be performed using conditions such as those already described for the synthesis of

the compouigs.of fRrmua Milkkseer Sehe g, Rpalheplacompannds-ffarmuaii-aan theribe obtained
by standard conditions for the removal of a Cbz group that are well known to g}ne sﬁggd in the art (e.g

hydrogenatidn WRHBHIE 1 eoreR%e doRiiBulitd SEfAPR LT G/RAYPEH 1€ rdbrdgénts phenyi
and mis O dandie pré&Epdreddusisigribe routespamatizechnd BthenvetBdrinerdaftdy] Mé@ide or

2009/0691008GI/ABA0QGA93002 228 O HRA- AR o~ K5 preferavly at

5 temperature around RT.

The compounds of formula Ippg (R and R® # OH) can be prepared by the reaction between a
phosphonic acid of formula I and an appropriate halide derivative of formula X-(CHR®)-0-
C(=0}-R’, X-(CHR%-O-C(=0)-0-R”, X-(CH,)-C(=0)-0-R” or 3-bromophthalide, X being
chioride, bromide or iodide, in the presence of a suitable base (¢.g. NEt;, DIPEA, DCMC) ina
10 suitable solvent such as DMF, NMP or DMPU, optionally in the presence of Nal and

preferably at a temperatare between 45 and 90°C.

Alternatively, the compounds of formula Ieng (R® and/or R® # OH) can be prepared by the
reaction between a phosphonic acid of formula Ip and an appropriate o-amino acid alkyl ester
of formula NH,-(CHR'%-C(=0)-0-R® or NHp-C(CH;),-C(=0)-0O-R’ in the presence of a
15 suitable base (e.g. NEt;) and an activating mixture of reagents such as a combination of 2,2'-
dipyridyl disulfide and PPh; in a suitable solveat such as anhydrous pyridine and preferably at

a temperature of about 60°C.

Alternatively, the compounds of formula Irne (R* and/or R* # OH) can be prepared by the
reaction between a phosphonic acid of formula Ip and an appropriate alcohol of formula HO-
20 (CHRH-C(=0)-0-R’, HO-CHo-(CH;)-OH, phenol, benzy! alcohol, 4-hydroxymethyl-5-
methyl-[1,3]dioxol-2-one, 2-hydroxybenzyl alcohol being unsubstitued or substituted on the
phenyl ring, 2-aminobenzyl alcohol being unsubstitued or substituted on the phenyl ring in the
presence of a condensing reagent (e.g. PyBOP) and a suitable base (e.g. NEt:, DIPEA) in a

suitable solvent such as DMF and preferably at a temperature between RT and 45°C,

25 Alternatively, when R® represents phenyloxy and R represents a group of formula NH-
(CHR'®)-C(=0)-0-R’ or NH-C(CH,),-C(=0)-0-R®, the respective compounds of formula Ippe
can be prepared in a three-step procedure starting from the respective phosphonic acid of

formula In:



(xi Scheme 3d The Boc protected (L)-iodophenylalanine derivatives, if not commercially available, can
be prepared starting from the (L)-iodophenylalanine compounds using standard conditions known to
one skilled in the art. The acid function of the Boe protected (L)-iodophenylalanine derivatives can first
be protected™$2BHAHBH of an ethyl ester using standard conditions 5 kREWHPRIBAEETIed in the art.
The compounds thus obtained can then be converted into the diethyl phosphonate derivatives using
diethyl phosphite, in the presence of a suitable base such as Nfit3, in the presence of a suitable
palladium catalyst such as Pd(PP113)4, in a suitahle. solvent such as MeCN or toluene, and preferably
heating around reflux temperature. The next three steps leading to the compounds of formula Ill can

be performed, L@E&Q1&@?1%&%%%%3%3%19%%@@@%%%%@@& farthsngynthesis.efiihe compounds

of formula Ill in Scheme 3. The compounds of formula 11l wherein nis 1, V representMphen&/I and m is

1 can be prePRrd d&ing ﬁﬁé%ﬁtléa%mr%ah%ﬁ RIBEAS e Bavableanly syt as D
2009/0691@;@8@53@&29%@&5@@@2&&7¢e1ﬁ0mm46mty available 3- [4-(di

ethoxy-pho phor me hen S 914 flulgreng et P nic acid is
coupled wit 8¢ r(ﬁl)oun orfe SPmu(”%?zrusﬁ(él?taﬁcjtd %é%tl %?%%lrhaﬁrln%gn%nz\t%sl sé l}%Ell%hose

described fof treespniticsisablecompuntisisioiiaRsPides SehEmEl 2apliThe Fmoc group is cleaved
during the work Up.af the campling.orsactionHsing.safrated RaueisNaaGP3:a0lutianhus offering

the compound of formula Ill. The Eg:oonunds of formula 11l wherein n is O, epresentslghenyl and m

is 0 can be g4l UsiHg P& rBut® stithrhdriHet n(Seiétiie 3t s GAFREPCBIDBIGHEPRINZE1" HONN

0-,... 000 \(Q.g.PIQ:Etg) 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

10 temperature of about 60°C.

Alternatively, when R’ represents hydroxy and R represents a group ~O-(CH,)-0-C(=0)-R’,

the compounds of formula Ippe can be prepared in a two-step procedure starting from the

respective phosphonic acid of formula In:

1. a coupling reaction is performed with benzyl alcohol in the presence of a suitable base (e.g.
15 NEt;) and an activating mixture of reagents such as a combination of 2,2-dipyridyl disulfide

and PPhs in a suitable solvent such as anhydrous pyridine and preferably at a temperature of

about 60°C to give the mono-benzylated intermediate; and

2. a substifution reaction Is performed with an appropriate halide derivative of formula

X~(CH2)-0-C(=0)-R’, X being chloride, bromide or iodide, in the presence of a suitable base
20 (e.g. NEt;, DIPEA, DCMC) in a suitable solvent such as DMF, NMP or DMPU and preferably

at a temperature between 45 and 90°C. The benzyl cleavage occured simultaneously.

Preparation of the compounds of formula IT

The compounds of formula I1 can be prepared using the routes summarized in Scheme 2 and

25  Scheme 24 hercafter.



0'0 The compounds of formula Il can be prepared in six steps starting from the commercially
available DL-bromo-phenylglycines using conditions such as those already described for the 10
synthesis of the compounds of formula Il in Scheme 3d. Preparation of the compounds offormula IV
The compodffad¥Psfidia IV can be prepared using the route described®VR3OYHEL14774 (see
general preparation routes, preparation of the compounds of formula IV, Scheme 4a). Preparation of
the compounds of:formula VI 15 The compounds of formula VI can be prepared using the reaction
shown in Scheme 4 hereafter. WO 2009/069100P£,T/1132008/055002 - 58 - 11 H ("X O H N R10 00
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The compound of formula V can be obtained (Scheme 2) by coupling a compound of
formula TII with a compound of formula TV using standard peptide coupling methods such as
PyBOP, in the presence of 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.

5  The resulting intermediate of formula V can then be converted inte a compound of formuia 11
wherein W is -NR’- by aromatic substitution reaction with an amine of formula HNRR’
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 DCM, THF, MeCN or DMF and
preferably between RT and 70°C.

10 The intermediate of formula V can also be converted inte a compound of formula IT wherein
W is —O- by aromatic substitation reaction with an alcohol of formula R*OH in the presence of
a suitable base such as NaH, the reaction being carried out in a suitable solvent such as

MeOH, THF, MeCN or DMF and preferably around RT.

The intermediate of formula V can furthermore be converted nto a compound of formula I
15  wherein W is a bond, using a reagent of formula R*-B(OR),, R being hydrogen or alkyl, using

standard conditions for a Suzuki reaction, and preferably using a boronic acid or ester



Scheme 4 The intermediate of formula IV can be converted into a compound of formula VI wherein W
is a bond, using a reagent of formula R2-B(OR)2, R being hydrogen or alkyl, using standard conditions
for a Suzuki reaction such as those described for the synthesis of compounds of formula Il wherein W

is a bond (sgvé)gg??é%f)é%. Alternatively, the intermediate of formula IV 5 a8 e ed into a

compound of formula VI wherein W is -NR3- by aromatic substitution reaction with an amine of formula
HNR2R3 using conditions such as those described for the synthesis of compounds of formula Il

wherein W is -NR3- (see Scheme 2). Preparation-af the compounds offbrmula VIl The compounds of
formula VIl can be prepared using the route described in WO 2006/114774 10(see general preparation

routes, pregaiation:of g crMpeURdseifarmeta luaghemas SwrndSE).reqricHacemhodiments of the

invention are described in the follgwing Examples, which serve to jllustrate t%ei ventjon in more detail
without RIS e TR W AN LS oh R VLB e VMR LR e: The
NMR specthas@érenmbasuredior dindb itz BruckdlyAvahcerchtred @-MSitetentiomdimek frave been

obtained U%l%éﬁﬁﬁ%%iﬁ'& elutoneandiians: WQ 2009/062100B G TiRaRASIPIRANR.: 3Ry LC-MS

(A): A Zorbaé%r) column _(Aqtl)leent SB.Ag 5prn, 4.6x50mm) was used. The two elution solvents were as
follows? solgEHEAPL Wedrs26teaon FEA 288IVEMB Bepfsonh e enseitt sl rard t a5 #i/min and
the characte¢istigsatdne:e ing nixise Rrapotionhfunction obihe time tirespestast ffitha-clution are
summarizedn, the table below g? Iénear (%radien 5beir§gt.ﬂsed between two c?nsgf:utivg time points): t
(n) 0114 % Uz, Using standlard conditions Iior a e reaction, and prelicrably using a
tributylstannane derivative R*-SnBu; in the presence of a suitable catalyst such as
tetrakis(triphenylphosphine)palladium in a suitable solvent such as toluene, and preferably
10 heating at about 110°C. Alternatively, the intermediate of formula V can also be converted
into a compound of formula 11 wherein W is a bond, using a magnesium derivative of formula
R*-MgBr, in the presence of a suitable iron catalyst such as iron(Ill)acetylacetonate, in a
suitable solvent such as THF and at a temperature preferably around RT (see Fiirstner A, et al.

in J. Am. Chem. Soc. (2002), 13856-13863).

15 Alternatively, the intermediate of formula V can also be converted in a two step procedure into
a compound of formula 11 wherein W is a bond, using a reagent of formula R-C=CH (Rz
equals RCH,CH,), using standard conditions for a Sonogashira reaction, and preferably using
an alkyne derivative R-C=CH in the presence of a suitable base such as NEt;, in the presence
of a suitable paliadium catalyst such as bis-{triphenylphosphine) palladium(il)-dichloride, in

20 the presence of a suitable copper catalyst such as copper(l) iodide, in a suitable solvent such as
DMF, and at RT. In a second step, the obtained intermediate can be converted into a
compound of formula IT by reducing the friple bond to the single bond in the presence of a
suitable catalvst such as Raney Nickel, in a suitable solvent such as MeOH, at a temperature

preferably around RT under a hydrogen atmosphere.



Solvent A (%) 95 5 5 95 Solvent B (%) 59595 LC-MS (B): A X-terra column (MS C18 5 pm,
2.1xX50mm) was used. The two elution solvents were as follows: solvent A = water + 0.06% formic
acid; solvent B = MeCN + 0.06% formic acid. The eluent flow rate was 3, l%%n characteristics
of the eluting%&?a/rgewﬂpgportion in function of the time t from start of the gﬁj ior%@r%gss%ar%marized in the
table below 10(a linear gradient being used between two consecutive time points): t(min) 0 1 1 1.25
130 1.80 Solvent A (%)
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Alternatively, the compounds of formula II can be prepared as described in Scheme 2a by
coupling a compound of formula III with a compound of formula V1 using standard peptide
coupling methods such as PyBOP, HOBT, EDCI hydrochloride,
1,3-dicyclohexylcarbodiimide, HATU, optionally in the presence of a surtable base such as
5  NEt;, DIPEA or N-methylmorpholine and in 2 suitable solvent such as DCM, THF or DMF,

preferably at a temperature around RT.
Preparation of the compounds of formula IIT

The compounds of formula 11T wherein n is 1, V represents a bond and m is 0 can be prepared

using the route summarized in Scheme 3 hereafter.
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10 The compounds of formula VIII can be obtained in three steps starting from Boc-3-10do-

L-Ala-OMe or Boc-3-iodo-D-Ala-OMe: an Arbuzov reaction is performed (e.g. using P(OEt);



95 5 5 9595 Solvent B (%) 595 95 55 LC-MS (C): A Zorbax(r) column (Extend-C18 5 pm, 4.6x50mm)
was used. The two elution solvents were as follows: solvent A = water + 0.1% conc. ag. ammonia,
solvent B = MeCN. The eluent flow rate was 4.5 ml/min and the characteristics of the eluting mixture
proportion ifAeHH e time t from start of the elution are summarizetf-FHHREEEBEHelow (a linear
15gradient being used between two consecutive time points): (mm) 0 0.75 1.45 1.55 1.60 Solvent A
(/0)9555

.53

at refluxj followed by a saponification reaction using standard conditions such as NaOH or
LiOH in a mixture of water and a suitable organic solvent such as THF, MeOH or EtOH;
finally the obtained acid intermediate is coupled with a compound of formula VII using
standard peptide coupling methods such as those described for the synthesis of compounds of
5 formula II (see Scheme 2a). The compounds of formula ITI can then be obtained by standard

acidic conditions for the removal of a Boc group that are well known to one skilled in the art,

The compounds of formula I11 wherein n is 2, V represents a bond and m is 0 can be prepared

using the route summarized in Scheme 3a hereafter,
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L-Homoserine or D-homoserine is first protected on the nitrogen atom with a Z group using
10 standard conditions known to onc skilled in the art. The dicyclohexyiamine salt of the
obtained molecule is prepared and the methyl ester is formed using Mel in DMF at a
temperature around RT. The hydroxy function is then substituted by a bromide using standard
conditions such as PPhs and CBuyy, in a suitable solvent such as DCM, preferably between (°C
and RT. The next three steps leading to the comf)ounds of formula 1X are performed using

15 conditions such as those already described for the synthesis of the compounds of formula VIII



95 195 Solvent B (%) 5 95 95 55 WO 2009/069100PCT/1B2008/055002 - 60 - Preparative LC-MS
methods used: The purifications by preparative LC-MS have been performed using a Phenomenee
column unless otherwise specified in the relevant Example description, with the general conditions
described h&BafE9R9Phenomenex(r) column (Gemini 10u CI8 110A AABEHPLEIHINY or a X-Terrag
column (Prep MS C18 OBDTM 10u 30x75 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 for the Phenomenex(r) column and 100 mkjmin for the X-Terre column. The characteristics of
the eluting mixture proportion in function of the time t from start of the 10elution are summarized in the
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protecting group using standard conditions known to one skilled i the art (¢.g. hydrogenation
with Pd/C in EtOH).

The compounds of formula 111 wherein n is 0, V represents a bond and m 1s 0 can be prepared

using the route summarized in Scheme 34 hereafter.
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Scheme 3b

The compounds of formula X can be obtained in two steps starting from commercially
available (di)-Z-0-phosphonoglyeine trimethyl ester: a saponification reaction is performed
using standard conditions such as NaOH or LiOH in a mixture of water and a suitable organic
solvent such as THF, MeQOH or EtOH; the obtained acid intermediate is coupled with a
compound of formula VII using standard peptide coupling methods such as those described
for the synthesis of compounds of formula 1l (see Scheme 2a). The compounds of formula 111
can then be obtained by standard conditions for the removal of a Z group that are weil known

to one skilled in the art {e.g. hydrogenation with Pd/C in EtOH).

The compounds of formula 11 wherein n is 3, V represents a bond and m is 0 can be prepared

using the route summarized in Scheme 3¢ hereafter.
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Chz-(L)-Glu-OMe or Cbz-(D)-Glu-OMe can be reduced to the respective alcohol by

transforming the acid to a mixed anhydride using, for instance, a chloroformate reagent, in the

presence of a suitable base such as N-methylmorpholine, in a suitable solvent such as THF,

and preferably at about -15°C and subsequent reduction of the mixed anbydride with a suitable

5  reducing agent such as NaBH,4 in presence of MeOH, at a temperature around —15°C. The

hydroxy function can be substituted by iodide using standard conditions such as imidazole,

PPh; and I, in a suitable solvent such as THF, preferably between 0°C and RT. The next three

steps leading to the compounds of formula XTI can be performed using conditions such as those

already described for the synthesis of the compounds of formula VIII (see Scheme 3}. The

10 compounds of formula III can then be obtained by standard conditions for the removal of a

Chz group that are well known to one skilled in the art {e.g. hydrogenation with Pd/C in
MeOH).

The compounds of formula ITT wherein n is 1, V represents phenyl and m is § can be prepared

using the route summarized in Scheme 34 hereafter,
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The Boc protected (Lj-iodophenylalanine dertvatives, if not commercially available, can be
prepared starting from the (L)-iodophenylalanine compounds using standard conditions known
to one skilled in the art. The acid function of the Boc protected (L)-iodophenylalanine
derivatives can first be protected by formation of an ethyl ester using standard conditions
5  known to one skilled in the art. The compounds thus obtained can then be converted into the
diethyl phosphonate derivatives using diethyl phosphite, in the presence of a suitable basce
such as NEt;, in the presence of a suitable palladium catalyst such as Pd(PPhs)y, in a suitable
solvent such as MeCN or toluene, and preferably heating around reflux temperature. The next
three steps leading to the compounds of formula 111 can be performed using conditions such as

10 those already described for the synthesis of the compounds of formuia HI in Scheme 3.

The compounds of formula IIf wherein n is 1, V represents phenyl and m is | can be prepared

using the route summarized in Scheme 3e hereafter.

P ROM/

Scheme 3e
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Commercially  available  3-[4-(diethoxy-phosphorylmethy!)-phenyl}-(8)-2-(9H-fluoren-9-
vimethoxycarbonylamino)-propionic acid is coupled with a compound of formula VII using
standard peptide coupling metheds such as those described for the synthesis of compounds of
formula II (see Scheme 2a). The Fmoc group is cleaved during the work up of the coupling

5 reaction using saturated agqueous NayCOs solution thus offering the compound of formula I11.

The compounds of formula IIT wherein 1 is 0, V represents phenyl and m is 0 can be prepared

using the route summarized in Scheme 3f hereafier.
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The compounds of formula 11l can be prepared in six steps starting from the commercially
available DL-bromo-phenylglycines using conditions such as those already described for the

10 synthesis of the compounds of formula 1T in Scheme 3d.
Preparation of the compounds of formula 1V

The compounds of formula IV can be prepared using the route deseribed in WO 2006/114774

(see general preparation routes, preparation of the compounds of formula IV, Scheme 44).
Preparation of the compounds of formula VI

15 The compounds of formula VI can be prepared using the reaction shown in Scheme 4

hereafter.
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The intermediate of formula 1V can be converted into a compound of formula VI wherein W is
a bond, using a reagent of formula R*-B(OR),, R being hydrogen or alkyl, using standard
conditions for a Suzuki reaction such as those described for the synthesis of compeounds of
formuia 11 wherein W is a bond (see Scheme 2). Alternatively, the intermediate of formula IV
5 can be converted into a compound of formula VI wherein W is =NR’- by aromatic substitution
reaction with an amine of formula HNR'R® using conditions such as those described for the

synthesis of compounds of formula IT wherein W is -NR’- (see Scheme 2).
Preparation of the compounds of formula VII

The compounds of formula VII can be prepared using the route described in WO 2006/114774
10 {see general preparation routes, preparation of the compounds of formula V, Schemes 5

and 5a).

Particular embodiments of the invention are described in the following Exampies, which serve

to illustrate the invention in more detail without limiting its scope in any way.

15 EXAMPLES

Characterization methods used:
TH-NMR: The NMR specira were measured on a 400 MHz Brucker Avance.

The LC-MS retention times have been obtained using the following clution conditions:
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10

13

WG 2009/069100 PCT/IB2O0B/055002

S59.

LC-MS (A A Zorbax® column (Agiient SB.Aq Spm, 4.6x50mm) was used. The two ehution
solvents were as follows: solvent A = water + 0.04% TFA; solvent B = MeUN. The cluent
flow rate was 4.5 ml/min and 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 lincar gradient

being used between two consecutive time points):

t (min) 0 1 1.45 1.55
Solvent A (%) 95 5 5 95
Solvent B (%) 5 95 95 5

LC-MS (B): A X-terra® column (MS CI8 5um, 2.1x50mm) was used. The two efution
solvents were as follows: solvent A = water + 0.06% formic acid; solvent B = MeCN + 0.06%
formic acid, The eluent flow rate was 3 ml/min and the characteristics of the eluting mixture
proportion in function of the time t from start of the elution are summarized in the table below

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

t (min) 0 1 1.25 1.30 1.80
Solvent A (%) 95 5 5 95 95
Solvent B (%) 5 95 95 5 5

LC-MS (C): A Zorbax®™ column (Extend-C18 5 pum, 4.6x50mm) was used. The two elution
solvents were as foliows: solvent A = water + 0.1% conc. ag. ammonia; sotvent B = MeCN.
The eluent flow rate was 4.5 ml/min and 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 poinis):

t (min) 0 0.75 1.45 1.35 s 1.60
Solvent A (%) 93 5 5 95 95
Solvent B (%) 5 95 95 5 5
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Preparative LC-MS methods used:

The purifications by preparative LC-MS have been performed using a Phenomenex” column
unless otherwise specified in the relevant Example description, with the general conditions

described hereafter.

5 A Phenomenex” column (Gemini 10u C18 110A Ax 50x21.2 mm) or a X-Terra® column
(Prep MS C18 OBD™ 10u 30x75 mm) was used. The two elution solvents were as follows:
solvent A = water + 1% formic acid; solvent B = MeCN + 1% formic acid. The chient flow
rate was 50 mL/min for the Phenomenex® column and 100 mL/min for the X-Terra® column.
The characteristics of the eluting mixture proportion in function of the time t from start of the

10 clution are summarized in the tables below (a linear gradient being used between fwo

consecutive time points):

I) Preparative LC-MS (I):

£

t (min) 0 0.4 2.6 3 34 38 39 5

o
Lo
—

Solvent A (%) | 75.1 | 75.1 551 | 45 | 45 | 751 | 751

Solvent B (%) | 249 | 249 | 449 | 449 | 955 | 955 | 249 | 249

IT) Preparative LC-MS (II):

t (min) 0 04 | 2.6 3 34 | 38 | 39 5

Solvent A (%) | 65.1 65.1 45 45 4.5 4.5 65.1 65.1

Solvent B (%) | 34.9 34.9 55 55 95.5 95.5 349 34.9




0.63.33.94.55.1 5.2 6 Solvent A (%) 65.1 65.1 139.9 39.9 0 0 65.1 65.1 Solvent B (%) 34.9 34.9 60.1
60.1 100 100
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11T} Preparative LC-MS (H1):

t {min) 0 04 2.6 3 34 38 3.9 5

Solvent A (%) 60 60 40 40 4.5 4.5 60 60

Solvent B (%) 40 46 60 60 95.5 95.5 40 40

1V) Preparative LC-MS (IV):

t (min) 0 04 | 26 3 34 | 38 | 39 5

Solvent A (%) | 35.1 | 55.1 | 35 35 45 | 45 | 551 | 53.1

Solvent B (%) | 449 449 65 65 98.5 955 44.9 44.9

V) Preparative LC-MS (V).

t(min) | 0 06 | 33 | 39 | 45 | 5] 5.2 6

Solvent A (%) | 65.1 63.1 399 399 0 0 65.1 63.1

Solvent B (%) | 34.9 349 1 60.1 60.1 160 100 34.9 34.9

Stationary phases used for CC:

5 The purifications by CC have been performed using silica gel unless otherwise specified. The
reverse phase used is ISOLUTE® C18 from Biotage.
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4-((R)-2-{[6-{t-ZHEEAKRY - pyrrolidin-l-y1)-2-phenyl-pyrimidine4-carbonyl ES IS S8 phono-propio

nyl)-piperazine-1-carboxylic acid ethyl ester: 1.1.
(1)-2-tert-butoxycarbonylao-3-(thethoxy-phosphotyO-propionic acid methyl ester:

Boc-3-iodo-L-Ala-OMe (9.4 g) was dissolved in trietghyl phosphite (100 mL). The mixture was 5heated
at 130C overnight and evaporated to dryness to give a yellow oil (8.37 g). The compound was used in

the next step without further purification. LC-MS (A): tR = 0.85 min; [M+HI: 340.09.

10

5
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Example 1: 4-((R}-2-{[6-((S)-3-methoxy-pyrrelidin-1-yi)-2-phenyl-pyrimidine-

4-carbonylj-amine}-3-phospheno-propionyl)-piperazine-1-carboxylic acid ethyl ester:

1.1. (R}-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryi}-propionic acid methyl ester:

Boc-3-iodo-L-Ala-OMe (9.4 g) was dissolved in triethyl phosphite (100 mL). The mixture was
heated at 130°C overnight and evaporated to dryness to give a yellow oil (8.37 g). The
compound was used in the next step without further purification.

LC-MS (A): tg = 0.85 min; [M+H]" 340.09.

1.2. (R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphorylj-propionic acid:

An aq. solution of lithium hydroxide hydrate (2.07 g in 5 mL) was added to a solution of
intermediate 1.1 (8.37 g} in THF (99 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;SOy4)
and evaporated off to give 5.8 g of the desired product as a white powder.

LC-MS (A): tg = 0.77 min; [M+H]: 326.13.

1.3. 4-[(R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-

I-carboxylic acid ethyl ester:

HOBT hydrate (98 mg} and EDCI hydrochloride (123 mg) were added to a solution of
intermediate 1.2 (200 mg) and DIPEA (0.42 ml) in THF/DCM (0.6 mL /2.4 mL}. After
stirring at RT for 10 min, 1-cthoxycarbonylpiperazine (97 mg) was added and the stirring was
continued overnight at RT. DCM and an aq. NaHCOs solution were added to the mixture and
the phases were separated. The ag. phase was extracted with DCM and the combined org.
phases were washed with a NaCl solution, dried (N2;SO4) and evaporated off. The crude was
purified by CC (eluent: gradient from EA tc EA/McOH 25/1). After HV drying, the desired
compound was obtained as a colourless resin (194 mg).

LC-MS (A): tg = 0.86 min; [M+H]" 466.05.

Stationary phases used/or CC: 5The purifications by CC have been performed using
silica gel unless otherwise specified. The reverse phase used is ISOLUTEt C18 from B otage. WO



1.2. (R)-2dert-butoxycarbonylamino-3-(diethoxy-phosphotyrkpropionic acid: An aq. solution of lithium
hydroxide hydrate (2.07 g in 5 mL) was added to a solution of 10 intermediate 1.1 (8.37 g) in THF (99
mL). The reaction mixture was stirred at RT overnight and DCM and a IM HC1 solution (60 mL) were
added. The PFEE Y separated and the ag. phase was extracted thr&& THRRYHARECM. The org.
phases were combined, dried (Na2S04) and evaporated off to give 5.8 g of the desired product as a
white powder. LC-MS (A): tR = 0.77 min; [M+FIF : 326.13. 151.3.
4-[(R)-2-tert-butoxycarbonylamino-3-(diethoxy-phogphotA-propionyll-pipercizine- 1-carboxylic acid
ethyl ester: HOBT hydrate (98 mg) and EDCT hydrochloride (123 mg) were added to a solution of
intermediate 1.2 (200 mg) and DIPEA (0.42 mL) in THF/DCM (0.6 mL / 2.4 mL). After stirring at RT for

10 min, 1-ethoxyqgathanylphecradion(97-mgpivas)aadprband e stimingvds 30 caringgd overnight at

RT. DCM agggggg ?Zﬁ}chaoerl eoa%tsolution were added to the mixture and the phases were separated.
The ag. phase was extrac ed¥With DCM and the combined org. phases were washed with a NaCl

solution, drigd (NaR=0A) %mb eyvareiatad off-hng emde was patified MHEC(rient iadignt from EA
to EA/MeOH 25/1). After HV drying, the desired compound was obtained as a colqurless resin (194

mg). LC-ME A iR Lhragamien e 268,870 2H08/069 T0aBCTAPESE08/ 5566263 - 1.4,

44(12)2-aninng3 (e dthivxy cohpsphotyds) eproipiaingl:pip enaizinesdizcddsoxylic acid ethyl ester

hydrochlori %uigg:ﬁf}bngermnbgg%eﬁ%&ﬁg% %%)O\Q/as dissolved in EA (0.2 mL) and a 4M HCI solution in
. ure

dioxane (0.4 m e feaction mi as stirred at RT for 4.5 h and evaporated off. After HV
5drying, the desired compound was obtained as a colourless resin (199 mg). LC-MS (A): tR = 0.65

min; [M+H]*: 366 0% A48y Ao yisyRondines'd R4k it4cid ten-butyl ester:
Di-tert-butyl-dicarbonate (2.7.5 g) w ded portionwise, toa selution of (S)-3-hydroxypyrrolidine (10 g)
and NEt3 (?ﬁr%%)%%{}gg rFfﬂa@mL?ﬁF?@?eag%n rﬁ%geﬁlre f@r(\?\i/%%wsl%ﬁreﬁ ovearnigﬁlg{[ggT. ﬁater was

added and the2obydiohiase iplid nregdratadd |NFas Washe BN 2 QgniNN4 4 ressticagaNEHC O3 and
sat. aqpNaGhs EheQrgvRhasers digd:WazdQ4d).and.evapoiaiedsaffig afferd theadesitrg compound

(214 9). with sat. ag. NH4CL, sat. ag. NaHCO: and sat. aq. NaCl The org. phase was dried (N2,SO4)
and evaporated off to afford the desired compound (21.4 g).
IH-NMR (CDCl): 8= 4.43 (br. s, 1H); 3.40 (m, 4H); 2.70 (m, 1H); 1.93 (m, 2H): 1.46 (s,
H).

15 1.6, (S)-3-methoxy-pyrrolidine~i-carboxylic acid tert-butyl ester:

To an ice-cold solution of intermediate 1.5 (22 ¢} in THF (300 mL) was added NaH (7.7 g,
55% dispersion in mineral oil) portionwise. The reaction mixture was stirred for 30 min at RT,
cooled down to 0°C and Mel (11 mbl) was added dropwise. Stirring was continued for
additional 2 h at RT. Water and ethanolamine (14 ml.) were added to the reaction mixture that

20 was stirred for 15 min. The org. phase was scparated and the ag. phase was extracted with
DCM three times, The combined org, phases were washed with sat, ag. NaCl, dried (Na;SO4)
and evaporated off to afford a vellow oil (27?.5 g).

'H-NMER (CDCls): 6 =3.94 (br. s, 1H); 3.44 (m, 4H); 3.35 (s, 3H); 1.99 (m, 2H); 1.48 (s, 9H).

1.7, (5)-3-methoxy-pyrrolidine hydrochioride sali:

25  Intermediate 1.6 (27.5 g) was dissolved in 1A 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;O (500 ml) and the compound precipitated



1H-NMR (CDC13): 5 =4.43 (hr. s, 1H); 3.40 (m, 4H); 2.70 (n, 1H); 1.93 (in, 2H); 1.46 (s, 9H). 151.6.
(S)-3-methoxy-pyrrolidine-1-carboxylic acid tert-butyl ester: To an ice-cold solution of intermediate 1.5
(22 g) in THF (300 mL) was added NaH (7.7 g, 55% dispersion in mineral oil) portionwise. The
reaction mixite WL fied for 30 min at RT, cooled down to 0C and Mt ‘%‘Eﬁgw’fgﬁ&dded
dropwise. Stirring was continued for additional 2 h at RT. Water and ethanolamine (14 inL) were added
to the reaction mixture that 20 was stirred for 15 min. The org. phase was separated and the aq, phase
was extracted with DCM three times. The combinegd org. phases were washed with sat. aq. NaCl,
dried (Na2S04) and evaporated off to afford a yellow oil (2715 g). 1H-NMR (CDC13): 8 = 3.94 (br. s,
1H); 3.44 Qmy 44); guﬁ.%rﬁog'ﬂ}‘isls@@eﬁrfogh"}i, 54848, Hnd e (RDr3unethexy-wi alignerv
hydrochloride salt: 25 Intermediate 1.6 %{5 %) }%as %ii?ss;olved in 1M HC1 in EA (300 nut) and 3M HC1
in EA (50 nity b s b SR HRAGFS Wl Stifkd overnight at RT and the solvent was
evaporated' gt ¥ire(asitdye dvas taken yp i:;E20 (608 ML) add the ¢8iMPAGNd, piécipitatéd, WO
2009/06919%@%%}?20&%/055002 - 64 - out. The suspension was stirred for | h, filtered off and the
powder was % with Et20) HV drying afforded the desired hydrochloride salt (13.9 g). 114-NMR
(CDC13): 5= 9.84|=§br. S, 1H); 4.10 (br s, 1H); 3.43 %4H)d'_3.33 (s SH); 219 (m, 1H); 2.04 (m, 1H).
51.8. 621(5)-S-tRetexy Yoot loHaryR srmdRE e BB it
6-chloro-2-phenyl-pyrimidine-4-carboxylic, acid. (14.3.9; p red as desecribed in WO, 2006/114774,
Example 24, ?%%r%% %’Pg g%% ,I?r% é}r%(ﬁ%d i gqi((’7 dcdgg) g%%%lPEpic]@%gr{n Lfbwer(:iecbé%se(()g:velé in THF
(191 mL). THE Riétibird Fitktdreanels Stretitera0Bifor48)h. yvareidane DTV (ete2addel’ bid the

phases weresgparated e Phases yvere yvashed with AR:RENM anditha sopabined agg, phases
were dried Na2804@nd evaparated off CC (DCM/MeOH 9/1) of the crude yielded tpe desired

compound {139 #RENE R s Lo pZAeRRSIRATTS SBtF %9 11 8¢ 2. phases were washed wit

4-1(RH3- (diethaxyaphogphalyhidntd 6 <1(8)-Brmetheverepydralidin>-3 1) 2-phe ngtpysiatidinesd-carbonyll-
aminofpropj -piperazine-l-carboxylic acid ethyl ester, 15 T ytion of intermediate 1.8(135 mg)
in TH F/Dc@fﬁ@@%@%’@ 3%{?8 %Qéa%gﬁ%ﬁy%ﬁgﬁ%%é’ﬂ%z%%%*gﬂ LY, HOBT hydrate (83 mg)
and EDC1 koot Hforite=(104 wig) [ stfig at RT for 5 min, intermediate 1.4 (194 mg) was added
and the stirring was continued overnight at RT. DCM and an ag. NaHCO3 solution were added to the

mixture and thephiasesMeresepasated.Fhe org Sphaseiwas gred {Na2F024)pandievaporated off The
crude was 20,9%{}9%‘_149%,%%&|U€m5 rgradient Brpm EA/MeQH 15)0/ to E@/Iéle H, 9/1). After HV drying,
Ind was oo (

- 217, PG, =y 2 Telas ester. .
the desired’t gémpound as Gbtamed a8 & colouriess resin (131 ?ﬁ% - LEMST Ae)sz tR = 1.00 min; [M+14f

: 646.99. 1.30Ack(Rd2ot kB3 niethaxymyotidind o 2yphenypyRn tinge-Acptagayia nol-
3-phOSphor;1?i:£3rdo Ii%n Ai_(%i.ggéar%}?)?ﬂf&%rl"b%( 1|'.ia(‘:[ea 8i3('j rgg)gn?isé%’él hydrochloride (104 mg). After
stirring at RT for 5§ min, intermediate 1.4 (194 mg) was added and the stirring was continued
overnight at RT. DCM and an aq. NaHCO; solution were added to the mixture and the phases
were separated. The org. phase was dried (NaySO4) and evaporated off. The crude was
20 purified by CC (eluent: gradient from EA/MeOH 100/1 to EA/MeOH 9/1). After HV drying,
the desired compound was obtained as a colouriess resin (131 mg).

LC-MS (A): tx = 1.00 min; [M+H]": 646.95.

1.10. 4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-vi)-2-phenyl-pyrimidine-4-carbonylf-amino -

3-phosphono-propionyli-piperazine-I-carboxylic acid ethyl ester:

25  To an ice-cold solution of intermediate 1.9 (129 mg) in anhydrous MeCN (0.6 mL) was added
trimethylsilvl bromide (0.516 mL) dropwise. The reaction mixture was allowed to warm to RT
and was stirred at RT until completion, Water (1 mL) was added. After stirring at RT for 3 h,

water was added and the mixture was extracted 5 times with DCM. The combined org. phases



25To an ice-cold solution of intermediate 1.9 (129 mg) in anhydrous McCN (0.6 mL) was added
trimethylsilyl bromide (0.516 mL) dropwise. The reaction mixture was allowed to warm to RT and was
stirred at RT until completion. Water (1 mL) was added. After stirring at RT for 3 h, water was added
and the mix¥ife2i388%¥Facted 5 times with DCM. The combined org. phd<e<BASeRy8t069100PC
T/1B2008/055002 - 65 - were dried (Na2S04) and evaporated off. The crude was purified by CC
(reverse phase; eluent: gradient from waterfTFA 100/1 to MeCN/TFA 100/1). After HV drying, the
desired compound was obtained as a colourless tgsin (94 mg). LC-MS (A): tR = 0.82 min; [M+Hr:
590.97. 5Example 2: 4-((R)-2-1[6-((S)-3-methoxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-
4-carbonylGamingl:3-phosphpagipieRionyk-RinerazingkearboRligiagioybutyl @sterie phase;

4-benzyl-piperazine-|-cathoxylic acid butyl ester: To a solution of 1-benzyl-pjperazine (1.97 ml) and
NEG (19 i ENIEEOBRY P RS B BN L A ) Rar i e SFE stired a
RT for 2 h. \Wapenwiasaadteddhes L@okgurphassiséparaged, dried (Na2S04) and evaporated off to give

a yellow oil (3. )R %@%& Q473 9y IM+1-11: 277.42. 2.2. Piperazine-1-carboxylic acid
butyl ester: (élr%%gm%ﬁate 21 \’131%375 W;s' ﬁgydrogenated in EtOH (100 ml) with Pd/C (wet, 5%, 480 mg)

for 24 h. The mixture was filtered through celite and evaporated off. HV drying afforded the 15desired
compotind Esalptde:yeil-(x\R)HE}l{[ﬂ-(mfgl)eth&mfﬁjﬁdﬁtd@lﬁaim}[M_WHMN]I: 226.39. 23
IR 2 e R RGN BRI RleRML AR SlAE BRI Iic acd

butyl ester: IsS"’compound was prepared usirig a method analogodus to that of Example |, step 1.3,

20intermediate 2.2 replacing 1-ethoxycar5)_onyl.9i erazine.
. 4-benzyvil-piperazine-/-carboxylic acid butyl ester:

To a solution of I-benzyl-piperazine (1.97 ml} and NEt; (1.9 ml} in DCM (100 mi} was added

n-butyl chloroformate (1.47 ml). The mixture was stirred at RT for 2 h. Water was added, the
10 org. phase separated, dried (Na;SO4) and evaporated off to give a yellow oil (3.13 g).

LC-MS (A): tg = 0.73 min; [M+H]": 277.42.

2.2. Piperazine-I1-carboxylic acid butyl ester:

Intermediate 2.1 (3.1 g) was hydrogenated in EtOH (100 ml) with Pd/C (wet, 5%, 480 mg) for

24 h. The mixture was filtered through celite and evaporated off. HV drying afforded the
15 desired compound as a pale yellow liquid (2.04 g).

LC-MS (A): tg = 0.54 min; [M+H+MeCN]": 226.39.

2.3, 4-f(R}-2-tert-butoxycarbonylamino-3-{diethoxy-phosphorylj-propionylf-piperazine-

1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.3,
20 intermediate 2.2 replacing 1-ethoxycarbonylpiperazine.

LC-MS (A): tg = 0.94 min; [M+H]": 494.18.

2.4. 4-[{R)-2-amino-3-(diethoxy-phosphorylj-propionyl]-piperazine-1-carboxylic acid butyl
ester hydrochloride salt:
This compound was prepared using a method analogous to that of Example 1, step 1.4,

25  intermediate 2.3 replacing intermediate 1.3.

LC-MS (A): g = 0.73 min; [M+H]": 394.08.



LC-MS (A): tR = 0.94 mm; [M+HI: 494.18. 2.4.
41(R)-2-amino-3-(diethoxy-phosphoryl)-propionylrpiperaz e-I-carboxylic acid butyl ester hydrochloride
salt:  This compound was prepared using a method analogous to that of Example 1, step 1.4,
25intermedi&te 2BPapidting intermediate 1.3. LC-MS (A): tR = 0.73 mmPfMAER8428E. WO
2009/069100PCT/182008/055002 - 66 - 2.5.
4-1(R)-3-(cliethoxy-phosphoty11-2-11-6-1(S)-3-methoxy-pyrrolidiml-yl)-2-phenylpyrimidine-4-carbonyll-
amitioi-propionyO-piperazine-1-carboxylic acid butykester: This compound was prepared using a
method analogous to that of Example 1, step 1.9, intermediate 2.4 replacing intermediate 1.4. 5LC-MS

(A):tR = 1.8 mipA Mt R L A, DI l-2- [6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
4-(110-2-11-6-1( mgthox&ip%oghdtwl il- {) enylpyn)Fn%lne 4- carjlgény}rl )::m

3-phosphoRY-BHEBIGH A3 pr&HagimEer- i’éﬁ’fﬁﬁ%@r@fé&fﬁf%ﬁ”t{n"é’é"f’éf‘«"’%‘f%féd%‘h?jbﬁr‘ﬁﬂ” was prepared using

a method apalogous to that of Example 1, step 1 intermediate 2. cing intermediafe 1.9.
10LC-MS ?ﬂ? °IE°%48 Wd'g[m_'_ﬁlfﬁ% ctﬁ' & elrogousat 1%&% of "Exant lc 1, step df%t

4-((S)-2- {1@(@@@M%§Qﬂmh@mm%@)@1ﬁhenyl pyrlmldlne4-carbonylkamino}-3-phosphono-propi

onyl)-piperazing &g hoxyligsasid. elmiesiern 341. (S)-2-tert-butoxycarbonyla
no-3-1diethavy-phosphoryl)-propionic acid methyl ester:  This compound was prepared using a

Boc 300 L ATal Stie! CCRTE Py AT e Gy e e ORI o -
(S)-2-tert- bmmgmmwjméﬁh@@ﬂ%w @wieracid: This compound was prepared

using a method analogous to that of Example 1, st 1.2, intermediate 3.1 replacmg mtergl)edlate 1.1.

20LC-MS (X&ISUFQIT@’W%WQ[MEEETTC@ %meet od analogous to that of Example I, step |

mtermediate 2.5 replacing intermediate 1.9,

10 LC-MS (A): tg = 0.88 min; [M+H]: 618.96.

Example 3: 4-((8)-2-{]6~(($)-3-methoxy-pyrrofidin-1-yI)-2-phenyl-pyrimidine-

4-carbonyl}-amino}-3-phosphono-propionyl)-piperazine-I-carboxylic acid ethyl ester:

3.1, (5)-2-tert-butoxycarbonylamino-3-tdiethoxy-phosphoryl)-propionic acid methyl ester:

This compound was prepared using a method analogeus to that of Example 1, step 1.1,
15 Boc-3-iodo-D-Ala-OMe replacing Boc-3-iode-E-Ala-OMe.,
LC-MS (A): tg = 0.84 min; [M-+H] : 340.32,

3.2, (S)-2-tert-butoxycarbonviamine-3-(diethoxy-phosphoryvl)-propionic acid.

This compound was prepared using a mcthod analogous to that of Exampie 1, step 1.2,
intermediate 3.1 replacing intermediate 1.1.
20 LC-MS (A} tg = 0.77 min; [M-+H]": 326.29.

3.3, 4-[(5)-2-tert-butoxycarbonyviamine-3-(diethoxy-phosphoryl)-propionyl]-piperazine-
I-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Exampie 1, step 1.3,

intermediate 3.2 replacing intermediate 1.2.

25  LC-MS (A): ta = 0.85 min; [M+H]": 466.21.



3.3. 4-1181-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryO-propionyll -piperazinel-carboxylic
acid ethyl ester: This compound was prepared using a method analogous to that of Example 1, step
1.3, intermediate 3.2 replacing intermediate 1.2. 25LC-MS (A): tR = 0.85 mm; [M+H]'": 466.21. WO
2009/069108@6‘1"%%%8/055002 - 67 - 3.4. 4-[(S)-2-amino-3-(diethoxy-phb: BKR%?B?Bp
onyll-piperazine-l-carboxylic acid ethyl ester hydrochloride salt: This compound was prepared using a
method analogous to that of Example 1, step 1.4, intermediate 3.3 replacing intermediate 1.3. 5LC-MS
(A): tR = 0.66 min; [M+1-117: 366.12. 3.5. _67 -
4-(1.8)-3-(diethoxy-phospholy0-2-116-11S1-3-methary-pyrrolidin-1-y0-2-phenylpyrimidine-4-carbonylra

minal-propiogyl)-piperazings1:carbexylisacit sthybestes, Thiscempeundwas preparegusing a
method analogous to fhat of Example 1, step 1.9, intermediate 3.4 replacing intermediate 1.4.
10LC-MS (AfER'6¢ @Vd{%ﬁ‘f {-1-11] I: 647.23. 3.6. 4-(1.5)-2-1[6-((S)-3-methory-pyrrolidin-1
Y0-2-phenyRy iiding ¢ carhenullamingl-phesphonppianion drainsragingstecaripsis acid ethyl
ester: This compound was prepared using a methocfana ogous to that of Example 1, step 1.10,
intermediat®3rBydisiadiA gavitsingdaiatactiotcthke product was however purified by CC 15 (eluent:

gradieny frope GAtC13 19, Sl Ed AMaOHH LR 6£rMS (A): tR = 0.81 min; [M+HI: 591.18. Example 4:
4-((S)-2-(16-((S)-3-methoxy-pyrrolidin-lI-y1)-2-phenyl-pyrimidine-

4-carbonyll-amino}4-p han )-piperazine-1- oxylic.acid.ethy_ i
(S)-2-benzﬁg;y%%}fggloﬁ}%%ﬁﬁ}%?%ﬁ%}{%@-gu%?ri@%cjiedn}ez%%%!o?é% %@0{3 e%jsgll%ﬁ%jn of H-Hse-OH (3 g)
in dioxanc/ZKIRIEOR{Ta0AIRaIC) W aaded Besyicchistdtoriatc it «iepwise over 15 min.
The reactio;P mixture was allowed to warm to RT %g% was stirred oyerni EE at RT. The solvent was
evaporated JH AP TA Y PSR F s R A B8 i RS U ST GY TR oM S Sblution. The

- O
a cidifie
ag. phase wasrextiactéd with&@NhtdihedX@M . fayers were combined, dried (Na2S04) and evaporated
off to %ggivg@ﬁggﬁgqgzp@%glﬁﬂ_y\muit%ppﬁder (4.13 g). LC-MS (A): tR = 0.72 mm; [M+Hr: 254.36.

3.6. 4-((S)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-I-carboxyiic acid ethyl ester.

This compound was prepared using a method analogous to that of Exampie 1, step 1.10,

intermediate 3.5 replacing intermediate 1.9, The product was however purified by CC
15 (eluent: gradient from CHCIs to CHCl/MeOH 1/1).

LC-MS (A} tg = 0.81 min; [M+H]: 591.18.

Example 4:  4-((5)-2-{[6-((§)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine~

4-carbonyl]-amine}-4-phosphono-butyrvl)-piperazine-1-carboxylic acid ethyl ester:

4.1. (§)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid:

20 To an ice-cooled solution of H-Hse-OH (3 g) in dioxane/244 NaOH (100 mL/25 mL) was
added benzyl chloroformate (4 ml) dropwise over 15 min. The reaction 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 EfO and acidified with a 2M HCI solution. The aq. phase was
extracted with DCM, The DCM lavers were combined, dricd {Na;SO;) and evaporated off to

25  give the desired product as a white powder (4.13 g).

LC-MS (A): tg = 0.72 min; [M-+H]": 254.36.



WO 2009/069100PCI171132008/055002 - 68 - 4.2. (S)-2-benzyloxycarbonylamino-4-hydroxy-butyric
acid dicyclohexylamine salt: To a solution of intermediate 4.1 (8.9 g) in EtOH (77 mL) was added
dropwise dicyclohexylamine (7 mL). The solvent was removed and the white powder was suspended
in Et20. The"si3piristiftwas filtered off and the white solid (12.1 g) was BRESHIMERIIE LC-MS (A):
tR = 0.71 min. 4.3. (S)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid methyl ester: Mel (2.1 mL)
was added dropwisc to a suspension of intermediate 4.2 (12.1 g) in anhydrous DMF (196 mL). The
reaction mixture was stirred overnight at RT. | morgsequivalent of Mel was added, and after 6 h stirring
2 more equivalents were added. The reaction mixture was 10 stirred overnight and the solvent was

removed. The residye was taken up in EAMater ang the o1g,,ok Washed, with a NaC1 solution,
dried (1\la2S04) and évgpé%éted%)?f The crude W%II; purli‘cled by )\Mz}%) to glve!the desired

compound @8 aacahlutﬁlﬁs%ﬁesmeeﬂ«é’dg&e L@HM& @) tite= Etmamqm My H}2688Rd 4 dkopwise

(S)-2- benzyg Xl(:%rbo aml F rric acid m g %ter 15PP1 3 onresin gd mmng 12.4
o] i6n'0 r(‘f

g) was addédto aﬁxl\t’:e clélgl e\ryn%&é ¥ hlwdp&% rd %d? élf nan ydrous DCM

(120 mL). T rekiatimmparisitre wddtstided an@@ef@ﬂxzmdm(mwlmwé@qé ivawrno RT. The resin
was filtered; off\agd 4he solitipn, gvaporated off. The crude was purified by CC (EA/Hept 1/3) to give the
desired compound as a colourless resin (1.7 g) 20LC-MS (A): ti = 0.86 min; [M+Hr: 331.89.

(S)-2-benzy onylammo di thox spharyl)-butyric a m thyI ester: This compound was
prepared Uél%); ég?n%gtﬁ)‘é O’H’afésfc))g f 0 tﬁat gré‘Pa% %Lyf)) iC 3 epﬂiEZ |nte?rmed|ate 4.4 replacing

Boc-3-i0d0stcAla-OMe, THEAGTIRAANNAS DRSS PLEIERLRN.GEGA/FISN:I/R (/B 25LC-MS

(A): t=0.90 min. {M+H 388.24. 4.6. (S)-2- benzyloxgcarbon lamino-4-(diethoxy- osphor}/l) butyric
acid: DMEF (196 m ) The reaction mixture was stirred overnight at RT. 1 moxc equwa ent of Me

was added, and after 6 h stirring 2 more equivalents were added. The reaction mixture was
10 stirred overnight and the solvent was removed. The residue was taken up in EA/water and the

org. phase was washed with a NaCl solution, dried (Na;SO4) and evaporated off. The crude

was purified by CC (Et;0) to give the desired compound as a colourless resin (4.2 g).

LC-MS (A): tp = 0.79 min; [M+H]": 268.30.

4.4, (S)-2-benzyioxycarbonylamino-4-bromo-butyric acid methyl ester:

15 PPh; on resin (1.6 mmol/g, 12.4 g) was added to an ice-cooled solution of intermediate 4.3
(2.4 g) and CBry (6.7 g) in anhydrous DCM (120 mL). The reaction mixture was stirred at 0°C
for 2 h and was allowed to warm to RT. The resin was filtered off and the solution evaporated
off. The crude was purified by CC (EA/Hept 1/3) to give the desired compound as a colourless
resin (1.7 g).

20 LC-MS (A): tp = 0.86 min; [M+H]: 331.89,

4.5, (§)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butyric acid methyl ester:

This compound was prepared using a method analogous to that of Example I, step I.1,
intermediate 4.4 replacing Boc-3-iodo-L-Ala-OMe. The compound was however purified by
CC (EA/Hept 1/3 to 1/0).

25 LC-MS (A): tg = 0.90 min; [M+H]: 388.24.

4.6. (8)-2-benzyloxycarbonyiamino-4-(diethoxy-phosphoryl)-butyric acid:



WO 2009/069100PCT/1B2008/055002 - 69 - This compound was prepared using a method analogous
to that of Example 1, step 1.2, intermediate 4.5 replacing intermediate 1.1. LC-MS (A): 1R = 0.83 min;

[M+H]1: 374.36. 4.7 .
4-[(S)-2-ber?¥§?|§9&%(g’t%8?1ylanzino-4-(diethoxy-phosphoryO-butyryII-piperg%Tn% -ﬁgg)r S8(>}<2'ylic acid ethyl
ester: This compound was prepared using a method analogous to that of Example 1. step 1.9,
intermediate 4.6 replacing intermediate 1.8 and 1-ethoxycarbonylpiperazine replacing intermediate
1.4. The compound was however purified twice bys€C (EA). LC-MS (A): tR = 0.91 min; [M-{-HI:
514.24. 104.8. 4-115)-2-amino-4-(diethoxy-phasphoryl)-butygl1-piperazine-1-carboxylic acid ethyl
ester. This TBmpoupeuwaS/pIepaseddsiigeaanatind anslegowsdotthatb6fxamiple 2ststep2.2,
intermediate 4.7 rgglagi;g iqt%rm?%g%%%ig%q%wever using MeOH instead of EtOH. LC-MS (A); tR =
0.66 min; [MYH585 32, 1549™® .

4-1(5)-44dibthdiy {phosphdRALRs 1M-1{B)-3lfthoxy-pyrrolidin-1-y1)-2-phenyl- pyriinidine-4-carbonyl
-amino)-butyiy1)-piperazine-l-carboxylic acid ethyl ester: This compound was prepared using a method

analogous torthay o Examplesistemia;interrrdiate 48sfepladitgr ~dihoxyearbonylpiperazine and
interm%diat? 1.8?)re lacig.qg i(?t%rerpz%gljate 1.2. The product was however purified by CC (eluent: gradient

from Hcpt to0 BA SIf6wet %y gradient from EA to EA/MeOH 1/1), followed by preparative TLC

(EA/MeOH B01).dnGiM (Bds=phe B MMl HE BE% 30AAMA. 1o that of Example 1, step 1.9,
4-(18)-2-11_6-1(8)-3-inethoxy-pyr_rolidi‘n-l-yl)-z-pheréyl-pyrimidine,-41carbonylra}minol- e
4-phosphorSBRRHFD - FiberapIAR e cHiB BN e Ecilie it edtEPFs RO BB aHR WA Bféifared using
a method anealagealisda thatet&xpmpleshs Stepelel Pyrifietmaediate @9 Eeplacing intermediate 1.9. The

crude was Elénp&d(gy %C}J éedlll%}q% Qﬁgtsf@%(:flcm to CHC13/MeOH 1/1).

10 4.8 4-[(S)-2-amino-4-(diethoxy-phosphoryl)-butyryl] -piperazine- I -carboxylic acid ethyl

ester .

This compound was prepared using a method analogous to that of Example 2, step 2.2,
intermediate 4.7 replacing intermediate 2.1, however using MeOH instead of EtOH.

LC-MS (A): tr = 0.66 min; [M+H]"; 380.32.

15 4.9, 4-((S)-4-(diethoxy-phosphoryl)-2-{ [6-((S)-3-methoxy-pyrrolidin- 1-y)- 2-phenyl-

pyrimidine-4-carbonyl]-aminot-butyrvi)-piperazine- I-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.3,

intermediate 4.8 replacing I-ethoxycarbonylpiperazine and intermediate 1.8 replacing

intermediate 1.2, The product was however purified by CC (cluent: gradient from Hept to EA
20 followed by gradient from EA to EA/MeOH 1/1), followed by preparative TLC (EA/MeOH

30/1).

LC-MS {A): tg = 1.01 min; [M+H]™: 660.304.

4.10. 4-((S)-2-{/6-((S)-3-methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonylf-amino}~
4-phosphono-butyryl)-piperazine-I-carboxylic acid ethyl ester:
25 This compound was prepared using a method analogous to that of Exampie 1, step 1.10,

intermediate 4.9 replacing intermediate 1.9. The crude was purified by CC (eluent: gradient

from CHCl; to CHCl:/MeOH 1/1).



WO 2009/069100PCT/1B2008/055002 - 70 - LC-MS (A): tR = 0.85 mm; [M+H]: 605.03. Example 5:
4-((S)-2-([6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-
4-carbonylkamino)-4-phosphorto-butyryl)-piperazine-1-carboxylic acid butgl ester: 51

i

r. _5.1.
4-118)-2-bve§/F6' ¢ r@8nylamino-4-(diethoxy-phosphoryO-butytyIkpiperg HeBELY S8‘)’(%/”0 acid butyl

ester: This compound was prepared using a method analogous to that of Example 1, step 1.9,
intermediate 4.6 replacing intermediate 1.8 and intermediate 2.2 replacing intermediate 1.4. The
product was however purified twice by CC (eluent:ygradient from EA/MeOH 10/1 to EA/MeOH 1/1, then
gradient from EA to EA/MeOH 95/5). 10LC-MS (A): tR = 0.96 mm; [M+H]: 542.29. 5.2.

41-(S)-2-antino-(diethexy gshasptaylhwysylkpiperazine-I-carboxylic acid butyl ester: This
compound was prepared using a method analogous to that of Example 2, step 2.2, intermediate 5.1

replacing intermediate 2.1, however using MeOH instead of EtOH. 15LC-MS (A): tR = 0.69 mm;
[M+1-11 : Aopmplesy 4-((8)-2-{16-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-

4-(15)-4-(digthepynynosabienyd pRotfid(obdmetholerisinlidicadbyOy Bephanyaytindidine-4-carbonylPa
mino}-butyryl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method

analogous ff?ﬂ.hﬂ[%ﬁémﬁx}cﬁﬁ%}ﬁmir%@ﬁﬂc}rﬁgéﬂig%ﬁogﬁDlﬁfm%a%ww%mnylpiperazine and

intermediate 1.8 replacing 20intermediate 1.2. The crude was however purified by CC (eluent: gradient
from EA to Effieoicgrty MNE(A): tR = 1.06 min; [M+H] 689.24. 5.4.
4-(65)-2-(1 I_F )-3-methaxy-pyrrolidin- 1 . ) ) . ,
-y1)-2-phenq;/ %ﬁ?r%?&lﬁ%%ixfg%u%rg %&%rﬁﬁlgléﬁprﬁ%%ﬁ oar?gl-%%%lﬁyﬁ?-ptflﬁér% zFﬁigﬁgéca}b()§>§§}fié'gtid butyl
ester: 25Thistoompaanttwes jsiepansdnssiia d thetisotarmatdigous LorenbacofeBrmpleae dtdp 1.10,
'”tefmed'at%-%xfﬁalﬁm W%?q]%édgcwice by CC (eluent: gradient from EA/MeOH 10/1 to
EA/MeOH 1/1, then gradient from EA to EA/MeCH 95/5).
10 LC-MS (A): tr = 0.96 min; [M+H]": 542.29.

5.2, 4-[(S)-2-amino-4-(diethoxy-phosphorylj-butyryl] -piperazine-1-carboxylic acid butyl

ester:

This compound was prepared using a method analogous to that of Example 2, step 2.2,
intermediate 5.1 replacing intermediate 2.1, however using MeOH instead of EtOH.

15 LC-MS (A): tz = 0.69 min; [M+H] : 408.18.

5.3, 4-((S)-4-idiethoxy-phosphoryl)-2-{ [6-((S)-3-methoxy-pyrrolidin- 1-yl)-2-phenyl-
pvrimidine-d-carbonyl]-amino }-butyryl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.3,

intermediate 5.2 replacing !-cthoxycarbonylpiperazine and intermediate 1.8 replacing
20  intermediate 1.2. The crude was however purified by CC (eluent: gradient from EA to

EA/MeOH 9/1).

LC-MS (A): tg = 1.06 min;, [M+H]: 689.24.

5.4 4-((S)-2-{{6-((5)-3-methoxy-pyrrolidin-1-yi)-2-phenyi-pyrimidine-4-carbonyl]-amino}-
4-phosphono-butyrylj-piperazine-1-carboxylic acid butyl ester:

25 This compound was prepared using a method analogous to that of Example 1, step 1.10,

intermediate 5.3 replacing intermediate 1.9.



WO 2009/069100PC T/1B2008/055002 -71- LC-MS (A): tR = 0.91 in; [M+Hr: 633.13. Example 6:
4-((S)-2-([6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine4-carbonylFamino}-3-phosphono-propio
nyl)-piperazine-1-carboxylic acid butyl ester:  6.1. ~
4-1(S)-2-terOLASRYER BB nylantino-3-(diethoxy-phosphory0-propionyll-pipera ZEE 4 Boxylic acid
bray! ester: This compound was prepared using a method analogous to that of Example 1, step 1.3,
intermediate 3.2 replacing intermediate 1.2 and intermediate 2.2 replacing
1-ethoxycarbonylpiperazine. LC-MS (A): tR -= 0.94min; [M-41]+: 494.26. 106.2.
4-115)-2-amino-3-(diethoxy-phosphoryl)-propionyll-piperazine-1-earboxylic acid butyl ester

hydrochloride.sadti Aig sampemad masiprepared using a method analogous to that of Example 1, step
1.4, intermediate 6.1 replacing intermediate 1.3. LC-MS (A): tR = 0.74 min; [M+Hr: 394.18. 156.3.

44(5)-3-(diethoxy-phosphoty0-24 16-(65)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-
pyrinzidine Exemme fyiafhhd - ifid plodymasheerapirsclidiar baky o Besd Ityineiddee- This compound was

prepared ugipgkBomaihasirsaiogausiedhatofbxAPpsl siaR 3 -Qaipisinediada: il ©Riacing
intermediate 1.4. LC-MS (A): tR = 1.05 mm; [M+I-111: 675.13. 20 6.4.

4465)-2-0-((9)-3- 199%?%:99([“%!;%@[%2;%' i ;%—ig?%%mp.mi%%;g%9%1559[}31}9%&998phono-propion
yO-piperaine-1-carboxylic acid d

utyl ester: This compound was prepared using a method analogous to
that of Exarhptelatépeid buivitetiiediate 6.3 replacing intermediate 1.9. The crude was purified by CC
(eluent: gradient from CHC13 to CHC13/MeOH 1/}113& 25LC-MS %A)'htlf{\’ = 0588 rnf'_n;l[thr_FIl: ?19.12. WO
2009/069166‘5(??7&%687@%% red using a met analogous to ‘that of Example I, step 1.3,

intermediate 3.2 replacing intermediate 1.2 and  intermediate 2.2 replacing
I-ethoxycarbonyipiperazine.
LC-MS (A): tg = 0.94 min; [M+H]": 494.26.

10 6.2, 4-[(S)-2-amino-3-(diethoxy-phosphorvl)-propionyi]-piperazine-1-carboxylic acid buiyl

ester hydrochioride salit:

This compound was prepared using a method analogous to that of Example 1, step 1.4,
intermediate 6.1 replacing intermediate 1.3,

LC-MS (A): tg = 0.74 min; [M-+HJ": 394.18.

15 6.3. 4-({S)-3-(diethoxy-phosphorylj-2-{[6-({(S)-3-methoxy-pyrrolidin-1-pl}-2-phenyl-

pyrimidine-4-carbonyl]-amino}-propionylj-piperazine-1-carboxviic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.9,
intermediate 6.2 replacing intermediate 1.4.

LC-MS (A): tg = 1.05 min; [M+H]": 675.13.

20 6.4, 4-(18)-2-{{6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyi-pyrimidine-4-carbonyl]-amino}-

3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example I, step 1.10,
intermediate 6.3 replacing intermediate 1.9. The crude was purified by CC {eluent: gradient
from CHCl; to CHCI:/MeOH 1/1).

25 LC-MS (A): tg = 0.88 min; [M+H]™: 619.12.



- 72 - Example 7:
4-{(S)-2-[(2-phenyl-6-pyrazolThyl-pyrimidine-4-carbonyl)-aminol4-phosphono-butyry1}-piperazine-I-car
boxylic acid butyl ester: 7.1.

4-178)-21 (6 RIS %M 8nybpyriridine-4-carbony11-aminol-4-(diethoxyFhe S ryI
-piperazine-l-carboxylic acid butyl ester: 5To a solution of 6-chloro-2-phenyl-pyrimidinc-4-carboxylic
acid (334 mg) in DCM (1.0 mL) was added PyBOP (815 mg), intermediate 5.2 (580 mg) and DIPEA
(0.268 mL). The solution was stirred at RT for 24 hy;it was diluted with DCM (50 mL) and washed with
2M Na2CO03, 1M NaHS0O4 and sat. aq. NaCl. The org. phase was dried (Na2S04) and evaporated off

The crude wasaefed Ly 53 (BGMaseing /0 10.6/3) tnaliadilerdssimdmirsiuct as brownish 10
foam (680 mg). LC-MS (A): tR = 1.08 min; [M+H

] nin;_ [ 623.96. 7.2.
4-1(5)-4-(diE LR F}Y!L})'prf(?-zb'fféh}?ﬁé@éwz:‘ﬁgﬁ'f-%‘-’ﬁg}rﬁw&fne-4-carbony|)-
aminoi-butyryl}-piperazine-1-carboxylic acid butyl ester: Pyrazole (7 pL) was added to a suspension of
NaH (60% dispérSidnin( ifi&rat-&ib/B 3 g indins FHEXG By The- elighensibasway ¥tirred at RT for

30 min andggselutiap.iinterngtiaterl d-(pb.maddse-THE (0.5 mL) was added. The reaction mixture
was stirred at RT for 48 h. Water and DCM were added, the phases were separated and the org.

phase Was tsied{Na25ai4)-aridrevagieratiesy offib reford the diudec o3dpoun do ICg) ! Noifurther
purification /as, per z ( IR i Mg ML 204-31). The solution
utyryll-pip8ezifect- ieaki ; B PET siffg* ho
analogous tg thafpiarpie Aq.%ml-1{@8i&g_rmﬁgéaiasﬁzig@@l@emjm&mmga&a.&ﬁf.Tm crude was
AL U s T S
amino}¥-pliespkdiiosdautyryl)-piperazine-1-carboxylic acid butyl ester: WO
2009/0691(}5@&§/%312R09§/&5§98%M]ﬁI%ZJ.E,,.gg.'(S)-4-(diethoxy-phospholyl)-z-/

[644-methyl-pyrazol-1-yl)-2-phenyi-pye 4-earbonylraming)-butytyl)-piperazine-1-carboxylic acid butyl
ester: This compound was prepared usin ethod analogous, to, that of Example 7, step 7.2,
(S ) fdiet, — 22 ophenvi-6-pur ] -vi-pyrintidine-4-car -
4-m ethylpy|7a% Ofg(@bf&éﬁ?ﬁjﬁﬁ%&f@#@@& ..9 [r(r} pt/;'(,nyla H-pyr gzoL} 1-vi-pyrimidine legr%onyg
amino]-butyrylt-piperazine-1-carboxylic acid butyl ester:
Pyrazole (7 UL) was added to a suspension of NaH (60% dispersion in mineral oil, 5.3 mg) in
15 THF (0.5 mL). The suspension was stirred at RT for 30 min and a solution of intermediate 7.1
(55 mg) in THF (0.5 mL) was added. The reaction mixture was stirred at RT for 48 h. Water
and DCM were added, the phases were separated and the org. phase was dried (Na;S0y4) and
evaporated off to afford the crude compound (30 mg). No further purification was performed.
LC-MS (B): tp = 1.17 min; [M+H]": 656.35.

20 7.3, 4-{(Si-2-[(2-phenyl-6-pyrazol-1-yl-pyrimidine-4-carbonyl)-amino]-4-phosphono-
butyryi}-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 1, step 1.10,

intermediate 7.2 replacing intermediate 1.9. The crude was purified by preparative LC-MS ().
LC-MS (A): tg = .94 min; [M+H]": 599.96.

25 Example 8: 4-((8)-2-{[6-(4-methyl-pyrazol-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-

amino}-4-phosphono-butyryvl)-piperazine-1-carboxylic acid butyl ester:



5LC-MS (B): tR = 1.20 mm; [M+HI: 670.40. 2.
4-((S)-2-8644-inethyl-pyrazol-1-y0-2-phenyl-pyrimidine-4-carbonylramino}-
4-phosphono-butyryl)-piperazine- -carboxylic acid butyl ester:  This compound was prepared using a
method analBg3t@istHt of Example 1, step 1.10, intermediate 8.1 repld¢inghateiitetiiate 1.9. The
crude was purified by preparative LC-MS (I). 10LC-MS (A): tR = 0.97 min; [M-41]1: 613.94. Example 9:
4-[(S)-2-Q2-pheny1-6-[(5)-(tetrahydro-furam-3-yl)oxy1-pyrimidirte-
4-carbonylhamino)-4-phosphono-butyryll-piperazing-1-carboxylic acid butyl ester: 9.1.
4-[(S)-4-(diethoxy-phosphoryl)-2-(12-phenyl-6-1('S)-(tetrahydro-furan-3-yparyJpyrimidine-4-carbonyl)-a
mino)-butytylKpipgxazingr. 4 LBQMJ%?@QQ%YA&%%J Thisicompeyung, wasprepated using a
method analogous tg that of Example 7, step 7.2, (R%)-({r -3-hydroxytetrahydrofurane replacing
pyrazole, hé%@@ﬂ%féiﬂﬁfw&‘ﬁ?@fgaﬂ”&f"m%f RIS AFGR 29 §5%in: [M+HI: 675.91. 9.2.
4-1(.5)-2412:pheny1-6-[(S)-(tetrahydro-fitran-3-ylary pyrimidine-4-carbenyll-aming)- . .
4-phospho§£ﬁuﬂ%§$§%§e%§ er?f%:%&rb%%ﬁicda%&ﬁgty éis? Grusze(t)ql'rt}%t c%?nr%%l%ﬂcv?éssg e%%’red using a
method an&toepdnp thelt ofisaraplaazoktep 1.10, intermediate 9.1 replacing intermediate 1.9. The

crude was purifigd By prenarative: =M (B7046-MS (A): tR = 0.92 min; [M+1411: 619.97. Example 10:
4-1(S)-2-1(2-pheny1-6-pyrrolidin-1-yl-pyrimidine-4-carbony1)-aminof4-phosphono-butyry1}-piperazine-

1-carboxylig gcid butyl ester: WO,2009/069100P¢T/1B2008/055002 ; 745 10.1. ;.
PR Vot R e e G L H
aminej-butytyliiperaritemrdatiosyhc adddbeyléstsid Phis éddipound was prepared using a method
analogous to that of Example 7, step 7.2, pyrrolidine replacing pyrazole. The compound was however
not purified BECSRIP YRR RIERATHINDT0E BIFEBE DA™ %ﬁ?ﬁﬁ%é?fﬁ-ﬁ(%%ﬁ&ﬁ’;%-ézpﬁ}??oﬁgu I-yl-pyrim
dine-4-carbmnyhratiain &l 14-ghasphonobatytyi iplpErazing<l woasbofiylibapichbutytesteMS (This

compqund was pr ,r@d: ing ar hf_)[faé]%l gous to that of Example 1, step 1.10, intermediate 10.1
replacql'rIEig in}:fve@r?%%(ﬁ'g?e ]i.QL(.%Ze gﬂdJW S pr%iéd by preparative 10LC-MS (l). LC-MS (A): ta = 0.97

mm; [M+H] 602.95.
Example 9:  4-[($)-2-({2-phenyl-6-[(5)-(tetrahydro-furan-3-yhoxy]-pyrimidine-

4-carbonyl}-amino)-4-phosphono-butyrvi]-piperazine-1-carboxylic acid butyl ester:

9.1. 4-[(5)-4-(diethoxy-phosphoryi)-2-({ 2-phenyl-6-[(S)-(tetrahydro-furan-3-ylioxy]-
pyrimidine-4-carbonyl}-amino)-butyryl]-piperazine-1-carboxylic acid butyl ester:
15 This compound was prepared using a method analogous to that of Example 7, step 7.2,

(S)-(+)-3-hydroxytetrahydrofurane replacing pyrazole, however using DMF instead of THF.
LC-MS (A): tg = 1.07 min; [M+H]": 675.91.

9.2, 4-[(5)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-vi)oxy] -pyrimidine-4-carbonyl}-amino)-
4-phosphono-butyrvi]-piperazine-1-carboxylic acid butyl ester:
20 This compound was prepared using a method analogous to that of Example 1, step 1.10,

intermediate 9.1 replacing intermediate 1.9. The crude was purified by preparative LC-MS (1.
LC-MS (A): tg = 0.92 min; [M+H]": 619.97.

Example 14: 4-{(5)-2-[(2-phenyl-6-pyrrolidin-1-yl-pyrimidine-4-carbonyl)-aminoj-
4-phosphono-butyryl}-piperazine-1-carboxylic acid butyl ester:



Example 11:
44(5)-2-[(6-isopropylamino-2-pkenyl-pyrimidine-4-carbonyb-aminol4-phosphono-butyryll-piperazine-1-c
arboxylic acid butyl ester:  11.1. 4-('S)-4-(diethoxy-phosphoty1)-2-1(6-isopropylantino-2-phenyl-pyr
idine-4-carbBRA?A8HMinoPbutyryl)-piperazine-I-carboxylic acid butyl egféﬁlﬁ’ﬁoé&g}g?ﬁ%zound was
prepared using a method analogous to that of Example |, step 1.8, isopropylamine replacing
intermediate 1.7 and intermediate 7.1 replacing 6-chloro-2-phenylpyrimidine-4-carboxylic acid. The
product was however not purified. LC-MS (A): tR =4.08 mm; [M+HI: 646.99. 2011.2.
4-02-2-[(6-isopropylamitto-2-phenyl-pyrimidine-4-carbonyl)-amine]-4-phosphono-
butn1}-piperazing-kscarhnxyic,asid Puby BSter: Hhis aamperndwas, prepaieth 18ing-somethod
analogous to that of Ep}éﬁmple 1, ste]p ;%é(}),@lt‘erm dia}e 11.1 replacing intermediate 1.9. The crude
was purifieﬂ"ﬁ?‘%ijé@é’ VP EERIS (15V25E ﬁ\ﬁgl&ﬁd:%ﬁsﬁeﬁ% min; [M+HI: 591.05. WO
2009/0691QQPC 55002 - 75 -. s < tor the - . -
4-1(S)-2-[((C3}:91 niﬁ)’ofg);ﬁ%% ﬁ%%%g‘%ﬁﬁr%ﬁ -g?ﬁ%%ﬁ%%ﬁ?gglﬁ)%g?grﬁ?nmd%ﬁ fﬁoﬁs}gr%pr}i%-%uﬁ/cr@zjfbiperazine-
1-Carboxy|iéyd¥ﬁad5%ﬁwlé§fag pyeagole. The compound was however not purified.
41(S)-4-(digthoxy-phosphotydrh(Gxmetpheline-y1-2-phenyl-pyrimidine-4-carbonyl)-
aminorbutyrylipiperazine-1-carboxylic acid butyl ester: 5This compound was prepared using a method
analogous %t}?%gﬂéﬁ% ﬁe;';ﬁ%ﬁ,@ﬁmm%%@%%gfwm%f%?.é;ghmangermedIate 7.1
p

replacing 6-chloro-2-phenylpyrimidine-4-carboxylic acid. The compound was however not purified.
LC-MS (A) Pt =1-pBariqNHibaricgsid bughester:
44(5)-2-116-morpholin-4-y1-2-phenyl-pyrintidine-4-carbonyl)-aminoj-4-phosphono10butyryl)-piperazin
e-1-carboxyhit atid BUtYy é%&r‘.ﬁfﬂ?‘é éo%lﬁl%uan %%%8&%%%%/8%’ u‘é}i;@é ?rge ho pganglosgt%tg' %)g%that of
Example 1 istepdliz@, ibtermepkated Aitereptiicinglifteffhediatdel §aFhpuetide Wapsuefidd oy
prepargtive L CiMS{1). LC-MS (A): tR = 0.91 min; [M+Hr: 618.89. 15Example 13:

4-((S)-2-{[6-(4-met yI-piperazin-_l-e{j‘j-Z- yhenyl-pyrimidine-4-carbonyll-
amino}-4-phéspor: ity A1) Biperdzif if—%%?%oxylic acid butyl ester:

Example 11: 4-{(S)-2-[(6-isopropylamine-2-phenyl-pyrimidine-4-carbonyl}-amiro}-

4-phosphono-butyryl}-piperazine-1-carboxylic acid butyl ester:

11.1. 4-{(S)-4-(diethoxy-phosphoryl)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonylj-

15 amino]-butyryi}-piperazine-1-carboxylic acid butyl ester:

This compound was preparcd using a method analogous to that of Example I, step 1.8,
isopropylamine replacing infermediate 1.7 and intermediate 7.1 replacing 6-chloro-2-phenyl-
pyrimidine-4-carboxylic acid. The product was however not purified.

LC-MS (A): tg = 1.08 min; [M+H] " 646.99.

20 11.2. 4-{(8)-2-[(6-isopropyiamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-4-phosphono-
butyryl}-piperazine-1 -carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step .10,
intermediate 11.1 replacing intermediate 1.9, The crude was purified by preparative
LC-MS (1).

25 LC-MS (A): tp = 0.93 min; [M+H]": 591.05.



13.1. 4-(65)-4-(diethoxy-phosphoryl)-24-6-(4-methyl-piperazin-1-y1)-2-phenyl-pyri
idine4-carbonylramindl-butyryl)-piperazine-1-carboxylic acid butyl ester: This compound was
prepared using a method analogous to that of Example 1 step 1.8, 1- 20methylpiperazine replacing
intermediate™C2UREHErmediate 7.1 replacing 6-chloro-2-phenyl- pyrim?ﬁqﬁ@ﬁ‘ggfﬁ&ﬁic acid. The
compound was however not purified. LC-MS (A): tR = 0.87 mm; [M+FI] : 688.04. 13.2.
4-(S)-2-0-(4-inethylpiperazin-1-y0-2-phenyl-pyrimidine-4-carborzylPa ino]-
4-phosphono-butyiyl)-piperazine-1-carboxylic acidputyl ester: WO 2009/069100PCT/182008/055002
- 76 - This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediatg 3. hikeplacinggpterpanibam duf-d eacruee Was-Rkfdied Dy-RreRpivenb C-MS (1). LC-MS
(A):tR =0.77 mm; [M-41]1: 631.98. 5Example 14: =

4-1(2)-24(6-FriAATRARA S WS KRR IPp T e R eRYHO AGH- S Sfter
3-phosphorto-propionyl}-piperazine-1-carboxylic acid butyl ester: 14.1.
4-1112)-2-UP6LcKIofd-2-{skshapbips/rim e 4. 4t oripBodimineh 34 Biewroxspdasphienyem -
propionylPpiperazing diearboxylic acid,butyliesten: ukhisgompound was prepared using a method
analogous to that of Example 7, step 7.1, 10intermediate 2.4 replacing intermediate 5.2. The
compound Wias howewer puafieebyrdGielgenthetadient fognuHepthar EA)ELGMS (AjetR.8= 1.07 mm;
[M-tfir: 609. . i s TS BT A oy
(R4 R SRS TSl T nd BiSracdis, 71 fplacig ettt iony1-p
perazine-1-B@iBBRPRct LA estert ESIpBIHR Fte oAV £VE6 PahBTi&¢. dissolved in a solution of
methylamingdnik (2Ms Odebaml Jnvihe regetion mixture was stirred at 50C .overnight. It was
guenched with sat. ag. NaHCO3 and DCM and sat. aq. NaC1 were added. The org. phase was dried

(Na2504) ey eyaporator oft 10 afford e slesiles AIASHEL 23 AURRIOE AR ARGl MS (A): o =

1.01 min; [ 2014 o
4-(R)-201 1 6amtemil ripsiverz-pren§bpye widited-edebony)-amino]-3-phosphono-

This compound was prepared using a method analogous to that of Example |, step 1.10,

intermediate 12.1 replacing infermediate 1.9. The crude was purified by preparative
LC-MS (D).
LC-MS (A): tg = 0.91 min; [M+H] " 618.89.

15 Exampie 13: 4-((8)-2-{[6-(4-methvl-piperazin-1-y])-2-phenyl-pyrimidine-4-carbonyl}-

amino}-d-phosphono-butyrvl)-piperazine-1-carboxylic acid butyl ester:

13.1. 4-((S)-4-(diethoxy-phosphoryli-2-{ [6-(4-methyi-piperazin-1-yl)-2-phenyl-pyrimidine-

4-carbonyl]-amino}-butwrylj-piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.8, 1-
20 methylpiperazine replacing intermediate 1.7 and intermediate 7.1 replacing 6-chloro-2-phenyl-
pyrimidine-4-carboxylic acid. The compound was however not purified.

LC-MS (A): tg = 0.87 min; [M+H]": 688.04.

13.2. 4-((8)-2-{[6-(4-methyl-piperazin-I-yi)-2-phenyl-pyrimidine-4-carbornylj-amino}-
4-phosphono-butyryl)-piperazine-Il-carboxylic acid butyl ester:



propionyl}-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method
analogous to that of Example 1 step 1.10, intermediate 14.2 replacing intermediate 1.9. The crude was
however purified 5)3/ CC (reverse phase; eluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).
25L.C-MS (AYARYEBYnin; [M+H]: 548.98. WO 2009/069100PCT/1133638RMEEHG2 %27 - Example
15: :
4-{(R)-2-[(6-dimethylamino-2-phenyl-pyrimidine-4-carbonyl)-aminol3-phosphono-propiony1}-piperazin
e-1-carboxylic acid butyl ester: 15.1. -76 -
4-17R)-3-(diethoxy-phosphotyl)-2-[(6-dimethylamino-2-phenyl-pyrimidine-4-carbonyl)aminorpropionyll-
piperazine-tacaraepdisaecidsbpiestensag hissearposnb ywas prapared Hsiigh e methgd analogous to
that of Example 14, step, 14.2, fiimeth}/lamin _(2M1ig ijlhl? re_Blf;lcin _meth}zlaamjbne }(’ZM in THF). LC-MS
(A): 1R = 1. H*ﬂﬁc?;fm HES]I Glfglg(;}l:x%_5_1§_mzr_1_e§1ate . crude § puriie Yy preparative
(R)-2-1,16-dirAethylamino-2-phenyl-pyritnidine-4-carbony0-amino]
-3-phosphqﬂr@g@q@m&-ﬂp@y%&qﬁzﬁﬂb%y!%acid butyl ester: 10This compound was prepared
using a method analogous to that of Example |, step 1.10, intermediate 15.1 replacing intermediate
1.9. The crude was purified by CC (reverse phase; eluent: gradient from water/TFA 100/1 to

MeCN/T FAEsG@ fle L4 - M-SR -{F-m@188iannndiX-phifn pie2y nidin ExXaraieny®-amino]-
4-{(2)-2-[(63(2%%%%; = pi%gﬁ}%gmjﬂnﬁﬁ;gﬁrp&%@-mrg,g%isgg&ppsphono-propionylI-piperazine-l-
I L.

carboxylic acid butyl ester: 1

4-4R)-3-(diethoxyphosphoty0-21(6-ethylamino-2-phenyl-pyrimidine-4-carbonyl)- .
Mo R T S e R e S
method analogausiferthatofExamplectid; stephidZsethylamine (2M in THF) replacing methylamine
(2M in THF). 20LC-MS (A): tR = 1.04 mm; [M+1-11 : 618.96. 16.2. ‘
4-{(R)-2176LBEh pRIARIIBLD e RYAPITHGTHERRE -4 RS sh oD KS- BIO SPhBFORISp 7> step 7.1,
onyl)iperazingcdraarbaxyic.acid butyhestas s Thincompaind Was prapacedhusing aynethod
analogous gé) that of Examlple hgte%% 0, intermediate 16.1 replacing intermediate 1.9. The crude was
purified by EEFeFEHEEHHR%SBEREA gradient from water/TEA 100/1 to MeCN/TFA 100/1).

LC-MS (A): tg = 1.07 min; [M+H]|": 609.88.

14.2. 4-{(R)-3-(diethoxy-phosphoryl)-2-[(6-methylamino-2-phenyl-pyrimidine-4-carbonyl)-

amino]-propionyl}-piperazine-I-carboxylic acid butyl ester:

15 Intermediate 14.1 (67 mg) was dissolved in a solution of methylamine in THF (234, 0.55 mL).
The reaction mixture was stirred at 50°C overnight. It was quenched with sat. ag. NallCOs
and DCM and sat. aq. NaCl were added. The org. phase was dried (Na;SOy) and evaporated
off to afford the desired product as a beige foam (47 mg).

LC-MS (A): tz = 1.01 min; [M+H] : 604,97,

20 74.3. 4-{(R)-2-[(6-methylamino-2-phenyi-pyrimidine-4-carbonyl)-amino]-3-phosphono-

propionyip-piperazine- I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.10,
intermediate 14.2 replacing intermediate 1.9, The crude was however purified by CC (reverse
phase; euent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).

25 LC-MS (A): tg = (.83 min; [M+H]": 548.98.



LC-MS (A): tR = 0.87 mm; [M+H] : 562.80. WO 2009/069100PCT/1B2008/055002 - 78 - Example 17:
4-{(R)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonyb-aminok
3-phosphono-propionyll-piperazine-l-carboxylic acid butyl ester: 17.1. .

4-1(17)-3-(d¥ 5?—%%’(?%hory1)-2-[('6-isopropylamino-2-phenyl-pyrimidiﬁgﬂl-%%{} SRy LR
aminorpropionyl1-piperazine-1-carboxylic acid butyl ester: 5This compound was prepared using a
method analogous to that of Example 1, step 1.8, isopropylamine (10 equivalents) replacing
intermediate 1.7 and intermediate 7.1 replacing 6-¢hloro-2-phenyl-pyrimidine-4-carboxylic acid, using
no DIPEA and heating at 50C instead of 60C. The compound was however not purified. LC-MS (A): tR
= 1.02 mm piMmlid ik:633:28- 1L Qb GRnethylamino-2-phenyl-pyrimidine-4-carbonyl)-amino)-
4-{())-2-116:isppropylumino-2-phenyl-pyrimidine-4-carbony1)-aming]-3-phosphono-
propionyl1§E>‘?§§F3§f}r/%’-'ffé’g?ﬁ%%<@7%};§c%ﬁ’ﬁfyl“éasr e cigcgglr%% nt%s Was prepared using a method
analogous to that of Example 1 step 1.10, intermediate 17.1 replacing intermediate 1.9. The crude was
purified by EC (révekss (Higdersifem/ m WatetiTER ¢Od 8t ﬁﬁ@}gﬁé@m}ﬁﬂﬁ%ﬂ{'@%dient 5%
B/1 CV; 5% nt0% A5 RI120EN:: 0% B4y 6MYiik G B )istR-= 0.90 min; [M+H]' 576.59. Example 18:
4-((S)-2-{[2-(4-fluoro-pheny1)-64(S)-3-methoxy-pyrrolidin-1-y0-
pyrimidine-Fhéadvomydiadnine| #ephics plrono D utsthet) quigegarine- thean diadivracitFbetsh &stor: 2018.1.

4-fluoro-benzamiding: .LQ-an;ice %ﬁ%ﬂg&g{hpgﬁgﬁgqmlgﬁﬁzﬁne (7 mL) in Et20 (40 mL) was
added n-BuLi (1.6M in hexanes, 20.6 mL), followed by a solution of 4-fluorobenzonitrile (2 g) in Et20

(20 ml). Aftbf iﬁ@)a%ond 1o 2T HHe Aiktlife was allowed to warm to RT and was stirred at RT
for 20 h. The mixture was acidified to pH 1 by adding a 1M HC1 solution and 25 was washed with
CHC13. Théjay. dayBi-WaS-Hienthdsifizd-tonsentiépbyraidding Na2 @B anddidfoardwas extracted

twice with %tbg%%yﬁ%Qﬁﬂza@yﬁEﬁ;W&&%fg989& %gg@,éf) and evaporated off to afford the desired
9 g).

compound (1.
10 This compound was prepared using a method analogous to that of Example 1, step 1.10,

intermediate 15.1 replacing intermediate 1.9. The crude was purified by CC (reverse phase;
cluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).
LC-MS (A): tr = 0.86 min; [M+H]": 562.94

Example 16: 4-{(R)-2-[(6-ethyviamino-2-phenyl-pyrimidine-4-carbonyl}-amino}-

15  3-phospheno-propionyl}-piperazine-1-carboxylic acid butyl ester:

16.1. 4-{(R)-3-(diethoxy-phosphoryl}-2-[(6-cthyiamino-2-phenyl-pyrimidine-4-carbonylj-

amino]-propionyl }-piperazine- 1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 14, step 14.2,
cthylamine (2A1 in THF) replacing methylamine (23 in THF).
20 LC-MS (A} tg = 1.04 min; [M+H]": 618.96.

16.2. 4-{(R)-2-[(6-ethylamino-2-phenyl-pyrimidine-4-carbonyl)-aminof -3-phosphono-

propionyl}-piperazine-1-carboxvlic acid buty! ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,

intermediate 16.1 replacing intermediate 1.9. The crude was purified by CC (reverse phase;
25  ecluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).

LC-MS (A): ta = 0.87 min; [M+H]™: 562.80.



WO 2009/069100PCT/1B2008/055002 - 79 - LC-MS (A): tR = 0.33 min; [N4H-H1-: 139.21. 18.2.
6-chloro-2-('4-fluoro-phenyl)-pyrimidine-4-carboxylic acid: This compound was prepared in 4 steps
from intermediate 18.1 using methods analog to those described in WO 2006/114774 (see Example 1,
step 1.3 and™ExHIIEPH. steps 24.1, 24.2 and 524.3). LC-MS (A): tR = FS& W34y, 253.24.
18.3. 2-(4:41uoropheny0-6-1(52-3-methoxy-pyrrolidin-1 -y1)-pyrimidine-4-carboxylic acid:  This
compound was prepared using a method analogous to that of Example I, step 1.8, intermediate 18.2
replacing 6-chloro-2-phenyl-pyrimidine-4-carboxyligzacid. The product was 10however not purified.
LC-MS (A): tR = 0.77 min; [M+1414: 318.16. 18.4.

4418)-4- (dlmmph@sm@duslﬁﬁ% SanmiRReRY hRALL Sl RN Ry AR L3 1-pyrimidine-4-

carbonylpaminol-butyry1)-piperazine-1-carboxylic acid butyl'ester:  This compound was prepared
using a methBBCSRRIGaT ORI Ec P ERRZHAGIE PRy e feifEhmil ti&tfiate 18.3 replacing
6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The compound was however purified by preparative
LC-MS (IV)! L.G- MBS RAP-tReth axo8mwrl: Ji-H/ (FOSDB 0y B Bino-2-phenyl-pyrimidine-4-carbonyl)-

4-(15)-2- 113%0]7%#9}%@1?,%%&: Bz448)- 3a%§£9§%«9¥%91jﬁ'&17&: y1)-pyrimidine4-carbonylPaminol-4-phos
phono-butyryl)-piperazine-1-carboxylic acid bray! ester: 20 This compound was prepared using a

method analagocsipotinat whsEp&r;mkel Iuﬁt@palﬁhedmﬁarmh@mte ﬂa&lﬂareiﬂmlaglpMemm@bate 1.9. The
crude was purlfled re atlve 21 i(n 13 9 94+H 94. Fxa plg 9:
4-1 (5) 21 1%0&[§Sp§lb}{1p Ay nts y% <‘23 t (?Iéf e):l}a e 1.7 and i erme ixte” g?) a m:lg

p rrolidirt-1 pyrimidine-

254- carbonQPilmhmﬂmméﬁ@-Bwb@ﬁy@me@zW@&%Wé’ﬁﬁié@d@%@/ﬁ‘é@%@ ipsfepd
6-chloro-2-prtglylepytimidingstgarhaicaci: purified.

LO-MS (A): tg = 1.02 min; [M+HJ": 633.25.

10 17.2. 4-{(R)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonylj-amino]-3-phosphono-

propionyl}-piperazine-I-carboxyviic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.10,

intermediate 17.1 replacing intermediate 1.9. The crude was purified by CC (reverse phase,

eluent A: water/TFA 100/1; eluent B: MeCN/TFA 100/1; gradient: 3% B/1 CV; 5% to 70%
15 B/20 CV; 70% B/4 CV).

LC-MS (A): tr = 0.90 min; [M+H]": 576.59.

Example 18: 4-((8)-2-{[2-(4-flucro-phenyl)-6-(($)-3-methoxy-pyrrolidin-1-vi)-
pyrimidine-4-carbonyl]-amino}-4-phosphono-bufyryl)-piperazine-1-carboxyiic acid

butyl ester:

20 18.1. 4-fluoro-benzamidine:

To an ice-cold solution of hexamethyldisilazane (7 mL) in Et;O (40 mL) was added »-Buli
(1.6M in hexanes, 20.6 mL), followed by a solution of 4-fluorobenzonitrile (2 g) in E6O
(10 ml). After stirring at 0°C for 10 min, the mixture was allowed to warm to RT and was
stirred at RT for 20 h. The mixture was acidified to pH 1 by adding a 144 HCI solution and

25  was washed with CHCl:. The aq. layer was then basified to pH 14 by adding Na,CO; and
NaOH and was extracted twice with CHCl;. The org. layers were dried (Na,SOy4) and
evaporated off to afford the desired compound (1.59 g).



WO 2009/069100PCPIB2008/055002 - 80 - This compound was prepared in 4 steps from
4-methyl-benzamidine using methods analog to those described in WO 2006/114774 (see Example 1,
step 1.3, Example 24, steps 24.1, 24.2 and 24.3). LC-MS (A): tR = 0.93 min; [M-t-Hr: 249.28. 519.2.
64(S)-3-niethEkFRABIMN-1-y1)-2-p-tolyl-py nidine-4-carboxylic acid: Thi8cEHsHEAENWES prepared
asing a method analogous to that of Example 1, step 1.8, intermediate 19.1 replacing
6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The product was however not purified. LC-MS (A): tR =
0.79 min; [M+111: 314.08. 1019.3. 79
4-((S)-4-(diethoxy-phosphotyl)-21[6-(1S)-3-methoxy-pyrrolidin-I-y1)-2-p-tolyl-

pyrimidine-ﬁ@_%lng!lfgmmgj-g%y[w_ NipgEazine-1-carboxylic acid butyl ester: This compound was
prepared using a method analogous to that of Example 7, step 7.1, intermediate 19.2 replacing

6-chloro-2-phenyl-pyrimidine-4-carboxylic acid The product was however purified by preparative
CCMS (1 TSR A L5 OB it U : T 00 o
4-0)-2-0-((Sr3s e aPVAL QALY B 4RI Thidine AT RN 52 MRS analog to those _
4-phosphono-but>é£¥o-%})era2|ne-l-carbox ic acid butyl ester: This compound was prepared using a

method andlegebietisial SPEXLHpié Cesteirnie interrheRaleb 1o lepfadifiy rtdrmbdiaté 1.9. The
crude vgas pyrified by preparative 20 LC-MS (1.0. LC-MS (A): tR = 0.93 mm; [M+HI7: 646.90. Example

20: 4-((8)-25%%; luoro-phen 1)@[(%1)3 hoxy-pyrrolidin-l-y1)-
pyrimidine-4-car éo%;}l@ém?ﬁ%ﬁ-‘%%i sp h%g%?tﬁiiryb-piperazine-l-carboxylic acid butyl ester: WO
2009/069100PCT/1B2008/055002 - 81 This compound was prepared using a method analogous to
that of Exarfipfe £87dlkgrag8/ e phtidrdot st rspidbing A-misraBEn-6rtie e s (A): tR = 0.25
mm; [M+H+M1%Ccl>)ll!rl1;p%§r9d3\?fés prepared using a method analogous to that of Example I, step 1.8,
intermediate 18.2 replacing 6-chloro-2-phenyi-pyrimidine-4-carboxylic acid. The product was
10 however not purified.

LC-MS (A): tp = 0.77 min; [M+H]": 318.16.

18.4. 4-((5)-4-(diethoxy-phosphoryl)-2-{ [2-(4-fluoro-phenvlj-6-((S)-3-methoxy-pyvrrolidin-

Lylj-pyrimidine-4-carbonyl]-amino}-butyryl)-piperazine- 1-carboxviic acid butvi ester:

This compound was prepared using a method analogous to that of Example 7, step 7.1,
15  intermediate 18.3 replacing 6-chloro-2-phenyi-pyrimidine-4-carboxylic acid. The compound

was however purified by preparative LC-MS {IV).

LC-MS (A): tg = 1.08 min; [M+H]": 706.95.

18.5. 4-((5)-2-{[2-(4-fluoro-phenyl)-6-((5)-3-methoxy-pyrrolidin-1-yi)-pyrimidine-
4-carbonyl]-amino }-4-phosphono-butyrvl)-piperazine- [ -carboxylic acid butyl ester:

20 This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate 18.4 replacing intermediate 1.9. The crude was purified by preparative
LC-MS dI).

LC-MS (A): tg = 0.94 min; [M+H] : 650.94.

Example 19: 4-((5)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yi)-2-p-tolyl-pyrimidine-

25  4-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-1-carboxyvlic acid butyl ester:

19.1. 6-chloro-2-p-tolyl-pyrimidine-4-carboxylic acid:



20.2. 6-chloro-2-(2-fluoro-phenyl)-pyrimidine-4-carboxylic acid: 5This compound was prepared in 4
steps from intermediate 20.1 using methods analog to those described in WO 2006/114774 (see
Example 1, step 1.3 and Example 24, steps 24.1, 24.2 and 24.3). LC-MS (A): tR = 0.88 min; [M+HE:
252.95. 20.3V0 3988 phenyl)-64(S)-3-methoxy-pyrrolidin-]-A-pyrimidiRe A B iyl 2acid: 10 This
compound was prepared using a method analogous to that of Example 1, step 1.8, intermediate 20.2
replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The product was however not purified.
LC-MS (A): tR = 0.74 min; [M+F1] I: 318.14.  204..
4-(q)-4-(diethoxy-phosphotyl)-2-4[2-(2-fluoro-phenyl)-64(S)-3-inethoxy-pyrrolidin-

15Ly0-pyrigdingissatb anyaAmnRHUA: BRI aZIng: R Yin Aeth P RSIEL, Fhis gompound

was prepared using a metho analggous to that of Example 7, step 7.1, intermediate 20.3 replacing
6-chloro-2-pHsagetiithedin &9 2aPE0xdilchties FropieodustRds hEWeude pariffets i prefarative
LC-MS (1V)nkG4MS (A): tR = 1.05 mm; [M+H]: 706.95. 20 20.5.

4-((S)-2-412-(2- -phenyQ-6-(S)-3-met -pyrrolidin-1
-yO-pyrimid%ée%\-lggﬁ’)rﬁ)‘ﬁlﬁgr)é?n%]j&f{\)%cggh%gnéé utytylj-piperazine-1 -carboxylic acid butyl ester: This
compound was prepared using a method analogous to that of Example 1, step 1.10, intermediate 20.4
replacifg inf&rmdédiate e He epitd fad -ﬁarﬁf@d%v—ﬁréﬁa&f’éﬁﬁré{fégmfﬁ)C%‘Lc-Ms (A): ti 0.89 min;
[M+HI: 65098, WO 200010694000 CT1820081058002 .82 - EXIBIE 2 i 1, stcp 1.5
4-((S)-2-1[2- “itior 9pﬁeﬁ%q)-%r-c@§)’- -meﬁwoxy-pyrroﬁaln-ﬁy%- pie 1, SIER 16,
pyrimidine-dscansdimptkhiinejiasiph 6 spionc-buepsirpipedixirecedarbdiydiddadibcbupduesters 21.1.
3-fluoro-bepzamiding: AH}sccompound was prepared using a method analogous to that of Example
18, step 18.1

LC-MS (A): tr = 0.79 min; [M+H]": 314.08.
10 19.3. 4-((S)-4-(diethoxy-phosphoryl)-2-{ [6-((S)-3-methoxy-pyrrolidin-1-yl)-2-p-tolyi-
pyrimidine-4-carbonylf-amino -butyryl)-piperazine- I -carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 7, step 7.1,

intermediate 19.2 replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The product was
however purified by preparative LC-MS (IV).
15 LC-MS (A): tg = 1.08 min; [M+H]" 703.40.

194, 4-((85)-2-{[6-((5)-3-methoxy-pyrrolidin-1-vI)-2-p-tolvl-pyrimidine-4-carbonyl] -amino }-

q-phosphono-butywyl)-piperazine-1-carboxylic acid butvl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,

intermediate 19,3 replacing intermediate 1.9, The crudc was purified by preparative
20 LC-MS (D).

LC-MS (A): tg = .93 min; [M-+H]": 646.90.

Example 20:  4-((5)-2-{[2-(2-fluoro-pheny])-6-(($)-3-methoxy-pyrrolidin-1-y1)-
pyrimidine-4-carbonyl}-aming}-4-phosphono-butyryl)-piperazine-1-carboxylic acid

butyl ester:

25 20.1. 2fluoro-benzamidine:



3-fluorobenzonitrile replacing 4-fluorobenzonitrile. LC-MS (A): tR = 0.30 min; [M+H+MeCI\IF: 180.35.
21.2. 6-chloro-2-(3-fluoro-phenyl,)-pyri idine-4-carboxylic acid: This compound was prepared in 4
steps from intermediate 21.1 using methods analog to those 10described in WO 2006/114774 (see
Example 1, BtepitideneP Example 24, steps 24.1, 24.2 and 24.3). LC-MSP(RYIBRUGS/0598; [ +11] .
286.05. 21.3. 2-(37fluoro-pheny1)-64(5)-3-metlioxy-pyrrolidin-1-ylppyrimidine-4-carboxylic acid:  This
compound was prepared using a method analogous to that of Example 1, step 1.8, 15intermediate
21.2 replacing 6-chloro-2-phenyl-pyrimidine-4-carbgxylic acid. The product was however not purified.
LC-MS (A): tit = 0.77 min; [M+H]* 318.16. 21.4.

4-0-4-(diet ty- Rh ggl%%ly\g,ﬁ [E % QI%%O pﬁ%{]%'é Q}}gﬁ} 1)' 5 QB(X ﬁwiﬁ ‘;168

1-y1)-pyrimi |ne ony utylyO-piperazine- 16 c acl ester: 2 T%wls compound
was prepar%@%ﬁ@@%@%@ﬁﬁ%mﬁﬁ%qw?ﬁww@%mpIe 7 step 7.1, intermediate 21.3 replacing

6-chloro-2-pheny-pyrimidnesdrearbaxyio.acity Thegpseduct was however purified by preparative
LC-MS (IV). LC-MS (A) tR=1. 11 min; [M+EIl.: 706.94.  21.5.

4-(0)- 21[24§0f5.10g hox Y=Y, roJ;| I]o )p rimidine">54-carbonyl.
-anzmol4phosphono bu% 1 puﬁéﬁgzm@’i ?éarb%x(%l%émﬁfﬁty ester: WO

2009/0§91Q@1E%QIA%%&Q0&@§§£}%&3¢ sthis ﬁ»&ﬂlﬂﬁ&ﬁﬁd&éﬁé m@pﬁfﬁgiﬁ&maam@@@l@a@bgous to

that of Example tep 1 10 inter 1 4r p acmg dlate 1.9. The w rified by
preparative FERE (H). ¥ (‘Aﬁr‘g?&lf y‘fﬁ’)?é?r?pl’ %sz’]ésciy DA

4-R2)-2-1(64riBthoxy-2- phenyl pyrimidine-4- carbonyl) amlnol-
LC-MS (A): tg = 0.88 min; [M+H]" 252.95.

20.3. 2-(4-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-vi)-pyrimidine-4-carboxylic acid:

10 This compound was prepared using a method analogous to that of Example 1, step 1.8,
intermediate 20.2 replacing 6-chloro-2-phenyi-pyrimidine-4-carboxylic acid. The product was
however not purified.

LC-MS (A): tg = 0.74 min; [M+H]": 318.14.

20.4. 4-((Si-4-(diethoxy-phosphoryvl)-2-{[2-(2-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-
15 I-pl-pyrimidine-4-carbonylj-aminol-butvrvil)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 7, step 7.1,
intermediate 20.3 replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid, The product was
however purified by preparative LC-MS (IV).

LC-MS (A): tg = 1.05 min; [M+H]": 706.95.

20 20.5. 4-((S)-2-{[2-(2-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-vi)-pyrimidine-

4-carbonyl] -amino}-4-phosphono-butyryl)-piperazine- 1 -carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate 20.4 replacing intermediate 1.9. The crude was purified by preparative
LC-MS ().

25 LC-MS (A): tg = 0.89 min; [M+H]: 650.98.



3-phosphono-propiony1}-piperazineThearboxylic acid butyl ester: 22.1.
4-{(R)-3-(diethoxy-phospholy0-2-[(6-nzethoxy-2-phenyl-py midine-4-carbony1l)-
aminoPpropionyl)-piperazine-1-carboxylic acid butyl ester: NaH (36 mg, 55% dispersion in mineral oil)
was suspenttERHIAE0 (0.5 mL). The resulting 10sodium methylate solBt&ARAAE &8 to a solution
of intermediate 14.1 (102 mg) in MeOH (0.5 mL). The reaction mixture was stirred at RT for 2 h. Sat.
ag. NH4C1 and DCM were added and the phases were separated. The ag. phase was extracted with
DCM and the combined org. phases were dried (Ng@2S04) and evaporated off to afford the desired
compound (71 mg). LC-MS (A): tR - 1.06 min; [M-I-H]*: 605.97. 15 22.2.

44110-2-1 76 meinoxy- 220yl p WQMuﬁmwp@x@y@m%pﬁgmomn f-y1)-

propionylipiperazine-1-ear oxyllc aC|d butyl ester: This compound was prepared_ usm a method

analogous Ry THRIReELAARBRENI-Srain gy ﬁphﬂ%}i‘ﬂéa‘ﬁl@’ﬁ%ﬁ’é’ﬁ@éfﬁ& "E@’Fﬁ?ééﬂ‘acté “4%9. The crude
was purifieghiryiGsetreversed phase; eluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1) 20
LC-MS (A): tR = 0.90 mm; [M+HI: 549.94. Example 23:

4-{(2)-2-[(6anethylsz-phepylpyrimidine-4-carbonyl)-amino]-
3-phosphono-propiony1}-piperazine-1-carboxylic acid butyl ester: 23.1.

4-{(R)-3- (dmhoxymﬁmaphmy%&ﬁﬁz@-mt@yi Zrphahyhgyonidnetdicar ionyHaminetppopionyl)-piperaz
ine-1- carbogqglc acid but rlf—:‘ster WO 69100{3§:T/182008/055002 84 - suspended in

L
anhydrous dloxaneeFf razgilrn e rﬁ%%t%nrle was stirred overnight at RT under argon, then

overnight at- 665 Métﬁlyfbérﬂhmﬂadﬁiﬂﬁ"wl\ibtrbﬁﬂéénphenyIphosphlne)palladlum (108 mg) and
potassium phosphate (198 mg) were added to the mixture and it was further stirred for 4.5 h at 50C.
Water and DICM sugiieraddediioibe agn phasenasextiastediwiihilDCM and the combined org. phases
were dried (Na2S04) and evaporated off The crude was purified by CC three times (CC No. 1: eluent:
gradient froRHE Ao pEMIVIEB HgpiraC O N oteRs alereneigraadiain JorhiE todhriyie®l 2 00tscC No. 3:

reversg phagg AIEHN WBPshenh Tomale LA 00K IMeGNEEAIOBM ) inaive the desired
compound as a colourless resin (22 mg). 10LC-MS (A): tR = 1.03 min; [M+Hrl: 589. 95.23.2.

41(R)-2- 17éé'rﬁ?ethyl 2-phenyl-pyrimidine-4-carbonyl)-aminor3-phosphono-propiony1}-
piperazine-Lecatb@rylic acidbutid; ¢8tek ] : Thistéompound was prepared using a method analogous to
that of Example 1, step 1.10, intermediate 23.1 replacing intermediate 1.9. The crude was purified by

CC (reversed phase:l eIt adiPLSAMARIBTITTAA O012 MRS AOIDLEMS (4): 1R =
0.86 mm; [M-411': 533.96.

This compound was prepared using a method analogous to that of Example 1, step 1.8,
15  intermediate 21.2 replacing 6-chioro-2-phenyl-pyrimidine-4-carboxylic acid. The product was
however not purtfied.

LC-MS (A): tg = 0.77 min; [M+H]": 318.16.

21.4. 4-((S)-4-(diethoxyv-phosphoryl}-2-{{2-(3-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-
I-yl}-pyrimidine-4-carbonyl]-amino }-butyrvl)-piperazine-I-carboxylic acid butyl ester:

20 This compound was prepared using a method analogous to that of Example 7, step 7.1,
intermediate 21.3 replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The product was
however purified by preparative LC-MS (V).

LC-MS (A): tp = .11 min; [M-+H]|" 706.94.

21.5. 4-((8)-2-{]2-(3-fluoro-phenvij-6-((S)-3-methoxy-pyrrolidin-1-yl)-pyrimidine-
25  d-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-I-carboxylic acid butyl ester:



Example 24: 4-
ItR)-21(6-cyclopropylamino-2-phenyl-pyrimidine-4-carbonyl)-aminol3-phosphono-propionyll-piperazine
-I-carboxylic acid butyl ester:  24.1.

4-11R)-2-148% 9488881 anzino-2-phenyl-pyrintidine-4-carbonyp-aming 8 i tHH 437207
phosphoryl)-propionylPpiperazine-1-carboxylic acid bray! ester: This compound was prepared using
a method analogous to that of Example 1, step 1.8, cyclopropylamine replacing intermediate 1.7,
intermediate 14.1 replacing 6-chloro-2-phenylpyrimidine-4-carboxylic acid and heating at 70C instead
of 60C. The product was however not purified. 25LC-MS (A): tR = 1.04 min; [M-PHI: 631.04. WO

2009/0691Q9RCLARZA08(999002-83siddis FRMAPURL WA PEERREd:using ddmethed anglogous to

that of Example 1, step 1.10, intermediate 24.1 replacing intermediate 1.9 The crude was purified by
preparativel ey 2 d-Neslpana Rtegssigion: R+ e, s7gaVBERIRHpE 2y preparative
4-KR)-2-[(ZephersylEh-phenylamino-pyrimidine-4-carbonyb-aminol-

3-phosphono-prepionyll-pipgrazines|- oxylic acid butyl ester: 25.1.
4-{(R)-3-(d%%{%@-g%%é{pﬁggl%m% e'ny%l)éﬁshenylamino-pyrimidine-4-carbony11-
aminorpropionylfpiperazine-1-carboxylic acid butyl ester: This compound was prepared using a
method andegays Trihat pkExampir thosiep gh8nAnivaRnifid-Q-2qibvalgpishiggiacing intermediate
1.7, intermediate 14.1 replacing,6-chloro:2-phenylpyrimidine-4-carboxylic acid and heating at 70C
instead of G0LN F Lo e R Y CC T ety 666,95,
25.2. 4-{(K)-2- (2-phen¥1-6-phenylamino-pyrimidine-4-carbony|FamanPB-phos honol5
propionyl12,3i;£eflaé(i%-1(-%5%63@1f@ﬁzﬁaftﬂﬁﬁfé%f@??hfmszefef%éﬁm’wﬁ@ﬁffé' I‘Eé’ay@éing a method
analogous torihat-pldpxanipleskrsiep 1.debintermediate 2bsdreplacing intermediate 1.9. The crude
was purified by preparative LC-MS (lIl). LC-MS (A): tR = 0.96 min; [M+H]: 610.88. 20Example 26:
4-{(R)-2-[(6Ms&h Byl amairf§-2-Pbrsnsilp yrimidind -dilg arsowmyheadainiol McOH (0.5 mL). The resulting

3-phosghongapraniomyhlpingraging-4-cabexlicagidhuylissiaie 88d14.1 (102 mg in MeOK
4-1112)-2-[ 6-benzylatn|no-_2-pheny|-pyr|m|d|ne-4-carbony11-am|n0[3-gg|ethox¥& osphatyl)-propionyli-
piperazine- %gma(ﬁ h:c éﬁ&ﬂﬁ@"gﬁf&ﬁ’% stirred at RT for 27h. Sat. ag. NH4Cl and D were added

and the phases were separated. The aq. phase was extracted with DCM and the combined org.
phases were dried (NazSQ4) and evaporated off to afford the desired compound (71 mg).
LC-MS (A): tg = 1.06 min; [M+H]™: 605.97.

15 22.2. 4-{(R)-2-[(6-methoxy-2-phenyl-pyrimidine-4-carbonylj-amino[-3-phosphono-

propionyl}-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate 22.1 replacing intermediate 1.9. The crude was purified by CC (reversed phase;
eluent: gradient from watet/TFA 100/1 to MeCN/TFA 100/1).

20 LC-MS (A) tg = 0.90 min; [M-+H]": 545.94.

Example 23: 4-{(R)-2-{(6-methyl-2-phenyl-pyrimidine-4-carbonyl)-amino}-

3-phosphono-propicnyl}-piperazine-I-carboxylic acid butyl ester:
23,1, 4-{(R)-3-(diethoxv-phosphoryvi)-2- [(6-methyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-
propionyl}-piperazine-i-carboxylic acid butyl ester:

25 Intermediate 141 (114 mg), methylboronic actd (17 mg}j,
tetrakis(triphenylphosphine)paliadium {11 mg) and potassium phosphate (80 mg) were



This compound was prepared using a method analogous to that of Example 1, step 1.8, benzylamine
replacing intermediate 1.7, intermediate 14.1 replacing 6-chloro-2-phenyl- WO
2009/069100PCT/182008/055002 - 86 - pyrimidine-4-carboxylic acid and heating at 70C instead of
60C. The prdtE /e W8wever not purified. LC-MS (A): tR = 1.09m [M-1BE 8810895500226 2.
4-1(R1-2-1(6-benzylamino-2-phenyl-pyrimidine-4-carbonyl)-aminop3-phosphono5
propionyl1-piperazine-I-carboxylic acid butyl ester: This compound was prepared using a method
analogous to that of Example 1, step 1.10, intermegliate 26.1 replacing intermediate 1.9 The crude was
purified by preparative LC-MS (lIl). LC-MS (A): tit = 0.95 min; [M+F1] 624.94. 10Example 27:

44/ 2)_2'Q2'SB§WIS@ iH%&ﬁQ&%&hM&E&ﬁé‘r@r}ﬁ%‘MQ@@ L@g&ﬁpyffﬂm%fc was stirred overnight at RT

4-carbonyl)-amino)-3-phosphono-propion Ipplpera2|noe-l-carboxilic acid butyl ester: 27.1.
41(R)-3-(didfEky-pHeephorfiyip-6055HEAN-613R) - @tkany dYSiRARSRamAtipy rithidiné8carbony 1}-
amino)-propieayipipasazinshicasnoxbic.acid baylbesied: thiscomptissshwas prepanedvtsing a
method anal S 1o that of Example 1., step 1.8, 15 (R)-(+)-3-aminotetrah rane .. .
toluene-4-sﬁ$oga?ett‘}eeg}g%lll r’i% %ﬁ?é?m%%%gl%}l{%ﬁﬁéfiel%%édﬁé}é@f ? rep gaéiﬁ%g%@m wetE added,
6-chlord-2- ey lpbyrirmisiinatdated bokyDE Atiddiid heabingdatrZodasesteses SHiedCVaFFie:product was

however n%@ﬁ&%@c‘&&ﬁﬂ@cﬁ@c s I:J]a%emﬂg’ éMﬂﬁ-EHzn@a@J(éE No. ¥ Eident: gradient from EA
4-1(2)-2-(12-phen 1-61%12()§-‘rggatrar%ydrolur'an- -.yl)am|norpyrlm|d|ne-4fcarbo_nglé2Q _

amino)-3-pffd 8 pidryDiper dsiHeeiadai SERE adtr bV IcEH et Y% hid-CoMipdutsiSivas prepared
using a methpgearalagoysthi-thatoh Bxamaie A, Sep lolountemnadiaw ) itd seplatindgdsitetmediate
1.9. The crude wascgurifieji b repar tjyengi-MS (1. LC-MS (A): tR = 0.86 min; [M+Hr: 604.95. WO
2009/0691G0BE T AEBA0RIBLRg05 T (22 ™

10 LC-MS (A): tg = 1.03 min; [M+H]": 589.95.

23.2, 4-{(R)-2-[(6-methyi-2-phenyi-pyrimidine-4-carbonyli-amino]-3-phosphono-propionyl }-

piperazine-1-cavboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,

intermediate 23.1 replacing intermediate 1.9. The crude was purified by CC (reversed phase;
15 eluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).

LC-MS (A): tg = 0.86 min; [M+H]": 533.96,

Example 24: 4-{(R)-2-|(6-cyclopropylamino-2-phenyl-pyrimidine-4-carboenyl)-amino]-

3-phesphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

24.1. 4-[(R)-2-[(6~cvclopropyiamino-2-phenyl-pyrimidine-4-carbonyli-amino]-3-(diethoxy-
20 phosphoryl)-propionyl]-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.8,
cyvclopropylamine replacing intermediate 1.7, intermediate 14.1 replacing 6-chloro-2-phenyl-
pyrimidine-4-carboxylic acid and heating at 70°C instead of 60°C. The product was however
not purified.

25  LC-MS (A): tg = 1.04 min; [M-+H]J: 631.04.

24.2. 4-{(R)-2-](6-cyclopropvlamine-2-phenvl-pyrimidine-4-carbonyl)-amino]-3-phosphono-

propionyi}-piperazine-1-carboxylic acid butyl ester:



- 87 - Example 28:
4-((R)-2-1[6-(3-hydroxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyllambiol-3-phosphono-propiony1)
-piperazine-1-carboxylic acid butyl ester: 28.1.
4-1(12)-3-1HE}HTE%/86M98photy1)-2-11-6-(3-hydroxy-pyrrolidin-1-y0-2-phBRajtpifes55002
idine4-carbonyll-amino}-propionyb-piperazine-1-carboxylic acid butyl ester: 5 This compound was
prepared using a method analogous to that of Example 1 step 1.8, 3-pyrrolidinol replacing intermediate
1.7, intermediate 14.1 replacing 6-chloro-2-phenylpyrimidine-4-carboxylic acid, and heating at 70C
instead of 60C. The product was however not purified. LC-MS (A): IR = 0.97 min; [M-1-HI: 661.01.
1028.2. 4 LRk acd S wALORGRV U Qs ines garbampleamiagl 10
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl'ester: This compound was prepared using a
method and%ﬁ&lféh?éeth"éﬁ bf ERbifHe Biearss 919 0! thtethfediats 282F rBPIHGAgIMtERSEREYS 1.9 The
crude was purifiegiy. preparative LC-MS (1). 15LC-MS (A): tR = 0.81 min; [M+Ffr : 604.93. Example
29: ‘ . o+
4-KR)-2-(léiﬁﬂ\-dr%émo%feotﬁglfyrﬁéwﬁgm|5n7c§LI'-§4-'phenyl-pyrimidine4-carbony1}-amino)-3-phosphono-pr
opionyll-piperazine-l-carboxylic acid butyl ester: 29.1.

41(R)-3r (digthasyiphesphotxi-p 3¢ ird{Zrmpthaasibypitaiuhaminetphipapmejmidine-4-carbonyl
kamino)-prapionyll:piperazine-1-.carboxylic acid butyl ester:: 20 This compound was prepared using a
method ang%)glooég ) E‘HB{‘H?‘E% T 6?5 rf),%s‘fee%"f%t?}ﬁﬁ Er%gﬁé‘)% elitﬁ?/f)rrhethylamine replacing
intermediate 1.7, intermediate 14.1 replacing 6- chloro-2-phenyl-pyrimidine-4-carboxylic acid and
heating at 7%3%51réfé%%%@@xxﬁé@ﬁféa'a'&-%vé@ﬁéw%éﬂ%ﬁ TR T Cukie Ry 05 mm;
[M+1-11: 66&:04] WEH2AOIPHILENRCTHBAINE RRDORZ =88~ 29.2.
44(R)-2-(16-[(2-methoxy-ethylj-methyl-antino1-2-phenyl-pyrimidine-4-carbonyl}-
amino)-3-pHdsprono:pro pienytépipd eezige od@rivooplicsatidding dstermp T RisscorhBountinwas
prepargd using A,MaHBad 3BaleaRuS I Hate! EXamRlR. GIRP fs30,d5 fﬁ%}e@j@r]&%;%%]pﬁ% cing

intermediate 1.9. The crude was purified by preparative 5LC-MS SIIZ:. LC-MS (A): tR = 0.89 min; [M+I1I:
606.81. Exéwfﬁfgd?,@—él-carboxyhc acid and heating at 70°C instead of 60°C. The product was however

4-0)-2-a6-(2rathaxgiearbonyl-ethylamino)-2-phenyl-pyrimidine4-carbonylkamino}-3-phosphono-propion
yb-piperazi ]“(‘Sar xylic. acid butyl r:
4-((1?)-3-(d||1e ho'xy-%ﬁé%pﬁ@l?fﬂim%ﬁéﬁggx%%arbonyl-ethylamino)-2-phenylpyrintidine-4-carbonyl

-aminol-pr%pionyl)-)oi erazine-1-carboxylic acid butyl ester: ‘
5.2 4-{(R ﬁé’-[ (2-phenyl-6-phenyviamino-pyrimidine-4-carbonyl)-amina]-3-phosphono-

15 propionyi}-piperazine-I1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example I, step 1.10,
intermediate 25.1 replacing mtermediate 1.9. The crude was purified by preparative
LC-MS (HI).

LC-MS (A} ty = 0.96 min; [M+H]": 610.88.

20  Example 26: 4-{(R)-2-[(6-benzylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-

3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:
26.1. 4-[(R)-2-[16-benzyiamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-(diethoxy-
phosphorvl}-propionyl]-piperazine-1-carboxylic acid butyl ester.

This compound was prepared using a method analogous to that of Example !, step 1.8,

25  benzylamine replacing intermediate 1.7, intermediate 14.1 replacing 6-chloro-2-phenyi-



This compound was prepared using a method analogous to that of Example 1, step 1.8, ethyl
3-aminopropanoate hydrochloride replacing intermediate 1.7, intermediate 14.1 replacing
6-chloro-2-phenyl-pyrimidine-4-carboxylic acid and heating at 70C instead of 60C. The product was
however noWSUR8HsI8E C-MS (A): tR = 1.04 min; [M+H] I: 690.97. 30.2 FCT/IB2608/055002
4-((12)-2-1[6-(2-ethoxycarbonyl-ethylamino)-2-phenyl-pyritnidine-4-carbonyll-aminb)-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:  This compound was prepared using
a method analogous to that of Example 1, step 1.1Q, intermediate 30.1 replacing intermediate 1.9. The
crude was purified by preparative 20 LC-MS (Ti). LC-MS (A): tR = 0.90 min; [M+Hr: 634.91. Example

3L _ pyrimidine-4-carboxylic acid and heating at 70°C instead of 60°C. The product was however _
44(R)-2-{J6-8,2-ca(boxy-ethylam|no)-2-phenyl-pyr|m|d|ne-4-carbonyllam|no -3-phosphono-propionyb-pip
erazine-1-ctbiifitdacid butyl ester:  The compound of Example 30 (42 mg) and NaOH (26 mg)
were dissolvedvis MeOH 1 nslni2GRAferstiskinglat RT for 2 h, the reaction mixture was acidified with a
1M HC1 solution and WO 2009/069100PCT/1820081055002 - 89 - extracted with EA. The org. layers

were dried gNa204) and.exaporated, off, The,cruds was purfied by preparatived.t:MS (1) to afford the
desired compoun (%)).2 rzgg). LCE-FMS (A f%RQE)(?gO ngin; UM-NHLJ:D(%[OG.B%.? BExrjll?nple 32:

4-[(R)-2-1( PP RRE Rt e R ErE S 4RHI RET-3-phosphonoSpropiony1}-piperazine-1-carboxyl
ic acid butyl ester: 32.1. 4-{(R)-3-(diethoxy-phosphojyl1)-2-1('2,6-diphenyl-pyrz ”
idine-4-carérogﬁsyfg-%%%luﬁlg p\)%sp orﬁéﬁrigp?ﬁgy Zine- -(?éirk?giﬁ%(lgc% kguatg/l{%s%g%/ﬂwferlmétaf)a%éllgil.1(150

mg),phenylivdrone datid (45! migp4eitral digmiptdeny| phds ghineypultadiam 1edfiedy) indisoeassiam
phosphate {}04;mgjyyvere 10 dissolved in anhydrous dioxane (1 ml) under argon. The mixture was
heated at 80C overnight and water was added. The mixture was extracted with EA and the org. phase

was dried (N@%M)aﬁdt&%w}%é%ﬂﬁr%éﬁjde was purified by CC (eluent: gradient from Hept to
EA, followed by MeOH) to give the desired compound (86 mg). LC-MS (A): tR = 1.12 min; [M+HI:

651-99(_}1531%:&111“;5%@7).‘Zﬁf-ﬁglﬁ:§Uﬁ%@%ﬂ)@ﬁm’-ﬁqﬂﬁjE@éﬁ'ﬁﬁ@%ﬁ%ﬂﬂ%ﬁxﬂ@?ﬁ%ﬁﬁ@IOiony_ll-
piperazine-l-carboxylic acid butyl ester: Intermediate 32.1 (86 mg) was dissolved in 3 M HC1 in EA
(1.5inL) anﬂ-qﬁ@w}igng{)ﬁ-phosphﬂno-prop;onyl]-plperaz1nen1—cal boxylic acid buty! ester:

27.1. 4-[(R)-3-(diethoxy-phosphoryl)-2-({2-phenyl-6-[(R)-(tetrahydro-furan-3-yljamino]-

pyrimidine-4-carbonyl}-amino)-propionvl]-piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.8,
15 (R)-(+)-3-aminotetrahydrofurane  toluene-4-sulfonate  replacing  intermediate 1.7,

intermediate 14.1 replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid and heating at

70°C instead of 60°C. The product was however not purified.

LC-MS (A): tg = 1.01 min; [M+H]": 661.01.

27.2. 4-[(R)-2-({2-phenyl-6-[(R)-(tetrakydro-furan-3-ylamino]-pyrimidine-4-carbonyl}-

20 aminoj-3-phosphono-propionyl]-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate 27.1 replacing intermediate 1.9. The crude was purified by preparative
LC-MS (1.

LC-MS (A): tg = 0.86 min; [M+H]": 604.95.



After stirring at RT for 2 h, toluene was added and the solvents were evaporated off The crude was
purified by preparative LC-MS (HI) to give the desired compound as a white solid 20 (34 mg). LC-MS
(A): tic = 0.98 min; [M+H]'. 595.90. Example 33:

4-{(R)-2-[(2-BRe11/ 9828 bphen-3-yl-pyrimidine-4-carbonyl)-amino]- PCT/IB2008/055002
3-phosphono-propionyll-piperazine-I-carboxylic acid butyl ester: 33.1.
2-phenyl-6-thiophen-3-yl-pyranidine-4-carboxylic acid: WO 2009/069100PCT/1132008/055002 - 90 -
3-boronic acid replacing phenylboronic acid. The cgude was however crystallized (EtOH/1120 2/1).
LC-MS (A): tR = 1.03 m [M+H]t: 283,03. 33.2.

4-1(121-3- (diethoxy phosphoryl) -2-X-phenyl-6-thiophen-3-yl- pyi

midine-4-c bo 0 y razine-1- tyl ester. ound was
prepared u%:rlng éj é@&%&% Lk ﬁtﬁ nglﬁ%?nde{%f wé’ medi Fe S%arlg:egp cing
|ntermed|atenl.ﬂm}aﬁd)hmhmdmt@iﬂﬂmbmamr@mmm@wfﬂwmpm@tm@rDurlng the work-up, the
org. phases were additionally washed with an aq. NaFISO4 solution. The crude was not purified.

10LC-MS (A}; ARs=7RAA-mian i+l Ho2) 98¢ B3 Bhyvdroxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-
41(R)-2112- pheg(}/ thlo hen- BL@/H}BS)/rlmldlne -4-car ory%}aa |[)10P3SPhosphonoprop|ony11 piperazin

e-1- carboxyllc acﬂy u f/?lT ngfé?mp rﬁfﬁléﬁzﬁ v'f/%’é% epare Pﬁg a method analogous to that of

Example 32;ste ter 198.unt S t ever
pu rlfledg(i)y ?? %)réebg%f g%trll\]/% ﬁ]g:;n 3%?;(533:@52%&53! ){?ﬁ _I%%rlgl(g,; 52)%3 n%rt]etféhlﬁé ?EEQ t%gwolg%?r?g\fM+H]

601.87. ExarRpier3dinal ((asitge 1(]&%@%5@&%%5!%%&%@% amM CHIPRS PR Ho) -
3-phosphongrphapienylpiperdthalicarb oxyifteasi datd @sie kI, The product was however

6-(4- methoxgt he{;l%/&) -2-phenyl-pyrimidine-4-carboxylic acid: 20 This compound was prepared using a
method analo &ous 0'that of Example 33, step 33.1, 4-methoxyphenylboronic acid replacing
thiophene-3-GeYBnié asids 0.6ZmSu(BYHIR = 46, 081min; [M+HI: 307.04.

10 28.2. 4~((R)-2-{[6-(3-hydroxy-pyrrolidin-1-yl)-2-phenvi-pyrimidine-4-carbonyl] -amino }-

3-phosphono-propionylj-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate 28.1 replacing intermediate 1.9. The crude was purified by preparative
LC-MS (I).

[5  LC-MS (A): tg = 0.81 min; [M+H]": 604.93,

Exampie 29: 4-[(B)-2-({6-[(2-methoxy-ethyl}-methyl-aminoc]-2-phenyl-pyrimidine-

4-carbonyl}-amino)-3-phosphono-propionyl}-piperazine-i-carboxylic acid butyl ester:

29.1. 4-[(R)-3-(diethoxy-phosphoryi)-2-({6-[(2-methoxy-ethyl)-methyl-amino]-2-phenyi-

pyrimidine-4-carbonyl}-amino)-propionyl]-piperazine-I-carboxylic acid butyl ester::

20 This compound was prepared using a method analogous to that of Exampie 1, step 1.8,
N-(2-methoxyethylymethylamine replacing intermediate 1.7, intermediate 14.1 replacing 6-
chloro-2-phenyl-pyrimidine-4-carboxylic acid and heating at 70°C instead of 60°C. The
product was however not purified.

LC-MS (A): tg = 1.05 min; [M+H]: 663.01.



34.2.
4-((1?)-3-(diethoxyphosphoty1)-241-6-(4-methoxy-phenyQ-2-phenyl-pyrimidine4-carbonyll-aminolpropi
onylj-piperazine-1-carboxylic acid butyl ester: WO 2009/069100PCT/1132008/055002 -91 - LC-MS
(A): tit= 113 0PN 681.96. 34.3. PCTIB2008/055062

4-((R)-2-11-6-(4-inethoxy-phenyl)-2-phenyl-pyrimidine-4-carbonylra
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared
using a method analogous to that of Example 32, gtep 32.2, 5intermediate 34.2 replacing intermediate
32.1. The product was however purified by preparative LC-MS (V) using a XTerra(r) column. LC-MS
(A): tR = 0.99 min; [M+H]*: 625.92. Example 35:
4-{(R)-2-[(@eycleprapyl-2spfiemydpyriraidiiertcarbamy])aminoidphosphonedpbopidny 1}-piperazine-1-
carboxylic acid l.ester: 1035.1. 6-¢cyclopmpyl-2-phenyl-pyrimidine-4-carboxylic acid: This
compoun b i e e 3.1,

cyclopropytigronig. gsidd eplaging HioRERRC R aNicnaRifodksCMB(AX RmPO8 My M 1-1]H:
241.10. 35.2. 47;71%%)—2-1_16-cyclopropy1-2-phenyI- IQL/'rimi(‘jlipe-4-carb(.).tglg/?i)-%ldtinoP3- diethoxy15
phosphoryB8l5i3AGigi 'éraffm%‘i'fﬁ:ef%?}m%aé%id'guti EsfEPThiE e oRipStind Wal p&paréd using a
method an&logdasiip that of Example 33, step 33.2, intermediate 35.1 replacing intermediate 33.1.

LC-MS (A)7R G R Ming[MiHE 8lP38. 606333

4-(02)-2-116-cyc opropyl-2-phenyl-pyr||nidine-'4-(':a.rbony1)-aminol-3-phosphon020
propionyll-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method
analogous ExingtioBExani(Re-32[6(2p3ax3 cartemybdibtér 861d yégikemd-invtenmdidiate 32.1. The

product Waﬁ.b&]{y%@.ggﬁkﬁ\i@%%yggggggﬁrVor%éké@a/bl/@%@ruﬁmaﬁ@é;?;sgmaa'umpx LEaMS (A): IR =

0.94 min; [M+H]: 08/055002
30.1. 4-1(R}-3-(diethoxy-phosphoryl)-2-{[6-(2-ethoxycarbonyl-ethyviamino)-2-phenyl-

10 pyrimidine-4-carbonyl]-amino}-propionylj-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.8, ethyl
3-aminopropanoate hydrochloride replacing intermediate 1.7, intermediate 14.1 replacing
6-chlore-2-phenyl-pyrimidine-4-carboxylic acid and heating at 70°C instead of 60°C. The
product was however not purified.

15 LC-MS (A): tg = 1.04 min; [M+H]": 690.97.

30.2. 4-((R)-2-{[6-(2-ethoxvcarbonyl-ethylamino)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-[-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate  30.1 replacing intermediate 1.9. The crude was purified by preparative

20 LC-MS (I,
LC-MS (A): tx = 0.90 min; [M+H]": 634.91.

Example 31: 4-((R)-2-{]6-(2-carboxy-¢thylamino)-2-phenyl-pyrimidine-4-carbonyl}-
amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

The compound of Example 30 (42 mg) and NaOH (26 mg) were dissolved in MeOH (1 mL}.

25  After stirring at RT for 2 b, the reaction mixture was acidified with a 1M HCI solution and



- 92 - Example 36:
4-{(R)-21(6-butyl-2-phenyl-pyrimidine-4-carbonyl)-aminot-3-phosphonopropionyl1}-piperazine-l-carboxy
lic acid butyl ester: 36.1. 6-buty1-2-phenyl-pyrimidine-4-carboxylic acid:  This compound was
prepared usg #4%84Atd analogous to that of Example 33 step 33.1, Sbll/RsBrsf0a%I replacing
thiophenc-3-boronic acid. LC-MS (A): tR = 1.04 min; [M-1H1+: 257.10. 36.2.
4-[(12)-2-[(6-buty1-2-phenyl-pyrimidine-4-carbonyb-aininop3-(diethoxy-phospholy1)- propionyl
-piperazine-I-carboxylic acid butyl ester:  This cggpound was prepared using a method analogous
to that of Example 33, step 33.2, 10intermediate 36.1 replacing intermediate 33.1. LC-MS (A): tR =

1.12 min; [I!L(tt.u; %3%2913E§6’%16 org. layers were dried (Nazso% and evaporated off. The crude was
44(12)-21(’6- butyl -2-phenyl- pyrlmldlne -4-carbony0-aminul-3-phosphono-prop onyl

Ipiperazine PLEEhEXyREPaETE By EStED: topifiyr ¢ dingoiinsd coayprepitedissing a method analogous to

that of Example182 astep-32:2, ridinterragdiage. 86.2 replacing intermediate 32.1. The product was
however purified by preparative LC-MS (V) using a X-Terra, column. LC-MS (A) tR = 0.98 mm,;

[M+11]: 576.58. Example 37:
4-[(R)-2-(1 Eprmme1dd ($iiderakidréipheainyrisidinsyinsachaaslcasisplyB-2intRB¥Rphosphono-prop

ionyll-pipergztifonsarppeyhisi it dihd 8 HescikOREA ester:
41(R)-3-(diethoxy-phosphoryl)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)oxyl-

pyrimidine-4-carbony. 9@}9&)@@9@9&-)pnpfwmaﬁ%ﬁ%'f Ig.AEId] 99%*?575%%0 :

(S)-(+)- hydroxytetrahydrofurane was added toa suspension of NaH (60% dispersion in
mineral oil, Z9Heg) W{@%ﬁ?ﬂ.’f’%ﬂ@%%@f%}éﬁ%as stirred at RT for 15 min and was added to a
solution ofgterm?glate 14. 1#51&0 mg) |€Vg§;\4F 0.25mL). T %reactlon mlxture 25 w?e stlrred at RT for

4 h. and DCNFTE aQ;J\Edded t hases parateop aﬁr(li’l (g%lrlfj phase Was furth X%Pacted with

DCM. The ¢ombisier oy phaseseysidwashdhwith) aesdlutiomoim phosphate (104 mgy were
10 dissolved in anhydrous dioxanc {1 mi) under argon. The mixture was heated at 80°C overnight
and water was added. The mixture was exiracted with EA and the org. phase was dried
(NazS0y) and evaporated off. The crude was purified by CC (cluent: gradient from Hept fo
EA, followed by McOH) to give the desired compound (86 mg).
LC-MS (A): tg = 1.12 min; [M+H] " 651.99.

15 32.2. 4-{fR)-2-[12,6-diphenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-propionyl}-
piperazine-1-carboxylic acid butyl ester:
Intermediate 32.1 (86 mg) was disgolved in 3 M HCl in EA (1.5 mL) and H;O (0.15 mL).
After stirring at RT for 2 h, toluene was added and the solvents were evaporated off. The
crude was purified by preparative LC-MS (11T} to give the desired compound as a white solid
20 (34 mg).
LC-MS (A): tg = 0.98 min; [M+H]™: 595.90.

Example 33: 4-{R)-2-[{2-phenyi-6-thiophen-3-vl-pyrimidine-4-carboryl}-amino}-
3-phosphono-propionyl}-piperazine-1~-carboxylic acid butyl ester:
33.1. 2-phenyi-6-thiophen-3-yil-pyrimidine-4-carboxylic acid,

25 This compound was prepared using a method analogous to that of Example 32, step 32.1,

6-chloro-2-phenyl-pyrimidine-4-carboxylic acid replacing intermediate 14.1 and thiophene-



WO 2009/069100PCT/1132008/055002 - 93 - ag. NE14C1, dried (Na2S04) and evaporated off CC of
the crude (cluent: gradient from EA to EA/MeOli 100/1) afforded the desired compound (53 mg)
LC-MS (A): tR = 1.05 mm; [M+H] 661.99.  37.2.
4-[(R)-2-61238h&{0621008)-(tetruhydro-furan-3-ypoxyl-pyrin idine-4 PCT/IB2008/055002
carbonyl/-amino,)53-phosphono-propionyll-piperazine-1-carboxylic acid butyl ester: This compound
was prepared using a method analogous to that of Examplestep 1.10, intermediate 37.1 replacing
intermediate 1.9. LC-MS (A): tR = 0.90 min; [M+HI5$605.95. Example 38:
4-((R)-2-[16-((S)-3-methoxy-pyrralidin-I-yl)-2-phenyl-pyrimidine-

104-earbonylaminal-3-phoshhoaeiRisRionkdamelbyiRipeiazingl e arbaxlic pidainyl @ster: 38.1.
4-1(1?)-24ert-butwgicér&gnylam|no- -(diethoxy-phosphotyO-propiony11-2-methy1- !

piperazine-i/-@arboxylic acid ethyl ester:  This compound was prepared using a method analogous to
that of Example1d (stem: & 3,0852mmpihyipipeeaine-1 -carboxylic acid ethyl ester (prepared as
described in WO 2006;114774, Example 46, intermediate 46.3) replacing 1-ethoxycarbonylpiperazine

LC-MS (A):jIBZ: 9-#9)@imzLMa“Jj]bh%Z,%o@)&y-%[égmen {-6-thiophen-3-yi-pyrimidine-4-carbonyl)-
4-1(12)-2-ainino-3-(diethoxy-phosphory1)-propiony11-2-methybpiperazine-1-carboxy c acid ethyl
ester: 20 T@Aelutier GpInniddiite 38719266 1) HPHERT (4 mL) was added TFA (1 mL). The
reaction mixture was stirred overnight at RT, was diluted with tolJuene a vaporated off, The crude
s taken i R St A Sty N C o8 et (RSSOl Ay B LSRR8 Lora 67 mo
of the desirédeprodiatt asyéllowdicig-M8gm)ediae0.682mmniM-+ppBgd06. WO replacing

2009/ 0691q9§ﬂ5§ﬁ§%99§49§é%3§ %r‘mg the work-up, the org. phases were additionally washed

with an aq. NaHSO, solution. The crude was not purified.

10 LC-MS (A):tx=1.11 min; [M+H] " 657.93.

33.3. 4-{(R}-2-[(2-phenyi-6-thiophen-3-yl-pyrimidine-4-carbonyl)-amino]-3-phosphono-

propionyl}-piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 32, step 32.2,

intermediate 33.2 replacing intermediate 32.1. The product was however purified by
15  preparative LC-MS (V) using a X-Terra®™ column.

LC-MS (A): t = 0.97 min; [M+H]": 601.87.

Example 34: 4-((R)-2-{|6-(4-methoxy-phenyl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-

3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

34.1. 6-(4-methoxy-phenyl)-2-phenyl-pyrimidine-4-carboxylic acid:

20 This compound was prepared using a method analogous to that of Example 33, step 33.1,
4-methoxyphenylboronic acid replacing thiophene-3-boronic acid.
LC-MS (A): tg = 1.04 min; [M+H]": 307.04.

34.2. 4-({(R)-3-(diethoxy-phosphoryl)-2-{[6-(4-methoxy-phenvl)-2-phenyl-pyrimidine-
4-carbonyl]-amino}-propionyl)-piperazine- 1-carboxylic acid butyl ester:

25  This compound was prepared nsing a method analogous to that of Example 33, step 33.2,

intermediate 34.1 replacing intermediate 33.1.



38.3.
44(R)-3-(diethoxy-phosphoty0-2-04S)-3-methoxy-pyrrolidin-1-yl)-2-phenylpyrimidine-4-carbonyll-amino
i-propiony0-2-methyl-piperazine-1 -carboxylic acid ethyl ester: This compound was prepared using a
method anal§FdL Bt of Example 1, step 1.9, intermediate 38.2 repld&§A¢Rates#d8fate 1.4 and
using DCM instead of DCM/THF. 5LC-MS (A): tR = 1.01 min; [M+HE: 661.02. 38.4.
4-((7V-21[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4 carbonylpan no}-
3-phosphono-propiony1)-2-methyl-piperazine-1-cagboxylic acid ethyl ester:  This compound was
prepared using a method analogous to that of Example 32, step 32.2, intermediate 38.3 replacing

intermediate 324k & .tggiqglglﬁhlﬁhjmdj%q%.instead of 3 Al 10 HC1 in EA. LC-MS (A): tR =0.83
mm; [M+H]: 604.99. Example 39: 4-((R)-2-1[6-((S)-3-methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-

4-earbonyll-amino}-4-p ono-butyryl)-piperazine-1-carboxylie acid ethyl ester: 39.1.
(10-2-betrz§%jgyc%(té&“ﬁb p;??ﬁﬁﬂﬁ?%%%%%ﬁcﬁzﬁ’? ’f?lf(hﬁés)_%()’?ﬁ” 1of; d}\ll/’@géogrepared using a
method analggosg todivasobEkampled; stepathbHiDuisbv@Hseplacing H-Hse-OH. LC-MS (A): tR =
0.71 min; [M+HE: 254.37. 39.2. (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid
dicyclohexyl&iniAEmsind Wi Hp e WaesHheparaty B doa e ot aRRIs gbus that-of Example
4, step 4.2, izfntedmedppte Iplateplacingniviesmestiate #ht. bodMS #s tRowE:66 paHridMbk]': 254.07.
39.3. (R)-2-ben2 !o.x%%%%%géam W-4)-g1_¥gro>5yé(l}:}%l%gc acid methyl ester: This compound was

prepared udinga met 3%‘8% t6 that 'of xample 4, step 4.3, intermediate 39.2 replacing

intermediaté@¥SAB0CxM S PAMER FBHD Hds; JM+HE: 268.12. WO 2009/069100PCT/1B2008/055002
- 95.. 39.4. (R)-2-benzylaxycarbonylamino-4-bromo-butync acid methyl ester:

Example 35: 4-{(R)-2-[(6-cyclopropyl-2-phenyl-pyrimidine-4-carbonyl)}-aminoj-

3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

10 35.1. 6-cvclopropyl-2-phenyl-pyrimidine-4-carboxylic acid:

This compound was prepared using a method analogous to that of Example 33, step 33.1,
cyclopropylboronic acid replacing thiophene-3-boronic acid.
LC-MS (A): t = 0.98 min; [M+H]": 241.10.

35.2. 4-[(R)-2-[(6-cyclopropyl-2-phenyi-pyrimidine-4-carbonyl)-amino ] -3-(diethoxy-
15 phosphoryli-propionyl]-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 33, step 33.2,
intermediate 35.1 replacing intermediate 33.1.
LC-MS (A} tg = 1.09 min; [M+H]": 615.98.

35.3. 4-{(R)-2-[(6-cyclopropyl-2-phenyi-pyrimidine-4-carbonyl)-amino[-3-phosphono-

20 propionyl}-piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 32, step 32.2,
intermediate 35.2 replacing intermediate 32.1. The product was however purified by
preparative LC-MS (V) using a X-Terra® column,

LC-MS (A): ty = 0.94 min; [M+H]": 559.95,



This compound was prepared using a method analogous to that of Example 4, step 4.4, intermediate
39.3 replacing intermediate 4.3. LC-MS (A): tR = 0.99 mm; [M+HI: 330.02. 539.5.
(1?)-2-benzyloxycarbonylamino-4-(diethoxy-phosphory0-butyric acid methyl ester: This compound
was prepar@dQaiftsdtiethod analogous to that of Example 1, step 1.1, FftdrHeRES 88 4 replacing
Boc-3-iodo-L-Ala-OMe. The compound was however purified by CC (EA/MeOH 9/1). LC-MS (A): tR =
0.91 mm; [M+HI: 387.93. 1039.6. (1121-2-benzyloxycw-bonylamino-4-(diethoxy-pho.spholylibutyric
acid: This compound was prepared using a methog,analogous to that of Example 1, step 1.2,
intermediate 39.5 replacing intermediate 1.1. LC-MS (A): tR = 0.83 min; [M+1-1]1: 374.07.  39.7.

& 1012)-2- bepgyigeuearondaminestddatapiosshaidl-puvadRRpaAz i L plscabRgylc actd

ethyl ester: This'‘compound was prepared using a method analogous to that of Example 1, step 1.9,
intermediater SOl RiPA ARG insaER Aty ic gt BUd #i8E carbonylpiperazine replacing intermediate
1.4. The compound was however purified twice by CC (EA/Hept. 0/1 to 1/0 followed by EA/EA/MeOH
9/1 1/0 to OF&)l. 200@s¥AS R AR =BG avir ¥ Bhid514.00. 39.8.
4-1717?)-2-amino-4-(diethoxy-phosphory1)-butyrylPpiperazine-1-carboxy c acid ethyl ester: This
compound WHS prEpaved Hamp e rRHBH arialBebYs BHREEEYT @x@ﬁﬁméé’,“gﬁé‘ﬂfﬁ% ifeAnédiate 39.7
replacing injermeciate 2id r3FGmS {AkR:70:65¢aing [M.+111-: 380.06. WO

2009/0691 /1B2008/055002 - 96 - .3

4-1(R)-4-(d?é(?£1§§3)(-]% 'ct)%rz)hfo(%iillwahﬁ%alrh%g?ﬁg)g}y-pyrrolidin-1-y|)-2-pheny|pyrimidine-4-carbony|rainino}
-butytyO-piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method
analogous ﬁ?ﬁaa‘f'éfffﬁvgaﬁﬁpf@11{‘%@’??’13{@1?)?%ﬁgﬁéﬁ‘f’afé'"é@’?g@}’é’ﬁ@é’vhé‘%@f%&%@%ﬁﬂ’@rperazine and
intermediatﬁrgj%r@gI@g;@gzgy}term%jj@tgcjg&dm@mu@le was however purified by CC (eluent: gradient

from EA to
This compound was prepared using a method analogous to that of Example 33, step 33.2,

10 intermediate 36.1 replacing intermediate 33.1.

LC-MS (A): tg = 1.12 min; [M+H]": 632.03.

36.3. 4-{(R)-2-[(6-butyl-2-phenyl-pyrimidine-4-carbonyl)j-amino]-3-phosphono-propionyl}-

piperazine-1-carboxviic acid butyl ester:

This compound was prepared using a method analogous to that of Example 32, step 32.2,
15  intermediate 36.2 replacing intermediate 32.1. The product was however purified by

preparative LC-MS (V) using a X-Terra® column.

LC-MS (A): ty = 0.98 min; [M+H]": 576.5%,

Example 37:  4-[(R)-2-({2-pheny}-6-{(S)-(tetrahydro-furan-3-yl)oxy}-pyrimidine-

4-carbonyl}-amino)-3-phosphone-propienyl}-piperazine-i-carboxylic acid butyl ester:

20 37.1. 4-[(R}-3-(diethoxy-phosphorylj-2-({2-phenyi-6-[(S)-(tetrahydro-furan-3-yDoxy]-

pyrimidine-4-carbonyl}-amino)-propionyl] -piperazine-1-carboxylic acid butyl ester:

(S$)-(+)-hydroxytetrahydrofurane (108 mg) was added to a suspension of NaH (60% dispersion
in mineral oil, 49 mg) in DMF (0.5 mL). The suspension was stirred at RT for 15 min and was
added to a solution of intermediate 14.1 (150 mg) in DMF (0.25 mL). The reaction mixture
25 was stirred at RT for 4 h. and DCM were added, the phases were separated and the org. phase

was further extracted with DCM. The combined org. phases were washed with a solution of



EA/McOH 9/1). LC-MS (A): ti = 1.00 mm; [M+H]: 661.00. 39.10.
4-1(R)-2-04152-3-methoxy-pyrrolidin-lI-y0-2-phenyl-pyrimidine-4-carbonyllamino}-4-phosphono-butyty 1
)-piperazine-1-carboxylic acid ethyl ester: 10This compound was prepared using a method analogous
to that of Ex‘gﬁlﬁ?@ﬂﬁg’cg‘b 1.10, intermediate 39.9 replacing intermediate L& EERIEYRS: tR = 0.85
mm; [M+Hr: 604.93. Example 40: 4-((R)-2-([6-((5)-3-methoxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-
4-carbonyll-aminol-4-phosphono-butyryb-piperazine-I-carboxylic acid butyl ester: 1540.1.
4-17R)-2-benzyloxycarbonylamino-4-(diethoxy-phasphotyp-butyryll -piperazine- 1-carboxylic acid butyl
ester: This compound was prepared using a method analogous to that of Example 39, step 39.7,
intermediatg; 233 1enlaging degthoxvsarbanyipipe Gzine Jhacempoundwashewenehpefied by CC

(eluent: gradient from EA to A/Megé—l/ 95/5). 20 LC- A%ﬁ'(ﬁ\éz tR = 0.97 min; [M+HI: 542.02. 40.2,
41(R)-2-an§ﬁ‘%é&fe]t®}§/%§’6§?9nt 8 Fﬁfﬁ%‘?ﬁg’y ih&%:carboxy c acid butyl ester: This
compound Wad4srépaned: Ggifgnaenisthidl &salégous to that of Example 2, step 2.2, intermediate 40.1
replacing intermediate 2.1, however using MeOH instead of EtOH. 25 LC-MS (A): tR = 0.73 min; [M+Hr

: 4((()8-)04-(dvy@h;’.zQoﬁfﬁ6ﬁar?%’igﬂgaﬁgpg@@@%@%fﬁlm&’fw)&{f}j—pyrémiﬁine#l carbonjd/l F-amino)- bonvi
4-((R)-4-(diethoxy-phosphotyl)-2-0-((S)-3-methoxy-pyrrolidin-l-y1)-2-phenylpyrimidine-4-carbonylrainin
o butyy ) SRR T EAITIE S B e S LENOSIRG was prepared Using a method
analogous ig that of Example 1,sieRr LS mediate AR eRlacing Jreiaxyrasbanylipgrazine and

intermediate 1.8 replacing o .
intermediate 37.1 replacing intermediate 1.9,

LC-MS (A): tz = 0.90 min; [M+H] " 605.95.

Example 38: 4-((R)-2-{[6-((5)-3-methoxy-pyrrolidin-1-yi}-2-phenyl-pyrimidine-
10 4-carbonyl}-amine}-3-phosphono-propionyl)-2-methvl-piperazine-1-carboxylic acid ethyl

ester:

38.1. 4-f(R)-2-tert-butoxyearbonylamino-3-(diethoxy-phosphoryl)-propionyl-2-methyl-

piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.3,
15 2-methyl-piperazine-1-carboxylic acid ethyl ester (prepared as described in WO 2006/114774,

Example 46, intermediate 46.3) replacing 1-ethoxycarbonylpiperazine,

LC-MS (A); tz = 0.90 min; [M+H]" 479.68.

382, 4-[(R)-2-amino-3-(diethoxy-phosphorylj-propionyl]-2-methyl-piperazine-1-carboxylic

acid ethyl ester:

20 To a solution of intermediate 38.1 (160 mg) in DCM (4 mL) was added TFA (1 mL). The
reaction mixture was stirred overnight at RT, was diluted with toluene and evaporated off, The
crude was taken up in DCM, washed with ag. NaHCOs, dried (Na;S04) and evaporated off to
afford 67 mg of the desired product as yellow oil.

LC-MS {A): ty = 0.68 min; [M+H]" 380.06.



Sintermediate 1.2. The crude was however purified by CC (eluent: gradient from EA to EA/MeOH 9/1).
LC-MS (A): fp, = 1.07 min; [M+H] 689.03. 40.4. 4-0)-2-11-6-(S)-3-methoxy-pyrrolidin-l-y1)-2-phenyl-pyl
midine-4-carbonyl)-aminol4-phosphono-butyiy0-piperazine-1-carboxylic acid butyl ester: 10This
compound Wé 398Marel¥ using a method analogous to that of Example 1P§{EpB284803MtErmediate 40.3
replacing intermediate 1.9. No purification was performed. LC-MS (A): tR = 0.94 min; [M+H]4 : 633.25.
Example 41:
4-((R)-2-{[6-((1S,2S)-2-methoxymethyl-cyclopropy1);2-phenyl-pyrimidine4-carbonyll-amino}-3-phospho
no-propionyb-piperazine-I-carboxylic acid butyl ester: 1541.1. (E)-3-tributylstannanyl-prop-2-en-l-ol: To
neat propargyl alcohol (I mL) were added tributyltin hydride (5.8 mL) followed by
1,1'-azobis(gpy¢lohgranceashonitie) 233 me)y Fnemixure.was heates fan2:hpat80C, cooled to RT

and directly purified by CC (EA/Hept 4/96 to 5/95) to afford the desjred compound (2.98 g). 'H-NMR
(COCIa) SR i SHAA A DAYREP 58 o ) 0 Sy AL 2 i e

((-1R,25)-2-griputylstannanyl-cycdopronyd:methanok Tesplutonet BME LML) ipankydrous
DCM (70 mL) cooled at -13C under argon was slowly added diethylzinc hllr_?) followed by

| der | dded die 185m
diiodomethHHeTs¢iEs 3-DeNeredE i Buwdre B Hilvpesddwhinstkebpin e ternal temperature
arounds-12 SCNAfler campletioni ofRE-te: addition, the resulting solution was stirred for 30 min at
-10C. A solution of (4R,5R)-2-butyl-N,N,AP,Nr-tetramethyl-1,3,2-dioxaborolane-4,5-dicarboxamide (3.2

g) in DCM (25,m},) s gg%%%gg;@%g%, poj%%[?g.JJ.%ﬂgﬂs_}}?ﬁ%%R%%\é’.a%9%0”{9@@9}@!?)/ Vo)

2009/069100PCT/ )55002 - 98 - followed by a solution of intermediate 41.1 in DCM (25 mL)
dropwise (iftafrarteraperatare’béthebr vt ana Lsebralcesi g iatieias removed, and the
reaction mixture was allowed to warm to. RT and was stirred overnight at RT. The,reaction was
Quuencned vl 480 KT SREH (rnt SR ae b Se HE £ SR (IRL). e A was
diluted 5 witlkd$2edithe g, phaseseparatdtianid thendgisplabd WEHS! extiacted witleGONM3aHd Et20.
The cqmbingé org: phases were dried over MgSO4 and evaporated off CC (Hept/EA 100/0 to 95/5)

gave the desired compound (3.18 &4 .
LC-MS (AY tg= 0.8 mm;% +HY: 604.99,

Example 39: 4-((R)-2-{[6-((8)-3-methoxy-pyrrolidin-1-yI}-2-phenyl-pyrimidine-

4-carbonyi}-amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester:

39.1. (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid:

15 This compound was prepared using a method analogous to that of Example 4, step 4.1,
H-D-Hse-OH replacing H-Hse-OH.
LC-MS (A): tp = 0.71 min; [M+H]": 254.37.

392, (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid dicvclohexylamine salt:

This compound was prepared using a method analogous to that of Example 4, step4.2,
20 intermediate 39.1 replacing intermediate 4.1.

LC-MS (A} tg = 0.66 min; [M+H]": 254.07.

39.3. (R)-2-benzvloxycarbonylamino-4-hydroxy-butyric acid methyl ester:

This compound was prepared using a method analogous to that of Exampie 4, step 4.3,
intermediate 39.2 replacing intermediate 4.2.

25 LC-MS (A): tg = 0.79 min; [M+H]": 268.12.



1H-NMR (CDCI3): 8= 3.55 (m, 1H); 3.39 (m, 1H); 1.54-1.44 (m, 6H); 1.36-1.24 (n, 6H); 1.14-1.03 (m,
1H); 0.90 (t, 9H); 0.83-0.78 (m, 6H); 0.75-0.69 (n, 1H); 0.55-0.50 (m, 2H); 10-0.20- -0.30 (in, 1H).
Optical rotation (589 nm, CHC13, 26.6C, 1 = 10 cm, 99.6 mg in 10 mL, ¢ = 1.0): specific optical
rotation = +W?94'i6.%‘.{“1'ributy14(18,2R)-2-methoxymethyl-cyclopropyl)lfgtgmﬂ@‘.)s?g% solution of
intermediate 41.2 (2.94 g) in THF (60 mL) was added NaH (977 mg, 60% in 15 mineral oil) at RT, and
the mixture stirred 30 min at RT. Mel (2.3 inL) was added and stirring was continued at RT overnight.
The reaction mixture was diluted with H20 and extggcted with DCM. The combined org. phases were
dried over MgSO4 and evaporated off. CC (Hept/EA 100/0 to 95:5) gave the desired compound (3.13
9). 'H-NMR (GGIR):-8753,45-408 3438 d5odilyR 1208 A )isdb5-1.47 (M, 6H); 201.37-1.28
(m, 6f1); 1.05 (m, 1T1); 0.91 (t, 9H); 0.83 (t, 6H); 0.57 (m, 2H); -0.30 (n, 1H). 41.4.
44(10-3-(digthoxyrphasiheny 12446 (1822S - Brerteth cxyingthy o ydlapsd BO:2pphenylpy rimidine-4-car
bonyl famino}-propianyli-piperazine-1-carboxylig acid butyl ester: A mixture of intermediate 14.1 (80
mgQ), interm%%%%ggﬁ% %&I%rﬁga)c}%dl %%%?T%ir%g) in degassed toluene (2 ml) was heated at I30C in a
sealed vial Unt¥fetktion=cBAtpretoMTHE 25¢k0de mixture was filtered over Celite, evaporated off and
directly purified by preparative TLC (EA/MeOH 9/1) to afford 55 mg of impure desired compound.
LC-MSH(A):3tit3. YR 72min M b @b 9a89n o \WQI2009/Q610QPLTHB2008/056002 s99-- 41.5. 4400-2
-11-6-(11 5,23)-2-methoxymethyl-cyclopropy0-2-ph enyl-pyrintidine-4-carbonyll -
amino}-3-pRbipeunpepre pioky RIS asine -1 -bsiukynelaensviaythes el Exrrle dmpsbnd was
prepared using-a&-methadaegiegausde-thatief Exarple 3thstepsiid inienmesiateddmddeplacing
intermediate 38.3. The compound was however purified by CC 5(reverse phase; eluent: H20/MeCN
95/5 to 10/96).EENE A kR = 0.92 min; [M+1-11: 603.94. Example 42:

4-((R)-2-1[E&-((I=82 &) 2:hy droxyme ti-Ey ClapTOPyl)-2-phenyl-pyrimidine4-carbonyll-aminol-3-phosphon
o-propionyl)-piperazine-1-carboxylic acid butyl ester:  42.1.
4-1(10@-(digthox;Phoshery Ll Bokifkils 2B)2bydraxymethyliaysiopopy!)-2-pheityl10
pyrimidine-4-carbonylPantinol-propionyO-piperazine-1-carboxylic acid butyl ester: This compound was
prepared udihg acmethed analpgpas:doithiag of BExtnple:dbgstepel 1hdy intdimaeadiate .44 iehlacing

mtermedlatient%g'm%diate 39,5 replacing intermediate 1.1.

LC-MS (A): tg = 0.83 min; [M+H]": 374.07.

39.7. 4-[(R)-2-benzyioxycarbonylamino-4-(diethoxy-phosphoryl)-butyryl]-piperazine-

15 l-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Exampie 1, step 1.9,
intermediate 39.6 replacing intermediate 1.8 and l-ethoxycarbonylpiperazine replacing
intermediate 1.4. The compound was however purified twice by CC (EA/Hept. 0/1 to 1/0
followed by EA/EA/MeOH 9/1 1/0 to 0/1}.

20 LC-MS (A): tg = 0.90 min; [M+H] " 514.00.

39.8. 4-[(R)-2-amino-4-(diethoxy-phosphoryl)-butyryl] -piperazine-1-carboxylic acid ethyl

ester:

This compound was prepared using a method analogous to that of Example 2, step 2.2,

intermediate 39.7 replacing intermediate 2.1,

25 LC-MS (A): tp = 0.65 min; [M+H]: 380.06.



LC-MS (A): tR = 0.99 mm;645.98.  42.2.
4-1112)-2-1[6-(03,2S)-2-hydroxymethyl-cyclopropy1)-2-phenyl-pyrimidine-4-carbonyll15aminol-3-phos
phono-propionyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a
method anal830¥AHEt of Example 38, step 38.4, intermediate 42.1 repidéiBeLMiteediate 38.3.
The compound was however purified by CC (reverse phase; eluent:1-120/MeCN 95/5 to 10/90).
LC-MS (A): tR = 0.86 min; [MAID 589.93. 20Example 43:
4-((R)-2-tl6-(2-hydroxy-ethylamino)-2-phenyl-pyrimjdine-4-carbonyll-
amino}-3-phosphono-propionyl)-piperazine-I-earboxylic acid butyl ester: 43.1.

4-1(12)-3-(c§i§g_1c_>4gy b&ﬁﬁ@ﬁ}%} gﬁﬁ?yﬂgg{(g-_?&yw%g}ﬁw%w};py_%tig%%ﬁgrbonyIraminol-pr

opionyl)-piperazine-1-carboxylic aci r:- This compound was prepared using a method
analogous to"HEesFExaripled-catie 108l PR EtHarErafife FEadIRG IRt erriedTAte 1.7 and intermediate
14.8 replacing &-choro:2 phen pYTidne 4 ealp s s WO Z09PIRERRAOPCTL§2008/055002
4-((1?)-2-04iehyctivrot-EX 1y | aaplim) 2 - bty b-pyhitniditperdzgar bowy | ifaemimglate 1.8 replacing

3-phosghono-nranionyd-piRgrazing:lwarbpndicapidibuiybester: TRiSEOMRAUAdWas prergred using a
method analozous to that of Example 38, step 38.4, Sintermediate 43.1 replacing intermediate 38.3.
The compoE s ever purified by CC (reverse phase; eluent: gradient from H20 + 0.1% TEA to

MeCN + 0.1%WE AL LC=-MDAAYntRvE-B1 7 9ammnap[M+H]: 578.92. Example 44:
4-((R)-2-{[6-(2-hydroxymethyl-piperidin-hyl)-2-phenyl-pyrimidine4-carbonylkamino}-3-phosphono-propi

onyb-piperaging-l-caroxylic acics iyl ester 1044 Y. > phenyl-pyrimidine-4-carbonylj-
44(R)-3-(diethox -p@@spﬁ}okﬁ/{g-%-1[6-(2(:h§y|§r!tgxymethf/}lfpjp%rfgi};]fﬁ?ﬁlzfg%erfglﬁ ol
pyrimidine- LA TR I RA RO S RIB DL PBFaZfEL L2 SR RE I Bty ester:

10 This compound was prepared wsing a method analogous to that of Exampie 1, step 1.10,

intermediate 39.9 replacing intermediate 1.9,

LC-MS (A): tz = 0.85 min; [M+H]": 604.93.

Example 40: 4-((R)-2-{[6-(($)-3-methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-
4-carbonyl]-aminoc}-4-phosphono-butyryl)-piperazine-I-carboxylic acid butyl ester:

15 40.1. 4-[(R)-2-benzyioxycarbonyiamino-4-(diethoxy-phosphoryl-butvryl]-piperazine-

I-carboxylic acid butyi ester:

This compound was prepared using a method analogous to that of Example 39, step 39.7,
intermediate 2.2 replacing 1-ethoxycarbonylpiperazine, The compound was however purified
by CC (cluent: gradient from EA to EA/MeOH 95/5).

20 LC-MS (A): tg = 0.97 min; [M+H]": 542.02.

40.2. 4-/(R)-2-amino-4-(diethoxy-phosphoryl)-butyryl]-piperazine-1-carboxylic acid butyl
ester:
This compound was prepared using a method analogous to that of Example 2, step 2.2,

intermediate 40.1 replacing intermediate 2.1, however using MeOH instead of EtOH.

25 LC-MS (A): tg = 0.73 min; [M+H]": 408.04.



This compound was prepared using a method analogous to that of Example 1, step 1.8,
2-(hydroxymethyl)piperidine replacing intermediate 1.7 and intermediate 14.1 replacing
6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. 15LC-MS (A): tR = 1.02 min; [M+Hf: 689.04. 44.2.
44(12)-2-0-Fhywsiegitethylpiperidin- 1 -y0-2-phenyl-pyrinfidine-4-carbohyR/IB2008/055062
antingl1-3-phosphono-propionylj-piperazine-1 -carboxylic acid butyl ester: This compound was
prepared using a method analogous to that of Example 38, step 38.4, intermediate 44.1 replacing
intermediate 38.3. The compound was however pusfied by 20 CC (reverse phase; eluent: gradient
from H20 + 0.1% TFA to MeCN 2- 0.1% TFA). LC-MS (A): tR = 0.86 min; [WM': 632.94. Example 45:
4'((R)'2_([GJ%mﬁWX:@E%XQJ)IEEB%%Q%L?,mﬂl@%ﬁﬁﬁ%pﬂﬂwh%ﬁﬁmf—yi)—2—pkenyi~
3-phosphono-propionyb-piperazine-1-carboxylic acid butyl ester: ~ 45.1.

4-(R)-3-(dietiaRifiprdsystitr foaris P isthonysrep e ity by st Risyfiftieine 254-carbonylkuninol
propionylj-piperazine-1-carboxylic acid butyl ester. WO 2009/069100PCT/1B2008/055002, NEt3
(0.077 Ly e AR o GRS (BRI DR E mi) Wor sy e i 3 ek
containing coppediedict) (5. tepiglinkist (ttiphenyliphodphine)palkadiumi@tpdidhioride (22!®ing) and
intermediat@ 141 4305m9)4RdaL M QL IQ@M%&%@%@S@”@@Q@&@W L BRLOYRKRIGN. the solvent
was removed and the crude was purified by CC (DCM/MeOH 99/1 to 590/10) to afford the desired
compound WMﬁ%.%@-—MS (A): tR = 1.06 mm; [M+H]*: 644.19. 45.2.
4-((12)-3-(diethaxyphesphoryhd1{SHBrmelnay-propy0-2-phenyl-pyrimidine4-carbonyll-amino)-propio
nyb-piperazine-1-carboxylic acid butyl ester: Raney Nickel in water was decanted, the supernatant

was remov@ﬂﬂ”ﬂ(’?ﬂﬁ@"f}"&%?sﬁg%QhJﬁ%ﬁ@ﬁ[@ﬁﬁﬁﬁz}ﬂﬁfﬁ%ﬁ%ﬁ%ﬁﬂ%QSz:@rJ?)G;H?!g-&%%PLn9 Raney

Nickel in MeOH was addéd 0 a solution of intermediate 45.1 (261 mg) in MeOH (15 mL). The mixture

was stirred TRBEPRYHIEYEH BuRRsTgRE St e d RHUGHACHIRESH the solution evaporated off. CC
(DCMIMe01-1 99/1 to 90/10 affordeﬁsthe desired compound (105,mg). LC-MS A& tR = 1,05 min;
[M+H]4: 48?%"}5. FBRE3" 4\( DA Ublgﬁw8x]§719§1r18§)y?€%06ﬁ%5n]§/?-ﬁg?ﬁr?ifél_l%}é%%%ar Sne)ﬁlsér(gino}-
3-phosphonaspregieryip fiperagimeidtaamdsony licdadid buthrestery Thisréompbund was prepared using a
method anglpggus 19. that PbExaMplR-3y;SteR: 140, intermediate 45.2 replacing intermediate 1.9. The
crude was however purified by CC (reverse phase; eluent: gradient from H20 + 0.1% TFA to MeCN +
0.1% TFA) 20 LC-MS (A): tR = 0.90 min; [M+Hr: 591.94.

Example 41:  4-((R)-2-{[6~((1S,25)-2-methoxymethyl-cyclopropy})-2-phenyl-pyrimidine-

4-carbonyl]-amino}-3-phosphone-propionyh-piperazine-1-carboxylic acid butyl ester:

15 411, (E)-3-ributvistannanyl-prop-2-en-1-ol:

To neat propargyl alcohol (I mL)} were added tributyltin hydride (5.8 mL) followed by
1,1’-azobis(cyclohexanecarbonitrile) (213 mg). The mixture was heated for 2h at 80°C,
cooled to RT and directly purified by CC (EA/Hept 4/96 to 5/95) to afford the desired
compound (2.98 g).

20 'H-NMR (CDCly): 8 = 6.2 (m, 2H); 4.15 (m, 2H); 1.55-1.25 (m, 18H); 0.90 (t, 9H).

41.2. ((1R,2S)-2-tributylstannanyl-cyclopropyli-methanol:

To a solution of DME (1.8 mL) in anhydrous DCM (70 mL) cooled at -13°C under argon was
slowly added diethylzinc (18.5 mL), followed by diiodomethane (3 mL) in DCM (20 mL) over
a 30 min period while keeping the internal temperature around -12.5°C. After completion of
25  the addition, the resulting solution was stired for 30 min at -10°C. A solution of
(4R 5R)-2-butyl-NN.N'N'-tetramethyl-1,3,2-dioxaborolane-4,5-dicarboxamide (3.2 g) m
DCM (25 mL) was added slowly to keep internal temperature below -10°C, immediately



Example 46: 4-((R)-2-[[6-(3-hydroxy-buty0-2-phenyl-pyrimidine-4-carbonylkamino}-
3-phosphono-propionyb-piperazine-I-carboxylic acid butyl ester: 46.1.
4-((1?)-3-(diethoxy-phosphory0-24[6-(3-hydroxy-but-1-ynyl)-2-phenyl-pyrimidine4-carbonyl |
-aminol-prop¥&h3t§iipEedzine-1-carboxylic acid butyl ester: 25 This compuHEPA4E (rePared using a
method analogous to that of Example 45, step 45.1, 3-butyn-2-ol replacing methylpropargylether.
LC-MS (A): tR = 0.99 mm; [M+H]: 643.88. WO 2009/069100PCT/1132008/055002 - 102 - 46.2.
4-(1R)-3-(diethoxy-phosphoryl)-211-6-(3-hydroxy-kutyl)-2-phenyl-pyri
idine4-carbonylraminol-propthnyij-piperazine-1-carboxylic acid butyl ester: This compound was

prepared uging.a-MENOd, ARGIOGPHE I, LRk Ok E%@H‘B@vf‘gzﬂﬁﬂ) WopwRlermedaR ABLfeplacing
intermediate 45.1. 5LC-MS (A): tR = 0.99 mm; [M+H.17: 648.09. 46.3.

m . .
4-1(R)-2-1/Be18¢R d Oy - Bty OB p By ISP YRR BB - WA aF BB AYRLL - AR ISR pHIS BHERE réHiony ) -piper
azine-1-carhxylic @cidbuiyl EBted wihiscampetighnaRarenaresutingas methoganalogous to that
of Example 1, step.1.10, intermediate 46.2 replacing.intermedjate 1.9..The crude was hpwever purified
by o eV T R T i HEe Ty FUE MR T or e s ()
tR=0.84 mWﬁl[Hbg;lﬁlﬁm_gﬂquxmtedmd the aq. phase was extracted with DCM and Et;0. The
4-((S)-2- 1[G MR rmethoxy sy Qlidin-dyQr 243-WHlesomataylpleytser. ¢ (Hept/BA 10010 1o

pyrimidine-4-carbonylkamino}-4-phosphono-butyry1)-piperazine-t-carboxylic acid butyl ester: 1547.1.
6-chloro-2-P3irarsrofredriisaisemyp LRty rinfcthe-4-carboxylic acid: This compound was prepared in 4
steps from 34trifiuerometiyleazamidine Hsing3a methag ansdogousto dhat describednin SMEO
2006/114774 (see Example 1, st , mple 24. 4, 2 | 24.3) -MS_(A): tR =1.03
in: [M +H]'?é%‘é§'§§.( 4%_&_%.9% P gy} BRATRIE & SI8PS 28 g 12 30T 4D SENSHY
6418)}B-meftmry-;@y3ﬁdlidimmryll-Z-(3-trifiuoromethyl-phenyll—pyrimidine-4-carboxylic acid: This
compound Wﬁa&i‘%@%ﬁ%g Using, & reefhod Aanglegeusie thatefExample 1nstep-1:&)intermediate 47.1

replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The compound was however not purified.
optical rotation = +14,74°,

41.3. Tributyi-((15.2R)-2-methoxymethyI-cyclopropyl)-stannane:

To a solution of intermediate 41.2 (2.94 g) in THF (60 mi.) was added NaH (977 mg, 60% in
15 mineral oil} at RT, and the mixture stirred 30 min at RT. Mel (2.3 mlL) was added and stirring

was continued at RT overnight. The reaction mixture was diluied with H>O and exfracted with

DCM. The combined org. phases were dried over MgSOy and evaporated off. CC (Hept/EA

100/0 to 95:5) gave the desired compound (3.13 g).

'H-NMR (CDCL): §=345 (dd, 1H); 3.38 (s, 3H); 3.12 (dd, 1H); 1.55-1.47 (m, 6H);
20 1.37-1.28 (m, 6H); 1.05 (m, 1H); 0.91 (t, 9H); 0.83 {t, 6H}; 0.57 (m, 2H); -0.30 (m, 1H).

41.4. 4-((R)-3-(diethoxy-phosphoryl)-2-{[6~((15,28)-2-methoxymethyi-cyclopropyl)-2-phenyi-

pyrimidine-4-carbonyll-amino }-propionylj-piperazine-1-carboxylic acid buiyl ester.

A mixture of intermediate 14.1 (R0 mg), intermediate 41.3 (54 mg), PA&(PPha)s (8 mg) in

degassed toluene (2 ml} was heated at 130°C in a sealed vial until reaction completion, The
25 crude mixture was filtered over Celite, evaporated off and directly purified by preparative

TLC (EA/MeOH 9/1) to afford 55 mg of impure desired compound.

LC-MS (A): tr = 1.07 min; [M+HJ": 659.99.



25LC-MS (A): tR = 0.87 min; [M-41] 368.02. WO 2009/069100PCT/1B2008/055002 - 103 - 47.3.
4-((S)-4-(diethoxy-phosphoryl)-24[6-aS)-3-methoxy-pyrrolidin-1
2-(3-trifluoromethyl-pheny1)-pyrimidine-4-carbonyll -aminal-butytyl)-piperazine-l-carboxylic acid butyl
ester: This CSMPYIRENAS prepared using a method analogous to that of EXARASIE/45%8Ep 1.3, 5
intermediate 47.2 replacing intermediate 1.2 and intermediate 5.2 replacing
1-ethoxycarbonylpiperazine The crude was however purified by CC (DCM/MeOH 97/3 to 80/20).
LC-MS (A): ti = 1.14 min; [M+H] : 756.90.  47.4, 44(S)-241-6-((S)-3-methoxy-pyrrolidin-
1-y1)-243-trifluoromethyl-pheny1)-pyrimidine-

104-carbony|Ramipg)-4: %%@9@%%&!}&9@9&!1 nspﬂng%b%x%@%wmeeﬂ,em ggcompound

was prepared u5|ﬁg a method analogous to that of Example 1, step 1.10, intermediate 47.3 replacing
intermediat&™9; - Hé”@?ﬂéféfwaé)fﬁfﬁw&féz?ﬁ&ﬁﬂéd’ W’é@%ﬂ’é\?@%ébﬁﬂﬁ?’ eluent: gradient from H20 +
0.1% TFA ta McCN + 0.1% TFA MS (A): .00 min; SExa

4-((S)-4-[bis: lr& SomRou y|W[51FO ﬁ%}%{x‘f/% hol;(ly hoé‘ a.ndh)(%,o%] o dt o?qixam}%l Ej)§ rque} §
2-{[6-((S)- BMMytqowrélu@[ridblyiz)4ﬁ@h@é§iﬂltqo§lﬁmld‘h@@mmbmhymahﬂwgwnwuﬂﬁed by CC

rybpipejram%gvlepsqr ylig agid g%@y@gq%gg@ sekttion of the compound of Example 5 (100 mg) in
anh. DMF (0.7 mL) was added DCMC (95 mg) and chloromethyl pivalate (0.118 ml) under argon. The

mixture wad-sthted"20%6r B B Thde? ra%)n cooled down to RT and diluted with toluene. The
organic phase was washed with water, dried (Na2S04) and evaporated off The crude was purified by

CC (eluentygrgg Qhﬁrorﬁ é;tf M@%b%&&&ﬁe&ﬁaﬁzgymxm %ﬁﬂ@:@gﬁ%ﬂﬂd@m obtained

as a white solid 3 mg). S (A): tit 4-°1.17 min; [M+Hr: 861 125 Exampl

4-((S)-4-lbid: ﬁ%ﬁmﬁww&we%rﬁmBﬂ&aﬁwﬁﬁme(gylgenﬂaﬁ&wlc acid butyi ester

pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonyll-aminol-butyry1)-piperazine-1-carboicylic acid butyl
ester: 42.1. 4-({R)-3-(diethoxy-phosphoryl)-2-{ [6-((15,25)-2-hydroxymethyi-cyclopropyl)-2-phenyl-

10 pyrimidine-4-carbonylj-amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 41, step 41 4,
intermediate 41.2 replacing intermediate 41.3.

LC-MS (A): tg = 0.99 min; [M+H]": 645.98.

42.2. 4-((R)-2-{[6-((18S,258)-2-hydroxymethyl-cyvclopropylj-2-phenyl-pyrimidine-4-carbonyl]-

15 amino}-3-phosphono-propionvij-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 38, step 38.4,
intermediate 42.1 replacing intermediate 38.3. The compound was however purified by CC
{(reverse phase; eluent: HO/MeCN 95/5 to 10/90).

LC-MS (A): tg = 0.86 min; [M+H]": 589.93.

20 Example 43: 4-((R)-2-{[6-(2-hydroxy-ethylamino)-2-phenyl-pyrimidine-4-carbonyl]-

amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

43.1. 4-((R)-3-(diethoxy-phosphoryl)-2-{[6-(2-hydroxy-ethylamino)-2-phenyl-pyrimidine-
d-carbonvl]-amino}-propionylj-piperazine-1-carboxylic acid butyl esier:
This compound was prepared using a method analogous to that of Example |, step 1.5,

25  ethanolamine replacing intermediate 1.7 and intermediate 14.1 replacing 6-chloro-2-phenyi-

pyrimidine-4-carboxylic acid.



WO 2009/069100PCT/182008/055002 - 104 - This compound was prepared using a method
analogous to that of Example 48, chloromethyl isobutyrate (prepared as described in Synth. Commun.
(1995), 2508), 2739-2749) replacing chloromethyl pivalate. LC-MS (A): tR = 1.15 mm; [M+Hy: 832.80.
5Example S8R M§is-[(2, 2-dimethyl-propionyloxy)-ethoxyl-phosphof§EiiB2008/055002
2-116-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyli-amino}-butyry1)-
piperazine-1-carboxylic acid butyl ester: To a solution of the compound of Example 5 (50 mg) in anh.
NMP (0.114 mL) was added TEA (0.033 mL) and s¢hloroethyl pivalate (0.063 mL; prepared as
described in Synth. 10 Commun. (1995), 2508). 2739-2749) under argon. The mixture was stirred for 8

h at 60C urﬂ@w [ ,tconéeggirg g]@pﬁ I%}' and diluted with toluene. The org. phase was washed

with water and brlne dried (Na2S04) and evaporated off The crude was purlfled by CC (solvent A:

Hept, solven Oto 1009 B/l 00%13/5CV) t tltle duct as a
cotouriess Bsin (18HG e T S L oA B R A U 2 8 T (M1 L: 889,04,
Example Si- AM@Y@&M@Mmembm&%x&mﬁWiph@fSphoryll-

2-116-((S)-3-methoxy- pyrrolldln -l-y1)-2-phenyl-pyrimidine-4-carbonylkamino}-
propiony1)-piiserasiARIdCHAS GRS Bt Befhed i AR P IvES pripated*iBiAg & method
analogeus igwthat @l xample bointhetanyaaiknd L0 of iexaspplarddreplacing themefippbadof Example

5 and chlor Q’g;‘t]?é’gvalalt'((‘aﬁr} f%)% %%r ?ﬁg ﬂ-%yf i ﬁt? th}G% gﬁ)(,,t%: 17 mm; [M-411".

847.29. amp opiony oxy) ethoxyl osphory1}-
2-{16-((S)-3-thdtAdxry- K&yﬂ@lﬁnmlxyiM‘Zlbheiﬂﬂ “Brimidine-4-carbonylFamino)-
25propionyl)-piperazine-I-carboxylic acid butyl ester: WO 2009/069100PCT/1132008/055002 - 105 -

To a soluti oft 0 e 2 (20 O 586 m as added TEA
(0.135 m|)0a“$13‘ﬂ{‘e mlxtur%%};\dz i |r§£ﬁrﬁﬁvmlﬁ% mgé)regl%(')lnl ll\glalgroe Y[:r)fvafy\/fle (0.516 mL,;
prepared ag-dederibdiaimi8yhthpBophermp(0pdB)y 2BIE pAR3D-2ATHOYnd ¢ lef59  mg) were
added at RT. The mixture was stirred for 5 h at 60C under argon, cooled 5 down to RT and diluted

with tqluene4‘|jhezq(,g) plymmg;mpﬂ@gjm@th[w@e@an%bﬁm@@ﬂ ZM@M)@@dﬁvaporated under

reduced pressur as purjfied b égluent ad| nt A) to give the title
product as 2y ygf (‘)f\l/’\}i‘“’éﬁﬁ(e(é‘?:)’illi K% it ?Oé ark reﬂcbC Y ﬁr‘:{éﬂ mix ﬁFeO%) iast gr%e%%gr%ers) LC-MS (A): tR =

1.22 mm; [Mﬁll %mﬂﬁc@%&s prepared using a method analogous to that of Example I, step 1.8,
2-(hydroxymethyl)piperidine replacing intermediate 1.7 and intermediate 14.1 replacing
6-chloro-2-phenyl-pyrimidine-4-carboxylic acid.

15 LC-MS (A) tg = 1.02 min; [M+H]": 689.04.

44.2. 4-((R)-2-{[6-(2-hydroxymethyl-piperidin-1-yli-2-phenyl-pyrimidine-4-carbonyl]-

amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 38, step 38.4,

intermediate 44.1 replacing intermediate 38.3. The compound was however purified by
20 CC (reverse phase; eluent: gradient from H,O + 0.1% TFA to MeCN + 0.1% TFA).

LC-MS (A): tr = (.86 min; [M+H]": 632,94,

Example 45: 4-((R)-2-{[6-(3-methoxy-propyl)-2-phenyl-pyrimidine-4-carbonyl}-amino}-

3-phosphono-propionyl)-piperazine-1-carboxyiic acid butyl ester:

45.1. 4-((R}-3~(diethoxy-phosphoryl)-2-{ [6-(3-methoxy-prop-1-vnyl}-2-phenyl-pyrimidine-

25 4-carbonyl]-amino}-propionyl)-piperazine-1-carboxyiic acid butyl ester:



10Example 53: 4-((R)-3-[bis-(1-isobutyryloxy-ethoxy)-phosphory1]-2-1[6-((S)-3-methoxy-
pyrroliclin-l-y1)-2-phenyl-pyrimidine-4-carbonylkamino)-propionyb-piperazine-1-carboxylic acid butyl
ester: This compound was prepared using a method analogous to that of Example 52, 1-chloroethyl
isobutyrate YBRPAPOE°4¥ described in Synth. Commun. (1995), 25(18), 27888948 %aptacing
151-chloroethyl pivalatc. LC-MS (A): t1=1.18 min; [M+HI: 847.01. Example 54:
4-((R)-3-[bis-(1-propionyloxy-ethoxy)-phosphoryll-2-1[6-((S)-3-methoxy-pyrrolidin-l-y0-2-phenyl-pyrimid
ine-4-carbonyll-aminol-propionyb-piperacine-|-carhgxylic acid butyl ester: 20 This compound was
prepared using a method analogous to that of Example 52, | -ehloroethyl propionate (prepared as

described 5 ; nivalate, £C-MS (A
tsscg 1e4 r:?.‘n ;{mﬁg{n}r&ua n(@tﬂg)@' rf&?@%m@?@%@%&b reRiaging 3-ehipsrathylnvalae, + (A):

4-((g)-3- [b|@%‘i‘oﬁ%ﬂ%&%y?ﬁéﬂ%%ﬁ}shﬁﬁdéd%%I Bisgnoyeslphetrbiny) patladiuml)-dichioride
25pyrrol|d|r({l?ij)ng)ﬁher&yhﬁwﬂmﬁlmeiqmbtymk@mmgﬂrpmmmmybammmlnﬁedfecarbewa acid butyl

ester: WO 2009/%@9&100P 1éBZOOS/OS th%oéu d;l'glgscom OCPQ oya QBQ{C"@ spga method
analogous {o that xampe loromet yI ISO Cbutyrate ep acing 1-ch oroethyi

pivalate. LC-MS (A):
t1= 1.15 mip/el RfB1E B desirgheompiangi:31 1 mg).

4-(21[6-((S)-3- mgt@gxykpzyfr@glqlglIm@@-pl@@pybpynmldme -4-carbonyll5amino}-2-phosphono-acetyl)-pi
perazine-1-carboxylic acid butyl ester: 56 1. Benzyloxycarbonylamino- (dlmethoxy phosphoryO-acetate

lithium salt: Ad 4h(? I?_( cm , Lrim y Atfie é &{\J/;vafsodl sqlved in EtOH. (5 mL) and treated
with a solutién of Li (?IL) gbe%} mg |n (fl?f é 3 n‘?lﬁ)s?' n'%}x*ﬁ7 re was stirred at 0C for 30
min and théswhl@nwva@zr@mmwhev@ma@«@fscgymmiasé@’ ém@éﬁyqﬁ the next

Raney Nickel in water was decanted, the supernatant was removed and MeOH was added. The

10 process was repeated 3 times and the resulting Raney Nickel in MeOH was added to a solution

of intermediate 45.1 (261 mg) in MeOH (15 mL). The mixture was stirred under hydrogen

overnight, filtered through Celite and the solution evaporated off. CC (DCM/McOH 99/1 to

90/10) afforded the desired compound (105 mg).

LC-MS (A): tg = 1.05 min; [M+H]": 648.07.

15 453, 4-((R)-2-{[6~(3-methoxy-propyl)-2-phenyl-pyrimidine-4-carbonyl]-amino/-
3-phosphono-propionylj-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate 45.2 replacing intermediate 1.9. The crude was however purified by CC (reverse
. phase; eluent: gradient from HyO + 0.1% TFA to MeCN + 0.1% TFA).
20 LC-MS (A): t = 0.90 min; [M+H]": 591.94.

Example 46: 4-((R)-2-{[6-(3-hydroxy-butyl)-2-phenyl-pyrimidine-4-carbonyl}-amino}-

3-phosphono-propionyl-piperazine-1-carboxylic acid butyl ester:

46.1. 4-{(R)-3-(diethoxy-phosphoryl)-2-{[6-(3-hydroxy-but-1-ynylj-2-phenyi-pyrimidine-
4-carbonyl]-aminoj-propionyl)-piperazine-I1-carboxylic acid butyl ester:

25 This compound was prepared using a method analogous to that of Example 45, step 45.1,
3-butyn-2-ol replacing methylpropargylether.
LC-MS (A): tz = 0.99 min; [M+H]": 643 .88,



10step. LC-MS (A) = 0.75 min; [M+HI. 318.06. 56.2.
4-12-Benzyloxycarbonylamino-2-(dimethoxy-phosphotyl)-acetyl 1-piperazine-1- carboxylic acid butyl
ester: To a solution of intermediate 56.1 (1.5 g) in DCM (5 inL) was added DIPEA (3.4 mL) and
15HATU (22V§)29%%8¢38ring at RT for 10 min, intermediate 2.2 (1.1 g) wBST&HAEH/ (FA¥%eaction
mixture was stirred overnight at RT and H20 was added. The phases were separated, the org. phase
was washed with sat NaCl solution, dried (MgSO4) and evaporated off The crude was purified by CC
(Hept/EA 2/8) to afford the desired compound (1.1,g). LC-MS (A): tR = 0.95 min; [M411]": 486.01.
2056.3. 4-12-amino-2-(dimethoxy-phosphoryl)-acetyll-piperazine-1-carboxylic acid butyl ester: This

compound yas pr @%%ﬁ@%}&&%?%%%@%}gﬂ% y@(;g%%,g%@gj% ﬁ}%pé%g intermediate 56.2

replacing intermediate 2.1. LC-MS (A): t ).67 min; [M+1-11r:
4-(2-(dimetho L 20RBEBREN O AY B U BV S-PHE bXG BYFHERAAA-S633 Seny125

pyrimidine-4-carbonylPamino}-acetyll-piperazine-1-carboxylic acid butyl ester;
2009/069108P CTABYBO SIS Efé)ﬂr%/ §7P . %hodcanglo Yus &y at% oY Fan IGWSO\

n me qtﬁ. 35.2
EThis Compound was prepared Using a method afalogous to
that of Examplenb8astép 562 aimteintenliateaB6t3 replacing intermediate 1.2 and intermediate 1.8

replacigg intermediaje 56 dod hegcruflamwagpuiified by CC (EA/MeOH 1/0 to 1/9). LC-MS (A): tR = 1.06
min; [M@+Hr: 632.9%.%6.5. ’ [

4-(2-11-6-1(S)-3- Xy-pyrrolidin-1-y0-2-phenyl-pyrimidine-4-carbonylPan o , . )
2-phosphor%§'—éic£§/ pp?ﬁ\él?géiﬁgﬁq%r%xgg Iij) %%%Bl%t/})} lésltneer:‘iTanaljs% ¢4 r&p%”ﬂiﬁa’pvga%h%srpehpogroed using a
method anaiogous/tetivatofExampledcte b0 cmitermediate 56.4 replacing intermediate 1.9. The
crude was purified by CC (reverse phase; eluent: gradient from H20/TFA 100/1 to MeCN/TFA 100/1).
10LC-MS (ABitremposadnitas MPEred: wou doretahpigiagous to that of Example 1, step 1.10,
4-((R)-2-{[6n{Rriydroxycethexy)-dphenylcpiainlidinmd catb onylhamingpurified by CC (reverse

3-Phog RO R R RS e S PO G LI REAPS B T, TrA),

LC-MS (A): tg = 0.84 min; [M+H]"; 591.94.

Example 47: 4-{($)-2-{[6-((S)}-3-methoxy-pyrroiidin-1-yD)-2-(3-iriflucromethyl-phenyl)-
pyrimidine-4-carbonylj-amino}-4-phesphono-butyryl)-piperazine-1-carboxylic acid

butyl ester:

15 47,1, 6-chloro-2-(3-triflucromethyvi-phenyl)-pyrimidine-4-carboxylic acid:

This compound was prepared in 4 steps from 3-trifluoromethyibenzamidine using a method
analogous to that described in WO 2006/114774 (sce Exampic I, step 1.3, Example 24,
steps 24.1, 24.2 and 24,3},

LC-MS (A): te = 1.03 min; [M-+H]™: 302.69.

20 47.2. 6-((S)-3-methoxy-pyrrolidin-1-31)-2-(3-trifluoromethyi-phenyl)-pyrimidine-4-carboxylic
acid:
This compound was prepared using a method analogous to that of Example I, step 1.8,
intermediate 47.1 replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The compound
was however not purified.

25 LC-MS (A): te = 0.87 min; [M+H]': 368.02.



57.1. 44(12)-3-(Diethoxy-phosphory0-2-1/6-(2-hydroxy-ethoxy)-2-phenyl-pyrirnidine-4-
carbonylkantinol-propionyl)-piperazine-1-carboxylic acid butyl ester: 15Ethylene glycol (92 pt) was
added to a suspension of NaH (60% dispersion in mineral oil, 65 mg) in DMF (1 mL). The suspension
was stirred HRPIEHPBNM and intermediate 14.1 (200 mg) was added. PFHEPYHBHI5AAIixture was
stirred at RT for 3 h. DCM was added and the mixture was washed with a NH4C1 solution and NaC1
solution. The aq phases were extracted with DCM. The combined org. layers were dried (MgS0O4) and
evaporated off CC 20 (DCM/MeOH 95/5 to 90/10) gf;the crude offered 209 mg of the desired
compound. LC-MS (A): tR = 0.97 mm; [M+H]*: 635.97. 57.2.

& (LL2)- 21542 Ly sz pREDY - PYHINAN € RO ATIRI - |
phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:  This compound was prepared using
a method a%réfdg%fﬂgwﬁﬁ%}twEsééha?pfrénsévﬁé’pcgmwgﬁﬂweﬁaﬁ@:téllszrﬁfief@%ﬁcir@ﬁ"ﬁf@rﬁfediate 38.3,
using no watey.rLhe srde was purified by preparative LC-MS (1). LC-MS (A): tR = 0.83 mm; [M+HTr:
579.83. WO 2009/069100PCT/1132008/055002 - 108 - Example 58:

4-((S)-2-1[6FS = Baivimtind eyap ymra glid- [uyih)e 22 phethyll pyrimighme t4- that of Example 1, step 1.3,

carbonyli-agingl-pspNosphonq:peRianoyR:pipgiazine--sarboxylic.acid by ester: 98 1ino
(8)-2-Benzyloxycarbonylamino-5-hydroxy-pentanoic acid methyl ester: To a cold (-15&/%/SOFUUOH of
Z-Glu-OMe! (EB Y53 PPRERi PO Ay WS Saiesd s @WéYﬁ?lﬁ‘?&l%%hﬁ&@.WW%ﬂ dd'by isobutyl
chloroformat@A$.731 mL) dropwise. After 30 min stirring at -15C, NaBH4 (576 mg) was added,

followed Mi%ltlﬁ\g{ljggii‘ei ;‘rhg&ela. : ﬂﬁﬂix%%was stirred at -10C for 15 min and quenched by the
s "Thé mi

addition of olution. ture'was extracted with EA. The org. phase was washed with
water, dried éNaZSO4) and evaporated off to give 1.5 g of the crude product as colorless oil. 10LC-MS
(A): tR = 0.82-ifr(! {Wzﬁ?ré@ggwi{ffs@fzy@-@-ﬂ%ﬁ&%@éﬁﬂﬂ@@léﬁlﬁmf%ﬁ&@wﬁfﬁ%ic acid methyl
ester: o a seltion glinpInedinieybs:d-(ld-g)-MpbrEiA4Q mik-dwpie addedimidazole (545 mg) and
triphenylphosphine (1,97 g). The mixture was cooled down to OC and iodine (1.9 g) was added portion
wise. After Thisninmiiveré aetionreptdreswes aliowed towegmtdRMand Wagnple 1, step 1.10,

intermediate 47.3 replacing intermediate 1.9. The crude was however purified by CC (reverse
phase; cluent: gradient from H,O + 0.1% TFA to MeCN + 0.1% TFA).
LC-MS (A): tg = 1.00 min; [M+H]": 700.93.

15 Exampile 48: 4-(($)-4-|bis-(2,2-dimethyl-propionyloxymethoxy)-phosphoryl}-
2-{16-((8)-3-methoxy-pyrrolidin-1-yI)-2-phenyl-pyrimidine-4-carbonyil-amino}-butyryl)-

piperazine-1-carboxylic acid butyl ester:

To a solution of the compound of Example 5 (100 mg) in anh. DMF (0.7 mL) was added

DCMC (95 mg) and chloromethyl pivalate (0.118 ml) under argon. The mixture was stirred
20 for 8 h at 90°C under argon, cooled down to RT and diluted with totuene. The organic phase

was washed with water, dried (Na;S04) and evaporated off. The crude was purified by CC

(cluent: gradient from EA to EA/MeOH 9/1). After freeze-drying, the title compound was

obtained as a white solid (53 mg).

LC-MS (A): tg = 1.17 min; [M+H]": 861.12.

25 Example 49: 4-(($)-4-[bis-(isobutyryloxymethoxy)-phosphoryl}-2-{[6-((5)-3-methoxy-
pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonyl}-amine}-butyryi)-piperazine-

I-carboxylic acid butyl ester:



15stirred at RT for 4 h. An aqg. solution of Na2S203 was added to the mixture that was further diluted
with Et20. The phases were separated and the org. phase was washed with water, dried (MgS0O4) and
evaporated off to afford 3.5 g of the crude compound as yellow oil. LC-MS (A): tR = 1.04 min.; [M+H]4:
391.87. 58.3V¢3P188HSy loxycarbonylamino-5-(diethox);-phosphood)-perftaf BRE & tethyl ester:
20This compound was prepared using a method analogous to that of Example 1 step 1.1, intermediate
58.2 replacing Boc-3-iodo-L-Ala-OMe. LC-MS (A): tR = 0.92 min; [M+H]: 402.02. 58.4.
(S)-2-Benzyloxycarbonylamino-5-(diethoxy-phosphgiyl)-pentandic acid:  This compound was
prepared using a method analogous to that of Example 56 step 56.1, 25intermediate 58.3 replacing

Z-a-phosphinoalygipg FMathyLeates ukizsM Stk dRnm L8R RimdMT B3B8 49 Bl Bmethyl
4-145)-2-Benzyloxycarbonylamino-5-(die hoxy}éphosphorylziiﬁentano Ikprll%erazme-l- carboxylic acid
buty! ester:lSWW@Béfﬁ@@iWO@@??ié?@d@/éB 602HE - PR Ecﬁﬁg& was prepatéiitsing a
method analogousio/thatbfi&Example 1 step 1.3, intermediate 58.4 replacing intermediate 1.2 and

intermediate 2 lla ing,l~etho Qﬂfr}?@pi razine. LC-MS (A): tR = 0.97 min; [M+H] . 555.98.
558.6. 41(?@%%&% h%—S-l(t}lje{ﬂlgi()y%%ho p o@g%entanoyll-piperazine- 1 -carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 2 step 2.2, intermediate
58.5 replacingifips e digi@s3-4-{ bic{id 3 iR vi-Prédi snmio i -ethio 2 hds phidoB[7 .

4-1(8)-5-(Dighoxyephos RO b e L o 08 S MRl Y Qe BRI Wiin o) -butyryd)-

piperazire-1-carboxylic acid butyl ester:

To a solution of the compound of Example 5 (50 mg) in anh. NMP (0.114 mL) was added
TEA (0.033 mL) and 1-chloroethyl pivalate (0.063 mL; prepared as described in Synth.

10 Commun. (1995), 25(18). 2739-2749) under argon. The mixture was stirred for 8 h at 60°C
under argon, cooled down on to RT and diluted with toluens. The org. phase was washed with
water and brine, dried (Na;SQy) and evaporated off. The crude was purified by CC (solvent A:
Hept, solvent B: EA, gradient: 50 to 100%B/15CV, 100%B/5CV) to give the title product as a
colourless resin {15 mg; mixture of diastereotsomers).

e

15 LC-MS (A): te = 1.22 min; [M+HT": 889.04.

Example 51:  4-((R)-3-[bis-(2,2-dimethyl-propionyloxymethoxy)-phosphoryi]-
2-1[6-((S)~3-methoxy-pyrrolidin-1-yI}-2-phenyl-pyrimidine-4-carbonyl]-amino}-

propionyl}-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 50, the compound
20 of Example 2 replacing the compound of Exampie 5 and chloromethyl pivalate replacing

1-chloroethyl pivalate.

LC-MS (A): tg = 1.17 min; [M+H]": 847.29.

Example 52: 4-((R)-3-{bis-[1-(2,2-dimethyl-propionyloxy)-ethoxy|-phosphoryl}-
2-{]6-({S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-

25 propionyl)-piperazine-1-carboxylic acid butyl ester:



pyrimidine-4-carbonylraminol-pentanoyl)-piperazine-1-carboxylic acid butyl ester: This compound was
prepared using a method analogous to that of Example 56 step 56.2, intermediate 58.6 replacing
intermediate 2.2 and intermediate 1.8 replacing intermediate 56.1. The compound was purified by CC
(EA to EA/MEORMIPEO1EL C-MS (A): tR = 1.07 min; [M+HI: 703.53. 58.8. PCT/IB2008/055002
4-(159-2-116-(q)-3-Methoxy-pyrrolidin-1-y1)-2-phenybpyrimidine-4-carbonylPaminal5-phosphono-penta
noyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method
analogous to that of Example 1 step 1.10, intermedliate 58.7 replacing intermediate 1.9. The
compound was purified by CC (reverse 20 phase, water/MeCN 1/0 to 0/1). LC-MS (A): tR = 0.95 min;

[M+HIE: 647 0p  Fxampiendc dillRhid Bl b s RYAFRlIRrdry - %P Re LRV iIdine-4-

carbonylFaminol-3-(4-phosphono-phenyl)-propionyll-piperazine-1-carboxylic acid ethyl ester: 2559.1
(S)-2-tert-BhfokyEal %ﬁgﬂa%@n@-esnm{%ed&ﬁhéwae‘yp‘% B ATinaeRd Bt AR08 s te PRGOS R BTG Rt
Boc-Phe(4-)-0ld 3. ) MAP:(1 &4 cimeidamdsHRE B43-94: miLddm EXeH (38 ab)way agdestPyBOP (6

g) and the reaction mixture was,stir RT.overnight. EA and WO _ .
00510601 U RDO0E CET08 1110 R Tare SUBE Ehe B RS Sednabs88 s 1096
citric adid sdhwtiot, BataNaB RS wohutibrendritl: (Mg S04y ane evdpdratddrettr Thé bindelnals purified
by CC (eluant,AicHeRtqelyansBe £y R40.400% RLtaaffard. 3070 efthadesired eempaund as white
powder. LC?—%% ggftR ik min; [M+H] - 419.?‘8. 5592 % | ¢ |
2-(8)-tert-BatRBa IRy RTINS F44- (@icthEx i pHE S RS pie Ay HSPP8TBNTE eid bthg) @8tr: To a
solution of intermediate(B% {80 digyravsi B 1-13)4 (254 mg) in McCN (128 mL) was added
diethylphosphit A mL) oglpweql[% t L). The reaction mixture was stirred overnight at 70C,
then reflux":(‘afdE fésr[ é]@ d(LPlT&}’él %m% W@S added and the mixture was 10 further refluxed for 20
h. The solvent was evaporated off The oily brown residue was dissolved in EA and washed with a 10%

citric a@d seiHiapiess: NagRQ3seldliaabugislosplilaG sy nried dMgsOh-antevaporated off

The crude was purifie CC (eluant A:.Hept, eluant B: EA, 10 to 100%,B:.3 batches were obtained,
path 2 wit e L RAE R Tk B ER oW AtV PRI PSR Feporitt eluant A

DCM, eluari-8:rbbxpi ¢ dBiey RB1er:0 to 100% B) to afford 2.79 g of the desired product.

This compound was prepared using a method analogous to that of Example 52, 1-chloroethyl

isobutyrate (prepared as described in Synth, Commun. (1995), 258(18), 2739-2749) replacing
15 l-chloroethyl pivalate.

LC-MS (A): tz = 1.18 min; [M+H]": 847.01,

Example 54: 4-{(R)-3-[bis-(1-propienyioxy-ethoxy)-phosphoryl}-2-{[6-((8)-3-methoxy-
pyrrolidin-1-yh)-2-phenyl-pyrimidine-4-carbonyl}-amino}-propionyi}-piperazine-

I-carboxylic acid buty! ester:

20 This compound was prepared using a method analogous to that of Example 52, 1-chloroethy!
propionate (prepared as described in Synrh. Commun. (1995), 25(18), 2739-2749) replacing
1-chloroethyl pivalate,

LC-MS (A): tg = 1.14 min; [M+H]": 819.01.

Example 55; 4-((R)-3-]bis-(isobutyryloxymethoxy)-phosphoryl]-2-{[6-((5)-3-methoxy-
25 pyrrolidin-1-yl}-2-phenyi-pyrimidine-4-carbonylj-amino}-propionyl)-piperazine-

L-carboxylic acid butyl ester:



LC-MS (A): tR = 0.98 min; [M+HTr: 430.05. 59.3.
(S)-2-tert-Butoxycarbonylatnino-3-1-4-(diethoxy-phosphory0-phenyll-propionie acid: This compound
was prepared using a method analogous to that of Example 1 step 1.2, intermediate 59.2 replacing
intermediatéVCRIPHECMS (A): tR = 0.86 mm; [M+H]k: 402.01. 59.4.  PCT/ABZ068/055002
4-1(S)-2-tert-Butoxycarbonylamino-314-(diethoxy-phosphory1)-phenylPpropionyl)-
piperazine-1-carboxylic acid ethyl ester This compound was prepared using a method analogous to
that of Example 56 step 56.2, intermediate 59.3 replacing intermediate 56.1,
1-ethoxycarbonylpiperazine replacing 25 intermediate 2.2 and using DCM/THF 4/1 instead of DCM.

The compognd was,purifieds 51}/- RISt PLTHIRRLI B MERUER MY i hbnipiloyvedihypluant A: EA,

cluant B: EA/MeOH 9/1,0to 1 B; second purification: eluant A: EA, eluant B: EA/MeOH 40/1,0 to
100% B). LEoRNE Ay iRl D03 AR s RiTHA1§42.01. WO 2009/069100PCT/1B2008/055002 59.5.
4-1(S)-2-Amnai3-1a4-(diethoxyphpaphgoifplenylj-propionylitiperazine-1-carboxylic acid ethyl ester
hydrochloride salt: This compound was prepared using a method analogous to that of Example 1 step
1.4, intermediate 59.4 replacing intermediate 1.3. 5I__Q-MS[§A :tR = 0.69 mm; [M+H]t; 442.11. 59.6.
£.(15)-3- LABIOR]: pHORpH A b iy e RO Sy aITAL s bonyi -
phenyl-pyrimifling-AspsvPaceinDippsepigny -rinsmamneatig piltoxpieracid ethyl ester: This
compound was prepared using a method analogous to that of Example 56 step 56.2, intermediate 59.5 -

replacing intgrp qgi,ggg 2.2 Jntermediate,1.8 renlaging inteymediate; 56, 1,ang.10 using DCM/THF 4/1
instead of D%I{/In The ccc%nj%gé%gn%vas%ﬁiiﬁied %%!?)é%EA;%OJ%%\/MGOH 1/1). LC-MS (A): tR = 1.06 min;

[M+1i]. 722,9%.5864pKbrddeBicinl &6nOra- Methxy ) yweel tdischyd-Zr phenylsputimiding-4-carhanylPan
3-(4-phosphono-phen (ITy)d ropionylppiperazi e%&[{rﬁ) xylic i%’%gy ster: 15This compound was
prepared uéiﬁﬁﬁégﬁ?eﬂg %e}ﬂﬁb{g(g‘g@t@%ﬂ%? bé?e()é@gz Mo %&%‘é%ﬁé’” %i):%”fg Acing
intermediaté°L. $orTHendarmpb thedsras tpusifiethbyeC Cl{ravedsd phase e umdtde R0 HFA; eluant
B: MeGN +%g TFA,; gradient: 5 to 80% B). LC-MS (A): tR = 0.89 min; [M+Hr : 667.20. Example 60:
4-[(S)-2-{f6- g)-B-Metboxy-pyrrqlidin-I-yI)-Z-phenyI-pyrimidine-4-
20carbonylltamiholés: (4 -pAdspren B EmAbSSopionyll-piperazine-I-carboxylic acid butyl

56.2. 4-[2-Benzyloxycarbonylamino-2-(dimethoxy-phosphoryl)-acetylf-piperazine-1-

carboxylic acid butyl esler:

To a solution of intermediate 56.1 (1.5 g) in DCM (5 mL) was added DIPEA (3.4 mL) and

15  HATU (2.2 g). After stirring at RT for 10 min, intermediate 2.2 (1.1 g) was added. The

reaction mixture was stirred overnight at RT and H,O was added. The phases were separated,

the org. phase was washed with sat NaCl solution, dricd (MgSQu) and evaporated off. The

crude was purified by CC (Hept/EA 2/8) to afford the desired compound (1.1 g).

LC-MS (A): tr = 0.95 min; [M+H]": 486.01.

20 56.3. 4-[2-amino-2-(dimethoxy-phosphoryvlj-aceivl]-piperazine- 1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 2, step 2.2,
intermediate 56.2 replacing intermediate 2.1.

LC-MS (A): g = 0.67 min; [M+HT": 352.55.

56.4. 4-(2-tdimethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-

25 pyrimidine-4-carbonyl]-amino f-acetyl)-piperazine-1-carboxylic acid butyl ester:



ester: 60.1. 4-1(S)-2-tert-Butoxycarbonylamino-3-14-(diethoxy-phosphoryb-phenyll-propionyl1-
piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method analogous to
that of Example 56 step 56.2, 25intermediate 59.3 replacing intermediate 56.1 and using DCM/THF
4/1 instead BEDENYOFHE compound was purified by CC (First purification? el At B /=R % uant B:
EA/MeOH 9/1, 0 to 40% B; second purification: eluant A: EA, eluant B: EA/MeOH 40/1,0 to 100% B).
LC-MS (A): tR = 1.00 mm; [M+Hr: 569.98. WO 2009/069100PCTAB2008/055002 - 112 - 60.2.
4-1(S)-2-Amino-3-14-1diethoxy-phosphoiyl)-phenyllspropionyl}piperazine-1-carboxylic acid butyl ester
hydrochloride salt: This compound was prepared using a method analogous to that of Exampk. 1 step

1.4, intermadliat inginte iate 1.3 : iRz 0 IVEHL 474,31, 60.3.
L eolen e naer A SR 0t e

phenyl-pyritheiediaie b d s rBRpre Ay fiseisimedat RewgiRAdeeroTthis
compound Was-RI@PREEuISIBg B DetindMbalegaus todhat of Example 56 step 56.2, intermediate 60.2

replacing int i%; 2.2 i erm.eﬁjﬂ 1.8.replacing intermediate 56.1 and 10 using DCM/THF 4/1
instead of Bg\% %’é&mébun‘ﬁl% S rﬁglifigé“b%%'cc (eluant A: EA, eluant B: EA/MeOH 25/1, 0 to 100%

B). LC-MS (A): tR = 1.11 mm; [M+H]+: 75E00, 60.4. o _

4-17S)2-([64£8 T-ENSHoKy - BTSSP -Bridhy iR g iear e myinmgye/-
3-14-phosphonesphepy-propienyi-piperazing-d-carboxylicaesid butyl ester: 15This compound was
prepared using a method analogous to that of Example 1 step 1.10, intermediate 60.3 replacing
intermediatéhls koThewoimpoupdwzs pariict bytB0 @enegsesphatet elUERtAPIE 20 sebdh IPFA; eluant

B: MeCN +/196 TEA: okadient &40 SA%-BlikEMS H): 4R Q25 MMtk 68835 Fragple 61:
4-1(S)-2-116-(N-3-Methoxy-pyrrolidin-1- 13-2- henyl-pyrimidine-4-
20carbonyIRafHh grasieat frasPreidimeti -%gmpl%g?o)%w}llpiperazine-l-carboxylic

10 LC-MS (A): tg = 0.84 min; [M+H]": 604.99.

Example 57:  4-((R)-2-{[6-2-Hydroxy-cthexy)-2-phenyl-pyrimidine-4-carbonyl]-amino}-

3-phosphoneo-propionyl)-piperazine-1-carboxylic acid butyl ester:

57.1. 4-((R)-3-(Diethoxy-phosphoryl)-2-{{6-(2-hydroxy-ethoxy)-2-phenyl-pyrimidine-4-
carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:

15  Ethylene glyeol (92 ul) was added to a suspension of NaH (60% dispersion in mineral oif, 65
mg) in DMF (1 mL). The suspension was stirred at RT for 30 min and intermediate 14.1 (200
mg) was added. The reaction mixture was stirred at RT for 3 h. DCM was added and the
mixture was washed with a NH4C! sclution and NaCl solution. The aq phases were extracted
with DCM. The combined org. layers were dried (MgSOy4) and evaporated off. CC

20 (DCM/MeOH 95/5 to 90/10) of the crude offered 209 mg of the desired compound.

LC-MS (A): tp = 0.97 min; [M+H]: 635.97.

57.2. 4-((R)-2-{[6-(2-Hydroxy-ethoxy)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-

phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using & method analogous to that of Example 38 step 38.4,
25  intermediate 57.1 replacing intermediate 38.3, using ne water. The crude was purified by

preparative LC-MS (1).

LC-MS (A): tg = 0.83 min; [M+H]": 579.83.



acid ethyl ester: 61.1.
4-0)-2-Amino-3-1-4-(diethoxy-phosphotylmethyl)-phenylPpropionyll-piperazine-1- carboxylic acid ethyl
ester: This compound was prepared using a method analogous to that of Example | step 1.3, Fmoc-
25 p(CH2-PHSEPP/PeBIlR-OH replacing intermediate 1.2. The Fmoc grouf-Was*B984%Mduring the
reaction. The compound was purified by CC (eluant A: EA/NEt3 100/1, cluant B: EA/MeOH/NEt3
50/50/1, 0 to 100% B, followed by elution with Me011) to afford 448 mg of the desired compound. WO
2009/069100PCT/1B2008/055002 - 113 - LC-MS () tR=0.71 m n; [M+Hr: 456.08. 61.2.
445)-314-(Diethoxy-phosphoiyhnethylj-pheny11-2-{(6-((S)-3-methoxy-pyrrolidin-1-

yl)-2-phenﬁkmﬁmi@me:ﬁ(@t&g@d@ﬁ!@iwtmr&;@%yilarmefﬁé%aﬁ_% wigaagidiethyl ester: 5 This

compound was prepared using a method analogous to that of Example 56 step 56.2, intermediate 61.1
replacing ir?@r'?ﬂ@&'ig?éﬂi‘?ﬁ“ﬁig‘?ﬁﬁéﬁ?ﬂépﬁ‘st%ﬂ&cnﬁeﬁ?@ﬂﬁédﬁ'ﬁ@%‘.‘f aHd BRmbEseEMTHE 4/1
instead of DCM. The compound was purified by CC (cluant A: EA, eluant B: EA/McOH 9/1,0 to 100%
B). LC-MS {A): tEi-2-B@@inmmcNMaiita i §p- 248061 -Benianoic acid methyl ester:

415)-2-( (3. Mathony pyTaldindp: SRS prsmiding hearbamiliamingtadac -
344-ph§sphortg)\éneth3ﬁé?£er&%gro |og)¥lép|p6eﬁgaz.me- éc%r}é%( Ilg]f%glqciﬂ%rmm% This I’céogmpound was
prepared uSiAgaTRERH A 5 R BPE IR R St 1812 repfacing
intermediatso 1u9a Therigmpouridoyvasapiified b e Cute vatseal phaseycluasOf: H2pwisE0TREA,; eluant
B: MeCN + 1% TFA, .gradient: 5 to 90% 5LC-MS (A): tR =0. m;_[M+H]t: : ample 62:
(902 1168 R APl e ot e s R
carbonylkaminbdB-[Aephodprionensatmpasheily dprodionyik pieapirevrsbadosity i atiddbaty| ester:

62.1. 4-{(ShRaANg 03 MASIRLIMY PO SPRNMRIRHILO R aLoRiBAY Biperazine 1 20carboxyic
acid butyl ester: This compound was prepared using a method analogous to that of Example 1 step

1.3, FMocptERSS P3| -t RitoR e Iacliglihtermediate 1.2 and intermediate 2.2 replacing

1-ethoxycarbonylpiperazine. The Fmoc group was cleaved during the reaction. The compound was
purified by EC(dtiahBAEMANEBoLODMretbam B ERINMEOHINELEB3/8071,0 to 100% B) to 25 afford

448 mg of the Agsired COMRAMOH L GMP1 (AL 1R Pl (Aominy INAHEASHE®201e (545 mg) and

triphenyliphosphine (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
15  stirred at RT for 4 h. An ag. solution of Na;S;0s; 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

(MgSQy4) and evaporated off to afford 3.5 g of the crude compound as yellow oil.

LC-MS (A): tg = 1.04 min; [M+H]": 391.87.

38.3. (§)-2-Benzvioxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoic acid methvi ester:

20  This compound was prepared using a method analogous to that of Example 1 step 1.1,
intermediate 58.2 replacing Boc-3-iodo-L-Ala-OMe.
LC-MS (A): tz =0.92 min; [M+H]": 402.02.

58.4. (S)-2-Benzyloxycarbonylamino-5-(diethoxy-phosphorylj-pentanoic acid:

This compound was prepared using a method analogous to that of Example 56 step 56.1,
25  mtermediate 58.3 replacing Z-oi-phosphinogiveine trimethyl ester.

LC-MS (A): tx = 0.80 min; [M+H]": 388.19,

38.5. 4-/(S)-2-Benzyloxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoyl] -piperazine-1-

carboxviic acid butyl ester:



WO 2009/069100PCT/1B2008/055002 -114- 62.2.
4-((S)-3-[4-(Diethoxy-phosphoiyimethyl)-pheny11-24[64(S)-3-methoxy-pyrrolidin-ly0-2-phenyl-pyrimidin
e-4-carbonyll-aminol-propionyl)-piperazine-1-carboxylic acid butyl ester: This compound was
prepared usie A4HEHEH analogous to that of Example 56 step 56.2, 5in?§r¥ﬁ36‘?3’f§%§'?i replacing
intermediate 2.2, intermediate 1.8 replacing intermediate 56.1 and using DCM/THF 4/1 instead of
DCM. The compound was purified by CC (eluant A. EA, cluant B: EA/Me0T1 9/1; first purification: O to
100% B; second purification: 20 to 100% B). LC-M&; (A): tR = 1.12 min; [M+HI: 765.02. 62.3.
4-1(S)-2-116-1(S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonylraminoi- 10
3-(4-phosphepormgifvlneheay)yRipRIENWRPIResazHIE- inarhaxylie asid BubdesieriThis,aompound was
prepared using a method anal%%pu_s to that of ExamPlg 1 stgep,l.lo, _interm?%ate 62.2 replacing
intermediatdTHHHE cofhpolfitiias pdtfFBY'EClirevBide PHITRUANE A: HEU% %6 TEA: eluant
B: Me(N + t¥hfeAbgngthieatabno 90% B). LC-MS (A): tR = 0.97 min; [M+HI: 709.15. 15Example 63:
@206 elhon Ry 2enypyrimidine 4

O -a

carbonyll-amin hosphono-péntanoyi)-piperazine-1-carboxylic acid butyl ester: 63.1.
(R)-2-Benzyloxycarhonylaming-5-hydroxy-pentanoic acid methyl ester: This compound was prepared
g ettt S RaA LS Al ER IR S8 Gl 8 N AR e 22N LNe, 201 CMS
(A): tit = 0.82remin; [M+H]-: 282.11. 63.2. (R)-2-Benzyloxycarbonylanuno-5- odo-pentanoic acid in ethyl

ester: This @%gr%ngu\ﬁv repar 'n | i tof E e»gsien,58.2,
intermediat&e;86k3.1r plac(?r%%% %r%e%%?‘ast&eg%g%n %%R@%ﬁ%gﬁfﬁoﬁg%ng [§I\§I§+ ]:4391%%4}. 2563.3.

(R)-2-BenziisxipediBpAjIamsmermy dtthesdiahosphocyl)-pentanoic acid methyl ester This compound
was prepared tging. g ethod anapgeys tazhat of Example 1 step 1.1, intermediate 63.2 replacing
Boc-3-iodo-L-Ala-OMe.

10 58.7. 4-(¢(S)-3-(Diethoxy-phosphoryl)-2-{{6-((S)-3-methoxy-pyrrolidin-1-yi)-2-phenyi-
pyrimidine-4-carbonyl]-amino }-pentanoyi)-piperazine- I -carboxylic acid butyl esier:
This compound was prepared using a method analogous to that of Example 56 step 56.2,
intermediate 58.6 replacing intermediate 2.2 and intermediate 1.8 replacing intermediate 56.1
The compound was purified by CC (EA to EA/McOH 9/1).

15  LC-MS (A): tg = 1.07 min; [M+H]": 703.53.

58.8. 4-((S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-ylj-2-phenyl-pyrimidine-4-carbonylj-amino -

S-phosphono-pentarnoyl}-piperazine-1-carboxylic acid butyl esier:

This compound was prepared using a method analogous to that of Example 1 step 110,

intermediate 58.7 replacing intermediate 1.9. The compound was purified by CC (reverse
20  phase, water/MeCN 1/0 1o 0/1).

LC-MS (A): tg = 0.95 min; [M+H]": 647.05.

Exampie 59; 4-[(S)-2-{[6~((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-
carbonyl]-amino}-3-(4-phosphono-phenyl)-propienyl]-piperazine-I-carboxylic acid ethyl

ester:

25 59.1 (S)-2-tert-Butoxycarbonylamino-3-(4-iodo-phenyl)-propionic acid ethyl ester:
To a solution of Boc-Phe(4-1)-OH (3 g), DMAP (187 mg) and DIPEA (3.94 mL) in EtOH (38
mL) was added PyBOP (6 g) and the reaction mixture was stirred at RT overnight. EA and



WO 2009/069100PCT/M2008/055002 - ]15 - LC-MS (A): tR - 0.92 min; [M+H] 402.02. 63.4.
(R)-2-Benzyloxycarbonylamino-54diethoxy-phosphoryb-pentanoic acid: This compound was prepared
using a method analogous to that of Example 56 step 56.1, intermediate 63.3 replac_in%
Z-a-phosphif8YERE tnethyl ester. 5SLC-MS (A): ta = 0.80 min; [M+Hr: 584 BY0§458002
41(1?)-2-Benzyloxycarbonylaniino-5-Wiethoxy-phosphoryl)-pentanoyll-piperazine-1- carboxylic acid
butyl ester: This compound was prepared using a method analogous to that of Example 56 step
56.2, intermediate 63.4 replacing intermediate 56.{1i0The compound was purified by CC (Hcpt/EA
102/8, then EA/MeOH 10/1). LC-MS (A): tR = 0.98 min; [M+HTr: 556.02. 63.6.

44472)-%%@%@@%’ ! Z(thEhS}ép'@%as%%ﬁ@ﬂ@ééhPl eﬁiﬂﬁfﬁzlﬂ‘ﬁfr &%E@@(TYJ%@Q%QUM.QS&%Q Jhis
compound was prepared using.a method analo to that of Example 2 step 2.2, 15intermediate 63.5
replacing I BOE o VSV A % P . TUSE s R 5 5 etiahe &1 Hep
44(R)-5-(DigtlaoxB: pioSphdIgl-2E{] 6 GYBrdibtiaxyt pyr okttt toAuRplienyhpyrprdidge-4-carbonyll-ainino

)-pentanoyg@jmr@ang{-kqafg)%}{li?\@g_%—bgtl)g_@éter: This compound was prepared using a method
analogous to that of Example 56 step 56.2, 20intermediate 63.6 replacing intermediate 2.2 and

e PR e .4, T compeynd syl S (EAN | o2 en
4-((R)-241-6+#S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonylPamino}-
> Phosphorg pRRARYbrRIRSIAZIAR e rBay i A REMI o185 Zn]NP FREROUAC G ALePared
using a method analogous to that of Example SteR} 1; 0, o _ L
added diethylphosphite (1.4 mL) followed by NEt; (2 mL). The reaction mixture was stirred
overnight at 70°C, then refluxed for 20 h. Pd(PPhs)s (846 mg) was added and the mixture was
10 further refluxed for 20 h. The solvent was evaporated off. The cily brown residue was
dissolved in EA and washed with a 10% citric acid solution, sat. Na,COs solution, water, sat,
NaCl solution, dried (MgSQ4) and evaporated off. The crude was purified by CC (eluant A:
Hept, eluant B: EA, 10 to 100% B; 3 batches were obtained; batch n°2 was repurified: eluant
A: Hept, eluant B: EA, 40 to 60% B; batch n°3 was repurified: eluant A: DCM, eluant B:
15 DCM/MeOH 20/1, 0 to 100% B) to afford 2.79 g of the desired product.
LC-MS (A): tg = 0.98 min; [M+H]": 430.05.

59.3. (S)-2-tert-Butoxycarbonylamino-3-[4-(diethoxy-phosphoryvlj-phenyl]-propionic acid:
This compound was prepared using a method analogous to that of Example 1 step 1.2,
infermediate 59.2 replacing intermediate 1.1.

20 LC-MS (A): tr = 0.86 min; [M+H]" 402.01,

59.4. 4-{(S)-2-teri-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 56 step 56.2,
intermediate  59.3 replacing intermediate 56.1, l-cthoxycarbonylpiperazine replacing
25  intermediate 2.2 and using DCM/THF 4/1 instead of DCM. The compound was purified by
CC (First purification: Hept/EA 1/0 to 3/1; followed by: cluant A: EA, cluant B: EA/MeOH
9/1, 0 to 100% B: second purification: eluant A: EA, cluant B: EA/MeOH 40/1, 0 to 100% B).
LC-MS (A): tz = 0.93 min; [M+H]: 542.01.



intermediate 63.7 replacing intermediate 1.9. The compound was purified by CC (reverse phase,
water/MeCN 1/0 to 0/1). LC-MS (A): tR = 0.95 min; [MA-I]': 647.04. WO
2009/069100PCT/1B2008/055002 - 116 - Example 64:
4-{(R)-2-1(6W90%?P3@§11‘§’-phenyl-pyrimidine-4-carbony1)-aminot-3-
phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester: 64.1.
4-1(5)-2-Amino-314-(diethary-phosphoulmethyl)-phenyll-propionyl)-piperazine-1- carboxylic acid butyl
ester: 5 Isopropylmagnesium bromide (1M in THE; Q 164 mL) was added to an orange solution of
intermediate 14.1 (100 mg) and iron(lll) acetylacetonate (3 mg) in anhydrous THF (1.6 ml) under
argon. Aftes stirring gt RT,fok48/h. isenrapyinaenssiumbsanpies (M inbkisR-820.mbwas added
and the mixtupge \xa]s further sti/rﬁegl or 315 min. A 1M HC1 solution (1 mL) was added and it was
allowed to &AF61 B B WKL G the phases were separated, the org. 10 phase was dried
(Na2S04) dhd evaporskedvefl BO{EA toiEAMaotiod 00Mfolloviedbby:ddp#EAld /0 tep/4 finally:
DCM to DCM/MeQH:2Q6L) Qi %r&,ggzhgg}ge@ifa[ggg{esired compound. LC-MS (A): tR = 1.10 min; [M+H] :
618.03.  64.2. 4-{(R)-21(6-Isopropyl-2-phenyl-pyrimidine-4-carbonyl)-amitz61-3-phosphonol5
propiony11Lip¥raginerr=dheB sxipidMeld bafA-ester: This compound was prepared using a method
analogous to that of Example 1 step 1.10, intermediate 64.1 replacing intermediate 1.9. The
compound W&é pufified by/Cetreverss:phage peluaitt2A H120)+ 186 TEApetodiiBI MeCN + 1% TEA,
gradient: 5 %0 B, LE-MS. (A) 1R:= 0.95 mm; . - H] - 561.98. 70 AT

A-((R)-2-{] %ﬁ%&f&ﬁéﬁ%ﬂf%@ﬁﬁz@ )%%h%&%ﬁ%%ﬁgfﬁ%ﬁm%“%y fester

carbonyll-artifo§ BB HEh BX RIS RYER Figaran enplRarBoIG A Butjidstep: §8715 2
(1-Benzhydbtazetisins8-y ipmethanahind-Ben 2 drdareiane 3 caphiyditnacidel0d Fag)avas

dissolyed in THF@@W lithium ajumipium h drideugl’ 7 mg) was added., %53 mj s stirred
overnit s W B LSy Beloati (e SR AP K et A1aet TMTEE S were

separated, thB.org. phase was dried (Na2S04) and evaporated off to afford 93 mg of the desired

product. LG-M&:64)i R, = 9-64 minpiM il 26446

PCT/IB20608/055602

59.7. 4-[(S)-2-{{6-((S)-3-Methoxy-pyrrolidin-1-yl}-2-phenyl-pyrimidine-4-carbonyl}-amino}-
3-{4-phosphono-phenyl)-propionyl]-piperazine-I-carboxylic acid ethyl ester:

15 This compound was prepared using a method analogous to that of Example 1 step 1.10,
intermediate 59.6 replacing intermediate 1.9. The compound was purified by CC (reverse
phase; eluant A: HyO + 1% TFA; eluant B: MeCN + 1% TFA; gradient: 5 to 80% B).

LC-MS (A): tg = 0.89 min; [M+H]": 667.20.

Exampie 60: 4-[(S)-2-{[6~((5)-3-Methoxy-pyrrolidin-i-yl}-2-phenyl-pyrimidine-4-
20 carbonyl]-amino}-3-(4-phospheno-phenyl)-propionyll-piperazine-1-carboxykic acid butyl

ester:

60.1. 4-{(S)-2-tert-Butoxycarbonylamino-3-{4-(diethoxy-phosphorvli-phenylj-propionyl}-

piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 56 step 56.2,
25 intermediate 59.3 replacing intermediate 56.1 and using DCM/THF 4/1 instead of DCM. The

compound was purificd by CC (First purification: cluant A: EA, chuant B: EA/MeOH 9/1, 0 to

40% B; second purification: ¢luant A: EA, eluant B: EA/MeQH 40/1, 0 to 100% B).

LC-MS (A): g = 1.00 min; [M+T1]"; 569.98.



WO 2009/069100PCT/1132008/055002 - 117 - 65.2. 1-Benzhydly1-3-methoxyinethyl-azetidine: To an
ice-cold solution of intermediate 65.1 (91 mg) in THE (1 mL) was added NaH (60% in mineral oil, 17
mg). The mixture was allowed to warm to RT and was stirred for 30 min at RT. Methyl iodide (45 WO
was added S8 8lre was stirred at RT for 4h. Sat. Na2CO3 5solufior WL EGRIY? the organic
phase was washed with brine, dried (Na2S04) and evaporated off to afford 96 mg of the desired
product. LC-MS (A): tR = 0.78 mm; [M+HI: 268.16. 65.3. 3-Methoxymethyl-azetidine:  This
compound was prepared using a method analogoys to that of Example 2 step 2.2, a 10 mixture of
MeOH/1IMHC1 1/0.1 replacing Et01-1 1H-NMR (CD30D): 8 = 4.15 (br. s, 2H); 3.98 (hr. s, 2H); 3.54 (s,

2H); 3.44 (%032'4)4@(@)12@%)3’ 89.fiethoxy-phosphoryl)-phenyl]-propionyl)-piperazine-1-carboxylic

4-(7.R1-3-(Diethav-phosph ‘ryg-z,- 1;§-(3-methoxylnethyl-azetidin-1-y1)-2-phenylpyrintidine-4-carbon
yIPaminolpf’SfﬁgHQ’if:‘B%g}fﬁ%‘fﬁ A %4iBbxylic acid butyl ester: 15This compound was prepared using a
method andlegousimthat wiEpapypte Listepal :8¢timtérmetliates6®. 3repldcinginterrediate4l.7. LC-MS

(A): TR = 100 M0 IM B0k BIRERs GReRnediate 1 3.

44(R)-24167(3-Methoxymethyl-azetidln-l;yli-Z- henyl-pyrinadine-4-carbonylram o
3-phosphokd-propidtivi-pibérazitid M=dHrbdx{iic acid butyl ester: 20 This compound was prepared
using a method analogous to that of Example 38 step 38.4, intermediate 65.4 replacing intermediate
38.3. The coipotiridvige-phiified: by C@iroverdepliase/eliant-At20-» 0:29%6FEA]eluant B: MeCN

+0.1% TEA; gradient, 5;50 204 GMR AR, 5.0:-99 it IMAHEL, 812624 b ple 66:
T 0 S0 D

25phosphohBip FOPTBFHAL tige REEHTESL cipo Xy Y tplpeattee that of Example 56 step 56.2,

intermediate 60.2 replacing intermediate 2.2, intermediate 1.8 replacing intermediate 56.1 and
10 using DCM/THF 4/1 instead of DCM. The compound was purified by CC (eluant A: EA,

eluant B: EA/MeOH 25/1, 0 to 100% B).

LC-MS (A): tg = 1.11 min; [M+H}": 751.00.

60.4. 4-[(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-ylj-2-phenyl-pyrimidine-4-carbonyl]-amino}-
3-(4-phosphono-phenylj-propionyl]-piperazine-1-carboxylic acid butyl ester:

15 This compound was prepared using a method analogous to that of Example 1 step 1.10,
intermediate 60.3 replacing intermediate 1.9. The compound was purified by CC (reverse
phase; eluant A: H>O + 1% TFA; cluant B: MeCN + 1% TFA,; gradient: 5 to 80% B).

LC-MS (A): tr = 0.95 min; [M+H] " 695.35.

Example 61:  4-[(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)}-2-phenyl-pyrimidine-4-
20  carbonyll-amino}-3-(4-phosphonomethyl-phenyl)-propionyl]-piperazine-1-carboxylic

acid ethyi ester:

61.1. 4-{(S)-2-Amino-3-[4-(diethoxy-phosphoryimethyl)-phenyl]-propionyl}-piperazine-1-

carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example I step 1.3, Fmoc-
25 p(CH,-PO;Et;)-L-Phe-OH replacing intermediate 1.2, The Fmoc group was cleaved during the

reaction. The compound was purified by CC (eluant A: EA/NEGz 100/1, cloant B:

EA/MecOH/NEt; 50/50/1, 0 to 100% B, followed by elation with McOH) to afford 448 mg of

the desired compound.



66.1.
44(12)-2-1(6-Cyclopentyloxy-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-(diethoxyphosphotyl)-propion

yIPplperazw{?(‘-‘f- O12c:arboxx(§|c acid ethyl ester: WO 2009/069100PCT/1B209%/],()%&'}(*}@)8%%5 i:{,'%8 This
compound wasprepared using a method analogous to that of Example 1 ste

cyclopentyloxy-2-phenyl-pyrimidine-4-carboxylic acid (prepared as described in W006114774,
Example 1, intermediate 1.7) replacing intermediate 1.8. LC-MS (A): tR = 1.09 min; [M+Hr: 632.72.
566.2. 4-0)-21(6-Cyclopentyloxy-2-phenyl-pyrimidine-4-carbony0-atning1-3-phosphono-
propionylfpiperazine-I-carboxylic acid ethyl ester: This compound was prepared using a method
analogous tathet of Exariple 38nstap-83.44dntegkmediate 66.1 replacing intermediate 38.3. The
compound was purified by preparative LC-MS (V). 10LC-MS (A): tR = 0.97 mm; [M+H]": 576.72.

Example 6% %’[(@?@)’ ({%{«@B%M_@IM%WPIIME)L] yﬂe)n}fﬁb‘?ﬂyh@yfjfmglﬁ}ﬁﬁpmoz;dm I-

carbonylkamino}-3-( osphono-phenyl)-propionyli-piperazine-1-carboxylic add ethyl ester: 67.1.
(S)-3-(3- Brﬁ%éfawewﬁ”fwﬁdf&% T2 ﬁfnr’fb”ﬁi%’@rﬁ@’%i@?d”étﬁﬁ“é%?& 4 8°Fhi&¥ompound was
prepared using:a method analogous to that of Example 59 step 59.1, (S)-

N-Boc-3-bromophenylalanine replacing Boc; F?Q&S“‘é) 391'10 %BP%’E‘% l%“ﬁg'%fi Py GC (eluant A:
et o i R vl 5
(S)-2-ten- Bm@a%bﬁylhmm@%ya(mﬂdwﬁphdgﬁﬁﬁ@mwér%mpi?@m@m@ﬁ%féiz@eﬁtwaé@ter: Toa

solution of (&t (BSamik ﬁﬂ?%&@i@@f)@@ioﬂ% AP AE Bh3irt (438000)n-4aluenes(10 mL) was
added a soI tion of int rr%?[’gog& ]ﬂérgé mgq) in toluene (2 mL). The reaction mixture was stirred
n.

overnight af Eﬁgé ng down, Et20 (60 mL) was added and the mixture was
filtered andigvafbated: offt Dhentrudeé-¢ill was7idrified by 75CC (EAJElept 1/1 to 2/1) to afford 898 mg
of the desired product as yellow oil. LC-MS (A): tR = 0.99 min; [M-FFII: 430.42. 67.3.

(S)-2-tert-Byitoxygarbonylantinos JkaHsisthexyrRhosphotyb henyilpraRlonic, acith  MRino -
2009/0691OOPC /1B20081055002
3-(4-phosphonomethyl-phenyl)-propionyl]-piperazine- 1 carboxylic acid ethyl ester:
This compound was prepared using a method analogous te that of Example 1 step 1.10,
intermediate 61.2 replacing intermediate 1.9, The compound was purified by CC (reverse
phase; eluant A: H;O + 1% TFA; eluant B: MeCN + 1% TFA; gradient: 5 to 90% B).

15 LC-MS (A): tg = 0.91 min; [M+H]": 681.06.

Example 62: 4-{(8)-2-{{6-((8)-3-Methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-
carbonylj-amino}-3-(4-phosphonomethyi-phenyl)-propionylj-piperazine-I-carboxylic

acid butyl ester:

62.1. 4-{(S)-2-Amino-3-[4-(diethoxy-phosphorvimethylj-phenyl]-propionvl}-piperazine-I-
20 carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Exampie 1 step 1.3, Fmoc-
p(CH,-PO;EL;)-L-Phe-OH replacing intermediate 1.2 and intermediate 2.2 replacing 1-ethoxy-
carbonylpiperazine. The Fmoc group was cleaved during the reaction. The compound was
purified by CC (eluant A: EA/NEt; 100/1, eiuant B: EA/MeOH/NEt; 50/50/1, 0 to 100% B) o
25 afford 448 myg of the desired compound.
LC-MS (A): tg = 0.77 min; {M+H] " 484.00.



- 119 - This compound was prepared using a method analogous to that of Example | step 1.2,
intermediate 67.2 replacing intermediate 1.1. LC-MS (A): tR = 0.88 min; [M+HI: 402.40. 67.4.
4-{(S)-2-tert-Butoxycarbonylamino-3-P-(diethoxy-phosphoryl)-phenyll 5 piperazine-I-carboxylic acid
ethyl ester: Ff¢WSH9d%hd was prepared using a method analogous to thGf SFELEHRPIR*56 step 56.2,
intermediate 67.3 replacing intermediate 56.1, 1-ethoxycarbonylpiperazine replacing intermediate 2.2
and using DCM/TEIF 4/1 instead of DCM. The compound was purified by CC (first purification: eluant
A: EA, eluant B: EA/MeOH 9/1, 0 to 100% B; second 10purification: eluant A: Hept, eluant B. EA, 50 to
100% B). LC-MS (A): tR = 0,94 mm; [M+FI] : 542.38. 67.5.

44(5)-2-An55_@-filp?sﬁdjeﬁh%ye:ﬂbgﬁpmmwmgwﬂz reRipnyl)7eingsazingrbcasposylis.acid ethyl ester
hydrochloride salt: ~ This compound was prepared using a method analt?go s to that of Example 1
step 1.4, 181 erEaate 67 4 e pIAtiNg et o8 VRIS RS IR I THRY &4’-?-’ I 442.38.
67.6. 44(5)=3+&3-(Diethoxy-phosphorylj-phenyll-2-1[64(S)-3-methoxy-pyrrolidin-l-y0-2-
phenyl-pyrimidine-4-carhonylraming}: o] -piperazine-1-car. j ' . Fhis
compound was %Orren glrlgg Ws%n&%%%ﬁ%%%n%%éo%@ tlo t %%‘cg% %@?ﬁﬁg@%&%g&%g&% ?r'ﬁ’ermediate
67.5 replacing nedintetiatalpcintdrpaidinec 2 8 rayptaaiteistbfhiudrstessstamardidicsiy DEM/TRIF 4'1
E‘)Stﬁ?:d '\;’fs?%}é ﬂbﬁam@OGW@Mnﬂ%@@ QﬂSfbfdgg. bmq%@‘oﬁ%u@m Avaf PuriidanyBe EAMARRL %A, 0 to 50%
. LC- IR =1.06 mm; [M+Hr: 732.82. (e o e o
4-1-(5)-2-0((EF BAERYSY: B?fﬂmfamn%%%%ﬁwaéﬂmi%mgea?éaﬂ%% Hakinbi2539%. Bhosphono-ph
enyl)-propidiiUvEpiporazine-12-ear OXylle] aciébathyl ester: This compound was prepared using a
method analogous to that of Example | step 1.10, intermediate 67.6 replacing intermediate 1.9. The

compound was pufiied by GG (everss Rhasss aiuant Ar FA0r L% b elanh R Mekdl-+ 1% TFA;
gradient: 5to 80%5?%. WO 2009/069109P.CT/lB_ZOQ8/0551002ﬂb- 120 - L ?;MSZ gA):ﬂtR =0.90 mm;
[M +H|’1.%67‘.3’6Qf."@7)? Bfg)rggtfhyi—phenyi)—piOpzf)ny[]uprpelazme— -carboxylic acid butyl éster.
442-{[64(S)rBiMethpuyrdyralidiserbiyd vRiph enylfiydmidig b arbbay barfino)s2: (4-phpspiono-phenyl)
_acety“'plp%{%%r@e%'i%fg %@9 %%{&%88&9 RIOVERIB 1 9. The compound was purified by CC (reverse

phase; eluant A: HyO + 1% TFA; cluant B: MeCN + 1% TFA; gradient: 5 to 90% B).

LC-MS {(A): tg = 0.97 min; [M+H]: 709.15.

15 Example 63: 4-((R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yI)-2-phenyl-pyrimidine-4-

carbonylj-amino}-5-phespheno-pentanoyl)-piperazine-i-carboxylic acid butyl ester:

63.1. (R)-2-Benzyloxycarbonylamino-5-hydroxy-pentanoic acid methyl ester:
This compound was prepared using a method analogous to that of Example 58 step 58.1, Z-D-
Glu-OMe replacing Z-Glu-OMe.

20 LC-MS (A): tg = 0.82 min; [M+H]": 282.11.

63.2. (R)-2-Benzyloxycarbonylamino- 5-iodo-pentanocic acid methyl esier:
This compound was prepared using a method analogous to that of Example 58 step 58.2,
intermediate 63.1 replacing intermediate 58.1.

LC-MS (A): tg = 1.04 min; [M+H]": 391.84,

25 63.3. (R)-2-Benzyloxycarbonylamino-5-(diethoxy-phosphoryl-pentanoic acid methyl ester:
This compound was prepared using a mecthod analogous to that of Example 1 step 1.1,

intermediate 63.2 replacing Boe-3-iodo-1.-Ala-OMe.



68.1. rac-14-Bromo-phenyl,)-tert-butoxycarbonylamino-acetic acid: 5To an ice-cold solution of
amino-(4-bromo-phenyl)-acetic acid (3 g) in dioxane (13 mL) and NaOH solution (1M, 19.6 inL) was
added di-tert-butyl-dicarbonate (3.4 g). The mixture was allowed to warm to Rl and was stirred
overnight at ¥ 2%¢esffke suspension was partitioned between DCM antf-dithe i 14606). The
agqueous phase was extracted twice with DCM. The combined org. phases were dried (Na2S04) and
evaporated off to afford 5 g of the desired 10product as white solid LC-MS (A): tR = 0,96 mm; [M+H]t:
330.08. 68.2. rac-64-Bromo-phenyl)4ert-butoxycashonylamino-acetic acid ethyl ester:  This
compound was prepared using a method analogous to that of Example 59 step 59.1, intermediate 68.1

replacing Bae-RRe(é):0Hs Iheeompaundmag:purified by CC (Hept/EA, 151/0 to 0/1). LC-MS (A) R
1.08 min; [M+HTL: 399.24. 68.3. rac-tert-Butoxycarbonylamino-0-(diethoxy-phosphoryl)-phenylkacetic

acid ethyl ester: To lad(13131F)4 (2.44 g) de: ed and put under argon was added NEE (8.6 mL)
and diethylgsf*lt'_(q;'sg{gﬁtgl ki r]ﬁ)gc %iélbs%?l}fj}tcfgﬁ') Sﬁgf?e%%(g iAte ‘éJS?Z%;?X%%i 359%533 ydrous toluene (123 20

mL) was addés eme vadmisturEREedhears ok upatctoselagethighthahdé Fasamstanttow ot argon. After

cooling dow, the#isadion Mixtine Waswashed itheitiigasid £1@%0), sat. ag. NaHCO3 solution, dried
(Na2S04) and evaporated off. The crude oil was purified by CC (Hept/EA 1/0 to 0/1) to afford 3.76 g of

the desired'$roddéeasesiBABLE PeBHEC-/E (A): tR = 0.99 mm; [M-Ftif : 415.84. 2568.4.

rac-tert-Butoxycarbonylamino-R4diethoxy-phosphoryl)-phenyll-acetic acid: This compound was
prepared usgihg a{8ihdd emelogoudeathalor Exdnple Phtepit:2) inteimmediaré 828 replacing
intermediatga;lngyyygc%qgg 069100PCT/1B2008/055002 -121- LC-MS (A): tR = 0.87 mm; [M-4-1]E:
42918. 68.5. rac-4124en-Butoxycarbonylamino-2-14-(die oxy-phosinhoryl)-phenylracetyl

piperazine--RErBERY SR RN 5T < cBFpost ABPDEL D rEp S bR ¥ ath8Ratafogous to

that of Exampleno®iatep3sbrplideing intermediate 56.1. The compound was purified by CC (Hept/EA
10 2/8, then EA/MeOH 10/1).
LC-MS (A): tg = 0.98 min; [M+H]": 556.02.

63.6. 4-[(R)-2-Amino-5-(diethoxy-phosphoryl)-pentanoyi]-piperazine-1-carboxylic acid butyl

esier:

This compound was prepared using a method analogous to that of Example 2 step 2.2,
15 intermediate 63.5 replacing intermediate 2.1.

LC-MS (A): tx = 0.74 min; [M+H]" 422.13.

63.7. 4-{(Rj-3-(Diethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl}-2-phenyl-

pyrimidine-4-carbonyl]-amino }-pentanoyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 56 step 56.2,
20  intermediate 63.6 replacing intermediate 2.2 and intermediate 1.8 replacing intermediate 56.1.

The compound was purified by CC (EA/MeOH 872, then EA/MeOH 9/1).

LC-MS (A): tg = 1.08 min; [M+H]": 703.04.

63.8. 4-{(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
S-phosphono-pentanoyli-piperazine-1-carboxylic acid butyl esier:

25  This compound was prepared using a method analogous to that of Example 1 step 1.10,
intermediate 63.7 replacing intermediate 1.9, The compound was purified by CC (reverse
phase, water/MeCN 1/0 to 0/1).

LC-MS (A): tg = 0.95 min; [M+H]": 647.04.



5 ethoxycarbonylpiperazine replacing intermediate 2.2, intermediate 68.4 replacing intermediate 56.1
and using DCM/THF 4/1 instead of DCM. The crude was purified by CC (eluant A: EA, Mani B:

EA/MeOH 40/1,0 to 20% B). LC-MS (A): tR = 0.95 mm; [MAW: 528.64. 68.}?. 8105500
rac-442-AmKBB4HA1&8hoxy-phosphotyp-phenylracetylrpiperaz e-I-carbbxiIE L84Ea ethy ! ester,

hydrochloride salt: This compound was prepared using a method analogous to that of Example | step
1.4, intermediate 68.5 replacing intermediate 1.3. LC-MS (A): tR = 0.69 min; [M-FHI: 428.24. 68.7.
4-(244-(Diethoxy-phosphoryl)-phenylP2-{[6-(65)-3trthethoxy-pyrrolidin-I-y0-2-phenyl- 15
pyrinzidine-4-carbonylraminoiacetyl)-piperazine-1-carboxylic acid ethyl ester: This compound was
prepared ugingIneinog aralagaradp it of Fxamplerhfiainp- Seazhiuayaaminie3és.6 replacing
intermediate 2.2, intermediate 1.8 replacing int rmg,diatedfli)atllang using DCM/THF 4/1 instead of
DCM. The BBASBBOMERRARI PRS- GRILRTR EATLRUN B EA/MeOH 9/1,0 to 100% B). 20
LC-MS (A): tR = 1.08 mm; [M+HI: 709.74. 68.8. ‘ . i
4-1-24[64(S)-3-Mettiody iy o= pmbaphnrisdine-2 ealbesropandngpg azine-1-
(4-phosphangmphenyh-aceiyli-piperazine-1-carboxylic acid ethyl ester:  This compound was prepared
using a method analogous to that of Ex le.1.step 1.10, intermedijate 68.7 replacing intermediate
1.9. The COWGWH%%?BH%&&D% ee egneégﬁz%ﬁa%%u\gﬁ &%{%g(%e?ﬂa%gag".el\ﬁgé%ﬂl{?ngradient: 5
to 80% B). biGrhdSnfAit¢R 41089 min;2iM-Hieht B5 36T 1awwon2600/089 ioopgirsis T2606/658002
Example 6%&11&251]%[10@{.(@5?"&{@%§¥1@’@’&'@%J'%Qlal%ﬁhﬁﬁgk&\{&@ idingrd-eatbonyllv, 0.820
amino}-2-(4-phosphono-phenyl)-acetyll-piperazine-1-carboxylic acid butyl ester: 69"1. =~
rac-442-ter Bt RBI R Ahh MBI At syt ésfahé?y%ﬂpﬁé%|\‘:%¥c’em‘}-ﬁffiééﬂ&%ih‘é@i-carboxync
acid butyl egtesa anfhiseempsuwckwas preparediusing adaethod sinatogeus tepthatdfilxample 56 step
56.2, intermediate 68.4 r cing intermediate 56.1.a ing D = A1 stﬁ of M. The
crude Was ﬁﬁ?ﬁﬁe‘gﬁﬁf&g%ﬁ%ﬁéé;aﬁﬂ% BT, ég\/%&gﬁﬁ‘fwlg&g%%ag;] ’LC@%I CIA) tR = 1.02
mm; [M+HIBeBB669/0 t06@ R, finally: DCM to DCM/MeOH 20/1) offered 40 mg of the desired
rac-4-{2-AngnQ-244-(diethoxy-phosphoty0-phenylracetylliiperazine-1-carboxylic 10acid butyl ester,
hydrochloride salt: This compound was %rgqpared using a method analogous to that of Example 1 step
1.4, intermddiadéSean repladihgmteinBlifte®°3. LC-MS (A): tR = 0.76 mm; [M+HI: 456.08.

64.2. 4-{(R}-2-[(6-Isopropyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-

15 propionyl}-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 1 step 1.10,
intermediate 64.1 replacing intermediate 1.9. The compound was purified by CC (reverse

phase; eluant A: HpO + 1% TFA; elnant B: MeCN + 1% TFA; gradient: 5 to 80% B).
LC-MS (A): tg = 0.95 min; [M+H]"; 561.98.

20 Example 65: 4-((R)-2-{[6-(3-Methoxymethyl-azetidin-1-yi)-2-phenyl-pyrimidine-4-

carbonyl}-amine}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

65.1. (I-Benzhydryl-azetidin-3-vlj-methanol:

1-Benzhydrylazetane-3-carboxylic acid (101 mg) was dissolved in THF (2 mL) and Iithiom

aluminium hydride (27 mg) was added. The mixture was stirred overnight at RT. Water,
25 sodium potassium tartrate solution and EA were added. The phases were separated, the org.

phase was dried (Na;S04) and evaporated off to afford 93 mg of the desired product.

LC-MS {A): tg = 0.67 min; [M+H]": 254.16.



69.3. 4-(2-14-(Diethoxy-phosphory0-phenylp2-8-6-(q)-3-methoxy-pyrrolidin-1-y0-2-phenyl- 15
pyritnidine-4-carbonylramingfacetyl)-piperazine-1 -carboxylic acid butyl ester: This compound was
prepared using a method analogous to that of Example 56 step 56.2, intermediate 69.2 replacing
intermediaté* 204} P1%8diate 1.8 replacing intermediate 56.1 and using BEMIHE A1 nstead of
DCM. The compound was purified by CC (eluant A: EA, eluant B: EA/MeOH 9/1,0 to 100% B). 20
LC-MS (A): tR = 1.13 min; [M+HI: 737.78. 69.4.
4-121[64(8)-3-Methoxy-pyrrolidin-I-y0-2-phenyl-pytimidine-4-carbonylramino)-2-
(4-phosphono-pheny0-acetylPpiperazineml-carboxylic acid butyl ester:  This compound was prepared
using a metiod analpgousta thanobRxamnle-Astep 1.10, intermediate 69.3 replacing intermediate

1.9. The compound was purified by CC (reverse 2 hase; elyant A: H20; eluant.B: | é;)N; gradient: 5
to 80% B). LCAMEAIEe LD 8T TG %! %ﬁ‘%%j “v%%zé‘oﬁ}’o)eﬁib@%%ﬂrﬁ% 81085002 - 123
- Example #@neral oil, 17 mg). The mixture was allowed to warm to RT and was stirred for 30 min at RT.

4-[2-116-((S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4- iNQ)-2(3- -phenyl
e P i e RO AP oo pheny

rac-(3-Bromsolptenyd)-tdrdebutoxysarbonian ano aedad witd brineTihis ¢ OltptiondwWay repifed using a

method analggougdQ thaheb ExamRie.685igR68.1, Samino-(3-bromo-phenyl)-acetic acid replacing
amino-(4-bromo- hen¥l)-acetic acid. LC-MS (A): tR = 0.96 mm;: 332.26. 70.2.

rac-(3-Bron’r63-ﬂﬂ @l)&@rﬁﬂé%é&%h%% ihB-acetic acid ethyl ester:  This compound was
prepared using a method analogous to that of Example 59 step 59.1, intermediate 70.1 replacing
Boc-Phe(44):GH ; Pheioarmgduhdawadnsurified by CC (Hept/EA, 101/0 to 1/1). LC-MS (A): tR = 1.08
mm; [M+1-}i; 308 fudd vaad FrciRHB Uy GarRemydamindb3s(dethaxyr rhosRioty Liphenyll -acetic

acid ethyl ester: This compound was prepared using a method analogous to that of Example 68 step
68.3, iflermtiyie o CERIAERG I AMEmisirtassd 9 5L c-MS (A): tit- 0.99 mm; [M-1-1]-: 416.00. 70.4.
rac-ter4ButaxycRIReNPIANINGL34(diethoxy2ARasphdiy 1) phesyikaceatic) sk Fhisteampaund was
prepared usilr_ig a method analogous to that of Example 1 step 1.2, intermediate 70.3 replacing
intermediate' 11

65.4. 4-((R)-3-(Diethoxy-phosphoryi)-2-{{6-(3-methoxymethyl-azetidin-1-yi)-2-phenyl-

pyrimidine-4-carbonyll-amino }-propionyl)-piperazine-1-carboxylic acid butyl esier:

15  This compound was prepared using a method analogous to that of Example 1 step 1.8,
mntermediate 635.3 replacing intermediate 1.7.
LC-MS (A): tg = 1.05 min; [M+H]": 675.25.

63.5. 4-{(R}-2-{[6-(3-Methoxymethyl-azetidin-1-vl)-2-phenyl-pyrimidine-4-carbonyl] -amino -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

20 This compound was prepared using a method analogous to that of Example 38 step 38.4,
intermediate 65.4 replacing intermediate 38.3. The compound was purified by CC (reverse
phase; ehuant A; H,0 + 0.1% TFA,; eluant B: MeCN + 0.1% TFA; gradient: 5 to 90% B).
LC-MS (A): tr = 0.90 min; [M+H] : 619.65.

Example 66: 4-{(R)-2-[(6-Cyclopentyloxy-2-phenyl-pyrimidine-4-carbonyl)-amino}-3-

25  phosphong-propionyl}-piperazine-1-carboxylic acid ethyl ester:

66.1. 4-[(R)-2-[(6-Cyclopentyloxy-2-phenyl-pyrimidine-4-carbonyl)-amino [-3-(diethoxy-
phosphoryl)-propionyl]-piperazine-1-carboxylic acid ethyl ester:



LC-MS (A): tR = 0.89 min; [MI HI: 388.17. 2070.5.
rac-4-{2-tert-Butoxycarbonylamino-2-13-(diethaty-phosphoryl)-phenylPacetyl}- piperazine-I-carboxylic
acid ethyl ester: This compound was prepared using a method analogous to that of Example 56 step

56.2, 1- eth&&QearpBMiiperazine replacing intermediate 2.2, intermediaté ¥8E448RHy intermediate
56.1 and using DCM/THF 4/1 instead of DCM. The crude was purified by CC (EA). 25LC-MS (A): tR =
0.95 mm; [M+H]*: 528.63. 70.6.
rac-4-12-Amino-213-(diethoxy-phosphoryp-phenylRacetylipiperazine-1-carboxylic acid ethyl ester,
hydrochloride salt: WO 2009/069100PCT/1B2008/055002 -124 - This compound was prepared using

a method W@Mfo%@%ﬁ%%@%@%é@%&%d%ﬂ%@% S Jeplagipg intgemediate 1.3.
LC-MS (A): tR = 0.70 mm; [ ]1°: 428.40. 70.7.

4-(213-(DidtHOB PR S o RS B R TS 5% 8-08128% M th 085 by rBTRHSSy 0-8 phfigEigd i
pyrimidine-d4:Caonytiaminapaceiyyspipdsazing-kptamowyioadidtethyl ester: This compound was

prepared uiie'q‘é%{ngggd?‘%t%l%g%iﬁdwﬁ%ﬁ%xample 56 step 56.2, intermediate 70.6 replacing

intermediate 2 rmedia eplacing intermediate 56.1 and using DCM/THF 4/1 instead of
DCM. The compognd was purified by CC (eluant A: EA, eluant B: EA/MeOH %/1 0 to 100% B).
10LC-MS (AS-2R= Rod it Npeer v80°st oty 8y A s -6 PR3N THB 5 9heraoL
-y0-2-phenylgpowmigimpeA:carhbnytbar 2 QpiZ-«(Brphosphono-phenylFacetylrpiperazine-1-carboxylic
acid ethyl ester: _ This compound was pre ared&;s'ng@l me qgl nglglgggg léh% Qf. >§§r1|ple 1 step
1.10, interri%éﬁa%%@?@y%rie‘s a ﬁc ?ﬁ%er?ﬁén(ﬁ)a%emf.Q?ﬁrheac% 0'%]oun ‘\i/vas.purilf.(lﬁgd by Cc(:;'g(re\'/érse
15phase; elugrnatisne bisalieBL Meorediadiedt e eonauBy. vE MBI birergrgey i [M+HI:
653.24. Exampigry1:
4-[2-1[6-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyllamino}-2-(3-phosphono-pheny
)-acekperAd et e BoR e Byl dedr: |~ 711
rac-4-(2-tert-Butoxycarbonylamino-243-(diethoxy-phosphotyl)-phenylracetyl)20 piperazine-1-carboxylic

acid butyl egigt JRigcompeyack wakReRfad HsRG R athogpnapanupieithatriiExample 56 step
56.2, intermediate 69.4 replacing intermediate 5%.1 and using, DCM/THF 4/1 ins},ead ‘Sf DCM. The
crude was ﬁW@glbﬁl&l&oéESA()zt-phosphano-phenyl -propionyl|-piperazine-i-carboxylic acid ethyl

ester:

67.1. (S)-3-(3-Bromo-phenyl)-2-tert-butoxycarbonylamino-propionic acid ethyl ester:

15 This compound was prepared using a method analogous to that of Example 59 step 59.1, (S)-
N-Boc-3-bromophenylalanine replacing Boc-Phe(4-1)-OH. The compound was purified by CC
{cluant A: EA, chuant B: MeOH, 0 to 20% B).

LC-MS (A): tg = 1.09 min; [M+H]: 372.20.

67.2. (§)-2-teri-Butoxycarbonylamino-3-[3-(diethoxy-phosphoryl)-phenyl-propionic acid
20 ethyl ester:
To a solution of NEt; (1.32 mlL), diethylphosphite {0.83 mL) and Pd(PPhs)s {428 mg} in
toluene (10 mL) was added a solution of intermediate 67.1 (741 mg) in toluene (2 mL). The
reaction mixture was stirred overnight at 105°C under nitrogen. After cooling down, Et;0 (60
ml.) was added and the mixture was filtered and evaporated off. The crude oil was purified by
25 CC(EA/Hept /1 to 2/1) to afford 898 mg of the desired product as yellow oil.
LC-MS (A): tg = 0.99 min; [M+H] : 430.42.

67.3. (S)-2-tert-Butoxycarbonylamino-3-{3-(diethoxy-phosphoryl)-phenyl]-propionic acid:



LC-MS (A): tR = 1.02 mm; [M+HI' 556.62. 2571.2.
rac-4-12-Amino-243-(diethoxy-phosphoryO-phenylracetylfpiperazine-1-carboxylic acid butyl ester,
hydrochloride salt: WO 2009/069100PCT/1B2008/055002 -125 This compound was prepared using a
method analbgt 1S tHEt of Example 1 step 1.4, intermediate 71.1 repla€fintf#iedi%te 1.3. LC-MS
(A): tR =0.77 mm; [M+Hr: 456.51. 71.3,
4+213-(Diethoxy-phosphoryl)-phenylp2-04(S)-3-methoxy-pyrrolidin-I-y1)-2- 5
phenyl-pyrimidine-4-carbonylJ-amino}-acetyl)-pipefazine-1-carboxylic acid butyl ester: This compound
was prepared using a method analogous to that of Example 56 step 56.2, intermediate 71.2 replacing

intermediate; g 2, dpigimediate M&%@I%&ﬂ(% intgrmediala Bbehand wsing REMATEIR 4idnstead of
DCM. The compound was purified by CC (First CC: eluant A: EA, eluant B: EA/Me0OH 9/1, 0 to 100%

B; second CYSTRSHHES pRATIERIEIATRIBC diliant 10B: MeCN; gradient: 5 to 90% B). LC-MS (A): tR
= 1.15 mmLAMSI{ AR T 780§ din; [M+H]": 402 .40.
442-0-((S)-3-Methoxy-pyrrolidin-I-y0-2-phenyl-pyrimidine-4-carbonyliamino}-2-

(3-phosphogozphenylacsiipiRarazingdsarhexylicagickbundsater: Ahisicorpeund was prepared

using a method analogous to that of Example 1 step 1.10, 15intermediate 71.3 replacing intermediate
1.9. The cofis8trier e Bamisr el e fsrse phase; eluant A: H20: eluant B: MeCN; gradient: 5 to
80% B). LCFMS dfptiing 0:26nmimir{V 4dink14 .im68bP Anxgmphe 72it of Example 56 step 56.2,
4-[2-1[6-((S)-3-Metboxy-pyrrolidin-l-y1)-2-phenyl-pyrimidin _-ﬁ-carb,on Ila{n.ino)i-z-gz-p osh ono-phenyl
Y acety L1 S A, rbotbcit B Ry oL SRR DRARAL R
rac-(2-Broniaphedipt) derend ity BOYHYAntb Jatetit dckEYhisheorpoarif was prefafedy using a
method analpgosiga.thad.of fsxampie 68 step 6Rdnaminos(Ribopmorphenyl)apeticeaciddgalacing
amin0-84-bromo-phenyl)-acetic acid. LC-MSE(A): tR = 0.93 min; [M+H]H : 330.21.

1 purification: ¢luant A: Hept, eluant B: EA] 50 to 100% B).

LC-MS (A): tr = 0.94 min; [M+H]": 542.38.

67.5. 4-{(S)-2-Amino-3-[3-(diethoxy-phosphoryl)-phenyl]-propionyl}-piperazine-1-carboxylic

acid ethyl ester hydrochioride salt.

This compound was prepared using a method analogous to that of Example 1 step 1.4,
I5  intermediate 67.4 replacing intermediate 1.3.

LC-MS (A): tr = 0.70 min; [M+H]: 442.38.

67.6. 4-((S)-3-[3~(Diethoxy-phosphoryl)-phenyl]-2-{{6-((S)-3-methoxy-pyrrolidin-1-yI)-2-

phenyl-pyrimidine-4-carbonyl]-amino}-propionyli-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 56 step 56.2,
20 intermediate 67.5 replacing intermediate 2.2, intermediate 1.8 replacing intermediate 56.1 and

using DCM/THF 4/1 instead of DCM. The compound was purified by CC (eluant A: EA,

cluant B: EA/MeOH 9/1, 0 to 50% B).

LC-MS (A): tg = 1.06 min; [M+H]": 732.82.

67.7. 4-[(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)- 2-phenyl-pyrimidine-4-carbonyl]-amino/}-
25 3-(3-phosphono-phenyl)-propionvl]-piperazine-1-carboxylic acid ethyl ester:

This compound was preparcd using a method analogous to that of Example 1 step 1.10,

intermediate 67.6 replacing intermediate 1.9. The compound was purified by CC (reverse

phase; cluant A: H,O + 1% TFA; eluant B: MeCN + 1% TFA; gradient: 5 to 80% B).



72.2. rac-(2-Brotno-phenyl)-tert-butoxycarbonylamino-acetic acid ethyl ester: 25This compound was
prepared using a method analogous to that of Example 59 step 59.1, intermediate 72.1 replacing
Boc-Phe(4-1)-0H. The compound was purified twice by CC (Hept/EA, 1/0 to 0/1). WO
2009/069100BCTIHE2HB8/055002 -126- LC-MS (A): tR = 1.06 mm; [M+H BHEHE/ 153042
rac-tert-Butoxycarbonylaminol2-(diethoxy-phosphotyl)-phenylkacetic acid ethyl ester: This compound
was prepared using a method analogous to that of Example 68 step 68.3, intermediate 72.2 replacing
intermediate 68.2. 5LC-MS (A): tR = 0.98 min; [M4k}J: 416.00. 72.4.
rac-tert-Butwcycarbonylamino-12-(diethoxy-pho,sphoryl)-phenylracetic acid: This compound was

prepared uging,& method @@@Ig&gl{)@mﬁa@@f@xample 1 step 1.2, intermediate 72.3 replacing
intermediate 1.1. LC-MS (A): IR = 0.84 mm; [WEI] : 388.02. 1072.5.

rac-4-12-tert-Butoxycarbonylamino-2-12-(diethoxy-phosphory0-phenylracetyO- piperazine-1-carboxylic
acid butyl désemiflaisScorhpbiite (YVa3-Mretharacpusaljdiniethott realdguuimilinetolaEhenribte 56 step
56.2, 'ntef%ﬂﬁ?&?i&%ﬁ%@@%@&éﬂ@%@%@@;%ﬁgle@@&mueg.@&M{J sifa44hynsigad of DCM. The
crude was purified by CC (Hept/EA, 1/0 to 0/1). 15LC-MS (A): tR = 1.01 mm; [M+H]": 556.65. 72.6.
rac-4-42-Amijnp-2-[2-(diethoxy-phgsphojy1l)-phenylracetyli-piperazine-1-carboxylic acid butyl ester,
hydrochlorirg(g' s‘aTﬁLI‘{F%i'é Eogﬁ&éignﬁgj #afé'%fééﬁcgg %ﬂ ?r‘f&“ %Om%ﬁ%dz gﬁZIogoqs to that of Example | step
1.4, intérm8diatei7e® ikbpihtion diftermediabe 3 rhond-MsrigAcitR 0 B0 mkaneMpl} ands5 21, 72.7.

4-(2-[2-(Diethery-Rhashhand) 1he pxll 4-{1 644S-3-methaxyRyHolidin-134 ) 2-pheayipyrinyidine-4-carbo

nyll-aminolacetyl)-piperazine-I-carboxylic acid butyl ester’ This compound was prepared using a
method an&IbyBus o A B Xk arpIa 6 Leds st e dikta Y 6 1SR I 8rEaNste 2.2,
intermediatBelw8die plaring.dnigrinedibte058 . Tandqusing PREMAH Exddiinstead ofild OMMT gecompound

e ] . 0
was purIfle%otl)%{b%gd(gygl.a&tla%ésﬁﬁérglHrafg](} %\Ta%wcaony e]\'rggé:ll"dtgdt%f% %) ({%ﬁ%}l 5 g of the desired
10 product ags white solid.
LC-MS (A): tg = 0.96 min; [M+H1": 330.08.

68.2. rac-(4-Bromo-phenyl)-tert-butoxycarbonylamino-acetic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 59 step 39.1,

intermediate 68.1 replacing Boc-Phe(4-1)-OH. The compound was purified by CC (Hept/EA,
15 1/0to O/1).

LC-MS (A): tg = 1.08 min; [M+H]": 399.24.

68.3. rac-tert-Butoxycarbonyiamino-{4-(diethoxy-phosphorvlj-phenyl]-acetic acid ethyl ester:
To Pd(PPhs): (2.44 g) degassed and put under argon was added NEt: (8.6 mL) and
diethyiphosphite (5.3 mL). A soiution of intermediate 68.2 (4.26 g) in anhydrous toluene (123
20 mL) was added and the mixture was heated up at 105°C overnight under a constant flow of
argon. After cooling down, the reaction mixture was washed with citric acid (10%), sat. ag.
NaHCO; solution, dried (Na;SQ;) and evaporated off. The crude oil was purified by CC
(Hept/EA. 1/0 to (/1) to afford 3.76 g of the desired product as colorless resin.
LC-MS (A): tr = 0.99 min; [M+H]": 415.84.

25  68.4. rac-tert-Butoxycarbonylamino-[{4-(diethoxy-phosphoryl)-phenyl]-acetic acid:
This compound was prepared using a method analogous to that of Example 1 step 1.2,

intermediate 68.3 replacing intermediate 1.1.



LC-MS (A): tR = 1.11 mm; [M-1 -H]: 737.81. WO 2009/069100PCT/1B2008/055002 - 127 - 72.8.
4-[2-0-((S)-3-Alethoxypyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonylPaminol-2-
(2-phosphono-phenyl)-acetylkpiperazine-1-carboxylic acid butyl ester: This compound was prepared
using a metMEY24P4168/80s to that of Example 1 step 1.10, intermediate 72X FTEH% R Ftermediate
1.9. The compound was purified by CC (reverse 5phase; eluant A: H20; eluant B: MeCN; gradient: 5 to
80% B). LC-MS (A): tR = 1.00 min; [M+H]Th: 681.22. Example 73:
4-((R)-2-1[6-(4-Methyl-piperazin-I-yl)-2-phenyl-pyrimidine-4-carbonyl]-
aminol-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:  73.1.
4-01-3-(DietlhaxysRRQsRhoiy0-2:H6 “;mptb\%ﬂperazin-1-y0-2-phenyl-pyrimidine-4- 10 carbonyl |
-aminofpropionyt)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a

method analpgous tg that of Example 1 step. 1.8, 1- methylpiperazine replacing intexmediate 1.7 and
intermedia{%é]gid.iafe%l c[ﬁbl % )f’g(f%%insézéﬁr)ﬁ?-pﬁn@ |é%y’é?é)§?€f§’x(§/’wg cid” %5%}361;{120und was
however notpurified - t@RASVKpdiR 98X 4tin; [AM+HTr : 674.23. 1573.2.

4-(1R.)-21[644- MatbylRinsiagiaphy@ e Ry midingst ¢y amip3s6 step 562, 1-
phosphono-propiony0-piperazine-1-carboxylic acid buqt;gl ester: This compound was prepared using a
method an&TGGBUE Ty TR BT BN 1 & B T HHiterm SURARS 49 Vg RREAG BB 1.9, The
crude was parified byigOIRVERR phaseadloBDUA.HZ20 celdant:BpMECSNgTatientnd 0 BA% B)

followed by preparati | { - /1 then EA/MeOH 1/2). LC-MS (A): tR -= 0.70 min; [M+Hr:
618.16. Ex%%ﬁ%%%ﬁ%%@éﬂQWQF\]{A-yl-Z-phenyl-pyrimidine-4-carbonyb-amino|-3-
phosphonolgrdpioRyll-pipdiazimen1 amdoxyke &bid butyl ester:  74.1.
4-4717?)-3-(Diethoxy-phosphotyl)-2146-inorpholin-4-y1-2-phenyl-pyrimidine-4-carbonyt)- 25

aminoPpropitnylipiperazinarxb-Catb oylicacidbutylre8tebeny! ] -acetvl}-piperazine- 1-carboxylic
10 acid ethyi ester, hydrochloride sait:
This compound was prepared using a method analogous to that of Example | step 1.4,
intermediate 68.5 replacing intermediate 1.3,

LC-MS (A): tg = 0.69 min; [M+H] " 428.24,

68.7. 4-(2-[4-(Diethoxy-phosphoryl)-phenyl]-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
15 pvrimidine-4-carbonyl]-aminol-acetyl)-piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 56 step 56.2,
intermediate 68.6 replacing infermediate 2.2, intermediate 1.8 replacing intermediate 56.1 and
using DCM/THF 4/1 instead of DCM. The compound was purified by CC (eluant A: EA,
cluant B: EA/MeOH 9/1, 0 to 100% B).
20 LC-MS (A): tg = 1.08 min; [M+H]": 709.74.

68.8. 4-[2-{[6-({S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino }-2-

(4-phosphono-phenyl)-acetvl]-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.10,

intermediate 68.7 replacing intermediate 1.9, The compound was purified by CC (reverse
25 phase; eluant A: Hy0; eluant B: MeCN; gradient: 5 to §0% B).

LC-MS (A): tg = 0.89 min; [M+H]™: 653.67.



WO 2009/069100PCTAB2008/055002 - 128 - This compound was prepared using a method
analogous to that of Example | step 1.8, morpholine replacing intermediate 1.7 and intermediate 14.1
replacing 6-chloro-2-phenylpyrimidine-4-carboxylic acid. The compound was however not purified.
LC-MS (A): YFO200%6%h; [MHy: 661.24. 574.2. PCT/IB2608/055002
4-1(R)-21(6-Morpholin-4-y1-2-phenyl-pyrimidine-4-carbony0-aminop3-phosphono-
propionylipiperazine-1-carboxylic acid butyl ester: This compound was prepared using a method
analogous to that of Example 1 step 1.10, intermegdiate 74.1 replacing intermediate 1.9. The crude was
purified by CC (reverse phase; eluant A: H20; eluant B: MeCN; gradient: 5 to 80% B). 10LC-MS (A): tR

= 0.84 min;iMtifiie §95.34: Fjamle KR thoxy-pyrrelidin-1-yl)- Z—phenvl-pvrlmldme-zl carbonyl]-

N,W-Bis- (ethoxycarb Imethyl) Sif;‘iﬁa' 3 methox rrolidin-lyl ﬁap enyl-pyrimidine-4-earbon
yll-aminol-AB¥ % % 8@8&?6&1‘%‘}&’ & b?’f'ifi‘f”t?u%yf% 8§§Wb §'tfsiitie: A mixture of
intermediate 5.4 (47 mg) glycine ethyl ester hydrochloride (62 mg), TEA (0.124 15 ml) in anh. pyridine
(0.250 ml) Was hestédaceouion samiv krfiashly priéfsaety o solmdarst 2eetdipyridyl disulfide

(115 mg) aggjgmnym%mpgc(;%;yng&én anh. pyrldlne (0.250 mI) was added to the above
mixture. The reaction mixture was stirred at 60C o ‘f{ ight, coole T.and ci géentr é % The
W &

residue’ wad BArfHBREE bAFRIBEMUARE &aTSRRHEB3ZH e b it ORABE'a8 WSBR&d with brine,
dried (Nazmmmdteﬁammwmlﬁedmd%eﬂqarb%ugd)lrhﬁiﬁﬂﬁdﬁlwasapmmﬁéﬂiw T (solvent A:

DC, solveph - POMMERILLE:1) grediont 016, 190%BIRGN ARG Gve 19 mo o iled

product as a yeCII0W| |sate after freeze -drying. LC-MS (A): tR = 1.03 mm; [Mi-H] : 802.86.
Example 76:4N(R)43- (lea{??ef@aayiﬁéfﬁéx;ﬁ%%%phoryl) 2-{[6- ((S) -3-methoxy-
25pyrrolidin-I-y1)-2-pbenyl-pyrimidine-4-carbonyll-aminol-propionyb-piPerazine-1- carboxylic acid butyl

ester: WO 2009/069100RGTFLBRODSI0BBP02:p/ RN - NEHNMBAAY iR ipet OB mirafib]: 763.66

Example 77 4 R)r3 l(gBI% opionyloxymet hoxy-p
osphor;l/?i) f 1({6)%(98) 3- meUthi]oxyp(f/rr(‘)%?/ in-l-y1)-2-pbenyl-pyrimidine-4-carbonyll-aminol- proplonyl) Mpe

razine-1- Cél}bjé)@qm bitiggl piggaped using a method analogous to that of Exampic 1 step 1.4
intermediate 69.1 replacing intermediate 1.3.

LC-MS (A): tz = 0.76 min; [M+H]": 456.08.

69.3. 4-(2-[4-(Diethoxy-phosphoryl}-phenyl]-2-{{6-((S)-3-methoxy-pyrrofidin-1-yl)-2-phenyl-
15 pyrimidine-4-carbonyl]-aminoj-acetvl)-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 56 step 56.2,
intermediate 69.2 replacing intermediate 2.2, intermediate 1.8 replacing intermediate 56.1 and
using DCM/THF 4/1 instead of DCM, The compound was purified by CC (cluant A: EA,
eluant B: EA/MecOH 9/1, G to 100% B).
20 LC-MS (A): tz = 1.13 mun; [M+H] : 737.78.

69.4. 4-{2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl[-amino}-2-

{4-phosphono-phenyi)-acetyl]-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.10,

intermediate 69.3 replacing intermediate 1.9. The compound was purified by CC (reverse
25 phase; eluant A: H,O; eluant B: MeCN; gradient: 5 to 80% B).

LC-MS (A): tg = 0.96 min; [M+H]" 681.69.



5 This compound was prepared using a method analogous to that of Example 52, chloromethyl
propionate (prepared as described in Synth. Commun. (1995), 25(18), 2739-2749) replacing 1-
chloroethyl pivalate. LC-MS (A): tR = 1.06[M+1-11-: 791.31 Example 78:
4-((R)-3-(BiiBue%hetboxy-phosphory1)-2-(16-((S)-3-methoxy10pyFlolidRti%A55%henyl-pyrimidi
ne-4-carbonyll-aminol-proPiony1)-Piperazine-1- carboxylic acid butyl ester: This compound was
prepared using a method analogous to that of Example 52, chloromethyl butyrate replacing
1-chloroethyl pivalate. LC-MS (A); tit - 1.14 min; [Nkt HI: 819.04 15Example 79:
N,N'-Bis-(ethoxycarbonylmethyl)-2-{(R)-16-((S)-3-methoxy-pyrrolidin-I-
yl)'z‘phenhik%ﬂ'i@i‘ﬁ’@eﬁﬂ[@-@{%ﬂbQﬁléHQ}:E?:]%QT?P%QUWY?ﬁéh?ﬁié&ﬂiﬁﬁ{ﬁ%m:lﬁ/rlﬂonyi]-
propyl-pbosphonic acid diamide: This compound was prepared using a methqd analogous to that of
Example 7Sﬂﬁ’t%}r'ﬁfésdpaligsﬁ?@?Biﬂaﬁﬂ%’é}m‘fgﬁ’ﬂéﬁwg.’yﬁg’@ﬁ@-ﬁ@f&ﬁ*?ﬁ@ﬂ.‘iﬁﬁeﬁﬁin; [M+1-11.
788.97. Example 80:
N,N'-Bis-((3¥-1-etoRyBarbomjlethiiien-tiryres((Spdumisthess/ipyeialidinl-y1)-2-phenyl-pyrimidine-4-car
bonyll-aming|;3-@xarand-RULox AR aRYiPIPaIaR N Inyib-prory RhospheRig Reid diapda;  This
compound was prepared using[a method analogous to that of Example 75, intermediate 252.6
replacifig Bt Bt B FAEliAE LR PSR RS SERISRYPREPIAERTG gIEihe ethyl ester
hydrochloride- MY\ 2609/068 HIAPETF/AL3280084055002 - 130 - LC-MS (A): tR = 1.06 min; [m+Hy
816.99. Example 81: N,N'-Bis-(methoxycarbonylmethyl)-2-{(R)-[6-((S)-3-methoxy-pyrrolidin-1-

y1)-2-phenyb,gyrﬂp.igli_};eaﬁ;g%rm;)ylk@mu@;ﬁw&?ﬁ%&c&g@yﬁp,_ig@r.azin-1-y1)-
propyl-phosphonic acid diamide: 5 This compound was prepared usin methp%intalo%%?s to that of
Example 78 PP 6 HSPREmF ke Bcate &Sl gly i ﬁ%e%r%fa Jidfochtoride

replacing glyeine:-éthyl/éstecfiydrachteriple(1-O-MS$ (&) tRmpue8 wunpiidd Il (F6RRt/EXxample 82:
N,N'-Eiié-((%)(-)J,[E)rrfﬁt)hoxycarbonyl-Z-methyl-propyl)-2-{(R)-16-((5)-3-

LC-MS (A): te = 1.08 min; [M+H]": 358.27.

70.3. rac-tert-Butoxycarbonylamino-[3-(diethoxy-phosphoryl)-phenyi]-acetic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 68 step 68.3,
intermediate 70.2 replacing intermediate 68.2.

15  LC-MS (A} tg = 0.99 min; [M-+H] : 416.00.

70.4. rac-tert-Buioxvcarbonylamino-[3-(diethoxyv-phosphovyvli-phenyl]-acetic acid:
This compound was prepared using a method analogous to that of Example 1 step 1.2,
intermediate 70.3 replacing intermediate 1.1.

LC-MS (A): tg = 0.89 min; {M-+H]: 388.17.

20 70.5. rac-4-{2-tert-Butoxycarbonylamino-2-| 3-(diethoxy-phosphoryl)-phenyl]-acetyl}-
piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 56 step 56.2, 1-
ethoxycarbonylpiperazine replacing intermediate 2.2, intermediate 70.4 replacing intermediate
56.1 and using DCM/THF 4/1 instead of DCM. The crude was purified by CC (EA).

25 LC-MS (A): tr = 0.95 min; [M+H] : 528.63.

70.6. rac-4-{2-Amino-2-[3-(diethoxy-phosphoryli-phenyl]-acetyl}-piperazine-1-carboxylic

acid ethyl ester, hydrochloride salt:



10methoxy-pyrrolidin-1-y1)-2-plwayl-pyrimidine-4-carbonylkamino}-3-oxo-3-(4-butoxy-
carbonyl-piperazin-I-y1)-propyl-phasplionic acid diamide: This compound was prepared using a
method analogous to that of Example 75, intermediate 2.6 replacing intermediate 5.4 and valine
methyl estePR/ 4 id11fe replacing glycinc ethyl ester hydrochloride. 151G AHERY = 1.11 mm;
[M+1-1]: 845.02. Example 83:
N,N'-Bis-(tert-butyloxycarbonylmethyl)-2-1(R)-16-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4
-carbmiyll-aminol-3-oxo0-3-(4-butoxy-carbonyl-piperazin-l-y1)-propyl-phosphonic acid diamide: This
compound was prepared using a method analogous to that of Example 75, intermediate 202.6

replacing inggrmediataimdaRd.alysing irikbutyhaster bydrashloride,replpginghgicingeihyl ester
hydrochloride. LC-I Sé@: tR=1.12 min;%ﬁ/l-(l-l] 1 845.01. Example 84:

N, V-BisK (SEehitgtarnsRIBrIpiTEY ) 18- ((S)-3-methoxy-pyrrolidin-I-y0-2-phenyl-pyrimidine-4-
carbonyll-antineiS3ox ez 3- (47butoxyrathonl28piperazia-1-y1)-propyl-phosphonic acid diamide: WO
2009/069100PCT/1B2008/055002 -131 - This compound was prepared using a method analogous to

that of Exampie Z—?ﬁjﬁﬁfbﬂ@%ﬁ)ﬁ%&%@m@ﬁg}%ﬂpﬁmﬁﬂ@ﬁﬁ%%%%ﬁ%ﬂ&b@%ﬁ%gﬁﬁethy| ester
hydrochloride replacmg%gcine ethyl ester hydrochloride. LC-MS (A): tR = 1.07 min; [M+Ht : 817.05.

5Example 887K/ 68 ((S) ML HEtERyABBHIES 2 PretHy LRI Y-S GRS F84((S)-3-
methoxy-pyrhiadidimbyd)d? vphenyhapydmsdip ex 4dredrdd aylikarminap 3bax 0£3E(dsbpito Sy cacb onyl; piperazin-1
yA)-propylphasphenicacid diamidsic s compaunAAs Prenared Heg Aumeilios anglpgous to
that of Example /5, mterme(ﬁ)la_te 2.6 replacing intermediate 5.4 and ten-leucine methyl ester
hydrochlorideneadigrElyEihensadnol EXtdt e cempritd. Fe-msifiad: bR €O (e MALF1.1
873.09. 3?@;@@1?@%A/3\/|160H 9/1b, Gtolm?:/ol;a). 1164(S) ) idin-hy1)-2-pheny! .
N,N'-Bis-(($)-1:tert-butyloxycarbonyl-ethyl)-2-1(R)-16-((S)-3-methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidi
ne-4-c1<’9rboﬁﬁ%M%'}E%?ow?ép(‘&zmagﬁ A yl-piperazin-I-y1)-propyl-phosphonic acid diamide:
15This compound was prepared using a method analogous to that of Example 75, intermediate

70.8. 4-[2-{]6-((S)-3-Methoxy-pyrrolidin-1-yli-2-phenyil-pyrimidine-4-carbonyl]-amino }-2-

(3-phosphono-phenvlj-acetyl]-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.10,

intermediate 70.7 replacing intermediate 1.9. The compound was purified by CC (reverse
15  phase; eluant A: H;O; eluant B: MeCN; gradient: 5 to 80% B).

LC-MS (A): tg = 0.90 min; [M+H]™: 653.24.

Example 71; 4-[2-{]6-({S)-3-Methoxy-pyrrolidin-i-yl)-2-phenyl-pyrimidine-4-carbonyl}-

amino}-2-(3-phosphono-phenyl)-acetyl]-piperazine-1-carboxyviic acid butyl ester:

71.1. rac-d-{2-tert-Butoxycarbonylamino-2-[3-(diethoxy-phosphoryli-phenyl]-acetyl}-

20 piperazine-I-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 56 step 56.2,
intermediate 69.4 replacing intermediate 56.1 and using DCM/THF 4/1 instead of DCM. The
crade was purified by CC (EA).
LC-MS (A): tg = 1.02 min; [M+H]": 556.62.

25 71.2. rac-4-{2-Amino-2-[3-(diethoxy-phosphoryl)-phenyl]-acetyl}-piperazine-1-carboxylic

acid butvl ester, hvdrochloride salt:



2.6 replacing intermediate 5.4 and alanine ten-butyl ester hydrochloride replacing glycine ethyl ester
hydrochloride. LC-MS (A): tR = 1.16 min; [M+1-114: 873.11. Example 87:
N,N'-Bis-((S)-1-methoxycarbonyl-2-phenyl-ethyl)-2-{(R)-[6-((S)-3- )
20methoxy-ByHSARFALA )-2-phenyl-pyrimidine-4-carbonyll-aminol-3-oxo 5t A8t
carbonyl-piperazin-I-y1)-propyl-phosphonic acid diamide: This compound was prepared using a
method analogous to that of Example 75, intermediate 2.6 replacing intermediate 5.4 and phenylalan
ne methyl ester hydrochloride replacing glycine etkyd ester hydrochloride. 25LC-MS (A): tR = 1.15 min;
[M+1-11H: 941.02. WO 2009/069100PCT/IB2008/055002 -132- Example 88:

N,N'-BiS-((&h&-@&ﬁB@W@%Qp@y@ﬁ&g@ b@r@km@%a‘anéﬁﬁlﬂi@%}?ﬁt of Bxample 1 step 14,
methoxy-pyrrolidinrl-”yllz-z- Igen I-ﬁ/rimi ine-4-ca

rbonyll-amifibiTBegLsE3- AH% 8‘3355 BERGHiSi5erdzin-I-y1)-propyl-phosphonic acid diamide: This
compound Wadrépared (singauriiettiol aidalogous to that of Example 75, intermediate S2.6
replacing intermediate 5.4 and phenylglycine methyl ester hydrochloride replacing glycine ethyl ester

RlyﬁllroBc_h|(inSdﬁ.i,L@:(hﬁ%f?sbiJégo&ylpkZs%ﬂ%&fﬁ?-gﬁé«sﬁxamplsxﬁ%y?»g_ﬁdm-Jl-yg.2-h —
N'-Bis-((S)-1-methoxycarbony|-ethyl)-2-1.(R)-16-((S)-3-methoxy-pyrrolidin-|-y1)-2-phenyl-pyrimidine-
4-carbényll’i-Q%WS?@5‘@%’-@%&%&%’2&@3& 6%37!’3’?)0‘%%%?5%%"—11'937%%/ éﬁﬂg%@éﬁ)ﬁéjﬂ% acid diamide:
This compdihid wappreparaedusigd methedataldgoab touthat i xdrfiplenpls, ftetmddiadte 2.6

replacing INiecnediaie-.4 Apdalaninemenl esteroMaGRorIR (eRiagna. Alkng sty Legter
hydrochloride. LC-MS (A): tR = 1.02; [M+H]I: 789.76. 15Example 90:

N, It-Bis-(préppoRyArbBR gtk o R )1 g SprapasBthiRy IyHSHdR CC (First CC: eluant A:
l-y1)-2-phepy- Ry ¢ine4nanpo oyl -auminode3Execdnfciutaxy-camany lcpiparazind; eluant
y1)-propyl-ph nic acid diamide: ., This compound was prepared using a method analogous to that
of Ex pleﬁygr@grﬁféaﬁ‘éﬁtedgzt.gu}g@%ing intermediate 5.4 and glycine propyl ester hydrochloride
replacing giyCivSethyltR6dstémtiydivbtipridé 7 ZE-MS (C): tR = 0.97 min; [M+HI: 817.21.

71,4, 4-[2-1[6-({S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl[-amino-2-

(3-phosphono-phenyl)-acetyl]-piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.10,
15 intermediate 71.3 replacing intermediate 1.9. The compound was purified by CC (reverse

phase; eluant A: HyQ; eluant B: MeCN; gradient: 5 to 80% B).

+

LC-MS (A): tr = 0.96 min; [M+H] " 681.22.

Example 72: 4-[2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl}-

amino}-2-(2-phosphono-phenyl-acetyl]-piperazine-1-carboxylic acid butyl ester:

20 72.1. rac-(2-Bromo-phenyli-tert-butoxycarbonylamino-acetic acid:
This compound was prepared using a method analogous to that of Example 68 step 68.1,
amino-(2-bromo-phenyl)-acetic acid replacing amino-(4-bromo-phenyl)-acetic acid.

LC-MS (A): tg = 0.93 min; [M+H]: 330.21.

72.2. rac-(2-Bromo-phenyl)-tert-butoxycarbonylamino-acetic acid ethyl ester:

g
n

This compound was prepared using a method analogous to that of Example 59 step 59.1,
intermediate 72.1 replacing Boc-Phe(4-1)-OH. The compound was purified twice by CC
(Hept/EA, 1/0 to 0/1).



Example 91:
NN-Bis-(isopropyloxycarbonyl-methyl)-2-1(R)-16-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4
-carbonyll-amino}-3-0x0-3-(4-butoxy-carbonyl-piperazin-1-y1)-propyl-phosphonic acid diamide: 25 This
compound \%%#Pé’@é?gﬂ using a method analogous to that of Example %TWW 2.6 replacing
intermediate 5.4 and glycine isopropyl ester hydrochloride replacing glycine ethyl ester hydrochloride.
LC-MS (C): tR = 0.97 min; [M+I-1]' 817.17. WO 2009/069100PCT/1B2008/055002 - 133 - Example
92: ~126-
N,N'-Bis-(2-ethoxycarbonyl-prop-2-y1)-2-1(R)464(S)-3-methoxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-4-
carbonyll-aminens 3:0%9; 3- (b Hiexysearondspiperazin-l-y1)-propyl-phosphonic acid diamide:  This
compound was prepared using a method analogous to that of Example 75, intermediate 52.6 replacing
intermediate,5,4 and a-amino i tyric.acig el er hydrochlog eplacing glygine ethyl ester
nycroonionids LS (IR e P A T ok QB R BEIR AR L8
4-((R)-341 B et yeartse iyRpRLmBiHExs ) pHbab BBrAE2stie- ({33 -at Example 68 step 65.3,
methoxy-pyrielidiailivor2:nbsnyhpyridiied-earbonyll-amino}-propionyl)- 1 Opiperazine-1 -carboxylic
acid butyl ester To a solution of intermedia (126 mg) in anh. DMPU (0.37 mL) was added TEA
(0.085 lc’nL) %Mﬁé‘%bfﬁt?o%%gg%tf é@?é)rg'iﬁz In at RT. Nal (37 mg) and chloromethyl methyl
carbonate (0.46 mL prepared as described in W02004092189) were added. The mixture was stirred
for 18 h at 48C- uidaee AR EatHEY @ttt T K PERIBPORB Al AN Fét& (923 15 mL), TEA
(0.085 mL) g Nah(SIhmghwerenaddedithe mixiye wasduithes shirred fokdhpas 40Gcooled down to
RT and dilutedn\é\r/(ii‘tﬁp,tql%e e. The or%g.eghagg was washed with water and brine, dried (Na2S04) and
evaporated B HE Erdae TREPUHTE B L ?S'OIvent A: Hept, solvent B: EA, gradient: O to
50%B/8CVLEBMS 18D%B/06E W T OBRHE)24E88/)20 give the title product as white powder after
freeze-drying (60 mg). 20LC-MS (A): tR = 1.07 min; [M+HI: 795.69. Example 94
4-((Eh@r[Bisz(gi._tdh_gzel;ecgfggrﬁﬂgas?em@mgw}npzmplzémmklfrzddﬁpeg(%bﬁ;vyy.p%enygj-acezy_;f}- Cearbox
methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyll-amino}-propionyl)- piperazine-1-carboxylic
acid butyl e%?éefmi“ﬁ"lé‘ﬁ%rra‘%gﬁﬁcy gtigﬁlﬁ?‘ed using a method analogous to that of Example 93,
chloromethjh25ethyicvarbonate {pregarsdeas deduribechingio 2004091 B3 mepl atingeefiotomethyl
methyl carbonale. b WS, %%qogzﬂn%&r{ma%%k& 842 BCMAENF 4/1 instead of DCM. The

bl {
2009/069100PCT/1132008/05
crude was purified by CC (Hept/EA, 1/0 1o 0/1}.

15 LC-MS (A): tg = 1.01 min; [M+H]": 556.65.

72.6. rac-4-{2-Amino-2-[2-(diethoxy-phosphoryvl)-phenyl]-acetyl}-piperazine-1-carboxylic
acid butyl ester, hydrochloride sait:

This compound was prepared using a method analogous to that of Example | step .4,
intermediate 72.5 replacing intermediate 1.3.

20 LC-MS (A): tp = 0.80 min; [M+H]" 45521,

72.7. 4-12-[2-(Diethoxy-phosphoryl)-phenyvi]-2-{[6-((S)-3-methoxy-pyrrolidin-1-yi)-2-phenyl-

pyrimidine-4-carbonyl]-aminol-acetyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 56 step 56.2,

intermediate 72.6 replacing intermediate 2.2, intermediate 1.8 replacing intermediate 56.1 and
25  using DCM/THF 4/1 instead of DCM. The compound was purified by CC (cluant A: EA,

eluant B: EA/MeOH 100/1, 0 to 100% B),

LC-MS (A): ty = 1.11 min; [M+H]™: 737.81.



- 134 - Example 95: 44(R)-3-[Bis-(isopropoxycarbonyloxy-methoxy)-phosphory11-2-1[6-((S)-3-
methoxy-pyrrolidin-l-y0-2-phenyl-pyrimidine-4-carbonylFamino}-propiony1)- piperazine-Il-carboxylic
acid butyl ester This compound was prepared using a method analogous to that of Example 93,
chloromethyVEi28Ptarbonate (prepared as described in W02004095% 885 FEBAEAY chloromethy
methyl carbonate. LC-MS (A): IR = 1.15 min; [M+HY: 850.98. Example 96:
44(R)-3-[Bis-(tert-butoxycarbonyloxy-methoxy)-ptiosphorylj-2-1[6-((S)-3- metboxy-pyrro lid in-I-yl)-2-p
henyl-pyrimidine-4-ca rbonylFaminol-p ropionyl)-.1@piperazine-l-carboxylic acid butyl ester This
compound was prepared using a method analogous to that of Example 93, ten-butyl chloromethyl

carbonate (prepatgd as.geseripedn \Wo2004092189) replaging.clieroaetbykmieiayksarbonate.
LC-MS (A):tR=1.18 in;279.§2. 15Example 97;

44(R)-3-[BiE T SHRIBLRE A BRI G B S RaN 1 5 4 L &S
methoxy-pyFhddidinepy i) 2 vphemybpydmidiges 4acaltbo rplilagoino jepiopiohyikapiperdziter Il ddkboxylic
acid buty! eatgifﬁéy:—lﬁétg%.BO}ABQG%%SM&%@M&?.@9@@@&&99@@%9q&{ﬁim&h@},Qng{ﬂ%%pAe 93,

1-chloroethyl ethyl carbonate replacing chloromethyl methyl carbonate and was isolated as mixture of
diaster&oisthisrsciEopfs (s luagt ?@B@?@é‘.@@kéﬁ?ﬁé(’@@-

44(R)-3-[Bis{ Imsoprppyoxyoarhonyoryetioxy)-phosphoryl]-2-116-((S)- 3-m et lioxy-py
rrolidin-1-y1)-2-phenyl-py rimid ine-4-carbonyl }-amino }-p ropionybpiperazine-I-carboxylic acid butyl
ester 25This compound was prepared using a method analogous to that of Example 93, 1-chloroethyl
isopropy! c&rsunBte piduifa-& [@r%ﬁﬁ?ﬂ%ﬁéﬂ’ﬁW@ﬁTb‘é’Mé’BﬁW&V&E}%ﬁdﬁéf?mB&Wé of di

astereoisorfinol-G-pASspAdntRoTobid BymipipVitzind H: 8159:01ic WMOWRAPOAG6L:100PCT/1B2008/055002
- 135 - Example 99: 44(R)-3-[Bis-(1-cyclohexyloxycarbonylox-y-ethoxy)-phosphoryli-2-116-((S)-

j-crigeéﬁ?;yéggr.oLidé-fk}%;%;@@ﬁg%wmﬂBl%ﬁ%m%xu@m»:ﬁ;g@%}z_pjp%%m;—carboxylic
10 carbonyl]-aminot-propionyl)-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 1 step 1.8, 1-
methylpiperazine replacing intermediate 1.7 and intermediate 14.1 replacing 6-chloro-2-
phenyl-pyrimidine-4-carboxylic acid. The compound was however not purified.

LC-MS (A): tg = 0.82 min; [M-+H]": 674.23.

15 73.2. 4-({R)-2-{[6-(4-Methyl-piperazin-1-yl)-2-phenvi-pyrimidine-4-carbonyl]-amino }-3-
phosphono-propionyl)-piperazine- 1-carboxylic acid buiyl ester:
This compound was prepared using a method analogous to that of Example 1 step 1.10,
intermediate 73.1 replacing intermediate 1.9. The crude was purified by CC (reverse phase;
cluant A: H,0; eluant B: MeCN,; gradient: 5 to 80% B) followed by preparative TLC
20 (EA/MeOH 1/1 then EA/MeOH 1/2).
LC-MS (A): tg = 0.70 min; [M+H]": 618.16.

Example 74: 4-{(R)-2-[(6-Morpholin-4-yi-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-

phosphouno-propionyl}-piperazine-1-carboxylic acid butyl ester:

74.1. 4-{(R)-3-(Diethoxy-phosphoryl)-2-[(6-morpholin-4-yi-2-phenyl-pyrimidine-4-carbonyl)-

25 amino]-propionyl}-piperazine-1-carboxyiic acid butyl ester:



This compound was prepared using a method analogous to that of Example 93, 1-chloroethyl
5cyclohexyl carbonate replacing chloromethyl methyl carbonate and was isolated as mixture of
diastereoisomers. LC-MS (A): tR = 1.25 min; [M+H]: 959.27 Example 100:
44(R)-3-(DiBHEHYPEIRBsphory1)-2-116-((S)-3-methoxy-pyrrolidin-1-y1)-FC T/B2008/055002
2-phenyl-pyrimidine-4-carbonyll-aminol-propionyl)-piperazine-1-carboxylic acid butyl 10ester To a
solution of intermediate 2.6 (100 mg), PhOH (152 mg) and PyBOP (841 mg) in anh. DMF (0.3 mL) was
added D1PEA (0.22 mL) and the solution was stirregl for 18h at 45C under argon. A further amount of
PyBOP (420 mg) and D1PEA (0.22 mL) was added and the mixture further stirred for 48h at 45C.
DMF was emapiatadafl and thegesiduadakeneinda baakdodde ongi itasawpr waslgd with 10% ag.
solution of citric acid, sat.-NaHCO3 and brine, dried (Na SO4LZ?£1d egapora ed off Th crulgle was
purified twiBBYEEE (TNt A I S ON B ER Ml ehi: 1 RS T 8B BHIEY PI6BYB/5CV then
2. solvent AyRilhsalvebbBlEAsidrateninpOutol 160 %BY/IRE W HO0%B/5CV) to give the title product

as a beigeBilcgg S(A&g)rr]q ). ?%%iwﬁ\é%}t&&}%mm [ +M: 771.29. Example 101:

4-((R)-3-1 -methyl-2-oxo 3 lioXol-4-yImethoxy)-phospboryll-2-

RRAE Il e T I O e

piperazine-1-car [ I rest ' inter | .0 g),

4-hydroxymetpyl-simipasdt3 1-diokal2-oned2s0.d4d4emL ; prepared as described in Synthetic

Communicaigns, 1984y 22(0), A217s1202) ad EYAQRURKMO) nAGH -MF 0321 yas added
mLC and the soldtion was sti : “ ' e Was

D1PEA (0.22 mL) ¢ on was stifred for 18h at 45C under argon. The mixture was diluted

with DCM, insshediaithiloomins inpinerdicardadise sHANSMeEB0srine, EReHNL804) and

evaporated.gffn T hercibide; M@ 20001069408 G BBZOOR/055002 - 136 - was purified by CC (solvent

A: EA, solvent B. EA:MeOH (8:2), gradient: 10 to 100%B/15CV, 100%B/2CV;, then reverse phase,
ice s

solvertfA: oMk B: Bt

0 95%B/15CV, 95%B/2CV) to give the title product as a
white powder after freeze-drying (45 mg). 5LC-MS (A): tR = 1.07 mm; [M+H]: 842.93. Example 102:

4-KR)-2-{16:{Gaiph W thQuw-BysLQlid kbl yRhemybry i BIdie e 3-methoxy-pyrrolidin-1-
i

bonylkamino}-3-(2:0x0-411-2),5-b ,3,2]dioxaphosphinin-2-yl)- lipiperazine-1-carboxyli
C acid bty PN GO SRR (G L ResSIEr B e G0 ) and

PyBOP (33butd-pigsirhawih aBi/ME«(xideni.) was added DIPEA (0.11 mL) and the solution was stirred
for 2h at 45¢ HAGRL BT AR D B‘H’g@g}’,}{%ﬁ e wih REM, pashedydtabrine driegh(¥g2804) and

evaporated oﬂg_'l' e crude was purifie C(5olvent \: Hept, solvent B: _oI’vept : EA:McOH
(9:1), §Fadient MBrEORGIEDOYRATBEV) ToodaIsty MER dPadidhts/t 5> BPSEL 68N ollowed by
reverse phaggisalyenbAdibiysalventB; Ve, redisni i il S B 2E)in %0 BYsidiy to give the
e procuct 35 e power it fegze dnng (4 99, MAP o IRESISORRIFTR) ARMS () R

éve;‘night, cooled to RT and concentrated. The residue was partitioned between DCM and sat.-

NaHCOs;. The organic phase was washed with brine, dried (Na;SO,) and evaporated under

20 reduced pressure. The crude was purified by CC (soivent A: DCM, solvent B: DCM:MeOH
(10:1), gradient: 0 to 100%B/12CV, 100%B/3CV) to give 19 mg of titied product as a
vellowish lyophilisate after frecze-drying.

LC-MS (A): tr = 1.03 min; [M+H]": 802.86.

Example 76: 4-((R)-3-(Bis-acetoxymethoxy-phosphorylj-2-{[6-((S)-3~-methoxy-
25  pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-proepionyl)-piperazine-1-

carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 52, bromomethyl

acetate replacing 1-chloroethyl pivalate.



Example 103: 4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-y0-2-phenyl-pyrimidine-4-
carbonyll-amino}-3-(2-oxo-1,4-dibydro-21-1-215-benzo[d][1,3,210xazaphosphinin-2-yl)-

20propionyll-piperazine-1-carboxylic acid butyl ester This compound was, (?%e B%%%u%%ﬂ? a method
analogous t ‘Pn@f’%ff'@i%{’mple 102, 2- aminobenzyl alcohol replacing 2-hydroxy enzy? acohol and was

isolated as mixture of diastereoisomers. LC-MS (A): tR = 1.03/1.04 min; [M--HE: 705.97. 25Example
104: 4-[(R)-2-1[6-0S)-3-Methoxy-pyrrolidin-1-y0-2-phepyrimidine-4-
carbonylFaminol-3-(8-methyl-2-oxo-1,4-dihydro-234-2/.5- WO 2009/069100PCT/1B2008/055002 -
137 - benzok11[1,3,2]Joxazaphosphinin-2-y1)-propionylFpiperazine-1-carboxylic acid butyl ester This
compound paserepRigd: usineha methar amalegous to that of Example 102, 2- aminobenzyl alcohol
replacing 2-hydroxybenzyl acohol and was isolated as mixture of 5diasterecisomers LC-MS (A): IR =
1.05/1.07n. [M+H]: 720.04. Example 105:
4-((R)-3-[BEx@uskolT: 34 (Bis e Rp Ry T Ao Ky RB e BRI 2o L6-((5)-3-methoxy-

116-((S)-3-pyetonasrRyiiplidiiangd e Rhrayd-pydan ey g-4reaikiopyih RiEVDo) ipe apioiyi)-
piperazine-l-carboxé/li%:igﬁid utyl ester 10 To a solution of intermediate 2.6 (100 mg) in anh. NMP
(0.48 mL) WALLRILAFERTY 08 FFL) and the solution was stirred for 10 min at RT. Nal (29 mg) and

3-bromophtalide (344 mg) were added. The mixture was stirred for 3h at 65C gnder argon, cooled
down t& RTTAKCFIMGeasd it IR THRe SrcpiRdsetinee WdeHad }ithaardt AR didd
(Na2S04) anshevaprorassaffslheandanpspuriied:by CO{salser ATbepTiSplepht By EA, gradient:

50 to 15 10Q%B/34CV, 100%B/16CV; then reverse phase, solvent A: H20, solvent B: MeCN, gradient:
5 to 959%B/TIEFBEREIFE) to give the title product as white powder after freeze-drying (16 mg ;
mixture of diGsksadisonrets)o bGaMS(A): tFR£3L13 min; [M+H]*: 883.02. Example 106:
44(R)-3-1Bis-(ethoxycarbonyl-methoxy)-phosphory11-2-1[6-((S)-3-

20methoxy-pyrrolidip-1-y1)-2-phenyl-pyrimidine-4-carbonylpamino}- jony1)- piperazine-l-carboxylic
acid butyl e ?sgébﬁ&éﬁ%'%é%%ﬁq%ﬂﬁé%x %%%FE)%’ 2%%6%f§fﬁ§%¥t-rﬁzéﬁ%ﬁgiample 105, ethyl
bromadcetater relibeihgy B-bydregdhitatide dine-4S rpop k- anireg-priepifiomiHpipTORIoe- 'O
2009/0691QQRGIAR 2R Ve

This compound was prepared using a method analogous to that of Example 52, chloromethyl
butyrate replacing 1-chioroethyl pivalate.
LC-MS (A): tg = 1.14 min; [M-+H]": 819.04

15  Example 79: N,N’-Bis-(ethoxycarbonylmethyl)-2-{{R)-[6-((S)-3-methoxy-pyrrolidin-1-
y1)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-oxo-3-(4-butoxy-carbonyl-piperazin-1-y1}-
propyl-phosphonic acid diamide:

This compound was prepared using a method analogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4.
20 LC-MS (A): tp = 1.02 min; [M+H]": 788.97.

Example 80: N,N’-Bis-((S)-1-ethoxycarbonylethyl)-2-{(R}-[6-((S)-3-methoxy-pyrrolidin-

1-vi)-2-phenyl-pyrimidine-4-carbonyl}-amino}-3-oxo-3-(4-butoxy-carbonyl-piperazin-1-

vi)-propyl-phosphonic acid diamide:

This compound was preparcd using a method analogous to that of Example 75, intermediate
25 2.6 replacing intermediate 5.4 and L-alanine ethyl ester hydrochloride replacing glycine ethyl

gster hydrochloride.



- 138 - Example 107: 4-0R)-3-113is-((S)-1-ethoxycarbonyl-ethoxy)-phosphoryll-2-1[6-((S)-3-
methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyll-amino)-propionyl)- piperazine-1-carboxylic
acid butyl ester  This compound was prepared using a method analogous to that of Example 101,
L-lactic acid"S&#978EE  replacing 4-hydroxymethy1-5-methyl-[1,3]dioxoE S BIBEERE (A): tR = 1.11
mm; [M+H]+: 819.33. Example 108:
N-1(S)-1-Ethorycarbonyl-ethyli-O-phenyl-(2R)-2-116-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidi
ne-4-carbonylFaminol-3-oxo-3-(4-butoxy-carbonylrgiperazin-1-yb-propyl-phosphonic acid amide: 10
108.1: 44(R)-3-(Hydroxy-phenyloxy-phosphory0-2-0-(68)-3-methoxy-pyrrolidin-1-A-2-

phenyl-pyripgidine (4 car eonytRaminailpropionyd)-piperazine-1-carboxylic acid butyl ester To a solution
of the compound of Example 100 (518 mg) in EtOH (0.4 mL) was added a 1M- NaOH solution (0.3 mL)
and the mixture was stirred for 18h at RT. EtOH was evaporated off and the aqg. residue was diluted

with water Sxanasde Stelf Migdsviine tpxycarhanyimpthabeZo G818 faneid - prirgtidingdr HCa
solution angrextracifd hraaitimes Wi Sehahha comhinediaigiaiases inerpigird:Nr2H04) and

evaporated off. The crude was purified by CC (reverse phase, solvent A: H20, solvent B: McCN,
gradient: 5 RS BELABPIBRRN GEYY fto give the title product as a white powder after freeze-drying
(64 mg; mistthisecofugiaste reci porpers) nkiGe M B ¢A)d R @ 8ds meinh{VWEEx 888405, 201008:2iate

1’?11(8)-1-%.%‘9,&(%}%2}%?9%@5&@&){4%@%“&@’igf@&%ﬁ%?l@§%§%ﬁ%&9§¥d@%ﬁ!¥9&&' Yokne cthyl

2-phenyl-pyrimidi carbonylraminol-3-0xo-3- 4-butoxy-carbony|-piperazin-l-ygl)-propylphosphonic
acid amideeStHiSX<BrRPEFE was prepared using a method analogous to that of Example 75,

intermediatecl@8 1 Agplacinggntarmediaie 5 end L-alanine ethyl ester hydrochloride (3 eq) replacing
25glycine ethyl ester hydrochloride (6 eq) and was isolated as mixture of diastereo somers. LC-MS

(A): tR =1.12 mm; [M+HI: 794.46. WO 2009/069100PCT/1B2008/055002 - 139 -
Example 82: N,N’-Bis-((S)-1-methoxycarbonyi-2-methyl-propyl-2-{(R)-[6-((S)-3-

10 methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl|-amino}-3-0x0-3-(4-butoxy-
carbonyl-piperazin-1-yl)-prepyl-phosphonic acid diamide:
This compound was prepared using a method analogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4 and valine methyl ester hydrochloride replacing glycine cthyl
ester hydrochloride.

15 LC-MS (A): tp = L.11 min; [M+F]" 845.02.

Example 83: N,N’-Bis-(tert-butyloxycarbonylmethyl)-2-{(R}-{6-((5)-3-methoxy-

pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonylj-amine}-3-ox0-3-(4-butoxy-carbonyl-

piperazin-1-yl)-propyl-phosphonic acid diamide:

This compound was prepared using a method analogous to that of Example 75, intermediate
20 2.6 replacing intermediate 5.4 and glycine fert-butyl ester hydrochloride replacing glycine

cthyl ester hydrochloride.

LC-MS (A): tg = 1.12 min; [M+H]": 845.01,

Example 84: N,N’-Bis-((S)-1-methoxycarbonylpropyl}-2-{(R)-|6-((S)-3-methoxy-
pyrrolidin-1-vl)-2-phenyl-pyrimidine-4-carbenyl}-amine}-3-0xo-3-(4-butoxy-carbonyl-

25  piperazin-1-yl)-propyl-phosphonic acid diamide:



Example 109: 4-KR)-2-116-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-
carbonylkamino)-3-(2-oxo-T45-[1,3,21dioxaphosphinan-2-y1)-propionyll-piperazine-1- carboxylic acid
butyl ester:  This compound was prepared using a method analogous to that of Example 101, 1.3-
5propandiol¥4 &85°8i4king 4-hydroxymethy1-5-methy141,31dioxol-2-ore (EF UG FWMS (A): 1R =
1.00 mm; [M+H]I: 659.82. Example 110:
4-[(R)-2-1[6-((S)-3-Methoxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-4-
carbonylFamino}-3-(8-methyl-2-oxo0-4H-2X5-benzgfl,3,2]dioxaphosphinin-2-y1)-
propionyll-piperazine-1-carboxylic acid butyl ester 10110.1: 2-Hydroxy-3-methyl-benzoic acid methyl

ester To a sglutigmefadwdtoxyni:metbivkbenzaisaaid (A0 0)dnanbr Maipid88 midwasadded
dropwise H2S0O4 (10.8 mL). The mixture was refiuxed for 24h and partiﬁiﬁgﬁr}metween DCM and

water. The ofg BRELES WAL BeHA At  Hlien {RALZBES 4 SrApoaTst CHFE RS Burified by
solid phasegextiractibyl tetgiuedvettitlederoduct as a yellowish liquid (9.8 g). 15'H-NMR (CDC13): 5 =

11.03 (s, 1 w’"@ﬁﬁ?tﬁl‘ ?o?r?fﬁ-(@k&rﬂ% 6,8Q4dd, 1H). 3.96 (s, 3 H), 2.29 (s, 3 H). 110.2:

2-Hydroxymethy ethyl-phenol To a solution of intermediate 110.1(1 g) in anh. THF (5.6 mL) was
added dropwise at OC a 2M solution of LIA1H4 in THF (5.6 mL). The mixture was stirred for 2h at 0C
and quénched:2pisequentaiBia(86 by adldiygadeswaid 2 (034t hyl-praitil-3diRiers-0fSNAOH (0.34 mL)

and ice-walgl ), HESSHERSIAN s, ATEarhof A i sl ovete oadhgfigglte and the

filtrate concentrated in vacuo. T was purified by CC (Solvent A: Hept, solvent B: EA, gradient:
0 to 100%ByZdew ipenEi2G Wb e lotpiopioatidtiamidsiourless oil (292 mg). 25111-NMR

(CDCI3): 8 This40ckPodnlihvah b fheti Hddirfe A(elhddrAhaRrdSuddd tat bf #:8Fnfth 25HndndBiieic3 H). WO
2009/069100PCT/EB2008/055002

) -6140-1103., o . . :
41(12)-2-11-6-[8) S R ERFrotidi Ay 1572 i, s Mty r s g JSRRGS 8B HRthy 1-2-0x0
-4H-228-beaip| k82 dibxadphadphinin-2-y1)-propionyll-piperazine-1-carboxylic acid butyl ester This

compound W@M?Rga.r%(imqsi@gn%nrﬁfmﬁ?ﬁag@%gpus to that of Example 102, intermediate 5110.2
replacing 2-hydroxybenzyl alcohol and was isolated as mixture of diastereoisomers. LC-MS (A): tR =

1.09 min; [M-HEI: 721.79. Example 111:
4-((R)-3-(8-Exopaplayb2-OxNN*4is-@ X5t bertzboils @i ioxaphosphylit-2aR 1Y @((S)-3-methoxy-
L6 ()3 paioata oy R divy e PR Ep G AN B RRRI R -
piperazine-1-carboxylic acid butyl ester
piperazin-1-yl)-propyl-phosphonic acid diamide:
15 This compound was prepared using a method analogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4 and alaning zerr-butyl ester hydrochloride replacing glycine
ethyl ester hvdrochloride.
LC-MS (A): tg = 1.16 min; [M+H]": 873.11.

Example 87: N,N’-Bis-((S)-1-methoxycarbonyl-2-phenyl-ethyi)-2-{(R)-[6-({(5)-3-

20 methoxy-pyrrolidin-i~yl)-2-phenyl-pyrimidine-4-carbonyl]-aming}-3-0x6-3-(4-butoxy-
carbonyl-piperazin-1-yl)-propyl-phosphonic acid diamide:
This compound was prepared using a method analogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4 and phenyialanine methyl ester hydrochloride replacing glycine
ethyi ester hydrochleride.

25  LC-MS (A): tg = 1.15 min; [M+H]": 941.02.



10111.1: 2-Hydroxy-3-isopropyl-benzoic acid methyl ester This compound was prepared using a
method analogous to that of Example 110, step 110.1, 2-hydroxy-3-isopropyl-benzoic acid replacing
2-hydroxy-3-methyl-benzoic acid. 1H-NMR (CDC13): 6 = 11.14 (s, | H), 7.72 (d, 1 H), 7.42 (d, 1 H),
6.87 (dd, 1HYB2PEIHNH) 3,41 (m, 1H), 1.27 (d, 6 H). 15111.2: 2-Hydr&iEHSH 558G propyl-phenol
This compound was prepared using a method analogous to that of Example 110, step 110.2,
intermediate 111.1 replacing intermediate 110.1. 'H-NMR (CDC13): 8= 7.50 (s, 1 H), 7.21 (d, | H), 6.88
(m, 2 H), 4.89 (d, 2 H), 3.37 (m. 1 H), 1.28 (d, 6 H)320111.3.
4-1(R)-3-(8-Isopropyl-2-ox0-4H-225-benzo[l ,3,21 dioraphosphinin-2-y0-2-1[64(5)-3-
inethoxy-pymiﬂ#]ielssy%avmgeﬁxlsslymme@yéﬁ%wisﬁeﬂyph@mwm&pf[qrs;zisle-l- carboxylic

acid butyl ester This compound was prepared using a method analogous to that of Example 102,
intermediatB' 499y RIFEASH 3Ky chra B e Ry F UGS aFy boas haamiiy Ron i rabafoxy-
diastereoisommboayRpigeridn-(Ayitbropd iid 0spiiohbit Bl di4@id8: WO

421?((()3/)(.)36.9(; g%gé%o%%%%%{fﬁ%ﬁ%%ﬁ gﬁgﬁ:ﬁﬁém%ﬁﬁom to that of Example 75, intermediate
benzo[d][1,3.2 FeRag@phdgphipde-y1)- 2011 6 PRSI BINeE Ryt rreielint 1dyaoabuptre pyplacing
pyrimidine-4rearhQnyFarminglheeariamy1)-piperazine-1-carboxylic acid butyl ester 112.1:
2-Amino-3-methaty-benzoic acid methyl ester 5This compound was prepared using a method
analogous {§-mae E)téh“—mbll& ﬂ%n@ég’hﬁﬂo -amino-3-methoxy-benzoic acid replacing
2-hydroxy-3-methyl-benzoic acid. LC-MS (A): tR = 0.92 min; [M+H]E: 182.48 112.2:

(2-Amino-3ypsthioxwohenWEmeiReNtmetidtissHRALRENYAS prensied)Lusineroiethod analogous to
that of Example 110, step 110.2, L .
pyrrolidin-1-yI}-2-phenyl-pyrimidine-4-carbonylj-amine}-3-oxo-3-(4-butoxy-carboenyl-
10 piperazin-1-yh-propyl-phosphonic acid diamide:
This compound was prepared using a method analogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4 and alanine methyl ester hydrochloride replacing glyeine ethyl
ester hydrochloride.

LC-MS (A} tg = 1.02 min; [M+H]'": 789.76.

15 Example 90: NN-Bis-{propvioxvcarbonyl-methyl)-2-{(R}-[6-((S}-3-methoxy-pyrrolidin-
1-y])-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-butoxy-carbonyl-piperazin-1-
vi-propyi-phosphonic acid diamide:

This compound was prepared using a method analogous to that of Example 75, intermediate

2.6 replacing intermediate 5.4 and glycine propyl ester hydrochlornde replacing glvcine ethyl
20 ester hydrochloride.

LC-MS (O): tg = 0.97 min; [M-+H]": 817.21.

Exampie 91: N,N’-Bis-(isopropyloxycarbonyl-methyl)-2-{(R)-[6-((S)-3-methoxy-
pyrrolidin-1-yl}-2-phenyvi-pyrimidine-4-carbonylj-amino}-3-oxo-3-(4-butoxy-carbonyi-
piperazin-1-yl}-propyl-phosphonic acid diamide:

25  This compound was prepared using a method anaiogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4 and glycine isopropyl ester hydrochloride replacing glycine
ethyl ester hydrochloride.

LC-MS (C): tg = 0.97 min; [M+H]": 817.17.



10intermediate 112.1 replacing intermediate 110.1. LC-MS (A): tR = 0.36 min; [M+H]: 154.16. 112.3.
4-(02)-3-(8-Hethoxy-2-oxo-1,4-dihydro-2H-2):5-benzo[d] [1,3,2Joxazaphosphinin-2-
y0-21[6-0)-3-nzethoxy-pyrrolidin-1-y0-2-phenyl-pyrimidine-4-carbonyll-amino)-
propionyl)-p%gr%@ﬁ%’)-éfg arboxylic acid butyl ester 15 This compound was %"Péé"?i”é]iﬁg a method
analogous to that of Example 102, intermediate 112.2 replacing 2-hydroxybenzyl alcohol and was
isolated as mixture of diastereoisomers. LC-MS (A): tR =1.04/1.07 mm; [M+H] *: 736.41. Example
113: 4-((R)-34(5-tert-Butyl-2-oxo-f1,31dioxo1-4-ylmgthoxy)-hydroxy-
phosphorylk2-1[6-((S)-3-methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonyll-
20amino}-peeRiapiigzpineveained <askotisoagich syl-epter (R fqesHIomathwas prepared using a
method analogouys.to_that of Example. 101, 4- hydroxymethy1-5-tert-buty141, 3]dioxql-2-one (prepared
2 descr el ORISRt P P o g bty -eabony
4-hydroxynpépleydzi-rethpk¢pi3ishoxphaspreiddihthiiz:monoester was isolated as mixture of

diaStereOiSqmgrc%n%ﬁ)lug’dM% : % IR& unggjs %ﬂ%ﬂh'og%l@t%%hay\/o@ Example 73, intermediate
2009/069100PCT/1B2008/0 082 - 142 - Example 114:

4-0R)-3-(Bi3-b ARy - BHiosseiy15-2- 1 961 ((S)-3mmetisiyjf cifdingthyl ester hydrochleride
y1)-2-phenylnyrimidingré-carhenvisminalprepionyl)-piperazine-1-carboxylic acid butyl ester  This
compound was prepared usjng a method analggous to that of Example 101, benzyl 5alcohol replacing
4-hydroxyn¥e%%-58ﬁwg’tﬁ))|fl{9 ,%3]81 %ﬁ-‘%ﬁg:%&l\ﬂs (A): R = 1.15 min; [MAT] : 799.22. Example
115: 4-0R)-3-(Acetoxymethoxy-hydroxy-phosphory1)-2-116-((S)-3-methoxy-

pyrrolidiu-1dsgsphenykpyrimidine-dneaibardhamnaly RrepionyLimigaesne yeaoxylic acid butyl
ester 10115.1: 44(12)-3-(Benzyloxy-hydroxy-phosphor 1%—2-1%?4%%-{1ethoxy- rrolidin-Il-yl)-2-
phenyl-pyriftfafiesyzeeLrBRtnLarH w%ﬂﬂigﬁw Fgﬁ Dl BRSO BURIT ester This

compaund pipsprapategtigingia svidthogdasatogous to that of Example 75, intermediate 2.6 replacing
intermediate 5.4 and benzyl alcohol (3 eq.) replacing glycine ethyl ester hydrochloride (6 eq) and was

isolated as mpguseé dinsiecanionmers. 26 G s (k. IBvErQ 97 s [Miak-3dad 0985 (0.085
mL) and the solution was stirred for 10 min at RT. Nal (37 mg) and chloromethyl methyl
carbonate (0.46 mL prepared as described in WO2004092189) were added. The mixture was
stirred for 18 h at 40°C under argon. Further amount of methyl chloromethyl carbonate (0.23

15 mL), TEA (0.085 mL) and Nal (31 mg) were added. The mixture was further stirred for 4h at
40°C, cooled down to RT and diluted with toluene. The org. phase was washed with water and
brine, dried (Na;SC4) and evaporated off. The crude was purified by CC (solvent A: Hept,
solvent B: EA, gradient: 0 to 50%B/8CV, 50 to 100%B/16CV, 100%B/24CV) to give the title
product as white powder after freeze-drying (60 mg).

20 LC-MS (A} tg = 1,07 min; [M+H]": 795.69.

Example 94: 4-((R)-3-[Bis-{ethoxycarbenyloxymethoxy)-phosphoryi]-2-{[6-((S)-3-

methoxy-pyrrolidin-1-yI)-2-phenyl-pyrimidine-4-carbonyl|-amino}-propionyl)-

piperazine-1-carbexylic acid butyl ester

This compound was prepared using a method analogous to that of Example 93, chloromethyl
25  ethyt carbonate (prepared as described in WO2004092189) replacing chloromethyl methyl

carbonate.

LC-MS (A): tg = 1.11 min; [M+H] " 8§22.97.



115.2. : 4-((R)-3-(Acetoxymethoxy-hydroxy-phosphoty1)-21[6-(a)-3-ineihoxy-pyrroliclin-1-
yl)-2-phenyl-pyrimidine-4-carbonylPamino}-propionyl)-piperazine-1-carboxylic acid butyl ester This
compound was prepared using a method analogous to that of Example 52, bromomethyl 20acetate
replacing 1-8ffettfipivalate, intermediate 115.1 replacing intermediate3/EBAME e fhixture was
stirred on at 45C and was isolated as mixture of diastereoisomers. LC-MS (A): tR = 0.89 min; [M+EIf :
691.19 Example 116: 4-((S)-3-[Bis-(acetoxy-methoxy)-phosphoryli-2-116-((S)-3-methoxy-
pyrrolidin-I-y1)-2-phenyl-pyrimidine-4-carbonylFamial-propionyl)-piperazine-1- 25carboxylic acid
ethyl ester WO 2009/069100PCT/1B2008/055002 - 143 - This compound was prepared using a

method analogaps tosthal @REXamMBI8sogrdpiRiNadisoISS-IRRIAGIPO RIRpIALIALE Fed@)S-
bromomethyl acetate repl,a(;in? 1-chlgoroethyl pivalate. LC-MS (A): tR 0.99 mm; [M+1-11: 735.62
Example 1 fBethexy-pyrrolidin-I-yi)-2-phenyl-pyrimidine-4-carbonylf-amino;-propionyl)-

_4I_<(S)-3-[Bigiﬂbmﬁy@kyarmﬂ!ﬂwaeﬁhmgm%wﬂ-z-116-((8)_-3-m_ethoxy5pyrro|idi.a-l-yl)-2-phenyl-pyrim
'd'“e'4'caf%@é’ﬂaﬁmb’%8h R&QP}I‘PE}}&%QME%]L@} %@%fﬂ%&?é&ﬂ& AL EIPYLESIOE DRIS FRMRpRHIY was

prepared using a method analogous to that of Example 52, intermediate 3.6 replacing intefrmediate 2.6
and chfororfiemgputpFassepl@esrey Al ciiofetaHi hival ) 1064HNS 1RY: trrlectngo drTopMbM]: 791.64
10Examplendt8; i NavBise((S)-1-ethoxycarbonylethyl)-2-1(S)-16-((S)-3-methoxy-pyrrolidin-
1-y1)-2-phenyl-pyrimidine-4-carbonyli-aminal-3-oxo-3-(4-ethoxy-carbonyl-piperazin-1-
yl)-propyl-%%g%ghé%ct‘ééi&l'éém]iqdl: ” hig%c%(})‘ pound was prepared using a method analogous to that
of Example 75, intermediate 3.6 replacing intermediate 5.4 and L-alanine ethyl ester hydrochloride

replacing giyeinepetiyl Lagaigrbysiqeiiordfxk-tanfden ik i neiiloQd) PHdshor Ll (7RR B4 -Example
119: 4-((S)%Bisﬁethox ,c.rbgn lgxy-me ho%&-&? osphorgli-Z- 16‘;2%%8%-3- .
methoxy-pyPohd “fyff‘ﬁ:}ﬁ Wé%‘ﬁﬁﬁﬁ A R AR - BPSB R P B azine-1-carboxylic
acid etflyl eg@trazine-1-carboxylic acid butyl ester
This compound was prepared using a method analogous to that of Example 93, fert-butyl
chloromethyl carbonate (prepared as described in WQ2004092189) replacing chloromethy!
methyl carbonate,
LC-MS (A): tg = 1.18 min; [M+H]™: 879.02.

[5 Exampie 97: 4-((R)-3-[Bis-(i-ethyloxycarbonyloxy-ethoxy)-phosphoryi]-2-{{6-((S)-3-
methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl}-amino}-propionyl)-
piperazine-1-carboxylic acid butyl ester
This compound was prepared using a method analogous to that of Example 93, 1-chloroethyl
ethyl carbonate replacing chloromethyl methyl carbonate and was isolated as mixture of

20 diastercoisomers.

LC-MS (A): tr = 1.14 min; [M+H]": 850.98.

Exampie 98: 4-((R)-3-[Bis-(1-iscpropyloxycarbonyloxy-ethoxy)-phosphoryi]-2Z-{[6-((S)-
J-methoxy-pyrrolidin-1-yI}-2-phenyl-pyrimidine-4-carbonyl}-amino}-propisnyi)-
piperazine-1-carboxylic acid butyl ester

25 This compound was prepared using a method analogous to that of Example 93, 1-chloroethyl
isopropyl carbonate replacing chloromethyl methy! carbonate and was isolated as mixture of
diastercoisomers.

LC-MS (A): tg = 1.18 min; [M+H]": 879.01.



20 This compound was prepared using a method analogous to that of Example 93, intermediate 3.6
replacing intermediate 2.6 and chloromethyl ethyl carbonate replacing methyl chloromethyl carbonate.
LC-MS (A): tR = 1.06 min; [M+1-1]. 795.68. Example 120: _
4-((R)-3-[Bi¥‘-’fﬁ%@f’6‘}&7—]ﬁ{}ethoxy)-phosphoryI]-2-{[6-((S)-3-methoxy25pyrr(1))|?(r:fljrl1§ 9%953% 2enyl-pyrimidin
e-4-carbonyll-aminol-propionyl)-piperazine-1- carboxylic acid ethyl ester WO
2009/069100PCT/1B2008/055002 - 144 - This compound was prepared using a method analogous to
that of Example 52, intermediate 1.10 replacing intermediate 2.6 and bromomethyl acetate replacing
1-chloroethyl pivalate. LC-MS (A): tit = 1.00 min; [M+HI: 735.64 Example 121:
4‘((f)'3'éBﬁ%%WmXWW@WF)SWQ%ﬂm@&i”‘a’ﬂsg“ﬁw # ﬁyfwhm@g}ﬂﬁﬂx{ﬂ-ﬂﬁgnyl-pyrimidi
ne-4-carbopylEamino}-propignyl)-piperazine-1- carboxylic acid ethyl ester This cqmpound was
prepared u Tﬁ'ﬁ%%fg?g Oaiigﬁ%'fé%g%{fégg[iﬁ’ggavl':a%r‘%ﬁiﬁéxé‘fﬁ% gﬁﬁ"é iate 195?}]}%’56 cing intermediate
2.6 and chipipmmethyl berybateiepladingt d-edttoroethyl pivalate. LC-MS (A): tR = 1.10 min; [M+1-11-:

791.59 10Example 129 Wl ISR rlngiRosaRP xR kPRI A I3oma thptysethy!
pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyli-amino}-3-oxo-3-(4-ethoxy-carbonyl-piperazin-1-y1)-pr

opyl-pRosphsHiBa¥id eplaging eBHBBGHY WIS SHERURHARY ety AN AIGBEL o that of
Example 7%idatesmnediate 1.10 replacing intermediate 5.4 and L-alanine ethyl ester hydrochloride

replacing glyci ! 15 r_hyi )i -MS (A): tR = 1.01 min; [M+H] 789.92 Example 123:
4-((R)-3-[B%Qeg?eﬁc?%}cﬁmgr%?o%ﬁ@%%gﬁggphory||-2-1[6-((5)-3-

methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyll-amino}-propionyl)- piperazine-1-carboxylic
acid ethy! esiamfd 08 :ConEoLPDIE picpIRGISING)R NBHIGY-analdgayspicitbiiddiof Example 93,
intermediate 1.10 replacing intermediate 2.6.and chlaromethyl ethyl carbo r | hloromethyl
methyl caré%ﬁa ‘é:fﬁl"_ FM@’%& g %Ffa:lﬂﬁ(];f}‘é?ﬁ'.a i}-n}-'f]r prgrg%g%eﬁyglrﬁpﬁecﬁrgﬁﬁ ‘?1@9&?}?'6\% /
4-((S)i8-14e18is-(buryryloxy-methoxy)-phosphoryl)-pheny11-2-1[6-((S)-3-
,5methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonylFamino}-propionyl)- piperazine-1-carboxylic
acid ethyl estes solution of intermediate 2.6 (100 mg), PhOH (152 mg) and PyBOP (841 mg) in anh.

DMF (0.3 mL) was added DIPEA (0.22 mL} and the solution was stirred for 18h at 45°C
under argon. A further amount of PyBOP (420 mg) and DIPEA (0.22 mL) was added and the
mixture further stirred for 48h at 45°C. DMF was evaporated off and the residue taken up in

15 EA. The org. phase was washed with 10% aqg. solution of citric acid, sat.-NaHCO; and brine,
dried (Na;SO,) and evaporated off. The crude was purified twice by CC (1. solvent A: Hept,
solvent B: EA, gradient: 10 to 100%B/12CV, 100%B/5CV then 2. solvent A: DCM, solvent
B: EA, gradient: 10 to 100%B/12CV, 100%B/5CV) to give the title product as a beige foam
{49 mg).

20 LC-MS (A): tg=1.11 min; [M+H]" 771.29.

Example 101: 4-((R)-3-[Bis-(5-methyl-2-0x0-[1,3]dioxol-4-yImethoxy)-phospheryl]-2-
§16-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-aminc}-propionyl)-
piperazine-1-carbexylic acid butyl ester
To a solution of intermediate 2.6 (100 mg), 4-hydroxymethyl-S-methyl-{1,3]dioxol-2-one
25 (0.14 mL; prepared as described in Synthetic Communications (1984), 22(9), 1277-1282) and
PyBOP (421 mg) in anh, DMF (0.32 mL) was added DIPEA (0.22 mL) and the solution was
stirred for 18h at 45°C under argon, The mixture was diluted with DCM, washed with 10% aq.
solution of citric acid, sat.-NaHCOs and brine, dried (Na,SO4) and evaporated off. The crude



WO 20091069100PCT/1B2008/055002 This compound was prepared using a method analogous to
that of Example 52, intermediate 59.7 replacing intermediate 2.6 and chloromethyl butyrate replacing
1-chloroethyl pivalate. LC-MS (A): tR = 1.14 mm; [M+HI: 867.40 ExampI1(;(EL,I‘%%ZOO&IOSS{m

N,Y-Bis-((s¥‘-’ &% bonylethyl)-442-1(S)-16-((S)-3-methoxy- :
5pyrrolidin-1-3/0-2-phenyl-pyrimidine-4-carbonyll-amino}-3-o0xo-3-(4-ethoxy-carbonyl-
piperazin-1-y1)-propyll-phenyl-phosphonic acid diamide: This compound was prepared using a method
analogous to that of Example 75, intermediate 59 iZaeplacing intermediate 5.4 and L-alanine ethyl
ester hydrochloride replacing glycine ethyl ester hydrochloride. 10LC-MS (A): tR = 1.04 min. [M+141
865.36 Exarapledafidd (S8 [4:(Bisn(ethoxsaarbanyioxp:metviy)phasphopiphenylke[6-
((S)-3-methouy-pytoldinglorl Z-shepyl-pyimidine.-cabanyliARInoL BIORIARK. aradient
piperazine-l-carboxylic ‘acid ethyl ester is compound was prépared using a metto analogous to
that of Exafnipl@98BihieVh@dlal 25607 sip|tsitigéntexinediatevzhBeary et 6fsmeesit-etiyitcarbonate
replacing cpggqg ethyl methyl carbonate. LC-MS (A): tR = 1.06 n M+Hr : 871.47 BIOLOGICAL TESTS

i sga\?/ 20 Procedure Chinese Hamster Ovary (CHO) cells with recombinant

P2Y12 receptor binding as dure
expressionldfHe Himdar PV D%dEEHRr Weretultured in 24 well cell-culture plates. Cells were

washed three times with binding buffer (50 mM Tris pH 7.4, 100 mM NaC1, 1 mM EDTA, 0.5 % BSA).

The cells wege thgn;cub: Rg-ﬂ"['8-@@W&mﬁuﬂyﬂ%ﬁﬂﬂﬁ@fﬂﬁf-m@iﬁmﬁﬂmdﬂbe|ed 2-methyl-
WO 2009/069100PCT/1132008/055002 -,146 - thio-adenosine 51-diphosphate (2-methyl-S-ADP)

(between 16050 biip B0 508-aertbet WP et &S aHE o RS R TSR S R B8 pounds. After
incubation pipRfainie2 haussxerliacEbamasied three times with binding buffer. Then, cells were
solubilized hy addition of 0.5 ml solubilization buffer (SDS, N E T ch well
was then trjg%/éf%?i%%f’ 5 9ntd be S-é“‘éﬁgt%ﬁﬁ‘&g#f p) OH%W&E!:E}]&%%@%%&%@%W&? was added.
After d@lantifigatiomio fEAE AR anEbuiateddsigRA FextBrt orintitsiibh spias variilates ¢ ératiie*to maximal
possible inhibitiqn, glemeRstratrd.hypdditierighexcess otealdsmativinSARPaReswiswhtained for

the compounds offimmula | .
and evaporated off. The crude was purified by CC (solvent A: Hept, solvent B: EA, solvent C:

EA:MeOH (9:1), gradient A/B: 50 to 100%B/3CY, 100%B/5CV then gradient B/C: 0 to
100%B/10CV; followed by reverse phase, solvent A: Hy0, solvent B: MeCN, gradient: 5 to

15 95%B/15CV, 95%B/SCV) to give the title product as a white powder after freeze-drying (4
mg ; mixture of diastereoisomers).

LC-MS (A): tg = 1.07 min; [M+H]": 706.89.

Example 103: 4-[(R)-2-{[6-((S)}-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
carbonyl]—amino}-3-(2-0x0—l,4-dihydm—ZH’-Zlabenzo[(i] [1.3,2]oxazaphosphinin-2-vi)-

20  propienyl]-piperazine-1-carboxylic acid butyl ester

This compound was prepared using a method analogous to that of Example 102, 2-
aminobenzyl alcohol replacing 2-hydroxybenzyl acohol and was isolated as mixture of
diastereoisomers.

LC-MS (A) tg = 1.03/1.04 min; [M+H] : 705.97.

25 Example 104; 4-[(R)-2-{[6-((S)-3-Methoxy-pyrrelidin-1-yI)-2-phenyl-pyrimidine-4-
carbonyi}-amino}—3~(8-methyl-2-oxo-.1.,4-dihydr0—2H—2?f~



Using the procedure described above for the P2Y12 receptor binding assay, IC50 values 10 ranging
from 1.3 nM to 888 nM, with an arithmetic mean value of about 37 nM (geometric mean value of about
10 nM), were measur(ed for the example compounds corresponding to formula | SRS = R8 = OH), i.e.
the compouW(?sZB@IL:“%lﬁ?ples 1 to 47 and 56 to 74. For example, the foIIoWﬁ&%%gsﬁf?gsgg%ld be obtained
for the Example compounds of formula | (R5 = R8 = OH) using the procedure described above for the
P2Y12 receptor binding assay: Example No. 1050 at P21'12 receptor binding assay (AM) 7 3.2 1.2 5.9
16 4.521 7834133514 37 78 38 -137-

benzo{d][1,3,2]oxazaphosphinin-2-yl}-propionyl]-piperazine-1-carboxylic acid butyl

ester

This compound was prepared using a method analogous to that of Example 102, 2-
aminobenzyl alcohol replacing 2-hydroxybenzyl acohol and was isolated as mixture of
5 diastercoisomers.

LC-MS (A): tg = 1.05/1.07 min; [M+H]": 720.04,

Example 105: 4-((R)-3-[Bis-(3-0x6-1,3-dihydro-isebenzofuran-1-yloxy)-phosphoryl}-2-
{[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl}-amino}-propionyi)-

piperazine-1-carboxylic acid buty] ester

10 To a solution of intermediate 2.6 (100 mg} in anh. NMP (0.48 mL) was added TEA (0.067
mL) and the solution was stirred for 10 min at RT. Nal (29 mg) and 3-bromophtalide (344 mg}
were added. The mixture was stirred for 3h at 65°C under argon, cooled down to RT and
diluted with toluene. The org. phase was washed with water and brine, dried (Na;SO4) and
evaporated off. The crude was purified by CC (solvent A: Hept, solvent B: EA, gradient: 50 to

15 100%B/34CV, 100%B/16CV,; then reverse phase, solvent A: H0O, solvent B: MeCN,
gradient: 5 to 95%B/12CV, 95%B/2CV) to give the title product as white powder after frecze-
drving (16 mg ; mixture of diasterecisomers).

LC-MS (A): tg = 1,13 min; [M+H]": 883.02.

Example 106: 4-((R)-3-|Bis-(ethoxycarbonyl-methoxy)-phosphoryl]-2-{[6-((S)-3-
20 methoxy-pyrrolidin-1-y})-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-

piperazine-1-carboxylic acid butyl ester

This compound was prepared using a method analogous to that of Example 105, ethyl
bromoacetate replacing 3-bromophtalide.
LC-MS (A): tg = 1.08 min; [M+H]": 791.04



61 455.556 162 WO 2009/069100PCT/182008/055002 - 147 - Example No. IC50 at P2Y12 receptor
binding assay (nM) 61 7.5 63 69 67 13 714.573 3.0
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Example 187: 4-((R)-3-[Bis-({S)-1-ethoxycarbenyl-ethoxy)-phosphoryl]-2-{{6-({5)-3-
methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonyl]-amino}-proepionyl)-

piperazine-1-carboxylic acid butyl ester

This compound was prepared using a method analogous to that of Example 101, L-lactic acid
5  cthyl ester replacing 4-hydroxymethyl-5-methyl-[1,3]dioxol-2-one.
LC-MS (A): tg = 1.11 min; [M+H]": 819.33.

Exampie 108: N-[(8)-1-Ethoxycarbonyl-ethyl}]-O-phenyl-(2R)-2-{[6-((S)-3-methoxy-
pyrrelidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-butoxy-carbonyl-

piperazin-1-yl)-propyl-phosphonic acid amide:

10 108.1: 4-(R)-3-(Hydroxy-phenyioxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-ylj-2-

phenyl-pyrimidine-4-carbonyl]-aminot-propionyl)-piperazine-1-carboxylic acid butyl ester

To a solution of the compound of Example 100 (518 mg) in EtOH (0.4 mL) was added a IM-
NaOH solution (0.3 mI.) and the mixture was stirred for 18h at RT. EtOH was evaporated off
and the ag. residue was diluted with water and extracted twice with Et:O. The ag. phase was

15  acidified to pH 2 with a 1M HCI solution and extracted three times with DCM. The combined
org. phases were dried (NaxSQ4) and evaporated off. The crude was purified by CC (reverse
phase, solvent A: H,0, solvent B: MeCN, gradient: 5 to 95%B/20CV, 95%B/3CV) to give the
title product as a white powder after freeze-drying (64 mg; mixture of diastereoisomers).

LC-MS (A): te = 0.91 min; [M+H]": 695.40.

20 108.2. N-[(S)-1-Ethoxycarbonyl-ethyl]-O-phenyl-(2R)-2-{{6-((S)-3-methoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino}-3-oxo-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid amide:

This compound was prepared using a method analogous to that of Example 75, intermediate
108.1 replacing intermediate 5.4 and L-alanine cthyl ester hydrochloride (3 eq) replacing

25 glycine ethyl ester hydrochloride (6 eq) and was isolated as mixture of diastereoisomers.

LC-MS (A): tg = 1.12 min; [M+H]": 794.46.



Compounds of formula I, wherein at least one of the substituents R5 or R8 is not hydroxy are expected
to be cleaved under physiological conditions to the respective compounds of formula I, wherein R5
and R8 are both represented by hydroxy (see below). For these compounds (examples 48-55 and
75-126), thé‘&&%’ fé%escribed above for the P2Y12 receptor binding 55%{%%%86%8%% 1050 values
ranging from 2.1 nM to 4601 nM, with an arithmetic mean value of about 270 nM (geometric mean
value of about 47 nM). IC50 values of selected examples are given in the following table: Example No.
IC50 at P2Y12 receptor binding assay (nM) 48 491%6-308 78 7 87 88 rn 89 162 92 42 93 3.5

Example 109: 4-[(R)-2-{[6~((S)-3-Methoxy-pyrrolidin-1-yi)}-2-phenyl-pyrimidine-4-
carbonyl]-amino}-3-(2-0xe-21°-[1,3,2]dioxaphosphinan-2-yl)-propionyl|-piperazine-I -

carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 101, 1.3-
5 propandiol (4 eq) replacing 4-hydroxymethyl-5-methyl-[1,3]dioxol-2-one (10 eq).
LC-MS (A): ta = 1.00 min; [M+H]": 659.82.

Exampte 110: 4-[(R)-2-{[6~((5)-3-Methoxy-pyrrolidin-1-yI)-2-phenyl-pyrimidine-4-
carbonyij-amino} —3—(8-—111ethyi—Z—oxe—-ﬁIH-stnbeﬂzo{1,3 2]dioxapheosphinin-2-yl)-

propionyl}-piperazine-1-carboxylic acid butyl ester
10 110.1: 2-Hydroxy-3-methyl-benzoic acid methyl ester

To a solution of 2-hydroxy-3-methyl-benzoic acid (10 g} in anh. MeOH (80 mL) was added
dropwise H>SO4 (10.8 mL). The mixture was refluxed for 24h and partitioned between DCM
and water. The org. phase was separated, dried (NapSO4) and evaporated off. The crude was
purified by solid phase extraction to give the title product as a yeliowish liquid (9.8 g).

15 "H-NMR (CDCl): §=11.03 (s, 1 H), 7.71 (d, 1 T}, 7.34 (d, 1 F), 6.80 (dd, 1H), 3.96 (s, 3 H),
2.29 (s, 3 H).

[10.2: 2-Hydroxymethyl-6-methyl-phenol

To a solution of intermediate 110.1 (1 g) in anh. THF (5.6 mL) was added dropwise at 0°C a
2M solution of LiAlH, in THF (5.6 mL). The mixture was stirred for 2h at 0°C and quenched

20 sequentially at 0°C by adding ice-water (0.34 mL), a 1M solution of NaOH (0.34 mL) and ice-
water (1.1 mL). The suspension was stirred for 16 min, filtered over a pad of celite and the
filtrate concentrated in vacuo. The crude was purified by CC (solvent A: Hept, solvent B: EA,
gradient: 0 to 100%B/20CV, 100%B/2CV) to give the title product as a colourless oil (292
mg).

25 TH-NMR (CDCl): 8= 7.40 (s, 1 H), 7.12(d, 1 H), 6.90(d, | H), 6.79 (dd, 1 H), 4.87 (d, 2 H),
228 (s, 3 H).



95 34 WO 2009/069100PCT/1B2008/055002 - 148 - Example No. IC50 at Prin receptor binding assay
(nM) 101 3.2 103 3.1 107 153 109 208 110 2.8 1155.0 120 7.0
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110.3. 4-[(R)-2-{[6-((5)-3-Methoxy-pyrrolidin- I -yl)-2-phenyl-pyrimidine-4-carbonyl] -
amino}-3-(8-methyl-2-oxo-4H-2)"-henzof 1,3,2]dioxaphosphinin-2-yl)-propionyl]-piperazine-

1-carboxylic acid butyl ester

This compound was prepared using a method analogous to that of Example 102, intermediate
5 110.2 replacing 2-hvdroxybenzyl alcoho! and was isolated as mixture of drastereoisomers.

LC-MS (A): tp = 1.09 min; [M+H]": 721.79.

Example 111: 4-((R)-3-(8-Isopropy}-2-oxo-4H-21 -benzof1,3,2|dioxaphosphinin-2-yl)-2-
{16~({S)-3-methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonyll-amino}-propionyl}-

piperazine-1-carboxylic acid butyl ester
10 111.1: 2-Hydroxy-3-isopropyl-benzoic acid methyl ester

This compound was prepared using a method analogous to that of Example 110, step 110.1,
2-hydroxy-3-isopropyi-benzoic acid replacing 2-hydroxy-3-methyl-benzoic acid.

"H-NMR (CDClL): 8= 11.14 (s, 1 H), 7.72 (d, 1 H), 7.42 (d, 1 H), 6.87 (dd, 1H), 3.97 (s, 3 H),
3.41 (m, 1H), 1.27 (d, 6 H).

15 111.2: 2-Hydroxymethyl-6-isopropyi-phenol

This compound was prepared using a method analogous to that of Example 110, step 110.2,
intermediate 111.1 replacing intermediate 110.1.

"TH-NMR (CDCl): §=7.50 (s, | H), 7.21 (d, 1 H), 6.88 (m, 2 H), 4.89 (d, 2 ), 3.37 (m, 1 H},
1.28 (d, 6 H).

20 111.3. 4-((R)-3~(8-Isopropyl-2-oxo-4H-2 X -benzo[1,3,2]dioxaphosphinin-2-yl)-2-{[6-((S)-3-
methoxy-pvrrolidin-1-yi)- 2-phenyl-pvrimidine-4-carbonyvl] -amino}-propionyl)-piperazine- 1 -

carboxylic acid butyl ester

This compound was prepared using a method analogous to that of Exarnp.ie 102, intermediate
111.2 replacing 2-hydroxybenzyl alcohol and was isolated as mixture of diastercoisomers.

25 LC-MS (A): tr = 1.13 min; [M+H]": 749.78.



124 36 Pharmacokinetics in rats Principle In view of their structure, the compounds of formula 1,
wherein at least one of the substituents R$ or R8 is not represented by hydroxy, are expected to be
rapidly converted into the 5 corresponding acid derivatives of formula | (R5 = R8 = OH) when they are
submitted tofhyRIBRIGIEAl conditions. The following pharmacokinetic assBy$/ ¥ 47 esigned to
show this conversion. Procedure fassay.1) Rats were delivered from RCC Ltd, Biotechnology and
Animal Breeding Division, 10 Filllinsdorf, Switzerland, and used for pharmacokinetic experiments after
an acclimatization period of at least 7 days. All anipals were housed under conditions in accordance
with the NIH guidelines and as approved by the cantonal veterinary office (license no. 169). Two days

prior to an iﬂgﬂﬁﬁ%:dQ%'@;g;d%@M&%ﬂﬂS%%@qu‘?m&%%ﬁ‘e- A catheter was implanted into

the jugular vein under aseptic conditions to allow for multiple blood sampling. 15 After recovery from
general and$iedH lahrlpireanies it - Hufid b drretreranpertr isivrsd k2 ddkditfons in
Makrolon typeimhirRges-vdibouyE-mest tppepiowy btansandized saftwaonkhrutingy Wior
2009/069100PCT/IB2008/055002 - 149 - The compound of formula | (R5 and/or R8 # OH) to be tested

is administered;inirayenoysly 1o, twg.male AQQL;%l?;%SQdey weights of 200 to 220 g) as a clear solution
of 1 mg/mL in water with PEG400 (7.5%), PG (7.5%) and Cremophor-EL(r) (5%). The rats received a

dose of L <. 20 M Ater b aerous Ainealion @ bigod semple s ken iom he two S
rats, and the Concentration (‘)fpcol?respo“n?:ﬁng compound) of formula | = % = Hq?)1 Was guantified by
L C-MS-MS Resukts3obtsined forzaiconpomig i erhydtaxy-3-miidviohowimgaredults were obtained in rats

following the aqdministration &f the. ¢empgund-0fd OExample 48 pursuant to the procedure described
above: Rat Rat No. 1 Rat No. 2

112.2: (2-Amino-3-methoxy-phenyili-methanol

This compound was prepared using a method analogous to that of Example 110, step 110.2,
10 intermediate [12.1 replacing intermediate 110.1,

LC-MS (A): tg = 0.36 min; [M-+H]"; 154.16.

112.3. 4-((R)-3-(8-Methoxy-2-oxo-1,4-dihydro-2H-2)-benzo[d] [1,3.2] oxazaphosphinin-2-
vi)-2-{ [6-((S)-3-methoxy-pyrrolidin-1-vD)-2-phenyl-pyrimidine-4-carbonyl]-amino /-
propionyvl)-piperazine-1-carboxviic acid butyl ester

15  This compound was prepared using a method analogous to that of Example 102, intermediate
112.2 replacing 2-hydroxybenzyl aicohol and was isolated as mixture of diastereoisomers.

LC-MS (A): tz = 1.04/1.07 min; [M+H]": 736.41.

Example 113: 4-((R)-3-[(5-ter{-Butyi-2-oxe-{1,3}dioxol-4-yimethoxy)-hydroxy-
phosphoryl]-2-{[6~{(S)-3~-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4~carbonyl}-

20 amino}-propionvh-piperazine-i-carboxylic acid butyl ester:

This compound was prepared using 2 method analogous to that of Example 101, 4-
hydroxymethyi-3-ter-butyl-[ 1,3])dioxol-2-one (prepared as described in Tetrahedron Letters
(2002), 43, 1161-1164) replacing 4-hydroxymethyi-5-methyl-[1,3]dioxol-2-one. Only the
monoester was isolated as mixture of diastereoisomers.

25  LC-MS (A): tg = 0.98 min; [M+H]": 773.92.



Concentration of compound of Example 5 found 20 min post intravenous administration (ng/mL) 69.9
60.7 These results show that the compound of Example 48, when administered to rats, is rapidly
converted in vivo into the compound of Example 5 (the corresponding compound of formula 1 with BY
= R8= OH). W% PHs¥difie (assay The compound of formula 1 (R5 and/orPBYHE#$0R8U6@ tested is
administered orally to three male Wistar rats (body weights of 200 to 220 g) as a clear solution of 2
mg/mL in water with PEG400 (7.5%), PG (7.5%) and Cremophor-EL(r) (5%), The rats received a dose
of 5mL/kg. 5 h after the oral administration, a bloog,sample was taken sublingually under isoflurane
20anesthesia from the three rats, and the concentration of corresponding compound of formula | (R5=

R8= OH od f
200010601 ISR Hos oA e E b aAED @%ﬂﬁgﬂ%@ﬁ%ﬁgﬁww*ﬂ& g A

S were obtaine ts following the oral

administratidhophsaYegpaatidiednspainraiparitampiomenstopipgitatiesapkeraioeid Administered
compound gfiferatda 1 (RS and/or RBOH) compound of formula | (RS = R8 --- OH) measured
Concentration of measured

This compound was prepared using a method analogous te that of Exampie 101, benzyl
5 alcohol replacing 4-hvdroxymethyl-5-methyl-[ 1, 3}dioxol-2-one.
LC-MS (A): tz = 1.15 min; [M+H]": 799.22.

Example 115: 4-((R)}-3-(Acetoxymethoxy-hydroxy-phosphoryl)-2-{{6-((5)-3-methoxy-
pyrrolidin-1-yi)-2-phenyi-pyrimidine-4-carbonyij-amine}-propionyl}-piperazine-1-

carboxylic acid buiyl ester

10 113.1: 4-{(R)-3-{Benzvioxy-hyvdroxy-phosphorylj-2-{ [6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenvl-pyrimidine-4-carbonyl]-amino}-propionyl}-piperazine- I -carboxylic acid butyl ester
This compound was prepared using a method analogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4 and benzyl alcohol (3 eq) replacing glycine ethyl ester
hydrochloride (6 ¢q) and was isolated as mixture of diastereoisomers.

15 LC-MS (A): tz = 0.97 min; [M+H]": 709.45.

115.2. : 4-((R}-3-(Acetoxymethoxy-ydroxy-phosphoryl)-2-{[6-(75)-3-methoxy-pyrrolidin-I -
yl)-2uphenyl-pyrimidine-4-carbonyl]-aminoc }-propionyl)-piperazine- I-carboxylic acid butyl

ester

This compound was prepared using a method analogous to that of Example 52, bromomethyt
20 acetate replacing I-chioroethyl pivalate, intermediate 115.1 replacing intermediate 2.6 and the
mixture was stirred on at 45°C and was isolated as mixture of diastercoisomers.

LC-MS (A): tz = 0.89 min; [M+H]": 691.19

Example 116: 4-((8)-3-[Bis-{acetoxy-methoxy)-phosphoryll-2-{[6-((5)-3-methoxy-
pyrrolidin-f-vi)-2-phenyl-pyrimidine-4-carbonyi]-amino}-propionyl)-piperazine-1-

25  carboxylic acid ethyl ester



compound found 5h post oral administration to rat (ng/mE) Example 48 Example 5 12 Example 78
Example 2 351 Example 88 Example 2 53 Example 93 Example 2 322 Example 101 Example 2 29

Example 109 Example 2 6 Example 122
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This compound was prepared using a method analogous to that of Example 52, intermediate
3.6 replacing intermediate 2.6 and bromomethy] acetate replacing 1-chloroethyl pivalate.
LC-MS (A): tg = 0.99 min; [M+H]": 735.62

Example 117:  4-((5)-3-| Bis-(butyryloxy-methoxy)-phosphoryl}-2-{[6-((S)-3-methoxy-
5 pyrrolidin-i-yi)-2-phenyl-pyrimidine-4-carbonyl]-amino}-proepionyl)-piperazine-1-

carboxylic acid ethyl ester

This compound was prepared using a method analogous to that of Example 52, intermediate
3.6 replacing intermediate 2.6 and chloromethyl butyrate replacing 1-chloroethyl pivalate.
LC-MS (A): tg = 1.10 min; [M+H]": 791.64

10 Example 118: N,N’-Bis-((S)-1-ethoxycarbonylethyl)-2-{(5)-[6-((5)-3-methoxy-pyrrolidin-
1-yD)-2-phenyl-pyrimidine-4-carbonyl}-amino}-3-0x0-3-{4-ethoxy-carbonyl-piperazin-1-
vl}-propyl-phosphonic acid diamide;

This compound was prepared using a method analogous to that of Example 75, intermediate

3.6 replacing intermediate 5.4 and L-alanine ethy! ester hydrochloride replacing glycine ethyl
15 ester hydrochloride.

LC-MS (A): tg = 1.02 min; [M+H]": 789.84.

fxample 119:  4-((S)-3-[Bis-(ethoxycarbonyloxy-methoxy)-phosphorylj-2-{{6-((S}-3-
methoxy-pyrrolidin-1-yi)-2-phenyl-pyrimidine-4-carbonyli-amino}-propienyl)-
piperazine-1-carboxylic acid ethy! ester

20 This compound was prepared using a method analogous to that of Example 93, intermediate
3.6 replacing intermediate 2.6 and chloromethyl cthyl carbonate replacing methyl
chloromethyl carbonate.
LC-MS (A): fz = 1.06 min; [M+H]": 795.68.

Example 120: 4-((R)-3-[Bis-(acetoxy-methoxy)-phosphoryi]-2-{[6-((5)-3-methoxy-
25 pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonylj-amino}-propionyl)-piperazine-1I-

carboxylic acid ethyl ester



Example 1 24  These results show that the tested compounds, when administered to rats, are
converted in vivo 5 into the corresponding compounds of formula 1 with R5 = R8 - OH. Light
transmission platelet aggregation assay Procedure Preparation ofplatelet-rich plasma (PRP) 10 After
obtaining inf8Eh38d8@8ent, blood was obtained by vein puncture from h&&FHRA8HTEEES using a
thrombin inhibitor as the anticoagulant. Platelet-rich plasma (PRP) was removed after centrifugation at
20C for 10 minutes at 200 g and allowed to equilibrate at 37C. Part of the blood was centrifuged for 10
minutes at 5000 g to yield platelet poor plasma (PPP). 15 ADP induced platelet aggregation Light
transmission platelet aggregation was carried out according to the method of Born & Cross (G.V.R.

Born and ng%%ﬁf%%%%&é%ﬁ% Q}g)ngl? %\e:h?o%- ;cl!gg)) éﬁlg goathgp?(? @I IWQ intermediate

2(109/069100PCT/1B2C . umiaggregometer with stirring (1000 rpm) at 3/C. PRP was
placed into tH8 Grlyens iaiwamsibvied deuheimrametay 3reafe repecRhLirddomy ai Rt phlise, the ADP

concentratiptagive: eptimabexdentefiggaregation was determined for the PRP of each donor. In a
second phase, PRP was incubated with inhibitors for 2 minutes at 37C prior to the addition of the

agonist 5 ADP at 1-5 1.11'4 final concentration. The change in light transmission, indicative of ongoing

aggregatiok:s@ae nbHitoretRlFmBis thttrelex e thepnrpiiqsrierdt s fief Rt mgsersiculated
relativesto light-aRaarbance-gh AR (ko a0aias3n chiRif dwhagaiegpiRRr amparative test

results  The foll ,vving reéghts have been obtained using the light transmission platelet aggregation
10assay aSHRRNB A% U Sgﬁ{pound falling within the general formula | of WO 2006/114774] 1050

(nM) compound of formula | _ _ )
This compound was prepared using a method analogous to that of Example 52, intermediate

1.106 replacing intermediate 2.6 and chloromethyl butyrate replacing 1-chloroethyl pivalate.
LC-MS (A): tg = 1.10 min; [M+H] : 791.59

10 Example 122: N,N’-Bis-((S5)-1-ethoxycarbonylethyl)-2-{(R)-[6-((S)-3-methoxy-
pvrrolidin-1-vl)-2-phenyi-pyrimidine-4-carbonyvl]-amino}-3-oxe-3-(4-ethoxy-carbonyl-
piperazin-1-vi)-propyvi-phosphonic acid diamide:

This compound was prepared using a method analogous fo that of Example 75, intermediate

.10 replacing intermediate 5.4 and L-alanine ethyl ester hydrochloride replacing glycine ethyl
15 ester hydrochloride.

LC-MS (AY: tg = 1.01 min; [M+H]":.789.92

Example 123: 4-((R)-3-[Bis-(ethoxycarbonylexy-methoxy)-phosphoryl]-2-{]6-((S}-3-
methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl}-amino}-propionyl)-
piperazine-1-carboxylic acid ethyl ester

20 This compound was prepared using a method analogous to that of Example 93, intermediate
1.10 replacing intermediate 2.6 and chloromethyl ethyl carbonate replacing chloromethyl

methyl carbonate.

LC-MS (A): tr = 1.06 min; [M+H]":.795.68

Example 124: 4-((S)-3-[4-(Bis-(butyryloxy-methoxy)-phosphoryl)-phenyl}-2-{[6-((8)-3-
25 methoxy-pyrrolidin-1-yl}-2-phenyl-pyrimidine-4-carbonyll-amino}-propionyl)-

piperazine-I-carboxylic acid ethyl ester



(Example N) ICso (nM) ----j%N ...",,---.,.....0yN 0 HOO 11 N----LN ,sc)- 0 ICIN O -,..."----,...".0yNO OHO
HO'-ci (example 5) 1 () N 0-"it-N O

WO 2009/069100 PCT/IB2408/055602
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This compound was prepared using & method analogous to that of Example 52, intermediate
59.7 replacing intermediate 2.6 and chloromethy! butyrate replacing 1-chloroethyl pivalate.
LC-MS (A): tg = 1.14 min; [M+HI": 867.40

Example 125: NN -Bis-((8)-1-ethoxvcarbonyletiry)-4-[2-{(5)-[6-((S)-3-methoxy-
5  pyrrolidip-1-yD)-2-pheryl-pyrimidine-4-carbonyl}-amino}-3-0xo-3-(d-ethoxy-carbonyl-
piperazin-1-yl)-propylj-phenvi-phosphonic acid diamide:
This compound was prepared using a method analogous to that of Example 75, intermediate
59.7 replacing intermediate 5.4 and L-alanine ethyl ester hydrochloride replacing glyeine ethyl
ester hvdrochloride.
10 LC-MS (A): ty = 1.04 min; [M+H]":.865.36

Example 126: 4-((S5)-3-[4~(Bis-(ethoxycarbonyioxy-methoxy)-phosphoryl)-phenyl}-2-{|6-

((8)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyi)-

piperazine-i-carboxylic acid ethyvi ester

This compound was prepared using a method analogous to that of Example 93, intermediate
15 59.7 replacing intermediate 2.6 and chloromethyl ethyl carbonate replacing chioromethyl

methyl carbonate.

LC-MS (A} tg = 1.06 min; [M+H]"; §71.47

BIOLOGICAL TESTS

P2Y; receptor binding assay

20 Procedure

Chinese Hamster Ovary (CHO) cells with recombinant expression of the human P2Yy,
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, | mM EDTA, 0.5 % BSA). The cells

were then incubated with 0.5 m! per well binding buffer containing tritium-labeled 2-methyl-



HOO (formate salt) 37 () N 0.---LN OyN HO IcCNSI 0..TO.. HO. .."0 (example 4) 21 WO
2009/069100PCT/1B2008/055002 - 152 - OyN 0 HO HN 4,P-- 0

10

WO 2009/4069100 PCT/IB2608/055002

- 146 -

thio-adenosine 5'-diphosphate (2-methyl-S-ADP) (between 1007000 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 solubitized by addition of (.5
ml solubilization buffer (SDS, NaOH, EDTA). The content of each well was then transferred
into beta-counter vials and 2.0 mi of Ultima Gold Scintillation liguid was added. After
quantification of the cell-associated signal, extent of inhibition was calculated relative to

maximal possibic inhibition demoastrated by addition of excess of cold 2-methyl-S-ADP.

Using the procedure described above for the P2Y5, receptor binding assay, ICs values
ranging from 1.3 nM to 888 nM, with an arithmetic mean value of about 37 nM (geometric
mean value of about 10 nM), were measured for the example compounds corresponding to

formula I (R’ = R% = OH), i.c. the compounds of Examples 1 to 47 and 56 to 74.

For example, the following results could be obtained for the Example compounds of formula I

(R* = R® = OH) using the procedure described above for the P2Yy; receptor binding assay:

Example No. | ICs at P2Y; receptor binding assay (nM)
7 32
12 5.9
16 4.5
21 78
34 13
35 14
37 78
38 61
45 5.5
56 162




NOO910ONIOANH1IrNOOyYNOOP, HO-*-0 (example 2) 8".....,.0,1rNOHNO *

WO 200%/669100 PCT/IB2608/655602
- 147 -
Example No. | 1Cs at P2Y); receptor binding assay (nM)
61 7.5
63 69
67 13
71 4.5
73 3.0

Compounds of formula 1. wherein at least one of the substituents R® or R® is not hydroxy are

cxpected to be cleaved under physiological conditions to the respective compounds of formula
I, wherein R® and R® are both represented by hydroxy (see below). For these compounds
{examples 48-35 and 75-126), the procedure described above for the P2Yy; receptor binding
assay restlted in 1Csy values ranging from 2.1 nM to 4601 oM, with an arithmetic mean value
of about 270 nM (geometric mean value of about 47 nM). ICsy values of selected examples are

given in the following table:

Example No. | ICs at P2Y);; receptor binding assay (nM)

48 49
75 308
78 7

87 : 11

88 22
89 162
92 42
93 3.5
95 34




0.0-ONANOOH?226 p-)NOHANNN ...,,,OyN 011 OH/PH-04'0

10

15

WO 2009/069100 PCT/IB2608/055062
- 148 -
Example No. | 1Cs at P2Y1; receptor binding assay (alM)
101 3.2
103 3.1
107 153
109 208
110 2.8
118 5.0
120 7.0
124 36

In view of their structure, the compounds of formula 1, wherein at least one of the substitucnts

R® or R® is not represented by hydroxy, are expected to be rapidly converted into the
corresponding acid derivatives of formula 1 (R* = R® = OH) when they are submitted to
physiological conditions, The following pharmacokinetic assays in rats are designed to show

this conversion.
Procedure {assay 1)

Rats were delivered from RCC Ltd, Biotechnology and Animal Breeding Division,
Filllinsdorf, Switzerland, and used for pharmacokinetic experiments after an acclimatization
period of at least 7 days. All animals were housed under conditions in accordance with the
NIH guidelines and as approved by the cantonal veterinary office (license ne. 169). Two days
prior to an intravenous dosing, rats were anesthetized with isoflurane. A catheter was
implanted into the jugular vein under aseptic conditions to allow for multiple blood sampling.
After recovery from general anesthesia, animals were housed individually under standard
laboratory conditions in Makrolon type-3 cages with wire mesh tops and standardized
softwood bedding.



(example 59) 4 0 O AH HOO0,..0- 0 N AN 138 ) N AN 1Nyc HO,P, HO' '0 (example 1.) 10 WO
2009/069100PCT/1132008/055002 - 153 - Claims: 1. A compound of formula |

WO 2049/662100 PCT/IB2008/055002
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The compound of formula T (R* and/or R® # OH) to be tested is administered intravenously to
two male Wistar rats (body weights of 200 to 220 g) as a clear solution of 1 mg/mL in water
with PEG400 (7.5%), PG (7.5%) and Cremophor-EL® (5%). The rats received a dose of 1
mg/kg. 20 min after the intravenous administration, a blood sample was taken from the two
5 rats, and the concentration of corresponding compound of formuila 1 (R’ = R® = OH) was

quantified by LC-MS-MS.

The following results were obtained in rats following the administration of the compound of

10 Example 48 pursuant to the procedure described above:

Rat Rat No. 1 Rat No. 2

Concentration of compound of Example 5
found 20 min post intravenouns administration 69.9 60.7
(ng/mL)

These results show that the compound of Example 48, when administered fo rats, is rapidly

converted in vive into the compound of Example 5 (the corresponding compound of formulal
with R® = R® = OH).

15 Procedure {assay 2}

The compound of formula | (R® and/or R® # OH) to be tested is administered orally to three
male Wistar rats (body weights of 200 to 220 g) as a clear solution of 2 mg/mL in water with
PEG400 (7.5%), PG (7.5%) and Cremophor—EL® (5%). The rats received a dose of Sml/kg. 5
h affer the oral administration, a blood sample was taken sublingually under isoflurane

20  anesthesia from the three rats, and the concentration of corresponding compound of formula I

(R®= R® = OH) was quantified by LC-MS-MS.



formula I 5 wherein RI represents phenyl, wherein the phenyl is unsubstituted or substituted | to 3
times (preferably unsubstituted or substituted once or twice, more preferably unsubstituted or
substituted once and most preferably unsubstituted) by substituents each independently selected from
the group cEHE&YB  Halogen, methyl, methoxy, trifluoromethyl and 10?&“&%}% ks w
represents a bond, and R2 represents alkyl, hydroxyallcyl, alkoxyalkyl, cycloallcyl, aryl or heteroaryl; or
W represents -0- and R2 represents alkyl, cycloalkyl, hydroxyalkyl or heterocyclyk or WO
2009/069100PCTA82008/055002 -154 - W represgiits -NR3-, R2 represents alkyl,
alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl, aLkoxyalkyl, heterocyclyl, cycloalkyl, awl or aralkyl
and 122 represgnts/morodanwiralkivhinsdih reRresentmiNRSsrandiRdiand Rd.fond, tegethar with the

nitrogen that carries them, a heterocyclic ring of 4 to, 7 members wherein the members needed to
complete sEHEBHESFIETRRL il Ara%S4e AAEHSIRRAYS selected from -CI2-, -CHRx-, -0-, -S-, -CO-
and -NRY, i}x%%in un ecrosi%o%gng%\?le\ er (’gpn%tosiai teroeyplic ringaoesmoticontaimsmate than one
member se, ected gﬁ,@@é‘?ﬁﬂg 69;?5%&519 lgf-ﬁ X3l oS-, -OOpand INRY Shreptesenting

' alkoxymethy| or alkoxy and RY represendingusyaionén e @Kyl 0or W

hydroxy, hydroxymethyl,
represents -NR3- aggh Rdangd R3 form, togethanwiiik the nitrogen that carriegthem, an imidazolyl,
pyrazolyl, 1;2;3-triazetyl-or-1;2:4=trtazatyring;-whichring-may-be-substituted-by-an-atkytgroup
(especially by a meth§Fgtoup); Rs representsﬁ?fy?mﬁﬁén or methyl; Rb repre%?—:lnts hydrogen pr methyl,
15R4 repriesents alkox N g%presents 0,1, 2ar 3 Vrepresents a bond, and,ggl represents 0j or n
sample xarhple Z 5

represents 0 or 1, t&presents phenyl. and m répresénts 0: ar n represents [, V represents phenyl,
and m represents ki B3 and-R8 are identical gnd fepresent each hydroxy, upsubstituted phenyloxy,
unsubstituted ' :

Example 101 Example 2 29
Example 109 Exampie 2 6
Example 122 Example 1 24

These results show that the tested compounds, when administered to rats, are converted in vivo

5 into the corresponding compounds of formula I with R” = R® = OH.

Light transmission piatelet aggregation assay
Procedure

Preparation of platelet-rich plasma (PRP)

10 After obtaining informed consent, blood was obtained by vein puncture from healthy
volunteers using a thrombin inhibitor as the anticoagulant. Platelet-rich plasma (PRP) was
removed after centrifugation at 20°C for 10 minutes at 200 g and allowed to equilibrate at
37°C. Part of the blood was centrifuged for 10 minutes at 5000 g to yield platelet poor plasma
(PPP).

15 ADPinduced platelet aggregation
Light transmission platelet aggregation was carried out according to the method of Born &
Cross (G.V.R. Born and M.J. Cross, J. Physiol. (1963), 168, 178-195) using a Chronolog



20 benzyloxy, a group -0-(CHR6)-0-C(=0)-127, a group -0-(CHR6)-0-C(=0)-0-R7, a group -
0-(CHR6)-Ce=0)-0-R9, a group -NH-(CHR1)-C(=0)-0-R9 or a group -NH-C(CH3)2-C(=0)- 0-R9; or R5
represents hydroxy or unsubstituted phenyloxy, and R8 represents a group -0-(CH2)-0- or a group
-NH-CH(C1¥8 B2 R9; or P(0)R5R8 represents a group selected fl%&/fﬁ 981wty structures
WO 2009/069100PCT/IB2008/055002 5wherein the arrow marks the point of attachment to the
remaining part of compounds of formula I; q represents 1 or 2; R6 represents hydrogen or
(C1-C3)alkyl; R7 represents (C1-C4)alkyl or unsubpstituted (C3-C6)cycloalkyl; 10R9 represents
(C1-C4)alicyl; RI represents hydrogen, (C1-C4)alkyl, unsubstituted phenyl or unsubstituted benzyl,

R13 represgnts hydiggen, (Graalkiondab Gaa'kesyrer paharmagsutically accerialiesalt of such a
compound. 2. A'compound of formula I according to claim 1, wherein V represents a bond
allowed to equilibrate at 37°C for two minutes. In a first phase, the ADP concentration to give

optimal extent of aggregation was determined for the PRP of cach donor. In a second phase,
PRP was incubated with inhibitors for 2 minutes at 37°C prior to the addition of the agonist
5  ADP at 1-5 uM final concentration. The change in light transmission, indicative of ongoing
aggregation, was monitored during 5 minutes. The extent of platelet aggregation was

calculated relative to light absorbance of PRP (not aggregated) and PPP (full aggregation).

The following results have been obtained using the light transmission platelet aggregation

10 assay as described above:

compound falling within the general | ICs compound of formula I ICsy
formula T of WO 2006/114774] (nM) (Example N7 (nM)

R )
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o 3 N oy l SN
sacsacHE sausachE
O \/O
~ g T HOL)
© HO™ =0 HO™ =0

{formate salt) (example 4)




WO 2009/069100PCT/182008/055002 - 156 - or a pharmaceutically acceptable sail of such a
compound. 3. A compound of formula | according to claim 1, wherein V represents phenyl; or a

pharmaceutically acceptable salt of such a compound.

4. A compound of formula | according to

claim 1, whet@A"HEHY represents a bond, then m 5represents 0 and rF FREEHEEN or 3; or a
pharmaceutically acceptable salt of such a compound. 5. A compound of formula | according to any
one of claims 1 to 4, wherein R1 represents unsubstituted phenyl; or a pharmaceutically acceptable
salt of such a compound. 10 6. A compound of farpgula | according to any one of claims 1 to 5, wherein
W represents a bond; or a pharmaceutically acceptable salt of such a compound. 7. A compound of

formula | according T0 any one of claims 10

acceptable salt of such a compound. 15 8. A
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10. A compound of formula | according to any one of claims 1 to 9, wherein R5 and R8 are 5identical
and represent hydroxy or a pharmaceutically acceptable salt of such a compound. 11. A compound
of formula I%] ﬁ; clalm 1, which is selected from the group con&?@grggmsﬁffs%) -2-{
[64(S)-3-methoxy- pyrro idin-l-y1)-2-phenyl-pyrimidine-4-carbonyll-amino
103-phosphono-propionyl)-piperazine-1 -carboxylic acid ethyl ester; 4-((R)-2- {
[64(S)-3-methoxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-4-carbonyll-amino -
3-phosphono-propionyl)-piperazine-l-carboxylic acigl-butyl ester;
44(S)-2-1[64(8)-3-methoxy-pyrrolidin-l-y1)-2-phcnyl-pyrimidine-4-carbonylkaminot -
3-phosphono-propionye-piperazine-I-carboxylic acid ethyl ester; 154-((S)-2- {
[6-((S)-3-methoxy-pyrrolidin-1 -y1)-2-phenyl-pyrfitié-4-carbonyl]-amino -
4-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester; 4-((S-2- {{6-((5)-3-methoxy-pyrrolidin- |
-y1)-2-phenyl-pyrimi dine-4-carbonyThaminol4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl
ester; 4-((S)-2- {{6-((5)-3-methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonylkamino} -
203-phosphono-propionyl)-piperazine-l-carboxylic acid butyl ester;
{(S)-2-[(2-phenyl1-6-pyrazol-I-yl-pyrimidine-4-carbonyl)-amino]-4-phosphono-bu ryl} -
piperazine-kcarbmydieacickbuiilaster;
44(S)-2-1[644-methyl-pyrazol-1-y1)-2-phenyl-pyrimidine-4-carbonyl]- a no}
-4-phosphonobutyryl)-piperazine- 1 -carboxylic acid butyl ester;
254-[(S)-2-({2-pheny1-6-[(S)-(tetrahydro-furan-3-ypoxyj-pyrimid ne- 4Wonyll -amino)-
4-phosphono-butyryll-piperazine-I-carboxylic acid butyl ester; 4-
{(S)-2-[(2-phenyl1-6-pyrrolidin-l-yl-pyrimidine-4-carbony1)-amino]-4-phppsphono-butyryll -
piperazine-I-carboxylic acid butyl ester; WO 2009/0691OOPCT/11 r515002 - 158- 4- {

(S)-2-[(6-isopropylamino-2-phenyl-pyrimi
% lic acid lbutyl ester, 4-
heﬁL@aoébutytyll - piperazine-1

dine-4-carbonyl)-amino]-4-phosphiono- butyryl |pera2|
{(S)-2-[(6-motpholin-4-y1-2-phenyl-Ryr

-carboxylic acid butyl ester;
R" ,J (CHz)n O
\],r \\/\ "\l/
0 (CHy)y R®
~P

formula I

5  wherein
R! represents phenvl, wherein the phenyl is unsubstituted or substituted 1 to 3 times
(preferably unsubstituted or substituted once or twice, more preferably unsubstituted or
substituted once and most preferably unsubstituted) by substituents each independently
selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
10 trifluoromethoxy;
W represents a bond, and R” represents alkyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, aryt or
heteroaryl; or

W represents -O- and R* represents alkyl, cycloalkyl, bydroxyalkyl or heterocycelyl; or



54-((5)-2- [644-methyl-piperazin-I-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino -
4-phosphono-butyryl)-piperazine-1 -carboxylic acid butyl ester; 4- { ,

(R)-2-[(6-methylamino- -phenyl-pyrimidinc-4-carbony1)-amino}-3-phosppeg%%gg}}ggtyd}- piperazine-1
-carboxylic‘ggg%%&&gééer; 4- {(R)-2-[(6-dimethylamino-2-phenyl
-pyrimidine-4-carbonyl)-arnino]-3-phosphonol0propionyl}-piperazine-1-carboxylic acid butyl ester; 4-
{(R)-2-[(6-ethylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-propionyll - piperazine-1
-carboxylic acid butyl ester; 4- -154-
{(R)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphonopropionyl} -piperazine-
1 -carboxyh¢ agictdantyl-egtér; A5Ap(ByeRts alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyaikyl,
1[244-fluorg;pheny1)-64(5)-3-met XTI idin-L-y-pyrimidine-4-carRomiE-ATHA8 vt or
-4-phosphc%—@’%?]ﬂ%%fggg@hg%qcé%;o%’ﬁc aéid gﬁtyl (—;'ster;srffé}(S)-ZSJ Ee _ ;o
{[64(5)-3-nWthieyspyirrofthn:1ap0- B persiyR peamidinecdiseartt yheatfingep - that carries them, a
4-phosphop@ziiityrnd ) ipesazings 17 Catamertic vsiebutipe st@fibers 4ntAk?-to complete said
{[242-fluoro-pheny1)-64(S)-3-methoxy-pyrrolidin-1-y1)-pyrimid, e-4- nyl]- 20amino}

e phoSah RSO e Do LR e SR B B ey o 20 2o e lang
{{243-fluorerptieny by (hjSsmethoxpspy il dind heldrpyrithiding dboarttorpplpiamire than one
-4-phosphono-butyryl :pipgrazing: 1:catbuylic Acld JUBNESEErd: s, _CO- and -NRY-, R*
{(R)-2-[(6-n%1§fﬁ%§<ry-%f|co tE(Jah)ﬁ?pyr?ir%iégine-%?-caﬂoony )-amino]-3’-pho’sphéno-proé?qnyl%- T
piperazine-ﬂeemﬁ?ﬁ@ﬂ@'@bbﬁiﬁ%ﬁéﬁ?@h-ﬁkmymemﬂ or alkoxy and RY representing hydrogen
{(R)-2-[(6-rge -2-phenyl-pyrimidine-4-carbony1)-amino]-3-phosphono-propionyl} -

piperazine-l-carboxylic acid hutyl ester; é% -2-[(6-cyclopro _aminoy—Z I )
-phen}gﬁ-pyﬁFn%iheé’-rﬁﬁ’étﬁbﬂﬂ}ﬁ)?ﬁﬁiﬁo‘?é- %‘)% (gtﬁg R E)i‘gﬁ)]%flfb%ter? Eflntehdf-cggrigso%/ ic 4Cid butyl
ester;  4irf{R)=an{2pphesiyl:6-pliemylainine-pyrirtidinegd wagbehigh-atginoiv3phospitsedhsropionyl} -

30piperazine-1- xylic acid buty| ester; WQ,20091069100PCI71132008/055002 - 159 - 4-
{(R)-2-[(6-baé1nazy]%gar$:%1%c?-}gg-%§eny -p%midingé-ﬁ-cé}f?bonyl)-a nol-3-phosphono-propionyl} -

piperazine-Rcxmsesspie adiagsutst wstbyl;
4-[(R)-2-({2Rprg§§y§e1§5[ﬁ§?ar&g@;{@hmmy{yran-3-yDaminoI-pyrimid ne-4-carbonyl} -amino)-
3-phoisg)horﬁq-%gggnqglﬁggﬁrazin 0-1 -carboxylic acid butyl ester;
n represents 0, 1, 2 or 3, V represents a bond, and m represents 0; or
n represents § or 1, V represents phenyl, and m represents 0; or
n represents 1, V represents phenyl, and m represents 1,
R> and R are identical and represent each hydroxy, unsubstituted phenyioxy, unsubstituted
20 benzyloxy, a group —O-(CHR®)-0-C(=0)-R, a group ~O-(CHR®)-0-C(=0)-0-R’, a group -
O~(CHRH-C(=0)-0-R®, a group -NH~(CHR'*)-C(=0)-0-R” or a group ~NH-C(CHy),-C(=0)-
O-R%; or
R® represents hydroxy or unsubstituted phenyloxy, and R? represents a group —O-(CH,)-0-
C(=0)-R’ or a group -NH-CH(CH,)-C(=0)-0-R’; or

25 P(O)RSR8 represents a group selected from the following structures



44(R)-2- {[6-(3-hydroxy-pyrrolidin- 1 -y1)-2-phenyl-pyrimidine-4-carbonyli-amino ) -
3-phosphono-propionyl)-piperazine-1 -carboxylic acid butyl ester; 4-[(R)-2- (

{6-[(2-methgx I thyl-amino]-2-phenyl-pyrimidine-4-carbonyll -a

3- phosphor%gp%%%%};ﬁgplperamne 1 -carboxylic acid butyl ester; 4- ((R)ngE TB2008/055002
[6-(2-ethoxycarbonyl-ethylamino)-2-phenyl-pyrimidine-4-carbonyl]-amino -
103-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
44(R)-2-1[6-(2-carboxy-ethylamino)-2-phenyl-pyrimitine-4-carbonylkamino
-3-phosphonopropionyl)-piperazine- 1 -carboxylic acid butyl ester; 4-
{(R)-2-[(2,6-diphenyl-pyrimidine-4- cartk\ﬁy Y?amino]-3-phosphopo-pr@pionyll -PiPeraz nel -carboxylic
acid butyl ester; 154- {(R)- -[(2-phenyl iophen-3-yl- pyrlmldlgn*& carbony0-amino]-3-phosPhono-
propionyll -piperazin boxyllc acMutyLester /P\

44(R)-2-1[6-(4- meth% henyl) -2-p enyl p)/ﬁmldlne 4-carbonyli ing

-3- phosphonopropl ‘ '

{(R)-2-[(6-cycloprop
20piperazine-1 Carw

{2-pheny1-6-[(S)-(tetrahydro-furan-3-y[’)oxy]pyrimidine-4-carbonyl| -amino)-

3-phosphono 9ropionyl] -pipe zirf 1 -carboxylic adid butyl ester; 254¢{(R)-2- r®
{[64(S)-3-methpxy-pyrrolidin-I-y4)+#Z-phenyl-pyrimidine-4- carbonyﬂ!%\ ol -
3-phosphono- iony4): -me,th;‘/:FpJpe he:l - oxylic acid e/hyF ter;

{[6-((S)-3-methoxy-pyrrol idir2l- -y1)-2- ;S)nenyl -pytimidin Cfl-carbd)‘i@lkamln@
4-phosphond-butyryl)-piperazine- 1 -carboxyliciacid ethyl ester;  44(R)-2-

[64(5)-3-methgxy=pyrrolidin-I-y1)-2-phenyl- yrlrﬁ 4-carbonyll -amino } - O
304-phosphgho-butyryl)-piperazine-1 -carboxylic acishbutyl ester; WO
2009/069100PCT/1B2008/055002 - 160 - 4-((R)-2- © O
[6-((/S,28)-2-methoxymethyl-cyclopropyl)-2-phenyl-pyrimidine-4-carbonyl]- amino}
-3-phosphono-propionyl)-piperazie-1-carboxylic acid butyl ester; 4«((R)-2- {[6-((/
5,2S)-2-hydroxymethyl-cyclopropyQ)-2-phenyl-pyrimidine-4-carbonyfl-

5  wherein the arrow marks the point of attachment to the remaining part of compounds of

formula I;
g represents 1 or 2;
R® represents hydrogen or (C;-Csalkyl;
R’ represents (C1-Calalkyl or unsubstituted (C3-Ce)cycloalkyl;

10 R represents (C,-Cy)alkyl;
R represents hydrogen, (C;-Cy)alkyl, unsubstituted phenyl or unsubstituted benzyl;
R represents hydrogen, (C1-Caalkyl or (C1-Cq)alkoxy;

or a pharmaceutically acceptable salt of such a compound.

2. A compound of formula I according to claim 1, wherein V represents a bond



amino} -3-phosphono-propionyl)-piperazine-I-carboxylic acid butyl ester; 54-((R)-2-
1[6-(2-hydroxy-ethylamino)-2-phenyl-pyrimidine-4-carbonyll-amino} -3-phosphono-

propionyl)-,@ig%gﬁl%g]-&dcarboxylic acid butyl ester; 44(R)-2- PCT/IB2008/055002
f[6-(2-hydroxymethyl-piperidin-1-y1)-2-phenyl-pyrimidine-4-carbonylka no } -

3-phosphono-propionyl)-piperazine-1 -carboxylic acid butyl ester; 44(R)-2- {
[6-(3-methoxy-propy1)-2-phenyl-pyrimidine-4-carbonylkamino} -3-phosphono-
10propionypyiperazine-l-carboxylic acid butyl estéfs44(R)-2-
1[6-(3-hydroxy-buty1)-2-phenyl-pyrimidine-4-carbonylkaminol
-3-phosphenephapienydjepiperazimebl-caf bd xytic acichbutytiester; 44(S)-2-
{[64(S)-3-methoxy-pyrrolidin-I-y1)-2-(3-trifluoromethyl-phenyl)-pyrimid ne4-carbonylpamino
-4-ph(0$5 ph(ﬁg‘@; Mﬁ@d%ﬁ%&% deeaipxadielasid buk-esteTiepresents phenyl;
1544(5)-4-[bis-(2,2-dimethy1-propiopyloxymethoxy)-phosphoryl1-2- { [64(S)-3-methoxy-
pyrrolidin-13f ) %‘F}%ﬁ‘ﬂ?‘ﬁm&‘i#&ﬁ%ﬁ%é} V aa“%lz)ﬁ%n ?lfé)é?tyryl)-piperazine-l-carboxylic acid butyl
ester; 44(5)-4-(bis-isobutyryloxymethoxy-phosphoryl)-2- {[64(S)-3-methoxy-pyrrolidin-I-y1)-
2-phenyl-pdrifniginecaodahimprarhisedraytyayipipe e BRBokyRRIER Drbirestas 5b4-((S)-4-
{biS-[%2-?&9@%‘4&&%prﬁiﬁﬂ@%ﬁ&g&)@tb%ybph?sphoryll}62- {{6-)((5)-3-meth0|xy- - oxvic acid butv
pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbo minol -butyryl)-piperazine-I-carboxylic acid buty
ester; 4-(( gf{ ?&q@%&%ﬁfgﬁ?‘f— 13815 %angl?gglﬁ{fﬁeatﬁ%???%%(‘)sphoryl]-2-
{[6-((S)-3-methoxypyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonylkaminol L
-propionylﬁ-p‘?ﬂp@r@m érﬁ’@@ﬂl% IZ%@F@‘B&W’I ety -C(fF@}@ ny 1 to 4, wherein R’ represents
bis-[1-(2,2-glimethwlpr eRionyloxy)-ethoxy]-phosphoryll -2-
{[64(S)-3-methoxypyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino
}-propiony - BEFgARRHC &r%@@fﬁg ‘“fc?é%‘lffﬁ%c s?é;ﬁmpoun%'
4-((R)-3-[bis-(1-isobutyryloxy-ethoxy)-phosphory11-2- { [64(S)-3-methoxy-pyrrolidin-I-y1)-2-
30pheyl-primiainecdsdabEyifeaninecP LlRspio AV Rpipe 4AHes 1-carb FEAE A BotFiaster;
bhond;

or 2 pharmaceutically acceptable salt of such a compound.

7. A compound of formula I according to any one of claims 1 to 5, wherein W represents -O-;

or a pharmaceutically acceptable sait of such a compound.

15 8. A compound of formuta T according to any one of claims 1 to 5, wherein W represents
~NR’., R? represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalky!, alkoxyalkyl,
heterocyelyl, cycloalkyl, phenyl or phenylalikyl 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

20  heterocyclic ring are each independently selected from —CHs-, ~CHR™, -O- 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- and -NR’-, R” representing hydroxy,
hydroxymethyl, alkoxymethyl or alkoxy and R’ representing alkyl or wherein W represents
~NR’. and R? and R’ form, together with the nitrogen that carries them, & pyrazolyl ring which

25  may be unsubstituted or monosubstituted by an alkyl group;

or a pharmaceutically acceptable salt of such a compound.



WO 2009/069100PCTRB2008/055002 -161 - 44(R)-3-[bis-(I-propionyloxy-ethoxy)-phosphory1]-2- {
[64(S)-3-methoxy-pyrrolidin-l-y1)- 2-phenyl-pyrimidine-4-carbonylkaminol -propionyl)-piperazine- 1
-carboxylic agj ter; 4-((R)-3-(bis-isobutyryloxymethoxy-phosphogyl)-2; <
f[64(8)-3-met§gg%g}§€/??§?idin-l-yl)- 2-phenyl-pyrimidine-4-carbonylkamin%é?gg?glg?eo%iperazine- 1
-carboxylic acid butyl ester; 54-(2- { [6-((5)-3-methoxy-pyrrolidin- |
-y1)-2-phenyl-pyrimidine-4-carbonyThamino}- 2-phosphono-acetyl)-piperazine-1-carboxylic acid butyl
ester; or a pharmaceutically acceptable salt of su¢ckra compound. 12. A compound of formula |
according to claim 1, which is selected from the group consisting of: 10

4-((R)-2-1[6- @-ddyaaxyt- ethixy)ul: phenyldpgrimicinesde ot bbiyikanming wherein R* represents
-3-phospfsﬂc@qe{; ﬁj(%p{%l)-piperazine- 1-carboxylic acid butyl ester; 4-((S)-2-

[64(S)-3- oxy-pyrrolidin-I-y1)-2-phenyl-pyrimidine-4-carbonylkamino} -5-
phosphonac:prephtamesre)isipbr asispaliarpofyecacicbugrester;  4-
[(S)-2-1[64(S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonylkamino}-3-(4-
15phosphaito-phenyhsptopidoytiperazintalcarboxytic atidagtiyl esterpdefe8)R: fnd R® are

- [6-((S)z3-Methoxy-pyrrolidin- 1.-y1)-2-phenyl-pyrimidine-4-carbonylkamino -3-(4-

phospﬁino% %%%i/gﬁgrggfgﬁeﬁt%}i/é})r%ine- 1-carboxylic acid butyl ester; 4-[(S)-2-
[64(S)-3-Methokyrppadligiilyacymiaiis selh gL pidimeimeauearbonylk amino } -3 -(4-
phosphonomethyl-phenyl)-propionyll-piperazine-1 -carboxylic acid ethyl ester;
204-[(S)-2-1164(S)BpMeth @ty fpymdi dirdeyidiR- phedyimpytimidint-4s caibony/| Eaminbd S«
phosphonorgnegtlgt){rll-(pggnyl)—propionylppiperazine—l-carboxylic acid butyl ester; 4-((R)-2-

' {{64(8)-3-|\§iethbxy?pyh-olidin-I-yl)-2-phenyI-pyrimidine-4-carbony|Famino} -5-
phosphonotpeftaneyl)piperagingslyearRaxyils BRiGRUML B5t@lidineds-carbony]-amino} -
{(R)-2-[(6-1sopropyl-2-phenyl-pyrimi dine-4-c rborlyl -a}{niﬂo}-& hosphon o-propionyl 25piperazine- |
—carbd y"CSa}&I?asB RIS OAY %mpﬁgazme—i—car oxylic acid ethyl ester;
[6-(3-Methaxymethykaretittnethyky 2 phehip-pyriFidihesd-ecarborinEamaihony H3amino} -
phosphono;propionyl)-piperazine-1 -carboxyli | i

{(R)-Z-[(G-%g%:kfg% glr?é%%)% Onﬁé}?ﬁfﬁ%{:}?ﬁigir{%er%%:% %%%%S%%E%S hosphonopropionyll-piperazine-
1-carboxylit-d8icketifyl Estemeho2u09bé9109P & Pher3bonsro arbonyl]-amino}-

3-phosphono-propionyl)-piperazine-1 -carboxylic acid ethyt ester;

15 4-((5)-2-{[6-((5)-3-methoxy-pyrrolidin-1-y)-2-phenyl-pyrimidine-4-carbonyl}-amino | -
4-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester;
4-((5)-2- {[6-(S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyll-amino ;-
4-phosphono-butyryl)-piperazine- 1 -carboxylic acid butyl ester;
4-{(S)-2- {[6-((S)-3~-methoxy-pyrrolidin-1-y}-2-phenyl-pyrimidine-4-carbonyl]-amino} -

20 3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;

| 4-1(8)-2-{(2-phenyl-6-pyrazol-1-yl-pyrimidine-4-carbonyl)-amino]-4-phosphono-butyryl } -

piperazine-1-carboxylic acid butyl ester;
4-({S)-2-{[6-(4-methyl-pyrazol-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -4-phosphono-
butyryl)-piperazine-1-carboxylic acid butyl ester;

25 4-[(S)-2-({2-pheny]-6-{(S)-(tetrahydro-furan-3-ylyoxyl-pyrimidine-4-carbonyl} -amino)-
4-phosphono-butyryl]-piperazine-1-carboxylic acié butyl esier;
4-{(8)-2-[(2-phenyl-6-pyrrolidin-1-yl-pyrimidine-4-carbonyi}-amino]-4-phosphono-butyryl} -

piperazine-1-carboxylic acid buty! ester;



- 162 - 44(S)-2- {[64(8)-3-Methoxy-pyrrolidin-I-yl)-2-phenyI-pyrimidine-4-carbonylFaminol-3-(4-
phosphono-phenyl)-propionyll-piperazine- 1 -carboxylic acid ethyl ester; 4-[2-
[6-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonylkaming -2-
phosphono-‘ﬁﬁ’eﬁ‘fﬁ%&%@tﬂ]-piperazine-l-carboxylic acid ethyl ester; 54-&;%r
{[6-((S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidine-4-carbonylkamino } -2-(4-
phosphono-phenyl)-acetyThpiperazine-1-carboxylic acid butyl ester; 442-
{[64(S)-3-Methoxy-pyrrolidin-l-y1)-2-phenyl-pyrimidifne-4-carbonylkaminol-2-(3-
phosphono-phenyl)-acetylppiperazine-1 -carboxylic acid ethyl ester; = 4-[2- {
[64(S)-3-Meth@xy-pyiedishiylanyid)-2-phenybpyrimidine direasbpaytkasninghdsBono-butyryl} -
10phosphono-pheny))-acetyl]l-piperazine-l-carboxylic acid butyl ester; 4-[2-

[6-((S)-3-MEHEE Pyt ﬁaqf%/}'ll-ﬂgi%léj%p‘ht%i:ﬁﬂt-ﬁ:pr)yrimidine-4-carbonylkamino -2-(2-

phosphonotpliéns- jeacetytiopipéndArgxddarpoxydioadidabutyy bsrema-(Rhgpbono-butyryl} -
f[6-(4-Meth]ggl-)gigg@_zliQ—&&Qﬁ&{%@@%@y&g@g{gine-4-carbony|]-a no { -3-
phosphono-prolgiorall)-piperazine- 1‘-carbo;%/lic acid butyl ester; 154- .

{(R)-24(6-MdiShalif sty motptramasmmmdine e Burv L RHe e prbEpHBNG-
propionyll-pipgRziRes-busarbailieasid bupbester:di MitBisstethoxycarbonylmethyl)-3- {
(S)464(S)-3- -pyrrolidin-l-y1)-2-phenvlpyrimidine:4-carbonyllzaming e i
xR e e Seshgepphono-propiony)
204-((R)-3Bisanetdxymetiybrypqphbephetigl)-2- {[64(S)-3-methoxy-pyrrolidin-I-y1)-2-phe y
pyrimidine-4-casbonylkamingspraRie Ry sRING ARG -eRoNVIG. AGId BUESHRbn.-
44(R)-3-(Bis-ﬁ%pio%l_oxymét?\oi(y-pr?g]sgaqr 1)-2- { [64(S)@r§ethox§-p%ﬁ%§n-Ic-}yl)-2-
pheny]Iprriﬁﬁ?dﬁ“ﬁéyh}-‘@ﬁ%méﬁﬁrﬁ%’w%?ﬁ%Whﬁ’ﬁ@azine-l-carboxylic acid butyl ester;
4;]((R)-|3-(Biﬁ-gH?M@w?ﬁﬂ?w-mﬂ%@l hppyﬂ:)ian)é[6=ééﬂioﬁym?ﬂﬂi@hghwlff@hwmlpwlﬁiﬂﬁyl}-
phenyl-pyrimidine-4-carbonyld-aminol-propiony1)-piperazine-l-carboxylic acid butyl ester; N,N’

e et ARG L. H S ettty pyrrafin. |
-y1)-2-pherlylR)riniidirreptopaiirony PrplrminbPB3iond B-(4chim -carvomypiperaata:=l-y 1)-propyl-phosp

honic acid gigqug)ql%,%Qﬁ@;ﬁ(@&%%@&ﬁﬁg@@@g&@ggyl)-2- {(R)46-((S)-3-methoxy-pyrrolidin-1
-y1)-2-phenyl Opérir%i ine-4-carbor8/ [
[

[pamino -3-oxo-3-(4-bu_toxy-carbony|:piperazin-I-ﬁl)-propyI-
phosphonicHER HiEATAE o POUSOE6 0D SR 0 P T e - carbomy -

amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester;

s%'zoosmss{m

4-((S)-2- {[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-p-tolyl-pyrimidine-4-carbonyl]-amino } -
4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester;
4-((S)-2-{[2-(2-fluoro-phenyl}-6-((S)-3-methoxy-pyrrolidin-1-yl)-pyrimidine-4-carbonyl]-
20  amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester;
4-((S)-2-{12-(3-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-yl)-pyrimidine-4-carbonyl]-
amino }-4-phosphono-butyryl}-piperazine-| —carboxy'lic. acid butyl ester;
4-{(R)-2-[(6-methoxy-2-phenyl-pyrimidine-4-carbonyl}-amino]-3-phosphone-propionyl} -
piperazine-1-carboxylic acid butyl ester;
25 4-{(R)-2-[(6-methyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-propionyl | -
piperazine-1-carboxylic acid butyl ester;
4- {(R)-2-{(6-cyclopropylamino-2-phenyl-pyrimidine-4-carbonyl}-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester;
4-{(R)-2~ [(Z-phenyl—6—phenylaminompyrimidine-dr—carbonyl)-amino]—3—phosphono—propionyi b

30  piperazine-1-carboxylic acid buty] ester;



N,N'-Bis-(methoxycarbonylmethyl)-2-
{(R)464(S)-3-methoxy-pyrrolidin-1-y1)-2-phenylpyrimidine-4-carbonylpamino

-3-0x0-3-(4: tz%yl %ﬂ&onyl piperazin-1-y0-propylphosphonic acid di amigess-qesiasssoz
N,N'-Bis-(( met oxycarbonyl-2-methyl-propyl)-2- { (R)464(S)-3-methoxy-pyrrolidin-1-

5y1)-2- phenyl pyrimidine-4-carbonyll-amino {-3-oxo-3-(4- butoxy carbonyl-piperazin-1-y1)-
propyl-phosphonic acid diarnide;
N,N'-Bis-(tert-butyloxycarbonylmethyl)-2-1(R)46-(®)-3-methoxy-pyrrolidin-1-y1)-2-phcnylpyrimidine-4-
carbonyl]-amino | -3-0x0-3-(4-butoxy-carbonyl-piperazin -1-y1)-propylphosphonic acid diamide;

10N, N'-Bis4((&)y e thaxyleaibonybropy by 2n{{Ry46 (S8 mathuxly3pyresiitinoteydayl} -

phenyl- pyrlmldlne carb x0-3-(4-butoxy-carbonyl-piperazin-I-y1)-propylphosphonic
acid dlamlgi)ep K, WALBCM ?%1-‘[ %‘gegt%%%iggtr%on 1-2,2-dimethy1- propyl% 2-

{(R)464(S)4§4ﬁb%%;nlwwo¢rcﬁ(ﬁﬂma yﬁp@ﬁwlﬁﬁrﬁrﬁﬂmﬁ@h%%m SHTPRSIL -amino)-
-3-0X0-3-(4 HtR¥NeRONYINIPRIRZAN - y&hﬂc&@[@mﬁmﬁ@pmc acid diamide;

N,N.-Bis-((S)-1-tert- but% carbon %1 2[ & ethzgx;&é)(}/ lidin-1< yl) -2-
phenyISpyridh{lf(ﬁ}]e 4% Viaing 8% #%:rg"? ohyl-piperaz an o y(i _propy1- phosphonic
acid dmm@ephd}iﬁdﬁe&nsaﬁ&)yﬂ—mmhamafmwmphléﬁ)}lbfé@hﬁﬂt), 2-

{(R)46-((S) P 9 i ARG -amin
-3-0X0-3- (44:;;(%2)xy czﬁ(bo%r% &gjt% 1-y1 ]é}?‘% 9 @gﬁ%ﬁ%ﬁgﬁéﬂde & o

N,N'-Bis-((&)rhecthenyerrnomyipherrrnethseeriex it et @3 sethoxy-pyrrolidin-1-y1)-2-

ph%néfl yrdizm(iéi‘jl@:ﬁﬂlﬁﬂé@ﬁy%aw!BéWL&m&ﬁx@bymxwwmﬁw@mﬁmmw)nptopylphosphonic
acid diamide;

N,N'-BI- ((é)PEOﬁRBFﬁBMQP%Hﬁ&ﬁW%i(ﬁf’)‘f&"%’(%“) L (ljﬁytepr)yrrolldln 1-y1)-2-phenylpyrimidine-4-
carbony|FafrigR)-23¢ExG-8+ (e byrakykaaibo iybpiperazimmiting-prdpyidhespronicraeitiiegnide;

N,N'-Bis- (pﬁggﬁgﬁ}ﬁcﬁ&%}{l?ﬂ?% vlic dCld butyl ester;

{(R)-[64(S)- oxy-pyrrolidin-1-y1)-2-phen Ipyrimidine-4-carbony1]-amino
-3-0x0-3-(44blifD i EartBpRATy| pai IPW)%%W D PRSP SR aPERBIE: MR Zine-

2(%%3?&%%@?@&}%%95?@@& 1l 64 - N,N'-Bis- (|soproponEycarbonylmethyI) -2-
enylpyrimidin rbon no

x5 (i I BBRL o B b CAER o L A0 A R hono-

N,N'-Bis-(2gethaxyCaphemdiprop@bpk)ddc a{crd butyl ester;

(R)46-((S)-3: tbc{ {) yﬂ&ﬂ% L“%fé&g%‘ﬁ%%@xﬁ%mlﬁiﬂfﬁzﬂc%%&wlﬁmQﬂbhésphom
-0x0-3-(4-butoxy-carbonyl-piperazin-"1 -yI)-propyl- phosphonic acid di amide;
propionyl)-piperazine-1-carboxylic acid bufyl ester;

4-{{R)-2-{(6-cyclopropyl-2 -phenyl-pyrimidine-4-carbonyl)-amino}-3-phosphono-propionyl} -

20  piperazine-1-carboxylic acid butyl ester;
4-§(R)-2-[(6-butyt-2-phenyl-pyrimidine-4-carbonyl}-amino]-3-phosphono-propionyl; -
piperazine-1-carboxylic acid butyi ester;
4-[(R)-2-({2-phenyl-6-](S)-(tetrahy dro-furan-3-yloxy]-pyrimidine-4-carbonyl } -amino)-
3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester;

25 A-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl}-amino ;-
3-phésphono-propiony1}-2-methyl-pipcrazinc—1 ~carboxvlic acid ethyl ester;
4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl}-amino } -
4-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester; '
4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-y])-2-phenyl-pyrimidine-4-carbonyl}-amino ;-

30  4-phosphono-butyryl)-piperazine-I-carboxylic acid butyl ester;



44(R)-3-(Bis-m ethoxycarbonyloxymethoxy-phosphory1)-2-
{[6-((S)-3-methoxy-pyrrolidin-1y1)-2-phenyl-pyrimidine-4-carbonyThamino

}-propiony]‘)ggi 0%Q%iﬂqgI-c:arboxylic acid butyl ester; 10 PCT/IB2008/055002
44(R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl1)-2-1[64(S)-3-methoxy-pyrrolidin-ly1)-2-phenyl-py

rimidine-4-carbonylkamino } -propionyl)-piperazine-I-carboxylic acid butyl ester;
44(R)-3-(Bis-isopropoxycarbonyloxymethoxy-phosphory1)-2-
{[6-((S)-3-methoxy-pyrrolidinl-y1)-2-phenyl-pyrimitithe-4-carbonylkaminol
-propionyl)-piperazine-I-carboxylic acid butyl 15ester;

44(R)-3-(Bis{RFEb{) Ky SN rylakyRyetbibKy-phiosphoyE)shenyl-pyrimidine-4-carbony-
[64(S)-3-methoxysp %8'%gdgol.%}ﬁ%ﬁ%%&%m1%@%93&9%@{@%} -propiony1)-piperazine-1

-carboxylica%lé?g butyl e o
44(R)-3-[Bis{(R}StH{Adk)EaMBrressrend ) e sEN LR e AE RSP o Lidin-
201-y1)-2-Ql}ﬁg{;%lpﬁmm:ﬂrg@m@@y&p@;ﬁﬂme}l:Qﬁg@j@ﬂy@cmp@@zml-carboxylic acid butyl ester;
4-((R)-3-[Bis-(1-isopropyloxycarbonyloxy-ethq xy)-phosphory1]-2- . ‘

(6A(S) S BRSSP YR Somine) & phosphone-
-propiony|)spiptazintsbeaiteidicacidibutid betdrgster;

254-((R)-3Bjss(1-cyclol ONVIoxYEthexy)s ¥idifs- 4 8:t(S) 3-metb oxy-
pyrrolidin-Iflﬁ%ééépﬁén{%%%n%ﬁ%g{ﬁggg%gﬁyﬁ Bg%n%%%%%%ﬁ%p?ﬁﬁ%%1-carb9oxylic acid butyl
ester: 4-((@)@Q@W@%Q@‘%@Sﬁﬁ@r@zﬂ@21-'°arb°xyhc acid butyl ester; S
{[64(5)'3'rﬂ%?ﬁ@{@f)’{@%ﬂﬂolqﬂﬁﬁo%ymykﬁylimiﬁmﬂiﬂecaf@ﬂmﬂmmiﬁﬁ&}ﬁﬁpm@mmhbpiperazine- 1
-carboxylic acid butyl ester;, WO OO9/O691§)%$QT/%B_2008/055002 - 165 -
44(R)1§-[BE&B‘%?WR@%&%-}W%}’%%%@ SHRethERy)-phosphory1]-2- {
[6-((S)-3-metkiRxgpy6ridtintley YoRtpihdnyiepy Hmidimdide ebdadropty eamimo} - 3-phosphono-

-propiony1)-pi ine-l-carboxylig acig butyl od-[(R)-2- {[6-((S )-3-Methoxy-pyrrolidin- 1
-y1)-2-phe y?‘%%é%gfﬁée%%%%%%&’y%ﬁ%%ﬁs( e Ah22 5-benzd [13.2]

dioxaphospHifih22 e Pripresarsprysielidiel vlkarbbRiAltcspre bulyrssd - aimsise-
{[6-((S)-3-MethaxysRyraliding-biybhenpibary pypipsidine-4-cathonikaninoryBetr; |
oo s sl st sy popend e 4 cubont
-3-(8- methystrBlidke1ly)-dincrd-pri2Rd5bbnab o128 Rioketzaphomstanire-2-garhprpaionylk
piperazine- ax]:'i &%%@P@%@? acid butyl ester;
4-((S)-4-(bis-isobutyryloxymethoxy-phosphoryl)-2- {[6-((8)-3-methoxy-pyrrolidin-1-yl}-
2-phenyl-pyrimidine-4-carbonyl}-amino}-butyryl}-piperazine-1-carboxylic acid butyl ester;
20 4-({S)y-4-{bis-[{2 ,2-dimcthyl—propionyloxy)—ethoxy}—phosphoryl} -2-{[6~({5)-3-methoxy-
| pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonylj-amino} -butyryl)-piperazine-1 -carboxylic
acid butyl ester;
4-((R)-3-[bis-(2,2-dimethyl-propionyloxymethoxy)-phosphoryl]-2- {[6-({S)-3-methoxy-
pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxylic
25  acid butyl ester; '
4-((R)-3-{bis-[1-(2,2-dimethyl-propionyloxy}-ethoxy]-phosphoryl} -2-{ [6-({5)-3-methoxy-
pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxylic
acid butyl ester;
4-((R)-3-[bis-(1-iscbutyryloxy-ethoxy)-phosphoryl}-2-{ [6-((S)-3-methoxy-pyrrolidin-1-y1)-2-

30  pheny 1—pyrifnidine-4~carbonyi]—amino }-propionyl)-piperazine-1-carboxylic acid butyi ester;



44(R)-3-[Bis-(3-0x0-1,3-dihydro-isobenzofuran-1-yloxy)-phosphoryl]-2- {
[64(S)-3-methoxypyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-aminol-propionyl)-piperazine-1-car

boxylic 15 &S)L@/L § r 4-((R)-3-(Bis-ethoxycarbonylmc hoxy- phosphQ&y}ll)ngm%m5002
{[64(S)-3-methdXy-pyrro |d|n l-y1)-2- phenyl-pyrimidine-4-carbonyThamino} -propionyl)-piperazine-1

-carboxylic acid butyl ester; 4-((R)-3-[Bis-((S)-1 -ethoxycarbonyl-ethoxy)-phosphoryll -2-
([64(S)-3-methoxy-pyrrolidin-ly1)-2-phenyl-pyrimidine-4-carbonyll-aminol -propiony1)-piperazine-1
-carboxylic acid butyl 20ester; N-[(S)-1-Ethoxycarbonyl-ethyl]-0-phenyl-2-
{(R)46-((S)-3-methoxy-pyrroli din-I -y1)-2- phenyl-pyrimidine-4-carbonyll-amino }
-3-oxo-3-(¢mpxs{fﬂam@wimmmmwmhwﬂwm§pﬂémw)aa:mmw@wt(wj*ﬂiw-
[6-((8)-3-'\/17&}}11%113@ rro“&%h 2¥ %2} %%I])Q%WAIJ g cqwﬁ 41_1%%299—3{1-&%{1\/90 %c(g'butyl ester;

250%0-2X541 oxaphosphinan yll 5 EL fazine-1 -carboxylic aC|d butyl ester 4-[(R)-2-

{[64(S)-3- Mé%éwrmmwm%ymﬁmgﬁyﬁﬁw}h ArDotIRBT DY Irligin-1-y1)-
methy1-2-axg:dHashenzl L 3Ldiarhosn @r@ny@)pﬁaﬁ@m&ylk@mﬁf@msaddm@mgym acid butyl
ester; WO 20091069100PCT/I1320?8/055092,np%66116y 1 éymd% §-1soprony1-2-0%0-4H-2A.5- benzo

[1,3,2] HioxsbtiosHiin B yaA LY RS
methoxy-pRepalishihdrgldedsphpipytapirinhicinesdvbadosahlylikemitvo} -propionyl)-piperazine-1- carboxylic

acid butyl ester;
tically table salt of such
44(R)-3- (8€i\/le oxy-ﬁe&égal}fc ﬂ) %Ircc): SZaH 02)SL115c betf:‘ﬁ(zncl)1 o(lj]{[}l 3,21oxazaphosphinin-2-y1)-2- {[6-

wae e i R e e R IR R S

44(R)-3- [(5;:«5@5&%311@)(1?2 ox0-[1,31dioxol-4-yImethoxy)-hydroxy-phosphory11-2- f[64(S)-3-
methaw Py % %g%gyggieﬁﬁ '9“5}%;%/??%98{}& faming,oRYRRIAMN)-PipRIg4ings1- carboxylic

acid butyl es yloxy-phosphory1)-2-
{{64(S)-3- m’@mWVib?F?@TFﬁilﬁﬁily{E}bpﬁﬁéﬁﬂd bu’r:yl cqtcr

pyrimidine-4-eayhonyIaminglariariamsiiinioess &rﬁa;spﬁmﬁl@aieam&ym&mno} 5-
44(R)-3- (Aceto milg‘)methoxy hydroxy-phospholyl 2 ﬁ?éaé%& rgethoxy pyrrolidin-I-y1)-2-
phenyl-pyritHRTAE 2 -C5PEBRY ARG Bropt £54"¢arboxylic acid butyl ester:

44(S)-3- (BWSBHB*B(HG@héwﬂﬂhmmwwﬁd*@-nrbﬁ%@sbﬁﬂmmwMWJYW@)‘MH@W
Lopyrimiding: %{-PO A ién RN psarl%% ichoRAROXYlig.acid ethyl ester;
44(S)- -(Br% %)xy ggoég oryl) -2-1 )-3-methoxy-pyrrolidin-I-y1)-2-
phenyl-pyr RYOPYIER y1)-pip SLIRAHBOX T BE i
meﬁhéz&i Bt 19% Rrameriisipog sttt ety stk

N,N'-Bis-((Sdk Ry ratPmytby}idiperazine- 1-carboxylic acid butyl ester;

(e O et i Ly g e T ooy can

phosphonomethyl-phenyl)-propionyl] ~p1pcraz1ne-1 ~carboxylic acid ethy! ester;
20 4-[(S)2-{ {6-((8)—3—Methoxy-pyrrohdm- 1-y1}-2-phenyl-pyrimidine-4-carbonyl}-amino}-3-(4-
phosphonomethyl-phenyl)-propionyl]-piperazine-1-carboxylic acid butyl ester;
4-((R)-2- {[6-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino - 5-
phosphono-pentanoyl)-piperazine-1-carboxylic acid buiyl ester;
4- {(R)-2-[(6-Isopropyl-2-phenyl-pyrimidine-4-carbonyi}-amino]-3-phosphono-propionyl ; -
25 piperazine-] -carboxylic acid butyl ester;
4-((R)-2- {[6-(3-Methoxymethyl-azetidin-1-y1)-2-phenyl-pyrimidine-4-carbonyij-amino } -3
phosphono-propionyl)-piperazine-1 -carboxylic acid butyl ester;
4-{(R)-2-[(6-Cyclopentyloxy-2-phenyl-pyrimidine-4-carbonyl)-amino}-3- phoqphono—

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



4-((S)-3-(Bis-ethoxycarbonyloxymethoxy-phosphory1)-2- { [64(S)-3-methoxy-pyrrolidin-1-y1)-
2-phenyl-pyrimidine-4-carbonyThamino -propionyl)-piperazine-1-carboxylic acid ethyl ester;
44(R)-3-(Bi%g%gg%\@@&;hoxy-phosphotyl)-Z- {[6-((S)-3-methoxy-pyrroligiprhyaas/055002
-yI)-2-phenylpyrimidine-4-carbonyll -amino } -propiony0O-piperazine-1-carboxylic acid ethyl ester;
2544(R)-3-(Bis-butyryloxymethoxy-phosphory1)-2- {{64(S)-3-methoxy-pyrrolidin-I-y1)-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propiony1)-piperazine-l-carboxylic acid ethyl ester;
N,N'-Bis-((S)-1-ethoxycarbonylethyl)-2- _ -162 -
{(R)46-((S)-3-methoxy-pyrrolidin-l-y1)-2-phenylpyrimidine-4-carbonyll-amino }
-3-0x0-3-(4-¢tApRyHcaiBoRyMoiperazineblidiy-propyinthosp oo kéid-diearhdeyvigno}-3-(4

2009000 GRS AINS 02502 13 Bl ety saibamuoy methory phosphiorh) 2
{[64(S)-3-mcthoxy-pyrrolidin-1- y1)- -p_enyl-lgxrlmldlne-4-.carbon [l-aming }-pr_oplloglyl)-plperazme-l
-carboxylictaldid Destérthosyyrehdingiy] ufﬁ&ﬂmﬂfﬁ‘g%i?g;% WAy - {
[6-((S)-3-metharprystelidinatetyll-piperazine-1-carboxylic acid ethyl ester;

N B e e U AP BB BREA 6P iR AR @Y ester
{(S)46-((S)sBemrdtmoxyhpyrioticind Foyndr-zphd ngdrpyaithidisid-Apadstsny Ikamino}-3-oxo-3-(4-ethoxy-carb
onyl-piperagz4- QRURPREMH: e acid diamiggiand nylj-amino }-2-(3-
44(S)-344?&2-@%%%%2%%@1yl0x mgﬁgggﬁaﬁﬁggyﬂ%ﬁeﬁﬁﬁ]-zﬁ%ié}-&metjho>§ypyrrolidin-l-yl)-
2-phenyl-p?h?ﬁl@'ﬁ@:@b{?ﬁ?@&?ﬂ}dﬂ%ﬁ%E)"i&?f?i’}yﬁibé?&iz‘?ﬂﬁﬂle-%gﬁboxylic acid ethyl ester; or a
pharmaceuticallysagsepinbigsalpofsuch a-compaisad.-pyrindikstaaedidjaeint ja2eBmpound of

formula | as,defined in any.one OEZIcr:Blaims.l to 12 .or a 1opharmaceultically acceptable salt thereof. 14.
A phaxlr?nz;lc%lbqlsggt11 ol ﬁgé}f(%%e?q dining at AR GRa Cc%crln%élaﬂ(f ‘of formula | as defined in any one of

claims 1 to4-fice((pharMeabettivalie bdoeptdbfemdwntherdotdinsdtoeboriiciaiphafnéceutically
acceptablep%gg%ﬁb_(y}l,gggl S LLENGRIEISs - 1 1o b3S 10 R1eampowng,of formula | as defined in any one

of claims 1'to 12, or of a pharmaceuticalg acceptable salt thereof, for the manufacture of a

medicamerit e i Arviety brBertian e Vas ol HIRBHIS R 1 SR YBTHEBURY of formula | as defined
in any one giigios-bripibaypnal-eephamaceutitalhciddaeptahte; salt thereof, for the treatment of

OCCIU%%/ € Vﬁ‘ﬁ?ﬂ@iﬂ'{?‘-ﬂgﬁp Sdiin-4—y1~2~pheny1mpyrimidine—4-carbonyl)—amino]~3~phosphon0—

propionyl}-piperazine- 1 -carboxylic acid butyl ester;

N,N’-Bis-(ethoxycarbonylmethyl)-3- {(S)-[6-((S)-3-methoxy-pyrrolidin-1 -yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino} -4-oxo-4-(4-butoxy-carbonyl-piperazin-1-yl)-butyl-phosphonic
acid diamide;

20 4-((R)-3~(Bis_~acctoxymethoxy—;>ho'sphor_yl}~2~ {[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-
pyrimidine-4-carbonytj-amino}-propionyl}-piperazine-1-carboxylic acid butyl ester;
4-((R)-3~(Bis-propionyloxymethoxy-phosphoryl)-2- {[6-((S)-3-methoxy-pyrrolidin- 1 -y1}-2-
phenyl-pyrimidine-4-carbonyl}-amino } -propionyl)-piperazine-!-carboxylic acid butyl ester;
4-((R)-3-(Bis-butyryloxymethoxy-phosphoryl)-2- {[6-((S)-3-methoxy-pyrrolidin- 1 -y1)-2~

25  phenyl-pyrimidine-4~carbonyl]-amine } -propionyi)-piperazine-1-carboxylic acid butyl ester;
N.N’-Bis-{ethoxycarbonylmethyl)-2- {(R)-[6-({S)-3-methoxy-pyrrolidin-1 -y1)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3 «oxo-3-(4-butoxy~carbonyi-pipefazin- 1-yl}-propyl-
phosphonic acid diamide;

N,N’-Bis-({S)-1-ethoxycarbonylethyl)-2- {{R}-[6~((S)-3-methoxy-pyrrolidin-1-yl}-2-phenyl-

30 pyrmidine-4-carbonyll-amino}-3-ox0-3~(4-butoxy-carbonyl-piperazin-1-yl}-propyl-

phosphonic acid diamide;
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N N’-Bis-(methoxycarbonyimethyl)-2- { (R)}-{6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine—4-carbony1]-amino} -3-px0-3-(4-butoxy-carbonyl-piperazin-1-yl}-propyl-
phosphonic acid diamide;

N,N’-Bis-((S)-1-methoxycarbonyl-2-methyl-propyl)-2- {{R}-[6-((8)-3-methoxy-pyrrolidin-1-
yh)-2-phenyl-pyrimidine-4-carbonyl}-amino } -3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-
propyl-phosphonic acid diamide;

N,N’-Bis-{tert-butyloxycarbonylmethyl)-2- {{R}-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-oxo-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N, N’-Bis-((S)-1-methoxycarbonylpropy)-2- {{R)-[6-((S)-3-methoxy-pyrrelidin-1-y1)-2-
phenyl-pyrimidine-4-carbonylj-amino} -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N.N’-Ris~((S)- 1 -methoxycarbonyl-2,2-dimethyl-propyl)-2- { (R)-[6-{(S)-3-methoxy-pyrrolidin-
1-y1)-2-phenyl-pyrimidine~-4-carbonyl]-amino} -3-ox0-3-{4-butoxy-carbonyl-piperazin-1-y1)-
propyl-phosphonic acid diamide;

N.N’-Bis-((8)-1-tert-butyloxycarbonylethyl}-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-y)-2-
phenyl-pyrimidine-4-carbonyl}-amino}-3-ox0-3-(4-butoxy-carbonyi-piperazin-1-yl}-propyl-
phosphonic acid diam:de;

N.N-Bis-((S)-1-methoxycarbonyl-2-phenyl-ethyl}-2- { (R)-[6-((S)-3-methoxy-pyrrolidin- 1 -y1)-
2~phenyi-pyrimidi11¢-4-carbonyi]-amino} -3-ox0-3-{4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N N’-Bis-((S)-methoxycarbonylphenylmethyl)-2- {(R)-[6-((S)-3-methoxy-pyrroiidin-1-y1)-2-
phenyl-pyrimidine-4-carbonyl}-amino} -3-0xo0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N, N’-Bis-((S)-1-methoxycarbonylethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-
pyrimidine-4-carbonyl}-amino}-3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl}-propyl-
phosphonic acid diamide;

N, N’-Bis-(propyloxycarbonylmethyl)-2- { (R)-[6-((5)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-0x0-3-{4-butoxy-carbonyl-piperazin-1-yl)-propyl-

phosphonic acid diamide;
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N N’-Bis-(isopropyloxycarbonylmethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-phenyl-
pyrimidine-4-carbonyl}-amino}-3-o0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N.N’-Bis-(2-ethoxycarbonyi-prop-2-y1)-2- {(R)-{6-((S)-3-methoxy-pyrrolidin-1-y)-2-phenyl-
pyrimidine-4-carbonyl]-amino }-3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl}-propyl-
phosphonic acid diamide;

4-((R)-3-(Bis-methoxycarbonyloxymethoxy-phosphoryl)-2 - {[6-((S)-3-methoxy-pyrrolidin-1-
y1)-2-phenyi-pyrimidine-4-carbonyl}-amino }-propionyl)-piperazine-1-carboxylic acid butyl
ester;
4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl}-2-{[6-((S)-3-methoxy-pyrrolidin-1 -
y1)-2-phenyl-pyrimidine-4-carbonyl}-amino } —propionyi)~pip.era,zine-1 -carboxylic acid butyl
ester, '
4-({R)-3-(Bis-isopropoxycarbonyloxymethoxy-phosphoryl})-2- {[6-((8)-3-methoxy-pyrrolidin-
1-yl}-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxylic acid butyl
ester; '
4-((R)-3-(Bis-tert-butoxycarbonyloxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-
1-yD-2-phenyl-pyrimidine-4-carbonyl}-amino} -propionyl)-piperazine-1 -carboxylic acid butyl
ester;

4-((R)-3-[Bis~( 1 -ethyloxycarbonyloxy-ethoxy)-phosphoryl}-2- {[6-((S)-3-methoxy-pyrrolidin-
1-yD)-2-phenyl-pyrimidine-4-carbonyl]-amino} ~propionyl)-piperazine-1-carboxylic acid butyl
ester;

4-((R)-3-[Bis~(1 -isopropyloxycarbonyloxy-ethoxy)-phosphoryl}-2- {[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic
acid butyi ester;
4-((R)-3-[Bis-(1-cvciohexyloxycarbonyloxy-cthoxy)-phosphoryl]-2-{[6-((S)-3-mecthoxy-
pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propiony})-piperazine-1-carboxylic
acic butyl ester;

4-{(R)-3-(Diphenoxy-phosphoryl}-2- {{6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-

pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine--carboxylic acid butyl ester;
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4-((R)-3-[Bis~(5-methyl-2-ox0-{1,3]dioxol-4-ylmethoxy)-phosphoryl]-2- {[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-p iperazine-1-carboxylic
acid butyl ester; o
4-[(R}-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl}-amino} -3-(2-
oxo-4H-2A -benzo[ 1 ,3,2]dioxaphosphinin-2-yl)-propionyl]-piperazine-1-carboxylic acid butyl
ester;
4-[(R)-2-{[6~((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4~carbonyl]-amino } -3-(2-
oxo-1,4-dihydro-2H-22-benzo[d][ 1,3,2]oxazaphosphinin-2-yl)-propionyl]-piperazine-1-
carboxylic acid butyl ester;
4-[(R)-2-{[6~((S)-3-Methoxy-pyrrolidin-1-y])-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(8-
methyl-2-o0x0-1 A-dihydro-2H-22"-benzofd][ 1.3,2]oxazaphosphinin-2-yl)-propionyl}-
piperazine-1-carboxylic acid butyl ester;

4-((R)-3-[Bis-(3-0x0-1,3-dihydro-isobenzofuran-1 -yloxy)-phosphoryl}-2- { [6-((S)-3-methoxy-
pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyi}-piperazine- 1 -carboxylic
acid buty! ester;

4-((R)-3-(Bis-ethoxycarbonylmethoxy-phosphoryl}-2- {[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl}-amino} -propionyl}-piperazine-1-carboxylic acid buty! ester;
4-((R)-3-[Bis-({S)-1-ethoxycarbonyl-ethoxy)-phosphoryl]-2- {[6-((S)-3-methoxy-pyrrolidin-1-
y1}-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl
ester;

N-[(S)-1-Ethoxycarbonyl-ethyl]-O-phenyl-2- {(R)-[6-((5)-3-methoxy-pyrrolidin-1-yl}-2-
phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propy!-
phosphonic acid amide;
4-[(R)-2-{[6-((8)-3-Methoxy-pyrrolidin~1-yl)-2-phenyl-pyrimidine-4-carbonyl}-amino  -3-(2-
0x0-22°-[1,3,2]dioxaphosphinan-2-y!)-propionyl}-piperazine-1 ~carboxylic acid butyl ester;
4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyt}-amino} -3-(8-
methyl-2-0x0-4H-22°-benzo[1,3,2 Jdioxaphosphinin-2-yl)-propionyl]-piperazine-1 -carboxylic

acid buty] ester;



10

15

25

WG 2009/669160 PCT/IB2008/055002

~ 166 -

4—((R}~3~(8-Isopropy1—2-oxo—4H-27LS—benzo[ 1,3,2]dioxaphosphinin-2-y1}-2- {[6-((8)-3-
methoxy-pyrrolidin-1-y1)-2-phenyl-pyrimidine-4-carbonyi]-amino } -prop ionyl}-piperazine-1-
carboxylicacid butyl ester;

4-((R)-3-(8-Methoxy-2-ox0-1,4- dihydro-2H-23"-benzo[d][1,3,2 Joxazaphosphinin-2-yi)-2- {[6-
((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonylj-amino} -propionyl)-
piperazine-1-carboxylic acid butyl ester;

4-((R)-3-[(5 —téri~Buty1-2—oxo— [1,3]dioxol-4-ylmethoxy)-hydroxy-phosphorylj-2- {[6-((5)-3-
methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl}-piperazine-1-
carboxylic acid buty! ester;

4-((R)-3-(Bis-benzyloxy-phosphoryl)-2- {[6-((S)-3-methoxy-pyrrolidin- 1 -yl)-2-phenyl-
pyrimidine-4-carbonyl]-amine }-propionyl)-piperazine- 1 -carboxylic acid butyl ester;
4-((R)-3-(Acetoxymethoxy-hydroxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl ester;
4-((S)-3-(Bis-acetoxymethoxy-phosphoryl)-2- {{6-((S)-3-methoxy-pyrrolidin-1-yl)-Z-phenyl-
pyrimidine-4-carbonyl]-amino }-propionyl)-piperazine-1-carboxylic acid ethyl ester;
4-((8)-3-(Bis-butyryloxymethoxy-phosphoryl)-2- {16-((S)-3-methoxy-pyrrolidin-1-yh)-2-
phenyl-pyrimidine-4-carbonyl}-amino} -propionyl)-piperazine-1-carboxylic acid ethyl ester;
N,N’-Bis-((S)-1-cthoxycarbonylethyl)-2- {(S}-[6-((S)-3-methoxy-pyrrolidin-1-yI}-2-phenyl-
pyrimidine-4-carbonyl]-amino } -3-0x0-3-(4-cthoxy-carbonyl-piperazin-1 ~yl)-propyl-
phosphonic acid diamide;

4-((8)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- {[6-((5)-3 -methoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino} »propidnyl)—pipcrazine-l -carboxylic acid ethyl ester;
4-((R)-3-(Bis-acetoxymethoxy-phospboryl)-2- {{6-((S)- 3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine--carboxylic acid ethyl ester;
4-((R)-3-(Bis-butyryloxymethoxy-phosphoryl}-2- {[6-((5)-3 -methoxy-pyrrolidin-1-y1)-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1 -carboxylic acid ethyl ester;
N,N’-Bis-{(S)-1 -ethoxycarbonylethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1 ~yl}-2-phenyl-
pyrimidine-4-carbonyl}-amino}-3-0x0-3 -(4-ethoxy-carbonyl-piperazin-1-yl)-propyl-

phosphonic acid diamide;
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4-((R)-3~(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- {[6-((8)-3-methoxy-pyrrolidin-1-
y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid ethyl
sster;

4-((8)-3-[4-(Bis-butyryloxymethoxy-phosphoryl)-phenyi]-2- {[6-((5)-3-methoxy-pyrrolidin-1-
y1}-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1 -carboxylic acid ethyl
aster; '

N N'-Bis-((S)-1-ethoxycarbonylethyl)}-4-[2- {(8)-[6-((S})-3-methoxy-pyrrolidin-1 ;yI)-E—phenyi-
pyrimidine-4-carbonyl]-amino} -3-0x0-3-(4-ethoxy-carbonyl-piperazin-1-yl}-propyl] -phenyl-
phosphonic acid diamide; and

4-((S)-3-{4- (Bis-ethoxycarbonyloxymethoxy-phosphoryl)-phenyl] -2-{16-({S)-3-methoxy-
pyrrolidin-1-yl}-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1 ~carboxylic
acid ethyl ester;

or a pharmaceutically acceptable salt of such a compound.

13. As 2 medicament, a compound of formula [ as defined in any one of claims 1 to 12, ora

pharmaceutically acceptable salt thereof.

14. A pharmaceutical composition containing at least one compound of formula I as defined in

any one of claims 1 to 12, or a pharmaceutically acceptable salt thereof, and one or more

- pharmaceutically acceptable carriers, diluents or excipients.

15. Use of a compound of formula I as defined in any one of claims 1 to 12, or of a

pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the

treatment of occlusive vascular disorders.

16. A compound of formula I as defined in any one of claims 1 to 12, or of @ pharmaccutically

acceptable salt thereof, for the treatment of occlusive vascular disorders.



