WO 2009/ 069100PCT/ 1B2008/ 055002 PHOSPHONI C ACI D DERI VATES AND THEI R USE AS
P2Y12 RECEPTOR ANTAGONI STS Field of the invention: The present invention
rel ates twocervmdmwophosphoni ¢ acid derivatives and thei PCuAB2088/033804612
receptor antagonists in the treatnment and/ or prevention of peripheral
vascul ar, of visceral-, hepatic- and renal -vascul ar, of cardiovascul ar and
of cerebrovascul ar di seases or conditions 5associated wth platel et
aggregation, including thronbosis in humans and ot her manmal s. Background
of the invention: Haenostasis is referred to as the natural bal ance of

mai ntaining the fluidity of the blood in the vascul ar system and preventing
excessi ve bl ood | oss subsequent to bl ood vessel injury by rapid formation
of a sol PrbdpHOWTE akod .DEAfVzEESVASC oHATR damage p2ronkEcEttornahcbigreessel s
and 10 pl atel et adhesi on occur inmmediately foll owed by aggregation of the
pl atel ets, activation of the coagul ation cascade and finally also of the
fibrinolytic system Haenostatic abnornalities can |ead to excessive

bl eedi ng or thronbosis, both |ife-threatening situations. A series of
antipl atel et agents have been devel oped over the past several years based
on different nechanisnms of action. The nost w dely used agent in

ant i pl at Biebd of the im@ytips: aspirin, 15 which irreversibly inhibits
cyclooxygenase 1 and thereby affecting t he t hronboxane pat hway. Although
not opti treat n remains the st

Ther apy. ABPISTATRoR g enis BB Padobu® Bl R aRT e RURF ar ugs
l'i ke therqpbnsphadi@stemage ttdathditta@dsr GrdvwitshasDp@ipase! hdcolt, aotisceas-, wel |
as the vitamin K antagonists (warfarin), are marketed but do not show al |
desi r abl Berggt tnde%entlo\fasgﬁ%rh@%fiw%swtw%ﬁ RYERIOEHEYAY Jiseasel Picemdionhot ent
GPI I g1 1 Lo LigeeRE@T 1@&&@&@&@%&&1 (&Qﬁiﬂg‘tﬁi‘%ﬂlbo%‘ﬁﬂ ﬁdmfs 'aﬁi@oth@mgtﬂlh{agf' ban)

bl ocki ng pl atel et aggregati on are available on the market. Besi des,
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Background 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 abnormalities can

lead to excessive bleeding or thrombosis, both life-threatening situations.

A scries 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 antagonists (warfarin), are marketed but do not show all desirable features for such
20  drugs. Three intravenously applicable, potent GPIIb/IIla receptor antagonists (abciximab,
eptifibatide, and tirofiban) blocking platelet aggregation arc available on the market. Besides,



some orally active GPIIb/I1la antagonists (e.g. sibrafiban, xem | ofiban or
or bof i ban) have not been successful in clinical devel opnent so far.

Adenosi newb'20@ehmgphat e (ADP) is a key nedi ator in pl arelraBzmgvisoe i on and
aggregation interfering with two platelet ADP receptors P2Y1l and P2Y12.

5Ant agoni sts of the platelet ADP receptor have been identified and display
inhibition of platelet aggregation and antithronbotic activity. The nost

ef fective antagoni sts known so far are2-he thienopyridines ticlopidine,

cl opi dogrel and CS-747, which have been used clinically as antithronbotic
agents. L&n&QMhQaQﬁw&ﬁﬂW&Hﬁhﬁhg&Bﬁ%%e%r%Bﬁﬁ%%ﬁ%ehh%ﬁﬁmf&ﬁ&%bﬂ@mgﬁ&%QQk'tes,
irreversibly block ADP receptor subtype P . 10 Sone

ant agoni bt shdeesflRn CBOIOE tci¢i@aengsefasr ) or AZD6140 have reached phase |
clinical studies. These inhibitors are selective platel et ADP receptor

ant agoni I

effectlv%h%ﬁmﬁgv%nhgﬂggraiﬁﬁgﬁcgfgq& ﬁﬁ%%ﬁbfhﬁkﬁ%%gr 52% nap §¥Q¥ﬁ6§

- qui nol yintetéring atithwes pltal@:let fb]éEmecdptsrerﬂedmd@ﬂADP receptor antagonists in WO
02/ 098856 and WD 2004/ 052366.

15W02006/,114774de i n carbon Vi carb I} m di ne
derlvgtlégggggs i%ﬁpggééﬁgﬁﬁ ¥£4mr%%F$Fgldﬂga%@epagg lnhl’Qltlound@’)‘{tglm
contain aﬁyqphOSpﬂmamﬂm@amdnohaam@smh@naﬁemﬁnhvéamﬂgﬁmmskndWﬂkdﬁhrmhahe

inventio The inventors have n leO nd t ha sphoni c .ac
der i vat | PUgORKEBRG Hejopidinen glopidagiehang o nviht Wfalﬁfl rlieglil Py cgﬂlaeﬁj as

si gni fi canithdnibdRE A¥&ds. bt Qoegi E@-'shd%rpﬂ%'f th&S &%@%E&%eﬁr%e&&ﬁze%&tﬁ@cﬁﬁé&nd' ng
carboxylic acid derivatives previously known to one skilled in the art. WO

2009/ 069 royPSibly Bedodr dd3dreeptosubtypaPP¥us enbodi nents of the invention are
presented hereafter: 1) The present invention firstly relates to the

conppgindg,af PE?'izrgﬁlta%ohis&ikQ ARNR6o8Y 1M (&I@?elor) or AZD6140 have reached phase 11

clinical studies. These inhibitors are selective platelet ADP receptor antagonists, which inhibit

ADP-dependent platelet aggregation, and are effective in vivo.

Piperazino-carbonylmethylaminocarbonyl-naphtyl or -quinolyl derivatives have been

described as ADP receptor antagonists in WO 02/098856 and WO 2004/052366.

15 WO  2006/114774  describes  2-phenyl-4-(carbonylmethylaminocarbonyl)-pyrimidine
derivatives as P2Y; receptor antagonists. However these compounds do not contain any

phosphonic acid or phosphonate motif.

Description of the invention:

The inventors have now found that the phosphonic acid derivatives according to the present
20  invention surprisingly show significantly improved biological propertics compared to the

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

(CH2)nO (CH2)MR5 0'\R8 fornula | 5 wherein R represents
wherein the phenyl is unsubstituted or substituted 1 to 3 tines

(pref er abvo 20095060801 t ut ed or substituted once or tw ce, PEDAB200S/@35e02ab| v
unsubstituted or substituted once and nost preferably unsubstituted) by
substituents each independently selected fromthe group consisting of

hal ogen,

nmet hyl , methoxy, trifluoromethyl and 10trifl uoronet hoxy; W

represents a bond, and R2 represents alskyl, hydroxyal kyl, al koxyal kyl,
cycl oal kyl, aryl or heteroaryl; or

10

15

Various embodiments of the invention are presented hereafter:

1) The present invention firstly relates to the compounds of formula I

R2
W/

Y

R \[(N\/\ (CsznV o)
RP |

o) (CH2)m /R5
2

o/ \R8

formula [

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 cach independently
selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
trifluoromethoxys;

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

W represents -O- and R” represents alkyl, cycloalkyl, hydroxyalkyl or heterocyclyl; or

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



Wrepresents -0- and R2 represents al kyl, cycl oal kyl, hydroxyal kyl or

het erocyclyl; or Wrepresents -NR3-, R2 represents al kyl,

al koxycarworrgtsalehyb, car boxyal kyl , hydroxyal kyl, 15al koPgaiTR3008/055002

het er ocycl yl, cycloal kyl, aryl or aral kyl and R3 represents hydrogen or

al kyl; or Wrepresents -NR3- and R2 and R3 form together with the nitrogen
that carries them a heterocyclic ring of 4 to 7 nmenbers wherein the
menbers needed to conplete said WD 2009/ 069100PCT/ 1B2008/ 055002 - 4 -

het erocyclic ring are each independently selected from-CH2-, -CH e-, -0-,

=S - COne@REycliRiy ark loallf !ﬂ@l@péﬁﬁ@rﬁ[ysée@&gedhﬁ’%V@H} haiHeal &. h5§ eLeey %hél ¢

ring does not” contain nore than oné nenber selected fromthe group
consi sti MYRo ;‘It bang enderstged hovgver th@Gaiddrtkrodyriye ring dogseot egrdaininmge hpdooxy

hydr oxy et ALKOINTEL il praLgin g RYyEepi@sent | ngohygy oggp. Sex

al kyl; or represents - m get’her "wi e nrtrogen

t hat car fdpmeﬁthlgrhydﬁﬂy] hy dlazebythyl, Pyegaethyl or dkaxBaid Razptesdntivng hydrogen
1,2, 4- trra |yl ring, which ring may be substituted by an al kyl group
(espe%raPW ﬂy a methyl group); le represents hydrogen or methyl; 10Rb

repr esents Wy Qe IR MBI} and¥E R eSRMeS withKRX MitroBerd BAF B8R ﬁleﬁa ad, 2
or 3, Vrepresents a bond, and m represents 0; or nrepresents O or 1, V

r epr esentidmieblypyrazohd. k2 Beipeeaderrd . 2y-tiisrzolyl riaprikientiag may\persapitiseeh by
phenyl. L6358, b AR PO 2 | dentcal and eoreoenteach
-0- ( CHRGR® ptsardy hiRlfogem ogmmthyl 0-(CHR6) -0-C(=0)-0-R7, a group
(0§ 0- RO VERCHS by BBl Ay o oy or ) Unsubét i uted phonyl oxy, and RB
repr eseni$ rpr@e@yplkody; ( CH2) - 0-

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

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

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

15 R’ and R® are identical and represent each hydroxy, unsubstituted phenyloxy, unsubstituted
benzyloxy, a group —O-(CHR®)-0O-C(=0)-R’, a group —O-(CHR®)-O-C(=0)-O-R’, a group
~0O-(CHR®)-C(=0)-0-R’, a group -NH-(CHR'®)-C(=0)-O-R’ or a group —NH-C(CHj),-
C(=0)-0-R’; or
R’ represents hydroxy or unsubstituted phenyloxy, and R® represents a group —0O-(CH,)-O-

20  C(=0)-R’ or a group —NH-CH(CH3)-C(=O)-O-R9; or

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

\// \//O
\// /\
/\



20 C(=0)-R9 or a group -NHCH(CH3)-C(=0)-0-R9; or P(0)R5R8 represents a
group selected fromthe follow ng structures WO

2009/ 069 WORW 4sBAO08/ 055002 - 5- wherei n the arr oRCFABMN®S/03%602p0i nt of
attachnment to the remaining part of conpounds of 5formula I; q represents 1
or 2; R6 represents hydrogen or (C -C3)al kyl; R7 represents (G -C4)al kyl or
unsubstituted (C3-C6)cycloal kyl; RO represents (C -C4)al kyl; 10R19
represents hydrogen, (C -C4)al kyl, unsubstituted phenyl or unsubstituted
benzyl; RH represents hydrogen, (C -C4)alkyl or (G -C4)al koxy; and to the
salts (in garticul ar phar ma&euti cally aggeptable salts) of such con%punds.
The conpounds of forrrulﬂl y contain gne or nore,sStereogenic or
asynmetric z one or norefasymetric Eh\etion atons. The
conpounds Ll Aay t as 15m S
or prefe \s pure%ter;t;&sorrers. es oﬁ%ﬁreoi%orrers
separated\i n almanner known to a perlson skilled in the art.
2009/ 06910 £©1B2008/ 055002 - 6 - (P et activation, aggregadi and
degranul atfon, as pronoters of platelet ¥ saggregation or as
anti-thr otic agents. O

oners

wherein the arrow marks the point of attachment to the remaining part of compounds of
5 formulal;
q represents 1 or 2;
R® represents hydrogen or (C;-Cs)alkyl;
R’ represents (C1-Cy4)alkyl or unsubstituted (C3-Cs)cycloalkyl;
R’ represents (C-Cy)alkyl;
10 R represents hydrogen, (C;-Cy)alkyl, unsubstituted phenyl or unsubstituted benzyl;
R'! represents hydrogen, (C1-Cy)alkyl or (C1-Cy4)alkoxy;

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

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

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

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

therapy (including combination therapy), where they can be widely used as inhibitors of



The foll ow ng paragraphs provide definitions of the various chem cal

noi eties for the conpounds according to the invention. Said definitions are
i nt ended wo 2appisy1oani f or M y 5t hr oughout the specifi cati eaTanzhoghzsoers unl ess
an otherw se expressly set out definition provides a broader or narrower
definition. The term "hal ogen" refers to fluorine, chlorine, brom ne or

i odine, preferably to fluorine, chlorine or bromne and nore preferably to
fluorine. The term"alkyl", used alon&-or in conbination, refers to a
saturated straight or branched 10 chain alkyl group containing 1 to 7
car bon af}fa t(agt'l‘gltloﬁ'e&gé)’égatl@ﬁ Y dogRarRiRBY! as HroRioREOHY blateltt taiéﬁgérega'tlgﬁ) oputyl,
sec-buty tert-butyl,” n-pentyl, neopentyl, iso-pentyl, n-hexy i so- hexyl,
n-heptyla@mﬂr®umﬁwmpygyﬁsand preferably 1 to 4 carbon atons. Representatlve
exanpl es of preferred al kyl groups include methyl, ethyl, n-propyl,

|so pr op S I b r

"(Cx- Cy)gbijﬁuay&ga%%&%a% ébﬁﬁtggggg%yﬁg?@@s&fgh%‘%Es??hl q?kgr tg%ched
chai n al kq&hpcgmdupacmdmgnmthg invenooy. Sad biefinatoosrmre infheletl e nappal Ium)fgr'mly used
al one_or in tnatlog t ur at straight or bra d.chain

21 Koxy gt St HeRgeato s PO ROAE ErD I EPONY , LCNbgg oD

N- pr opoXysovide®a BFRABEXY nafloWeH RKMitioh SO- but oXy, sec-butoxy, tert-butoxy,
n- pent oxy, neopentyl oxy, iso-pentyloxy, n-hexyloxy or iso-hexyloxy), and

pref erabky Thett@nf <A RAN rdé:Q B ludthdREMOARE Hrdthin¥ & D bRSerMly RS Al srised

al koxy groues i ncl ude net hoxy, et hoxy, n pr opoxy, i So-propoxy, n- but oxy,

i so- but oxy chissiae pubiexyncand mese praserallyyo flmrenct er m * ( Cx- Cy) al koxy” (x and y
bei ng |ntegers) refers to a straight or branched chain alkoxx gr oup

cont ai ni Ay Bhetterny “dlylbomedlons or inTepantiegtion;' tejals wglaaﬂuyteﬂ straig U@relttamélﬁ@l n,

o5 1, At B BRI P PURbY SELLNEE RRRNSER 1SR, Dydhageh ot om
grﬁugfo;nch?ﬂﬂw,bu&mﬁnaenbuwﬂ?ﬁg?ﬁ@lUg??mydkm?%ngﬁgyhmTaih§?ﬁ2$wmQERWLw

Tl oy PO o8 T bty B BBy by Y GpoB G SRS apies of

4- hydr oxy- blét¥red %tkﬁycy’r SUpY - inc W@ 21%9195/10@%90;?@%;15%&%{09%50@%571 fso-bient yl

and 3-hydr oxy- 3- et buty (and referablﬁ h droxynet - hydr oxy- et hyl
and 3- hydr a§bwt ynd fe”"‘l’% tlenterm | “Kox (ap iy @@ Ms@ﬂl%ﬁ@eﬁ) refgfsetosat o an

al K4 97 oUR gL RS ol u@n%mpnnggg §sggagyat om has been

repl aced by a koxy group as i ous anpl es of

al koxyal ky lThlg Qrﬂp‘sailgoggl’ L{ggd algltll%]OIalEl 0 I{nr%fgg th ?’satﬁra%tsﬁr%ﬁt Q%B)r&)ﬁ;lhed

met hoxyret hyl and t’hoxy-e db y nmet hoxynmnet

2- met hoxy- e:hhnyila)lkoﬂyngram;alcogymlrtghla td ér mrbc&i ktnmrteighyﬂethoﬁrgaaﬁoiyom BXpel, €
met hoxynmet h nmet hoxyet h The erm"c oal kyl ", as used herein

al one or iﬁz’ﬁvpgﬁhﬂf Wex woﬁﬁﬁﬁyssﬁj‘ﬁogétﬁégpﬁﬂwid’@?%ﬁycnﬁ@ﬁ?&’%9%on
noi ety cont;aj-pindoxd,t A-héxydeybdR Ab-NEBy W) ChndByrcREBISURS it t $HrBish Qfoms.
substituted once by hydroxy, hydroxyrethyl, al met hyl (preferably

met hdky met Raprasentatissrymelchpf pefrodrkoxp resgups armhyérmth@wy REIPRY:| ) PIOPOXL koxy

(preferably, C h § t « ative
el oot ERopoaY oS R bR, TR R Eh b R e - CRRE BN T
cycl obut yl ,(xaytl (bpiagtilychgersjycﬂemhen)stralghﬁor@rmmﬂecbo&mmglkcbn@ﬁw (;ontalmng X to
2-hydroxy-c cIohex , 2-hydroxynet hyl - cycl opropyl and 2-

met hoxynet Ryi ‘%ﬁ?opyl (in particular cyclopropyl

2 hydr oxy,r & and nethox met h Io ro yl%] Th erm
"al koxycdr F%‘i‘ k]9/3f a g ‘FIRyWe Gt Bu Dot e

wheresn o n&vﬂ%Yéi‘ﬁ @ﬁl@lﬁ‘ycﬁ&é&ﬂ‘aﬂﬁﬁ hPe®en k§Plcag B¢la lﬁydr%fay ﬁ'ek QXHPQ{B{%’) MBRamPlQ 8P,

that is, a
hydroxyalkyl groups include, but arec not limited to, hydroxymethyl, 2-hydroxy-cthyl,

2-hydroxy-propyl, 2-hydroxy-1-methyl-cthyl, 2-hydroxy-1,1-dimethyl-cthyl, 1-hydroxy-
propyl, 3-hydroxy-propyl, 1-hydroxy-butyl, 3-hydroxy-butyl, 4-hydroxy-butyl, 3-hydroxy-



20 group itself substituted by an al koxy group as previously defined.
Represent ati ve exanpl es of al koxycar bonyl al kyl groups i nclude, but are not
limted two 2Be%t6hRycar bonyl - et hyl and 2- met hoxycar bonyIPC@ih3ios/055062e t er m
"carboxyal kyl" refers to an al kyl group as previously defined wherein one
hydr ogen at om has been replaced by a carboxy group (that is, by a - COCH
group). 25Representative exanpl es of carboxyl al kyl groups include, but are
not limted to, 2-carboxy-ethyl and 3-arboxy-propyl. The term"aryl"
refers to an aromatic cyclic group with one, two or three rings, having
from6 to 1d,CaRReNhdDY- @ln%l%ﬂ%l I?Jn%f&éf@abby Hyrdmﬁleﬁhezl Jz%ﬁ%xgoéﬂh 1 and
ring-atons, for exanple to phenyl “or naphthyl” groups (and notably to phenyl
groups) . Aﬁwnakth@ﬁﬂmp (and WO 2009/069100PCT/182008/055002 - 8- in
particular any phenyl group) as defined herein nay be unsubstituted or
subst i t uttedhgi tetm Gallspxtaliy'Gras moed henalys tréfersemt an {ljpyledrenmbé yraniduklyodedined
three substituents re preferably with or.two substituents d

ot abl y i TSR o8 BB b g Besh bt ERGut iR FL BV RO RERt oup
consisting Ed‘am@&koaeﬁl,koﬂ}l'aKlWI @Bﬁbsallﬂéﬁ?dy,- bpas hbe ligraploe - mfethaxybro@yl
groups are phenyl, phenyl , 3-fluoraophenyl, 4-f| uorophenyl,

2-chl or ophém}hoxygleéwﬂ 6?%51%%]9‘]"3’ ~cibyd Kpnst maiptdk yrethox ymsth b prappioxy-ethyl).

3- met hoxyphg Qu)ﬂﬁlo%ff tﬁ@fté}%mr&gwet hy?~ H@&xﬂ%? bemile n%m@w%{hgh@pylmethox y-

4- et hyl phenyl , 4-di fl uorop eny , 4-di fl uorophenyl ; di met hoxyphenyl
and 2, 4- dlwﬁbhylphenyl (preferably phenyl and 4-met hoxyphenyl). + The term
"aralkyl", as used herein, alone or in any conbination, refers to an aryl

group 10+ élﬁpeamedcﬁch)aﬂhé paumdthem)’h eajericaor iminEtcymfomatimg trefars talakgaturgmbup

wher ei n however, t roup m stltute r Sti t

o 3 unet 1y tEnlhEaPiotnd s ihalBiehid D RS Mo S pRL R Lh B et

hal ogen, a|s&thluﬁéwoﬁe@Wdrdi§plﬁﬁﬁ@{y&r&lthwQlll&)k&fﬁéﬂ@'is (Iﬁéfeﬁb@l ¥thogmeaps or

i ncl ude, but are not limted to, benz g henyl et hyl phenyI%fopyI and
2- napht h- 2-Sosymgthyl ppd e @aefsﬁaBHYkgnF%@?mﬁ DY %ﬂf%yp@éﬁ Bllyk";?Ft g6 9ps.
15+ The tere%ox?%ﬁyﬁl@fek?}eferalﬁ§ rﬁéﬁ&yl?e[{@blesen%ln@@%x% 1§ RN el P?&ub@n
refers to an uhsubstitu phenyl group appended to Phe parent folecul ar
moi ety t hr oogdedeanbuil ksgl ngf dulpltedRéQJr exdenrapyly ecyebobutpl, eSYCd)CfpeptfyéndeM@Wl
group i ncl but e not ted t nzyl ,..2-ph ny.

3 phonyl pr o RiPels 3 TRb i dheriE el S BREP LR or A Spd e

herei n, al aneh®tynicthyt-opdloprapyldin, pﬂ’r’@iftﬂﬂ?r&:ybl@p&pybadrydrdﬂymemyl 2tlofropyd yadl i €
aromatic rin 4§yst n% ontaining up to 14 ring atons wherein at |east one of
the rings Conf@PREnhyicygloprogyld het er oat om i ndependent |y sel ected fromthe

group co 5|st|ng of nltrogen oxygen and sul fur; in addltlon the term
"het er oarr}yl Thefgim 5plkexycard @Pylfﬂésyll S i ?ra?l% Y 29HB @ Previvnshdilined aiereiyr oup

can be unsubstiylibeed affim SHOBLI MRVl BinlalkdXyBarBUBRS thdupe it i P eber@bly 1

to 2 substltuents and nore preferably 1 substituent) sel ected 25

i nde%ndentgreyupfltsg}ﬁsubﬁ@tlmmpam@mygroumasoﬁemwsag@ﬁneé|R@yreselaath@wamples

tg; BLlng:’ ﬁg}au }ekox%ca?bonpl ailwlljg%’()'%gse }ntcﬁléig but F) ehno§ ?m}lf%d e2 gtﬁ?)%ar% nﬁ%e;c/l?y?tagé oaryl

pyrazol yl , 2-fcthaodctbonylratihdz ol yl | oxazol yl, pyridi nyI 1- oxy-4- pyridi nyl,

1-oxy-3-pyridinyl, 1-oxy-2-pyridinyl, pyrinidinyl, quinolinyl,

benzi m dazoihyl terheradbiyaiigdt yfersb@nzotikyEaydup isepxéop@amlaeﬁnecbmm‘lmroaayl

i ndolyl, WD 2009/ 069100PCT/ 1B2008/ 055002 -9- carbazolyl, phenothiazinyl

and phenoxélifiWFn @R et RBFTy reRcah Py, ﬁ?/‘iba% ZJAUPaikpt 45, n@f RyTpyPEzSIopP) . +

The serm " mopacyghie Redsnaary! carb&@léﬂ%@dgl%ﬁﬁse'lﬂclu&ee‘clﬁItSaJeOn@t MRRRAY )1 C

aromatic ring systemcontaining 5 of ring atons anong which 1 or 2 fmay be

het er oat ong-gebaxgytaghy! 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 phenyl groups). Any aryl group (and



5 fromO, N and S. The nonocyclic heteroaryl group can be unsubstituted or
substituted with 1 to 2 substituents (preferably 1 substituent) selected

i ndependaemol2godasorent he group consi sting of hal ogen, al kKpCT/IR208AI5002
trifluoronmethyl and trifluoromethoxy. Representative exanples of nonocyclic
het eroaryl groups include, but are not limted to, thienyl, furanyl,
pyrrolyl, pyrazolyl, thiazolyl, imdazolyl, oxazolyl, pyridinyl and
pyrimdinyl. 10+ The term "heterocycl yl8-, as used herein, alone or in any
conbi nation, refers to an unsubstituted saturated nonocyclic nmoiety of 3 to
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nitrogen, oxygen and sulfur; in addition, the term “heteroaryl” may also refer to 1-oxy-
pyridinyl groups. The heteroaryl group can be unsubstituted or substituted with 1 to
3 substituents (preferably 1 to 2 substituents and more preferably 1 substituent) sclected
25 independently from the group consisting of halogen, alkyl, alkoxy, trifluoromethyl and
trifluoromethoxy. Representative examples of heteroaryl groups include, but are not
limited to, thienyl, furanyl, pyrrolyl, pyrazolyl, thiazolyl, imidazolyl, oxazolyl, pyridinyl,
l-oxy-4-pyridinyl, l-oxy-3-pyridinyl, 1-oxy-2-pyridinyl, pyrimidinyl, quinolinyl,

benzimidazolyl, benzothiazolyl, benzothienyl, benzoxazolyl, benzofuranyl, indolyl,
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carbazolyl, phenothiazinyl and phenoxazinyl (preferably thienyl, pyrazolyl and 4-methyl-
pyrazolyl).

The term "monocyclic heteroaryl”, as used herein, refers to a monocyclic aromatic ring
system containing 5 or 6 ring atoms among which 1 or 2 may be heteroatoms sclected
from O, N and S. The monocyclic heteroaryl group can be unsubstituted or substituted
with 1 to 2 substituents (preferably 1 substituent) sclected 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, furanyl,

pyrrolyl, pyrazolyl, thiazolyl, imidazolyl, oxazolyl, pyridinyl and pyrimidinyl.

The term “heterocyclyl”, as used herein, alone or in any combination, refers to an
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 contains only one heteroatom which is a
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.c. as a sulfoxide or sulfonyl.
Representative examples of heterocyclyl groups include, but are not limited to, azetidinyl,
pyrrolidinyl, tetrahydrofuranyl, piperidinyl, piperazinyl, morpholinyl and thiomorpholinyl
(preferably tetrahydrofuran-3-yl).

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 attached to either atom linked by the bond

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

HaC

\/\NH
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is cither 2-methyl-piperazine-1-carboxylic acid ethyl ester or 3-methyl-piperazine-1-

carboxylic acid ethyl ester.

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

expressly set out definition provides a broader or narrower definition.

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

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

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

formula Icg



I (nc H2)ni pR5 , 0\ R8 formula ICE wherein R represents phenyl,

wherein the phenyl is unsubstituted or nonosubstituted w th hal ogen,

5nmet hyl owoteéddesmmponet hyl ; Wrepresents a bond, and R2PCcepBEO®nse02al kyl ,

hydr oxyal kyl (notably 3-hydroxy-butyl), al koxyal kyl (notably

3- et hoxy-propyl), a cycloal kyl group of 3 to 7 carbon atons (preferably of

3to 6, nore preferably of 3 to 5 carbon atons and nost preferably of 3

carbon atons) which may be substitutedionce by hydroxynet hyl or

al koxymet hyl (preferably 10 net hoxynmet hyl or ethoxynethyl and nore

preferably nethoxynethyl), a phenyl group which is unsubgtituted or

nmonosubstituted wi th al koxy, or an unsubstituted nonocyc€lic heteroaryl

group; or Wrepresents -0- and R2 represents al kyl (nptably nethyl),

cycl oal kyl (notably cycl opentyl), hydroxyal kyl (notabjy 2-hydroxyethyl) or

het erocyclyl (notably tetrahydrofuran-3-yl); or 15 resents -NR3-, R2

represents al kyl, al koxycarbonyl al kgl [notably 2- slar bonyl) - ethyl],

car boxyal kyl (notably 2-§$rboxy-eth ), hydroxyal

2- hydroxy-et hyl), al koxyal Xyl, heteflocycly
o}

t et erahydrofuran-3-yl), c ( y nyl or
phenyl al kyl (notably benﬂiﬁ) and R3 represent n or alkyl (notably
nethyl); WO 2009/,069100RCT/ 1B20[08/ 055002 -
R N (CH2)n O
Y \\l/
O (CHg)m R®
P
Y
o/ \R8

formula Icp

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),
alkoxyalkyl (notably 3-methoxy-propyl), a cycloalkyl group of 3 to 7 carbon atoms
(preferably of 3 to 6, more preferably of 3 to 5 carbon atoms and most preferably 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 -O- and R? represents alkyl (notably methyl), cycloalkyl (notably cyclopentyl),
hydroxyalkyl (notably 2-hydroxyethyl) or heterocyclyl (notably tetrahydrofuran-3-yl); or
15 W represents —-NR’-, R” represents alkyl, alkoxycarbonylalkyl [notably 2-(cthoxycarbonyl)-
cthyl], carboxyalkyl (notably 2-carboxy-cthyl), hydroxyalkyl (notably 2-hydroxy-cthyl),
alkoxyalkyl, heterocyclyl (notably teterahydrofuran-3-yl), cycloalkyl (notably cyclopropyl),
phenyl or phenylalkyl (notably benzyl) and R’ represents hydrogen or alkyl (notably methyl);

or



Wrepresents -NR3- and R2 and R3 form together with the nitrogen that
carries them a heterocyclic ring of 4 to 7 nenbers (preferably 4 to 6
menber s) wbep@wotohe nenbers needed to conpl ete sai d heP€TaBYOB/ME5002 Ng ar e
each independently selected from-CH2-, -CHWM, -0- and -NW, it being
under st ood however that said heterocyclic ring does not contain nore than 5
one nenber selected fromthe group consisting of -CHW, -0- and -NRY-, RX
representing hydroxy, hydroxynethyl, alkoxymethyl (notably methoxynethyl)
or al koxy (notably nethoxy) and R3' representing al kyl (especially nethyl);

or Wr epfesghtent NRR - and ’2aANf: Rl %Qéthéroxgﬁﬁ e niolobn 1e Akl aR&R, § hat

carries them a pyrazolyl ring which nmay be unsubstituted or

monosubs h¢tmt:mlllc ngant 446 Kyhenghresu(prqfersblercd taldl memberbywherere thoymegbasipyedea

represen S 4 (pref bl hoxy or
- bu toxy§0 “ pqgetgr%%gé{r%{em”gg %hn‘%Ré eragl? '\ﬁgfgndrérét esnl%?gs(c}/eé1 % o %r}ﬁrid&r}n&?éppesent S

0; or n m&pﬂ*ﬁsyent Beifl oideistood }roes{emsthmtssldph&mdyphcanﬁlg merselpfaﬁﬁmﬁmo@a thafi 15n

represents 1, Eresef[; hen , and. mre §en d R8 are

i dent? caP™aiy ° By P&QS}SlStlﬁlﬁs‘lfb d aﬁﬂeﬁ% QE/ representing

unsubst i b8 bﬁ ¥k @dthyla Qk&éylaq ( dRB)y OmEho@)mddyl) 2ordrapR bl

-0- (O%RG)ytg%'( ? }% y group -edeCHRG yCé U%)m y) a group Y (notably

- NH- ( mmﬂw&mrﬂ@ymrmenangﬁlbﬂriespwle(mp@ C(=0)-0-R9: or 20 R5

repr ese”%ﬁwh}‘eg;"r%)é%{ts angks R§nc{1?\pr fi& QG o E% B ik £hgiﬁ?rog0en%-toéan% th@h, B2

represents unsu i tuted phenyl o and represents a

- NH CH( Chizpzdy =g Ghich magzrbd%r&)ﬂ%ﬂﬁ&ed epmesmbmtae@ b up aﬂ;l@ll goct@c(e:fpemmw he
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R® represents hydrogen or methyl;
R* represents alkoxy (preferably ethoxy or n-butoxy):;
n represents 0, 1, 2 or 3, V represents a bond, and m represents 0; or
n represents 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®)-0O-C(=0)-R’, a group —O-(CHR®)-O-C(=0)-O-R’, a group
~O-(CHR®)-C(=0)-0-R’, a group -NH-(CHR'®)-C(=0)-O-R’ or a group —NH-C(CHj3),-
C(=0)-0-R’; or

20 R’ represents hydroxy and R® represents a group —O-(CHZ)-O-C(=O)-R9; or
R’ represents unsubstituted phenyloxy and R® represents a group -NH-CH(CH,)-C(=0)-O-R’;
or

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

\V4 \//O
\// /\
/\



00i i WO 2009/ 069100PCT/ | B2008/ 055002 - 13 - wherein the arrow marks
the point of attachnment to the remaining part of conpounds of 5fornula ICE;
g represewo0®/06RB0r epr esent s hydrogen or (G -C3)al kyl @eprasmosibdsgohydr ogen
or nethyl); R7 represents (G -C4)al kyl or unsubstituted (C3-C6)cycl oal kyl;
RO represents (C -C4)al kyl; 10R19 represents hydrogen, (G -C4)alkyl,
unsubsti tuted phenyl or unsubstituted benzyl; RH represents hydrogen,
(G-CA)alkyl or (G -C4)al koxy; and to-the salts (in particular
pharmaceutically acceptable salts) of such conpounds. 3) According to one
preferred gobodi nent, the igQvention rel gtees to conpounds of fornmulad that

are al so cgnpounds of N{ alp 15 WD 2009/ 06910%37182008/ 0550 - 14 -
R2 ON HI = o
\ o o = o N =
0] O O
O 0 O
O \ //O O
/P\
O O

wherein the arrow marks the point of attachment to the remaining part of compounds of
5  formula Icg;
q represents 2 ;
R® represents hydrogen or (C;-Cs)alkyl (preferably hydrogen or methyl);
R’ represents (C;-Cy4)alkyl or unsubstituted (C3-Cs)cycloalkyl;
R’ represents (C-Cy)alkyl;
10 R represents hydrogen, (C;-Cy)alkyl, unsubstituted phenyl or unsubstituted benzyl;
R'! represents hydrogen, (C1-Cy)alkyl or (C1-Cy4)alkoxy;

and to the salts (in particular pharmaccutically 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



RAN(C H 2)n O RbR5 00 R5 formula 1p wherein R represents phenyl optionally
substituted 1 to 3 tinmes (preferably optionally substituted once or tw ce
and nor e woeb@vmbiopy optionally substituted once) by sub®CirtiBzes/ssseech
i ndependently 5sel ected fromthe group consisting of hal ogen, nethyl,
met hoxy, trifluoronethyl and trifluoronmethoxy; Wrepresents a bond, and R2
represents al kyl, hydroxyal kyl, al koxyal kyl, cycl oal kyl, aryl or
heteroaryl; or Wrepresents -0- and R214epresents al kyl or heterocyclyl; or
10Wrepresents -NR3-, R2 represents al kyl, al koxycarbonyl al kyl,
car boxyal kyl, hydroxyal kyl, al koxyal kyl, heterocyclyl, cyeloalkyl, aryl or
aral kyl and R3 represents hydrogen or al kyl; or Wrepresents -NR3- and R2
and R3 form together with the nitrogen that carries‘them a heterocyclic
ring of 4 to 7 nmenbers wherein the nenbers needed to conplete said
het erocyclic ring are each independently selected fr -CH2-, -CHRx-, -0-,
-S-, -CO and 15 -NRY-, it being ungerstood howev t hafNsai d heterocyclic
ring does not contain noge than one|lmenber sel ect P from|t he group
consisting of -CHRx-, -0-, and -NRY— repregenting hydroxy,
hydr oxynet hyl , al koxynet h g rogen or
al kyl; WO 2009/069100ch%28200 055002 - 15 - VVred?gsents - NR3-
and R2 and R3 form together wi tlh the nitrogerllthat carries them an
i m dazol yl , yraib azol y1(@t)d, 2, &-triazolyl ring, which ring
may be substltuted b an é\?yfxgroup (es eC|aIIy by a nethyl group); Ra
represents hydrogen off nethyl; rep[gs Ats-RYydrogen or net hyl ;

O 0=

R5
formula Ip

wherein
R' represents phenyl optionally substituted 1 to 3 times (preferably optionally substituted once
or twice and more preferably optionally substituted once) by substituents each independently
5 selected from the group consisting of halogen, methyl, methoxy, trifluoromethyl and
trifluoromethoxy;
W represents a bond, and R? represents alkyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, aryl or
heteroaryl; or
W represents -O- and R? represents alkyl or heterocyclyl; 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 —CH,-, -CHR™-, -O-, -S-, —CO- and
15  -NRY-, 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 R” representing hydrogen
or alkyl;



R4 represents al koxy;

group -0-(CHR6)-0-C(=0)-R7 wherein R6 represents hydrogen or

and R7 r epoeseics100Cl- C4) al kyl ;

n represents 0, 1 or 2; R5 represents hydroxy or a

(G -C3)al kyl
10and to the salts (in paruBzO8/e35002

pharmaceutically acceptable salts) of such conpounds.
I nvention relates to conpounds of fornula Ip that are al so conpounds of
formula IcEp R2 0

4) In particular,

H R4 N(CH2)n

-15-
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;

5 R represents hydrogen or methyl;

R’ represents alkoxy;
n represents 0, 1 or 2;
R’ represents hydroxy or a group —O-(CHR®)-O-C(=0)-R’ wherein R represents hydrogen or
(C1-Cs)alkyl and R’ represents (C;-Cy)alkyl;

10 and to the salts (in particular pharmaceutically acceptable salts) of such compounds.
4) In particular, the invention relates to compounds of formula Ip that are also compounds of
formula Icpp

R2
W ~
0 XN
R4 H |
\/\ N / 1
N N R
R4YN\/ J (CH2)n o
b
_R—R
o) o \
R5
formula Icpp

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

t he
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independently seclected from the group consisting of halogen, methyl and trifluoromethyl,
especially optionally substituted once by halogen, methyl or trifluoromethyl);

W represents a bond, and R? represents alkyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, a phenyl
group optionally substituted once by alkoxy, or also an unsubstituted monocyclic heteroaryl
group; or

W represents -O- and R? represents alkyl (notably methyl) or heterocyclyl (notably
tetrahydrofuran-3-yl); or

W represents -NR’-, R” represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl,
alkoxyalkyl, heterocyclyl, phenyl or phenylalkyl, or a cycloalkyl group of 3 to 7 carbon atoms
(preferably of 3 to 6 and more preferably of 3 to 5 carbon atoms) which may be substituted
once by hydroxymethyl or alkoxymethyl (preferably methoxymethyl or ethoxymethyl and
more preferably methoxymethyl), and R? represents hydrogen or alkyl (and notably hydrogen
or methyl); or

W represents —-NR*- and R? and R’ form, together with the nitrogen that carries them, a
heterocyclic ring of 4 to 7 members (and notably of 5 to 6 members) wherein the members
needed to complete said heterocyclic ring are cach independently selected from —CHy-,
-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 or alkoxy (notably methoxy) and RY representing
alkyl (especially methyl);

or also W represents -NR’- and R? and R’ form, together with the nitrogen that carries them, a
pyrazolyl ring which may be substituted by an alkyl group (especially by a methyl group);

R® represents hydrogen or methyl;

R" represents hydrogen;

R” represents alkoxy;

n represents 0, 1 or 2;

R’ represents hydroxy or a group —O-(CHR®)-O-C(=0)-R” wherein R represents hydrogen or
(C1-Cs)alkyl and R’ represents (C;-Cy)alkyl;

and to salts (in particular pharmaccutically acceptable salts) of compounds of formula I¢cg.



wherein 15R represents phenyl optionally substituted once or tw ce by
substituents independently selected fromthe group consisting of hal ogen,
met hyl , rwohoowoeotoni f | uor onet hyl and trifl uoronet hoxy (&ou/1proes/essain y
optionally substituted once or tw ce by substituents WO
2009/ 069100PCT/ 1B2008/ 055002 - 16 - independently selected fromthe group
consi sting of halogen, nethyl and trifluoronethyl, especially optionally
substituted once by hal ogen, nethyl oritrifluoromnethyl); Wrepresents a
bond, and R2 represents al kyl, hydroxyal kyl, al koxyal kyl, cycloal kyl, a
phenyl 95 PPR QM) ARA L HpSUIHAS bF FhRE pﬁbC@ef#ﬁxd Al KA¥YdimPHt 1‘3'0?‘(2) @Bove or their
unsubstitut ed nonocyclic heteroaryl 5group; or Wrepresents -0- and R2
r epr esensats a(hrnymg whehdhd yhmtamtlyalkyrachmt@ﬂm@l@Ivg/lll b(ermcﬁbt@b will be such that
tetrahydpofu sent | kyl,
al koxycar h% %&Ogrécgbogx%r %Ea STy %%eﬁﬁg 1i?reIOCh 85&% &%F% “het er ocycl yl ,
phenyl or phenylalkyl or a cycloalkyl group of 3to7 carbon atons 10
(preferably of 3 to 6 and nore preferably of 3 to 5 carhghd atons) which may
be substituted once by hydroxynethyl or alkoxynethylvgﬁfeferably
met hoxynet hyl or ethoxynethyl and nore preferably nmethoxynethyl), and R3
represents hydrogen or al kyl (and notably hydrogen or| nmethyl); or W
represents -NR3- and R2 and R3 form together with i trogen that
carries them a 15 heterocyclic ring of 4 to 7 ne nd notably of 5 to
6 nmenbers) wherein the nﬁﬁgﬁrs needfd to cenpl ete|paid heterocyclic ring
sel CH CH

are each i ndependently -NRY-, it being
under st ood however t hat Rin nore than

, -0- and -NRY-, Rx
hy roxy tlhyl or Ikoxy not abl y nmet hoxy) and R3'
representing 20al \h nethy ,2@r al so Wrepresents -NR3- and R2
and R3 form togetherf|lwith the %trogen that carries them a pyrazolyl ring
whi ch may be substitufled by an kyI group|(especially by a nethyl group);
Ra represents hydroge@ or nethyl; Rb reprd€épks Rarogen; 25R4 represents
al koxy; n represents 0, 1 or 2; R5 representsrydroxy or a group
-0-(CHR6)-0-C(=0)-R7 wherein R6 represents Pbggn or (G -C3)alkyl and R7
represents (Cl-C4)al kyl ; O

representing hyd&gxy,(

5 formula Istq

6) According to another preferred embodiment of this invention, the compounds of formula I
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 Isy,, wherein n

represents 1 or 3, and have the stereochemistry drawn below



and to salts (in particular pharmaceutically acceptable salts) of conpounds

of formula ICE. WD 2009/ 069100PCT/ 1B2008/ 055002 - 17 - 5) Preferably,
as defined in enbodi ment 1) or 2pCahBues/ossotheir
salts (anpbng which the pharnaceutically acceptable salts w il
wi |l be such that they are al so conmpounds of fornula IsTi

conmpoundswof206%memeba |

t he

be preferred)
and have the

stereochem stry drawn below O NNI RaHR 1 RAN(CH2)n V Rbl O(CH2),/ R5 0 \ R8
, bformula IsTi 6) According to anothes- preferred enbodi nent of this
i nvention, the conmpounds of fornula | as defined in enbodiment 1) or 2) or

their
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alts (anmong which the pharmaceutically acceptablegsalts will be
preferred) will be such that they are al so conpounds
wherein n represents 1 or 3, and have the stereochem
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R

formula Ist>

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

acceptable 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 5) 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
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 0 and n represents 1, 2 or 3.

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

represents 0 and n represents 0 or 1.

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

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

try drawn bel ow WO
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acceptable salts will be preferred) will be such that when V represents phenyl, then m

represents 1 and n represents 1.

12) According to a preferred embodiment of this invention, the compounds of formula I as
defined in any one of embodiments 1), 2), 5), 7) or 9) or their salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that when n represents 2, V
represents a bond and m represents 0, then R* represents (Cy4-Co)alkoxy, especially linear

(C4-Cs)alkoxy and in particular n-butoxy.

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
acceptable salts will be preferred) will be such that when n represents 2, then R represents

(C4-Ce)alkoxy, especially linear (C4-Cg)alkoxy and in particular #-butoxy.

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) According to another particular embodiment of this invention, the compounds of formula I
as defined in any one of embodiments 1) to 11) or their salts (among which the

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

16) According to yet 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
(among which the pharmaccutically acceptable salts will be preferred) will be such that n

represents 2.

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

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

18) According to yet another particular embodiment of this invention, the compounds of
formula I 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.
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19) Preferably, the compounds of formula I as defined in any one of embodiments 1) to 18)
above or their salts (among which the pharmaceutically acceptable salts will be preferred) will
be such that R* represents (C4-Cg)alkoxy, especially linear (C4-Cg)alkoxy and in particular 7-
butoxy.

20) Preferably, the compounds of formula Ip as defined in embodiment 17) above or their salts
(among which the pharmaceutically acceptable salts will be preferred) will be such that R*
represents (Cy-Ce)alkoxy, especially linear (Cy-Ce)alkoxy and in particular n-butoxy.

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

that they have the stercochemistry drawn below

)
.

22) Preferably, the compounds of formula I as defined in one of embodiments 1) to 21) above
or their salts (among which the pharmaccutically acceptable salts will be preferred) will be
such that R' represents phenyl optionally substituted once by halogen, methyl, methoxy,
trifluoromethyl or trifluoromethoxy (notably phenyl optionally substituted once by halogen,
methyl or trifluoromethyl and especially phenyl optionally substituted once by fluorine,
methyl or trifluoromethyl).
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i nvention, the conpounds of fornula | as defined in enbodinent 1), 2) or 5)
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preferred enbodi nent of this invention, the conmpounds of fornula | as
defined in enbodinent 1), 2) or 5) or their salts (anong which the
pharmaceutically acceptable salts will-2be preferred) will be such that V
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heteroaryl group (especially thiophen-3-yl).

26) More preferably, the compounds of formula I as defined in embodiment 25) above or their

15  salts (among which the pharmaccutically acceptable salts will be preferred) will be such that
R’ represents hydroxyalkyl, alkoxyalkyl or cycloalkyl (especially cyclopropyl optionally
substituted once by alkoxymethyl or alkoxy and more especially cyclopropyl optionally
substituted once by alkoxymethyl).

27) According to another variant of this invention, the compounds of formula I 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 pharmacecutically acceptable salts will be preferred) will be such that W
represents -O- and R” represents alkyl (notably methyl), cycloalkyl (notably cyclopentyl),
hydroxyalkyl (notably 2-hydroxyethyl) or heterocyclyl (notably tetrahydrofuran-3-yl).

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 pharmaceutically

acceptable salts will be preferred) will be such that W represents -O-.
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31) According to a further variant of this invention, the compounds of formula I as defined in
20 one of embodiments 1) to 3) or 5) 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 phenylalkyl 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 -NRY-, R* representing

hydroxy, hydroxymethyl, alkoxymethyl or alkoxy (notably methoxy) and R” representing
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contain nore than one nenber selected fromthe group consisting of -CHRx-,
-0- and -NW, 20 Wrepresenting hydroxg3- hydroxynmet hyl , net hoxynet hyl or
met hoxy (especially hydroxy, hydroxynmethyl or nethoxy) and R3' representing
met hyl  (apd v%ﬁpc%%r@fehléd)swﬁhbé bt e @’ng:pl%gelfté) LRR QR NELy 1 tf(t}nf e'EHe} rogen
that carries them 3-nethoxynethyl-azetidin- 1 -yl, pyrrolidinl -yl,

mor phol i with-thyd nltrAgmthhwarlp%pthemam midazojyl, pﬁamlhb%%ytrlpmlylmrlhl %tmazmlyl yl,

3- hydr ox rr,Q -1 y X rd di n- | .and in
part1 cul SRLolEh {hhiedbe Yna Ml R BB P RIS b Mo simEgen ¢ ha
carries them pyrrolidin- 1 -yl, m)rphol in-4-yl, 4-nethyl pi perazin-1 -yl,
3- et hox99)p}3/1refemd‘tilyjithe teyibounds loy doroukay 1 py definddi idiembbd'mdnt Gil) 2e Bi&)da:hove or

W T e DelRal e e SRR r AR FRBTALE RIS Y PP lélntlfsﬁgllé}tl? orm

t Oget her thot Rhag R’ ﬂirfnl' agemelt Wah tieadifrb@ thiitezmne@mhdnmac&@z@zlowl rmg
1, 3tr|azol%1 or trlazolarmrlng, whi ch ring be su stltuted by

an al kyl bgpubg (eéévg@cm@rhylygrﬁ@p @ngnit PRy sug) that R %@)R Ppen.dpaging Withhe
conpound I or 38) above or 5 their
salrr}t)s (arﬁr%%gemﬁc h%s th&%;?ﬁ%ggﬁ?} J():Ig% I gﬁgﬂ%%%%gégf% salts \)M|| be preferred)

wi |l be such that R2 and R3 form together with the nitrogen that carries
them a pYrBesadoyl the icompounide lef fraynulrel asudsdined Ut et dfyenabodimenyd Lgtooldp, (4arie i n

particul t r th n

carr :lg S ?@ 0%%%2;[% 3 aPWe @%%nﬁv}il 3 tﬁu%@lﬁa%%%et&?l 3}1W c?);tﬁ)? %}t&%ﬁ@% g}el?&te}%i%
conpoundsilbpref@nistylba shc}aﬁladﬁf‘ ireyeckenta (Qp€ . Jatkoembadedi@ht nch) (CCHAkoxyl4n t o
10 18) or 21% to 39 ove (among which the pharmaceutically acceptable
salts wi Pirtipgansgthe rorrg WY | preferably be such that R4 represents

(C2-C4) al koxy, especially linear (C2-C4)al koxy, in particul ar ethoxy or

n- but oxy41) Acd&)ildmg\ﬁpzopﬁ'fdﬂ@dtv@naqt l@f@ﬁl@f)dlﬁfénﬁ/ﬂf)i @blcodboenbodtoimmta A@nong he
conmpounds of fornhul a | armaceutically acceﬁ jable salts
will be phishdhs %P)rmaﬁqurw%léf @ﬁ@ﬁat{l?\&"t“s Pmllrbémr%fgré‘%ﬁ)gv@@@t%kghat APPrAEyr di ng
to appthgp preferred variant of enbodi ment 40), the conpounds of fornula |
as defined i'n one of enbodinents 1) to 39) above (anpbng which the
pharmaceutically acceptable salts will be preferred) will be such that R4

r epr esent®) Mcdgdiagip, another pwﬁfredﬂéﬂfﬁﬁloﬁe@h@g@mte“r% th¢ campaninoiiernea 1eel at es

comounde R oot iy BaBsy b\ 06pR B Ehr SRLTEEtuy WA, Ry

NNNRL R4 M1 GH2 b 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 Ipp



\' 0 Ro OOR\ OH 'PD wherein R represents phenyl optionally
substituted 1 to 3 tinmes (preferably optionally substituted once or tw ce
and nor e woeb@vmbiopy optionally substituted once) by sub®CirtiBzes/ssseech

i ndependently selected fromthe group consisting of hal ogen, nethyl,

met hoxy, trifluoronethyl and 5trifluoromethoxy; Wrepresents a bond, and R2
represents al kyl, hydroxyal kyl, al koxyal kyl, cycl oal kyl, aryl or

heteroaryl; or Wrepresents -0- and R226epresents al kyl or heterocyclyl; or
Wrepresents -NR3-, R2 represents al kyl, al koxycarbonyl al kyl, carboxyal kyl ,
hydr oxyal kyl , 10al koxyal kyl, heterocyclyl, cycloal kyl, ahyl or aral kyl and
R3 represents hydrogen or alkyl; or Wrepresents -NR3-.-4and R2 and R3 form
together with the nitrogen that carries them a heterpcyclic ring of 4 to 7
menbers wherein the nenbers needed to conplete said heterocyclic ring are
each independently selected from-CH2-, -CHRx-, -0- -, -CO and - NRY-,

it being understood however that sapd heterocycli ¢’ ringSdoes not contain

nmore than one 15 nenber gelected frfimthe group c tsii;;lg\?f - CHRx-, -0-,
-S-, -CO and -NRY-, Rx regresenting hydrogy, hydgoxymethyl, al koxynet hyl
or al koxy and RY represen '/é\hy al 1

SF* or fal so W epresé%ts -Nﬁ%- and R2 and
with thle nitrogen th iles them an i mdazolyl,

2009/ 069100PCT/ 1B2008/ 055002 -
R3 form together )
pyrazolyl, 1,2, 3-R~azo or \r2,4-tri y1Q@ing, which ring may be
substituted by an al grBUp/ speciall'y by a nethyl group); Ra represents
hydr ogen or nethyl; 5 represeﬁ?s hydzgggtie{nnethyl;
O
OH

o)

IPD

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

5  trifluoromethoxy;

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

heteroaryl; or

W represents -O- and R” represents alkyl or heterocyclyl; or

W represents -NR’-, R” represents alkyl, alkoxycarbonylalkyl, carboxyalkyl, hydroxyalkyl,
10 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 —CH,-, -CHR™-, -O-, -S-, —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-, -S-, —CO- and -NR’-, R*

representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and R representing hydrogen

or alkyl;



R4 represents al koxy; n represents 0, 1 or 2; and to the salts (in
particul ar pharmaceutically acceptable salts) of such conpounds. 44)
Anot her msioro@nisobnent of this invention relates to theCtaRwos/NEsS020f
formula Ip as 10defined in enbodinment 3) that are al so conpounds of formula
Ip_pDG R2 0 H RaN RAN(CH2)nO RoR5 0 R5 ' P-PDG wherein R represents phenyl
optionally substituted 1 to 3 tines (preferably optionally substituted once
or twice and nore preferably optional l-g7substituted once) by substituents
each independently selected fromthe group consisting of hal ogen, nethyl,

met hoxy, of giié W%?Pé@@ﬁ@)lNRangld]I@ dnld ROUBFR %%Qﬁéﬂmtb\/ﬁl@ RIS i c§rr1@§’ﬂ1‘ém and
R2 represents al kyl, hydroxyal kyl, al koxyalkyl, cycl oal kyl, aryl or

het er oar gy imidazol YACPR@@YY10 60 BOOREIY IBAGDSH0EED0 2ing, Wich ring may be substituted
by an alkyl group (especially by a methyl group);
R® represents hydrogen or methyl;
5 R represents hydrogen or methyl;
R’ represents alkoxy;

n represents 0, 1 or 2;

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

44) Another main embodiment of this invention relates to the compounds of formula Ip as

10 defined in embodiment 3) that are also compounds of formula Ip_ppg

IP-PDG

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



Wrepresents -0- and R2 represents al kyl or heterocyclyl; or Wrepresents
-NR3-, R2 represents al kyl, al koxycarbonyl al kyl, carboxyal kyl,

hydr oxyalwol2e0%alshmryal kyl , het erocyclyl, cycloal kyl, aryCToB20ms/eisked and R3
represents hydrogen or alkyl; or Wrepresents -NR3- and R2 and R3 form
together with the nitrogen that carries them a 5 heterocyclic ring of 4 to
7 menbers wherein the nenbers needed to conplete said heterocyclic ring are
each independently selected from-CH2-28-CHRx-, -0-, -S-, -CO and - NRY-,

it being understood however that said heterocyclic ring does not contain
nore thaW%ﬁes@fﬁ Rerand R eGHednf P bRt GbQUR1GRNSI sting of -CHRx-, -0-,

-S, -CO and - NRY-, JRX representing hydr oxy, hydr oxynet hyl, al koxyrret hyI
or al koxyV agmdesRiyts r@{ﬁ es%ntqprﬂgeﬁtydkkdg@hk%@wbmymyl oa‘rb@ziyg&YWhyémXe‘sléms
-NR3- an n e G rr em an
i m dazol 5‘1“ ngaﬂ( (ii h er?c?] ]_K{Tl £§§9%Eif<3{ az%w)r al?alfqr/] . IR %p?gsgr%%p?@m?&l o' i Elh ring
may be sl&l\bséprésehtedr}mf amdalﬂyﬂd g?cfuml (teg@&m \aith yhebylltfbgﬁiﬁ'ftllihylcagre@ubém, Ra

epr csenl St ehgoch, o Ty 5% LERLEoSL s DXSLoRen Sr e L

represen

- 0-( m%het&og&i‘é)ﬁd?ar%%}?iﬂ@leﬁ@ldérﬁ]@f fsQuastro drcagen cr(,Cb-CH-aLkpl aand R7
represents C4) al kyl ; 20and to the salts §| n particular phar maceutical |y
accept abH‘éR sailt b@l)lg @ndegmchi Wﬁﬁ%ﬂiatssalwerpm@ lerlag) Kges roly eoré@m@mm than ofe
formul a i 4 heigr angg ich

t he phar hrr%g%g g@é tgfqigggéﬁ{%g?qungﬁts{ﬁ %\n |E)’r'e err éd) WI| &be su’c#ﬂt hat

R6 repr esz@msmtingdrydgmy hﬁlmkymmﬂ@bj alkcmynh:ﬂtyﬂ] at alRbxy eqt RS mptesenting hydrogen
(?)mat h%/lg}-élpropi onyl oxymet hoxy or i sobutyryl oxymet hoxy). 25 46) According
to a

rePe¥¥d enbodi ment, the conpounds of fornula | as defined in any one

of enbodbnars ﬂe);)rés@llt§3NRé-b<ﬁl‘dq{Qod’ndthefbfm Stk dther (VARG nigeh thad arries them,
phar rraceutl cal I )l/ 1accept able salts will be preferred) will be such that R5
Oly

and, if Reyragadyli Haittriazalylarid .3-eyiiazebyhtingyhigl ying may be substituted

2009/ 069 91113 ol al According to another preferred
enbodi rreg’? % %@%@éﬁ 8?)yfaormjygr(ﬁl 's defined in any one of enbodi nents
1), 2), B)‘rdpmsdlﬁsh}’dtdgentommle@)yl 18), 19) or 22) to 42) above or their salts
(amo rmaceutically acceptable salts will be preferred) wll
be sgghm?héetprq%ﬁ%ﬁ%‘ﬁogefnoﬁ%élgﬂ R8 are identical and represent each
unsubst i Rbtpeesphte Akboxy, unsubsti tuted 5 benzyl oxy, a group
-0-(CHRG)-0-C(=0)-R7, a group -0-(CHR6)-0-C(=0)-0-R7, a group

- 0- ( CHReM Fapyresgyts §. h9, \a group -NH (CHR16)-C(=0)-0-R9 or a group

- NH- C{ CHRY 20 (4501 - 0- g%up %)(C@ﬁ@))-b%él?ggtlg HIpLify R ef-egfers@ﬂs efiRpgdient, the

conpounds of for mula T as defined in enbodi nent 47) above or t he| r salts
(among wiieFs)alkel apH & merwengnis ¢G1-Cy)abipbept abl e salts will 10be preferred)
will be such that R5 and, if present, R8 are identical and represent
- 0- ( BHRG pndto tiX salty (iR‘pal(tiaukdr Iﬁmma@uéé:é}yaﬂbbqptamb- (a2 s 0chC{onppuRi) .
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 R®
represents hydrogen (and notably such that R® represents 2.2-dimethyl-propionyloxymethoxy

or isobutyryloxymethoxy).

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 salts (among which the pharmaceutically acceptable
salts will be preferred) will be such that R® and, if present, R® are identical and represent

hydroxy.



49) According to another preferred enbodi nent, the conpounds of fornula I
as defined in enbodi nent 47) above or their salts (anong which the

phar macewoDcatdopomocept abl e salts will be preferred) w PCThB208/035002hat R5
and, if present, R3 are identical and represent -0-(CHR6)-0- 15C(=0)-0-R7
(and nost preferably -0-(CH2)-0-C(=0)-0-R7). 50) According to another
preferred enbodi nent, the conpounds of formula | as defined in enbodi nent
47) above or their salts (anmong which-the pharmaceutically acceptable salts
will be preferred) will be such that R5 and, if present, R8 are identical

and repr @@)@%cord"f% {()Qﬁ'g‘qa@ prefebc@bmBo Rl theu'(')'fn%%)o? &k LB dd 3ty

According to st anot her preferred enbodi ment, the conpounds of fornula I
as defi neek pheabgdioews d), Bnbodi Fentd 12)16).2)8), B) Olr(i212€) 42nabove or UB)r, salts)

19) or fa)mon Vté]}gl);}\lm elol\)/}bartgace{l{' all ?eptt 1&? IR §1‘:§1:|ferre Rﬂ?‘%g%ﬁglu{hag ﬁkl y

accept ab b6 Suc represen dr oxy
and R8 r elﬁ);f ad @fﬁsﬁntaR@ I’aﬁiJIdenﬁba( %@)eﬁe@ﬁ?@e}ch%sﬁlﬁsﬂdﬂﬂbbl&ih&}bxy, unsubstltuted

-0-(CH2) - C to still £d

enbo h‘inzy P &&w&—és&ﬁ*‘ ?@%W 452088 i ﬁ)egﬁﬁ%w)ad&?o(ﬁ)e&# énBeH nent s
D o2) S (CHRZECOD IO o Bloupl SN EIIROLCRZ) OR'4D) 12BOYS OINERT)Sal (s
(anmong whi ch the pharmaceutical accetable salts will be preferre w | |
be such Chab)-OMD. 2009/ 069100PCT/ 182008/ 055002 - 30 - R5 represents
unsubsti tut ed phenyl oxy and R8 represents a group -NH CH(CH3)-C(=0)-0-R9

d t abl Al di t il t.h
br ot or rod" ENEAREAL ¢ 'THE TEMSBURBEoOFoF oo R bERrngl ™ f S5i5Be o
enbodi fTEBﬁlBocﬂu)nen‘r?M) aﬁdvet(ﬁ thed) saltd4dméy Wbich theBpharrh&kutdally %}:ceﬁo&b&@altﬁh@l‘ye or
their b5salts ich the,pharpmaceutigally acceptable salts w |l

pref &9 r efy pxﬁfqrwedb@qk'efcwcwaaﬁ Rpeeyd. iEmgscnk iy eseidentical giddepesaf eeellRs )eret he
fol | ow ng(sby-RTEHA 8% sChrEdably —0-(CH,)-0-C(=0)-R).

49) According to another preferred embodiment, the compounds of formula I as defined in

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®)-O-
15 C(=0)-0-R’ (and most preferably —O-(CH,)-O-C(=0)-O-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 acceptable 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(CHj),-C(=0)-0O-R’.

20  51) According to still another preferred embodiment, the compounds of formula I 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 pharmaccutically acceptable salts will be preferred) will be such that
R’ represents hydroxy and R® represents a group —O-(CHZ)-O-C(=O)-R9 (and notably
—0O-(CH,)-O-C(=0)-CHy).

25  52) According to still another preferred embodiment, the compounds of formula I 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 pharmaccutically acceptable salts will be preferred) will be such that



\' 1 HOX 10 wherein the arrow marks the point of attachment to the
remai ni ng part of conmpounds of forrmula I, g represents 1 or 2 (and

pr ef er ablwo2pgy/dedonepr esents (Ci - C4) al kyl (and pref er ablPg TB200§/D55002
tert-butyl) and RH represents hydrogen, (G -C4)alkyl or (G -C4)al koxy. WO
2009/ 069100PCT/ 1B2008/ 055002 -31 - 54) Another preferred enbodi nent of this
invention relates to the conpounds of forrmula | as defined in enbodi nment
1), wherein R represents phenyl; Wrepsesents -NR3- and R2 and R3 form
together with the nitrogen that carries them a 5 heterocyclic ring of 5

menbers WARLRlEnd ﬂﬁsﬁ@tﬂﬁféﬂ?h&%@&i@ﬁanhq{g%ﬁ%e%s Ig%hﬁ' ftﬁﬁtéﬁﬁt@ﬂ%'%@d} g’ are

each independently selected from-CH2 bei ng rst ood

however tdadhomalyd-NIeBI(QLY B L0 ONTHAGS3. not contain nore than one - CHRx-
group, Rx representing al koxy (and preferrably Wrepresents -NR3- and R2
and R3 for together with the nitrogen that carries them

3- et hoxyIpAysoafing fnstilh anogher grederpad: ¢ gtmd@m?répthég@mp%u%@if &jéwlak&f ddhedsent s

hydrogenj, & Jrf%%feeﬁﬁ;'aﬁﬁne% KGXY), sid BB e88B11%) 1 89r 195 0or Y2f BPABSENSonlPnd.

and mrepresents O;
5  salts (among which the pharmaceutically acceptable salts will be preferred) will be such that

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

\// \//
\// /\

/ " | | »

| \P//O \/
5 A = e P\O =
X

o)

0 0
0 0 o
~/
o o
10

wherein the arrow marks the point of attachment to the remaining part of compounds of
formula 1, q represents 1 or 2 (and preferably 2), R represents (C;-Cy)alkyl (and preferably
methyl or fert-butyl) and R represents hydrogen, (C1-Cy)alkyl or (C;-Cy)alkoxy.



R5 and R8 are identical and represent each a group -0-(CHR6)-0-C(=0)-R7, a
group -0- 15 (CHR6)-0-C(=0)-0-R7 or a group -NH (CHR19)-C(=0)-0-R9; or

P(0) R5R8 wepn@xentos a group sel ected fromthe foll ow ngPsTABINSINESO20MNEr €i N
the arrow marks the point of attachment to the remai ning part of conpounds
of formula |I; 20q represents 2; R6 represents hydrogen; R7 represents
(G-C)alkyl; R represents (G -C4)al kyl; R19 represents hydrogen,

(G -CA)al kyl or unsubstituted phenyl; -2band to the salts (in particular
pharmaceutically acceptable salts) of such conpounds. WO

2009/ 069%@&@5&%@&@§é@éﬁ9&@ment% this ARkntlSerelAds! tg%@&)n%ﬁﬁ&%u&q% rifla Q% mul a

| as defined in enbodinent 1) to 4) are particularly preferred: 4-((R)-2- {
[ 6- ((S) - Gefimstl iogypbgrdimews] ) dvierdiny 1) - 2- phenyl - pyri mi di ne- 4- car bonyl Fami nol- 3-
phosphon %:leﬁ ﬁ& Lpiperazine- 1 -carboxylic acid ethyl ester; 54-((R)-2-
[ 6- ((S?’ P 0 rrolidin-1-yl1)-2-phenyl -pyri m di ne-4- carbonyIFanlnol-
3 phosph®neepeepis CAYR: %zmdﬂé?aﬁiRéf&m@&b@ﬂh@1WﬁhamiduﬁgéyhmﬁshﬁkstHéﬁSﬁ 2-

{[64(S) - 3- et hoxy- pyrrolidin- I- enyl - pyri nj di ne- 4- car bonyl Fanj.nol- 3-
phosp ong ? y% %? avéanabffw éigin’ tégﬁft? IS 9%1&9 SRR PL€ salgheterocyclic
44(S) - 2- rifyg bﬁﬂé&h -iRddFBARAUY sONEEP ol WCH,- and -CHR™-, it being understood however
-yl) - 2- phenyl pyri m di ne- 4- car bonyl Fam nol 104- phosphono- butyry1) - pi per azi ne

- 1- car bothpt paid detegocaelig Fing stoes not4epngyn pore than one - HR*- group, R representing

64(S 3 0 ol-
4[phgs%h%%g§%gﬁﬁ¥)%?ﬁ&ﬁ%era r&wX )gﬁ}gg§£ 89%§$g%§£t¢F ég?ériﬂﬁﬂrggbg
{[64(S) - anathﬂwympyr3ﬁkﬂﬂum1Wﬂyn¢n24p@mmmb pyri m di ne- 4-car bonyl Fam nol-

3- phosph - pi perazi ne- 1-carboxylic acid butyl ester; 154-
{(S)%g [ Zﬁﬁﬁﬁﬁﬁ ﬁﬁy azol - 1-yl - pyri ni di ne- 4- car bony1) - ani no] - 4- phosphono-

butyrylIRbk@ggaﬁgﬁgﬁbg%arboxyl|c acid butyl ester; 44(S)-2-
{[6-(4-nmethyl -pyrazol - 1-y1) - 2- phenyl - pyri m di ne- 4- car bony1] - am nol- 4- phosph

onobut yr {1¥Ppispais alkpre- | - car boxyli ¢ aci d butyl ester; 4- [(9)-2-(
(2 phemyfrebdSLgbetiaiutes buanash rildeyan] - dine. & carbony )

-am no) - p osphono b yry - pi per azi carboxyllc acid butyI ester;
R’ and R® are identical and represent each a group —O-(CHR®)-O-C(=0)-R’, a group —O-

15 (CHR%-0-C(=0)-0-R’ or a group -NH-(CHR'%)-C(=0)-0-R’; or
P(O)R’R® represents a group selected from the following structures
9 9

\V4
AN // NS o o =

/ \ o) )
YK
)q o) )

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

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



4-

{(S)-2-[(2-phenyl-6-pyrrolidin-1-yl-pyrimdine-4-carbonyl)-am no]-4-phospho
no- but yr yWophgawsawone- 1- car boxyli ¢ acid butyl ester; 4-PCT(IB00826055002

[ (6-1sopropyl am no- 2- phenyl - pyri m di ne- 4- car bonyl ) - am no]

- 4- phosphono- butyryl1l- pi perazine-|-carboxylic acid butyl ester; 254-
{(S)-2-[(6-norpholin-4-yl1-2-phenyl-pyrimdine-4-carbonyl)-am no]-4-phosphon
o-butyryl |- piperazine-|-carboxylic acBz- butyl ester; 44(S)-2- {

[ 6- (4- et hyl - pi perazi n-1-yl)-2-phenyl - pyri m di ne- 4-car bonyl ] - am no} -

4- phOSth%')OT}Q%M{)% -BhREERR I R EorhivEATl Qoagﬁlnla@ma&h%dﬂﬁér}fll) & iPdre particulafty {
(R -2 nmet hyl am™no- 2- phenyl - pyri mdine-4-c arb

onyl)-anpwff]rte@ phosphono-prop ionyll- 30pi perazine-|-carboxylic acid butyl
ester; WD 2009/ 069100PCT/ 1B2008/ 055002 - 33 - 4- { (R -2-

[ (6-di metigR)ent ﬁd(S)Zirmh‘énw-pmwlidh 1dil)ﬂbpherwl-ayﬂﬁrnﬁimciﬁ}-cahbm&b}amm}-pho spho
no- prop erazjne-1-.c IL.C agi utyl ester; { (R -2-

[ (6- ot hyraRtabes pREIHFD Bt el REPIOUE 4P ST Bk nol -3 ~pho Sphono

- pr op$ oma({R) 2-{[BHp®F Rk mex L pyealfdaoX Wi)-2-phaiythphiith idinces t&bonydPamio R) - 2- [ (6-
i's oprop %m no - 2- phenyl - pyrim _di ne-4- car?w ){1)- am no] -3 -pho sphono-
pr opi ony)P(1p Whpeq- a&qp}%% PIRGEFHERYEHBORGE AP c¥t er; 44(S)-2- {

[2-(4-f1 ug$ho- ﬂb%@é)méhgﬁy%yrﬁblmn%yz plyernwpyrh{#dﬂleu Yo dmhodli ne- 4-

carbonyl] - amno hono- but yry1) - pi perazine-1 -carboxylic acid butyl
ester; 4&(19@&112011({ pl[O@lO(nQB)plmrmteth%bOWmragldleiﬂml mt¢r7y1) 2 p to lyl-pyrimi

di 4 1 -1

ey by RS P DR bR ST BR e PR LIRS 8 -

ro- ph@ny@ph&afp@é@ b&yfpﬂalIblpeqyzmgtﬂro@rﬂokﬁldhcidgmyl-gptyf|l m di ne- 4- c?r bonyl] -
1- 1 r 1 est er,;

221( g? 2- 41(( %p%?&) gﬁn%ég)@ﬁ@ﬁﬂglg% >§ Plsenc Pvff%‘m'ﬁ% ?%L?qygf%%m}yl) pyri i

di ne- 4- a PhBGRY¥hd- butg%ﬂ') Islgéraﬁn@m[ai(tblaszm Rl piityilekeePi perazine-1 -carboxylic

acid buty est er; met hoxy- 2- phenyl - pyrini_dine-4-c arb

ony1) - anﬂﬁ(zﬁ]) -2- 6 560 3speibeney- p}gf(dphn- birYr3-phenis]-perraidinget-qarbertlgonigpi-c aci d
but y| Bg)'hfspﬂgn({ R&@onﬁ%#je@aﬂ% ﬂXArBW@%QMlbu eét@? dine-4-c arb

onyl)-am 0 sp -propi ony pI perazine-1 -carboxylic acid butyl
estety  4-{(S)-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-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -4-phosphono-
butyryl)-piperazine-1-carboxylic acid butyl ester;
4-[(S)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-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-{(S)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-4-phosphono-butyryl } -
piperazine-1-carboxylic acid butyl ester;

25  4-{(S)-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-methyl-piperazin-1-yl)-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;



4- { (R -2- [(6-cyc | opropyl am no-2-phenyl -pyrim

di ne-4-car bonyl) - am no] - 3- pho sphono - 20propi onyl| -piperazine-1-

car boxyl iwoaedebwoyl ester; 4- { (R)-2- [(2-phenyl - 6- premgaBzoos/nzsoqRyri m
di ne-4-carbo nyl)-am no] -3-pho sphono-prop ionyll- piperazine-1
-carboxylic acid butyl ester; 4- { (R -2- [(6-benzyl am no-2-phenyl-pyrim
di ne-4-carbo nyl)-am no] -3-pho sphono-prop io nyll- piperazine-1
-carboxylic acid butyl ester; 254- [(Rp32-( {2-phenyl-

[ (R -(tetrahydro-furan-3-y0am no] -pyrimdine-4-c arbonyll -am no)-

3- phosph i 3 mi o er;
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onyl] - amomm}nyl} IBquhlmﬁph@Wf@OX)ﬂ I@W}Zﬂ)estpr,peram ne-1 -carboxylic acid butyl

ester; &I%)Rz H}%ﬂeﬁhy{lammg ph bl XT'\%C) h-y4I éarbm% ya.mu?‘ 91%]&%)0'58h0n82p? n%orlﬁ?/“ m

di ne- 4- c am no ono - pion era
- car boxybiperaamed datbioxlylieadiébytyl éétar,2009/ 069100PCT/ 1B2008/ 055002 - 34 -

4- ((R - 2- [ 6-(2-ethoxyc arb - et hyl am no), - 2- henl-p di ne-4-c
ar bon 1]4 {L@a %H%sls%w 2;}318%11 f{ dlBF'ééCPQ?P%ﬁ -ai %&-ﬁw@qne- acid butyl
ester; 4plpRhyB=piperazine-1- carboxyhc acid butyl ester;

[ 6-(2- carboxy-eth | am no) - 2- phenyl - pyTi m di ne- 4- car bon yl]- am no} -3-pho

sphonopr é1{Sonry i} (ﬁﬂyefoa&henéb 61((S)c3aml§thfé§lY'pErrd&1@'1b’d|l“19/}l'rlf@1§tnér4 caglgonyf]- (R) - 2-
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-pip6a2|n -hca boxyl i.c a(;|d1but|%/ £ H{eb | (R-2- {
[ 6- (i et RORIPIARRERYY Y ILRIBRHAAHDS 1 otioRy lcd‘ic Wy eét&Fbonyl] -aminol -3-pho

SphOn010@r(@a9120ﬂyit2-ﬂmbw@aym @s)- ;ﬂleih@xy byﬁolﬁﬁh-d by migstear caronyl]- (R) - 2-
[ (6-cyc | opropyl-2-phenyl - ﬁ/l’l m di ne-4-c¢ ar 1%, am no] -3 pho spho
no- pr opi By 1pihespherprhstyry-eereiogtli-earbaxy b bﬂtii;}l bet®r: 4- { (R -2-

onyi - Lo T ep Ol AT - R R Ao RT3 - %ﬁlfﬁﬁﬁf%@%b?ﬂyﬂ[ o
{2- phenyhmB}o}{4(-151)051Qhoabmahyyib-p}pefaumafi—&rqub/)loxga]ibutgycstem di ne-4-c arbo
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piperazine-1-carboxylic acid butyl ester;
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-

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

25  4-[(R)-2-({2-phenyl-6-[(R)-(tetrahydro-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-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
4-[(R)-2-({6-[(2-methoxy-cthyl)-methyl-amino]-2-phenyl-pyrimidine-4-carbonyl} -amino)-

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



4-((R)-2- { [64(5)-3-nmethoxy-pyrrolidin-1-yl)-2-phenyl-pyrim dine-4-c arb

onyl Fam nol 3- phosphono- propi onyl) - 2- et hyl - pi perazi ne-1 -carboxylic acid

et hyl estwo;208b/060p- 2- { [ 64(5) - 3- net hoxy- pyrrolidin-1-pCrAR2008/@35902- pyri m

di ne-4-c arb onyl Fam nol - 204- phosphono- butyryl)-pi perazine- 1 -carboxylic

acid ethyl ester; 4-((R-2- {

[ 64(5) - 3- net hoxy-pyrrolidin-1-yl)-2-phenyl-pyrim dine-4-c arb

onyl Fam nol 4- phosphono- but yry1l) - pi perazéne-1 -carboxylic acid butyl ester;
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ryl] -2- 4{{(&)6@ &%mfépﬂ?ghpqw@w[ S Pritnideh U -Earbydl)- %nﬁb?ﬂéﬂho@&ﬁbhﬂaro@idﬂ?l‘}él-c

arbo nyl Fam nol - but yr i p erazine-1- carboxylic acid but ester;
104- ((S) pwel(aﬁmgir@rwmlqulbuty&/%&rhoxy pho spho ry1)-2- { [6-((S)-3-netho

)a(t)r/n %Irrgﬁt{ ]P% f?éra Zine- %ﬁgg@)é%‘ ‘f&b&zgf“‘ﬁﬂ 'll)ﬂ ﬁ?lposglé%%lpmplfgl} - fbis-[(2

, 2-di met prpbpaplmo-pl-@rhdxgkqaelébmgke;s}erphosphoryll 2- [6 ((S) 3- et hoxypyrro
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[ bis-(2, Zp(ﬂbﬁi’hbﬁblbrolpfdhpl %er&xwmwwwmmqwﬁ@wa& 2- { [ 64(5) - 3- net hoxy-
pyrro lidin- pyrim e-4- car
- ani no} - fbr(eiir?o{{ﬁyb?)pﬁ ‘E‘é‘iha?zil’ ﬁléffq’hdé%trlti’é&%rph@yérwr&nﬁﬁ‘?ey‘f -cabpmll-amingi-((R) - 3- {
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20  4-phosphono-butyryl)-piperazine-1-carboxylic 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 butyl ester;
4-((R)-2-{[6-((1S,25)-2-methoxymethyl-cyclopropyl)-2-phenyl-pyrimidine-4-carbonyl]-
amino } -3-phosphono-propionyl)-piperazine- 1 -carboxylic acid butyl ester;

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

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



4- ((R) -3-[bis-(1-isobutyryl oxy-ethoxy)-phosphoryl]-2- { [6-((S)-3-netho
Xy-pyrro li din-1 -yl)-2- phenyl-pyrim di ne-4-carbonyl Fam nol

- propi onyP-2pepepai ne- 1 - carboxylic acid butyl ester; 2CT(Boogespe s- (1
-prop ionyl oxy-etho xy)-pho sphoryl] -2- { [6-((S)-3-nmetho xy-pyrro |
din-1-yl1l)- 2-phenyl-pyrim dine-4- carbonyl]- amno} -propio nyl)-p ip
erazi ne-1- carboxylic acid butyl ester; 254-((R)-3-(bis-is obutyrylo
xymet hoxy- pho sphoryl)-2- { [6-((S)-3-~aethoxy-pyrro |i din-1-yl)-
2-phenyl -pyrim dine-4- carbonyl]- am no} -propio nyl)-p ip erazine-1-
car boxyl MQSI@QQ! 6t(§lrﬁ(éth(§§/1ﬁ5pyl)42-ﬁogeny{l p&ﬁﬁ(cﬁﬂe-@ cat@@ﬁﬁ?aﬁﬁﬁlopﬁrﬁ}f&sphono-

lidin-1I- 2- phenyl - I ne-4-carbo -am™nol- 2- phosphono
-acetyl)pmmpmvazmn@unm Leab@o%yhmdbacﬂdﬁbutyl ester; wherein it is

vl | R0 80 AR SATE SRS B AFTEEC Ry ARREE sl pngompounc
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Fur t her 6 g éﬁénlgetﬁwafsmafohﬂaﬂrﬁﬁa?f GRS, pﬁiﬁ?ymcsaﬁnﬁ@ﬁt 1) or 2)
are sel ealcﬁﬂi)oﬁ\yl Bintdde- @ﬁ@gﬂl&l@mﬁwv@gx%ne 1- carﬂtsx(yqlg)aaa'bu{yl ester;

[ 6- ( 2- Hydr oxy-et hoxy) - 2- phenyl - car bon am nol- 3 - pho
sphonospﬁdﬁ)ér{m(zpa dierctta-nespiory LoambRATosBon bt - Saberharyy () - 2 (.

bhosphonby SaNT RSV Ty DAL e e BB Bk A2 BR AARKA PG 12
[6 ((S)- &n&bﬁ@b%yxpyrrolld!n 1-yl)-2- phenyl pyrim di ne-4- carbonyIFanlnoI 3-
(e PR oS BRSSPl R ORI BB 5 18-l SahERAK hfrcEla ShY!  ester

[6-((S)- Qﬂ{a{ﬁ@ﬁﬁm@cﬂﬁé AlchiBbbiylLaninod uBRemplpeRieni-girbayfic 68 bRy bfam nol - 3-
(4- phosphono gl propi onyl | - pi perazi ne-1-carboxylic acid butyl ester;
4-1(9) - 24-( S) 4-3bis-[(2,2-dimethyl-propionyloxy)-cthoxy] phosphoryl} 2-{[6-((S)-3-methoxy-

- éﬁéi ﬁfggﬁ,ﬂg?iﬁ S R L e S
ester ad1 tyPestdr; .
G B B B e T e SRR o ot &

ester; 4piddir21-y{)-2-phenyl-pyrimidine-4-carbonyl]-amino }-propionyl)-piperazine- 1-carboxylic
[64(8) 3- Met hoxy- pyrrolidin-1-yl1)-2-phenyl - pyrim di ne-4-carbonyl Fam nol -5-
phosphonémééHWbﬁ$¥i) pi perazi ne-|-carboxylic acid butyl ester; 4-

{(R)-2-14§ gp.%o PAi QP -@Z@dmlprﬁﬂéﬂﬂ)&gﬁ @ﬁl&ycafwzza 5 @?%nang,aphono pro

pi onyl | pi perazi ne-1-carboxylic acid este
[ 6- (3- Mepyroodidied Hy)k2-abaetyl-gymmitlineiq- cszqumé mmpyprm@yh@lmmmebbnwprﬂm nol - 3
- ph%§phon8bgwpg“mnyl) pi perazi ne- 1-carboxylic acid butyl ester;

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

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

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



4-
{(R)-2-[(6-Cycl opentyl oxy- 2- phenyl - pyri m di ne- 4- car bonyl) - am no] - 3- phosphon
opr opi onyWbD 20@igeeroazi ne- | - carboxylic acid ethyl ester; PCT/IBZ0§/(Bpe2- {
[6-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl -pyrim di ne-4-carbonyl Fam nol - 3-
(4- 25phosphono- phenyl) - propi onyl | - pi perazi ne-| -carboxylic acid ethyl
ester; 4- [2- {
[ 6-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl - pyri m di ne-4-car bonyl Fam nol - 2-
(4- phosphono-phenyl)-acetyl | -pi perazi ne-1-carboxylic acid ethyl ester; 4-
[2- { as Well as the salts (in particular harmaceutlcally acceptable salts) thereof.
[6-((S)-3-Mthoxy-pyrrolidin- f - 2- phenyl -'pyri m di ne- 4- car bonyl Fam nol - 2-
(4- phosphono-phenyl)-acetyl ] -plpera2|ne | - carboxylic acid butyl ester;
VWO 2009/ @@ﬁ@@p@ye{qg@g@gm@gg@@@f forgmpla I zﬁ_de[f ped n embodiment 1) or 2) are sclected
[6-((S)- n-1-y1)-2-phenyl - pyri m di ne- 4- car bonyl Fam nol - 2-
3- phosp %ﬁ%ggﬁmﬁg%¥&ﬁhggf - pi perazi ne-1-carboxylic acid ethyl ester; 4-
4-((R)-2-{[6-(2-Hydroxy- ethoxy) 2-phenyl-pyrimidine-4-carbonyl]-amino}-3-phosphono-

2-

6- (( 3- Met hox rrojid yl e - pyri m di ne- 4- car bonyl Fam nol - 2-
3- ﬁosBﬁ@H@ygﬁ%%%%Tw"&Fb@?%cﬁpé@wag ﬁ@yl carboxylic acid butyl ester

‘61 [2- §- ((S) 2-{[6-((S)-3-Methoxy- pyrrohdln l-yl) 2- phenyl pyrimidine-4-carbonyl]- amlno[} -5-
2-

((S)-3- thoxy yrrolldln 1l-y Ehen grlnldlne 4- car bonyl Fam nol -
phos prSRBRISHEA{PIYY Rrpweiprine- lpqaﬁlaxa ¢ ped puty $¥Bxyl i ¢ acid butyl ester;

4- ((R) - 22_1{S)-2- {[6-((S)-3-Meth lidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl 3-(4-
[ 6- (4- Met fgi) p<|{ pe($ > nelox )p}/rrs)blreln )pg/)r?nn% gP/rr%réuinecar(:aroﬁn 1am1no (_3_

phospho nphqspwoephﬁmyl) prq@amazﬂ rmﬂerhﬂmatbmﬂoyiylm agicl athyt g U$tyﬂ ester:
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phenyl - pw((fmz;h{ I6€({SI)-3}Mdﬂmer[E/&ﬂ”hdilﬁl1~di-Qﬁjh61ﬁWb)yf1ml¢lﬁé azhrvenil]-amidadxyl i ¢ aci d
butyl ester
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phenyl - pyrigyj. QJ&(ﬁel'séb 9%118_ et fﬁghmgmo&gmﬁp)) nBhAer. ?ﬁdsﬁl‘i‘d% asbeyl i C aci

butyl ester; oxycar bonyl net hyl ) - 2-

[ 6- ((Sél Bippragine-lycaghpy b Mﬁlhutxltgsle)frz phenyl -

- 1-y1
A e e R st e T e S
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acid dia
propionyl}-piperazine-1-carboxylic acid ethyl ester;

4-[(S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(4-

(
[
[
(
5
[
(

25  phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl ester;
4-[2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -2-(4-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid ethyl ester;
4-[2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -2-(4-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid butyl ester;



N, N - Bi s- (et hoxycar bonyl net hyl ) - 2-

{(R) -[64(S)-3-net hoxy-pyrrolidin-|-yl)-2-phenyl -pyrimdi ne-4-carbonyl]-amn
ol - 3- ox0-BO(2dednebRY - car bonyl - pi perazi n-1-y1l) - propyl - ph@esphBroog/ozseid
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t hr ombot phtdy1 PFHNCHEOPREIBOAY PRI DrofiSSMPhipéraginet] AQFFoKy ISy A aﬁsa,estkw for
preventi n t hronboti c conplications of se&tl caem a, adult res | ratory

di st r ess4S(Rct-Gheraceipineties phetnhend)-2yi Har S matayamyaolidigucger2-phenyl-
thr ombocy! ORRAGHRLAAPch ISR %?g&@hcﬁ{y@? Wﬁ@l _carbb@licRE RV L&k
I on er al

cardi ovascul ar conpl i cat n surgery procedures (notably

cor onar y +(R)ak GRib-aniysdotyorethdxiyephasmdionp)- %[@((SPT@h)thOXatmenohdmsleuﬂ)-ér graft
Surg?(ljy }%n dar'ir%u 'ineec aqg nyli asr;[u%nit Iplplai)ce a21 ar% Xy FCI rt‘} sttrauma‘
for prev ne“\/ A G AP g § BIOPIORY pﬁ?wre F& PPt CiParsbj ect  of
this i nveli-BRi- (($) 1t &aomerbeﬁylarhgzmpgam ) Baﬁm@ Iiyr(dhﬂlrﬁf-yf)m'lﬁhthﬁl | CE) as
defined in_one of egb ﬁil rrents 1) to 56) above, or of a armaceutically
accept abP¥IBKIRC-1-FEPABHI-arigP; érpéo-r%a FBEY TPy %}pFFéHPc,la SREOPYbr the uses

listed i ph&pRAHE BBDtiamide;
4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- {[6-((S)-3-methoxy-pyrrolidin-1-
25  yb)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid ethyl
ester;
4-((S)-3-[4-(Bis-butyryloxymethoxy-phosphoryl)-phenyl]-2- {[6-((S)-3-methoxy-pyrrolidin-1-
yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid ethyl

ester;



2559) above, and for the manufacture of a nedicanment for the treatnent of
occl usi ve vascul ar disorders in general. W) 2009/ 069100PCT/ 1B2008/ 055002 -
44 - accepDabdwnesabt t hereof, for the manufacture of a medilBzoo®nis0620r t he
treatment and/or prevention of occlusive vascular disorders as well as to
the use of a conpound of fornmula | (or of formula ICE) for the manufacture
of a nedicanent for the treatnent and/or prevention of peripheral vascul ar,
of visceral-, hepatic- and renal -vascubar, of cardi ovascul ar and of
5cerebrovascul ar di seases or conditions associated with platel et

aggr egat kot Bl UdLAG: [chBRAOH! B4 - RYTRDRS AhAIAS I, FBIRLISy . 2GhkndrTONg
t he above-nenti oned uses of npounds of formul a of of formu ) or
of phar nag@nidinged- ba}rb@!tyd]e%ptﬂab}-é cga+3t @-¢thexyewfbohgyl- plph@zindnﬂt ammmlr]e)holﬁyl-

medi came ord odi ment 59) above, the uses for manufacturing
nedicaneﬁ%”pﬁIﬁc?haggré%tﬁggt or 10prophyl axis of nyocardial infarction,

arterial 4t(tﬂ)@n[g,e(sa1§ethﬂgtcmtbbyylbiyrmtb@tytlﬂlosﬁ}roqﬁ)a))hentyt angioas)-3-sethaeyr c
attacg [ ? % ﬁscElar di. sease. an stab!e and nstable ? na wll be
pref et r el rrolé@) L R R T B 0 e T B LI T e g% id of
formul a heif ethypdsidror mul a | CE) according to one of enbodinents 1) to 56)

above, or of a pharnaceutlcally acceptabl e salt thereof, for the
preser vaWﬂl@rﬁlrblt 1spydoenderstngd dhas anyistgiepganiq @ng:r of iy 3hos Htodieqroppuntl whigh el et

Lsconcent g)g}hcﬂ@(fsil fedt S ?@réeﬁqta%%lhﬁ g-for?g) ﬁ?g&ﬂ&u&{‘ ext ra-corpor eal

bl ood or tfea rerdal dial ysis machines

or Iasna hi nes 4 i vent| rel ates to net hods of
treatnen? tﬁ %Pgnu)g%shﬂ gl%gﬁglc?ﬁ %ﬂeSﬂfpgﬁeoﬁbove sai d net hods

conpri sing the adm nistration to a patient in need thereof of an effective
amouib® of7)aAciorthaurigecoof fher muéreioh i olie ocfmﬁcxmndajbﬁfdrmﬁta hecof domgls der2@one of

Compoundociitey 1 8P ponta S S RoSa gt of BF i Fce R fsPibiesus 451 °

| ST2, ' PRe@icahptpDG in this text is to be understood as referring also to
t he salts (and especially the pharmaceutically acceptable salts) of such
conpounds as approprl te and e edlent The preferences jndicated for the

conpoundd heFOmBPYRGS 01| tﬁmleolu? @prlgﬁﬂﬁmeatlf lynifcshiahls selss ek be dhds of

formul a h&ﬁmmﬁéﬁ&h@gCQHﬂﬁyﬂgﬁnQM?E&ﬁHMLénkﬂ,c&ﬁﬁmﬁRQQQQPQ%KQQ boryadng " CEP,
t he conpounds of fornula IsTi, the conpounds of fornula IsT2, the conpounds

of f &% nukéminppatierd t he conpounds of fornul a
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 pharmacecutically acceptable carrier, diluent or excipient. In particular, the
invention relates to pharmaceutical compositions containing at least one compound of formula
20 I (or of formula Icg) and one or more pharmaccutically 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 I or their
pharmaceutically acceptable salts, optionally in combination with other therapeutically

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



Il p_pDG as well as to the salts and pharmaceutically acceptable salts of
the conmpounds of fornmula I, of formula ICE, of fornmula Ip, of fornula

| CE"), ofwbapemeéanobsTi, of fornula IsT2, of WO PCT/IB2008/055002

2009/ 069100PCT/ 1B2008/ 055002 - 45 - fornula IN) or of fornmula I P-PDG The
sane applies to these conpounds as nedi canents, to pharnaceuti cal
conpositions containing these conpounds as active principles or to the uses
of these conpounds for the manufacture4df a nedi canent for the treatnent of
t he di seases according to this invention. 5 PREPARATI ON OF THE COMPOUNDS OF

FORMULA |1 ADRE&GYcatiéPS contBRibicOLdIRMoR i RRP e AL h ABFa1@ 84 U S de il OWahput
the specification and the exanpl es: Acacetyl anh.anhydrous 10aq. aqueous

Boct ert - brrorgaticdodyivads.. br oad Cbzbenzyl oxycar bonyl CCcol umm
chromat ogr aphy 15 cHexcycl ohexane conc. concentrated Crenophor-EL(r)conpound
wi t h t heSDHEm waipopibtacewtiog te firsutal aNolefigd7g tabddigre@clo taiht) aboleianel the

DCC1, 3-di | oh badi,i m 20 i, chl h . )
IR RN KL T R —
5  and are suitable:

*

«» for the treatment or prophylaxis of diseases including stable angina, unstable angina,
myocardial infarction, embolism (including complications of atherosclerosis, notably
embolic stroke), arterial thrombosis (including primary arterial thrombotic complications
of atherosclerosis, notably thrombotic stroke), venous thrombosis (notably deep vein

10 thrombosis), thrombosis secondary to vascular damage or to inflammation (including

vasculitis, arteritis and glomerulonephritis), venoocclusive discases, transient ischacmic

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

disease, thrombotic thrombocytopaenic purpura, haemolytic uracmic syndrome;

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

eclampsia/eclampsia;

« 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;

¢ 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 Icg) 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 vascular

disorders in general.

61) More generally, the invention relates to the use of a compound of formula I (or of

formula Icg) as defined in one of embodiments 1) to 56) above, or of a pharmaceutically



Dl PEAdi i sopr opyl et hyl am ne DMEL, 2-di met hoxyet hane DVFN, N- di net hyl f or mam de

25DVPUN- ", - dirne ilyipropy | el/ CUR a EAethyl acetate
EDCl N- ( 3-wiormeadmngbam nopr opyl) - N - et hyl carbodi i m de - 4@CI/1BEypesjoassved ent

Et et hyl

Froc9H- f | uor en- 9-yl net hoxycar bonyl

HATU2- (7- aza- 1H benzotri azol e-1-y1)-1,1, 3, 3-tetranet hyl uroni um
5hexaf | uor ophosphat e Hept hept ane Hexhexane HOBT1- hydr oxybenzotri azol e
HselL- honoseri ne 10 Hvhi gh vacuum LC- Msk4 qui d Chr omat ography - Mass

Spectronet ry MCPBAnet a- chl or oper benzoi ¢ aci d Menet hyl n-BuLi n-butyl [ithium
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acceptable 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
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 thercof for the manufacture of medicaments according to
embodiment 59) above, the uses for manufacturing medicaments for the treatment or
prophylaxis of myocardial infarction, arterial thrombosis (notably thrombotic stroke), transient

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

63) The invention further relates 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 products in vitro (ec.g. the preservation of platelet
concentrates), or for the prevention of occlusion in extra-corporeal blood or blood product

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

64) The invention also relates 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 I (or of formula Icg) according to

onc of embodiments 1) to 56), or of a pharmaceutically acceptable salt of such a compound.

Any reference to a compound of formula I, Icg, Ip, Icep, IsTi, IsT2, Ipp OF Ipppg in this text is 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,
the compounds of formula Ip, the compounds of formula I¢cgp, the compounds of formula Igry,
the compounds of formula Isr,, the compounds of formula Ipp and the compounds of formula
Ip.ppg, as well as to the salts and pharmaceutically acceptable salts of the compounds of

formula I, of formula Icg, of formula Ip, of formula Icgp, of formula Ist;, of formula Isro, of



15 NWPN- et hyl pyrrol i done org. organi c Pd/ Cpal | adi um on car bon

PE&X400pol yet hyl ene gl ycol
PGool ypr opol2eeve06gi09 c ol

20 Phphenyl

with a nol ecul ar wei ght of 400 g/ nol

PCT/IB2008/055002

PyBOPbenzotri azol e- 1-yl -oxy-tris-pyrrolidi no- phosphoni um

hexaf | uor ophosphat e RTroom tenperature sat.saturated 25 TEAtri et hyl am ne
TFAtrifluoroacetic acid THFtetrahydrofuran TLCthin | ayer chromatography
tRretention tinme 30 Zbenzyl oxycar bonyl-45 WD 2009/ 069100PCT/ 1B2008/ 055002
A further aspect of the invention is a

process %(anulahﬁs]) %3 %@%Iﬁ{dlm_p é "ﬂf%rgﬁﬁféna‘ii)ﬁli&f tof t‘HEs'@-’éo"fhﬂohﬁds as medicaments, to

pharmaceutical compositions containing these compounds as active principles or to the uses of
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these compounds for the manufacture of a medicament for the treatment of the diseases

preparation routes:

according to this invention.

PREPARATION OF THE COMPOUNDS OF FORMULA 1

Abbreviations:

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

Ac
anh.
aq.

Boc

br.

Cbz
CC
cHex
conc.
Cremophor-EL®
CvV
DCC
DCM
DCMC
DIPEA
DME
DMF
DMPU
EA
EDCI

acetyl
anhydrous

aqueous

tert-butoxycarbonyl

broad

benzyloxycarbonyl

column chromatography

cyclohexane

concentrated

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

column volume

1,3-dicyclohexylcarbodiimide

dichloromethane

N,N'-dicyclohexyl-4-morpholinecarboxamidine
diisopropylethylamine

1,2-dimethoxycthane

N,N-dimethylformamide

NN -diroethylpropyieoncurca

cthyl acetate

N-(3-dimethylaminopropyl)-N’-cthylcarbodiimide



(or formula ICE). Conpounds of formula (1) of the present invention can be
prepared according to the general sequence of reactions outlined in the
schenes bebawwvisercein V, W R, R2, R3, 5R4, R5, R6, R7PCREB20BP55RI0, n, m
and q are as defined for forrmula (I). The conpounds obtai ned may al so be
converted into pharmaceutically acceptable salts thereof in a manner known
per se. In general, all chem cal transformations can be perforned
according to well-known standard net hed®! ogi es as described in the
literature or as described in the procedures below or in the 10experinental
part. Thgqvarious composglsigf formula | can be prepared using the general

routes sunmari zed in Schenme 1 hereafter. R OHImI\1 r NR (CH2)nO V
(61-12) nEO=P-0 \ _  w. Rehyl
Fmoc 9H-fluoren-9-ylmethoxycarbonyl
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-BuLi n-butyl lithium
15 NMP N-methylpyrrolidone
org. organic
Pd/C palladium on carbon
PEG400 polyethylene glycol with a molecular weight of 400 g/mol
PG polypropylene glycol
20 Ph phenyl
PyBOP benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate
RT room temperature
sat. saturated
25 TEA triecthylamine
TFA trifluoroacetic acid
THF tetrahydrofuran
TLC thin layer chromatography
tr retention time

30 Z benzyloxycarbonyl



o NHR (CH2)n- )1 V (Cl-12),, 0=P-CH 6H OHL11\I1 Ra r NTr N R NJ

(CHAP RbV (al-12)m(1 PDG 0=P-R- WO 2009/ 069100PCT/ 1B2008/ 055002 - 48 -

10

WO 2009/069100 PCT/IB2008/055002

-47 -

A further aspect of the invention is a process for the preparation of compounds of formula (I)
(or formula Icg). Compounds of formula (I) of the present invention can be prepared according
to the general sequence of reactions outlined in the schemes below wherein V, W, R, R% R,
R* R, R®, R7,R®, R”, R" n, m and q are as defined for formula (I). The compounds obtained
may also be converted into pharmacecutically 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

experimental part.

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

Scheme 1 hereafter.

2
R 2
w w R
0] H ~N 0 H <N
RA w . RA w»
(\/\N)KKN NJ\R1 r\/\N)K(N NJ\R1
4
RA NG (GHO RA NG (GH2WO
RP v \ﬂ/ RE O\
(0] ] (@]
G W G
O:I?—O\_ O=P-OH
O
- OH
2
W'R
H SN
a
R4\H/N\*\ (C\Hz)no
Rb

\
(CHy),, (Do)

0=P-R®
hB

Scheme 1



The conpounds of fornmula ID can be prepared by treating the conpounds of
formula Il with HC1L optionally in the presence of water, in a suitable

or gani ¢ swbwvemwoesweh as THF, EA, di oxane or Et20 and pr eCenaog/ozn02a
tenperature around RT, or with trinmethylsilyl bromde or trimethylsilyl
iodide in a suitable solvent such as DCM or MeCN and preferably at a 5
tenperature around RT. The conpounds of formula | pDG (R5 and R8 OH) can be
prepared by the reaction between a phoesphonic acid of fornmula ID and an
appropriate halide derivative of fornula X-(CHR6)-0- C(=0)-R7,

X- (CHRG) TR: Chimhuinils Wfor%ﬁfg@%‘%ﬁ Gk ?Pép'a&d'%% t%ati§% bfeamRpRbRal drdsmuts Pek g

chloride, bromde or iodide, in the presénce of a suitable base (e.g. NEt3,

DI PEA, DBMt)opiipnadly1id ainresohes sovaent insuehitable Digenic Nvveor sDkRY, THPt Ednal |y

in the pr, nce Qf a refe I er . 45 and_90C.
A ter nat VORI S OB B St BmRat Bkl s bONh SiRERNRR tichRE S

pr epar edtrbyethyl€ilyl eiadide an batitebdn salvpltogphasi DCACiad MieCNoand lpgefébblgnat an
appropriate cc-am noﬁgcrid al kyl ester of formula NH2- (CHR1)-C(=0)-0-R9 or
NH2- CfCHSe}I?-e@(“—IG?@(‘J‘p in the presence of a 15suitable base (e.g. NEt3) and
an activating mxture of reagents such as a conbination of 2,2'- dipyridyl

di sul fi dehapshmpiRgds bNfomEMITERIRE 26O RV EMYHS tifbedSendly Bl BUScRMbn Béthecand
preferably at a tenperature of about 60C. Alternatiyvel

: , Al . the conpouynds of
formula P QRS AgA@f bermmde oHyndcapppEoDpiRs el dﬁy"aﬁlﬁ‘éog&i@ﬂllaoﬁ(ggl&b@n a

phosphonie_@ckd of SRl AR Rd &r ) |_at C : 20
(Grb) - of oy e HE B ST R R CIRECERO) 0, & SapabpfmdiRLY! Beike>
4- hydr oxyirfetidey brasaideret loylitld.lin Shaipresenke OF asvetabl2 based e @xfBenRIRE &l ROME)) ibei ng

unsubstitu or ,subst it ut n h ri - am nobenzyl ol ,being
insublt i HEReCRorEE S d doMBh NYE BnBRYiU pliGrly FRuRe PESEs oo RaL tha

condensi pgfdrgagent tehPe@turEyBeRIn 491shd®0sCi t abl e base (e.g. NEt3, DI PEA) in a
sui tabl e sol vent such as DMF and preferably at a tenperature between RT and

400 7o YRR oot P SRISTor R BRERL A oSy RSP IEN e
respect i V& e ReNass: ﬁfos;%}%'iﬁlue{c?d &P@&lﬁég%g?d B SpesRtid &Laﬁai%ohz[c?@alﬁﬁeeg

t
procedure starting fromthe respective osphoni c "aci d9 of formula l D:er
2009/ 06960 6RET BROAEHIE50020)- -or NH,-£(EHupiG(RG)-OeRC tin dhe ipsespmef o aed
wi th a phen in the presence of a condensing reagent (e.g. PyBOP) and a
sui t &l eS‘BﬁgL‘? Rage E_fg ﬂaﬁﬁt ,an%ﬁpe;é\t)waﬂﬁg AN %ﬁqe@g@&ﬂ Vehes 3 GRRCREIOE and
pr ef er abliy,yAliy181;&BTREMAPPHLiRELMEREB sée@RBelftRGnhydrous HridncSARPA Eia6§ Lk ON
reaction i§ perfornmed using standard conditions such as NaOH in a m xture

5of wat ep temngraiurg of kit €06r.gani ¢ sol vent such as MeOH or EtOH, and finally
3. a coupling reaction is perforned with an appropriate cc-am no acid al kyl

or coence o TATG P ibra paas oF Fatkufls i 36 Mok T, ST PRI P

r eagent sreaotodn xsweencoptivisplamiomiddf Rruladb pyd hdyhproprsaid dlicodel andorPRE3HON a

sul (3! e/ SQkUGALCSUER S GORLIER A SRS, R SEHR nftho G5
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 (¢.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(CH3)2-C(=O)-O-R9, the respective compounds of formula Ippg
can be prepared in a three-step procedure starting from the respective phosphonic acid of

formula Ip:



Al ternatively, when R5 represents hydroxy and R8 represents a group
-0-(CH2)-0-C(=0)-R9, the conmpounds of fornula | pDG can be prepared in a

t wo- st ep woae®duswost arting fromthe respecti ve phosphomce/mazioglozshox or mul a
ID: 1. a coupling reaction is performed with benzyl alcohol in the
presence of a suitable base (e.g. 15 NEt3) and an activating m xture of
reagents such as a conbination of 2,2'-dipyridyl disulfide and PPh3 in a
sui tabl e sol vent such as anhydrous pyrk®gi ne and preferably at a tenperature
of about 60C to give the nono-benzylated internediate; and 2. a

subst it uyipgy gﬁe%;elaan)nl i$ a%rhfaa%ﬁt a%ﬁeholam tl?oOIHEé%HEé S Lodhalisde dgichVRld ve of
formula X- (CH2) &9 being chloride, bromde or 1odide, Iint

pr esencePpBOR) sud taafmlfeblbd’@ee 2®g(EEQ INBES) iDlaPfAabloGB)ent such %Dﬂ\/ﬂf)laed

sol vent n erably at a tenperature between 45
and 90C. E:Lf:ﬁ ratﬁzatmq:mgfrg@\?g{é%%c%?egd 1ﬁoﬁful taneously. Preparation of the
vari ous 3ydddpesifisationtredciieg isaiceform&t eydy @irndanl @hditioes aehpoNads afa hoturel a | |

Eﬂﬁeﬁ%”p"ﬁ”%%%%éf? Pl ronmie il Sta0or seeRovRc 20081 055002 - 50 -
Ras)\; coupling N T per%nﬁg:d Kyith M) z(pgr:(;p%ll& @d-amino acid aﬁyl ester of formula
NH,-(CHR')-C(=0)-0-R’ or NH,-C(CHj),-C(=0)-0-R’ in the presence of a suitable base
(c.g. NEts) 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,)-O-C(=0)-R’,

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

respective phosphonic acid of formula Ip:

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

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

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

2. a substitution reaction is performed with an appropriate halide derivative of formula

X-(CH,)-O-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 Il

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

25  Scheme 2a hereafter.



Schene 2 The conpound of fornula V can be obtained (Schene 2) by coupling a
conpound of fornmula Il with a conpound of formula IV using standard

pepti de cwopbéwgoreet hods such as PyBOP, in the presencePofi/iB2wsinisat? e base
such as NEt3, DI PEA or N nethyl norpholine and in a suitable solvent such as
DCM THF or DMF, preferably at a tenperature around RT. 5 The resulting
internmediate of fornula V can then be converted into a conpound of fornula
Il wherein Wis -NR3- by aronmatic substétution reaction with an am ne of
formul a HNR2R3 optionally in the presence of a suitable base such as NEt 3,
Dl PEA or N-net hyl rmrcE)hoI ine, the reaction being carried out incia suitable
sol vent such asgDCM P THE, MeCN or and preferably bef ween yand 70C. 10
The i nter nedi at Yok W# a v can gl so be convert n aNc | und of
formula Il wWR \RJW(CBZ)H'O'+by ar ic substitutig é%( n Mi /Y an

al cohol of forful a®R20H in t he' neé of a su'i‘l\@dB' - obd %'@"guch as NaH, the
reaction being carriedftlt in a @uitable solvent such® as WeOH, THF, MeCN or
DMF and preferablgy aroume RT. The iwternedi ate of fornul é\*\?’“‘can(vf)urthernore
be converted into a con@oumnd of fornmula Il 15 wherein WPE 8 bond, using a
reagent of fornula R2-B(0OR)2, R bei n%‘ .hydrogen or al kyl, LPsl_ng standard
conditions for a Suzuki reaction, awd preferably using a boronic acid or
ester WD 2009/ 069100PCT/ 182908/ 05 -51 - derivative R2-B(OR)2 in the
presence of a suitable BRse #uc &3Pp4 or K2C33, in the presence of a
sui tabl e pal |l adiunic ual stNJ\g( sMefrakis(tri phenyl phosphi ne) pal | adi um
or tris(dibenzyli denea\qTe ‘6 e) alladium optionally in the presence of a
suitable ligand such a® tri phe@ phosphl ne, in a suitable solvent such as

di oxane or a toluene/ EtOH m xt Yg 5 preferably heating between 80C and
100C. Besides, the internedi atenoc? for mula V can al so be converted into a
conpound of for mula Il wherein WLS a bond, using a reagent of formula

R2- SnBu3, using standard conditions L{é‘ a,Stille reaction, and preferably
using a tributyl stannane derivative @ﬁéuB in the presence of a suitable
catal yst such as tetrakis(triphenyl phosphi ne)palladiumin a suitable

sol vent Fhehoapotml vedembnd/ paefber aibiyed (Sdheaki ngbﬁtcoa;bimgt a]rbﬁ@ound of

Al ternati.vel t he internedi ate of rmula V.c o be.conv e nto a
corpound FEMAHTHIAS FPRRGRK oW 18 BRI R g Ras ROt TSR ve. o
formul a RZBOYBBN.thd preddiBe HF £RREKLIE bAe sacis bl NBR! BIPEAO06 M-t Wisibrphblekt &g in
iron(ll1)acet i;ﬁq%cetonate in a suitable solvent such as THF and at a

t enper at &p&t bicabiugh ay BGNE TiREE ¢rd M Fpricfesabhept agemperagire arppndIRT.Am  Chem

Soc. (2002), 13856- 13863) 15Al ternatively, the internediate of fornula V
can a SOTH@rééﬁ’lﬁ}{gEﬁt&ﬂleﬁﬁt@oftfwﬁnﬁﬁ Q/pcaBrtH&PQeUéo%v&ﬂt’@dan% &&{@ﬂ) WRd ononfnﬁfarf!E” a |l
wherein Wis a bond, using a reagent of formula R- equal s CHZ)

usi ng st a/hdtamj%mdeRl -obbs alfoorratla sgbytitef s hicactionewich |aoramlafndf porefudsy HBH%/Rum ng
?2 ?Lgygs%g%%gvat ress%r%c sulléali'fel A ‘Ise ?Jure% Cag\]%lr %/;ﬁtllg]glzkt ?R]I met%alsmorgh 1neatﬁe NEt 3,
bi s- (tri phaetio bdﬁﬁ@l@ﬁlh‘i&é)oulﬂaﬂl |aa£d]1tuISrI(3|sb)V€d1 elthossi DEM, I THROMEO® pr Bshaed of a
sui t abl e@i%?-e tg cat al st éch as copper(l) iodide, in a suitable solvent

such as haewEeRel apd /4" Gecond step, the obtained internediate can be
converted into a corrpound of formula Il by reducing the triple bond to the

singhe bondirténicbRts s aNEe Votandalsibd eddlvert&ling) ¥ 86mSdiml oAForRnel wWicedke! , in
a suitabl e solvent such as MeOH, at a tenperature preferably around RT

under a MHréydN a&%@ﬁﬁ@t@uﬂon\r@%@@ﬂf@@gfb@b@p/ffgm@ﬁelﬂéﬁéen@e pregence 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 into a compound of formula II
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



Schenme 2a Alternatively, the conpounds of formula Il can be prepared as
described in Schene 2a by coupling a conpound of formula Il with a
conpound w0 2b@wvoseoa VI usi ng standard peptide coupling merhBzi®s/eisode as
PyBOP, HOBT, EDCI hydrochloride, 1, 3-dicyclohexylcarbodiimde, HATU,
optionally in the presence of a suitable base such as 5 NEt3, Dl PEA or
N- et hyl nor phol i ne and in a suitable solvent such as DCM THF or DMV,
preferably at a tenperature around RT.-5Preparation of the conpounds of
formula 11l The conpounds of fornula Il wherein nis 1, Vrepresents a

Eond and 4By O R‘-’;ﬁﬂotkﬁbﬂ{ ﬂi%aIISI‘é‘QnUé P9 LiSHIE Bake s&‘ﬂ”lﬁaf(gﬁ@; of Kz(g’QI\PQHEthé”
ereafter. OHOHOH O )N'O 11 00, P, 0(5) 00 Ra\N H2 N N-\)b

\ =P - ON pregencg off a gutable) galladipm patalyst @@hMe@akls(trlphenylphosphlne)palladlum or

tris(dibenzylidencacetone)dipalladium, optionally in the presence of a suitable ligand such as

triphenylphosphine, in a suitable solvent such as dioxane or a toluene/EtOH mixture, and

5  preferably heating between 80°C and 100°C. Besides, the intermediate of formula V can also

be converted into a compound of formula II wherein W is a bond, using a reagent of formula

R%-SnBus, using standard conditions for a Stille reaction, and preferably using a

tributylstannane derivative R*-SnBuz 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 II 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. ct al.

inJ. 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 I wherein W is a bond, using a reagent of formula R-C=CH (R?
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 NEts, in the presence
of a suitable palladium catalyst such as bis-(triphenylphosphine) palladium(II)-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 II by reducing the triple bond to the single bond in the presence of a
suitable catalyst such as Raney Nickel, in a suitable solvent such as McOH, at a temperature

preferably around RT under a hydrogen atmosphere.



WO 2009/ 069100PCT/ 1B2008/ 055002 - 53 - at reflux) followed by a

saponi fication reaction using standard conditions such as NaOH or LiOHin a
m xt ure oVowarvrs9rwnd a suitabl e organi c sol vent such asPCHEB20MR030ex Et OH,
finally the obtained acid internediate is coupled with a conpound of
formula VII using standard peptide coupling nethods such as those descri bed

for the synthesis of conpounds of 5fornula Il (see Schene 2a). The
conmpounds of formula Il can then be oebtained by standard acidic conditions
for the renoval of a Boc group that are well known to one skilled in the
art. The conpounds of formula Il wherein nis 2, V representg2a bond and m
is 0 can be prepared usi ng t he routgvls"’umrarl zed in Scherme 3adYhereafter.
Scheme 3a L-Hono J>- honoserijne is first arotem:ter.i ofTNhe nitrogen
atomwith a Z groy 9 f0+stand r o conditi ons®¥nq fiskilled in
the art. The d? LﬁEe*%mm ne "Oar ARt he obgai riedJm)(bﬁq le is prepared
and t he net hyl terk |s‘formed ustng Mel in DVFTat™ gk t epperature around RT.

The hydr oxy functlgg bn substifyted by a bPoni de 5mmg sipndar d
condi tions such as PhBOahQLgBr4 in a suitable solven §Qph as DCM
preferably between 0C an® RT. The next three steps |eadigg\to the conmpounds
of formula I X are perforned using 15conditions such as these already
described for the synthesis of the gemnpusgls of formula VIl WO

2009/ 069100PCT/ 1B2008/ 055002 - 54 - (see Schenme 3). The conpounds of

formula Ill can then be obtained by cleaving the Z protecti ng grou u5| ng
st andar dAdemdiitdlnrise keonpindy o(ﬁrf@mgﬂa I e bmplteh@eéla% dessriged hy dehsge

with Pd/ ‘%ﬁﬁ

repr esen?(')s Pa g dmogg)? @ﬁl%r"gp cﬁ@u@fﬁﬁgkt E%J{l%dagtﬁg%tl?éz/ed in

Schene 3boupéngaf t ml(ethodsSC hesweh 3b as 0 PyBOP, HOBT, EDCI hydrochloride,
1,3-dicyclohexylcarbodiimide, HATU, optionally in the presence of a suitable base such as
5 NEt;, DIPEA or N-methylmorpholine and in a suitable solvent such as DCM, THF or DMF,

preferably at a temperature around RT.
Preparation of the compounds of formula I11

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

using the route summarized in Scheme 3 hercafter.
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Scheme 3

10 The compounds of formula VIII can be obtained in three steps starting from Boc-3-iodo-
L-Ala-OMe or Boc-3-iodo-D-Ala-OMe: an Arbuzov reaction is performed (e.g. using P(OEt);



Ra \ ----- . NNH2 r, N ) O=P -....\, . Ro\ (Ill) The conpounds of
formula X can be obtained in tw steps starting fromcomercially avail able
(d/) - Z- oowphosplsorogl yci ne trinmethyl ester: a saponifi cCroR200&ezs0é2on i s
performed using standard conditions such as NaOH or LiOH in a m xture of
wat er and a suitable organic solvent such as THF, MeOH or EtOH; the
obtained acid internediate is coupled with a 10 conpound of fornula VII

usi ng standard peptide coupling nmethods3such as those described for the
synt hesi s of conpounds of formula Il (see Schene 2a). The conpounds of
formul a Ld leag@nriiB&Bd IB? a b@ilﬂ@ﬂloﬁ%ezﬁﬁﬁﬂ%@ﬁlg s@a‘i’iaﬁjﬂdtdoﬁﬂlﬁoﬁsoguchrhg Nyl of

a Z group that” are well known to one skil he art (e.g. hydrogenation
with Pd/ GO iEta0rjxture of viter andrgpeuiatls Qjﬁam@swwra sueh anfiéiteiMe@H jog FROHyY

| sonominefy ASPEPRE i Gps680y0 0 BHORE 8 oaBlutib S ", SHTTght 7

Cbz- (L) - Gandam@emlrde ChzplinR)mdehads Oveh ssahoserlck@ibed €t the syrieesises pempowmels af cohol

by transfor cid.to m xe nhydrid sin for instance,

ohl or of of "Lﬁgé gﬁﬁem? i Rle ﬁ?f@g%w?%%gor@u SBherLbe ebtaigedh Py standard

N- et hyl Haaﬂa Q@hdlﬁéhs fbNthd r@idvaPOt £BSOLYENhabHE NeBXndh 0 dRAkALEfieHRRALY at
about -15C and subsequent reduction of the m xed anhydride with a suitable
5 reduci n}gl) agent such as NaBH4 in presence of MeQOH, at a tenperature around
-15C. Th&hhgeimrpupds efnfermea I ythersén 8 ifpstY teafeé@ltwbw@oﬁnéen&ﬁs@ 1§80 B BiSBYFY
condi ti Opﬁngﬂl%%lgésﬁrﬂﬁlg%aln?Sc}Pe%%%dq{égea%tgr in a suitable solvent such as
THF, preferably between and RT. The next three steps |leading to the
conmpounds of formula Xl can be performed using conditions such as those

al ready descrd bed for the &Gymt hesi f the campqunds formula VIl (see
Schene 3).,d+e ¥8: conpoyp P alll~ ﬁq bt ai ned by standard
conditions for)the renoval of @ Cbz group thatarg well known to one
skilled int e art (e.g. hydrogenation with 0dH/Cin MeOH) .
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Scheme 3a

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 function is then substituted by a bromide using standard
conditions such as PPh; and CBry, in a suitable solvent such as DCM, preferably between 0°C
and RT. The next three steps leading to the compounds of formula IX are performed using

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



The conpounds of forrmula Il wherein nis 1, V represents phenyl and mis O
can be prepared using the route summari zed in Schene 3d hereafter. The Boc
pr ot ect edwOQLpevmwawphenyl al ani ne derivatives, if not comreraBziodyssaszai | abl e,
can be prepared starting fromthe (L)-iodophenyl al ani ne conpounds usi ng
standard conditions known to one skilled in the art. The acid function of
the Boc protected (L)-iodophenylal anine derivatives can first be protected
by formation of an ethyl ester using standard conditions 5 known to one
skilled in the art. The conpounds thus obtained can then be converted into
the di et @éé Rhasp @9”’@]368 c&ﬁﬁéﬁﬁ@g &S riiih NG Ejdneghlaﬂf lhePbSRE] ﬁo§’clt':a'i}mtgl“ﬁe Z
presence of a suitable base such as NEt3, in the presence of a suitable

pal | adi umotesting gooup ssiop sasdard cARhBI knpwn go engd skallddan dled arb(ete. @M@ﬂoga@tlma\l or
t ol uene, ?ﬂ R% ﬁﬁﬁ@ﬂly heati ng around reflux tenperature. The next three
steps | eading conmpounds of formula Il can be performed using

condi tions such as 10 those already described for the synthesis of the
conpound§hmtmﬁman$afﬁwmuhﬂHSﬁh&mmnﬁsOTh&m&mmMSamdsdmhlmdsﬁmmabépmpmhérein

nis l, V.represents e d m an be prepared using the route
St | 200 e E hmBa i SRl P hetesfiE o 3
2009/ 069100PCT/ 1B2008/ 055002 - 57 - CbnnerC|aIIy avallable3-

[ 4- (di et hoxy- phoaphgrylne I) phenyl (W) - 2- fl uoren-9-
ylnethoxycarbOQﬁ Nno¢-- alonlc d with a conpound of
formula VI usi dard peptlde c met hods such as those descri bed

for the syntheS|s(pb conpounds of fonmﬂba II (see Schene 2a). The Fnoc
group is cl eaved du4|ng the work up of { he coupling 5reaction using

sat urated agqueous Na2CO3 solution thus offering the conpound of fornula

[11. The conpounds of formula Il wherein nis O, V represents phenyl and m

is 0 can be prepared using the rogtensu ed in Scﬁ&ne hereafter.
The conpounds of formuba Il1 Raan, i A—siX step3~ Neng fromthe
comercially avall )l e DL;broED/pbanybglyC|nes usi ngt¢ dyupﬁns such as
t hose al ready de§crrb§ﬂ forj%her&00§ynthe5|s of the ¢ npoahd§ of formula

0

Il in Scheme 35 B@ratl oﬁnthb conpounds of fornulamVv
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Scheme 3b

The compounds of formula X can be obtained in two steps starting from commercially
available (dl)-Z-o-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, MecOH or EtOH; the obtained acid intermediate is coupled with a
10 compound of formula VII using standard peptide coupling methods such as those described
for the synthesis of compounds of formula II (see Scheme 2a). The compounds of formula III
can then be obtained by standard conditions for the removal of a Z group that are well known

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

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

15  using the route summarized in Scheme 3¢ hereafter.



The conpounds of fornmula IV can be prepared using the route described in WO
2006/ 114774 (see general preparation routes, preparation of the conpounds
of formulwol2W9/meetvene 4a). Preparation of the conpoundsPofi/IBmosdsaovl 15
The conpounds of fornula VI can be prepared using the reaction shown in
Schene 4 hereafter. WD 2009/ 069100PCT/ 1B2008/ 055002 - 58 - Schene 4 The
internmediate of fornula IV can be converted into a conpound of formula Vi
wherein Wis a bond, using a reagent efs5formula R2-B(OR)2, R being hydrogen
or al kyl, using standard conditions for a Suzuki reaction such as those
described for the synthesis of conpgunds of fernmula Il wherein Wis a bond
(see Schene 2).JAl\Nena ly, the 'nt,errrpd' of for Idﬁ'lg 5 n be
converted int& alcofjpound of for mfa VI Iwherei N W1 s “oKR3: Yoy ~ar tic
substitution reaction with an anine ot fornmul a HNR2R3 usi gPcondi tions such

as those descri bge~er the synthesis ofggonpounds of for all wherein W
is -NR3- (see Schene 2). Preparation of the conpounds of fotmula VI The
conmpounds of formula WI ca prepared ysing route described in WO
2006/ 114774 -16(seg at-at N parati on of the conpounds

of formula V, Schenmes_5pgand 5a). Particul ap enbodi nents of the invention
are described in the f Iloovm'ng Exanpl es, ich serve to illustrate the
invention in nore det a|//P:o\7vi”t hout limting ipt& Scope in any way. 15 EXAMPLES
Characterizati on metho@s lused: 11-1-NVR Phel NVR spectra were neasured on a
400 MHz Brucker Avance. The LC-Ms retention tinmes have been obtai ned using

the follow ng elution conditie@ns; Q
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Scheme 3¢

Cbz-(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 anhydride with a suitable

5 reducing agent such as NaBHy 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 XI 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

Cbz group that arec well known to one skilled in the art (e.g. hydrogenation with Pd/C in
MeOH).

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

using the route summarized in Scheme 3d hereafter.



WO 2009/ 069100PCT/ | B2008/ 055002 - 59 - LCG-Ms (A): A Zorbax(r) colum
(Agilent SB. Ag 51.1m 4.6x50m was used. The two el ution solvents were as
fol |l ows: wolzo@evicomo= wat er + 0.04% TFA; solvent B = MeCRCTIB®O®DISeRt f| ow
rate was 4.5 m/mn and the characteristics of the eluting m xture
proportion in function of the tinme t fromstart of the elution are
sumarized in the table below (a linear gradi ent 5bei ng used between two
consecutive tine points): t (mn) O 1-345 1.55 Solvent A (% 95 5 5 95
Solvent B (%9 5 95955 LCGM (B): A X-terra(r) colum (M5 C18 5 iim

2. 1x50m) wms used. The tywo el ution solovepgts were as fold ows: solvent A =

wat er + QIO /Nfl-lg)l’—m»q_l i | vent- Bz &1},,& .96%1/&5 p The—-el uent
flowrate wag 3 m/mn dndgth char act er stg cs~of the eIui'ﬁg I Xture
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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 onec 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 base
such as NEt;, in the presence of a suitable palladium catalyst such as Pd(PPhs)s, 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 III can be performed using conditions such as

10 those already described for the synthesis of the compounds of formula III in Scheme 3.

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

using the route summarized in Scheme 3e hercafter.
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Scheme 3e



t (mn) 01 1.251.30 1.80 Solvent A (% 95 5 5 95 95 Solvent B (% 5 95 95
55 LGM (O: A Zorbax(r) colum (Extend-Cl18 5 iim 4.6x50mm was used.
The two ewotoeveswbvents were as follows: solvent A = warCenB200803v62x0NC.
aq. ammoni a; solvent B = MeCN. The eluent flowrate was 4.5 ml/mn and the
characteristics of the eluting m xture proportion in function of the tine t
fromstart of the elution are sunmarized in the table below (a |inear
15gradi ent bei ng used between two conseétutive tinme points): t (mn)
Commercially  available  3-[4-(diethoxy-phosphorylmethyl)-phenyl]-(S)-2-(9H-fluoren-9-
ylmethoxycarbonylamino)-propionic acid is coupled with a compound of formula VII using
standard peptide coupling methods 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 aqueous Na,COs solution thus offering the compound of formula II1.

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

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

10 synthesis of the compounds of formula III in Scheme 3d.
Preparation of the compounds of formula IV

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

(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.



0 0.75 1.45 1.55 1.60 Solvent A (% 955 5 95 95 Solvent B (% 5 95 955 5
WO 2009/ 069100PCT/ 1B2008/ 055002 - 60 - Preparative LC-M5S net hods used: The
puri fi catwonsodsooepar ati ve LC- M5 have been perforned ®€rmB20a8/055002
Phenonenex(r) colum unl ess otherwi se specified in the rel evant Exanple
description, wth the general conditions described hereafter.
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Scheme 4

The intermediate of formula I'V 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 compounds of
formula II 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 II 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 gencral preparation routes, preparation of the compounds of formula V, Schemes 5

and 5a).

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

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

15 EXAMPLES

Characterization methods used:
'H-NMR: The NMR spectra were measured on a 400 MHz Brucker Avance.

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



5 A Phenonenex(r) colum (Gem ni 10u C18 110A Ax 50x21 2 mm) or a X-Terrat
colum (Prep M5 C18 OBDTM 10u 30x75 nmm) was used. The two elution solvents
were as fwDl2om69®0l vent A = water + 1% form c acid; solPcEnB2088/655MECN + 1%
formc acid. The eluent flowrate was 50 nL/mn for the Phenonenex(r)
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solvents were as follows: solvent A = water + 0.04% TFA; solvent B = MecCN. 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 linear gradient

5  being used between two consecutive time points):

10 (alinear 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 pm, 4.6x50mm) was used. The two elution
solvents were as follows: solvent A = water + 0.1% conc. aq. ammonia; solvent 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 elution are summarized in the table below (a linear
15  gradient being used between two consecutive time points):
t (min) 0 0.75 1.45 1.55 1.60
Solvent A (%) 95 5 5 95 95
Solvent B (%) 5 95 95 5 5

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 C18 5um, 2.1x50mm) was used. The two elution
solvents were as follows: solvent A = water + 0.06% formic acid; solvent B = MeCN + 0.06%
formic acid. The eluent flow rate was 3 ml/min and the characteristics of the cluting mixture

proportion in function of the time t from start of the clution are summarized in the table below
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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.

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 clution 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® column and 100 mL/min for the X-Terra® column.
The characteristics of the cluting mixture proportion in function of the time t from start of the
clution are summarized in the tables below (a linear gradient being used between two

consecutive time points):

I) Preparative LC-MS (I):

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

Solvent A (%) | 75.1 75.1 55.1 55.1 4.5 4.5 75.1 75.1

Solvent B (%) | 24.9 249 449 449 95.5 95.5 249 249

IT) Preparative LC-MS (I1):

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

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

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




65.1 45 45 4.5 4.5 65.1 65.1 Solvent B (% 34.9 34.9 55 55 95.5 95.5 34.9
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) Preparative LC-MS (11I):

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

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

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

IV) Preparative LC-MS (IV):

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

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

Solvent B (%) | 44.9 449 65 65 95.5 95.5 449 44.9

V) Preparative LC-MS (V):

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

Solvent A (%) | 65.1 65.1 39.9 39.9 0 0 65.1 65.1

Solvent B (%) | 34.9 34.9 60.1 60.1 100 100 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.



0.4 2.6 33.43.83.95 Solvent A (% 60 60 40 40 4.5 4.5 60 60 Sol vent B
(% 40 40 60 60 95.5
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Example 1: 4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-

4-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester:

1.1. (R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid methyl ester:

Boc-3-iodo-L-Ala-OMe (9.4 g) was dissolved in triethyl phosphite (100 mL). The mixture was
5  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-phosphoryl)-propionic 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 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.

15 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-ecthoxycarbonylpiperazine (97 mg) was added and the stirring was

20  continued overnight at RT. DCM and an aq. NaHCOs3 solution were added to the mixture and
the phases were separated. The aq. phase was extracted with DCM and the combined org.
phases were washed with a NaCl solution, dried (Na,SO4) and evaporated off. The crude was
purified by CC (eluent: gradient from EA to EA/McOH 25/1). After HV drying, the desired
compound was obtained as a colourless resin (194 mg).

25  LC-MS (A): tg = 0.86 min; [M+H]": 466.05.
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1.4. 4-[(R)-2-amino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-1-carboxylic acid ethyl
ester hydrochloride salt:

Intermediate 1.3 (192 mg) was dissolved in EA (0.2 mL) and a 4M HCI solution in dioxanc
(0.4 mL). The reaction mixture was stirred at RT for 4.5 h and evaporated off. After HV
5  drying, the desired compound was obtained as a colourless resin (199 mg).

LC-MS (A): tg = 0.65 min; [M+H]: 366.04.

1.5. (S)-3-hydroxypyrrolidine-1-carboxylic acid tert-butyl ester:

Di-tert-butyl-dicarbonate  (27.5g) was added portionwise to a solution of

(8)-3-hydroxypyrrolidine (10 g) and NEt; (32 mL) in DCM (240 mL). The reaction mixture
10 was stirred overnight at RT. Water was added and the org. phase was separated. It was washed

with sat. aq. NH4Cl, sat. aq. NaHCOs3 and sat. aq. NaCl. The org. phase was dried (Na;SOy)

and evaporated off to afford the desired compound (21.4 g).

'H-NMR (CDCl3): 6=4.43 (br. s, 1H); 3.40 (m, 4H); 2.70 (m, 1H); 1.93 (m, 2H); 1.46 (s,

9H).

15 1.6. (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 mixture was stirred for 30 min at RT,
cooled down to 0°C and Mel (11 mL) was added dropwise. Stirring was continued for
additional 2 h at RT. Water and cthanolamine (14 mL) were added to the reaction mixture that
20  was stirred for 15 min. The org. phase was separated and the aq. phase was extracted with
DCM three times. The combined org. phases were washed with sat. aq. NaCl, dried (Na;SOjy)
and evaporated off to afford a yellow oil (27.5 g).
'H-NMR (CDCL): § =3.94 (br. s, 1H); 3.44 (m, 4H); 3.35 (s, 3H); 1.99 (m, 2H); 1.48 (s, 9H).

1.7. (S)-3-methoxy-pyrrolidine hydrochloride salt:

25  Intermediate 1.6 (27.5 g) was dissolved in 1M HCI in EA (300 mL) and 3M HCI in EA
(50 mL) was added. The reaction mixture was stirred overnight at RT and the solvent was

evaporated off. The residue was taken up in Et,O (500 mL) and the compound precipitated
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out. The suspension was stirred for 1 h, filtered off and the powder washed with Et,0. HV
drying afforded the desired hydrochloride salt (13.9 g).

'H-NMR (CDCL): 8=9.84 (br. s, 1H); 4.10 (br s, 1H); 3.43 (m, 4H); 3.33 (s, 3H); 2.19 (m,
1H); 2.04 (m, 1H).

1.8. 6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carboxylic acid:

6-chloro-2-phenyl-pyrimidine-4-carboxylic acid (14.3 g; prepared as described in
WO 2006/114774, Example 24, intermediate 24.3), intermediate 1.7 (10 g) and DIPEA
(23 mL) were dissolved in THF (191 mL). The reaction mixture was stirred at 60°C for 48 h.
Water and DCM were added and the phases were separated. The aq. phases were washed with
DCM and the combined org. phases were dried (NaySO4) and evaporated off.
CC (DCM/MeOH 9/1) of the crude yielded the desired compound (13.2 g).

LC-MS (A): tg = 0.74 min; [M+H]": 300.42.

1.9. 4-((R)-3-(diethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-

pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid ethyl ester:

To a solution of intermediate 1.8 (135 mg) in THF/DCM (0.4 mL / 1.6 mL) were sequentially
added DIPEA (0.309 mL), HOBT hydrate (83 mg) and EDCI 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. NaHCO3 solution were added to the mixture and the phases
were scparated. The org. phase was dried (Na;SOy) and evaporated off. The crude was
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 colourless resin (131 mg).

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

1.10. 4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester:

To an ice-cold solution of intermediate 1.9 (129 mg) in anhydrous MeCN (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 mixture was extracted 5 times with DCM. The combined org. phases
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were dried (Na;SO4) and evaporated off. The crude was purified by CC (reverse phase;
cluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1). After HV drying, the desired
compound was obtained as a colourless resin (94 mg).

LC-MS (A): tg = 0.82 min; [M+H]": 590.97.

Example 2: 4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-

4-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

2.1. 4-benzyl-piperazine-1-carboxylic acid butyl ester:

To a solution of 1-benzyl-piperazine (1.97 ml) and NEt; (1.9 ml) in DCM (100 ml) was added
n-butyl chloroformate (1.47 ml). The mixture was stirred at RT for 2 h. Water was added, the
org. phase separated, dried (Na,SQO4) 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-1-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
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-[(R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-

1-carboxylic acid butyl ester:

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

intermediate 2.3 replacing intermediate 1.3.

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

100
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acid ethyl ester hydrochloride salt:

3.1. (S)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid methyl ester:

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

3.2. (S)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid:

This compound was prepared using a method analogous to that of Example 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-[(S)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-
I-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.

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



Internediate 1.3 (192 ng) was dissolved in EA (0.2 nL) and a 4M HC1
solution in dioxane (0.4 nmL). The reaction m xture was stirred at RT for
4.5 h andwevaparwatoed of f. After HV 5drying, the desiredPCONPTIOSYOSINERS
obtained as a colourless resin (199 ng). LCGM (A): tR=0.65 mn; [MH:
366.04. 1.5. (S)-3-hydroxypyrrolidine-1-carboxylic acid tert-butyl ester:
D -tert-butyl-dicarbonate (27.5 g) was added portionwi se to a solution of
(S)-3-hydroxypyrrolidine (10 g) and NEbB- (32 nlL) in DCM (240 nmL). The
reaction mxture 10 was stirred overnight at RT. Water was added and the
org. pha S t

NaHCO3 a?\g \3:[?5) gl %ﬁhet}l(;xy%s%%?g%gwﬁgyﬁ edﬁ%Ng%ggyhg%gidee\iapor at ed
off to aﬁa‘tmfd’dtdn?élowg'swléd corrpound (21 4 g). 1H-NWR (CDC13): 8 =4.43 (br.
s, 1H); 3.40 (m 4H); 2.70 (m 1H); 1.93 (m 2H); 1.46 (s, 9H). 151.6.
(S)-3- rreii"hisxgonpy)un«blv’vaslimep@ectasibg)whiedmdceirdldgemi tdythay lof d$taele Tosap 1.4,

i ce-col d. |Utl 2?'? !’?ntermedlﬁiz%1 11; 5 (22 g) in THF (300 nL) was added NaH
(7.7 g, % rSTBHCINg AR F’I) porti onwi se. The reaction m xture
was s$i rL@GMfSQA)&Q 0.6 @in; R+ Hgoséet.down to 0C and Mel (11 nL) was added
dropwi se. Stirri ng was continued for additional 2 h at RT. Water and

et hanol a eactl on ure t was stirred
for mg}'f %eth‘ﬁ?fd’ Bsﬂ(zﬁ‘éﬂ)s%ééé g”g)e mefigxy- Ry &é’” dﬁé)sgpéiv%{‘é/?ext racted
with A 2081 L 4P BonyINEm 60 B I PhAS BSaNRK B MRENRR 1 WiEN sat. ag.
NaCl, Dt(zljrvll’j%d (N§2504)Olg}r@ eva{)[grdg{%e’%}gé%erto affccl)rd Jsehcyel I oﬁv% 0|tl (27.5 g).

1H NVR n n a a
hy 1 ag(speind s Hatby ubing W et bl D cd Il SR L

I nter rredlﬂéttréleila@ %@mpglcgl)g lmaanglu%@bﬂved in IMHCL in EA (300 nL) and 3|v| HC1

(5 a m xture was stirred overnight at RT
ndE@?]e gg%l)é;rgw\?\%s evapof‘ e]él?agyﬁllhe resi due was taken up in Et20 (500

m.) and the conpound precipitated WO 2009/ 069100PCT/ 1B2008/ 055002 - 64 -
out . The3sudpENsi-Gn-as- mkzihox;epjzrfcdz'rdznllﬂl) ¥ phdngh@ahnUﬂMeamrbdwljpmm@?r washed

th Et2 HV.d ded .th d d hi d It (13.9
\iMH NMVR (%ﬁéﬁ?f’o’g }?2)%%@4%%?&?021@ Feg § gkyg{’%f’ﬁw’y plg! ”THI) %3023 (ﬁn 4H) g)3 33
3
és( ( S)H) 3@&%@%@% Hr%ﬁaﬁedluw% aznﬁﬁ%%ﬁvalwmhﬂ ofAEXapm® dy 1SR a]co d:

6- chl or oiderplegiay 3BY FdpcHig BrtdnieaiaROX Yl iTheagiodudt 1#as hgweRirepalfRd B C
descrl bed in WD 2006/ 114774, Exanple 24, internediate 24. 3), |nterrred| ate

7 t30 @u%ﬁ@rﬂl@ERomHﬁL)to@a@s/MeQ%i Ned in THF (191 nl). The reaction

mxture svgtak.red ity b N19A] higWater and DCM were added and the
phases wewr@e §e(p raté%; &g[ aqg. pﬁ%segs were washed with 10 DCM and t he

conbi ned org. phases were dried (Na2SO4) and evaporated off. CC (DCM MeOH

9/ 1) of e vieldad tdhe. =] O L e » (A): tR =
o 7)4 o HFQME&@ 4%%13?@ (E9B-MeioxfDyFRAHIY (L Fhényibyrinfraie. (A
4-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester:

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

20  To an ice-cooled solution of H-Hse-OH (3 g) in dioxane/2M 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 Et;O and acidified with a 2M HCI solution. The aq. phase was
extracted with DCM. The DCM layers were combined, dried (Na,SO4) 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.
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646. 95. dict@ohexylamine (7 mL). The solvent was removed and the white powder was suspended in

4- ((R) -24[ 6- £( S) - 3- met hoxys idin-1-yl)-2- | - pyrim di ne-4- b I
1 arm oy LB ShoMBRERG g Gyt sl b B ERT BT MGk 4 G nyt “estor
25To &n Lcevsahst tgeloutlimim. of internediate 1.9 (129 ng) in anhydrous MeCN
(0.6 nL) was added trimethylsilyl brom de (0.516 nlL) dropw se. The reaction

m xture was allowed to warmto and was stirred at RT until conpletion.
Vat er (1‘!@”&%@@ Hager WW@W’%"{R%[(W”?}H&‘ lyrr!ﬁﬂcr%wéwkﬂ%ter was added and
the m xture s extracted 5 tines with DCM _The capbi ned. org. . phases WO
2009/ osg%b’é’?ﬁﬁ%@ﬁ%@fgé@@ww% o SupREPRoB of SHTPNADSHS &nd ShibpBrdrey of r.
The crudgwyas Jaufi ) iTed r&)éti&?mﬁ;&@ﬁé%a%%ti%@%@érn%hﬂ;?chT'. O &ttvaldn®BT Mel

wat er/ TFA 100/1 to MeCN/ TFA 100/1). After HV drying, the desired conpound

was obt aivaeddded, andaftasufr h etigingeks merq oivadgnts werengldedy) ThetRaction ngixtung f-as

[ MEHE, 5 E) 7. - : . .

4- 0R§9 2- % r%‘?%‘(o(v§ ‘%ﬂ %{1 ﬁ“&%‘/’lvp??r‘r’“% Tegioned 0 yeSHuS NS TRep P P er and the

4- car bonytg. phask nads-v2aspdib sjth anga@r opitony dieddiN2e$ @) iand clamaistbd uffl The acidd
butyl ester: 2.1. 4- zyl - pi.perazi ne-1-carbgxylic acid butyl ester: To a
sol uti on"8f P‘irlf&‘éﬁ’i/ﬁ&-) E@b@mﬁ\%@? csgrgd Fﬁf)lpoawﬁ NEalopless i R Ibom ( 100 )
was addegcqv[gqm(;ltRem‘mrrgfnp[mgf; 0dg 4y, ml). The mi xture was stirred at RT
for 2 h. Water was added, the 10org. phase separated, dried (Na2SO) and

evaporated off to give a yellowoil (3,13 g). LG M gA): tR=10.73 mn;
[ MeH] 244, 4Y-2-benzploxycarbonylamino-4-bromo-butyric acid methyl esler:

15  PPhs on resin (1.6 mmol/g, 12.4 g) was added to an ice-cooled solution of intermediate 4.3
(2.4 g) and CBr4 (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): tg = 0.86 min; [M+H]": 331.89.

4.5. (S)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butyric acid methyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.1,
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. (S)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butyric acid:



2.2. Piperazine-1-carboxylic acid butyl ester: Internediate 2.1 (3.1 g)
was hydrogenated in EtOH (100 mM) with Pd/C (wet, 5% 480 ng) for 24 h. The
m xt ure waie 2heddserved t hr ough celite and evaporat ed of f. PEVIBI0P8/nFHoGf f or ded
t he 15desired compound as a pale yellow liquid (2.04 g). LCGM (A: tR =
0.54 min; [MH+MeClL\1]: 226.39. 2.3.

4-[ (R) - 2-tert-but oxycarbonyl am no- 3- (di et hoxy- phosphoryl ) - propi onyl

1- pi perazi nel-carboxylic acid butyl esber: Thi s conmpound was prepared
using a nethod anal ogous to that of Exanple 1, step 1.3, 20internediate 2.2

LSE' i‘g ' ”ghl}i SN E RO REP GLRZ | N Brettlo A\@lo&@\){s td Fhat o?- Béndpidr1, b,

4-[(R) - ZLWdIaE-LKﬁr@@tahmgyntpm@m‘ol)ﬂ ) - propi onyl | - pi perazi ne-1- car boxylic
aci d but ydrochl of S Thi s conpound was prepared using
a met hodxgn@%g‘gug g)og%’tlﬁm M Flkxg%rgp 6e 1, step 1.4, 25internediate 2.3
replacing internediate 1.3. LC-I\/B (A : tR = 0.73 min; [MH: 394.08. WO
2009/ 069200RqT3)1BBOA BTG ID2yame-4-(@etboxy-phosphoryl)-butyryl]-piperazine-

4- (( 3(d|et - ph photyl) 2-{[6-((S)-3-nethoxy-pyrrolidin-1-yl)-2-phen
yl pyri m dicR&oR a‘%ﬁfg‘?{&% 4“4 no} - pr opi ony! ) - pi per azi ne- 1- car boxyl ic acid

but yl Thi s orrpound s _prepared usi a net.hod al o s to. that of
Exanpl e iﬁls SOEPOUG W TGN Vb azfrﬁwoep%na@%ﬂbs i e mBTer La steBl & Vg
(A tR midnRaiald X6 [&ﬁh&mg ﬁr’ﬁerﬂqédlat% 6.8 and 1- ethoxycarbonylplperazme replacing
4-((R-2-{[6 met hoxy-pyrrolidin-1-y pyrim di ne-4-car bonyl

1- ani no} mtgn}ﬁé’@?plh‘bﬂ@ﬁG@@BPWZ)SJ@WW@EFIﬁé% Wlé@ab}bﬁf@)ﬂﬁ - acid butyl ester:

This co d t hod anal ogous to that of Exanple 1,
step 1. Tgeq:\;igt(g?n%dl at 6}{@ Egag?%% internediate 1.9. 10LCG-MS (A): tR =

0.88 mn; [M1-1]: 618.96. Exa le 3:
4-0S)0 2- 1[864{[(S$)2 @zmﬁﬂdmyphmvhm/ﬁ by ty-ppephréreyl-cqpypoinic dridedytar bonyl pa
m nol - 3- QI}osphono propi onyl) - pi perazi ne-1-carboxylic acid ethyl ester: 3.1.
(S)-2- tert<but oxycar bonyl ani no- 3- (di et hoxy- phosphotyl ) - propi onic acid
met hyl e opund was ar usi ng_ .a, net ngl ogoys, to
That  of  ERSrsmpopnd 38 53Rl Rt oS Rl homalon s ey 35 i 2 9942
Boc- 3- i ogterhredag-4OMeoplak fag Mbchibdiaté R1 =hdve¥dr whiny; MEOMHhstead4d E3GH.

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

15 4.9. 4-((S)-4-(diethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin- 1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino }-butyryl)-piperazine-1-carboxylic acid ethyl ester:

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

intermediate 4.8 replacing 1-cthoxycarbonylpiperazine and intermediate 1.8 replacing

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

30/1).

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

4.10. 4-((S)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
4-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester:
25  This compound was prepared using a method analogous to that of Example 1, step 1.10,

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

from CHCl; to CHCl3/MecOH 1/1).



3.2. (S)-2-tert-butoxycarbonyl am no- 3-(di et hoxy- phosphotyl)-propi onic acid:
Thi s conmpound was prepared using a nethod anal ogous to that of Exanple 1,
step 1.2,womermsewbate 3.1 replacing internmediate 1.1. POTHB200B0{38)2 tR =
0.77 mn; [MH: 326.29. 3.3.

4-1(S)-2-tert-but oxycarbonyl am no- 3- (di et hoxy- phosphotyl ) - propi onyl

1- pi perazi nel-carboxylic acid ethyl ester: This conpound was prepared using
a nmet hod anal ogous to that of Exanple-I9- step 1.3, internediate 3.2
replacing internediate 1.2. 25LCM5 (A): tR = 0.85 mn; [M1-1]: 466.21.

0 2009/ PEHAORE'T] LEAGORARORTONE. sobi 3. 4 | | |
4-[(S)-2-am no- 3-(di et hoxy- phosphotyl) - propi onyl 1-pi perazi ne-1-carboxylic
acid ethyl ester hydrochloride salt: This conmpound was prepared using a

met hod aEﬁLﬂBIéUSS Hgdﬁﬁﬂg{&@ﬁ@ﬁl&y—kwﬁﬁﬁm i—-yﬁ-—Z hﬂélﬂﬂi—ggﬁhﬁ&ﬁe-?* 3 repl acing
i ntermedi ate

4-((9)- 34(carletnbfﬂxvmphbémh@smoymzhlﬁyl(y@a)lpsmme Wbpyylmﬂcubbmlemr) 2- phenyl
pyri m di ne- 4-carbonyl 1-am no}- propi onyI ) - pi perazi ne-1-carboxylic acid

et hyl ester: : s to that of
Bl o 10 L8 30 G R A PR oS R B TR DO 29023 Dol h
(A: iR ic@rl@Sylmawdl[)W]eitl]er 647.23. 3.6.

4-((S)-24[6-((S)-3-net hoxy-pyrrolidin-1-yl)-2-phenyl-pyrim di ne-4-carbonyl

1 - ami noThis3eopiyospd oves- prepednyihg -gpinpdod zinakgdusc &r Idox yif i Exaapild 1estayll .9est er :

This co und  wa r epar.ed. usi nq. t hod anal ogo t o, t hat. of le 1,
step 1. 10CTEaR AR Etlecig BUTEsHat hceF P43 et pdn St T
however pHg Ipfdd@et Wis GGwdt hivlﬁEld twﬁé téxlfueﬁmgﬁldg@ filboth ENGIBONEIA 14 1)
LCGM (A): tR = 81l mn

4-0S) - 2- W(i@g)]-/gth@tg%d@m;fmEﬁlt@ﬁr‘NMﬁQIﬂ)Q%phenyl pyri mi di ne-
4- Caﬁ@“ﬂf'M?QAﬁ"Q' benz Q\qmﬁyggﬁ%/ﬁgll) pi per azi ne-1-carboxylic acid ethyl

ester nyl am no- 4- hydr oxy-butyric acid: 20 To an

i ce-cool ed sol ution of H-Hse OH (3 g) in dioxane/2M NaOH (100 nlL/25 nlL) was
added benZyH-[Eht-Ddrwfrorfratiehda-phoyphandp i we!/avearadiBe-ficarboThlé acéblptivion

m xture vas.. allowed to warmto RT and was stirred overnight at RT. The

sol vent was evaporated off and the aq. residue was extract ed with Et20 and
acidifie

ot | ayer Bviarbebtr et ui el R ol S SRk 2 MH 22 The

intermediate 5.1 replacing intermediate 2.1, however using MeOH instead of EtOH.

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

5.3. 4-((S)-4-(diethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin- 1-yl)-2-phenyl-
pyrimidine-4-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 1-ethoxycarbonylpiperazine and intermediate 1.8 replacing
20  intermediate 1.2. The crude was however purified by CC (cluent: 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-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
4-phosphono-butyryl)-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.



25gi ve the desired product as a white powder (4.13 g). LCGMs (A): tR=0.72
mn; [MH +: 254.36. WD 2009/ 069100PCT/ 1B2008/ 055002 - 68 - 4. 2.

(S) - 2- ber9l2009ysarobony| am no- 4- hydr oxy-butyric aci d di cecrahzwgbzmine salt:
To a solution of internediate 4.1 (8.9 g) in EtOH (77 nL) was added

dropwi se di cycl ohexylamne (7 nL). The sol vent was renoved and the white
powder was suspended in Et20. The suspension was filtered off and the white
solid (12.1 g) was dried in vacuo. 5LcZIM5 (A): tR =0.71 mn. 4.3.

(S) - 2-benzyl oxycar bonyl am no- 4- hydroxy-butyric acid nethyl ester: Ml (2.1

m.) was agddad (gi:qgwi(ﬁgq he: pMSHPPERSiPn of intermediate 4.2 (12.1 g) in
anhydrous DVF (196 ni). The reaction mxture was stirred overnight at RT. 1
nore equi val ent of Mel was added, and after 6 h stirring 2 nore equivalents

vere addgdampes:’ thﬁi)'lﬁ{[611"[.9513Uﬁ1%ﬂ%§§-p%9ro‘iihhf-i%-ﬁﬁﬁéﬁﬁ??ﬁnﬁﬂﬂei he sol vent
was renoved. The residue was taken up'in EA/water and the org. phase was
washed wi#tcarkonyHemine}-gtphosphomoipraponsh- piper aziner lecasipexylic aciddiutyl eftes: cr ude
was purified by CC (Et20) to give the desired conpound as a col ourl ess

resin (4 ) rro)LAC; IVE . = 0. 7% pi-ni || : . . A4 .

(S- 2- ety W cabons et o e Vb B PRon  dinerazings oo o1

resi nd ( 1/@arhmylicyicid 2utdl eydermvas added to an ice-cool ed sol ution of

internediate 4.3 (2.4 g) and CBr4 (6.7 g) in anhydrous DCM (120 niL). The

r eact i onThisx¢ompeumdsvast prepaeet asin®@ fethod dmakbgdusnvas thalt lodvidntpbe Waktep tl G, RT.

The resin was . filtered off .and .the s Iuti]gg e%/ porated off. _The crude was
si

puri fi ed By EHAEALHeptePIFR)E t dGIVE A e UBHFEIRE a2 CEPBURE ess
resin (11%tdkycateStp¥RréANe. tR = 0.86 min; [MH: 331.89. 4.5.

(S) - 2-benzyl oxycar bonyl am no- 4-(di et hoxy-phosphotyl)-butyric acid methyl
ester: ThEMedpdund UHewinpMpHE ed%413¢-ng” a met hod anal ogous to that of
Exanple 1, step 1.1, internediate 4.4 replacing Boc-3-iodo-L-Al a-Ow. The

d i-f.0 . -  tR =
conmpe! nn55.\9?3#/@“9%&%809324Q@&ﬁ@%ﬁ%ﬁ%ﬁzﬁﬁ%ﬁ%z]%&r&z@neli-Q()rbw%%Qd%u@A) t

(S) - 2- bengs odyacalobdayd/anm no- 4- (di et hoxy- phosphotyl)-butyric acid:
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+H]: 394.18.

15  6.3. 4-((S)-3-(diethoxy-phosphoryl)-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 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-((S)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-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 1, step 1.10,
intermediate 6.3 replacing intermediate 1.9. The crude was purified by CC (eluent: gradient
from CHCl; to CHCl3/MecOH 1/1).

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



WO 2009/ 069100PCT/ 1B2008/ 055002 - 69 - This conmpound was prepared using a
net hod anal ogous to that of Exanple 1, step 1.2, internediate 4.5 repl acing
i nt er mediwDeo®/k910bC- M5 (A): tR = 0.83 mn; [MH : 374. B6T/1B2008/d455602
4-1(S)-2-benzyl oxycar bonyl am no- 4- (di et hoxy- phosphoryl)-butyryl | -pi perazi ne
51-carboxylic acid ethyl ester: This conpound was prepared using a nethod
anal ogous to that of Exanple 1, step 1.9, internediate 4.6 repl acing
internediate 1.8 and 1-et hoxycarbonyl pi7perazi ne replacing internediate 1. 4.
The conmpound was however purified twice by CC (EA). LCGM (A): tR=10.91

mn; [ MrEkdmpRYA- 44532028 henyl-6- 1-1-yl-pyrimidine-4-carbonyl)}-amino|-
Tt 5 BdmpR'7, 439 ibflathenyL6-pyrazol 1-yLpyrimidine d-carbonyD-aminol. |

aci d et hyphesphomo-buityrylicpippeazing- Inearboxdisaacedtibufs] esgera net hod anal ogous to
that of Exanple 2, step 2.2, internediate 4.7 replacing internediate 2.1,

hovever ‘7'2?428((&5'?2['4(61Jiz%ﬁ?}@'ph%izyz%%%dih&zzl\é@ﬂﬁd%}b-a%?noiﬁ(a@éhé?y!}ihol%laﬂzj-

380.32. 1

44( 8) - 4- bdyethoxyaphed phobox)lc @&idbytp/SPsted- met hoxy- pyrrol i din-1-yl)-2-phenyl -
pyri m di ne-4-carbonyl 1-am no}-butyryl)-piperazine-1-carboxylic acid ethyl
esters Tiba whutjoawfh-sidsrof-graykephrinsiding-Jacaneixtytic aaidaB&gogs it DOMIATL0 i)

Exanple 1, s 1 internedj ate.4.8 r acin - ar pbonyl pi per azi ne
o nt ePetEH YR dﬁéfbrné ilﬂﬁrm‘?ﬂl@??}é@(ﬁg‘ﬁ i) a5 5#*%@@‘% Ve Al er
puri fi edwhy séirfed &I RIER:: 240 adivaNtilfe O Withiapt Mt @0 BAL) 20 d fvedsheweh by Smacth ent
fromEA to EA/MeOH 1/1), followed by preparative TLC (EA/ MeOH 30/1). LC M5

(A): tR IMNGISG4 gnd fakpaq) Na@boTBoarg. ghapg was dried (Na;SO4) and evaporated off. The
4-((S)-2-0- - 3- arpt - i di.n-dl- -2~ - iy i ne-4- carbonyl 1
0 2 L R ST  RED e Gor
25Thi@ cormpo@ddmeas prepared using a nethod anal ogous to that of Exanple 1,

step 1.1 iaternediate 4.9 replaci internediate 1.9. The crude was
purifi edEEyM%égE- ¥Gel?1¢8:m’g‘j‘r ﬁ\‘ﬁﬁm 613 cHe13 to CHC13/ NBOH 1/ 1).
7.2. 4-{(S)-4-(diethoxy-phosphoryl)-2-[(2-phenyl-6-pyrazol-1-yl-pyrimidine-4-carbonyl)-
amino[-butyryl}-piperazine-1-carboxylic acid butyl ester:

Pyrazole (7 L) 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;SO4) and
evaporated off to afford the crude compound (30 mg). No further purification was performed.
LC-MS (B): tg = 1.17 min; [M+H]": 656.35.

20 7.3. 4-{(S)-2-[(2-phenyl-6-pyrazol-1-yl-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 7.2 replacing intermediate 1.9. The crude was purified by preparative LC-MS (I).
LC-MS (A): tg = 0.94 min; [M+H]": 599.96.

25 Example 8: 4-((5)-2-{[6-(4-methyl-pyrazol-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-

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



WO 2009/ 069100PCT/ 1B2008/ 055002 - 70 - LGMS (A): tR =0.85 mn; [MHr:

605. 03. Exanpl e 5:

4-0S) - 2- WO-20@@p9®enet hoxy- pyrrolidin-1-yl)-2-phenyl - py PCEIB2008055002

4- car bonyl pam no} - 4- phosphono- but yry1) - pi per azi ne- 1- car boxylic acid butyl
ester: 1.

4-[(S) - 2-benzyl oxycar bonyl am no- 4- (di et hoxy- phosphoryl)-butyryl | -pi perazine
51-carboxylic acid butyl ester: This caeypound was prepared using a nethod
anal ogous to that of Exanple 1, step 1.9, internediate 4.6 repl acing

i nt er medigat g_ds)8s aRGRLDLALIROILAL 8 /B &-hERLBSH 11 D)SF PRI B S ilidthe- ThE
e by CC(eluent: g f EA/

product was however purified twc » “gradi ent” "from MeOH
10/ 1 to ERLNBOH/-wmino/thwenylypidiaite- i-canvihc nodBapie0st: 95/ 5) . 10LC- M5 (A)
tR=0.96 mn; [MH: 542.29. 5. 2.

4-[ (S) - 2Thivi woepputdlives horyarghosipor yiejhod uanplogbtis pi prett afi Brenbla dr boryI2, ¢
aci d butyl Her: This conpound, was prepared using a nmethod anal ogous to
that of B %%f%yrﬁz,o %]Eegﬁcfgi’?'ra’??l ernediate 5.1 replacing internediate 2.1,
however usivg (BRAH=ilndtmagdMiHEt 6F9.405LC- M5 (A): tR = 0.69 min; [M11]:
408.18. 5. 3.

4-((S)-4-(di et hoxy-phos ryl)-2-0-((9)-3-nmet hoxy-pyrroljdin-1-yl)-2-phenyl
pyri m di feé: f(:}é@rﬁé%’{ﬁg/ﬁ-%%Mdz@%ﬁwﬁgﬁ%ﬁrpa%%V%é:%ﬂ% -(Wm]}-c acid butyl
ester: ThigoGApRaBIWaSrRLERAYT &4, BbS) MY PRINRAranal ogous to that of
Example 1 step 1.3, internediate 5.2 replacing 1-ethoxycarbonyl pi perazine

and i nt erpRAog! &k GREAGINGKiLD b Theth 8B dhAb&oud - 16 - thdNer EXHlSe Was QY er
purified by CCp(%gI uer?t :%)Qg@adi erlllf.?é)?rom EA to %&/ MeOH 9/1). LC?I\/IS (eg): tR =
1. 06 mi nintfrivietlipte: 8. beplaging igfermediate 1.9. The crude was purified by preparative LC-MS (1).

4- ((Q-276- 3- et - AL 9L L B -yl ) - 2- phenyl - pyri m di ne- 4-car bonyl
1- amﬁélo} Peﬁ%ﬁ%‘l‘éﬁﬁ@%‘ﬁ%Wﬁ?ﬁp@e%zi ne- 1-carboxylic acid butyl ester:
WO 2009/ 069100PCT/ 1B2008/ 055002 - 71 -

Example 9: 4-[(5)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)oxy|-pyrimidine-
4-carbonyl}-amino)-4-phosphono-butyryl]-piperazine-1-carboxylic acid butyl ester:

9.1. 4-[(S)-4-(diethoxy-phosphoryl)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)oxy]-
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,

(8)-(+)-3-hydroxytetrahydrofurane replacing pyrazole, however using DMF instead of THF.
LC-MS (A): tg = 1.07 min; [M+H]": 675.91.

9.2. 4-[(S)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)oxy]-pyrimidine-4-carbonyl }-amino)-
4-phosphono-butyryl]-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 (I).
LC-MS (A): tg = 0.92 min; [M+H]": 619.97.

Example 10: 4-{(S)-2-[(2-phenyl-6-pyrrolidin-1-yl-pyrimidine-4-carbonyl)-amino]-
4-phosphono-butyryl}-piperazine-1-carboxylic acid butyl ester:



LCGMs (A): tR=0.91 mn; [MH: 633.13. Exanple 6:

4-0S)-2-1[6-((5)-3-nmet hoxy-pyrrolidin-1-yl)-2-phenyl -pyri m di ne4-car bonyl pa
m no} - 3- phopPdvaseropr opi ony1l) - pi per azi ne- 1- car boxyl i ¢ aciPdThBL0g8/ 035802 :

6. 1.

4-1(S)-2-tert-butoxycarbonyl am no- 3- (di et hoxy- phosphoryl ) -propi onyl | - pi pera
zi ne51-carboxylic acid butyl ester: This conpound was prepared using a

nmet hod anal ogous to that of Exanple 1,-76tep 1.3, internediate 3.2
replacing intermedi ate 1-ethoxycarbonyl pi perazine. LCGM (A): tR = 0.94

mn; [ M g % ﬂ@hetho&?%hgsphoryl) 2- [(2 -phenyl-6-pyrrolidin-1-yl-pyrimidine-4-carbonyl)-
4- [(S) 2-am no (di et hoxy- phosphoryl’) - propionyl | -pi'perazi ne-1- carboxyl iC

aci d but ym"@é{beb/mﬁ&awmmgﬂrmb@@zh@acmﬂbw@l estmmpound was prepared using a
met hod anal ogous to that of Exanple 1, step 1.4, internediate 6.1 replacing
i nt er medilasecom@und GavBrepired uRng Qmigthoh malo[gwhﬂ-l}o’rthaBM B@mpl6 6, Step 7.2,

oyt b o Rrg AR HRRIRY BRle 1B Srbpmhy R SR MRS Car nosot 1 ¢ acia

but yl 5 esLErMSTA): g, ean@atined [MaH] psgspas ed using a net hod anal ogous to that of
Example 1 step 1.9, i nterrredl ate .2 replacing internediate 1.4. LCGM (A):
tR = 1.05 min; S)-2-{1-6- ,

((S)-3- Thod ;{(%gﬁrtf%wﬁmy 61Pyrﬁ iyl Hr@vﬁ% 5’%9? r%ﬁ%%f@%lé%[r%s%ﬁ@ﬁphﬂn%m no} -
3- phosphonerpr SpLRawL-I-Ri-REYBZbAE bl Lalpoxyl i c acid butyl ester: This
conmpound was prepared using a method anal ogous to that of Exanple 1, step

1.10, i n'Tﬁfs%%féh@d Qa3 Jr§RERCH 'a%@ch@@%ﬁ&%e% 18- thder EX eVlfa%t lJlr.l'()f i ed
by CC (eluent: "gradient from CHC13 to CHC13/MeOH 1/1). 25LC M5 (A =

0. 88 ni nmte[rmcél]ate a9d. 1eplacingD inoaeydia® 109PEhe 1BE@@8W®5®@0@6C1 by preparatlve
10  LC-MS (D).
LC-MS (A): tg = 0.97 min; [M+H]: 602.95.

Example 11: 4-{(S)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-
4-phosphono-butyryl}-piperazine-1-carboxylic acid butyl ester:

11.1. 4-{(S)-4-(diethoxy-phosphoryl)-2-[(6-isopropylamino-2-phenyl-pyrimidine-4-carbonyl)-
15 amino]-butyryl}-piperazine-1-carboxylic acid butyl ester:

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

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

20 11.2. 4-{(S)-2-[(6-isopropylamino-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 1.10,
intermediate 11.1 replacing intermediate 1.9. The crude was purified by preparative
LC-MS (I).

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



- 72 - Exanple 7:
4-1(S)-2-[(2-phenyl - 6-pyrazol -1-yl - pyri m di ne- 4-car bonyl ) -am no] -
4- phosphonio-2bastogob| - pi per azi ne- 1- car boxyl i ¢ aci d but yl PESIB2008/7F55002
4-1(S)-2-[(6-chl oro-2-phenyl - pyri m di ne-4-carbonyl ) -am no] - 4- (di et hoxy- phos
photyl)- butytyl 1-piperazine-1-carboxylic acid butyl ester: 5To a sol ution
of 6-chl oro-2-phenyl - pyri m di ne-4-carboxylic acid (334 ng) in DCM (10 nlL)
was added PyBOP (815 ng), internediate7s. 2 (580 ng) and DI PEA (0.268 mni).
The solution was stirred at RT for 24 h. It was diluted with DCM (50 nL)
and MShEQa%ieflz?'\/hJ}%QCﬁﬁ ~midYp hGHRe l-@%eﬁ?ﬁpyl‘?tﬂldlmgcar 'gl)fﬂ'rﬁinophase was
dried (Na2SO4) and evaporated off. The crude was purif
( DCM ac ethphesphiopothmteryB) piperazitfeol-chrblawyliteasid butypestetuct as brovvnl sh 10 foam
(680 ng). LCGMS (A): tR=1.08 mn; [MH: 623.96. 7.2.

4-{(S)-4 I gt r 4- car
bonyl ) - ;%gng]{?‘%ﬁ%gﬁg}?@%%%grh éﬁ%}é?@ﬁ&%@%})ﬁ@? o % Zg%rt%d"g%%ti eJr};lbg,ﬁ?{)/eazol e
(7 '"1L) wasopdded!t-piparaizspecsbomlioticilalty( 609 d| sper5| on in mneral oil,
5.3 nmg) in 15 THF (0.5 nL). The suspension was stirred at RT for 30 mn
and a5 sollhisi @mpolind ntar prepirad elsﬁ’lgla @&Hlomlganaim'goiﬂrﬂ%o (tRat SofnEyanwysls ladtéﬁd 8, The

reaction m s sti.rred at or .48 h d a t he
phases W&O@@EB%F%R %‘Hn%ﬁ‘&e%la&?g} 7 aﬂigat%%dwa?. e rfﬁﬂ\w@ggyﬁ e‘glziﬂgr at ed
of f 10 ahihliddie b GEPPMb{ndBhs hVvkrAGpRFRUI | 1 cation was
performed. LGM (B): tR = 1.17 mn; [MH: 656.3 207. 3.

4-{(S)- ZLP(MS[ﬂﬁéﬁyFlémﬁymaﬁMﬁHl 974%‘“ m di ne- 4- car bonyl ) - ani no] - 4- phosphon
0- butytyl}-pi perazine-1-carboxylic acid butyl ester: This conpound was

prepar edl?’.?.i Q% %—%W ﬁmﬁzl 4) yﬁhén?l %yb%zdnge—ﬁﬁﬁ r)@dc;m n§5§%h3sp329n0—

i nternedi ate placing in errredla 9. The ¢ uritied by
pr ep&d at buigrA/pinBaging-1-da@aNBid Ayd buiR estep. 94 min; [ MrH : 599. 96. 25Exanpl e
8: 44(S)-2-1[ 6-(4-nmet hyl -pyrazol -1-yl)-2-phenyl - pyri m di ne-4-carbonyl ] -
am no} - 4Tphompironod [was yryhyedpupes aznetbod -asapgrox yib i thataehi Bxdmyly |1, espdrL0, WO

2009/ 0691 oP B 8/0 5002 : : :
4-((9)-4! qglﬁ’cl? 593% ?‘E&%l“}“e‘éﬂ‘ﬁ”{%-ﬁ%t HYF - BYPaZ8tS PUisd 2 pRERITAEG r i i d
i ne4-car D@qy[ls_g)l -am no} - butytyl) - pi perazi ne- 1-carboxylic acid butyl ester:
Thi s con'Eound was prepared using a nethod anal ogous to that of Exanple 7,
step 7. 2LCaMagthiyk pyrHz8ine [MEPI aélhe pyrazol e. 5LC-MS (B): tR = 1.20 nin;

[ MtH] : 670. 40. 8. 2.

4- 2-0-(4-ne | -1- 2-ph | - di 4- b Il -
0 ShD8 pBRBMBIS Gt IS 6 S e g ORI BV bR R rerbonyil T O

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

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

4-carbonyl]-amino}-butyryl)-piperazine-1-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-((S)-2-{[6-(4-methyl-piperazin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester:



Thi s conmpound was prepared using a nethod anal ogous to that of Exanple 1,
step 1.10, internediate 8.1 replacing internediate 1.9. The crude was
purified W 2peparoati ve LC-M5S (1). 10LC-MS (A): tR = 0. 9CTMABI08/PIFed2L ] :

613. 94. Exanple 9:

4-1(S)-2-(12-phenyl -6-[(S)- (tetrahydro-furan-3-yl)oxyppyrim di ne-

4- car bonyl | - am no) - 4- phosphono- but yryl Ppi perazi ne- 1-carboxylic acid butyl
ester: 9.1. -76 -

4-1(S) - 4- (di et hoxy-phosphotyl)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)o
xyl pyri mrgisng, mg)oﬁﬁa BROYrdpafl B2 RULYLYA landbRRE A8 A Jr ERIRAXMN! Istepaciod
butyl ester: 1 hi s conpound was prepared using a nethod anal ogous t 0 that
of Exanpingerinedigteed3 7. 2epldc8)e (intprndediptelr bRy tlbe r erugel rodsumanécd épl acdpagtive
yrazol e%(;g\qg?ﬁer using DVF instead of THF. LGMS (A): tR = 1.07 mn;

[(S) 2LC{Msmh9myl=-06?7[1ﬁﬁi) {M%Hﬂrahymo furan-3-yl)oxyl - pyrim di ne-4-carbony
| }-am no) - 4-phosphono-butytyl | -piperazine-1-carboxylic acid butyl ester:
20 Thi s conmpound was prepared using a nethod anal ogous to that of Exanple
1, stgp Exﬁ.ﬁplei]rzlte4-r{”GR)i-B{(é-lﬂetliyllaﬂﬁil(&m[ﬂgnjflm}etmﬂﬁiiea‘l-earihoﬁyl)'Elftﬁnc]l‘- ude was
E)ljgllnj;): :d 8%0 [I)’h%%%rp%gbl\()gy %—1pera ine-1- cacboxyllg ac1d butyl esger92 mn; [MeH: 619.97.

4-1(S)-2-[(2-phenyl -6-pyrrolidin-1-yl-pyrimndine-4-carbonyl)-an noJ -

4- phosphono- byt ¥} s-dpidper2agiens- p}rz@ﬁdzb@lﬂ%bl’ﬂbnwgﬂzzrbytﬂ*dz&@Jx@@hosp\ﬂ@yl)
2009/ 069100PCT/ 1B2008/ 055002 - 74 -

4-{(9)- 4p’(0ar6@f/ﬁwf%'®%{yﬁ@ltbymlwzvﬁ[d(lz%w@ﬁ'y| -6-pyrrolidin-1-yl - pyrini di ne- 4-
car bonyl am no] - butytyl } - pi perazi ne- 1-carboxylic acid butyl ester: Th| S

corrpound)rwéscoan:@paqi s uERECth UBE Hometied] aglogsis & thehtof dfxamplangl &ter 7.Ist ep

5LC— I\}Ey Qérln@%ﬁ?e ﬁﬁpﬂgﬁﬁ&lﬂg Ft}éfﬂ,ch?itg oy 2%1%11&%&(%1?;%‘&98’ WRShQIWRY Glri AQF bfr“{fd‘f I ed.

4-{(S) - Z(qlléem et fi6plyent od EA).n- 1- yl - pyri ni di ne- 4- car bonyl ) - ami no] - 4- phosp

honobut y i cid butyl ester: Thi s conpound was
pr epar edLLX}ng/'ﬁSAget tzlhd;edmé’ngﬁrggﬁgb# ggthat of Exanple 1, step 1.10,
internediate 10.1 replacing internediate 1.9. The crude was purified by

pr epar at 7ye. ZQKR) Wzéthc)xy—plbﬁsﬁ%rj(w [ (6-Rethy Rin@ib- Pphény[-Mirim lilie- 602 b&D])- Exanpl e

11: 4-10)- 2- -1 so?r opyl am Ir) phenyl. r m di ne- 4- car bonyl ) - am no] -

4 phosph6’ﬁHlO ﬂf%’W TP BFIEG -rférbfxzfléﬁftféfk@r @S%Ei d butyl ester 11. 1.
% 4- (di et hox -]ghosphot Fff éG i sqQpr opyl am no- 2- phe R)/rl m di ne- 4-c

ar r bohy| ) n%ﬁ%ﬁﬁﬁa yeg yas sé‘élr"é i%sqlu%%qfd&%}hxlem@@.w t(9 8spdpl)- Thi s

conpoundTHE feaBfi PGk UsdsNGindd @?B(If“@do@c'i‘ﬁ%ﬁ’tg ?ﬂ%ast Quchfb with &xanp! ﬁaﬁCO?t ep

1.8, isopropyl am ne repl acing internedia and i nternedi ate

repl aci nandbDEM ends2-gshahfl pigrd addgil nﬂmorgamés(m drlqtﬂéhzs@ﬁeanéredelmm@tedvas

however n ML fie ; [Mr1-1]: 646.99. 2011. 2.
4-{(S) - 2° %%QI %rg;%}%eo&pj)e)ﬂre rﬁl-“g- p?ﬁb&% foﬁ;r/nr@§ mcﬁ)ne - car bonyl ) - am no] - 4- phosph

ono- LC-MS (A): tg = 1.01 min; [M+H]: 604.97.

20 14.3. 4-{(R)-2-[(6-methylamino-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 1 step 1.10,
intermediate 14.2 replacing intermediate 1.9. The crude was however purified by CC (reverse
phase; cluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).

25 LC-MS (A): tg = 0.83 min; [M+H]": 548.98.



but ytyl } - pi perazi ne-1-carboxylic acid butyl ester: This conpound was
prepared using a nethod anal ogous to that of Exanple 1, step 1. 10,

i nt er mediwiDeodlostionepl aci ng i nternedi ate 1.9. The crudePaadaBpus/isoed by
preparative LC-M (1). 25LCM5 (A): tR=0.93 mn; [M1-1]: 591.05. WO
2009/ 069100PCT/ 1B2008/ 055002 - 75 - Exanple 12:

4-10) - 2-[ (6-nor phol i n-4-y1-2-phenyl - pyri m di ne- 4-car bonyl ) - am no] -

4- phosphono- but yryl | - pi perazi ne-1-carboxylic acid butyl ester: 12.1.
4-{(S)-4- (di et hoxy-phosphotyl)-2-[(6-norpholin-4-yl-2-phenyl - pyri m di ne-4-c
ar bonyl ) gxapROls: biadaykyi- }(6M1ﬂ@flf§vi’dn'i‘iﬁo&' ﬁl?é’n?ﬂﬁﬂdn?dnﬂ@h%apbﬁréi) -Sfej- 5 This
conpound was prepared using a net anal ogous to that of e 1 step
1.8, noréﬂxhlosmnpa;rbar@nm@ nlmrezmedrcarboxylw agidcbutykestenedi ate 7. 1 repl aci ng
6- chl or o- 2- phenyl pyri m di ne-4-carboxylic acid. The conpound was however not

purified C ; .

(9 2 T to nev s By bR e RES Mg Scabonp e
onolObut ymydOY—pmmn/é}*zpzpeaﬂmed{cbd)oytj/[vmacai:bzdylbﬂtew ester: This compound was
prepared using a nethod anal ogous to that of Exanmple 1, step 1.10,

i nt er hrediTak ecotripoiind epk pedpagdi wsirgr maditlatdearibld@ousT e that wél Exmﬁplepﬂlﬁ istepdd .2y

V3 i (S egnTyie i tein K Gbebasindeyiey BTRIHR pyri m di ne- 4155?‘33‘3;?]

ani no} - 4t phaspRPRE=Wsyhnl )MpHPekegone- 1- carboxylic acid butyl ester: 13.
4-((S)-4-(diet hoxy phosphotyl) 2- 0- (4- et hyl - pi perazi n-1-yl) - 2- phenyl - pyri m
i di ne4- car bonyl -am no}-buty é@pl pera2| ne-1-carboxylic _acid butyl

ester: I¥Ri ¢ {é@n%é(é jm glafﬂ@p%ﬁ VBN ity B erfet el Bgodeeherat  of

Exanpl e }r@;&gl}%ﬁemzlme 20000y cmcgleg@;]pﬁ,g replacing internediate 1.7 and

i nternedi a repl aci ng 6-chl oro- nyl - pyri m di ne-4-carboxylic acid.

ggg 862 ”p?gfégco\ﬁﬁ;%u&?%‘é%eﬂl?éd RUEd Bl Shod dBed® o i 67 Bxddpl8iMisedp iy 11 -

4-((S)- 2}rmsr(n&dl|at®t Hyl {qulmrgamteumidlyﬂe)lﬁ%iﬁhmyc_le—wspmf@hdri& 4Ccaervisonyhbscanm no}
-20619}0883 § % f\é %&%%%.Egz Jo& ¢ '1\%9615’/3[’1‘:3/&'{0‘6/69' d butyl ester: WO

LC- MS (A): te = 0.86 min; [M+H]": 562.94.

Example 16: 4-{(R)-2-[(6-ethylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-
15  3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

16.1. 4-{(R)-3-(diethoxy-phosphoryl)-2-[(6-ethylamino-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 14, step 14.2,
cthylamine (2M in THF) replacing methylamine (2M 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)-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 16.1 replacing intermediate 1.9. The crude was purified by CC (reverse phase;
25  cluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).

LC-MS (A): tg = 0.87 min; [M+H]": 562.80.



- 76 - This conpound was prepared using a nmethod anal ogous to that of
Exanple 1, step 1.10, internediate 13.1 replacing internediate 1.9. The
crude waswpuoidiceoby preparative LC-M (1). LC M (A) : PCRIB2008/F55000 n;

[ MtH] : 631. 98. 5Exanpl e 14:

4-1(R) - 2-[ (6- met hyl am no- 2- phenyl - pyri m di ne- 4- car bonyl ) - am no] -

3- phosphono- pr opi onyl | - pi perazi ne-1-carboxylic acid butyl ester: 14.1.

4-1 (R) - 2-[(6-chl oro-2- phenyl - pyri m di n@s 4- car bonyl ) - am no] - 3- (di et hoxy- phos
phoryl)- propionyll-piperazi ne-1-carboxylic acid butyl ester: Thi s

conpoundg\as pRY P ali-?g&) -[(@-QSO%rﬁlmm@ﬂﬁh%@%r%ﬂgf&%cﬁbogﬁiﬁmlilﬁ)] /, step

7.1, 10internedi ate 4 replacing internediaté e conpound was
however pBtphiospheaoipropienykktpigerazingrl acdcbonylit aoith tigptestes: EA). LG MS (A): tR =
1.07 mn; [MH : 609.88. 14.2.

4-{(R -3 i gt heoxy- I - 25 b (B | -am noy S =oyrim dj 4-carb
onyl )2 ARl LS e An BB o B R O D2 B SR M X

151 nt er nediraf-@rdplork !} perogye-\Nagrdixgléodai@butylresersol uti on of methylamne in
THF (2M 0.55 nmL). The reaction m xture was stirred at 50C overnight. It
was qiienThedcompolnd atas @epardabiGel andthodMnahgosato thag.of N&Ginpled e sepded. The

org. phase was dried (Na2S and evaporated off to, afford the desir.ed
product SSPRPHAMYE ot Ut %@)r?ﬁﬂwwt%rﬂ)eﬁlawé ando&ltqﬁnﬁiglateni#qr?ple@aggr

2014. 3. 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid, using no DIPEA and heating at 50°C instead
4-{(R)-2-[(6- et hyl am no- 2- ghenyl -pyri m di ne-4-carbonyl )-am no] - 3- phosphono
- propi oAy Coilpeeamioyad ¥ag apworey notouaidicd butyl ester: This conpound was

pr epar edL@%‘/Ig%ﬁ?}wfig' qnf%ng\l/,?g ‘§3§%5‘t hat of Exanple 1 step 1.10,

i ntermedi ate placi h ntéermedi'ate 1.9. The crude was however
purified by CC (reverse phase; eluent: gradient fromwater/TFA 100/1 to
Ve CNLOTFA! 1.00A#HYR)- 2H16€@s dBorylyminoR- phe @yl §Brimidine-f idetfony l5-48188-3-pAdphono-

2009/ 069100PCT/ 182008/ 055002 - 77 bu@%%! e 15:
4- 1(R) - 2P TP R B M o S5 L4 R di ne- 4- car bonyl ) - ani no] -
3- phosphopo- propi onyl | - pi perazi.ne- 1- car boxyl i ¢ aci utyl ester: 15.1.
2 DR P GBS e BB e SRR Mok, ot B YroBheT b Mo 4- ca
rbonyl ) - imdAnREhtcPT P r@Meide PipaE@aicnes. IFeairb@xyhi purddddbpaCy(reve@skgihase,

cluent A: water/TFA 100/1; eluent B: MeCN/TFA 100/1; gradient: 5% B/1 CV; 5% to 70%

15 B/20 CV; 70% B/4 CV).
LC-MS (A): tg = 0.90 min; [M+H]": 576.59.

Example 18: 4-((8)-2-{[2-(4-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-yl)-
pyrimidine-4-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid
butyl ester:

20  18.1. 4-fluoro-benzamidine:

To an ice-cold solution of hexamethyldisilazane (7 mL) in Et,0 (40 mL) was added »#-BuLi
(1.6M in hexanes, 20.6 mL), followed by a solution of 4-fluorobenzonitrile (2 g) in Et,0O
(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 1M HCI solution and

25  was washed with CHCIl;. The aq. layer was then basified to pH 14 by adding Na,COs and
NaOH and was extracted twice with CHCl;. The org. layers were dried (Na;SO4) and
evaporated off to afford the desired compound (1.59 g).



5Thi s conpound was prepared using a nethod anal ogous to that of Exanple 14,
step 14.2, dinmethylamne (2Min THF) replacing nethylamne (2Min THF).

LC- M5 (AWOtR90641005 m n; [ MrH +: 618. 97. 15. 2. PCT/IB2008/055002
4-{(R)-2-[ (6-di net hyl am no- 2- phenyl - pyri m di ne- 4- car bonyl ) - am no] - 3- phospho
nopr opi onyl } - pi perazi ne-1-carboxylic acid butyl ester: 10 This conpound was
prepared using a nethod anal ogous to that of Exanple 1, step 1. 10,
internediate 15.1 replacing internedi ave- 1. 9. The crude was purified by CC
(reverse phase; eluent: gradient fromwater/TFA 100/1 to MeCN TFA 100/1).

LC- M5 (A} . MEQ(A?]Q 86,38 Min; [NYiHH " 1562, 94. Exanpl e 16:
4-1(R)-2-[ (6-et ?anlno 2- phenyl - pyri m di ne- 4-car bonyl ) -ami no] -

153- phosphono- proplonyll-pl erazi ne-1-carboxylic acid butyl ester: 16.1.

4-{ (R) - 318.di btchboxg-2fidkiptrorRanyl) y[ipliet-hytdenis-a2idshenyl - pyri ni di ne- 4- car bo
nyl ) - am no] - propi onyl } - pi perazi ne- 1-carboxylic acid butyl ester: This
corrpoundTh)a§01pilpelpair\é@ nepaneyl ia dnersdrbna adrogdiaty 8ol wdieg methodsamsizgdo thpse st ep

2, H@ysiﬁg%ﬂ% \X/%’\ﬂ[opﬁ/Hif Wéf@&%@%@@&@?&hﬂ A BLark @bk N1, 305G 5

(A) tR =
4-{(Ry - 224.6p- ethylanlno 2- phenyl - pyri m di ne- 4- car bonyl ) - am no] - 3- phosphonop

ropionyligghﬁgggai Carﬁﬁ6éhJ§5 gid butyl ester: Thi s conmpound was

pr epar ed that of Exanple 1, step 1.10,
internediate 16.1 repIaC|ng internediate 1.9. The crude was purified by CC

(reverse;phagqy let5ﬁJ MIRAYE- 6N H-RBihob B IR RT Ly A kDL 41BN dh 100/ 1) .
LC-MS (A): tR =0.87 nin; [MH: 562.80. WD 2009/ 069100PCT/ 1B2008/ 055002 -

78 - Exam’ﬁisecoltﬁ)ound was prepared using a method analogous to that of Example 1, step 1.8,
4-1(R)-2-[(6- |soprﬁ§ylan1no -phényl - pyri m di ne- 4- car bonyl ) - ani no] -

3- phos phB¥%amsdissi Iond Taplaging ér derae-nheanl- poinyiding-Jacarpxlie y¢id eBhegproducy was

4-{( 34 th gh@sphotyl)-2-[(6-isopropyl am no-2- phenyl - pyri m di ne-4-c
arboﬁz -Sg%%noii Po%?ony | }- plpera2|ne 1-carboxylic acid butyl ester: 5This

conpoundL@dﬂSmAépﬁF@WﬁnmmﬂwaHheBNb&ianalogous to that of Exanple 1, step
1.8, isopropyl am ne (10 eqU|vaIents) repIaC|ng intermediate 1.7 and

e S D 2 SR B P PRSP e
not puri flJy@berzmzdzne 4-carbonyl]-amino}-butyryl)-piperazine-1-carboxylic acid butyl 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-phenyl-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-((S)-2-{[2-(4-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-yl)-pyrimidine-
4-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-1-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 (I).
LC-MS (A): tg = 0.94 min; [M+H]": 650.94.

Example 19: 4-((8)-2-{[6-((5)-3-methoxy-pyrrolidin-1-yl)-2-p-tolyl-pyrimidine-
25  4-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester:

19.1. 6-chloro-2-p-tolyl-pyrimidine-4-carboxylic acid:



LCMS (A): tR=1.02 min; [MH +: 633.25. 1017. 2.

4-{(R)-2-[ (6-i sopropyl am no- 2- phenyl - pyri m di ne-4-car bonyl ) - am no] - 3- phosph
ono- propworrgtdoepioper azi ne- 1- car boxylic acid butyl estePCTHR2®S/0FMPOUNd was
prepared using a nethod anal ogous to that of Exanple 1 step 1.10,
internediate 17.1 replacing internmediate 1.9. The crude was purified by CC
(reverse phase, eluent A water/TFA 100/1; eluent B: MeCN TFA 100/ 1;
gradient: 5% B/1 CV; 5%to 70% 15 B/ 208@GV; 70% B/ 4 CV). LCGM (A: tR =
0.90 mn; [MtH +: 576.59. Exanple 18:

4- OS) 2- ﬂn% c()ﬂlpt)lllMQS ﬂ@ﬁzﬁ'é’d i b st@lgssf)forﬁ 40RLA UenEé’rﬁfdﬁJe'lgin% nkethdds analog to

pyrim di ne-4-car bonyl pam no} - 4- phosphono- but yryl) - pi per azi ne- 1- car boxyl i ¢
aci d but WOSQétsenbedszOﬁOOﬂﬂfl%Hr@eeb‘én%awiﬁdl, sep 1Po Eaamplee2de ofepls gbllui4.on of
hexanet hx%gizgé)l azane (7 mL) in Et20 (40 nL) was added n-BuLi (1.6Min
hexanes foll owed by a solution of 4-fluorobenzonitrile (2 g) in
Et 20 (10L@MS (Abttfals()s%im'rni; Pg+H]: 0® 2&ar 10 min, the mixture was allowed to
warmto RT and was stirred at RT for 20 h. The mi xture was acidified to pH

1 by dd| C1.sol uti wash C13..,The aq. | ayer
was t ggs?f(?sy GOV “2{19’ E’HP %gp \f@%@é’ﬁ”"é ﬁe’\%lééz’ extract ed
twice w CHC13. The or ers vver i Na2S ev rated off to
afford thglsd‘é’é?ﬂoéﬂg 81??6 ‘f %Sl% gynet 0&@@%@%%&9%@@%%@@3%3/ 6@88

- LG M5 ﬁﬁérme&@te‘lﬁl 2P1aling; 6 MBI pHeRP- RimidBied-carboxylic acid. The product was

6- chl or o- 2- (4-f1 uor o- %heny -pyrim di ne-4-car boxyl ic acid: 'Iphl s conpound

was preph@\é@:}ferﬁowuéltﬁ s frominternediate 18.1 using nethods analog to

t hose def?”“?ig&' N X)qgglﬁqptﬁ;ﬁy§/g(§§e Exanple 1, step 1.3 and Exanple 24,

steps 24 tR=0.90 mn; [MH: 253.24. 18.3.
2- (4-fluoro-phenyl)-6-((S)-3-net hoxy- pyrrolldln 1-yl)-pyrimdi ne-4-carboxyl
i ¢ atdd: 19.3THIE) cofpthund Pivas hprdpa B (31si- mgtf@xmﬂwdiz:ahﬂ)e%;myko t hat of

EX ?[ﬂo'oreol Zﬁ]e ’%’%C‘”Q?’?yrﬁt it negﬁj Q”’%%le)b%Qezr 2Py At ag]a%flhc a5 B lias 10however
not puri tl"ins 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.

19.4. 4-((S)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-p-tolyl-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 19.3 replacing intermediate 1.9. The crude was purified by preparative
20 LC-MS (II).

LC-MS (A): tg = 0.93 min; [M+H]": 646.90.

Example 20: 4-((5)-2-{[2-(2-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-yl)-
pyrimidine-4-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid
butyl ester:

25  20.1. 2-fluoro-benzamidine:



LCMs (A): tR=10.77 min;, [MH: 318.16. 18.4.

4-((S)-4-(di et hoxy-phosphoryl)-2-{12-(4-fl uoro-phenyl)-6-((S)-3-nethoxy-pyr
rol i di n1-wD)2egyusdprendi ne- 4- car bonyl 1 PCT/IB2008/055002

-am no}-butyryl)-pi perazi ne-1-carboxylic acid butyl ester: Thi s conpound
was prepared using a nmethod anal ogous to that of Exanple 7, step 7.1,

15i nternedi ate 18. 3 repl aci ng 6-chl oro- 2- phenyl - pyri m di ne- 4- car boxylic
acid. The conpound was however purifiedlby preparative LCM (1V). LC M
(A): tR=1.08 mn; [MH: 706.95. 18.5.

4- ((S) - 24L2- LpblP &As PRI asﬁfg(bé AerRd B RoYs BY iHaPbF EixBnpreYig) sRyrigm di ne4
-carbonyl _ 1-am no}-4- phosphono-butyryl)-pi perazi ne-1-carboxylic acid butyl
est er: 20-fiPhiacbeazompolendplowsg piflwprobenronsillg a met hod anal ogous to that of
Exanpl e 1.10,,d nte [ 8..4,»epl acing internediate 1.9. The

cr ude waécblﬁrgﬁ?‘?éﬁ %yﬁlp%lpg\gg F§ise, -'n}éo'?$1). LCMS (A): tR = 0.94 nin;

[ MF1-1]: 650.94. Exanple 19:

4- 0S) - 2- 20.8- b6{cBlor32reifmoryplepyh- oy rididinet 4y dNboRyljp-dedl: y| - pyri m di ne-

254- car bonyl ] - am no} - 4- phosphono- but yry1) - pi per azi ne- 1-carboxylic acid

but yl 5 estTei cohPound Gasgirt@iral iA-4pstépslfydm pyermpilidicr®: Yusidy inothydd anabgitd thost\O

2009/ 069100RPCT/ 1 08/ - - Thjs conpou wa repar i st eps
from 4- é@%g}?@%@@ﬁﬁ&%ﬁ% %egﬁ%mlf‘d RO Exithos 24 it A ded £ 4o
2006/ 114774).(see Exanple 1, step 1.3, Exanple 24, steps 24.1, 24.2 and
24.3). LGM (A): tR=0.93 mn; ngHr: 249. 28. 519. 2.

6- ((S)- 3L@@t’[ﬁ(§&‘§/¢ipw0r&§|m@i EMEHY | $329%-t ol yI - pyri m di ne- 4-carboxylic acid:
Thi s conmpound was prepared using a nethod anal ogous to that of Exanple 1,

step 1.8y)knbeynedi A AV 1 o] M=ol idin-1-vl)-pyrimidine-4- ic geid:
6. chl o o 02 ?phgﬁl\%g po;a/z%):feﬁ%ll? _6%&?)@%@&%%&1;}1#011&14 yl)-pyrimidine-4-carboxylic chczd

di ne-4-car Ic acld. ‘Fhe product was however not

puri f# ed: < : = 79.m,n; - AL 4
(S AT SR bl o T pebl Phlondd ol St M mlc 1y P8 oo
|yl - pyr intéroicdigte20carcpbuainl 61chdoro2ephebul-yymnhilnpidpartaziy he adid CBrehorguct eaaci d
butyl ester: Thits cgn?ound was prepared using a nmethod anal ogous to that of
Exampl e 79VEEERY P Y nt er nedi ate 19.2 repl aci ng
6- chl or o1.2-yReAY:tz pYridnnih p@+Ajcardhokyl i c aci d. The product was however
purified by preparative LGM (1V).

20.4. 4-((S)-4-(diethoxy-phosphoryl)-2-{[2-(2-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-

15  I-yl)-pyrimidine-4-carbonyl]-amino}-butyryl)-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-yl)-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 (I).

25  LC-MS (A): tg = 0.89 min; [M+H]": 650.98.



15LCG- M5 (A): tR =1.08 mn; [M1-1]: 703.40. 19.4.

4-((S)-24[6-((S)-3-nmethoxy-pyrrolidin-1-yl)-2-p-tolyl-pyrimdine-4-carbonyl

1 - am no}wo4ephssphono- but yryl ) - pi perazi ne- 1- car boxyl i c PagitB2d081035002 St er :

Thi s conmpound was prepared using a nethod anal ogous to that of Exanple 1,

step 1.10, internediate 19.3 replacing internediate 1.9. The crude was

purified by preparative 20 LCM (Il1). LCGCM (A): tR =0.93 mn; [MH

646. 90. Exanpl e 20: -82-

4-0S) - 2-1[ 2- (2-f | uor o- phenyl ) - 6- ((S) - 3- met hoxy- pyrrolidin-1-y1)-

pyrim di bo 1 Lfagp.l- car boxylic

aci d but glﬁalﬁ’sfegl %g) al{;2-?5)-69100@&)&?? gsg? Od5{65t}é% B*lgﬁﬁc-ﬁﬁ‘l'lhl?% conpound was

pr epar edpyimidinerdrarbatylaaminogdrphospharteabutyfy IERipeyd zinet Beahosplicasid

2- quoroEﬁﬁégﬁlgrlle repl aci ng 4-fluorobenzonitrile. LGM (A): tR = 0.25
180. 35. 20. 2.

6 chloro 2-(2- quoro phenyl) - pyri m di ne- 4-carboxylic acid: 5This conpound

was prepaf.éd3iflvod-seepsidireom i nt ermedi ate 20.1 using nethods anal og to

t hose described in WD 2006/ 114774 (see Exanple 1, step 1.3 and Exanpl e 24,

St epss 24This @hpduahehal prépprediGSildSa (xhodt Rlak)gﬁué?»& than pf [Edbdhplt] 18, 26p.189.,

20.3. 2-(4-fluoro ) met hoxy-pyrrolidin-1

-yl) - pyr%"ﬁh EHZQHBHEH@%‘PP%ﬁ&‘ H’%elﬁﬁ?n% s compound was prepared using a
met hod an@ngqp@ t{{e()tj@afhmo[MEHamb@qilggtggp 1.8, internediate 20.2

repl aci ng 6-chloro-2 pheny pyr| m d| ne 4-carboxylic acid. The product was

however not purified, ) 74 mn; [MH: 318. 14. 20. 4.
4- ((9)-4¢{di étcﬁf?kgrzdﬁc@ﬁ’fﬂw’%ﬂ”)/)?y{ll‘(lzdl’(ﬁﬁ‘fﬂ’if’@fﬂdww%yI) 6- ((S) - 3- met hoxy- pyr

rolidin-

151- yI ) - pYisicamapsl wasqaenseesyin 4 %@ﬁsﬁrﬂn mtﬁrmegmaye Hilpesingmpidods agloagde yase aci d

bUt y ?eSE}é‘s nbézﬂm %B@H'i‘%?‘hg%e% | 9.4 FRINC 22n8LR99YS 4 8 Jhfpat  of
step 7 i nter late 2 3reIaC|ng

6 chI or 0223phenyl - pyr| m di ne- 4- car boxyl ic acid. The product was however

%gl ggedLEyMg X?a%ra v6ern 1\|>{§Hﬁ4:y§6'og_'c-ws (A: tR=1.05 mn; [MH:

21.3. 2-(3-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-yl)-pyrimidine-4-carboxylic acid:
This compound was prepared using a method analogous to that of Example 1, step 1.8,
15  intermediate 21.2 replacing 6-chloro-2-phenyl-pyrimidine-4-carboxylic acid. The product was

however not purified.

LC-MS (A): tg = 0.77 min; [M+H]: 318.16.

21.4. 4-((S)-4-(diethoxy-phosphoryl)-2-{[2-(3-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-
1-yl)-pyrimidine-4-carbonyl]-amino}-butyryl)-piperazine-1-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 (IV).
LC-MS (A): tg = 1.11 min; [M+H]": 706.94.

21.5. 4-((S)-2-{[2-(3-fluoro-phenyl)-6-((S)-3-methoxy-pyrrolidin-1-yl)-pyrimidine-
25 4-carbonyl]-amino}-4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester:



2020. 5.

4-((S)-24[ 2-(2-fl uoro-phenyl)-6-((S)-3-nethoxy-pyrrolidin-I-yl)-pyrimdine-
4- car bonyWo 20094089190} - 4- phosphono- but yryl ) - pi per azi ne- | - earhBops/Hzsoeci d
butyl ester: This conpound was prepared using a nethod anal ogous to that of
Exanple 1, step 1.10, internediate 20.4 replacing internmediate 1.9. The
crude was purified by preparative LCM (I). 25LCGM5 (A): tR = 0.89 mn;

[ MtH] © 650.98. WD 2009/ 069100PCT/ 1B2088/ 055002 - 82 - Exanpl e 21:

4-0S) - 2-1[ 2- (3-f | uor o- phenyl ) - 6- ((5) - 3- met hoxy- pyrrolidin-1-y1)-

pyri m di TﬁlS%OﬁﬂJ’OQQJ‘WaQ%E fad- i) QSRAARGS aHMBg/&M 1) - tRAPS E—%dn’ﬁﬁe 5; gaphopy! i c
AN

acid butyl ester: | 'uor 02 benzam di ne? 5Thi s conpound was prepared

using a mrh@dla‘@néﬂégmamltg tinlatmagtiatExiapplThe 18udstegs p8rificd by preparative

3 fl uorogﬁ:@égq tr| | e repl acing 4-fluorobenzonitrile. LGMs (A): tR = 0.30
180. 35. 21. 2.

6 chI oroLE-MS{Ab upg#@&@hﬁmy[l\)ﬂﬁyr b50.98.ne- 4- car boxylic acid: Thi s conpound

was prepared in 4 steps frominternediate 21.1 using nethods analog to

t hose 10described in WO 2006/ 114774 (see Exanple 1, step 1.3 and Exanple

24, siepExadple, 22244-2(1@@1[(84ne’i)mxy=f;ph{&q(l#ﬁyrimiﬂim-4}c%oﬂ'ylbmn{iM]H]: 286. 05.

21. 3.

2-(3-fl uérpé‘ofimé’i‘fﬁf)m%‘o{‘(’%p‘%‘erﬁ@f‘ﬁ&x"}?rb‘i/"rylhﬁIaF'&llH’t’_[l 12 pyri ni di ne- 4- car boxyl

ic acid: Thi s conpound was prepared using a nethod anal ogous to that of

Exanpl e 22.71sYepR)13-BliethSbpiRs R AL §(Qheitot,ePhREly NEyrimidine-4-carbonyl)-
6- chl or o- 2- phenyl - yrl m di ne- 4- carboxylic acid. The product was however not
puri fi edeamineI W@y -riperazige-Fafhonyiiq didpuyizsgrie. 21. 4.

4-((S)-4-(dietho ho hotyl)-2-{12-(3-fl uoro-phen S net ho r
r ol( |( dl) nlN(ﬁlﬁl) X%& é.d@gnﬁm}éﬂfy@wh Qlagﬁ’%é}lgpﬁl}@%dtp 19|1\5[3’@,21 & %)%thr%dflbgiywc

aci djput ¥Adllﬁﬁtn?erthylate solution was added to a solution of intermediate 14.1 (102 mg) in McOH
(0.5 mL). The reaction mixture was stirred at RT for 2 h. Sat. aq. NH4Cl and DCM were added
and the phases were separated. The aq. phase was extracted with DCM and the combined org.
phases were dried (Na;SO4) 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-carbonyl)-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 1, step 1.10,
intermediate 22.1 replacing intermediate 1.9. The crude was purified by CC (reversed phase;

cluent: gradient from water/TFA 100/1 to MeCN/TFA 100/1).
20 LC-MS (A): tg = 0.90 min; [M+H]": 549.94.

Example 23: 4-{(R)-2-[(6-methyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-
3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

23.1. 4-{(R)-3-(diethoxy-phosphoryl)-2-[(6-methyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-
propionyl}-piperazine-1-carboxylic acid butyl ester:

25  Intermediate 14.1 (114 mg), methylboronic acid (17 mg),
tetrakis(triphenylphosphine)palladium (11 mg) and potassium phosphate (80 mg) were



20 Thi s conmpound was prepared using a nethod anal ogous to that of Exanple
7, step 7.1, internmediate 21.3 repl acing

6- chl or o-woph@mgbropyri m di ne- 4- car boxyl i ¢ aci d. The pro@®aTiBHas/IsNRVYeEr
purified by preparative LGM (1V). LCGM (A): tR=1.11 mn; [MI-1]:

706. 94. 21. 5.

4-((S)-2-{12-(3-fl uoro-phenyl)-6-((S)-3-nethoxy-pyrrolidin-1-yl)-pyrimdine
254- car bonyl _ 1-am no}-4- phosphono- but-y¢ yl ) - pi per azi ne- 1-carboxylic acid
butyl ester: WD 2009/ 069100PCT/ 1B2008/ 055002 - 83 - This conpound was

pr epar edy ?&rﬂﬂd & FRhARS ﬁﬂﬁhﬁ’@?qﬁl) tu?ldérré@éono fl’hgﬁﬁffﬁlleewzgs’ stive@ Bvélrnrgl:lt ath'li)

internmediate 21.4 réplacing internediate 1.9. The crude was purif y
pr epar at indgr LCaiggn( | ) theh C- MBrfight t&R = 5@"@9 rﬁ/lnth}’[bMidHItc 6®®d95(455E>¢ag)pl e

22: 4-1 .§- - 2« pheny| m, dj D
3~ phosphbiacar R BFp RS ERPLE My QR ARIGHI SR BRRE T e pvy
4 { ( R) - 3a(1déde<b fexyixphosphio b furthef étﬁfdd&bh@ﬁ)h a4 SDB(E E)yhtﬂFWdl IDCM W&elhdd:?r bonyl
t te )
5506 b o BB R R 5 1 g e SR ST B 56 i (Napa) and

resul t' NGy ahOR@dl HMTRE LML a8 §1@tﬁé&tﬂy0®cm§eﬁ‘1§1 ¢ Roal: RlcHE LRI from EA
intermediate 14.1 (102 ng) in MeOH (0.5 nL The reaction m xture was

stirred mERM¢QH 92;KC Sat2: elmnt RFdcnt fora haMNcQid d8d lahtd Nhe: phveises
were sep e h Xt t j ]%Zl\(l c org.
phases IE%E,dglIu%n ?ﬁgg?b%& Y@\?gg\orlg eJ‘SgI}A%t{\IZF a fc())fag?tt{%}? Vegg?g%%d
conpoundcdnidountd ks ahﬁoﬁtﬁ.‘es@ﬁe}sln CRme)l. 06 mn; [M+H : 605.97. 1522. 2.

4-{( ( hoxy i ne- 4-car bonyl ) - am no] - 3- phosphono-
pr opi nngj @ﬁgg 45T M&I}@y %E;ngl d butyl ester: This conpound was
prepared using a met hod anal ogous to that of Exanple 1, step 1.10,

i nt er medbabe 4272R)L>-y@phakylvgpientiey iddiliat-a- cbr&nyiﬁhﬁzzﬁd]uﬁﬁhdwﬁor@%rbﬁzb@ﬂ} by CC
(reversed phase; eluent: gradient fromwater/ TFA 100/1 to MeCN TFA 100/1).
20 LC- MBPPgyecingR- @WboxgéCﬁﬁflﬁbufMﬁSFﬂr 549. 94. Exanpl e 23

4-1(R) - 2- %(6 met hyI 2- phenyl - pyri m di ne- 4-car bonylé noj -

3- phos phdh6-oreresh yap -NaensEsdaysine 2 10ethph gR3IPEUS 48 atb@ft Pxangale d stepd. 1),

4-{(R) - 3; i0d ghne:4A- onyl )
i nb] - " oa AT PRI N chnénd BT o PRI §St@e?%eﬂ D
15  cluent: gradlent 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-carbonyl)-amino]-
3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

24.1. 4-[(R)-2-[(6-cyclopropylamino-2-phenyl-pyrimidine-4-carbonyl)-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,
cyclopropylamine 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]": 631.04.

24.2. 4-{(R)-2-[(6-cyclopropylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester:



WO 2009/ 069100PCT/ 1B2008/ 055002 - 84 - suspended in anhydrous di oxane (1

m ) under argon. The m xture was stirred overnight at RT under argon, then
over ni ghtwato®@e910vet hyl boroni ¢ acid (45 nyg), PCT/IB2008/055002

tetraki s(tri phenyl phosphi ne) pal | adi um (108 ng) and potassi um phosphate (198
ng) were added to the mxture and it was further stirred for 4.5 h at 50C.
Wat er and DCM were added, 5 the aq. phase was extracted with DCM and the
conbi ned org. phases were dried (Na2S©4)- and evaporated off. The crude was
purified by CC three times (CC No. 1: eluent: gradient fromEA to EA/ MeOH
9/1;, CC Mais @mpBliENas RERAENind ATk LRaIEAWVEIHL 0D éiangﬂ?e O steB:1. MRV Er S€
phase, eluent: gradient fromwater/ TFA 100/1°to MeCN TFA 100/ 1) to give the
desired owrpediats 34.1a rqddcog lietsyngdast¢ nl.9.2Thagyrudd OvG- wBrifiayd byt Rrepakti98 mi n;

[ MEH] +: E?%ggig 23. 2. o _

4-{(R) - 2-T(b6- %‘hyl - 2- phenyl - pyri m di ne- 4-car bonyl ) - am no] - 3- phosphono- prop
i onyl } - pCpdsdaing=D-8SantmoRyikHE: azd.g4.but yl ester: Thi s conmpound was
prepared using a nmethod anal ogous to that of Exanple 1, step 1.10,
internediate 23.1 replacing internmediate 1.9. The crude was purified by CC
(r eves selxpinpke2s: 15€¢(R)eR{(2-phead-@pherfylaninogiyeinillind-4-04/bbny p-akiady TFA

100/1). LG-MS (A): tR =10.86 nm.n; [MH +. 533.96. Exanple 24:

4-1(R)- 2519(“8518598%15 PB‘;?W‘g'rH‘%?é‘!‘Bﬂé‘WHW‘F Ariddure.estetar bonyl ) - ami no -

3- phosphono- propi onyl | - pi perazi ne- 1-carboxylic acid butyl ester: 24. 1.
4- [ (R) - 225.0 64GyR)\ D p1i@psyBTokyIodr P RGYY bhdpyE b-Ph&hy R@rido-paimRingl d-capbmol - 3- (di e
t hoxy20 phosphoryl) - propi onyl | - pi perazi ne-1-carboxylic acid butyl ester:

Thi s~ confBiiedPiiéonytoyay éanadicatPosy ifreaddtdraiebgous to that of Exanple 1,
step 1.8, cyclopropylamne replacing internmediate 1.7, internediate 14.1
repl aci nghiscempounsl wasghenaytdupiies wicthad andegoys iq/thptcofdesamplnld stvedtd. agiliae 70C

i nst ead of g . er W - A =
104 1 R ST BGHE TS0y e Tu BBk P Bt arpadan s HRat Zonchit
conpoundpwasidpreepearbokylisiang ad hebtingdat /03¢ agoaad of ©0t¢aEhegfrodicamps bovigvest ep
1.10, internediate 24.1 replacing internediate 1.9. The crude was purified
by prepaP%&R“\r/“e@c-ws (11). LCGMS (A: tR=0.88 nin; [MH: 574.84.

SExanpl eLZMS (A): tr = 1.09 min; [M+H]: 666.99.

4-1(R) - 2-[ (2- phenyl - 6- phenyl am no- pyri m di ne- 4- car bonyl ) - am no] -

3- phosphqnq- pr opi | | - pi perazi ne-1-carboxylic acid butyl ester: 25.1.
4-{(R) - 33{-31 éﬁﬂ@x@? éﬁ%ﬁ’é@ﬁtﬁ?@h65@212’_-”[’102%4’7@%9F‘ﬁ‘aﬁap&@ﬁgqaﬁ’qu{@i‘ﬁ%f’%‘ﬁ”@r ne- 4-carb
onyl )s apiplyRUSRORYS-}  RiHRSIRZICRERAICREROXYl i ¢ acid butyl ester: This
conpound was prepared using a nethod ‘anal ogous to that of Exanple 1, step

1.8, ani Iﬂl@ecoilig)é)(n;l(p w%g%réfalr&i”ﬁs?ﬂg LERLAGH ABalbfhR T DERAL B CELanfple ilr,“st%:qu'?ﬁi ate

14.1 replacin -chl or o- 2- phenyl pyri m di ne- 4 car boxyl i ¢ acid and heating at

70C i nst ewdmgfliag0€S. 1 Tieplqpingd uetermgsisatt oWy dihe nendpuwasf ipedfied by preparative
LC-MS (I1I).
LC-MS (A): tg = 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-[(6-benzylamino-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-(diethoxy-
phosphoryl)-propionyl]-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.8,

25  benzylamine replacing intermediate 1.7, intermediate 14.1 replacing 6-chloro-2-phenyl-



LCMS (A): tR=1.09 min; [MH: 666.99. 25. 2.
4-{(R) - 2-[ (2- phenyl - 6- phenyl am no- pyri m di ne-4- car bonyl ) - am no] - 3- phosphono
15 propi owgl2pegpispwpazi ne- 1- car boxyl i c acid butyl ester: PChiB2008ng50end was
prepared using a nmethod anal ogous to that of Exanple 1, step 1.10,
internediate 25.1 replacing internediate 1.9. The crude was purified by
preparative LCM (Il1l1). LGM5 (A: tR=0.96 mn; [MH: 610.88. 20
Exanpl e 26: -86-
4-1(R) - 2-[ (6- benzyl am no- 2- phenyl - pyri m di ne- 4- car bonyl ) - am no] -
3- phosphﬁfk%feﬁrfém-%ﬁ&!y'lig'a@ﬁrﬁa'}fagﬁr;g'eﬁ?]rOb@?fﬂ’sltéag R0 bieYiro iRt 8hs héPeykr
4-[ (R) - 2-1(6-benzyl am™no- 2- phenyl - pyri m di ne-4-car bonyl )-am no] - 3- (di et hoxy
phosphor got)pupifioi onyl 1- pi per azi ne- 1-carboxylic acid butyl ester: Thi s
conpound nepar usin anal ogous to that of Exanple 1, step
1.8, 25b1é¥£1§[§gf§r?ﬁ% ‘rsigopgllggli’ ﬁﬂgu}lﬂf{égﬁghu ate 1.7, internediate 14.1 repl acing
6- chl or o- 2- phenyl - WO 2009/ 069100PCT/ 1B2008/ 055002 - 86 -
pyri m di A€244¢ak)bbxtheaz)donido-adndehdatyringdiat-4-€0Monpslnedith ] F-p/alhiondhe product
was h§>wever .no} Aauri fied. IbCIyB (CAC\) tR=1.09 mn; [MH: 681.01.

1-pi rboxylic acid butyl es

26. 2 propionyl}-piperazine-1-ca ter:

4-{(R) - 2-] (6- benzyl am no- 2- phenyl - pyri m di ne- 4- car bon - am nq] - 3- phgsphono
5 propi oﬁb‘lg}c-oﬁtpﬁﬂﬁi‘iaﬁé’fﬁ?ﬁ& o %ethg% &n‘"‘g&%‘i}’ﬁ tBST‘F%Ir&I %f’r‘ﬁf%plfédrrﬁ@ﬁﬂdl s
prepar edijaginRd@ia m8liheshiandl qeeHsdife that Tt &xaomha ?uriﬁé@rbyl-p arative

internediate 26.1 replacing internediate 1.9. The crude was purified by
prepar at L¢eMBAINS (111). LCGMS (A): tR=0.95 min; [M1-1]: 624.94. 10

Exanpl e . R . +,

4-[(R) - 2%?1%86QAA§I -069-5[11(1'I3)£ ?gﬁ r'g L{/‘%ﬁ'o- furan-3-yl)am noppyri m di ne4-car bony
| I -am no) - 3- phosphono- pr opi onyl Ppi perazi ne-1-carboxylic acid butyl ester:
27.1 ~ Y

a- T (K - 3Rl R o G e L R eyl o T A - 3-y1 ) &
m nol pyr #cachanyli4amsro)-3+phioyp leomioro ppivngl)ipiperhtin pil parbedytie adiddantydexteki ¢ aci d
butyl ester: This conpound was prepared using a nethod anal ogous to that of

Seaml o vyl Pl b P BRI RS A de  onate

6- chl or opRimplaeryd-cpPponyi-gine-grapanmblixypdrazies | -dadodyreaid hgylatied0C i nst ead
of 60C. The product was however not purified. LGCM (A): tR=1.01 mn;

[ MFH] © 6@RisOdbmpound whE. pepared using a method analogous to that of Example 1, step 1.8,
4-[(R%-2é#{2- henyl - 6-[ (R).- (tetrahydro-furan-3-yl)an no . .
1- py? mi )r(é)-gza@gpgetﬁ%hy}ir_ofgene toliene-4-sulfonate  “replacing  intermediate 1.7,

am no) - 3:RAARAARNG: PLAMCANY blot Rk ROAT NS @ 00X Hoty RC held DiiVhoBRE o

Thi s conpound was prepared using a nethod anal ogous to that of Exanple 1,
step 1. 100°G nsteacheldiOse el lxmroduce phakiwryer mterréed.ate 1. 9. The crude was

purifiedy py\Rr&RAL 34 HemhTNYBH" két.01.

27.2. 4-[(R)-2-({2-phenyl-6-[(R)-(tetrahydro-furan-3-yl)amino]-pyrimidine-4-carbonyl }-
20 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 27.1 replacing intermediate 1.9. The crude was purified by preparative
LC-MS (II).

LC-MS (A): tg = 0.86 min; [M+H]": 604.95.



LCM5 (A): tR=0.86 mn; [M1-1]: 604.95. WO 2009/ 069100PCT/ 1B2008/ 055002
- 87 - Exanple 28:

4- 0OR) - 2- W6-20®/tsyp oxy- pyrrol i di n-1-y1) - 2- phenyl - pyri m ¢cmaB2pog/essoenyl | am n
0} - 3- phosphono- pr opi onyl) - pi perazi ne-1-carboxylic acid butyl ester: 28.1.

4- ((R) - 3- (di et hoxy- phosphotyl )-2-{[6-(3-hydroxy-pyrrolidin-1-yl)-2-phenyl-p
yri m di ne4- carbonyl] -am no}-propionyl)-piperazi ne-1-carboxylic acid butyl
ester: 5 This conpound was prepared usBhg a nethod anal ogous to that of
Exanple 1 step 1.8, 3-pyrrolidinol replacing intermediate 1.7, internediate
14.1 repl aci ng 6-chl oro-2-phenyl pyri m di ne-4-carboxylic acid, and heating
at 70C i nstead of 60C. The g)roduct was however _not purified. LCM (A: tR
- 0.97 nﬁﬁ?mpw +4-(d912- 9-(3-hydeaxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-

4- ((R) - 2mQh‘n(o?=5J§{96s958ﬁ61¥f(ﬁ%ﬂﬂ%—ﬁ'p}r'a&ﬂﬂéﬁé%@?&ﬂc‘&}ﬁ biiyflidig- 4- carbonyl 1

-am no}- 3-phosphono- propionyl’)-pi perazine-1-carboxylic acid butyl ester:
Thi s conmpound was prepared using a nethod anal ogous to that of Exanple 1,
step 1.168/j ﬂt(éi%)nﬁeﬂil%tg@y%.oaphp -at G-ty diodis- tyld- 2-rivey oy Lidéd i s

ggzl fgl?).edé—%éﬁ%?lgl?—gz@d}lﬁoﬁgﬁ%pzﬁagr)ﬂin;—gI—‘c%?b@ry&éo‘zcid ?)5)/2" osP81 Mo [ MEH +:

4-[ (R) - 2~(:16~ - - )~ - am - 2- | - .M, dined- gar bonyl
- arm o) T e aT PR Y i R ATh et RO, PEUIE PS5 33 ot
29. 1. 3-pyrrolidinol replacing intermediate 1.7, intermediate 14.1 replacing 6-chloro-2-phenyl-

AESRARA N e R A S AR

butyl est&fpurifid@ This conpound was prepared using a nmethod anal ogous to
t hat of Exan'gl e 1, 2- met hoxyet hyl ) net hyl am ne repl aci ng

st@p 1.8, N-(
i nt er medE&tMSIAY. tr F: ¥ Hed Mt H] 180h0}.epl aci ng 6-
chl or o- 2- phenyl - pyri m di ne- 4-carboxylic acid and heating at 70C i nstead of

60C. (ghe 0 UL - : = 2T N;

[ MrH 7' 85 g%@ ST p ey 1153; Zo%g/h %@gﬁjoﬁ”w)aeg %‘358'7%]. i}

4- [ (R) - 23ppesphpze-prespivoxh)-péindnsdine- freatbyhd @micidiubZ eglveny| - pyri mi di ne- 4- car bony
| }- am no) - 3- phosphono- pr opi onyl | - pi per azi ne-1-carboxylic acid butyl ester:
Thi s confbynanwasnd meparedradsinge a methbddnapgdusgoubatt of Exanplofl, Beartplle 1,
step 1.10, inte ibate 29.1.repl acing jnternediate 1.9...The crude S

ur 111 ed i ElaeR v e SRR B Ve RSN Fas” aliad i S

606. 81. Exawgl(p. 30:

4-0/ 0- 2- 1] 6- éZ- et hoxycar bonyl - et hyl am no) - 2- phenyl - pyri m di ne4- car bonyl ]

- ani hd} - 5¢oM éﬁ?idhﬁ-%?rldﬁi%WiW bﬁé‘b?%zi ne- 1- carboxylic acid butyl ester:

Example 29: 4-[(R)-2-({6-[(2-methoxy-ethyl)-methyl-amino|-2-phenyl-pyrimidine-

4-carbonyl}-amino)-3-phosphono-propionyl]-piperazine-1-carboxylic acid butyl ester:

29.1. 4-[(R)-3-(diethoxy-phosphoryl)-2-({6-[(2-methoxy-ethyl)-methyl-amino]-2-phenyl-

pyrimidine-4-carbonyl}-amino)-propionyl]-piperazine-1-carboxylic acid butyl ester::

20  This compound was prepared using a method analogous to that of Example 1, step 1.8,
N-(2-methoxyethyl)methylamine 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.



30. 1.

4- ((R) - 3-(di et hoxy- phosphot yl )-2-{[ 6-(2-et hoxycar bonyl - et hyl am no) - 2- phenyl
10 pyri mworeevsgapbony] - am no} - propi onyl ) - pi per azi ne- 1Pcanbmwghiseozaci d
butyl ester: This conpound was prepared using a nethod anal ogous to that of
Exanple 1, step 1.8, ethyl 3-am nopropanoate hydrochl oride replacing
internmediate 1.7, internediate 14.1 repl acing

6- chl or o- 2- phenyl - pyri m di ne- 4- car boxyB¢ ¢ acid and heating at 70C i nstead
of 60C. The product was however not purified. 15LCM5 (A): tR=1.04 mn;

[ MFH] +: 690. 97. 30. 2.

4- ((R) - 2202( 2-/gp) boxycRr-BRMYL - gﬁzpyjn%m_ymgl)nlr%j-@tkﬂi}%ﬁ Vi Eungrsmear bonyl | - am
i no}- 3-phosphono- propi onyl )- pi perazi ne-1-carboxylic acid butyl ester:

Thi s coWW&3MQSZ&PQ®HF@@W%W@ZZ%€Jro?éd’oah’&l @gg@@ylte@ter hat of Exanple 1,
step 1.10, internediate 30.1 replaci n% internediate 1.9. The crude was

puri fi edTbI,? qommosnd tiay oraprddoue @ mythod @nasequa)to thiR of Bxanplerln stepNid), :

634. 91. 3

20/ 0- 2- TEYSie 2B, venlicing dniemasdinge o The emude s, purfied Wy worprative ) 3.
phosphonbCaviSgllpny1) - pi per azi ne- 1- car boxyl ic acid butyl ester: WO

2009/ 069 /1B20 550 8 extracted with EA. The org. |layers were
dried (Ngtg%@gr i g)\/é? %HHJ)]‘ 206 Yhe crude was purified by preparative
LC—I\/B (I) to afford the desired conpound (0.2 ng). LGMs (A): tR = 0.80

m n; 6

4- I(R) 2 '("?pg’ pﬂéﬁi)rz'gg'ﬁ%f‘u’t%afk%‘ér%'&ﬂw O SRy S PBHBYIAS h 05 pr opi ony |

| - pi per azicagyd I]ad'lﬁi(ﬂﬁ Bighodstidho lon9B1, éraAine-1-carboxylic acid butyl ester:
4-{(R) - 3-(di e“goxy ph%)Lsgﬁlo?lg}) gm)% ?B i phenyl - pyrl mydl ne- 4- c%r bonyl ) -am n

o] - propionyl} erazi ne-1- carboxyllc acid buty
T eF P Al o AR Gy TR0 S e expaB evg-eriamiio)-2-phenyl

et &l Sph i pRROLLAROSRNLAR) PALAThY rpz,ﬁelézzﬁw) cgﬁwxﬁsata%ﬁﬁmmep[@psphat e (104

ng) were 10 di ssol ved i'n anhydr ous” di oxane under ar'gon. The m xture

was heat ?Hg%mgg&wsg ghta ﬁﬁﬂg Wal Bio a1 &Q%eg th;m%g;aa wﬁ HBS % s@éﬁ{ cted

with EA an ase was dried (Na2$S nd evapor ted crude
was puri ﬁ1aadndpyolﬁﬁoa(teIhydmchlogdadmdmmg rioterniaimte t1o7, EAIermocﬂlht@vﬂe‘Hl byplhm@g-l) to

?_!5\?/3 tzhe EIS()rg Sd (e:r(l)y p(})/rlrrﬁqdu(le-ﬁ-cgl%)oxyhc acl\/(? agld)heatlng at Jfooglnm[ead o[fl\gl(-)% g51 99.

4-{(R) Zp{QG‘act@vdélh@heﬁaﬂnoWriﬂ’éﬂdl ne- 4- car bonyl ) - am no] - 3- phosphono- pr opi onyl
}- erazi ne- 1- carhoxyljc acid butg ester: Internediate 32.1 (86 ng) was
di ss velCrMSsAN el - (amealNiTHE : 499.9%nd H20 (0. 15 nl). After stirring at RT
for 2 h, toluene was added and the sol vents were evaporated off. The

30.2. 4-((R)-2-{[6-(2-ethoxycarbonyl-ethylamino)-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 1, step 1.10,

intermediate 30.1 replacing intermediate 1.9. The crude was purified by preparative
20  LC-MS (1I).

LC-MS (A): tg = 0.90 min; [M+H]": 634.91.

Example 31: 4-((R)-2-{[6-(2-carboxy-ethylamino)-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 MecOH (1 mL).
25  After stirring at RT for 2 h, the reaction mixture was acidified with a 1M HCI solution and



crude was purified by preparative LGMs (I1l) to give the desired conpound
as a white solid 20(34 ng). LCGM5 (A): tR=0.98 mn; [MH : 595.90.

Exanpl e 380 2009/069100 PCT/TB2008/055002
4-1(R)-2-[ (2- phenyl - 6-t hi ophen- 3-yl - pyri m di ne- 4- car bonyl ) - am no] -

3- phosphono- propi onyl | - pi per azi ne- 1-carboxylic acid butyl ester: 33.1.

2- phenyl - 6-t hi ophen- 3-yl - pyri m di ne-4-carboxylic acid: WO

2009/ 069100PCT/ 1B2008/ 055002 - 90 - 3-Boronic acid replaci ng phenyl boronic
acid. The crude was however crystallized (EtOH H20 2/1). LCM (A): tR =

1.03 mi nex My in? 3. @8e ore. la 37)?633 Frere drled (Na,S0,) and evaporated off. The ¢rude was
4-{(R) - 3-(di et hoxy- phosphor yl 2- ph enyf hi ophen- 3-yl - pyri m di ne-4-ca

r bonyl ) - p&aiddriv] prepaogive hyl- Msdﬂ)ﬁeraéfmdﬂrée nlesgtadb@mmund (BeinaR)but yl ester: This

corrpound r ar U Il’l anal ogous to that of Exanple 1, step
1.3, mte?jalrrzI ?Q g)%fl}slep wé)goerrredi ate 1.2 and internediate 2.4

repl aci ng 1- et hoxycar bonyl pi pera2| ne. During the work-up, the org. phases

pur 11 ed PR FATOL 1! dofihaEpyrbid SBbblUBRmin S flalpRotS Nt
4- { (R - 2ptdpiephpepiperfrineil -optbonylie adid pytyl estei:ne- 4- car bonyl ) - ami no] - 3- phospho
nopr opi onyl } - pi per azi ne- 1-carboxylic acid butyl ester: Thi s conmpound was

d ysi hod I t f Exanpl e 32 2,
i or modiate 3400 PR ARG TR A G438 TR B Gt R Rwever
purifi edpkb)b_iolq@}gﬁﬁpaﬁ@g,jz_\é@rbb@zig@c(d\@uw%gt@g a X Terra(r) colum LG M5 (A):
tR=0.97 min;, [M1l-1]: 601.87. Exanple 34:

4- 0/ 0- 2- Mt&n{eémfmt hoxyrpheny| )(1aoal%§nyl PYhbYIsireEc 4- car haay! ] - ¥ hgy -
3- phosphono- proplon 1) glpera2|ne carboxgllc acid butyl ester: 34.1.

6- (4- met FYRs(HRI melpplladiymi fidangle 2nd caetrei i Rhogdiaty, (DY mg) gwere
Corrp?(‘)mddl\é@(ﬂvegrlﬁgﬂﬁ %Lﬁ%lcg@n@g %ﬁeﬂﬂ@ P 9RY 1>Et8 etv@%t %d gtxmlo%eé ht itCep

oxyphe oroni c repI ng thiophene- oroni ¢ aci
(A : tR andl watkr nias; a({dm-lle_e] miBOiE. ®4S ce@dackd with EA and the org. phase was dried

4 car bonfF G T8 < BPERRART b b aut T ey e e RaC R Bt ©
EA, followed by MeOH) to give the desued compound (86 mg).
LC-MS (A): tg = 1.12 min; [M+H]": 651.99.

15 32.2. 4-{(R)-2-[(2,6-diphenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-propionyl}-
piperazine-1-carboxylic acid butyl ester:
Intermediate 32.1 (86 mg) was dissolved in 3 M HCIl 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 (III) 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-phenyl-6-thiophen-3-yl-pyrimidine-4-carbonyl)-amino]-
3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

33.1. 2-phenyl-6-thiophen-3-yl-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-



WD 2009/
681. 96.

4-((R) -2
3- phosph
conpound
32.2, 5i

069100PCT/ 1B2008/ 055002 - 91 - LCGM5 (A): tR =1.13 mn; [MtH:

34. 3.
-Wpeoeamb hoxy- phenyl ) - 2- phenyl - pyri m di ne- 4- cRChaR30p8/635000} -
ono- pr opi onyl ) - pi perazi ne-1-carboxylic acid butyl ester: Thi

was prepared using a nmethod anal ogous to that of Exanple 32,
ntermediate 34.2 replacing internmediate 32.1. The product was

S
step

however purified by preparative LC-M5-00) using a X-Terra(r) colum LC M5

(A: tR =
4-1(R) -2
3- phosph
6-cycl op
prepared
cycl opro
0.98 mn;

= 0.99 mn; [M11]: 625.92. Exanple 35:
3%()&)&(‘)’&:'1(@%%%% rheIE8 Y hic R¥d ThdiRgs 4aSREVARY l:l)yst%ng@lEtOH/H%

ono- propi onyl | - pi'perazi ne-1-carboxylic acid butyl ester

2@byl 2- phenyl - pyrlnldlne 4 carboxylic acid: This conpound was
d_an that of Exanple 33, step 33.1
pyﬁg goﬁﬁ &gﬁ %’Eﬁ ophene 3-boronic acid. LGM (A):
[ MtH] : 241, 10.

tR =

4-[(R) - 2315 964nylc>kbmab@dy ﬂlomh@my) ggyzrphmwmdummsgmtiwcammm@nﬂm et hoxy

hot opi,onyl | - pi per lic acid butyl ester: This
Wﬁé ‘g’ KePberd &Z'Ha% H£&88§ﬁé to that of Exanple 33, step
{sncg)%%)%ée %VSas 1pr£% cg(l:llmpl al pr;[et I’0 anaﬁ)tggus33 lhat o? ]iv%mg)lc) 1, st@p] 31 09

4-{(R)- 2irlidrfre@¥i! OBS.APYlephrRBenitcrR¥iiatd diine- 4nsarihenyddiatam 1] -BplRéigsphono
onyl } - pi perazi ne- 1- carbolelc acid butyl ester: This conpound was

15 phﬁsp
conpoun
33. 2,
m n; [N%

20 propi
pr epar ed
|nterned
purified
0. 9416r n
36:

4-1(R) - 2-
nyl | -pip

lﬁﬁlomcaabwmwzmal%@aé ¢ orlrHp. B oBkampes vBxe addipnadly. washed
t The product was however
%}Q“Bﬁgpﬁﬁ veﬁtfégl\)g& (%?&Eﬁgésﬁ{éﬁg% erra(rf colum LC-Ms (A):

tR =

LCEMB A Y::tr 5391196in; [MEHP0697.959100PCT/ 1B2008/ 055002 - 92 - Exanpl e

g% ggl %Z&)y} é(%rpgr r)yA thpaéélf”d B/u?erzn%zgcr% [lxb(c)anré%i)ypaammmg} 3 phgsh%s;z)honopr opi 0

I|c

6- but yl - Z2rphenyl pigerading- dicabodylRaichibiy)licieaci d:

15

20

25

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
preparative LC-MS (V) using a X-Terra” column.

LC-MS (A): tg = 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:

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-phenyl)-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 33, step 33.2,

intermediate 34.1 replacing intermediate 33.1.



Thi s conpound was prepared using a nethod anal ogous to that of Exanple 33,
step 33.1, 5butylboronic acid replacing thiophene-3-boronic acid. LC M

(A): tR aw0.20e0/0pr0p [ MHHr: 257. 10. 36. 2. PCT/IB2008/055002
4-1 (R) - 2-[ (6-butyl - 2- phenyl - pyri m di ne- 4- car bonyl ) - am no] - 3- (di et hoxy- phosp
hotyl )- propionyl | -piperazine-1-carboxylic acid butyl ester: Thi s

conpound was prepared using a nethod anal ogous to that of Exanple 33, step
33.2, 10internediate 36.1 replacing inbernediate 33.1. LCGMs (A): tR=1.12
mn; [MH: 632.03. 36.3.

4-{(R)- 21 e0asRub M, =4- BhﬁﬁthmMW gt dygre- 4- carbonyl) - ani no] - 3- phosphono- pr opi
onyl }- piperazine-1-carboxylic acid butyl ester: Thi s conpound was

prepared using a nethod anal ogous to that of Exanple 32, step 32.2,

15i nt er rréﬂﬁaﬁ’a((@e? H 6r(dppetlermghmiedmacivhpeiniging-4-méopljoduiep/-was however
puri fi edS%%twﬁyrﬂ’?}?@é@% gl) Ip%(eb@ufev) §<%Sboﬂgzc%c?& b-lz-/%}’l e?tgir ) colum LG M5 (A): tR =

0.98 m n;

+- LR - 22l (Ljo{fe@areﬁ Sl MRS ¥ YAKUPRALLRCCE Nedtpaarbony! |

ono-p er azl ne- I C acli
2037 51. 1ntermed1ate 342 replacmg 1ntermed1ate 32.1. The product was however purified by

4-[ (R) - 3-(di et.ho hot £2-phenyl -6-[(S)-(tetrahydro-furan-3-yl)o
xyl - pyr PIRPYPIE I:C)fg\%]g\%ﬁ%u}gaa%ﬂ%g% ﬁ?]gﬁ’inonyl | - pi per azi ne- 1- carboxylic acid
butyl esterms(®): -tk £)o-IyEmorMEaY ' 8ty oy of urane (108 ng) was added to a
suspensi on of NaH (60% di spersion in mneral oil, 49 ng) in DVF (0.5 niL).

The suspension was stirred at RT for 15 mn and was added to a sol ution of

i nter medgghm Rﬁl%sl 4360- k- cgg(\)ﬁﬂf)y( B-phenfilpyrintiden - £28tHoAR) AmiheL € 25 was

stirred at for 4 h. and wer e added, the phases were separated and
the org. 3phasphoparppionkbipsrarigetcarhpiviic paibutHestesinbi ned org. phases
were washed with a solution of WD 2009/ 069100PCT/ 1B2008/ 055002 - 93 - aq.

NHACly diied the crude (el uent: gradi ent
fromi@EA ?%?Eg‘/%dﬁ%om %ngyﬁg%gﬁdqggh%frggg??%%ycorrpound (53 mg). LCGM5 (A):

tR = 1. 0pf d&mpL)MT(H()vas ?)@é'pa%% using a method analogous to that of Example 33, step 33.1,
cyclopropylboronic acid replacing thiophene-3-boronic acid.

LC-MS (A): tg = 0.98 min; [M+H]: 241.10.

35.2. 4-[(R)-2-[(6-cyclopropyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-(diethoxy-
15 phosphoryl)-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): tr = 1.09 min; [M+H]": 615.98.

35.3. 4-{(R)-2-[(6-cyclopropyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-
20 propionylt-piperazine-1-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): tg = 0.94 min; [M+H]": 559.95.



37.2. 4-[(R-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)oxyl-pyrimdine-4
car bonyl } - am no) 53- phosphono- pr opi onyl | - pi perazi ne- 1- carboxylic acid butyl
ester: Thwe 2omsownd was prepared using a nmethod anal og@a3/1IBW08/hEs0020f
Exanple 1, step 1.10, internediate 37.1 replacing internediate 1.9. LG M
(A): tR=0.90 mn; [MH +: 605.95. Exanple 38:
4-0R)-2-1[6-((S)-3-nmet hoxy-pyrrolidin-1-yl)-2-phenyl-pyrimdine- 10
4- carbonyl] am no}- 3- phosphono- pr opi onyd) - 2- et hyl - pi per azi ne- 1- car boxylic
acid ethyl ester: 38.1.
4- [ (R) - 2pkemprest 02@{(ii?)[ilR@lﬂu@*ﬂ23811én_'y(-ﬂ{yﬁhﬁ&’i&mp&?ﬁM}%&hﬁﬁoﬁ’h%o@ﬁ%no'-

-ca I : h

- 2- et hyl pi per azi ne- rboxylic acid ethyl ester: I's conpound was
pr epar edprepionylapipetdrine- boathogplisadidbutyhestef: Exanple 1, step 1.3,
152- net hyl - pi per azi ne- 1-carboxylic acid ethyl ester (prepared as described

in WO 20Q6/1 , . 4 i jate 46.3) replacin

1 et hoxyggr]‘bﬁ%éﬁ%fﬁ%@%@@%’k]@%@%@”ﬁ 0. 90)m' nl;o [I\/:+I—|]g: 479.68. 38.2.

4-[ (R) - 2~am na- 3- ( di - ryl,) - i 22z - i per.azing- 1- car
poxyl | ¢ Ao ot dRPtisg RERLE sl LR i it TR R M) T
DCM (8 nmtylbasonadatedrepléing thiophene-FHersmaadid.on m xture was stirred overni ght
t RT, iluted with tolye vaporated off. The crude was taken up
?n DCMV\@;slﬁgcﬁ *t%ﬁvi"a‘fi‘.mmab%tg?i ggfé@ (ﬁa2804) and evaporated off to afford
67 ng of the desired product as yellowoil. LCGCM5 (A): tR = 0.68 mn;

[ MeH] +: 380. QG(R)- 062009/ 206RALI0DGH; AiB29Q8/ 862500 21ino ] PA(diet By Dhosphoryl)-

4- ((R) - 3-(di et hoxy- phos?hot yl')-2-0-((S)-3-nethoxy-pyrrolidin-1-yl)-2-phenyl
pyri m di REPIEEmyesgainet [-SabasYiccsfiuyFyL 2- et hyl - pi per azi ne- 1- car boxyl i c
acid et hﬁ_ ester: This conpound was prepared using a nmethod anal ogous to
that of Ekiargerwound stagprepaged ysiiged micghosk enabmops feplapef Agamplcelnetrate. 1. 4

and in i ead Qk; iat M5 (A: tR=1.01 min; [MH: 661.02.
38. 4%4- %{% - 51?%-8326( gﬁépsglﬁg%r%ﬁgyrrd idin-1-yl)-2-phenyl -pyrindine-4

car bonyl LCIM&riAna} = 13-2phims PYioHd: p3dP3.onyl ) - 2- net hyl - pi per azi ne- 1- car boxyl i ¢
acid ethyl ester: Thi s conmpound was prepared using a nethod anal ogous to

t hat of | 25,3 t 2. internmedi ate 38.3.r acing internediate
321 and tai Ry O BT 2l BB AR PR e SRR
t R = 0. 83ipatadinel Nuirhoxyb04ci9DuryExaarpl e 39:
4-0/0-2-1[6-((S)-3-net hoxy-pyrrolidin-1-yl)-2-phenyl -pyri m di ne-

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): tg = 0.98 min; [M+H]": 576.58.

Example 37: 4-[(R)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)oxy|-pyrimidine-

4-carbonyl}-amino)-3-phosphono-propionyl]-piperazine-1-carboxylic acid butyl ester:

20 37.1. 4-[(R)-3-(diethoxy-phosphoryl)-2-({2-phenyl-6-[(S)-(tetrahydro-furan-3-yl)oxy]-

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



4- car bonyl Pam no} - 4- phosphono- but yry1) - pi per azi ne- 1- car boxylic acid ethyl
ester: 39.1. (R)-2-benzyl oxycarbonyl am no- 4-hydroxy-butyric acid: 15This
conpound weoprep@ned usi ng a net hod anal ogous to that @®CTHRZOPpDEER, sStep
4.1, H D Hse-OH replacing HHHse-OH. LCGM5 (A): tR=0.71 mn; [MH
254.37. 39.2. (R -2-benzyl oxycar bonyl am no- 4- hydr oxy-butyric acid

di cycl ohexyl am ne sal t: Thi s conpound was prepared using a nethod
anal ogous to that of Exanple 4, step 492, 20internediate 39.1 repl acing
internediate 4.1. LGM5 (A): tR=0.66 mn; [MH: 254.07. 39.3.

(R-2- be%%@g@ﬁ@ﬁé&%&ﬁﬂ}) RRd &M%waﬁt@@m& cﬁ‘ﬁde?(ﬁﬁ?%hthyrad?eﬁ Bbm A“'té

conpound was prepared using a nethod anal ogous to that of Exanple 4, step
4.3, int EAdOHL1®039 afforded thmaicsiced componmdtiiSameg)4. 2. 25LC-Ms (A): tR = 0.79

m n; [Mﬂbyl}/lggggjtg—ldéomzo /% 9%8)95’@/ 1B2008/ 055002 - 95 - 39. 4.

(R) - 2-benz ar bonyl ant brono-"butyric acid nmethyl ester: This
conpound was prepared using a nethod anal ogous to that of Exanple 4, step

i nt 87.Aedi/&k)e2-B9- 1@ en@ - AS)-fagfraimtexfivedi- 3y Box ] -PyritluindA Cdxponi Ramind)-99
30. 02

(R) zfgbeﬁi’z?Psé’zg’&OaP’E?BWiVarﬁ’W6%’?€(éﬁcﬁﬁbﬁﬁ%if WHASLEHEGE) - but yric acid met hyl

ester: This conpound was prepared usi thod apal ogqus to that of
Exanpl e ?ins seogpoEng wap TraPrhiite 9500 & épt a%quagfo ABeL o PEele IR and: The

conpoundngﬁgggwgganfgu&hgmggngmmgﬁiQEA/NbOH 9/1). LCGM (A): tR=0.91

(R) - 2- beg%VW§*9ééR56H¥MamwHﬂfﬂl(éﬁ%Qﬁoxy phosphotyl )-butyric acid: This

conmpound was prepared using a nethod anal ogous to that of Exanple 1, step

1.2, internediate 39.5 replacing internediate 1.
Example 38: 4-((R)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)- 2-phenyl—pyr1m1d1ne-

10 4-carbonyl]-amino}-3-phosphono-propionyl)-2-methyl-piperazine-1-carboxylic acid ethyl

ester:

38.1. 4-[(R)-2-tert-butoxycarbonylamino-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 cthyl ester (prepared as described in WO 2006/114774,

Example 46, intermediate 46.3) replacing 1-cthoxycarbonylpiperazine.

LC-MS (A): tg = 0.90 min; [M+H]: 479.68.

38.2. 4-[(R)-2-amino-3-(diethoxy-phosphoryl)-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 aq. NaHCO3, dried (Na,SO4) and evaporated off to
afford 67 mg of the desired product as yellow oil.

LC-MS (A): tg = 0.68 min; [M+H]": 380.06.



LCMS (A): tR=0.83 mn; [MH: 374.07. 39.7.

4-[ (R) - 2- benzyl oxycar bonyl am no- 4- (di et hoxy- phosphot yl ) - but yt yl

| - pi per azwoed®losgmnboxylic acid ethyl ester: This conpokod/1Ba®s/piseear ed
using a nethod anal ogous to that of Exanple 1, step 1.9, internediate 39.6
replacing internediate 1.8 and 1-ethoxycarbonyl pi perazi ne repl aci ng
internediate 1.4. The conpound was however purified twi ce by CC (EA/ Hept.
0/1to 1/0 foll owed by EA/EA/ MeOH 9/1-%40 to 0/1). 20 LCGMS (A): tR = 0.90
mn; [MH : 514.00. 39.8.

4-[ (R) - 2-am no- 4- (di et hoxy- phosphotyl ) - butytyl | - pi perazi ne-1-carboxylic
acid ethyk sest@t):3- s BB [AfSPALRS M Rt ol j-ogous to

t hat of Exanpl(gf)Z, Ms% eop)&%%i %{ er m[ad{(a)'?e 39.0 %jggloaéi ngﬂ)?nfgf)ﬁiedi ate 2.1.
25LC- M5 pRjmidim-+=cqyb@® ! miminof-Rhadjoryl) 380 ethp)-pipsnaxine-1-carboxylic acid ethyl ester:

2009/ 069100PCT/ 1B2008/ 055002 - 96 - 39.9.

4- ((R) - 4Thii eommnoxryd pressphorsd psipg G- method anatoehex o Phat rod| Bxaimplel 1y btep 2 9pheny
pyri m di pe-4- - am. - I I: i he- LCc acid ethyl
Cater: i iRt AT Aot Lyl RUREDERL RSy SORORRE nar o
Exanp$ e LC-MBep): 1z 3,1.0Inhier fdedHat 66882.8 repl aci ng 1- et hoxycar bonyl pi per azi ne
and intermediate 1.8 replacing 5intermediate 1.2. The crude was however
Eurolof Imeﬁ&?%Nﬁflg)—e%%p@—ﬁlr@%%é%%yrﬁorl%—F—')A/\l)'—[ﬁp}%%z —py(l)”zwai z/ng'—)4'call7b%ny —a(m'?\)lo'}—t R =
4- ((R) - 230nb4pBdnBpropk HOBY-RYIHIPib&ufind 1 YudbodpiRhRwy binaykder di ne- 4- car bonyl
1- am no}-4- phosphono- butytyl) - pi perazi ne-1-carboxylic acid ethyl ester: 10
Thi's conparNGmidEnd Wap FrEdrddSisig @ mMeeldioshadpdloaPumt be Ekhaplcof2, Epmple 1,
step 1.10, internediate 39.9 repl aci ng1 intermediate 1.9. LCM (A): tR =

0. 85 mi n}nte[rm@#j]atp: S%ng@jngej@@fﬁp(gatg@g and using 4 M HCI in dioxane instead of 3 M
4-0/ Qg 2- ﬂ-]]k@‘n{ﬁ@ - 3- et hoxy-pyrrolidin-1-yl)-2-phenyl - pyrim di ne-
4- car bonyl pam no} - 4- phosphono- but yry1) - pi per azi ne- 1- car boxylic acid butyl
ester: 1B640MS$.(A): tr = 0.83 min; [M+H]": 604.99.
4-[ (R) - 2- benzyl oxycar bonyl am no- 4- (di et hoxy- phosphot yl ) - but ytyl
| - pi perazi ne-

Example 39: 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:

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): tg = 0.71 min; [M+H]": 254.37.

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

This compound was prepared using a method analogous to that of Example 4, step 4.2,
20  intermediate 39.1 replacing intermediate 4.1.

LC-MS (A): tg = 0.66 min; [M+H]": 254.07.

39.3. (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid methyl ester:

This compound was prepared using a method analogous to that of Example 4, step 4.3,
intermediate 39.2 replacing intermediate 4.2.

25  LC-MS (A): tg = 0.79 min; [M+H]": 268.12.



1-carboxylic acid butyl ester: This conpound was prepared using a nethod
anal ogous to that of Exanple 39, step 39.7, internediate 2.2 replacing

1- et hoxycaiokzoewlepioper azi ne. The conpound was however pulPCTIIBZIORYSS02
(eluent: gradient fromEA to EA/ MeOH 95/5). 20 LCGMS (A): tR = 0.97 mn;

[ MiH] : 542.02. 40. 2.

4-[ (R) - 2- am no- 4- (di et hoxy- phosphotyl ) -butytyl | -pi perazi ne-1-carboxylic
acid butyl ester: This conpound was prepared using a nmethod anal ogous to
that of Exanmple 2, step 2.2, internediate 40.1 replacing internediate 2.1,

however yngp Me@H | al K ; =& 73 mn; [ Mrll]:
408. 04, "\ %(I\)%)g ?&%@%@@f ji‘zfg%%og%g%%%%z% 09‘%&%] mf&& 3?“(9

4- ((R) -4 di sis 0r 3= - r @l di 1Y ks 2-4phenyl
pyri m di —rgﬁelf-gii%c r b%%ﬁbgi@g%%doklﬁ%%y% fip?dgg)%g%:(%oe%ﬁ ggr%%&@#é gt)g})g'élgut yl
est er: Thitgmedppadidreplsinpigparcdtasdng a net hod anal ogous to that of

Exanpl e 1.3, dnter jate, 40 2 repl aci ng 1-ethoxycar bonyl pi per azi ne
and int eﬁ%@?gt&{%‘]hiTé)‘dPeIBllna@ﬁ%g?IS?%Q'@?r‘rredi ate 1.2. The crude was however
purified by CC (eluent: gradient fromEA to EA/MeOH 9/1). LCGMS (A): tR =
1. 07 1 n39.p Mitic2-b&89IoQF arRylbmino-4-(diethoxy-phosphoryl)-butyric acid methyl ester:
4-((R)-2-0-((S)-3-net hoxy-pyrrolidin-1-yl)-2-phenyl -pyrim di ne-4-carbonyl

1- am no} Th#- @hgophd s bprtydryd Jisipi e mafhod eanhloganid ax yHat & f dachplbutl y ktepstier : 10

Thi s conmpound was_ prepar ed using a hod apal ogous to that of EX el
step 1. 1 BT RS 5P C%.%ch%wﬁaéiqﬁif-ﬁgmeeifﬁ%m%@nﬂ.Vgi.s hmwemrnuw?lgﬂy on
was per f eoed/veOHMPI(A) 1 tR = 0.94 mn; [MrH +: 633.25. Exanple 41:

4- 0/ 0- 2- 1%6- (1S, 25) - 2- met hoxynet hyl - cycl opropyl) - 2- phenyl - pyri m di ne4- car b
ony! Pani heHM3(phids pigHonim BYi-bhy B§Z.93.per azi ne- 1- car boxyl i ¢ acid butyl

ester: 1541.1. (E)-3-tributyl stannanyl-prop-2-en-1-o0l: To neat propargyl

R B e R T A
o af for drQuidub® oift Bl HEL ' Rk’ LER G f- ol Rl 554812 02
4.15 (m inkddnedibteTH-Srcpbcipmintd@iddiat0l.00 (t, 9H).

LC-MS (A): tg = 0.83 min; [M+H]": 374.07.

39.7. 4-[(R)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butyryl]-piperazine-
15  I-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.9,
intermediate 39.6 replacing intermediate 1.8 and 1-ethoxycarbonylpiperazine replacing
intermediate 1.4. The compound was however purified twice by CC (EA/Hept. 0/1 to 1/0
followed by EA/EA/MecOH 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): tg = 0.65 min; [M+H]": 380.06.



41. 2. ((JR 2S)-2-tributyl stannanyl -cycl opropyl)-nethanol: To a solution of
DVE (1.8 nL) in anhydrous DCM (70 nmlL) cooled at -13C under argon was slowy
added di evbybmoee10018.5 L), followed by diiodonet hane @8Tm33008/055D2M ( 20
m.) over a 30 min period while keeping the internal tenperature around
-12.5C. After conpletion of 25 the addition, the resulting solution was
stirred for 30 mn at -10C. A solution of

(4R, 5R) - 2-butyl -N, N, NcN -tetramet hyl- 198, 2-di oxabor ol ane- 4, 5-di car boxam de
(3.2 g) in DCM (25 m.) was added slowy to keep internal tenperature bel ow
-10C, i I at/ed)yy. ( )P AB2 0! ] ved by a
sol uti onrrg%fg ' ?n g#n(e%%%%%f%%gﬁp% %%Q%&ggg%\%@%’??i%t %?h‘%ﬂ. Y\ferrperat ure
bet ween pRO@dime!-c8Cnyi/Tinainobbllynd)-patizined -aremoviddqcideillytaserr eact i on

m xture was allowed to warmto RT and was stirred overnight at RT. The

r eact i onTascoqenuodhedhswrtpareth usigg aNEg@Dd solalogben tq 1ot il ) Exagnpdk &, $tvbag. HCL
solution. (10 nl). e m xtur s diluted 5 with H20, the.org., phase

separ at MRl 33" i daREFirktb Rt tht ikl Sarmierish i EORABE ned
org. phasgsmeehe dri ac wrede MaSQbwang puadr b €C @éllient CerdddaptifonAELOQ$ 0 t o
95/5) gave the desired conpound (3.18 g). 1H- NMR (CDC13): 8= 3.55 (m
1H): 3. 35AMeOEYD- 1. 54-1.44 (m 6H): 1.36-1.24 (m 6H); 1.14-1.03 (m 1H):
0.90 (t, L@h%séﬁ):%-:qz(iﬁnﬁqﬂ[hdﬁﬁﬁ 601.d®-0.69 (m 1H); 0.55-0.50 (m 2H);
10-0.20 - -0.30 (m 1H). Optical rotation (589 nm CHC13, 26.6C, 1 = 10 cm
99.6 ng in 10 ni, = 1.0): specific optical rotation = +14.74. 41.3.

Tri but yl 39-¢ 05728224 ety erbevyr Nidinoby gyt iendtratiradise- 4 Terwngldt ut i on of

i nt er medi 41 ) . (60 : H (977 nyg, 60%in 15
it e v e R e S L L S P
added, an tirri 1N t [ ght e ' 1 Xture was
Gt o inRl dohis 438 SakLeS: t%hm%f\éﬁ‘ﬂgéog%ﬁ%itﬁ%do%ﬁg&%ggs S el R

dri ed ovenerMgdiod Xtreplaipgiatedtdaid 1.9.CC (Hept/ EA 100/0 to 95:5) gave the

desi red 3. . . 1H NMR (CDC13): 8=3.45 (dd, 1H);
3?323%%,%&%@?&“&2 ﬁ,fgml\ﬂﬂfl 58049%7 (m 6H);( 201.%7-1. 28 (m( 6H);H)1.05
gm((é)m;s 06_91 E}t, 9H): 0.83 (;,Zgl—%; 0.157 (m 2H: -0.30 (m 1H). 41.4.

- - 3- (di et hoxy- S r - - - -

& S Bl AONB IR B Pt YR ettty 1 i P R RPN | - ami o) - pr
opi onyl ) 4RWARINFALIIRMS}-3PHeSPHonoDuREHy)- Bip bblzinRSE-E4rb ofy I8 aci kb ety Péster:

internmediate 14.1 (80 ny), internediate 41.3 (54 ny), Pd(PPh3)4 (8 ng) in
s heated at 130C in a sealed vial until reaction

degassed t ol uenezé_Z mu) wa ) |

conplet i 8t THEV256e e Fshony emilgs vt epatfiosriervICBY Y H PBY 4Bt at ed of f
and di re@cb%o@ﬂf&f&&%tﬁﬂeﬂ%ﬁel@ar ative TLC (EA/MeOH 9/1) to afford 55 ng of
i npure desired conmpound. LG-M5 (A): tR=1.07 mn; [MH: 659.99.

This compound was prepared using a method analogous to that of Example 39, step 39.7,
intermediate 2.2 replacing 1-cthoxycarbonylpiperazine. The compound was however purified
by CC (cluent: gradient from EA to EA/McOH 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.



WD 2009/ 069100PCT/ 1B2008/ 055002 - 99 - 41.5. 4-((R-2-{[6-((1

S, 25) - 2- met hoxymet hyl - cycl opropyl ) - 2- phenyl - pyri m di ne- 4- carbonyl 1 -

am no} - 3-whaspheawe pr opi onyl ) - pi perazi ne- 1-carboxylic &cCiraBimosgisoest er :
Thi s conpound was prepared using a nethod anal ogous to that of Exanple 38,
step 38.4, internediate 41.4 replacing internmedi ate 38.3. The conpound was
however purified by CC 5(reverse phase; eluent: H20/MeCN 95/5 to 10/90).
LCGM5 (A): tR=10.92 mn; [MH: 603.947- Exanpl e 42:

4-0/0-2-1[6-((1S, 2S) - 2- hydr oxynet hyl - cycl opropy1) - 2- phenyl - pyri m di ne4- car b
ony! pam ppk: 3= AbOBRIARG HIBRIBRY)- 2 Pi-RSS- B4IcNssky h3b RANILIIE2 phbbut Y
4-((R) - 3p;(rumglmoé<wpmé]pmwyf Ppupnpespa8;p&) -2+ lwypdioxyjdrbatildstecy cl opr opyl ) - 2-
phenyl 10 pyri m di ne- 4-car bonyl ] - am no} - propi onyl ) - pi perazi ne-1-car boxylic
aci d but?hmesmﬁmunths wnmpahmdn&asnpﬂwpamewgmﬁ hy that métEradipnadl sgpus, t o

zgag O[ %%&%&4%&2 agzéngm eth nt e/ﬁFE d}’éﬁitggr@%%e ZalnrciezrgaCI H%t rltf? r malgclzlrafé €
4- (( R - 2infdrbre(iateS] 2S)Mhe - drydlr Way rmwayér- purificapbw d Xclﬂcrﬁh@fh}dienp)ffdnmml ne- 4- ca

rbonyl] - 15an1no} 3- phosphono- propi onyl ) - pi per azi ne- 1- car boxylic acid
but yl esEéM e@ﬁﬁgjkonpound was prepared using a nethod anal ogous to that of

Exanpl e §@4M§Rg9t§8l4nlhﬁtgumﬁ; .gteod2.1 replacing internmediate 38.3. The
compound was however purified by CC (reverse phase; eluent: H20/ MeCN 95/5

to 10/90). LC-MS (A): tR = 0.86 nin; [MH + 589.93. 20 Exanpl e 43:
4- 0] 0- 2- 10-6- (LRI IEXYS) - righani-Rysyal pling ety RSy R g e A=cssbdsotlyarivo/-

ami 1o} - 3;h0SRRNG:RA 0 AINDh: PLBRS AR RadnGA ARy i ¢ aci d butyl ester:

4- () - S ﬁpo%ﬁXd %{5‘3 dﬂgp%é’d 21? %4[ 6m(:1%oﬁ‘ya%1%xéfusettoh%ﬁ ?‘”} '%%mﬁ%pg%%ﬂ Ryrimd

i ne4- car bony pi perazi ne- 72'Car box ester:
Thi s conpmunﬂdmasﬂhYmphmﬁguuamngma:h&ﬂh@ﬂnﬁhﬁh@g@ﬁ§paﬁmmbat of Exanple 1

step 1.8 noI ne. r termediate 1.7 and internediate 14.1
replacinﬁcéﬂgﬁﬁ q% ﬁ&+§318%%%?ne 4-carboxylic acid. WD
2009/069100PCT/182008/055002

Example 41: 4-((R)-2-{[6-((1S,25)-2-methoxymethyl-cyclopropyl)-2-phenyl-pyrimidine-

4-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

15  41.1. (E)-3-tributylstannanyl-prop-2-en-1-ol:

To necat propargyl alcohol (1 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 (CDCls): 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-cyclopropyl)-methanol:

To a solution of DME (1.8 mL) in anhydrous DCM (70 mL) cooled at -13°C under argon was
slowly added dicthylzinc (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 stirred for 30 min at -10°C. A solution of
(4R,5R)-2-butyl-N,N,N',N'-tetramethyl-1,3,2-dioxaborolane-4,5-dicarboxamide (3.2 g) in
DCM (25 mL) was added slowly to keep internal temperature below -10°C, immediately



- 100 - LCMS (A): tR=0.94 mn; [MH: 635.01. 43.2.

4- ((R) - 2-{[ 6- (2- hydr oxy-et hyl am no) - 2- phenyl - pyri m di ne- 4- car bony] -am no}-
3- phosphowo-2pevwdnyl ) - pi per azi ne- 1- car boxyl i ¢ aci d but PCTAB2008/055002 S
conpound was prepared using a nethod anal ogous to that of Exanple 38, step
38.4, Sinternediate 43.1 replacing internmedi ate 38.3. The conpound was
however purified by CC (reverse phase; eluent: gradient fromH20 + 0. 1% TFA
to MBCN + 0.1% TFA). LC-M5 (A): tR = 0999 min; [MH +: 578.92. Exanpl e 44:
4-0R) - 2- 1] 6- ( 2- hydr oxynet hyl - pi peri di n- 1-y1) - 2- phenyl - pyri m di ne4- car bonyl ]

1 82"4”2} - f5180RE BY ANQIRIARIFAR¥hcdRli P 81 22h oM (SRR XY Vs AGhEmB THpe RRIET :

4- ((R) - 3b¢ticet AEXG- phlosiihor The cooling cbatlp Wiy demryavetang | thp irgastiond inmxtiegy Was 2- phe
nyl - pyrim dine-4-car ] -propi-anyl L-piperazi.-ne- 1- car hoxyl i cid

RAMRARTIEE R el R R St R ok
Exanpl e 4q. SHgH sblbion 31 htdy andymedhyd. ) lCpelutthinn@ 0mapl dae mgxfurd easditiutade 1. 7

ond 0L R R L o 02 RLERU LB L SR B
4- ((R) - 2enkided ¥ PR TS dREPBLEIMBSD; ¥ha aRRRRY bfPYId (AGBa- foparbony!

1- am n%- 3- phosphono- pr opi onyIﬁ%-églg perazi ne- 1-carboxylic acid butyl ester:
This co 8@)1%9@&1@@5@?5&?@@0@9@ l&gket hod anal ogous to that of Exanple 38,

step 38. Nt e i\ake r agh i 1 i 3 . onpound was
however %’Nﬁge@%ﬁzé _(%65( %vgﬁgg%ﬂg’s”e?hglllr;%ﬂ;l'%gpag‘féhﬁ?'ﬁo% ‘Eigoé@’o. 1%
TFA to Me@N 14030l %HEMA)20 &SIV 0(88)0.78 Bn=6H);8075089 (ki iH): 0.632. 94m,EXampl e
45: 4-0/0-2- 1] 6- ( 3- net hoxy- propyl) - 2- phenyl - pyri m di ne- 4- car bonyl ]

-am I 32%%’5 8L Mdt)mi onyl ) - pi perazi ne-1-carboxylic acid butyl ester:

45.1.  Optical rotation (589 nm, CHCJs, 26.6°C, 1 = 10 cm, 99.6 mg in 10 mL, ¢ = 1.0): specific . .
4- ((R) - 3- (di et hoxy- phosphoryl ) - 2-0- (3- nmet hoxy- prop- 1- ynyl y-2-phenyl -pyrimnd
i ne254- captirehspttation =ali M0} - pr opi onyl ) - pi per azi ne- 1- car boxyl i ¢ aci d butyl
ester: WD 2009/ 069100PCT/ 1B2008/ 055002 - 101 - NEt3 (0.077 nL) and

et |5 993”4 AT 60, 9T d BN 2,8 Kl e Syrnged Tnto a1 ask
raon. The nohfrdt RhubEendty e (X PR T BRTEOLA e NI FRLAPRIE
renoved antbrillvdl) er Rileandabke pintukisgéded§0 Gth IOMNYEIORL.3981 Lwhoadded and stirring
was continued at RT overnight. The reaction mixture was diluted with H,O and extracted with
DCM. The combined org. phases were dried over MgSQO4 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-((1S,25)-2-methoxymethyl-cyclopropyl)-2-phenyl-

pyrimidine-4-carbonyl]-amino }-propionyl)-piperazine-1-carboxylic acid butyl ester:

A mixture of intermediate 14.1 (80 mg), intermediate 41.3 (54 mg), Pd(PPhs), (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): tg = 1.07 min; [M+H]: 659.99.



590/ 10) to afford the desired conpound (311 ng). LGMS (A): tR = 1.06 mn;
[ MiH] © 644.19. 45. 2.

4- ((R) - 3-woizeedosywophosphor yl ) - 2-{[ 6- ( 3- met hoxy- propyl ) PeTpBREN0g/H35082 | M di ne
4- carbonyl] -am no}-propionyl)-piperazi ne-1-carboxylic acid butyl ester:
Raney N ckel in water was decanted, the supernatant was renoved and MeOH
was added. The 10 process was repeated 3 tinmes and the resulting Raney

Ni ckel in MeOH was added to a solution9of internediate 45.1 (261 ng) in
MeOH (15 nlL). The m xture was stirred under hydrogen overnight, filtered

t hr ough i e mnd st A L. DOV .9 .90/ 10)
af f or ded%rjfeg ggp?élgwg]fn%éu%ﬁé&?ﬁﬁé%%}g ‘.%;Cﬁ%-r Ng)(i%”%%}!’%@g% ﬁ&lﬁ;@oﬁ H :
648. 07. aBuk}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

4- ((R) -2-{[ 6- (3- et hoxy- propyl ) - 2- phenyl - pyri m di ne- 4- car bony] - am no} -

3- phosphdhi-qerppiohyay ppippedasingea hatlandboreldgous acitdt blBxhmplet 3, stepl3icgt,

conpound. was prepared using. a nmet.ho ogous to.that of Exanple.l,  step
b il B EP R § R B R R e B Gt bR M he Py BRI vh e v
JpruBi Eﬁ/egl(:rigfer%%{fﬁc@‘ﬁ%éﬁti)}lm%&:N85/8361119/997. ?S/Lle_ﬂnt fSSrﬁmQEZOE; 0. I1% ZEA to MeCN
. 1% : - ; = 0. m n; ; . 94, anpl e ;

4- 0/ 0- 2- EFBR-/I%-API')}EH:&&%-IB% IYIyHD: 6881 - pyri ni di ne- 4- carbonyl | - ani no} -

3- phosphono- propi ony1) - pi per azi ne- 1- carboxylic acid butyl ester: 46.1.
i e, caPSHRPIT A PTG ASrE50 2 e e o ey e ke i PG 62t o1
25 Thi s GQUPIRY-MRR 6S)ropiod inedziafal Qees 1t Qcialky1Qbtelxanpl e
45, step %5. 1, ¥ - but ;ﬁ?g?'glgﬁg)gpﬁiac?hgyﬂnﬁ%l f)lr opar gyl etlhe?l. LC,y- I\/Bte( A: tR
0.99 mn; NZI_;'HQ 643.88. WD 2009/ 069100PCT/ 1B2008/ 055002 - 102 - 46. 2.

t

4- ((R) - 34{-di xy (digtbaptidospprgl-{ Bi- (33 Ay dt-bydyonimef/v)-crlgmenyh-2pfeihi di ned
- .- A - i ) -.pi :ne-1-car L7} C 1 1 ester:
R DO L BRI RS D2 R AR PR L ester:
St 88 f’nSn%hl[s kﬁﬁ@hﬁ%&‘ggg@%%@gﬁ?ﬁsﬁ@ 2ahdehd ﬁa?orggﬁg kP bt 6?E§Kamglel‘éﬁ', Ié@p(ﬁ‘){ tR =
4- ((R) - 2irferfrddiajedt ayplciny ijterdredhenyll.3.pyr i ni di ne- 4- car bonyl

1- am - 3- i | ). -.pi i ne-1- b lic acid butyl ester:
Thi's conbbils (er prasaPEa NS IThGOR E hod ana ogoud (o that of Bxampl o L
step 1.10, internediate 46.2 replacing internediate 1.9. The crude was
however papi #i@0-by6Qa S 18 vek seoxtepbbseloped iyt phavaslr-emtlinkvamrbia+ 0. 1%

TFA to MeCN + 0.1% TFA). ) ) o
15  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 42.1 replacing intermediate 38.3. The compound was however purified by CC
(reverse phase; eluent: H;O/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-
4-carbonyl]-amino }-propionyl)-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 1, step 1.8,

25  cthanolamine replacing intermediate 1.7 and intermediate 14.1 replacing 6-chloro-2-phenyl-

pyrimidine-4-carboxylic acid.



LCGMs (A): tR=10.84 mn; [MH +: 591.94. Exanple 47:
4-0S)-2-1[6-((S)-3-nmet hoxy-pyrrolidin-1-y1)-2-(3-trifluoronethyl-phenyl)-
pyri m di nr€ofe@amsbony| pam no} - 4- phosphono- but yryl) - pi per ®£irnB2028/ez0e0xyl i C
acid butyl ester: 1547.1.

6-chl oro-2-(3-trifluoronethyl-phenyl)-pyrimdine-4-carboxylic acid: This
conpound was prepared in 4 steps from 3-trifluoronethyl benzam di ne using a
met hod anal ogous to that described in-\WD-2006/ 114774 (see Exanple 1, step
1.3, Exanple 24, steps 24.1, 24.2 and 24.3). LCM5 (A): tR=1.03 mn;

[NHl] §@2M§QA %94?)921mm [M+H] - 635,01 o
6-((S)-3- rrethoxy pyrrolidin-1-yl)-2-(3- trifluoromethyl-phenyl)-pyrim dine-4

-carboxylic acid: This conpound was prepared using a nmethod anal ogous to

that of EX3nptE)L-{[6t(@pyarogy-eihstasrinmddi- ldﬂzvrmudlém%@fﬂ?@zyl] -aminoj}-

6-chl oro cal conpound was however
not puri ?% ?&%%{@Oﬁg ?%yl&%{}neg %%%%anc%‘% 16329}268 02. WO

2009/ 069 L 0

4-((9) -4 PRiarSET SR SRRaRE ok S rierft dhalomop i, ey of Epgpls 3 g1y 384
2-(3-%ri fritetmfedmt 481 rqpheimy ane@mﬁdiﬁﬁedi&ﬁ? "theOcﬁ)hbmmyd was however purlﬁed by CC

1- am no} - but | ) - pj perazine y Thi s conpound
was preng‘éeﬂXedéﬁ %Fg &e%gﬁg’ﬁnﬁ’{ﬁ%ﬁl%g 116°T Odléﬁggx Prg 'F'ElA) step 1.3, 5

i nter mEdL@tMS‘EKP 4, E@Ploaginnpvi-Al esngeolt ate 1.2 and internmediate 5.2 replacing
1- et hoxycar bonyl pi perazi ne. The crude was however purified by CC (DCM MeOH

97/3 to 80/20). LCMs (A): tR=1.14 nin; [MH: 756.90. 47. 4.
4-((9)- ZEQaﬂlbﬁmS mz?@xmqwhryafdxﬁhﬁmﬂ;ﬂlber&nﬁa }tlg -2 ipheryIgRihiinghenyl ) - pyr

i m di nel04- car bonyl am no} - osphono- but yt yl gol perazi ne-| - carboxylic
aci d but fHcagkang}- annnpk?*d&mdum Ryapiopy Bpiperazinelrgrboxylic neid baieiestsbus t o
that of Exanple 1, step 1.10, internediate 47.3 replacing internediate 1.9.

120 0. 1o TEA o ek LY ERRs T S RS PO B L R T e

700. 93. aBEREmMEHecABonyl]-amino}-propionyl) pzpemzzne—] carboxylic acid butyl ester:
4-0S)-4-[ bi s-(2, 2-di net hyl - propi onyl oxynet hoxy) - phosphory1] -
2-1[ 6- ((S)liSSGOImEIOhlmd(qusyprcpﬂrd:cﬂiusing ay ethpd pivelmgbuspyar ithait dif ecampicad betey 118 ami no

|- butyr y})(hy({3 o yme l)ri')lperldl%%r re?)i(a\anlgc 1n?ermed1a{'ét )fl Gid Shtermediate 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-yl)-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): tg = 0.86 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-carboxylic acid butyl ester:

45.1. 4-((R)-3-(diethoxy-phosphoryl)-2-{[6-(3-methoxy-prop-1-ynyl)-2-phenyl-pyrimidine-
25 4-carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:



To a solution of the conmpound of Exanple 5 (100 ng) in anh. DVF (0.7 nL)
was added DCMC (95 ng) and chl oronethyl pivalate (0.118 m) under argon.
The m xt uwe 20@6stobr red 20 for 8 h at 90C under argon, @coliBZDogiodm0%t 0 RT
and diluted with toluene. The organi c phase was washed with water, dried
(Na2SO4) and evaporated off. The crude was purified by CC (el uent: gradient
fromEA to EA/MeOH 9/1). After freeze-drying, the title conmpound was
obtained as a white solid (53 ng). LCMB-(A): tR=1.17 mn; [MH +:
861.12. 25Exanpl e 49:

4-09) - 4- NIE'tgs(O(()'7$ ‘Prﬁ,l')ta)ﬂﬂ He@ﬁﬁ@ﬁﬂgﬁéﬁlem%@ HHQI)M&bMF @-i 5 nﬁ_() %)eré;sﬂfr‘l E‘@?ﬁYo a

pyrrolidin-1 - 2-phenyl “pyri mdi ne-4-carbonyl ]-am nol -buty - pi perazi ne
-1- carboﬂ@&lemamnmgbumphfesh@w(S1VK»2@@&&@@gm@ﬂﬁﬁmﬂmBzmﬂBﬂm%EHDQwhbmda -

eni or onet iyl e LSRLRFARLEE T30 Rl LB GAR RG] R bRl SHPTHEEs)
25(18) 2@39@2049&sﬁe@hamkmgn@hﬂomdnmihyﬂeWhyﬁﬁﬁﬂddbyUQSMBC@ﬂMkCHFB%ﬂio15

4- OS)gwg%/l@St??dﬁg%% YEEFOIBPQ}H%%H B%Y) - et hoxy] - phosphoryl | -

2- 1 6- (( Br-MsTRY:RRXWN- (8O [MEH~ 44419 - 2- phenyl - pyri mi di ne- 4- car bonyl | - am no
I-butyryl) plpera2|ne 1 carboxyllc acid butyl ester: To a solution of the

npound of Exanp NVP (0.114 nlL) was added TEA (0.033
rrL) and ;‘L58hFd(laei'ﬁlgffﬂhWxP&Pﬁﬁthé’J(%Zﬁﬁ%Brmefhﬁ?fydﬁ”aﬂédZé’ée’ﬁ’éﬁbﬁ*’i"!ﬁ'é’t? in Synth.

10 Commgtcaéb%)%?/z-)agt {f]r?zon )7§%Fi%§z%g-)] W%Zz@&cgg@ut%ﬂ}? ymxture was stirred

for 8 h down on"to iluted with tol uene.
The org. g (

Tepor i ABAARRcE NIBNG: MARLUS . BRGLALLACLERIRIAGH. 201t 1y

EA, 80 adpentss v&o rctp@attd)e%ﬁieiﬁﬁﬂlthelw%@gﬁ(aﬁ):y chkgl Y G ] Wastaﬂéedpo (adukutloms a

(]2-0|2(2)urm| ﬁSP ' &3] Hla%éé ]rggZMg](ét ur@ @fil 8' ?‘I%E)er glrrsug g%x)as s’él‘rre(?url\l/c%r })drogen B

4- OR) 3- B&urﬁlgﬁﬁ ,fﬂ’reféurfmtohgﬂ Oaﬁ@mnartué Qg Saxyhteags @EYEM/MeOH 99/1 to

2-1[6 ((S% pyrrolidin-1- 2- phenyl - pyri m di ne- 4- car bonyl pam nol
proplonyi QFﬁEFQ%H %d%nééﬁ%ﬁ&ymﬂéﬁE%Pa)butyl ester: Thi s conpound was

preparedL@qwquytneq ﬁ% §4g@7that of Exanple 50, the conpound 20 of
Exampl e 2 repIaC|ng t d of Exanple 5 and chl oronmet hyl pival ate

repl acing 1- chloroeth |valate LCMS (A): tR=1.17 mn; [MH : 847.29.
Exanp} e 523 4-(OR)2-§6t Btns@flﬁ@gf(lfzomff)di ~predtripily pyar pmid e g ey ) /- ~etho y]

-phosphor [0)%¢ | idi 2- phenyl - pyri m di ne- 4-ca
rbonylpa ¥%§%£€n% k%fﬂ’ﬁ%ﬂg?az ngmucggdgg f%ﬁ%ﬁa0|d 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; cluent: gradient from H,O + 0.1% TFA to MeCN + 0.1% TFA).

20 LC-MS (A): tg = 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-ynyl)-2-phenyl-pyrimidine-
4-carbonyl]-amino }-propionyl)-piperazine-1-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): tg = 0.99 min; [M+H]: 643.88.



WO 2009/ 069100PCT/ 1B2008/ 055002 - 105 - To a solution of the conpound of
Exanple 2 (200 ng) in anh. DWVPU (0.586 nL) was added TEA (0.135 m) and the
m xture waie 28e%as9®d for 10 m n under argon. 1-chl oroet hpCTaBu@s/635602 0. 516
m.; prepared as described in Synth. Comrun. (1995), 25(18), 2739-2749) and
then Nal (59 ng) were added at RT. The m xture was stirred for 5 h at 60C
under argon, cooled 5 down to RT and diluted with tol uene. The org. phase
was washed with water and brine, driediogNa2SO4) and evaporat ed under
reduced pressure. The crude was purified by CC (eluent: gradient from Hept
to EA) tgsgive, zi)hﬁ didihS- fp%gﬁz%;z) BSA3 @deayb%@zﬁwsbh& { Zﬂrzm)neaf ter
freeze-drying { ure of diastéereol sonmer = 1.22 mn;

[ MtH] +:  876:108y!]- y@mmp@o@& -piperazine-1- carboxylzc acid butyl ester

4-0R) - 3-[ bi s-(1-i sobut yryl oxy- et hoxy) - phosphoryl] - 2- 1[ 6- (( S) - 3- net hoxy-
pyrrolidThEBmymwumiphemvmanﬂnmhkﬁamgﬂﬂﬂcambmmysp>&minﬁﬁxpmpbhﬁhmeAﬁﬂperazi
ne- 1- car hox |d but ster is conpound was prepared using a

met hod aﬁgr%ﬁgﬁ§ ?R%f% %?&ﬁﬁfé“%g 1-chl oroet hyl isobutyrate (prepared
as de5crLD@dSKA)SyHmhwlﬁﬁmnumei6@@59 25(18), 2739-2749) replacing

151-chl oroet hyl pivalate. LGMS (A): tR=1.18 min; [MH: 847.01. Exanple
54 o :

4- OR) - 3- {87 s AP i YRy P Horg BB KB 1 2oy B sy - BPREPRY - pyr r o
L1 di n- 1= ydopichyDesyhzimy ) el -atidmiefys.] - am nol - propi ony1) - pi per azi ne- 1-
car boxylic aC|d butyl ester: 20 This conpound was prepared using a nethod
anal 090U$h{socohﬂf%hn&fwa@iﬁéﬁ%&e% Pang h-Hbhed %ﬁ&lb%dus R6 QHﬁtO&aEﬁanﬁlﬂé Qp%fe?q 1"1‘)'S
described in Synth. Conmmun. 195% 25(18 739-2749) replacin

ethyl pi indraediate 46 MBplaaing lntﬁzfmﬁdlatqll 9rﬁfhe CI[quHPS h@«weomurl 1edetyyal I(@V%‘@

4- OR y 2 ((S)-3-net hoxy25pyrro
Iidi %01 b ng%k%9%§ %%bﬁnl ne /%EEEOn§%¥ﬁg%bld?%kggplonyl) pi per azi ne-
1- car boxyCidSa8i):dx bu 84 mfmsﬂ‘ﬂrrH : ¥ . 2009/ 069100PCT/ 1B2008/ 055002 - 106 -
Thi s conpound was prepared using a nethod anal ogous to that of Exanple 52,
chl oronet hyl isobutyrate replacing 1-chloroethyl pivalate. LCM (A): tR =
1. 15 m nExhinpldr47: 84-8(592-{[6-((S)Bxasathoey-pGrrolidin-1-yl)-2- (3-trlﬂuoromethyl-phenyl)-

Saim noj - PRMEBRATON SIS e bsp o PG per e Fh R yAe 494 or 56, 1.

Benzyl oxyaai eyl am no- (di met hoxy- phosphoryl)-acetate lithiumsalt:
Z- ct - phosphonogl ycine trinethyl ester (1.6 g) was dissolved in EtOH (5 ni)

and treated with ) oo L
15 47.1. 6-chloro-2-(3-trifluoromethyl-phenyl)-pyrimidine-4-carboxylic acid:

This compound was prepared in 4 steps from 3-trifluoromethylbenzamidine using a method
analogous to that described in WO 2006/114774 (see Example 1, step 1.3, Example 24,
steps 24.1, 24.2 and 24.3).

LC-MS (A): tg = 1.03 min; [M+H]: 302.69.

20 47.2. 6-((S)-3-methoxy-pyrrolidin-1-yl)-2-(3-trifluoromethyl-phenyl)-pyrimidine-4-carboxylic

acid:

This compound was prepared using a method analogous to that of Example 1, 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): tg = 0.87 min; [M+H]": 368.02.



a solution of LiOH H20 (408 nmg) in MeOH H20 (5 nL / 2 nlL). The m xture was
stirred at OC for 30 mn and the solvent was renoved. The crude (1.5 g) was
used di r ewOl290%a@9tohe next 10step. LC-M5 (A): tR = 0.75 mCmaBLows/b§5002318. 06.
56. 2. 4-12-Benzyl oxycar bonyl am no- 2- (di met hoxy- phosphoryl ) -acetyl

1- pi perazi ne-1- carboxylic acid butyl ester: To a solution of internediate
56.1 (1.5 g) in DCM (5 nL) was added DI PEA (3.4 nlL) and 15HATU (2.2 g).
After stirring at RT for 10 min, intermediate 2.2 (1.1 g) was added. The
reaction mxture was stirred overnight at RT and H20 was added. The phases

wer e sepayat ed othey; . as washed, wibh,. .0l ution, dried
(MySO4) I ggg{)é?gf%&%f d &@ﬁ@?%@%@%@%%d%pw( Hept / EA 2/8) to

af ford tBe3-dédiaredetbdmpeuritpyrinitling)4-cdrGoml - -0Rys Dapip& apier] -daNhek tljc
486. 01. 50019% ?’Zes‘zl'r-lz' am no- 2- (di met hoxy- phosphoryl)-acetyl 1
-ycareb'oxyl ic acid butyl ester: This conpound was prepared using

- pi per azi ne-1

a net hod..anal ogous.to that of Exanple.2, step 2. i ntertredi ate 56.

ept act nd iR ares B o & R RSy BRo & &kl o RS, Wt
56.4.5 intermediate 47.2 replacing intermediate 1.2 and intermediate 5.2 replacing

4- (2- (di net hoxy- phosphoryl )-2-0-((S)-3-nmet hoxy-pyrrolidin-1-yl)-2-phenyl 25
pyri m di h-@ﬂwzwrw%pe{az%ﬁ%}c— N&a &vaVﬁ{eParzﬁ?%bﬂ%%%W%éHa%% BHut yl
ester: g@zg)oogl 069100PCT/ 1B2008/ 055002 - 107 - This conpound was prepared
using a nmethod anal ogous to that of Exanple 56, step 56.2, internediate

56. 3 r epLacViAdgAirit erlnidniat BM1HY : 29@99.nt er nedi ate 1.8 repl aci ng i nternedi ate
56.1. The crude was purified by CC (EA/MeOH 1/0 to 1/9). LCM (A): tR =

1.06 m n; ; ./98. : g - o

4 (- {1 61708 R Ry S R e 313 GrE B R P By 1 -
i no} 10 2- ghosphoihanagt4tbhosphquerianirngp pecaiteolkkydboxydic udidibuty bstest er : Thi s
conpound was prepared using a nethod anal ogous to that of Exanple 1, step
1.10, inTeisn@dipptied 56s Hrepppddacding ai meteodradalagas o ShatThfeExanude waspdulrd, f i ed

?)(SO/C%) ( ' %&%@g&?&?ffepgcg%gg : W%f‘? dcla ?{am% grwégilgégg\éevleroIo)lllrilLﬁé[dobyl\@ re-xll-eFr'g\e
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 Example 48: 4-((S)-4-|bis-(2,2-dimethyl-propionyloxymethoxy)-phosphoryl]-
2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-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 toluene. The organic phase

was washed with water, dried (Na,SO4) and evaporated off. The crude was purified by CC

(cluent: gradient from EA to EA/McOH 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-((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:



Exampl e 57: 4-0R)-2-1[ 6- ( 2- Hydr oxy- et hoxy) - 2- phenyl - pyri m di ne- 4- car bonyl ]
-am no}- 3-phosphono- propi onyl) - pi perazi ne-1-carboxylic acid butyl ester:
57. 1. WO 2009/069100 PCT/TB2008/055002

4- ((R) - 3- (Di et hoxy- phosphoryl)-2-{[ 6-(2-hydroxy-ethoxy)-2-phenyl -pyri m di ne
-4- carbonyl ] -am no}-propionyl)-pi perazi ne-1-carboxylic acid butyl ester:
15Et hyl ene gl ycol (92 !'IL) was added to a suspension of NaH (60% di spersi on
in mneral oil, 65 ng) in DMF (1 nlL).-he suspension was stirred at RT for
30 mMmmand internediate 14.1 (200 ng) was added. The reaction m xture was

stirred ghisREmb@inBwhs é)%d"@sﬁn g%@loﬂnﬁaltog@us%)fﬁdf o pPé’al%hglqoﬁMﬁehll%M

NH4C1 sol ution and NaCl solution. The aq phases were extracted with
The conbisnbeywteg(prératedras desgribedrin doi( MBSOy n.a189 By APA B rt2839-8749) rotadiog

(DCM Me0 0) of the crude offered 209 ng of the desired
corrpoundaﬂg%n}\?gltyh\%(a = 0.97 mn; [MH : 635.97. 57.2.

4- ((R) - 2LCEMES (2):Hly erlonsymiet [‘M%M] 83:;38(Enyl pyri m di ne- 4- car bony] - am no} - 3-
phosphono- propi onyl ) - pi perazi ne- 1-carboxylic acid butyl ester: Thi s
conpound was prepared using a nethod anal ogous to that of Exanple 38 step
38.4,5 25Emhmpmﬂi auQ(S-Zr{IwisFEnnaﬁmlglyi-ptqﬁmdby@t)etlﬁﬁy]spho@ihngymo wat er. The

crudevva reparati C- N5 R =

[ 5Tdls S Res B et aRaiBarcT - miseu e imbime ooy lbaamipp kbugT-
4-0S) - 2- {pﬁrézﬁ@@amywyambﬁmhst&l :n-1-y1) - 2- phenyl - pyri m di ne- 4-

car bonyl Pam no} - 5- phosphono- pent anoyl) - pi per azi ne-1| - car boxyl ic acid butyl

ester: 58.1. (S)-2-Benzyl oxycarbonyl am no-5-hydraoxy-pentanoi ¢ acid net hyl
ester: 250&1 O t@n(oflt%@yorgm%filqﬁrﬁxampk TR o1y 11115%\3\;'1’ i(B- 1ML Agesaddedias

added N-1p AR} (14 RS I%H&’H' Hﬁo&@th?llﬁlma)ce @bbPied fb%aké%io%ﬂd)éécn%@él Qh 0§ fTaL €
(0.731 m_) dropwi se. After mn stlrrlnga ., NaBH4 (576 ng) "was
addetl) f Gbmwed(1|9B5))H2l¢16bvﬂ7§%~274%eundea@ngpmnThn mixiure wasstigte foreghat 6020C f or

15 mn and uenched the n H I utio The m

ot not ol HRRE AR ol o n AR L e SR e PR R T RED ) o
evapor at edtcobifid brtnegin&al NaSSQ,) @hd Vi otutddass. mhedwzlé vwas paofial eSS (lvent AOLC- M5
(A : tR:O.gﬁ min, [MH: 282 11 58 2 . - -

( S) - 2- BeRsDh 3y Bo Gy BECHE-2B-19 S Bdnt-An dPT B Y e £ty Ithed cprodues aya

sol uti oncQbuiiddt REIRYS l@l‘fgﬁm’i’ﬁuﬁ% o(f%haéteggols'oﬂle;g)?': (40 nl) were added im dazole

(545 ng) and tripheny hi ne % ) he m xture was cool ed down to 0OC
and 1ddi he-¥I8. (g)gy vba?@ratmd +Hi|)r 8%%V\A se. After 10 min, the reaction
m xture was allowed to warmto RT and was 15stirred at RT for 4 h. An aq.

sol ution of Na2S203 was added to the m xture that was further
Example 51: 4-((R)-3-|bis-(2,2-dimethyl-propionyloxymethoxy)-phosphoryl]-

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 50, the compound
20  of Example 2 replacing the compound of Example 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:



diluted with Et20. The phases were separated and the org. phase was washed
wth water, dried (MySO4) and evaporated off to afford 3.5 g of the crude
conmpound W® 29@depwooi | . LC-MS (A): tR = 1.04 mn; [ M-H PCTEBA008T55088. 3.

(S) - 2-Benzyl oxycar bonyl am no- 5- (di et hoxy- phosphoryl ) -pentanoi ¢ acid net hyl
ester: 20 This conpound was prepared using a nethod anal ogous to that of
Exanple 1 step 1.1, internediate 58.2 replacing Boc-3-iodo-L-Al a-Owe. LC M
(A): tR=0.92 min; [MH: 402.02. 58:%5-

(S) - 2-Benzyl oxycar bonyl am no- 5- (di et hoxy- phosphoryl ) - pentanoi ¢ aci d:

Thi s conpgund®s oPﬁﬁ:%ﬁﬁoguﬁ@bf‘lea%ﬂ@Q s APAh QAR USMPY (0¥6 Ri)) FXeamLE S6
step 56.1, 25internediate 58.3 replacing Z-oc- phosphlnoegC|ne trimet hyl

ester. LCEMHO(]ﬁﬁ mi) Rné: tile ixtuicryas] firejefl :fo38B M und@ aBgon. 1-chloroethyl pivalate
4-109) - 21 ezl SUGaLhond Ao bt LD 898 k). 99 dndlinen

-plperaz ne-1 P coac
2009/ 069N@D@@Tﬁg1)3i2&98ﬂ&1ﬂ5@0?2r -ThtQRixturd hias sthdsdpfor 3ch awa)°Prapar @gorn)sbslgd a
net ho

anal ogous to that of anple 1 st 1.3, inpternediate .4 replacing
't er rediatE RS aal diiGY afthdliars 15e 275 Shiscidngraphed Wik waics and it 4
et hoxycanpoapl PhREERHbAG bifdeMiedufed l‘pﬁegéure OFI¥7 chi® :Wak NtEiticd 395c@8cluerB- 6.
4-[(S) - 2- Ami no- 5- (di et hoxy- phosphory pent anoyl 1-pi perazine-1-carboxylic

aci d but gradigst &om TFeps t ot@nalvwdhe ﬁﬁ@p@tpéwm ngedovish eld dihimsgadisr t o
t hat of ate 58.5 replacing internediate 2. 1.
LC- VB (A@%@ng@ﬁ‘%ﬂegf& iﬁ%ﬁ&ﬂ%’ 1058. 7.

4- ((S) - SLCEMSt(Apxy = phnsph@ﬂy%M]28{$68((S) 3- et hoxy- pyrrolidin-1-yl)-2-phen
yl - pyrim di ne-4-carbonyl 1 -am no}-pentanoyl)-piperazine-1-carboxylic acid
butyl ester: This conpound was prepared using a nmethod anal ogous to that of

Exanpd e B&ampkH3564-2(R)inbév-(teidolatteryddkyseth exl)-phiosghorpli-€r flediSa3emthaxynd
i nternedi ate 8 r cing internedi ate 5 und was purified by
o (At B ieRlifinok BRien Bpyhipidineg-< o Tiino ok pR P e B3,

1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 52, 1-chlorocthyl

isobutyrate (prepared as described in Synth. Commun. (1995), 25(18), 2739-2749) replacing
15  1-chlorocthyl pivalate.

LC-MS (A): tg = 1.18 min; [M+H]: 847.01.

Example 54: 4-((R)-3-|bis-(1-propionyloxy-ethoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine-
1-carboxylic acid butyl ester:

20  This compound was prepared using a method analogous to that of Example 52, 1-chloroethyl
propionate (prepared as described in Synth. 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-(($)-3-methoxy-
25  pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine-

1-carboxylic acid butyl ester:



58. 8.

4-((S)-24[6-((S)-3-Mthoxy-pyrrolidin-1-yl)-2-phenyl-pyrim di ne-4-carbonyl
1- am no} -woe-2pkvaspteono- pent anoyl ) - pi per azi ne- 1- car boxyl i eCaaBzhok 033962 est er:
Thi s conmpound was prepared using a nethod anal ogous to that of Exanple 1
step 1.10, internmediate 58.7 replacing internediate 1.9. The conpound was
purified by CC (reverse 20 phase, water/MeCN 1/0 to 0/1). LGM (A: tR =
0.95 mn; [MH]: 647.05. Exanple 59: -106-

4-1(S)-2-1[6-((S)-3-Met hoxy-pyrrolidin-1-y1)-2-phenyl-pyrim di ne-4-

car bony! RaRi o ¢sPHESRPRIPR BbMok-RERRRNSFRIP B aAH RS2 cRBRRI | C
acid ethyl ester

(S)-2- terSDblBMItath‘flpla@bg)hwthmerﬁl@d@W(aMQ odo phenyl ) - propi oni ¢ acid ethyl
ester: t|o 306 P (3 g), DVAP (187 ng) and DI PEA
(3.94 m_jBC QBI%nTﬁ E{\/a/'sﬁi gléé BCP (6 g) and the reaction m xture
was stirred at RT overm ght. EA and WD 2009/ 069100PCT/ 1B2008/ 055002 - 110

- water d % Cid.kiC i

sol uti onﬁ%ﬁp ﬁd&%g ﬂ:&?@o | onl?ﬁocsfs,l @%ﬁ%ﬁ%@%ﬂ )- Wr?té' Iéé%’é%?%‘%ﬁedcf ) o'? %b%ﬁl‘]s' crude
was pari hingith}Ryp RESphenasacetyIhpipdepdine-lcaebuxyBe acidbubylested:00% B) to afford
3.07 g of the desired conpound as white powder. LC-Ms5 (A): tR = 1.10 m n;

[ MtHr :

2-(9)- e fsgffaz%{?@é%%w R A e Bﬁ%%fsﬁgmfalbhenw L propi oni ¢
aci d et hyl te a sal uti on of er rredl 07 and PPh3)4
(254 ng)%%pﬁ@@kpwg@wsln\m S 6&5@faﬁﬂ% Efbff% L?r%}d T by
NEt 3 (2 H‘s)&lutl&lﬂ%f LR@H rgm; }&{(ggrlﬁi‘ MESHALON B PY 518 2' I nfdturfQfas RN at
refluxed for ng) was added and the m xture was 10
further P& quﬁ@dnmcandzbe WlVéﬂh@aS oimyaietl. Teescradeador @t eah wed dirditly inithgndst own

r esi g%a % di ssolved in EA and washed with a 10%citric acid solution,

sat. 2 solution, water, sat. NaCl solution, dried (MJSO4) and

evapor at ed-Mff(A): Tthe 0crude; sHpuBsi§.0ed by CC (el uant A: Hept, eluant B: EA,
10 to 100% B; 3 batches were obtained; batch n2 was repurifi ed: eluant A

Hept , 40 t Yo B btch n3 was I e urifi el uant A: DCM
ol bant BE ?54%665@@ 50745067 FOR By o8 Bl 0 Y GPGRETRg: desi rod
(S)-2- tert But oxycar bonyl am no- 3- 0 (diet hoxy phosphoryl) phenyl 1-propionic

aci d: Thirs LCQMRRMNT INRENRLAP3680(1USd)NE BCIEhAL) d8ah@EAUSIPEA ?’kﬁfnLgfand
Exanple 1 step 1.2, internmediate 59.2 replacing internediate OLC- M5

(A) : 13 R HATBE2 Righ; Aftam-gtarfing 40 R 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, dried (MgSQO4) and evaporated off. The
crude was purified by CC (Hept/EA 2/8) to afford the desired compound (1.1 g).
LC-MS (A): tg = 0.95 min; [M+H]": 486.01.

20  56.3. 4-[2-amino-2-(dimethoxy-phosphoryl)-acetyl]-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): tg = 0.67 min; [M+H]: 352.55.

56.4. 4-(2-(dimethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
25  pyrimidine-4-carbonyl]-aminot-acetyl)-piperazine-1-carboxylic acid butyl ester:



59.4. 4-{(S)-2-tert-Butoxycarbonyl am no- 3-0- (di et hoxy- phosphoryl) - phenyl
1- propionyl }- piperazine-|l-carboxylic acid ethyl ester: This conpound was
pr epar ed weizn@/@moreet hod anal ogous to that of Exanpl e 56PSTAR2068035002
internediate 59.3 replacing internedi ate 56. 1, 1-ethoxycarbonyl pi perazi ne
replacing 25 internediate 2.2 and using DCM THF 4/1 instead of DCM The
conpound was purified by CC (First purification: Hept/EA 1/0 to 3/1;

foll owed by: eluant A EA eluant B: BEAMeOH 9/1, 0 to 100% B; second
purification: eluant A EA, eluant B: EA/MeOH 40/1, 0 to 100%B). LC M5
() CR TR byl oLtz fils AR LOAYAROADIRCE ERAARR 92303611
59. 5. - Am no- &a(dl et hoxy- phosphotyl) - pheny

1- pr opi onwr}lwmat@eiﬁrqp@cmgcmpb@dww t.2aofl dntemtediate b8 e¢plflrpymﬂ otshinodiptddodal t :
This co nal ogous to that of Exanple 1
step 1. ﬁﬁgn?lgérl\%ésd A e%gg%ﬁfé%%}gg}ohgﬁ/ﬁnedi ate 1.3. 5LCGM5 (A): tR =
0. 69 m nLCIMBKA): t442.06IminSMEH]": 632.98.

4-((S)-3-[4-(Di et hoxy phosphotyl ) - phenyl ]-2-0-((S)-3-nethoxy-pyrrolidin-1-y

1)-2-_ph r e4carbon . o .

oy S oAy S el P il he ey it abowi o compound
was prepan@gspshdgedy ! BirbRLina @By hOd bhdl s@fr- Exanpl e 56 step 56. 2,
internediate 59.5 replacing internediate 2.2, internediate 1.8 repl acing

i nter rredirﬁiseco%ﬁ)o&n@ms epafddNGsikdOM hédodHadalb Tsec@dchﬁfofD@Mm be c@,feﬁnwd was
purified by CC (EA to gJﬁl\é}EOH 1/1). L-I\/lS(j-b.ij 1.0 II
722 99 Bdcrmediate 56.4 replacing 1ntermed1ate 1.9. The crude was purlﬁed by CC (reverse phase;

4-1(9) - Zeﬂlérﬁ %{H%n&}%né (?({/ J SLOrAT Y, 4100’;1 henyl - pyri m di ne- 4- car bonyl

1- am no} propi onyl erazi ne- 1- carboxylic acid
et hylo esLQFMSIBThkSOC@npmuﬁ‘dW@%M%Dar ed using a nmethod anal ogous to that
of Exanple 1 step 1.10, internediate 59.6 replacing internediate 1.9. The
conmpound was purified by CC (reverse phase; eluant A H20 + 1% TFA; el uant
B: MeCN Examiplefs%; (@R 2(i6:231xdrog0ethByy)-2-Chivy-pAyimitiRe=-GurBonyH-amifdy-H) +:
667. 20.
2 [(9) - 2 IR RaPPrORiaP KRR AFPRLS A BUGIENST: pyr i mi di ne-4- 20
carbonyl] am no}- 3-(4-phosphono- phenyl) - propi onyl Ppi perazi ne-1-carboxylic
acid but y? 1 est(et) 3-8 ethoxy-phosphoryl)-2-{[6-(2-hydroxy-ethoxy)-2-phenyl-pyrimidine-4-
4-{(S) - 2 /?Ut oxzcar bonyl am no- 3- 0- (di et hoxy- phos hotyl ) - phenyl
1- propi o ?@V IBEPEPIWED PR BT € b iastst Ddee R Thi s conpound was
prepag edE’th%/!e'ﬁg ggrc 2@: %@5@&%‘@ atsﬁsﬁeﬂﬁgn of N W){) ﬁlsﬁgﬁﬁ%’n%ﬁioﬂ 65
25i nt er nedi at e "59. 3 aC| ng I ntermned ate 56. using DCM' T
i nst ead of2) [KDMFI’(HemL) 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 NH4Cl solution and NaCl solution. The aq phases were extracted
with DCM. The combined org. layers were dried (MgSO4) and evaporated off. CC
20  (DCM/MecOH 95/5 to 90/10) of the crude offered 209 mg of the desired compound.

LC-MS (A): tg = 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 a method analogous to that of Example 38 step 38.4,
25 intermediate 57.1 replacing intermediate 38.3, using no water. The crude was purified by

preparative LC-MS ().

LC-MS (A): tg = 0.83 min; [M+H]: 579.83.



conpound was purified by CC (First purification: eluant A. EA, eluant B:

EA/ MeOH 9/1, O to 40% B; second purification: eluant A: EA, eluant B:

EA/ MeOH MWO020®/5910000% B) . LC-M5 (A): tR = 1.00 mn; [ MPHIIBZOS0H802 WO

2009/ 069100PCT/ 1B2008/ 055002 -112- 60. 2.

4-{(S)-2- Am no- 3- 1- 4- (di et hoxy- phosphot yl ) - phenyl

1- propi onyl } - pi perazi ne-1-carboxylic acid butyl ester hydrochloride salt:
Thi s conmpound was prepared using a nethed anal ogous to that of Exanple 1
step 1.4, internediate 60.1 replacing internediate 1.3. 5LCM5 (A): tR =

0.76 m ngxhibidrss: 449¢s3-b-[69¢SF-3-Methoxy-pyrrolidin-1-yl)-2-phenyl- idine-4-
4-((9S) - 3- [ NFD et hogys%h{o Qﬁ%ty y B’ﬁ’ér'?g”]‘”zm{ g) g)eng pynm(;x?/lepyrrol idin-1

-yl)-2- pﬁ@pyyl.]-pyunq}rij-ph@{lhou@jpbmypyl) plperazme-l carboxyllc acid butyl ester:
1- am no} - propi onyl ) - pi per azi ne- 1- car boxyl ic acid butyl ester: This conpound

was prepag ?d(ég—?' %942910 c%%%ylﬁgz‘%ooﬂﬁy %J?c%rtoz ch%gﬁp Krer® step 56. 2,

i nternmedi ate acl ng’ I nt er nedi nt er me ate18repIaC|ng
i nter nediTat 2 &6 X- léﬁﬁ) KOlutisn nef IZJGGS/I'uZKBMe4(115 i g)stre ddHO(7MOGM.) Tes adﬂwpol:ind was

E)Z; | f ed b%‘y% "&?ﬁ?}lneR{M@ﬁé mllz:s\g(il %Q)t dso}u%%l%%‘f‘or%n%{el(’o 79.1 mq;)l 001%31159 Af!é

4-1(9) - 236 [rﬁm(f(t@m@aMEilBWYNﬁBHI Q576dh@ Jwasl dddd PhgRYed PMEORT GiopRisé- GaE bonyl
1-am no}- 3-(4-phosphono- phe%gsc EFOF)I onyl | - pi perazi ne-1-carboxylic acid

butyl est@ptiommmkirg Wap iEh dpariadnd gpeighed pethssddiianrsd $641 hat
of Exanmpl&ydos tep n}lxtélpebw'amn@tfdz?ew V@ltt}f"Ego The oﬁ‘é)lpﬁ%en\gasj WLGEMBdinal Gerl dBed ThE

conpound was purif (reverse phase; eluant A: H20 + 1% TFA; el uant
B: MeCN éN&S®ODRAI egamdat@dsz tbgivo 1 S@oiB)e cru@-wsdlmys cdl@less 0IL95 min; [ MkH] +:
695

41 ( 2%%((?%) 301\%2&%&9‘4 Vi 883t n- 1- y1) - 2- phenyl - pyri mi di ne-4- 20

carbonyl] -am no} acid ethyl ester. 61. 1.

4-{(S) - 25&121' nSj-Z%Bénzﬂlo(cﬁbdiohpbqymph@&ploqieyiaﬂekhzwd)m@hwmytbr 1

-pro ion e i ne- ester c ound
pPepgr ed B§| E}Ba 0ff e%ta%éac@ %ﬂ ?ﬁﬂ“@rﬂéw dglﬂlmg 161?
p( CH2- POgfhényiprRpeinOxd DB R). amenﬁmm*eaﬁmo%ded&w@to dfe aEdmdang:r @an y\%

cl eaved during the reaction. The compound was purified by CC (el uant A
EA/ NEt 3 adigd portingise. AftergAY mEp HeNErGios aRis g Wag altl@fveﬂo@wgm odkT enraby

el Ut %&% %o&agy 0%{1)8@ Zsoﬂf’f%n”& L sIdevEeRIEEh BRMRAMAG that WEs further

2009 69
diluted with Et,0. The phases were separated and the org. phase was washed with water, dried

(MgS0y) 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.

58.3. (S)-2-Benzyloxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoic acid methyl 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): tg = 0.92 min; [M+H]: 402.02.

58.4. (S)-2-Benzyloxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoic acid:

This compound was prepared using a method analogous to that of Example 56 step 56.1,
25  intermediate 58.3 replacing Z-0-phosphinoglycine trimethyl ester.

LC-MS (A): tg = 0.80 min; [M+H]": 388.19.

58.5. 4-[(S)-2-Benzyloxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoyl]-piperazine-1-

carboxylic acid butyl ester:



-113- LCMS (A: tR=0.71 min; [MH: 456.08. 61.2.

4-((S)-3-[4- (D et hoxy-phosphoryl net hyl ) - phenyl]-2-{[6-((S)-3-nethoxy-pyrrol
idin-1- WO 2009/069100 PCT/IB2008/055002
yl)-2-phenyl - pyri m di ne- 4- car bonyl | - am no} - propi onyl ) - pi per azi ne- 1- car boxyl
ic acid ethyl ester: 5 This conpound was prepared using a nethod anal ogous
to that of Exanple 56 step 56.2, internediate 61.1 replacing internedi ate
2.2, internmediate 1.8 replacing internmediate 56.1 and using DCM THF 4/1
instead of DCM The conpound was purified by CC (eluant A: EA eluant B
EA/MBOH 941, o%ﬁogn&%@]ﬁ par!:(pugﬁg(aa‘)metﬁoa Ena:ioggﬁs % hatl d E&amy?lg’?l gl% 15061. 3.
4-1(9)-2-{[6-((S) oxy-pyrrolidin-1-yl)-2-phenyl -pyri mdine- 4 carbonyl
1- ami no} int@mediashoSirhomephastitey | ingdvenginte- pr.opiaody lintepicditaz P Ae-tpleeinpodlyl i ¢
acid eth rrpound was prepared using a nmethod anal ogous to

t hat of éim%s)%%o&ylg{pe%z 8 internediate 61.2 replacing internmediate 1.9.
The conmpbGAdSyas: tpur()lsﬂlrﬁdl {M+H:q;* 65&9%&r se phase; eluant A: H20 + 1% TFA,
eluant B: MeCN + 1% TFA; gradient: 5 to 90%B). 15LCM5 (A): tR = 0.91 mn;
[ MFH] . 681..086. l e ” : : L

A-1(9) - >34 [56-9([ (é)xﬁg’?wgﬁ?@Vﬁwﬂamh&w—a@wyw@%ﬂwe.-ﬁ-w'ibmfyciwgzd&wﬂ

car bonyl Pag:- nol - 3- (4- phosphonorret hyl - phenyl ) - pr opi onyl ppi per azi ne- 1- car boxy
lic acid butyl ester:

4-{(S) - 2Thii ¢penrpupd (VtsﬂSemIﬁww w@gmm@%ﬁwg@w@ﬁw of Example 2 step 2.2,

1- propi Omfér}ne@la{%eﬁg%zllegﬁcﬂi 2osankexylic acid butyl ester: This conpound was
prepared using a net %a ogous to that of Exanple 1 step 1.3,

Frocp( CHRCPISENR)tr E-OPHem@H MeH] aéihgh nternmediate 1.2 and internediate 2.2
repl aci ng 1-ethoxycarbonyl pi perazine. The Frnoc group was cleaved during the

B £ vty N S s R ok o AT POt T 7RG st ved

c onpoundpydifkdiiB-4-&yrboty B -an o I- iemml)WﬂzzznAMa%xylzc\Aﬁld butyl ester:
2009/ 069100PCT/ 1B2008/ 0550%%1 114-

4- (('S) - 37 A5 (BPOHBk yp e W%?H&?@O%ﬁ%@ﬂ%ﬂ?{ﬂ% f (BPmsleEt fRy Sy r 1ol i

di n-1- intermediate 58.6 replacing intermediate 2.2 and intermediate 1.8 replacing intermediate 56.1.
yl') - 2- phenyl - pyri ni di ne- 4- car bonyl | - am no} - pr opi onyl ) - pi per azi ne- 1- car boxyl|

ic acid Ehwqm@sméwasmlféedchyn% Q&S Me@pPd Bd usi ng a met hod anal ogous to

that f 6_St L0 diate 62.1 replacing internediate
1ig)nt grérarrgg g 1518 reéll’ “ﬁfﬁ ?{r)fge%mrredl ate 56.1 and using DCM THF 4/1

|nstead of DCM The corrpound was purified by CC (eluant A: EA, eluant B:
EA/ MeOH 98.8, ({9 {[pu(S) 5+ Matvonnyr®lidi- 1@0%Bzenslawmddwaf4idairlzxaw]mmin®9 to
100% B)

4-1(9)- 235”%“(7’(5@% %e%’foﬁgfyper%ne'?_ ﬁlbﬁxy?lcﬂCd@%gﬁgﬁ pyr| m di ne-4- car bonyl

1- am no} This compound was prepared using a method analogous to that of Example 1 step 1.10,
intermediate 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): tg = 0.95 min; [M+H]: 647.05.

Example 59: 4-[(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
carbonyl]-amino}-3-(4-phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl

ester:

25 59.1 (5)-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



103- ( 4- phosphononet hyl - phenyl ) - pr opi onyl | - pi per azi ne-1-car boxylic acid
butyl ester: This conpound was prepared using a nmethod anal ogous to that of
Exanpl e Iwetee/k9m0, i nternedi ate 62.2 repl aci ng i nt er medraB®od/0F002The
conmpound was purified by CC (reverse phase; eluant A H20 + 1% TFA; el uant
B: MeCN + 1% TFA; gradient: 5 to 90%B). LCM (A): tR =0.97 mn; [MH +:
709. 15. 15Exanpl e 63:

4-0R) - 2-1[ 6- ((S) - 3- Met hoxy- pyrrolidin-meyl) - 2- phenyl - pyri m di ne- 4-

car bonyl Pam no} - 5- phosphono- pent anoyl) - pi per azi ne-1-carboxylic acid butyl
ester: 63.k: WdR) adadBe sy bi@x YRR BRIV AN Griftr T QiX- REDLANRLE s p'Ndazaég hyl

ester: This compound was prepared using a nethod anal ogous to t hat
Exanpl e S8utsine drisd (MgSQ.) D@ ev@msated pffathan grue @ag pavied b OC- (e Hteﬂ =
0.82 min 2

(R - 2" mohey LR PSP Ford 307 s disied sommupden it pder o o
conpoundL@adSgAgpRFad ousinn fMaHett h@8.anal ogous to t hat of Exanpl e 58 step
58 2, internediate 63.1 replacing internediate 58.1. LCGMs (A): tR = 1.04

1.8
(R Beﬁ%%@i 125 é%fﬁwaﬁxowv;med% BB OBHES IS Fh B arErEC 46 ¢ bt hy
ester: Thi&:conpound was prepared using a met hod anal ogous to that of

Exanpl e i nternedi ate 63.2 repl aci ng Boc-3-iodo-L-Al a-Ove. WO
2009/ 06919(99@%%28@@@@%@@@259 1 {3507 gangsP¢(RPhs)¢ R54 neg)gg MeGN (J3mE) Wap2. 02.

63.4.  ( Rigd-Renayl e bony) aiaRu (dke oy @ﬁ@%qt;@grwn)m@?%g@%@d aci d:

Thi s conpoun s prepared using a ne anal ogous to that Exanpl e

st ep 56. dyernighteat TOYUT .dhen @Su&drfepll(bhl I PP (8@ sygh W glldediané tltermvmnhwas
este C; t

onzy | By BEG Rk 6 28 % HheEhdlisel bRyt oheRResdyibrive e e 1
- car boxmsscﬂvealcmcmbuﬁd/wama &fith a 1015Ja|cﬁnc@m@u1ndom5t PlagPEy @lutlés] Ratea saet hod
anal ogous to e 56 step i nternedi ate 63, 4 reg!a0|ng

th of
i nter rredNa%S%UOP dripd (I‘égg@@mé %Igorﬁaﬁi Pff Ebe By decyas mupfisEhy £6 shant Apen
EA/ MeOH ﬂi@f)t:,l-él-uant B: EA, 10 to 100% B; 3 batches were obtained; batch n°2 was repurified: eluant

A: Hept, cluant 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-phosphoryl)-phenyl]-propionic acid:
This compound was prepared using a method analogous to that of Example 1 step 1.2,
intermediate 59.2 replacing intermediate 1.1.

20  LC-MS (A): tg = 0.86 min; [M+H]": 402.01.

59.4. 4-{(S)-2-tert-Butoxycarbonylamino-3-[4-(diethoxy-phosphoryl)-phenyl]-propionyl }-
piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 56 step 56.2,
intermediate  59.3 replacing intermediate 56.1, 1-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, eluant B: EA/MeOH
9/1, 0 to 100% B; second purification: eluant A: EA, eluant B: EA/MecOH 40/1, 0 to 100% B).
LC-MS (A): tg = 0.93 min; [M+H]: 542.01.



LCMs (A): tR=0.98 mn; [MH: 556.02. 63.6.

4-[ (R) - 2- Am no- 5- (di et hoxy- phosphoryl) -pentanoyl | -piperazine-I|-carboxylic
aci d but yWoester9100 Thi s conmpound was prepared usi ngPaTaBrdegossaeeal ogous
to that of Exanple 2 step 2.2, 15internmediate 63.5 replacing internediate
2.1. LGCM5S (A): tR=0.74 mn; [MH: 422.13. 63.7.

4- ((R) - 5- (D et hoxy- phosphoryl)-24[6-((S)-3-nethoxy-pyrrolidin-I|-yl)-2-pheny
| pyri m di ne-4-carbonyl 1-am no}-pentanayl) - pi perazi ne-1-carboxylic acid
butyl ester: This conpound was prepared using a nethod anal ogous to that of

iEﬁ ?glr) lrrgd ?g fS .Z Ye ?P%@A%mozﬁw kBB ﬁzb?ph@;?ylfgpﬁie%j?)] %%ﬁgnﬂl}‘}yz%r%ﬂk th%rl?m%h@” d

pl aci ng 1 ntefnmedla he compound was purified by
CC ( EA/ MeQH edlyDestarhpdroBINbNBO#IBQ/ 1) . LC-MB (A): tR = 1 08 min; [MH:
703. 04. .. 8, :
4-((R) - 22?‘6 (orgeuad NP HBD T RY M BE i hody Bal%ou%é%ﬁatp‘iffr Exilae. 4R dihony !
1 -am no}merﬁremhwhbn&p}apmgmamld)atqﬂ perazine-|-carboxylic acid butyl ester:
25Thi was nmet hod anal ogous to that of Exanple 1
step 18%%8? ﬁ’émog@erﬁ +ﬁfp?%%flng intermedi ate 1.9. The conpound was
purifled by CC (reverse phase water/MeCN 1/0 to 0/1). LGM (A: tR = 0.95

mn; [M3dk: 16657 04 (DzM%M%ﬂ@%ﬂﬁ??&é}ﬁﬁ%%)ﬂﬁ;‘é%&ypﬂﬂﬁzdm Ewnzpl e 64
41(R) 2-[ (6-1sopropyl -2- phenyl - pyri m di ne-4-carbonyl)-amn

phosphon qﬁ%@f@wywp—%@%@@zﬂr%@np -RPIIXADIRe ddied! BTy lis S re¢hyéasfqr
4-{(9) - 2 dd%ip sdda (xgt's ?ré}ﬁ%‘e)ﬂ mghﬁétﬂéﬁgﬁ;‘%é&ls ROGR¥ ! of Ex5ample 56 step 56.2,

1- propi onyl }- p|pera2|n carboxylic acid butyl ester:
| sopr opy Imtagedsicit. brephiculg iftéivhddmtaHE, inGErhediateil) wakcmddetdmiolianSot ande

. abhyardte DERETTE LT oo g orditiay A byl BEE R GrgBi > ™)

i sopr opylifmpgnesi um brom de (1M in THF 0.820 nL) was added and the m xture
was further stirred fo A IMHC1 solution (1 nL) was added and it was
al | oned E&Mpi(A)ftpr 11065“"@51 PéAH\}vagz%\%ed the phases were separated, the
org. 10 phase was dried (Na2SO4) and evaporated off. CC (EAto EA/NEOH

100/ 1; f 9!9.'70\4@@@%[617@913’ @ch%ﬁp}rpolﬂizrﬂ-i i éuhl%&ényz pPbdlibe- 4@%%@'—‘&&%,&)
of fered 40 r’rg e desired conpound tR=1.10 mn;
618. 03. 3-(4-phosphono-phenyl)-propionyl] pzpemzzne—] carboxylzc aczd 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; cluant A: H,O + 1% TFA; eluant B: MeCN + 1% TFA; gradient: 5 to 80% B).

LC-MS (A): tg = 0.89 min; [M+H]: 667.20.

Example 60: 4-[(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
20  carbonyl]-amino}-3-(4-phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid butyl

ester:

60.1. 4-{(S)-2-tert-Butoxycarbonylamino-3-[4-(diethoxy-phosphoryl)-phenyl]-propionyl }-

piperazine-1-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 instecad of DCM. The

compound was purified by CC (First purification: eluant A: EA, cluant B: EA/McOH 9/1, 0 to

40% B; second purification: eluant A: EA, cluant B: EA/Me¢OH 40/1, 0 to 100% B).

LC-MS (A): tg = 1.00 min; [M+H]": 569.98.



64. 2.

4-{(R)-2-[(6-1sopropyl - 2- phenyl - pyri m di ne- 4- car bonyl ) - am no] - 3- phosphonol5
pr opi onylweopipamsawdne- 1- car boxyl ic acid butyl ester: ThiPE€TABIMO®MESdO2NAS
prepared using a nethod anal ogous to that of Exanple 1 step 1.10,
internediate 64.1 replacing internediate 1.9. The conpound was purified by
CC (reverse phase; eluant A H20 + 1% TFA; eluant B: MeCN + 1% TFA,
gradient: 5 to 80%B). LCM (A): tR =110-95 mn; [M11l]: 561.98. 20 Exanple
65: 4-0R)-2-1[ 6-(3- Met hoxynet hyl - azeti di n- 1-y1) - 2- phenyl - pyri m di ne- 4-

car bonyl zam@}z Anphosph %&hwygg%%%)z; PhenS27h N5 FRLRRIRYILGrgh B UL Y

ester: 65.1 Benzhydi yl - azet|
1- Benzhydcriilbalzéesaﬂwély@wélpbd«wltc acid (101 ny) vvas di ssolved in THF (2 nl)

and lithi mﬁﬁ m_h S T [ red
over ni gh;rHat mu(}élt er, yrg sf%gl glrr’rl?pg?%g\gl%um 0agr%l)ﬁra gﬁzgo £ k'axﬁ and %ﬁl

added. Thﬁerpiaala&%()vﬂemglasle@aﬁafr@dmtdhe org. phase was dr| ed (Na2sM™4) and
evapoy at o aff of desired product. LCM (A): tR = 0.67
m n: { M%éﬁ T6- 0" é‘é}r% ib‘%}gh/ 1B2008/ 055002 -117- 65. 2.

1- Benzhyd| yl - 3- met hoxynet hyl - azetidine: To an ice-cold solution of

i nt er reds@B e 416%5)B-(ODismdx #ﬁo%r;(lﬂ-pﬁ@n}l]vﬂa?ﬁ&m)@m%bky(]@ﬁ%lidﬁh pypexal oil,

17 ng). The mixture was a warmto RT and was stirred for 30 min at
RT. Met h:pﬁze%@wa@ ras-aabyifagriseicier e e saine [ree bpadic seidriugd eder RT f or

4h. Sat. T emﬁﬁ@'\ﬂ%' ? a%suﬁ%dg%etﬁ&ﬁa&wg%fﬂ% % F?ﬁ%go? A PY@E@%%Q%tzh

bri ne, 2504 nd evaporated off to a sired
pr oduct . 1r116(miv$a'(e,&)(}2 eRlaclng im8ropddrate P R/Hﬁterm@@@tell@i re@&c@g intermediate 56.1 and

onal W ou e B A6 YL MSreon DN P SREHAE VRSB0 3 CodRh it & BRo 5
repl aci ngluEitQH.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-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
3-(4-phosphono-phenyl)-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; cluant A: H,O + 1% TFA; eluant B: MeCN + 1% TFA; gradient: 5 to 80% B).

LC-MS (A): tg = 0.95 min; [M+H]": 695.35.

Example 61: 4-[(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
20  carbonyl]-amino}-3-(4-phosphonomethyl-phenyl)-propionyl]-piperazine-1-carboxylic
acid ethyl ester:

61.1. 4-{(S)-2-Amino-3-[4-(diethoxy-phosphorylmethyl)-phenyl]-propionyl}-piperazine-1-

carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1 step 1.3, Fmoc-
25  p(CH;-POsEt;)-L-Phe-OH replacing intermediate 1.2. The Fmoc group was cleaved during the

reaction. The compound was purified by CC (cluant A: EA/NEt; 100/1, cluant B:

EA/MeOH/NEt; 50/50/1, 0 to 100% B, followed by elution with MeOH) to afford 448 mg of

the desired compound.



1H- NWR (CD30D): 8 = 4.15 (br. s, 2H); 3.98 (br. s, 2H); 3.54 (s, 2H); 3.44
(s, 3H); 3.11 (s, 1H). 65.4.

4- ((R) - 3-wDizeedoswophosphot yl ) - 24[ 6- ( 3- net hoxynet hyl - az @CirdB2008/635002- 2- pheny
| pyri m di ne-4-carbony] -am no}- propionyl) - pi perazi ne-1-carboxylic acid butyl
ester: 15This conpound was prepared using a nethod anal ogous to that of
Exanple 1 step 1.8, internediate 65.3 replacing internediate 1.7. LG M
(A): tR=1.05 mn; [M1l1l]: 675.25. 65115

4- ((R) - 2-0- (3- Met hoxynet hyl - azeti di n-1-yl ) - 2- phenyl - pyri m di ne- 4-car bonyl

1- am no} 1 c3vBRARFRNCROIRLAP MMM ) 254 §€r azi ne- 1- carboxylic acid butyl ester:
20 Thi s conpound was prepared using a nethod anal ogous to that of Exanple

38 step 38.4, internediate 65.4 replacing internedi ate 38.3. The conpound
was puri f{-éd41(5) S 4 ¥ bpyerhobidosy methyubnmtienx!] - M09 €S I03-1oipRpapyrepliddnt! - B:  MeCN

+ 0.1% Tf[fi;Z—ﬂ[@gﬁpgﬁi%ge:—yga%%%ﬁ)amiijmc,;:%pi{?l%)l)'—pl}aea’a?ing—']Qcoarggxg}l'ic L% %A‘zl/l

619. 65.
4-1 (R) - 2eqté6- Cycl opent yl oxy- 2- phenyl - pyri m di ne- 4- car bonyl ) - am no] - 3-

25phosphono- pr opi onyl | - pi per,azi.ne-1 -carpoxylic acid ethyl ester: 66. 1.
LR B D PR PR bt PR e AT RGP PalescRe 38 ot R B 55 5P i et
oxyphos phdntlelia @pi gb}%ﬁbingQﬁt@ﬁﬁs’ﬂi&t@@.ﬂ}hﬁe@ﬂ@&léﬁé' 1 Crephichg@htBdhedast 86.1 anyO

2009/ 069100PCT/ 1B2008/ 055002 - 118 - Thi s conpound was pregar ed usi n% a
met hod aRdP®EEN/THY tHainsterd ek BEMeThe serappundgvasgourified by CC (cluant A: EA,

cycl opentivhos /Ry Py d Modi Bf- 4- carboxylic acid (prepared as described
in WO06114774, Exanple 1, internediate 1.7) replacing internediate 1.8.

LC- VB ( ALC-MR (&):1x 69 .06 min; [WhHi - 75B24.72. 566. 2.
4-{(R)-2-[(6-Cycl opent yl oxy- 2- phenyl - pyri m di ne- 4-car bonyl ) - am no] - 3- phosph

- i | i ine- 1- N i | . ester;, i ] d

o onk e Bl gt 2 BB SR PPl D L LB Grgmapne s

i nt er medBav-@haphindephdphay)imogiongfliperz36- Bearbbwelic avipetiytesnas purified by
tive LG M (I . 10LG-M5 (A): tR = 0.97 mn; . 576, 72. I

67 4. ?( ¥§z€0ﬂp@y@ gﬁ\%ﬁrm%wnéﬂ%@Péiaﬁalfg%ﬂog%ﬂgﬂﬁﬁ%mﬁi hibpdes.

car 30n%/|hffﬂél ik E@i'at&éléﬁ’rr@;ﬁl@eﬁ@%ﬂéh&ﬁ&%lh)): he RoAPYHRPIvRE Haafiee by -CarRexyt i C

acl e Yy ester:

7. 1.
(S) - 3- ( 3PBrembuahdnilh L% dFA; pluaw:B; Me@dryi"akf Nogidispt 8¢ 80%addd et hyl
eStefs  LC-MS (A): te = 0.91 min; [M+H]": 681.06.

Example 62: 4-[(S)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
carbonyl]-amino}-3-(4-phosphonomethyl-phenyl)-propionyl]-piperazine-1-carboxylic
acid butyl ester:

62.1. 4-{(S)-2-Amino-3-[4-(diethoxy-phosphorylmethyl)-phenyl]-propionyl}-piperazine-1-
20 carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 1 step 1.3, Fmoc-
p(CH,-POsEt,)-L-Phe-OH replacing intermediate 1.2 and intermediate 2.2 replacing 1-cthoxy-
carbonylpiperazine. The Fmoc group was cleaved during the reaction. The compound was
purified by CC (eluant A: EA/NEt; 100/1, cluant B: EA/MeOH/NEt; 50/50/1, 0 to 100% B) to
25  afford 448 mg of the desired compound.
LC-MS (A): tg = 0.77 min; [M+H]: 484.00.



15 This conmpound was prepared using a nethod anal ogous to that of Exanple
59 step 59.1, (S)- N Boc- 3-bronophenyl al ani ne repl aci ng Boc- Phe(44)-0H The
conmpound waxopurspfoned by CC (eluant A EA, eluant B: MOHI/IB2008035005 B) .
LCMs (A): tR=1.09 mn; [M11]: 372.20. 67. 2.

(S)-2-tert-But oxycarbonyl am no- 3- 13- (di et hoxy- phosphoryl ) -phenyl | - propi oni c
acid 20ethyl ester: To a solution of NEt3 (1.32 nL), diethylphosphite (0.83
m.) and Pd(PPh3)4 (428 ng) in toluene-(120 nL) was added a sol uti on of
intermediate 67.1 (741 ng) in toluene (2 nL). The reaction m xture was

stirred gyer Q'(FSP]B ﬁﬁ(ﬂ%&%@ﬁhoﬁ‘ﬂ%ﬁ@ﬁ%he;ﬁ; 18518/ 3 %th@? rrbidaf-1( 60 L)

was added and e mxture was filtered and evaporated of e crude oil
was pur i Ph-@epheyy 250 (iEAHdeptontl]-bminp} Hrapiond) a@ﬁi@zmeﬂwrb@ybcr atihéuilsi r ed
pr oduct ashyellow oil. LGM5s (A): tR=10.99 mn; [MH: 430.42. 67.3.

(S)-2- t eft < But oxycar bonyl am no- 3- 13- (di et hoxy- phosphor yl ) -phenyl | - propi onic
aci d:  WDhi2 0fd8p0628d @PETHphBAOSI0 5 3R d addl@ous Thitlsat cd pauiptt e staprépar ed

t hod. | o to that . of te t d 7.2
opl a1 TGty B8 s e A TREdiegat RpHe g iRATSe R Y nd
67.4. 4-{{i) D%MﬂrHF But RxusRbP oW aﬁh@@orﬁpolr%d(v%seﬁlﬂﬁ?éﬁ H@h@@r(e%mIA phenyl 1

- propi onyl } - EQ&/ erazine-|-carboxylic acid ethyl ester: This conpound was
pr epar edclysitiy 1 fivat yBigstians Ot 400% B; BScanp periE@tign:el) 154007 B).

i nt er medj at Lepj n +e ate 56.1, 1-ethoxycarbonyl pi perazi ne
repl aci nkgéllﬁﬁl?wéﬁl gltol fn E\/Iﬁg uzgﬁgi DCM THF 4/ 1 instead of DCM The

conpound was purified by CC (first purification: eluant A: EA eluant B:
EA/ MeOH 62.3., 49(3 -1/00%%) B-Ms@oonpyridplin-il Vi) eaphanl-pyeimidive-4Acarblepl/.ashaant  B:

a1 (- 25K RO R a Tt G B HRBY T P Her) Py 2t i i

- pr opi onYhiks- @nPRuAL iWie- ﬂrcmécbﬁsﬁyg iaCmathbd @hloydusest @bt by dxaapleor isttp 1S, t :
Thi s conpound vvas%?grepare usi ng a net hod anal ogous to that of Exanple 1
step 1.4ntersedipl, fedirshlaciey fernigiaic i Ag Tatcerpadidatias purficd by Ng© (yersg R =

0.70 m nphJsM*'e'Tﬂant 447,38- 1‘@%?@ cluant B: MeCN-I- 1% TFA radient: 5 to 90% B).
4-((S)-3-[3-(D et hoxy-phospho yI)-pheny ]-24[ 6 % 3-met hoxy-pyrrolidin-I-
yl)-2- phenyiB(pyrti Frl0cﬂ7rtem4{MaHﬂ)oﬁ99 15.

1- am no} - propi onyl ) - pi perazi ne-|1-carboxylic acid ethyl ester: This conpound
was prepared using a nmethod anal ogous to that of Exanple 56 step 56.2, 20

i nt ethredEaampBA35 €)X 0d (9)rt-Methasy apyerdidin-1iydi-2pher latysimidier4pl aci ng

our 11 e ByopEy alifls BRbDaR e o tibineRAEE e Bimo ! pdBByERTRANTE (E°
(A: tR=1.06 mn; [M11l]: 732.82.
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-pentanoic acid methyl ester:
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 method analogous to that of Example 1 step 1.1,

intermediate 63.2 replacing Boc-3-iodo-L-Ala-OMe.



67.7.

4-1(S)-24[6-((S)-3-Methoxy-pyrrolidin-I-yl)-2-phenyl-pyrimdi ne-4-carbonyl
1- am no} -we28eN@9phosphono- phenyl ) - propi onyl | - pi per azi neCIAB20®E35962 ¢ aci d
ethyl ester: This compound was prepared using a nethod anal ogous to that of
Exanple 1 step 1.10, internmediate 67.6 replacing internediate 1.9. The
conpound was purified by CC (reverse phase; eluant A: H20 + 1% TFA; el uant
B: MeCN + 1% TFA; gradient: 5 to 80% B)i5- WD 2009/ 069100PCT/ 1B2008/ 055002 -
120 - LCGM5 (A): tR=0.90 mn; [MH: 667.64. Exanple 68:

4-12- 1161 (8o NeL iy [N19h) dupn gy v 1) - 2- phenyl - pyr i i di ne- 4- carbony! ] -
am no} - 2- (4- phosphono- phenyl ) - acet yl Ppi per azi ne- 1- car boxylic acid et hyl

ester: 68.1. rac-(4-Brono-phenyl)-tert-butoxycarbonyl am no-acetic acid: 5To
an i ce- c68.d &RrUBremloatcaghanplyr(ine-p(Gadopheivbhorvideritendepdd{ 3 g) in di oxane
(13 m) i . j, - - -di.carbonat e
(34" o). TR RRP M hafstohatt & e Mo P SRR B SERPR e o
RT. The whriredates3enephtingd@sopasdphinogiyeide behydelnestdEM and citric acid (109 .

The agueous phase was extracted twice with DCM The conbi ned org. phases
were Urj %&'M%@%@%&ﬁp&n’é‘v 6H£t é&g-é?-f to afford 5 g of the desired
10product as white solid. LCGMS (A): tR=0.96 mn; [MH: 330.08. 68.2.
rac- (4- Brsg).mo49&1@@19);@@&}@%@)&%%_b%whafp-ﬁmamweﬂahd}zpﬁz}a?Aazzﬂgizer :

Thi s conpound was prepared using a nmethod anal ogous to that of Exanple 59
step 59. qrbpylisurigdivar es'g8. 1 repl aci ng Boc- Phe(44)-0H. The conpound was

purified /0. % : = i ;L [<H]
399. 24. ggffésc. r‘”ggﬁfé‘/ratgéée t %@y%éégg%%@éﬁ h@%}l ﬁ% éﬁ?fﬁ%ﬁ%gepﬁ%gﬁf’ip)ﬂghenyl
1- acet i cirrimgdietehdd.4 eplaemg mErR{iRPI8)14 The cddpginddegasserd byd @ (Hepifder

ar gon. was, .adde t 8 mL) and diethyl phosphite (5.3 nL). A solution of
inte??red?/gt e%%%fé%@) in anhydrous toluene (123 20 nmL) was added and
the m xt ycempas):hgatoerd wip; pU-+APSEsepEr ni ght under a constant flow of argon.
After cooling down, the reaction m xture was washed with citric acid (10%,

sat. aq. H solution, dried (Na2SQ4) and evaporated off. The crude oil
Was puri P}*'\-Ed %)éAwﬂ@pé-/@ﬂhavyov@g'@a}@m%pflﬁaw d%lfaerg%%(szfa@roxxlrfeac Bilylog
product gggcolorless resin. LCGMS (A): tR =0.99 mn; [M11l]: 415. 84.
2568. 4. rac-tert-Butoxycarbonyl am no-|I4-(di et hoxy-phosphoryl ) -phenyl

1- acet i c Thisi epmpphnd vess nprepared waisg pr apsilradldanadigeys do rieathdfdExaanle goslsp £&. t hat

of Ei(éinpin(ia.’ergneaita%%S% I%plai:iﬂk?r{t%gidﬁkeelﬁs' 3 replacing internediate 1.1.
LC-MS (A): tg = 0.74 min; [M+H]": 422.13.

63.7. 4-((R)-5-(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/McOH 8/2, then EA/McOH 9/1).

LC-MS (A): tg = 1.08 min; [M+H]": 703.04.

63.8. 4-((R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
S-phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester:

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.



WO 2009/ 069100PCT/ 1B2008/ 055002 - 121 - LC-Ms (A): tR = 0.87 min; [MHr:
429.18. 68.5.

rac- 4- 0- twote®utsenycar bonyl am no- 2- 0- (di et hoxy- phosphor PCrAptoesgisveacet yl } -
pi perazi ne-|-carboxylic acid ethyl ester: This conpound was prepared using
a nmet hod anal ogous to that of Exanple 56 step 56.2, 1- 5

et hoxycar bonyl pi perazine replacing internediate 2.2, internediate 68.4
replacing internediate 56.1 and using-DEM THF 4/ 1 i nstead of DCM The crude
was purified by CC (eluant A: EA, eluant B: EA/MeOH 40/1, 0 to 20% B).

LC M5 (A)ExalrnBlef40 K ?(Ifﬁl-flL(dlwﬂ'l{l)pyl@ﬁh%l-pynmldﬁ% ﬁcarbonﬁl) amino]-3-

rac-4-{2- Am no- 2- 0- oxy- phosphoryl’) - phenyl | -acetyl'} - pi perazi ne-| -carbo
xyl i ¢ 10pbosphenérpropienyd}-pipeyanine hicarliogglicadid butihiesfeconpound was pr epar ed
using a nethod anal ogous to that of Exanple 1 step 1.4, internediate 68.5

| aci W 68. 7.
L?FZ?FZn?ﬁj ﬁg y _Aﬂ%@p 6"3951’%";0 hg hoyl?f%y?fjg%y?ﬂb{”%%;g&ffrr% |Id| n-1-yl)
-2-phenybarb&@hpymdmudalaﬂem car bonyI 1 -am no} acetyl)-pi perazine-1
o D e ST ol J5RTEPRP Al B R b b el B
anal ogou e
intermed bﬂﬁq&r&e&mel 1211601 0B digh bd ko TINERLBLAcB@NALE | BMEPHI aalhg-zdr%@s THaRd 6Wsl) ng

DCM THF 4/ 1 instead of DCM The cor‘rﬁound was purified bi (eluant A:. EA,
el uant BUngearRgepHAGer stirgng at RHdor 8) h. benrepmagngpiun kromigqe @M i RHF] fasef -

709. 74. ﬁﬁ,e %ras added anﬁ the mixture was rther stlrred for 35 min. A 1M HCl solution (1 mL? was
4-1-2-{[6- (S) - OoXYy- pyrr ol |d1 1-yl)-2-phenyl - pyrim di ne-4-caf bonyl | -a

m no} - 2- aqd¢dphd gph@sraﬂop/hém/ist)r-fac étS)hl [EApwperdalzilitbe phasas orcyskparatadi thie etghyl

S, SRR R BB TS TR DI Ty

corrpoundmmEAoLnr/o ftb €@t pYin&ly: (DEVE S ©NIPIESIE; 2081 U afitred\: 40HQ; oiemaaésqu
MeCN;, gradient: 5 to 80%B). LCM5S (A: tR=0.89 mn; [MH: 653.67. WO
2009/ 0694UBIRENA1B2008/ 055002 - 122 - Exanpl e 69:

4-2- 1] 6 COSB(R): Nﬁkhwmﬁy[mhﬂ*dbﬂgég y1) - 2- phenyl - pyri ni di ne- 4- car bonyl | -
am nol - 2- (4- phosp ono- phenyl ) - acet yl Ppi per azi ne- 1- carboxylic acid butyl

ester:
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; cluant A: H,O + 1% TFA; eluant 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-yl)-2-phenyl-pyrimidine-4-

carbonyl]-amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

65.1. (1-Benzhydryl-azetidin-3-yl)-methanol:

1-Benzhydrylazetane-3-carboxylic acid (101 mg) was dissolved in THF (2 mL) and lithium

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,SQO4) and evaporated off to afford 93 mg of the desired product.

LC-MS (A): tg = 0.67 min; [M+H]: 254.16.



69. 1.
rac-4-{2-tert-Butoxycarbonyl am no- 2- 0- (di et hoxy- phosphoryl) -phenyl | -acetyl}
- pi per azwpes®/waroboxyl i c acid butyl ester: 5 This conpeacmdBasgogswepar ed
using a nethod anal ogous to that of Exanple 56 step 56.2, internediate 68.4
replacing internediate 56.1 and using DCM THF 4/ 1 i nstead of DCM The crude
was purified by CC (eluant A: EA, eluant B: EA/ MeOH 40/1, 0 to 100% B)
LCGMS (A): tR=1.02 min; [MH : 556.687- 69. 2.

rac-4-{2- Am no- 2- 0- (di et hoxy- phosphoryl ) - phenyl | -acetyl }- pi perazi ne-1-carbo

xylic 1Og§2d]q%%wbdg§gq%ahg%g ?p&gh%gg salt: This conpound was prepared
using a net hod anal ogous to"tha anple 1 step 1.4, internediate 69.1

repl aci ndjo !antlwwé@scduteonlofsnteu@dx@e AL (9t RerIQOTHE (hind;) Wavkadgled Malg (080 169, 3.
4-(2-14- ([ e%gh X¥?181%35[%h ALY u}e \Qasea?%y%egi t(bwarhm to ]1{T aliq\__’was stirred éor 30 min at RT,

-2-{[6-( rro rdrn en -carbonyl 1

- am no} - sty ligdigd pesr Ar) Ras hdear A&@(mblrﬁlxaﬁe dvabtshyrked e tRerr forml SatC (NHQQOQCI was
prepared using a method anal ogous to that of Exanple 56 step 5

i nt er redpelpiéonegasadded) thepiggnip Rbase e wskedwih bT“f*ﬁa drige N abe)ang %@ﬂ%ﬁi ng

i nter medygte.H84qb6 rHﬁéH Gk 4/ 1 instead of DCM The conpound was
purmed@ A0 RS %AI%MO ant B: EA/MeOH 9/1, O to 100% B). 20LC NS

(A): tR LC1M$3ADntm O[MHH]H [M3H7]'7868.69. 4.
4-12- {[6 ((S)-3-Met hoxy- pyrrolldln 1-yl)-2-phenyl - pyri m di ne-4-carbonyl | - am

i no}- 2- p hen acetyl | - pi perazi ne-1-carboxylic acid butyl
ester: 8#% ?%iﬂﬂ;%he% Fm% %wgpared using a nethod anal ogous to that of

Exanpl e Thstcﬁ)php])uﬂd) wab prerareidisige a GBetBod epdlaghiun go ithdt esfndingile 21stéh 2.The
conp nd was p (reverse hase; eluant A H20; eluant B
gr%&%tﬁaﬁeék'ﬁé‘g%&go lreplging KONt R = 0.96 min; [MH: 681.69. WO
2009/ 0693}@@3@@@%@@?@%@9% 5,221, 3.9 fHJbﬁ 73054 (5 2H): 3.44 (5. 3H): 3 1165,
4-12-1[6-((S) t hoxy-pyrroii'din-1-y1l1) eny pyr1m di ne-4-carbonyl ] -

am no} - 24{B- phosphono- phenyl ) - acetylPplpera2|ne-1-carboxyllc acid et hyl
ester: 70.1. rac-(3-Brono-phenyl)-tert-butoxycarbonyl am no-acetic acid:

This co S 3 heth t anpl e 68
T0LS GoBNEY M MR R, TRLLOH NG 0S5 3 2l
am no- ( 4phtmidbrephenpbnijaceino s, pﬁl}ﬂcdzyl)l;ﬁ}adﬂ&z&eﬁq—caitbﬁx)#zc(hcgﬁbu’tgl’lmyte{ M+H] +:
332. 26. . 2. rac-(3-Brono-phenyl)-tert-butoxycarbog cetlc
oty s B Comipfind WS IOTHEN WDE Ut I 20 HBTHO L MANb dotieP 18- ¢ ha
of Exanplferh@dnteaid. PQplheink Mt&iPamkat # 70. 1 repl aci ng Boc- Phe(44) OH. The
conpound was purified by Fbpt/EA 101/0 to 1/1).
C-MS (A): tg = 1.05 min; [MF+H] : 675.25.
65.5. 4-((R)-2-{[6-(3-Methoxymethyl-azetidin-1-yl)-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; eluant A: H,O + 0.1% TFA; eluant B: MeCN + 0.1% TFA; gradient: 5 to 90% B).
LC-MS (A): tg = 0.90 min; [M+H]": 619.65.

Example 66: 4-{(R)-2-[(6-Cyclopentyloxy-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-
25  phosphono-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:



LCMS (A): tR=1.08 min; [MH+: 358.27. 70.3.

rac-tert-But oxycarbonyl am no- 13- (di et hoxy-phosphoryl)-phenyl 1-acetic acid
et hyl estwp:20006s1060nmpound was prepared using a net hod aoaliByosessv@ t hat of
Exanpl e 68 step 68.3, internediate 70.2 replacing internedi ate 68. 2.

1I5LCG- M5 (A): tR =0.99 mn; [MH +: 416.00. 70.4.

rac-tert-But oxycarbonyl am no- 13- (di et hoxy-phosphoryl)-phenyl 1-acetic acid:
Thi s conmpound was prepared using a nethed anal ogous to that of Exanple 1
step 1.2, internediate 70.3 replacing internediate 1.1. LGM (A: tR =

0.89 m nTh{sMth%ou&g%fa;Z)rep%%aousﬁlg a method analogous to that of Example 1 step 1.9, 6-
rac-4-{2-tert-Butoxycarbonyl am no- 2- 13- (di etthoxy- phosph ory13 phenyl [ -acetyl

}- pi per awlerentylaxarbpbopyi-pyragidtheet- Wbomb@ er acidhi grgemdouns v@@mpb@parﬂed
using a &)q %abg ﬂ%l 1?1‘[ rrr]lg(ilat%f |7§X c1n %&:rt%%c?%te?% 2, 1-

et hoxycar bonyl pi1 pérazi 1 ac ng internediate 70.4
repl aci ngCiME&ANRg iFat(® hin; [JMqu]* asimg DCMTHF 4/1 instead of DCM The crude
was purified by CC (EA). 25LC M5 (A) tR=0.95 mn; [M11l]: 528.63. 70.6.

o ea b AT TPl 96’}/@%’@76‘%§?@P”yl¥1§fﬁf’48éﬁrp$‘ﬁld7é’”§alt wo

2009/ 069&%%}[}%&’&%/@5@9@%@%%ethﬁ@bt@rCOWDOUHd was prepared using a
met hod anal ogous to that of Exanple 1 step 1.4, internediate 70.5 repl acing

i nt er medil B ecompgund @aymrqpayed wyng=a guethodyinplogons tp that g Esgmplp 3§ step 38:4,
4-(2-[3- (n%rﬁ{eafae&yegplht%ﬁB@ﬁgxﬁtzm&faﬁa%é 3. 21%% Lurﬁr@ p&fgfe{caréggy ﬁEébhfaﬁb@Lé yl)-2

- phenyl - pyrimdine-4 bonyl -am no} - acetyl e-1-carboxylic
acid ethy¥S@Ster: This corrpound was prepared using a nethod anal ogous to

t hat | of | e.. t R diate 70.6 replacing internediate 2.2,
i nt el dlEgtaI\ggfﬁé% g)ld;grlmr?g ﬁﬁlr%ﬁ%@te 56.1 and using DCM THF 4/1 i nstead

of DCM The conpound was purified by CC (el uant A EA, eluant B: EA/ MeOH

9/1, 0 tg_100% B) = 1.0 709. 8 70. 8.

112 (68 P ot B RS gy ool Lt B Pinine 1 511 o
i no} - 2- éaa-bphm»phﬁm-@hepwsbhaﬁ@buéﬂﬁpbﬂ@ﬁa@ﬂ]Qﬁpéraeﬂretlewbbzym:mcdi ahhiy|
ester: Thi s conpound was prepared using a nethod anal ogous to that of
Exanpl e ©t&%ep 1.10, internediate 70.7 replacing internediate 1.9. The
conpound was purified by CC (reverse 15phase; eluant A: H20; eluant B:

MeCN,  gr adi ep8):3-B-BRnBOMeBN)-2-1ert-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, cluant B: McOH, 0 to 20% B).
LC-MS (A): tg = 1.09 min; [M+H]: 372.20.

67.2. (S)-2-tert-Butoxycarbonylamino-3-[3-(diethoxy-phosphoryl)-phenyl]-propionic acid
20  ethyl ester:
To a solution of NEt; (1.32 mL), dicthylphosphite (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,O (60
mL) was added and the mixture was filtered and evaporated off. The crude oil was purified by
25 CC (EA/Hept 1/1 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:



LCM5 (A): tR=0.90 min; [MH : 653.24. Exanple 71:
4-[2-1[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrim di ne-4-carbonyl | am
no} - 2- ( 3-wohaspheawophenyl ) - acet yl | - pi per azi ne- 1- car boxy IPCE/TRzi08/035002y |

ester: 71.1.

rac-4-{2-tert-Butoxycarbonyl am no- 2- 13- (di et hoxy- phosphoryl ) -phenyl | -acetyl
}- 20 pi perazine-1l-carboxylic acid butyl ester: This conpound was prepared
usi ng a nmethod anal ogous to that of Exasple 56 step 56.2, internediate 69.4
replacing intermediate 56.1 and using DCM THF 4/1 instead of DCM The crude

was purl ThR e othd (W) pre (N%Sl(lé‘)a idthad zlna@c%goﬁ% Ho tfléM*'(tﬂ Exampb- 62tep42/1. 2.
rac-4-{2- Am no- 2- 13- (di et hoxy- phosphoryl) - phenyl | -acetyl } - pi per azi ne 1-carb

oxylic amtfdrrbdltdw 67&1teelacmbym¢rwlda@rl e salt: WO

2009/ 069]1:80M iI%ZO% 80%%0&%&1 ?z OlThi s conmpound was prepared using a

met hod anal ogous to 't step 1.4, internediate 71.1 replacing
internediate 1.3. LCGM (A): tR = 0.77 mn; [MH: 456.51. 71.3.

)4- (2 -2-] 3ﬁ( é{mwwﬂh@ﬂwﬂd’bhﬂmﬂ?ﬁ 13-@idth By {peSpharmepiraxy-ppyrionifi-di n- 1-yl
- 2- eny c
1- ani }pp’%é‘FW) n%) g%i’ﬁg %yc%ff%oxyl ic acid butyl ester: This conpound

was prepahicouold &aiphdactdamniddabighdd atdiedoudfo EXAMI Bxadfpls 5@ RtcpB62,
internediate 71.2 rﬁgl acing internmediate 2.2, internediate 1.8 replacing

i nt er neditgrBIedgel It FRlasEEDOVETREISE 156 Ast Ethosycatony IPsEzEssRiAd S s
puri fied; oy ChiafF 5 Sahd ggn %(‘}TQWFHPA%/ lEf%steQd Hfaﬂbl\B Tﬂ-:cpéol}{ﬁlv)ggn'\l@%? ggrlﬁ@d ﬂ)? 0% ;

second CC. reverse phase, "eluant A 0; eluant 10 B: X I ent:
90% B) . LCC MBs( p)lrlﬁttdﬁon eluast i rEA] Malaint B7FA/XEOH /4. 0 to 100% B; second

nor 20 BBt NOS LAY Al bl R Shle BB e oy e aci a dutyl

ester: LThuS (A@rtpem)rmt MaS [NaFHpaseri3isi ng a met hod anal ogous to that of
Exanple 1 step 1.10, 15| nternedl ate 71.3 replacing internediate 1.9. The

conpound S p ied b everse ph uant, A H20; el uant B: MeCN;
gr adi ent 63 f‘c{?@o{rfé'@ Ralezod %’%)Vphpﬁ’hmg)s Sl ﬁmf[lwmlﬁ-wpe@imgg AR e 72
4-1 2- 1[Ga&Zgg)hyﬁesmth@%yhngg‘ggjﬁ di n-1-y1)-2-phenyl - pyri m di ne-4-carbonyl | am
no} - 2- ( 2- Ehosphono phenyl ) -acetyl | - pi perazi ne-1-carboxylic acid butyl
est er: This compound was prepared using a method analogous to that of Example 1 stepl.4,

15  intermediate 67.4 replacing intermediate 1.3.

LC-MS (A): tg = 0.70 min; [M+H]: 442 .38.

67.6. 4-((S)-3-[3-(Diethoxy-phosphoryl)-phenyl]-2-{ [6-((S)-3-methoxy-pyrrolidin-1-yl)-2-

phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-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 (cluant A: EA,

cluant B: EA/McOH 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)-propionyl]-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared 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).



2072.1. rac-(2-Brono-phenyl)-tert-butoxycarbonyl am no-acetic acid: This
conpound was prepared using a nethod anal ogous to that of Exanple 68 step
68. 1, amwo-20®/dpwno- phenyl )-acetic acid repl aci ng PCT/IB2008/055002

am no- ( 4- brono- phenyl )-acetic acid. LGM5 (A): tR = 0.93 mn; [MH +:
330.21. 72.2. rac-(2-Brono-phenyl)-tert-butoxycarbonyl am no-acetic acid
ethyl ester: 25 This conpound was prepared using a nmethod anal ogous to that
of Exanple 59 step 59.1, internediate-28-1 repl aci ng Boc- Phe(44)-0H. The
conmpound was purified twice by CC (Hept/EA, 1/0 to 0/1). WO

2009/ O69]L@Qﬁ§'{/A§.$gQQ)84(ﬂ§§pga+H 126764 LC-M5 (A): tR=1.06 min; [MH:
358.29. 72.3. rac-tert-Bufoxycarbonyl am no-12- (di et hoxy- phosphoryl) phenyl
1-acetic acid ethyl ester Thi s conmpound was prepared using a nethod

anal ogougyh@pleyst 95 zW@Wn&}ﬁ@&&h4ﬂ}%ﬂ%ﬂylalsﬁuzam% li-%@hﬁﬁ[yl]g

i ntermedi ate 68. 2. tR="0
rac- tertammq}x%y@alplmsnmehml-ybzacsml]eplpgwnphbs@b@xxliC)anhethyl es!Leracet| c acid:
Thi's compound was prepared using a method anal ogous to that of Exanple 1

step 1.24gi “Lﬁfﬁeﬁﬂé@} %517 ?%ﬁ@t@ﬁk%ohﬁ&rﬁ[n%%%&cz} 1. LGM (A tR =

0.84 mn;
r ac-45{ 2Tp entleeBuﬂ@xeyluamrb@ﬁ]gthiam(Mrcﬁncﬂ:ﬁhe(ndl)etcbtm(g&ﬁcb fogpinatigtane ghemy)) landicet yl

s ho’a NEDRGiP iR GFh 18 tmll iy et i Pl sdSubei ERRb B MR G AL 368 72, o
repl aci nglidwddes meﬁhab RT&&dhaa@drre@bmlm\d& RAIFT#A¢ ﬂvhitasﬁs@a@u@ﬁwmltm@d crude
was purified b 1/0 to 0/1). 15LC M5 tR=1.01 mn

[ M+H] +: %e@sﬁ% agl mfra%aczd (1929nf hroaapea . Rhdtcet o ra%@é\&% i DEMe ﬁbr
1-acetyl }:orﬂblﬁgﬁ @?g' liBﬁases %'fcbg?fé/d U@aﬁ@ )danla%vﬁf)orgt%gl%rff tohyf%rgojhé %‘f'tﬁj@dc%?rka

This conpound was prepared using a method anal ogous to of Exanple
st eplQ. 4proidnttes mhde a¢lal. 72. 5 repl acing i nternediate 1. 3. 20LC—I\/B (A : tR =

0.80 m n%B%E%))( 4%59621

4-(2-] 2- R pitosp br@ﬁ ﬁﬂ;h%%‘%z?ﬁ'- 2-{[6-((S)-3-net hoxy-pyrrolidin-1-yl)
- 2- phenyl pyri m di ne- 4- car bonyl 1-am no}-acetyl)-pi perazine-|-carboxylic
aci d but y8.2este¥-Bromo-phenyl)-tert-butoxycarbonylamino-acetic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 59 step 59.1,

intermediate 68.1 replacing Boc-Phe(4-1)-OH. The compound was purified by CC (Hept/EA,
15 1/0to 0/1).

LC-MS (A): tg = 1.08 min; [M+H]": 399.24.

68.3. rac-tert-Butoxycarbonylamino-[4-(diethoxy-phosphoryl)-phenyl]-acetic acid ethyl ester:
To Pd(PPhs)s (2.44 g) degassed and put under argon was added NEt; (8.6 mL) and
diethylphosphite (5.3 mL). A solution 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. aq.
NaHCOs solution, dried (Na;SO4) 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 product as colorless resin.
LC-MS (A): tg = 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.



Thi s conmpound was prepared using a nethod anal ogous to that of Exanple 56
step 56.2, internediate 72.6 replacing internediate 2.2, internediate 1.8
repl aci ngworvevasepat e 56. 1 and 25 usi ng DCM THF 4/ 1 i ngCedas2008/0B30M The
conmpound was purified by CC (eluant A: EA, eluant B: EA/ MeOH 100/1, O to
100% B). LCM5 (A): tR=1.11 min; [MH +: 737.81. WO

2009/ 069100PCT/ 1B2008/ 055002 - 127 - 72.8.

442-{[ 6- ((S) - 3- Met hoxy-pyrrolidin-1-yt)42-phenyl - pyri m di ne-4-carbonyl | -am
no}-2- (2-phosphono-phenyl)-acetyll -piperazi ne-1-carboxylic acid butyl
ester: [ Fhit§g (g?r{ggt@rgﬂ; WasMiapanegl gising a nethod anal ogous to that of
Exanple 1 step 1.10, internmediate 72.7 replacing internediate 1.9. The
conmpound was purified by CC (reverse 5phase; eluant A H20; eluant B: MeCN;
gr adi ent 68.8. tas- 8034 B ButpgunopyminoR-H-1diehoxvimitosphger)-rh @8 -azevl}Exanpl e 73:
4-0R) - 2- - (4- Me -pLperazi n-1-y1)-2-phenyl - pyri m di ne-4-carbonyl ] -

am no} - 3‘;‘[6%6"%’3’%%‘}}%%%2:‘“ gﬁg%@gﬁ%& azi ne-1-carboxylic acid butyl ester:

73. 1. This compound was prepared using a method analogous to that of Example 56 step 56.2, 1-

4- ((R) - 3-( Di et hoxy- phosphoryl ) - 24[ 6- (4- methyl - pi perazj p-1-yl ) -.2- phenyl - pyri
M SR RB R ir RS (e R e s R R R O e
ester: Thé.$ 16@UFALDEMESTHMY /¢ PR o HAN. Phd@bNOfapRAIRIGYTE Rlddnah: Bk,
Exanpl e 1 st 1- et hyl p:%/peram ne replacing internediate 1.7 and

ep 1.8
i nt er nedelge lﬁﬁfw\/‘e@[ﬂ Y089 Bbr 0- 2- phenyl - pyri mi di ne- 4- car boxyl i ¢

aci d. Therc - N rified. LCGM5 (A): tR = 0.82 mn;
A T MEGIZRANTIENRS RANREH 195 B

4-((R)-2-{[6-(4-Methyl -pi perazin-1-yl)-2-phenyl -pyrim di ne-4-carbony] -am no
} - 3- phoéphona=H ooy Py 4 biipépazihveriorearbawy/racelyBeniveraeitsl -caghoaylic Thi s
conmpogind S red I a_pet hod anal ogous to that of Exanple 1 step

1. 10‘,?6'i n?ée,\l?ﬁtehgli%?%’ %Vg.rél]c%?%%e%?ﬁg internmediate 1.9. The crude was purified
by CC (r @&usrsenjhaseyaseprapartd Asingl20 methadamialdgoud/ehat gsfaBkanble 15step 180% B)

foll owed. by preparative TLC 20 (EA/MeOH 1/1 then EA/MeOH 1/2). LG M (A):
tR = 0. 76“%1’%95113%@%3 Fepgi@g 1‘3@”}%&%& 74:

4- 1(R) - 21 ceasivry.phelo ¢y diny ivi2aphery b4 pyri m di ne- 4- car bonyl ) - am no] - 3-
phosphono- pr opi onyl | - pi perazi ne-1-carboxylic acid butyl ester: 74. 1.
4-{(R) - 3-§Di et hoxy- phosphoryl)-2-[(6- rmlr_{phol i n-4-yl -2-phenyl -pyrimdi ne-4-c
ar bony! ) 9535 &7 hbi Pt hopr-6higyhoryl pdeardi-de [ x((Shi ek xwy@re{lérnbluﬂ}}%p@é'fy& :
15  pyrimidine-4-carbonyl]-aminot-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 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,

cluant B: EA/Mc¢OH 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)-acetyl]-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; cluant A: H;O; cluant B: MeCN; gradient: 5 to 80% B).

LC-MS (A): tg = 0.89 min; [M+H]: 653.67.



WO 2009/ 069100PCT/ 1B2008/ 055002 - 128 - This conpound was prepared using a

nmet hod anal ogous to that of Exanple 1 step 1.8, norpholine replacing

i nt er medisioeo®/os9mnd i ntermedi ate 14. 1 repl aci ng PCT/IB2008/055002

6- chl or o- 2- phenyl pyri m di ne-4-carboxylic acid. The conpound was however not
purified. LCGM5 (A): tR=1.00 mn; [MH: 661.24. 574.2.

4-{(R) - 2-[ (6- Morphol i n-4-yl -2-phenyl - pyri m di ne-4-car bonyl ) -am no] - 3- phosph
ono- propionyl }-piperazine-I-carboxylir2acid butyl ester: This conpound was
prepared using a method anal ogous to that of Exanple 1 step 1.10,

|t er medipRhfipkiol HEPACi O MRETEN Bofai. %\I) D-ElheR iRt LuihioRdn by OO

(reverse phase; eluant A 'H20; el uant gradierit: 5 to 80

10LC- M5 am)no}t2R4=plgpspHonn- nhel{ymwlmsem;neacmbeylwmd butyl ester:

N, Nr- Bi s- (et hoxycar bonyl net hyl)-3-1(S)-[6-((S)-3-nmethoxy-pyrrolidin-1yl)-2-
phenyl - (4- /- o) pi perazin-1
Dy b RGBS L Y R P gy
gl yci ne pﬂpbz;dzznesltmrbcbxyzdcwdlboweteer(62 ng), TEA (0.124 15 m) in anh.

rld ne 0.250 M) was heated.to 60 eIIow
D Le3 onThR Shpolld wif Ry it 7 T ety ot B, SE Sl 5 156
mg) in aniﬂernﬁafate%mreﬁa&czéqnmmem 56ddad ubiag DEMAIDY 8/1Thetéddr . DAKE The

reaction m xture was stirred at 60C overni ght, cooled to RT and

concent r 8tIge Waypiffeddivdife (hest paFey elugidl Mﬁ@éh“%bl\(/] alQ0%R). - NaHCOB. The

organi ¢ pRags (WS, Washadin WLMtpng kEego dried (Na2SO4) and evaporated under 20
reduced pressure The crud purified by CC (solvent A: DCM solvent B:

DCM MeOH élo 1), 9rad| ent: to 10098/ 12CV, 10098/ 3CV) to give 19 ny of
ti tled pf duetc-4 & mjrest- l?v%m(@hthbydmwphozw@h@ﬁyﬂeqcew}e@z@adﬂwﬂ“grbomﬂlqu (A :

0 Exanpl e 76:
4- OR}01 %ﬁmbmglésw }b]dr?%)ozna% th)sphoryl) 2-1[6-((S) - 3-net hoxy-
25pyr r ol THisnedmpolhd 2v4s hprepdrecpmsmgl dinfeghodl- oaldpony Itg -thari sfoExgpmdpi losed )l 4pi per a
zi ne-1- car boﬁét_éq') aC|]d .butl}/l e WO 2009/ 069100PCT/ 1B2008/ 055002 - 129
- LC- M5 [uagrmetligie-6941 ygplaging intergge teI? 3. 66 Exarrpl e 77:
4- OR) - 3- { BLISRAPR onyicxMTRVEXY 190 phor y1) - 2- 1] 6- ((S) - 3- met hoxypyrrol i di n
-1-y1)-2-phenyl - pyrim d| ne 4 car bonyl ] - am nol - pr opi onyl) - pi per azi ne- 1-

carboxyllc aC|d but yl
4-(2-[4- (Dzethoxy phosphoryl) -phenyl]-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-

15  pyrimidine-4-carbonyl]-aminot-acetyl)-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 (eluant A: EA,
cluant B: EA/Mc¢OH 9/1, 0 to 100% B).

20 LC-MS (A): tg = 1.13 min; [M+H]": 737.78.

69.4. 4-[2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-2-

(4-phosphono-phenyl)-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; cluant A: H;O; cluant B: MeCN; gradient: 5 to 80% B).

LC-MS (A): tg = 0.96 min; [M+H]: 681.69.



5 This conmpound was prepared using a nethod anal ogous to that of Exanple
52, chl oronet hyl propionate (prepared as described in Synth. Comrun.

(1995), 280D28)9/062i089-2749) replacing 1- chloroethyl pivacCatB2008/GwMa (A): tR
= 1.06 mn; [MH: 791. 31 Exanpl e 78:

4- OR) - 3- (Bi s- but yryl oxynmet hoxy- phosphory1)-2-1[ 6- ((S) - 3- nmet hoxylOpyrrolidin
-1 -y1)-2-phenyl - pyri m di ne- 4-car bonyl ] - am nol - propi ony1l) - pi per azi ne- 1-
carboxylic acid butyl ester: This conprand was prepared using a nethod

anal ogous to that of Exanple 52, chloronethyl butyrate replacing

1- chl S i rbony¥ Al I
7QC NO{\IS-EE%P legztoxgiﬁigr%dgﬁym{tﬁe Iy) lS}ZR 1(%?11%50(21(138)&%‘%% ’ﬁgli'ge g?}?r ol i di n- F-

y1) - 2- phamjno}pdyG-phasphenotplenybearety]l-piperaginesl-caabogylicsaciliethxlestear bonyl - pi per
azin-1-yl)- propyl-phosphonic acid diam de: This conpound was prepared

o B T QBRI R PRl B SRR e R BT TECT ST 2.0 Tl gl M9
AP ﬁgﬁ(sm.e?ﬁh?aﬁ?im?%?m'rﬁi}fﬁdﬁgﬂﬂegﬁs et r
)5 P BT o e B e el B o B T B e oy o P

using a E@tngAynglzwmt [MtLHﬁt 39d 2(Exarrpl e 75, intermedi ate 252.6
replacing internediate 5.4 and L-al ani ne et hyl ester hydr ochl ori de

replacin | yci ne et hyl ter hy drochlorlde
2000/ 0691087 iﬁ%@lﬂé@@édiﬁ bulpyprarh QLI %Wtaﬁd—e”&ﬂ 68 Hi n; [ MrHr :

816.99. EXRAMRLHOBAd was prepared using a method analo ous to that of Example 59 step 59.1,
N, Nr - Bi s- (met hoxycar bonyl met hyl )-2- 1( R) 46- ( hoxy- irro i di n-1-

y1) - 2- phavigrnegipiei 1. Hrqp@cmgcﬁncb%%]) i hbg ccanmdswa(s@ubﬁt:d) y L&athbptiA, pi per
azinyd- Yo R ys)pyl phosphonic acid diam de: 5 This conpound was prepared
using a met no dl anal ogous to that of Exanple 75, internediate 2.6 replacing
i nt er medLatMSEA% tand .Gf vt [M+HEt B§8.2Rst er hydrochl ori de repl aci ng gl yci ne
et hyl ester hydrochloride. LGMs (A): tR =0.98 mn; [MH +: 760.92.

Exanpl e

NN Bl 50 (0SB L AP BRI A3 BBl Ly By st o s esir

10rmet hoxyhRydoirpouad Brad pydpared- Ny Imddd hdddas 4o et PBblmpd b9 @epFEBX0- 3- (
4- but oxy-
intermediate 70.2 replacing intermediate 68.2.

15 LC-MS (A): tg = 0.99 min; [M+H]": 416.00.

70.4. rac-tert-Butoxycarbonylamino-[3-(diethoxy-phosphoryl)-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-
cthoxycarbonylpiperazine 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): tg = 0.95 min; [M+H]": 528.63.

70.6. rac-4-{2-Amino-2-[3-(diethoxy-phosphoryl)-phenyl]-acetyl}-piperazine-1-carboxylic
acid ethyl ester, hydrochloride salt:



car bonyl - pi perazi n-1-y1) - propyl - phosphoni ¢ aci d di am de: This conpound was
prepared using a nethod anal ogous to that of Exanple 75, internediate 2.6
repl aci ngwormvevasepat e 5.4 and val i ne net hyl ester hydr @ciliBroosiessoepl aci ng
gl ycine ethyl ester hydrochloride. 15LCGMS (A): tR = 1.11 mn; [MH +:

845. 02. Exanpl e 83:

N, Nr- Bi s-(tert-butyl oxycarbonyl net hyl)-2-1(R)46-((S)-3-nmet hoxy-pyrrolidin-1
-y1) - 2- phenyl - pyri m di ne- 4- car bonyl] - arttno} - 3- oxo- 3- ( 4- but oxy- car bonyl - pi pe
razi n-1-yl)-propyl - phosphoni ¢ aci d di am de: Thi s conmpound was prepared

usi ng a fRishQhRIARY Q?%U%refaege& Ql@ittl of RMPLRIGRus 't@ttﬁz[tnﬁdE%&plgolz s€p 1.4,

repl aci ng |nterned|ate yC|ne tert-butyl ester hydrochlorlde
r epl aci ngptgingdiatee/ Ot teplaciog irderntpdatochl ori de. LCG-MS (A): tR = 1.12 nmin;

[ MtH]

N, Nr - Blsﬂﬁdg%(é)n%thoxycar onyﬂp?%%4Q) 2-1(R)-[6-((S)-3-nmet hoxy-pyrrolidin-
1-y1l)-2-phenyl - pyri m di ne- 4- car bony1l] - am no} - 3- oxo- 3- (4- but oxy- car bonyl - 25p
i per azi n7Q7y #)(2-{§8-6Pid Fopnpseipbony ) -raeind ]/ -+ e (e 3- méﬁ@xy pyrrolzdzn 1-yl)-2-phenyl-

2009/ 069100PCT/ 1 20 8/ 5002 This co epared using a
o thot aRITBgRE CBR AR B e g e Rea e 5B SRS aai e
inter nedlraiseco%lp%u@dldvazpaépafwbwn/gr h Gn@kdd ait@dddyb 1€ kLo MARPNEOstcdS6.2,

repl aci ng egC|ne ethyl ester hydrochl oride. LC M5 $A): tR=1.07 mn;
[ MtH] g I 13@@9&6‘(’&? cpg-intermediate 2.2, intermediate 1.8 replacing intermediate 56.1 and

N, Nr - Bi Sus(lﬁ%?bch}ﬁuifh@)iyﬁ%cf&%f’ bC%/[ZTﬁ’é dﬁﬁ&ﬁha%é%%kea (&: Eﬁaﬁt(@ ER;

met hoxy-pyrtolidin-1-yl)-2-phenyl-pyrimdine-4-c onyl anlno - 3- 0X0- 3- (4-
butoxycaﬂb@nﬁilﬁVbbﬁﬁt%% 0 toyl0P>pBppy! - phosphoni ¢ aci d di am de: ThIS

conpound We ne usin 3 anal ogous to that of Exanple 75,

inte d% teSgAgQ gqﬁkuﬁbﬁﬂﬁﬁgfk@gﬁ%te 5.4 and tert-1leucine nethyl ester
hydr ochl ori de repl aci ng glycine 10ethyl ester hydrochloride. LCGM (A): tR
= 1. 15 nv6g. pNeHY6-(BE3-MEhoxkxpampligin8Byl)-2-phenyl-pyrimidine-4-carbonyl]-amino }-2-

N, Nr - Bi s- tert tyl carbonyl -et hyl)-2-1 6 ((S)-3-net hoxy-pyrro
l'idin-1- é}’sgfp’%ﬂﬁ’é’rﬁ’le” 'f"‘%’?ﬁﬁlﬁémﬁmé'a(r‘%&@%’l’iw &’}B) {%x0- 3- (4- but oxy- car bon
yl - plper@Khﬂx%n%&ﬂdQ&@gﬁ&mﬁﬂpﬁﬂﬂgﬁlﬁmﬁ@&dmﬂ%@&hd@ th&b of Mx8mPRMP KA . MRS

prepared, u5|ngwa nmet hod anal ogous to that of Exanple 75, internediate 2.6
repl aC| nipteraedinipe d. Atreplacing arermedisil hQ- Tbe ccompeynd wes errifigdiby HT draverse

reF" : %ﬂ%ye%aagAeHr@J %@&RQKM%PJ&&'E'S% 80“/%% (A): tR=1.16 mn;

N Nr - Bi sLC(8H(A): rtEFN)CB(MﬁHﬂK [Mﬁblﬂ gsphenyl -ethyl ) -2-1(R) 46-((S) - 3-
20met hoxy- pyrrolidin-1-yl)-2-phenyl - pyri m di ne-4-car bonyl ] - am no} - 3- oxo- 3- (
4- but oxy-

Example 71: 4-[2-{[|6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-

amino}-2-(3-phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid butyl ester:

71.1. rac-4-{2-tert-Butoxycarbonylamino-2-[3-(diethoxy-phosphoryl)-phenyl]-acetyl }-

20 piperazine-1-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
crude 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 butyl ester, hydrochloride salt:



car bonyl - pi perazi n-1-y1)-propyl - phosphoni ¢ acid diam de: This conpound was
prepared using a nethod anal ogous to that of Exanple 75, internediate 2.6
repl aci ngwormvevasepat e 5.4 and phenyl al ani ne net hyl est ecThpzwgeisher i de
repl acing glycine ethyl ester hydrochloride. 25LCGMS (A): tR = 1.15 mn;

[ MFH] +: 941. 02. WO 2009/ 069100PCT/ 1B2008/ 055002 - 132 - Exanpl e 88:

N, Nr- Bi s-((S)-1-net hoxycarbonyl- 1-phenyl -nethyl)-2-1(R)46-((S)- 3-

met hoxy- pyrrolidin-1-yl)-2-phenyl-pyrimsdi ne-4-carbonyl] - am nol - 3- oxo- 3- ( 4-
but oxycar bonyl - pi perazi n- 1-y1) - propyl - phosphoni ¢ aci d di am de: Thi s
conpou ndTYl‘ﬁsco%éR)Bﬁdi &fhsUSiepled uiRE NP theanal Bagiul Qo that o0 fx RXART Stef 34,

internmediate 52.6 replacing internediate 5.4 and phenyl gl ycine nethyl ester
hydrochlOK@U@dMQﬁMdUWD@UQEwﬁmmwd@ﬁhyB ester hydrochloride. LCGM5 (A: tR =

1.12 m nL?E%%T %’PZBml 1\'7?1(-%

N, Nr-Bi s hoxyca onyrpes%gf) 2-1(R)-[6-((S)-3-nmet hoxy-pyrrolidin-
1-y1l)-2-phenyl - pyri m di ne- 4- car bony1l] - am no} - 3- oxo- 3- (4- but oxy- car bonyl - 10p

|pera2|n713y1yﬁbﬁb@ybmphag@hQMVyDahmdﬂﬁzaMﬁ@9.SmbMQQQQWpﬁMMG]m@s2prepared
usin d an, Jpus t o that nple 75, 6 replacing
RN AN T e e v N A T et i et N A S
g(hyl | esggfs JHoasd WAk ipieharddGadly & AMéthdRamaldade ténitht df NiEliple? 88 s#%8.56 105

anpl e

N, \r - Bi sIt@repipicollyceeplieigliotamaiaty 2.2, infarpadiate(Id) replagwgregimqdate 801 @ndil- y1)
- 2- pheny|;sipy bbﬂﬁm/ﬂlﬁ%ﬁ@gﬁwgl\%% Qgﬁlpéurﬂ)wasgm(”lﬁe@\% th?{ BeNYhamPper azi

n-1- yl)-propyl - phosphoni ¢ aci i am de conpoun prepared using
a net hodEAnallu@IgdixsEA/MetOféf?/ lof) t&t 80018 se&ndiGE:ervest fiase, 2lvent & pHzE; algpnt

|nte di,a ropyl ester hydrochl oride replacing glycine
et hy mo@s@%ﬂ%&‘%&lﬁ t¥59963fc-w5 (Q: tR=0.97 min [MH: 817.21.

Exanpl e 8T:MS (A): tg = 1.15 min; [M+H]: 737.78.
N, Nr - Bi s- (|sopropyloxycarbonyl met hyl ) - 2- 1( R) 46- (( S) - 3- net hoxy- pyrrolidin-l

-yl)-2- | 4- b 1 i
P ) L AT Bt A A e el Bt R e e s A e
using a pebhR h@q@%@faﬁyécézﬁ] betab- EXaPR Be 454 bl &ioredi ate 2.6 repl aci ng

i nternedi ate 5. | ycine i sopropyl ester hydrochloride replacing

gl yci ne Ebﬁwom@v@d Wﬁydﬁ@@mdom% a methpg apapgoysRo=thgt 9f Expmple] Mstqp:1. 1@17 17.
WO 209 o/ RRAARRET: éﬂ?%gﬁgélgéﬁg%edla%é%9 The compound was purified by CC (reverse
phase; eluant A: H,O; cluant B: MeCN; gradient: 5 to 80% B).
LC-MS (A): tg = 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-phenyl)-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:

25  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).



Exanpl e 92:

N, Nr - Bi s- ( 2- et hoxycar bonyl - prop-2-y1)-2-1(R)46-((S)- 3-net hoxy-pyrrolidin-1-
y1) - 2- phewgl20pyaeprendi ne- 4- car bonyl | - am no} - 3- oxo- 3- ( 4- brCOAB200803500Ry | - pi per
azin-1-y1)-propyl - phosphoni c acid di am de: Thi s conmpound was prepared
using a nethod anal ogous to that of Exanple 75, internediate 52.6 repl acing
internmediate 5.4 and ct-am no isobutyric acid ethyl ester hydrochloride
repl aci ng glycine ethyl ester hydrochloside. LC-MS (C): tR = 1.49 mn;

[ MtH] : . 845. 21 Exanpl e 93:

44(R) - 3- | BLss (Bt oxymanoml-axy 3588d10xy) - phosphor y1] - 2- 1[ 6- ((S) - 3-

met hoxy- pyrrolidin-1-y1)-2-phenyl-pyrim di ne-4-carbonyl | - ani nol - propi ony1) -
10pi perazi ne-|-carboxylic acid butyl ester To a solution of internediate

2.|6 (12678) rdaeeirfutoxmploraainonte) digkiexiamersth TEAk e oOBS <t ycidmthvt Tféer.‘ iy
carbonat o1 08 HEE St Bhertly G RES Xl o s TR a8 T45 BT T ™ e

m xt ur e wagnstiater2d feplacihg itteratedd@daMhder argon. Further anmount of nethyl
chl or prret hyl bonat 0. . TEA (0.085 nL) and Nal (31 ng) were
added:. TLEWE&B@‘%&@ ‘T('Wrﬁﬁéﬂl?sgw?%d for 4h at 40C, cool ed down to RT and
diluted with toluene. The org. phase was washed with water and brine, dried
(Na2SO4) 7aad revepoBad8taobhylatine-/Crudsonash@pkérl) edeby]-&ketit g@ivent A Hept,
solvent B;. EA, gradient: 0 to 5098/ 8CV, 50@0 100%3{116C\/ 10098/ 24CV)_ to

gi ve the I PiSteOmomBd s BISPafR] B neisthiodr pnglogops dg dbair ofi Feprpiee hefrp 1ZeLc vs
(A): tR midnldiatd 723 lepibhg infSie Fxanmpl e 94:

4-0OR) - 3-[ Bi s- (et hoxycar bpnill oxymet hoxy) - phosphory1] - 2-1[ 6- ((S) - 3-

met hoxy- prM8I(Aditn=10-8AMmin2 [IM-HEng8&P3r i m di ne-4-ca rb onyl] -ani no}

- propionyl)- piperazine-l-carboxylic acid butyl ester Thi s conpound was

pr epas ed i ng._a seth -1 05 trha. ) | or opvet hyl
RIS R e B L o G A S

chl or onephytazivet/hgdrb@atibocidberny! &sGMs (A): tR = 1.11 mn; [MH: 822.97. WO
2009/ 0691P0OPCT/ 1B2008/ 055002 - .134 - e 95:

4-OR) - 3- %%\S s"-"(f}p%?f? 8%@%%‘%‘0%%%}9%@@8 2oBh &L P S 128wl 80 ¢eByo3-

met hoxy- pitéri@biath T2-4 roplatmd-iptchediidte YN iat dking DEMATHE 9nYihdteadadTiOM. The

- propionyl)- piperazine-|-car boxgl ic acid butyl ester Thi s conpound was

pr epar ed“yéf Wgs BUHRdtyd- @Ay goud /4 te % Hat of Exanpl e 93, chl or onet hyl

5i sops opyl_gar, t paviefa cribed in W2004092189) repl acing
chl o?%netxgylﬁgég?ﬁél qé(gfr%%hg?eﬁ] L§C§6l\j'/g§'(A) : tR =1.15 nmin; [MH: 850.98.

Exanpl e 96:
4- OR) - 3- [ B s rqa- &1 i-AminoxyEadivboytrioypierihokyylipes phpy wjingl 1pehofylg) - 3-
net hoxy- Bé{ir ol z)gs!té}')z'ab/&c)hk%’a% Jenyl -pyrimdine-4-carb onyl] -am no}
- propi ony 5] {] pI p’erya2| ne- [=car boxylic acid butyl ester
This compound was prepared using a method analogous to that of Example 1 step 1.4,
intermediate 72.5 replacing intermediate 1.3.

20  LC-MS (A): tg = 0.80 min; [M+H]: 455.21.

72.7. 4-(2-[2-(Diethoxy-phosphoryl)-phenyl]-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-

pyrimidine-4-carbonyl]-amino}-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,

cluant B: EA/Me¢OH 100/1, 0 to 100% B).

LC-MS (A): tg = 1.11 min; [M+H]": 737.81.



Thi s conpound was prepared using a nethod anal ogous to that of Exanple 93,
tert-butyl chloronethyl carbonate (prepared as described in W2004092189)
repl aci ngwohthevwoebhyl nethyl carbonate. LC-M5S (A): tR 2CTABB08M3500d M+-H] :
879.02. 15Exanpl e 97:

4-0OR) - 3-[ Bi s- ( 1- et hyl oxycar bonyl oxy- et hoxy) - phosphory1]-2-1[6-((S) - 3-

nmet hoxy-pyrrolidin-1-yl)-2-phenyl -pyrim di ne-4-carbonyl]-am nol - propi onyl) -
pi perazi ne-1-carboxylic acid butyl ester- This conpound was prepared using
a nmet hod anal ogous to that of Exanple 93, 1-chloroethyl ethyl carbonate
replacin hl,gphomet Ry k. | bonate »¢ aS | AL ¢ 0,5t une_of
2001 ast or 6ol Sonare L R (kR R A R SR BB L O,

4- OR) - 3- [Bilsphoriogdgrdpytetnirpaetvoingt lesayb@wioxsiy bptbespiror y1] - 2- 1[ 6- ((S) -

3- met hox yrrolidin-l-y1)-2-phenyl-pyrimdi ne-4-car i npl - pr.opy ony1)
D per a3 TRl Fa; idar ROGEN eL Ihel S e A BT RAIE PR o
usi ng a imdérhediaen?l. Dgeplscib® idtbratediate EXamat eoPourdd ohd puasedhpl CG grvopy!

carbopate replacing chlgronmethyl methyl carbopate and was isol ated as

m xt u? e B?asai%%@é%&goﬁw%. -%ﬁcﬂg%(agj‘?nt-tﬁoggf’.aé mn; [MH: 879.01. WO
2009/ 0691LO0NISTAY:B200%0RROM+H|'1851 22 Exanpl e 99:

4-OR) - 3- [ Bi s- (1- cycl ohexyl oxycar bonyl oxy- et hoxy) - phosphory1] - 2- 1[ 6- ((S) -
3-met hoxy- pyrrolidin-1-y1)-2-phenyl -pyrin di ne-4-carbonyl pam nol - propi ony1)
- pi per apka@ple3ar fpoeRyli-geaaiMedyi- ilpeﬁ&hﬁ1-y1)-2tbh&1y¢@?rﬁﬁu&ﬂ.em&r96®npr ed
using a nmet hod anal ogous to that of Exanple 93, 1-chloroethyl 5cycl ohexyl
car bonat amingjtzphoesghenr-prapiemyilypipaeazing 1-eanbesyli acidbutyhesteri sol at ed as

m xture of diastereoisonmers. LCGM5S (A): tR=1.25 mn; [MH: 959.27
Exanpl € 309 4_R)-3-(Diethoxy-phosphoryl)-2-{[6-(4-methyl-piperazin-1-yl)-2-phenyl-pyrimidine-4-

4- OR) - 3- (D phanoxy DR L By g ol iR i

2- phé&hy | eqporyii-dinive}-frapariydmyjb gpariiardlcaphoaygicomid yupiepler-azi ne- 1- car boxyl i c
acid buty]l. 10ester, To a solution of i.ntermnmedi at . Q0 ), .Ph (152
moy and. Bycerinid B Preb st ey hETR A B Bl BB n BB T ane
t he sol utdethyipigsasid fépdatidfointdiBlrdate 45Canddeternddinn. 144 freplddivgy catituto- of
PyBOP (420 ) and. Dl PEA (0.22 . was added and the m xtyre further
stirred P%qnggeﬂlra@ms”c?arwhwa@ﬁt g Wﬁ%hwe{%pﬁeg?ﬁue taken up in

15 EA. The.aK59A)RhasRMasH: m$ﬁﬁg6m_;§§1_ 10% aqg. solution of citric acid,
sat.-NaHCO3 and brine, dried (Na2SQ4) and evaporated off. The crude was
purified tw ce (1. solvent A: Hept, solvent B: EA gradient: 10 to

by CC (1
100987 128¥2- :‘Lf(é‘%%é?—éf@\{4tﬁﬁ@hy@ip@@4iwéml)— hapefpyrawidinert-caborgl-agiradfent : 10
to 10098 0 . gi AN e ct as a beige foam (49
o) - Sor OB ASochRid My ht LyuBLARICT 85 @ B8 O (
4- OR) - 3- [TBisseofnfpormed ek -Zemxal iind hdincthod -ahalpbomt fooshy) op Easphisr § Fjepd-10,
1[ 6- ((S) - 3-nmethoxy-pyrrolidin-1-y1)-2-phenyl-pyrim dine-4- bonyl pam nol -
o o e DY e e idit 1 AE R OH Brhe T e e 0! P
i nternede@be 2: 61,0100u80)B: MrebXdroxdgismt By 80WEBN Ybitdwed3bippepatatize orec
20 (EA/McOH 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-yl-2-phenyl-pyrimidine-4-carbonyl)-amino]|-3-

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

74.1. 4-{(R)-3-(Diethoxy-phosphoryl)-2-[(6-morpholin-4-yl-2-phenyl-pyrimidine-4-carbonyl)-
25  amino]-propionyl}-piperazine-1-carboxylic acid butyl ester:



25 (0.14 nmL; prepared as described in Synthetic Comunications (1984),
22(9), 1277-1282) and PyBOP (421 ng) in anh. DVMF (0.32 nL) was added DI PEA
(0. 22 nmL)wearndo%dserosol uti on was stirred for 18h at 45C umrdEnBz0ge3s002The

m xture was diluted with DCM washed with 10% aq. solution of citric acid,
sat.-NaHCO3 and brine, dried (Na2SO4) and evaporated off. The crude WO
2009/ 069100PCT/ 1B2008/ 055002 - 136 - was purified by CC (solvent A EA,
sol vent B: EA: MeOH (8:2), gradient: 10128 100%®/ 15CVv, 100%B/ 2CV; t hen
reverse phase, solvent A: H20, solvent B: MeCN, gradient: 5 to 95%B/ 15CV,
9598/ 2CVrhi Ocdiipbind Nast IsRﬁeﬁﬁech@ﬂgcat nfPhod m'l%g%umemgt &f E!?z[mﬁl& qegﬁpqrgyl ng
(45 ng). 5 LG M5 (A): ) [ M+ . Exanpl e

[ (R) - 2- | moepholis) I@lmmwvnmmeollﬁdml intgrmpdiatep e hyrkplpging r@r(dmlqreflﬂphenyl-

car bonyl Q-4 Ro nz

di oxaphog%ﬁl {r%l?nr?'%Cér%?’-&gl?gﬁlfibn © pogn%rggli’lon\léev T 11)18§1qu c acid butyl ester:
To a sol uCidB (ah: th rtledOnmash; EMeH]T 66(54) ng), 2- hydroxybenzyl al cohol (40 ny)
and PyBCP (336 10 nmg) in anh. DW (0 2 mL) was added DI PEA (0.11 nL) and

the splu rredf 2ha 45C under The. m e was dil uted
b DO e dh Rl R aEr -+ a 2 Bl PRt i QU g bP Bl S P PR or ude
Vs puri bigdebny-fikerb5md- yentboyiiciept bunobent B: EA, sol vent C. EA MeOH
(9:1), gradient A/B: 50 to 100%B/ 5CV, 100%B/5CV then gradient B/C. 0 to

10098/ 10ES GOHIMOENE dvaByPIeRARSE S8NH et Oéémalea@uSAto theo of &pmpalst 1 BtepNelON,
gradi ent 1nte'}mte?1rageggg IP):I/-%%‘ 1n%5n4§41_ 9 helr¥f HREptdfiddenPEe &Iers@%has whi t e

powder after  mXxture o d| agterem sone . LCGM5 (A):
t R = 1. OFluantry: Holk kfluant B’Gﬁc@é‘) gradlaxtaﬁrpd WABI: 4- [(R-2-1

6- I d B h I i di ne-4-

L6049, B ol i o peny oy i

[1, 3, 2]oxazaphosph|n|n 2-yl)- 20 propionyIPpiperazine 1-carboxylic acid
but yl T d | t hat of
R e R e Bk D e T G

was i sol yn%mynpyﬁlmlicﬁné}ﬂ dﬂrﬁﬁiye]l’-zﬁﬂilﬁpﬂ'&fxs 4-{4bibx¥-&drbohR-pipdradii-1-y0)4 m n;
[MiH : 705, 97. 25Exanple 104: 4- [(R)-2- 1
[ 6- ((S) - ButvkPhosphopiracil digmidet_ v 1) - 2- phenyl - pyri ni di ne- 4-

car bonyl
5009/ o)ég%g%%% f%zn(()egrél/@%%@)sloLt @1‘7%@7%15/&&1 kfhy Hé@sr AktiSenlorid¥R62 mg), TEA (0.124

benzdj d] pb), B, 2jhovaridiphds. éﬁ@ milh was 9129te<b|t@}60‘6h)§¢rp®|rrp@rézﬁr%élylpr@mrb@yylﬂw acid
t(;]yt él(arerf)%(%ti%bmzf dgp%mggenzwégl co aﬁ&ltr %I %ﬁ%&s h@ r 0X g‘%’% Eha;nd
was i sol &Lz ad) miaxtadded ob tEﬂlahG\teerrﬁx’Iuﬁor‘iﬁ}]ESreactlon mixture was stlrred at 60°C
overnight, cooled to RT and concentrated. The residue was partitioned between DCM and sat.-
NaHCOs. The organic phase was washed with brine, dried (Na;SO4) and evaporated under
20 reduced pressure. The crude was purified by CC (solvent A: DCM, solvent B: DCM:MeOH
(10:1), gradient: 0 to 100%B/12CV, 100%B/3CV) to give 19 mg of titled product as a
yellowish lyophilisate after freeze-drying.
LC-MS (A): tg = 1.03 min; [M+H]: 802.86.

Example 76: 4-((R)-3-(Bis-acetoxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-
25  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 52, bromomethyl

acctate replacing 1-chloroethyl pivalate.



LCGMs (A): tR=1.05/1.07 mn; [MtH +: 720.04. Exanple 105:

4-0R) - 3-[ Bi s- (3-0x0-1, 3-di hydr o-i sobenzof uran- 1-yl oxy) - phosphory1] - 2- |

[ 6- ((S) - woebbvmeyropyr r ol i di n-1-y1)-2-phenyl - pyri m di ne- £ccaBiosrgispear nol - pr
opi onyl) - pi perazine-1-carboxylic acid butyl ester 10 To a sol ution of
internediate 2.6 (100 ng) in anh. NMP (0.48 nL) was added TEA (0.067 nl)
and the solution was stirred for 10 mn at RT. Nal (29 ng) and
3-bronophtal i de (344 ng) were added. The-m xture was stirred for 3h at 65C
under argon, cooled down to RT and diluted with toluene. The org. phase was

washed w phviaqher éq%%fnnﬁw_,_ﬁﬂﬂ egh §MNa2S0O4) and evaporated of f. The crude
was purified by (solvent A: Hept, solvent B: EA gradient: 50 to 15

10098/ 34CV, 10098/ 16CV; then reverse phase, solvent H20, sol vent B:

MeCN, or adh@ple 772 5900l propioya X)Lﬁh&bligrytl)h foL(($)e3-Riepbist as

A
LA §
white powder after freeze-drying ; ure "of di ast’ereoi sofrers).
LC- NS ( Apyrrofidin-tryh<2-phanyl- pmm}dune-asarmmﬂ] amh-pmnm@) piperazine-1-

4-0OR) - 3- t | - met hoxy) - phosphoryl]-2-1[6-((S) - 3-
20net hox%ﬁlr??/)? lg 'ﬂ?f?(ﬁ&%i Ses? -2-p henyl -pyrim dine-4-carb onyl] -am no}
- propionyl)- piperazine-1-carboxylic acid butyl ester This conpound was

pr epa¥ ed Thsicagpaumkewirogcparad ugogis ntethadhmtlogusHx ags lof Ex@bpleeZhylhloromethyl

791, 04 VY I006] DaSHDOAARIRBO0R xko0s IR ekl F37 o eplaen i

4- OR) - 3- biBbsethyB)ivdlaet hoxycar bonyl et hoxy) - phosphoryl]-2-1[6- ((S)- 3-

met hoxy- pyrrol i din-1- (%/ +yI Pél’l m di ne- 4- car bonyl ] - am nol - pr opi onyl) -
pi per azi :Msdé?ﬁb)?yll 6(:““&6 M+Hl|t y? Kt er Thi s conmpound was prepared
using a net hod anal ogous to that of Exanple 101, L- Iacti c aci d 5ethyl ester

replacm drox rreth15rrethfll413d|oxol 2-one }1 tR=1.11
%wa 17@3 3%- p@u%g oxymethoxy-phosphoryl)- 2 {[6 ((S) 3-met OXYy-

N‘ [ ( ﬁ) 1Bﬁljaﬁ@ﬁcﬁ&ﬁgqyﬂenﬁ-fiwulmﬁn@hf‘c‘ﬂY]!)on(y"lz]R)mglog-&)@o;ﬁ()@l) %ﬂ@?&z‘ﬁ?@sy pyrrolidi

n-1-y1l) hen ri'mdi ne-4-carbonyl]-ani no}-3-oxo- 3- but oxy- car bonyl - p

i per azi nca_rbpxyht‘mcubbutybmgphom c acid am de: 10 108. 1:

4- ((R) - 3- (Hydr oxy- phenyl oxy- phosphoryl) - 2- {[ 64(S) - 3- met hoxy- pyrrolidin-1-yl

) - 2= pheqyi- Byl éa&@&&td to that of Example 52, chloromethy
) ani hoy TP SRBRAGMETREES! ML manod amplogots e 4l FgRle 7 SO f on
of the cblmtpmltt’mdpkaéln@lacﬁmireetliﬂ@n(a&l@ ng) in EtOH (O. 4 m.) was added a 1M
NaCOH sol g rp_])eandth e was stirred for 18h at RT. EtOH was
evapor at gé 1\2@]‘(& A=t g Eﬂﬂgﬁ s diluted with water and extracted
twice with Et20. The agq. phase was
15 Example 79: N,N’-Bis-(ethoxycarbonylmethyl)-2-{(R)-[6-((S)-3-methoxy-pyrrolidin-1-

vl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(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.

20 LC-MS (A): tg = 1.02 min; [M+H]": 788.97.

Example 80: N,N’-Bis-((S)-1-ethoxycarbonylethyl)-2-{(R)-[6-((S)-3-methoxy-pyrrolidin-

1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0xo0-3-(4-butoxy-carbonyl-piperazin-1-

vl)-propyl-phosphonic acid diamide:

This compound was prepared 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

ester hydrochloride.



15 acidified to pH 2 with a 1M HC1 solution and extracted three tinmes with
DCM The conbi ned org. phases were dried (Na2SO4) and evaporated off. The
crude waswpuoidiceoby CC (reverse phase, solvent A H20PCIaBosH55802 MeCN,
gradient: 5 to 95%B/ 20CV, 95%B/5CV) to give the title product as a white
powder after freeze-drying (64 ng; m xture of diastereoisoners). LCM (A):
tR=20.91 mn; [MH: 695.40. 20 108. 2.

N-[ (S)-1- Et hoxycar bonyl - et hyl ] - 0- phenyi30¢ 2R) - 2- 0- (( S) - 3- met hoxy- pyrrol i di n-
1-yl)- 2-phenyl - pyri m di ne-4-carbonyl 1

- am no} - BeavQ+(R): (& =AWe%d: pat-iPn¥le §9 perazi n-1-yl) - propyl phosphonic acid
am de: This corrpound was prepared usi ng a nethod anal ogous to that of
Exanple 75, internediate 108.1 replacing internediate 5.4 and L-al ani ne

ethyl es E%mBIéCUIOQ@ hﬂfﬂlﬂﬁné&o%rﬁﬁﬂhﬁﬁtwﬁ 22{{% )[GJ( ?—3%E'£ﬁbxﬁ§§ﬂ‘bhdm-1-

hydr ochl ori de eq) and was i'sol atéd as m xture d| astereoi soners. LC M
(A): tR )2- l!.lEllDﬁ nyrimigi pg-4-caghionyd - amm}-zwgmeellmmwmegmwmnepyn 139 -

Exanpl e - 4 r

[6-((S)- é?%é’tlﬁg?q?fh@lrcr%gld gamide:y 1y _2- phenyl - pyri ni di ne- 4-
car bohyl Phizicompodrd @a@m@pﬁ%ﬂwlﬁg 2]method analogous to that of Example 75, intermediate

di oxaphogphi nan- 2:y1) - pr opi onyl| ppi eraz rgxylic aC|d uty te

Thi s conpdd aGias l%véﬁﬁlﬁ@dg-%@%%%?yaf eaﬁah&%aaﬁo & edingeh) St 101,

1, 3- 5prgha Qkhbﬂd@q) repl acing 4- hydroxynethyl-S-nethyI41,3]d|oon 2-one
(10 eq). LG A): tR=1.00 mn;, [MH+ 659.82. Exanple 110:

4-1(R) - 2L@ﬂﬁsdé$ﬁR3(Nﬁ$h@kﬂﬂﬁﬁﬂraﬁQ .n-1-y1) - 2- phenyl - pyri ni di ne- 4-

car bonyl Pam no} - 3- ( 8- net hyl - 2- oxo- 4H R5- benzo[ 1, 3, 2]dioxaphosphinin-2-y1)-

pr opi onyl ppi perazi ne-1-carboxylic acid butyl ester 10110

2- Hy dr oxxampie: 2y | N.BePBis((@)-danethprrcayhonyb2anetingl- laromsl)ﬂri(&r[@{(S) -3-

(er gigvvl seﬁg"éﬁtd}%‘“@gﬁ%"f %‘%ﬁbﬂ’{l&’gyglrngh\l/\lg? ?-Jl?& Q{Zgh{fmé% %() gﬂ?l tioned

bet ween DGboaylepipetazin-1 -?l)epropg plpllsahxmlmaadslwmdat ed, dried (Na2804) and

t ff h t t
SR (N R e R R R R R e

11.03 (s2. 6]re}b‘1)1<;1n§,7 infdrnfediatel5 Mand 7vadide Qﬁi:,thyl chibs h@r&@dc{rﬂﬁ,reﬁlbﬁmg gly8fc(cthyl 3 H) ,
2.29 (s, 3 110.2: 2-Hydroxynet hyl - 6-met hyl - phenol To a solution of
i nter rredFSé?rélYﬂl;mmP“(l‘l g) in anh. THF (5.6 nL) was added dropwi se at 0C a 2M

sol uis ong pf\kicALHd i1 TR p@.@ WSAS Jdhe m xture was stirred for 2h at 0C
and quenched éo sequentially ag y adding ice-water (0.34 nL), a 1M

solution of NaOH (0.34 niL) and |ce water (1.1 nl). The suspension was
stirred EQhimpR §3: N,NPiBi{- ﬁgﬂ?@rlﬁyﬁ&y@arﬂéﬁlﬁhlﬁrgh T{(‘R&%@—?(St)l}emﬁﬂﬂo&&-at e

concentrated i n vacuo. ude Wwas purif solvent Al Hept,
sol vent ByrmeAdingt- aﬂﬂephenybpmmlttio%fczdwyl]1@99@}-zwp-&-(ﬁ lglltoey-cmonyltl e

product Bipefartit- hg tll)r opyl- Shospilm?lc acre 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-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-butoxy-carbonyl-
25  piperazin-1-yl)-propyl-phosphonic acid diamide:



2511-1-NWR (CDC13): 8 (s, 1 H, 7.12 (d, 1 H, 6.90 (d, 1 H, 6.79
(dd, 1 H), 4.87 (d, 2 : 28 (s, 3 H. WD 2009/ 069100PCT/ 1B2008/ 055002 -
140 - 110Ww02009069{00R) -2 -{[ 6- ((S)- 3 - Met hoxy- pyrrol i #cmAB2008/935p82 - ph
enyl - pyri m di ne- 4-carbonyl] -

am no} - 3- ( 8- net hyl - 2- oxo- 4H- 2/ 15- benzol[ 1, 3, 2] di oxaphosphi ni n-2-yl) - propi ony
| | - pi perazi nel-carboxylic acid butyl ester Thi s conmpound was prepared

usi ng a nmethod anal ogous to that of Exemple 102, internediate 5110.2

repl aci ng 2-hydroxybenzyl al cohol and was isolated as m xture of

di ast er egh g QRLSund-GadFrchid uli E%(H detRS £Ha[bgo{1M'61t11]1t of Bhmfp¥e 7?&%941&11&@-1
4-0R) - 3- (8- 1 sopropyl - 2- oxo-4H 2 benzo [1,73,2] di oxaphosphinin-2-y1)-2-

1[ 6- (( S) 28-mplatiox yipyrediold T and -3 amimbytiga peid pyathyticsicn by drodderiisryplpeing noI -p
r opi onyl)r - PLRELAZLD I xyI ic acid butyl ester 10111. 1:

2- Hydr oxéyﬁ»ﬁ)l B%ﬁﬁeswr%y%é)%@?ﬁ@ acid nmethyl ester This conpound was prepared
usi ng a metMedAxnakdgusaint pMt-HAt 80f.0Exanpl e 110, step 110.1,

2- hydr oxy- 3-i sopropyl - benzoi c acid repl aci ng 2- hydroxy- 3- et hyl - benzoi c
acid. 1HNWR (CDC13): 3= 11.14 (s, 1 H, 7.72 (d, 1 H, 7.42 (d, 1 H), 6.87
(2 d|o—||§/ diH) Exﬂmﬁﬁl &52 N, B His- ((8)44métﬁm|c>ibih_?lbon$zl -2.2-dithetlyHprop B 2K (R)2[6-((S)-3-

- r ox t - 6-1.s0pro eno iS C

et hod. TS PO Tt pReR st gne SRR apn gl Bt B 5 1
repl ac n%ﬂbﬂhﬁtlg?&‘a@ﬁﬁl gz?gna,gyw&gmmaiamﬁe— 7.50 (s, 1 H, 7.21 (d, 1

H) , 37 (m 1 H, 1.28 (d, 6 H). 20111.3. 4-
((R) ' 3- {Bis|compP Wl Wapprepated 4ing a zecthasd enelagpus; to, Bat of] Exsimple phgstsmesiaic 2

-yl)-2
et hoxy- %)%Erlgj@flé g?lnt?r?held ateZS gﬁg%y ertplgll}(ilrrlﬁ %Lethé/l zst [ydroch10r1de replacing glycine

1- ami®o} eqhykq:stemhycﬂr))elpmmch:r azi ne-1- carboxylic acid butyI ester This conpound

was prep t ho to that of Exanple 102, internedi ate
111. 2 reg{::[\zlﬁxé ﬁ?dl:ge &ﬁﬁﬁﬂ g%@io and was isolated as m xture of

di astereoi soners. 25LC-Ms (A): tR=1.13 mn; [MH: 749.78. WO

2009/ 069]11'10 CIT/8]68%9&8/1£ ?(g?% tert]bu]fyloxycarbonyl-ethyl) 2-{(R)-[6-((S)-3-methoxy-

pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-butoxy-carbonyl-

40
2.

;II

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 alanine fert-butyl ester hydrochloride replacing glycine
cthyl ester hydrochloride.

LC-MS (A): tg = 1.16 min; [M+H]: 873.11.

Example 87: N,N’-Bis-((S)-1-methoxycarbonyl-2-phenyl-ethyl)-2-{(R)-[6-((S)-3-

20  methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(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 phenylalanine methyl ester hydrochloride replacing glycine
cthyl ester hydrochloride.

25  LC-MS (A): tg = 1.15 min; [M+H]": 941.02.



Exampl e 112: 4-((R)-3- (8- Mt hoxy- 2-o0xo-1, 4-di hydr o- 2H 2?5- benzo [d]

[1, 3, 2]

oxazaphoswhizoewne2togl) - 2- 1[ 64( S) - 3- net hoxy- pyrrol i di n- 1- pCrAR2008/@35902-

pyri m di ne- 4- car bonyl pam nol - propi onyl) - pi per azi ne- 1- carboxylic acid butyl
ester 112.1: 2-Am no- 3-net hoxy-benzoic acid nmethyl ester 5This conpound was
prepared using a nethod anal ogous to that of Exanple 110, step 110.1,

2- am no- 3- met hoxy- benzoi ¢ acid repl aci 13g-2- hydr oxy- 3- net hyl - benzoi ¢ aci d.
LCMS (A): tR=0.92 min; [MH: 182.48. 112.2:

(2- Ami NOE3a Bl ¥ N RSB ﬁﬁh&ﬁﬂ bonyl-Plphe i ATROMW R)p6-g@33ed using a
nmet hod ana?lgggus to that t(o? P"lcar On,y stpz,le %10 25}ﬁ128§n -gr?f(e@z{ ate 112.1
repl aci ngleithqxeffmmlahlelﬂm-phem plan@lA)ne 4—erb00yl.’&®nm¢i~3 po-Bi(4-bukxy1 6.
[112332] gﬁ%&’?ﬁ%ﬁ 1g§razm-{' ﬁyprop)(f)l cilosplf'onclié Qéig dlaml e2) L5- benzo[ d]

yl)-2-0- (rh§)coﬁrpnmid1®xyp@wre@hsldg B-rﬂ.etlydd) arﬁlqghemol thptysfl Edagtiphe73l-ig@rhatiye 1

-am no} - prop onyl azine li.c acid butyl est Thi s
corrpoﬁ d2RatP z"é% g‘f‘fﬁggg ?ﬂ@thgﬁe f%x%@eoa? b %WathY&focgf%}ﬁwsp 10192
i nter rredg tRel ?1%tgr%ph@ghlegde2 hydr oxybenzyl al cohol and was isol ated as

mxtureo di astereoi soners (8A) tR=1.04/1.07 mn; [MH +: 736.41.
Exanpl e LEMS (A): tg = 1.12 min; [M+H] :913.0
4-((R)-3-[(5-tert-Butyl-2-oxo-[1, 3] di oxol-4-yl net hoxy) - hydr oxy- p hosp

horyl] -2-1 S) - 3methoxyprroI|d|n1 1)-2-p henyl -pyrimdine-4-c arb
onyl] - E@&lﬁphﬁg PY-DpHiBisr((8)-1pn PWPF@HI’I'QWBC%(}‘,(R)TW?Q 4- Iﬂa‘thwy'ester Th| S

conmpound e g

hydr oxyngwg&g ngpgd% ?F%?T@fglgg“f -2- one E)?e(%‘]g?te eg}l](;rl d i n

'I4'eL r 3@1edpm&rdmll-ﬂgﬂ)sp(owﬂﬁhosphgmchil:ilﬂjdlimﬁne) r epI aci ng I o
- hydr ox - i 0X0 noe i ate

o it o BE oo Sl Rpeodie b iahe S gnedikitigeoth fo bIGIBRRA 7 bEnedds o5

WO 2009/ 06330066 (ntE2RARI0DH P aianirﬂ:%nethﬁ@ﬁphﬁdr&élﬂorlde replacmg glycine ethyl

4- OR) 3-(Bis- benz])é:roxy phosphory1)-2-1[ 6- ((S) - 3- met hoxy- pyrrolidin-1-
yl) - phéﬁ’ﬁVI Y] Wh ig¢-ne- 4- car bonyl pam nol - propi ony1l) - pi perazi ne- 1- car boxyl i

c aci d buEWiseahal = 1.02 o ¢ATP was prepared using a nethod anal ogous
to that o? Exgn%l e 1071, @’eﬁ\gyﬁ ?%2?1 repl aci ng

4- hydr oxynet hyl- 5- net hyl 41, 3] di oxol -2-one. LGM5 (A): tR = 1.15 mn;
[ MeH] 4 E??mﬁ?e% N,N’-Bis-(propyloxycarbonyl-methyl)-2-{(R)-[6-((S)-3-methoxy-pyrrolidin-

1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0xo0-3-(4-butoxy-carbonyl-piperazin-1-

vl)-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 glycine propyl ester hydrochloride replacing glycine cthyl
20  ester hydrochloride.

LC-MS (C): tg = 0.97 min; [M+H]": 817.21.

Example 91: N,N’-Bis-(isopropyloxycarbonyl-methyl)-2-{(R)-[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-butoxy-carbonyl-
piperazin-1-yl)-propyl-phosphonic acid diamide:

25  This compound was prepared using a method analogous to that of Example 75, intermediate
2.6 replacing intermediate 5.4 and glycine isopropyl ester hydrochloride replacing glycine
cthyl ester hydrochloride.

LC-MS (C): tg = 0.97 min; [M+H]": 817.17.



Exanpl e 115:

4- OR) - 3- (Acet oxynet hoxy- hydr oxy- phosphoryl)-2-1[ 6- ((S) - 3- net hoxy-

pyrrol i diwo2eswldss®ephenyl - pyri m di ne- 4- car bonyl ] - am nol PpTap2008ryBPe2pi per azi
ne-1- carboxylic acid butyl ester 10115.1:

4- ((R) - 3- (Benzyl oxy- hydr oxy- phosphoryl )-2-0-((S)-3-nmet hoxy-pyrrolidin-1-yl)
-2- phenyl - pyri m di ne- 4-car bonyl

1- am no} - propi onyl ) - pi perazi ne-1-carbewygti c acid butyl ester This conpound
was prepared using a nmethod anal ogous to that of Exanple 75, internediate

2.6 repl Eszmglelsat%NﬁSi;latﬁe&oﬂy&Pﬁorg@Jwﬂ Z%Jl)cﬂt{‘@ig [ﬁfg(gc&m@ﬁmxﬁm ng glycine

ethyl ester hydrochloride (6 eq) was 1 solated as m xture of
di ast er epyolidinsl-yhZHghensl- p)a)lmldlme-é o@rlgmyﬂﬂrmnlanMXOf3 (Adoutagy-carbonygl- :

3- h I -0-((9S)-3- hoxy- l'i din-
SRR g )093 o pirrl

1- am no} This @pinpoyid wp pepazal nﬁngammmaﬁaiagoas:todthbmﬁfwxaﬁqﬂ@vs Thieemalarpound
was prepar ed using, a nethod_anal ogous to that of | e 52, bronpnet hyl
20acel at & ree@laa@@n@teimewp@r o8t mnd” pppating dsobufyrisy %Fé%heél’fyé OpiEE. hyd?%bllogé? ng

i nt er redjaj AN A est &1 stirred on at 45C and was isol ated as
m xture C%agnggt%rem S%E%Ei‘sﬁ%ldﬂ(% dml? A: tR=0.89 mn; [MH +: 691.19

Exanpl e LEEMS (C): tr = 1.49 min; [M+H]":.845.21

4-0S) - 3-[ Bi s- (acet oxy- et hoxy) - phosphory1]-2-1[ 6- ((S) - 3- met hoxypyrrolidin-1
-y1) - 2-phenyl - pyri m di ne- 4- car bonyl ] - am nol - propi ony1l) - pi perazi ne- 1-

25car boxEkamplkdd3d (R)F3-HBis-tmethoy @gHOH GO 1DOHCTY HBROOBOIHSLYR-((S)A%3 - This

it or PSP R e Re A B0 B BBt SR, 5

repl a@i nglpbra‘zlinhe:meﬂbxiyhcpaambat}eestluC-IVB (A: tR=0.99 nmin; [MH: 735.62
Exanple 117:

B R R

car boxyl i) agl dhe&tdMtiore SheEtirfdl ﬁ>rq@fﬁ!ﬁﬁu&t@kn@%ﬂ@@eﬂﬁgﬁﬁw&ﬂmn@m’wmﬂ@
anal ogous to that of Exanple 52, internediate 3.6 replaci nglalenterrredl ate

2.6 and eﬂb@?aéﬁr@tmmﬂ@mre&t@ degsibadiimgV @2Q9Ap%%1§81 Wwe ashdgdi Theanixtues MBS ( A) :
N - B s T o bt S SIS o o aneppdgrameton cobonate (923,
1-y1)5 2- pthenlEA 68.08 7indli) ned Nab@rlboqu:raraﬂdﬁdl TBe owauB-wa4-fetthaxyirrcd fdoahyak - pi pe
razin-1- 48‘;8, BaP Xcl)\{,ﬁ) E)O[%P Qr?cp Eii?utg'(f: \I)vgh g(;h?'errrlie.dﬁie org. phase was washed with water and
brine, dried (Na;SOy4) 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-(ethoxycarbonyloxymethoxy)-phosphoryl]-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, chloromethyl
25  cthyl carbonate (prepared as described in W0O2004092189) replacing chloromethyl methyl

carbonate.

LC-MS (A): tg = 1.11 min; [M+H]: 822.97.



Thi s conpound was prepared using a nethod anal ogous to that of Exanple 75,
internmediate 3.6 replacing internediate 5.4 and L-al anine ethyl ester

hydr ochl owoaeowmplioaci ng gl yci ne et hyl 15ester hydrochl opcaaB20o€eis®a A): tR
= 1.02 mn; [MH: 789.84. Exanple 119:

4-0S) - 3-[ Bi s- (et hoxycar bonyl oxy- net hoxy) - phosphoryl] -2-1[6-((S) - 3-

met hoxy-pyrrolidin-1-y1)-2-p he nyl-pyrimdine-4-ca rb onyl] -am no}

- propionyl)- piperazine-1-carboxylic ackd ethyl ester 20 This conpound was
prepared using a nethod anal ogous to that of Exanple 93, internediate 3.6
repl aci ngyl rgxed; i . r h3g

ot hy | Co By g E s FR6bro R ey ShASb MO RO
Exanpl e meghoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-

4-0R)-3-[Bi s- (acet - hoxy) - ph hory1]-2-1[6-((S)-3-nmet hoxy25pyrrolidin
-1-y1)-2° %ganzéll?%gﬁgﬁ(ﬁxgﬁn%c- iﬁ:‘ﬁﬁ%ﬁ% ] - am nol - propi ony1) - pi per azi ne- 1-

car boxyl Taisacimpo@idyhs @speed udfy 2 BQRMHAGHABIRETO 12O EXXDHIROB, ehldrbethyThi S
conpound. was prepared usin nmet hod, apal t of Exanple 52,

" nt er redSAPEPY! i%%P‘éﬁS? a{eﬁeﬁ%eg e Retbal &1 206 andrd) ’FFB["‘H&?E R

repl aci ng\eiyebdrpsagt hyl pivalate. LGM5 (A): tR = 1.00 mn; [MH: 735.64
Exanpl e 121: ' .

4- OR) - 3- EBrMS(Bitty Ryl Sxpinga BBk y $3pHosphor y1] - 2- 1[ 6- ((S) - 3- met hoxy5pyrrol i d
i n-1-y1)-2-phenyl - pyri m di ne-4-car bonyl ] - am nol - propi onyl) - pi per azi ne- 1-
carboxylic acid ethyl ester This conpound was prepared using a nethod

anal ogouExamplee  4(Rx3zHRip-étesbbutoxycarbenyilexyemethogy)rpispkonyl-2-Hod (el at e
2.6 _and i hi Do | . LCMS (A):
CR =1 1 GRS aPd of-fe Bl 1 EIMBRAR b ibhor 6Bl R A

N, Nr 1®i spipeB)zide-brimboxghiv Dodphed bstey - 2- 1(R) - [ 6- ((S) - 3- met hoxy-
pyrrolidip-1-y1)-2-phenyl -pyrim di ne-4-carbonyl ]-gam nal_- 3- 0xo-3-(4-et hoxy-c
DY bony! - Shissekent S Prospiy s i Ernts & B G Bmgl T bikBhing as
prepar edchisiongti/l HeiHoase AP_RHABOUS de@ribbdiin GTOEOMANPL BIY Beplddiice et E1 1. 10
replacing internmediate 5.4 and L-al ani ne ethyl ester hycﬂ ochl ori de

repl aci nﬁleélly%‘ﬂ}r\?@aé@c hyl 15ester hydrochloride. LCM (A): tR = 1.01 nmin;

[ MtH] @ . 788, mel 3. +,
4-OR) - 3- %i @-g((g?{ﬁ%xy}glg}ﬁ%h ]Y[g(l;/ %9[ 2o'xy) - phosphory1] -2-1[ 6-((S) - 3-

met hoxy-pyrrolidin-1-y1)-2-p henyl-pyrimdine-4-ca rb onyl] -am no}

- Pr op} ON¥ A mpRI P21 AHIRES-IBiSR1- RNy EarBbh floSi-Biblox BSH RIS ROAI-S6q@RRUND was
. i . t%o?ﬂB : iny . ofgblg0 npl e B%& iy ‘

prepared usihg a ne anal' ogous to tha a Internediate 1.10
r epl aci nmethxarpyeilisie123162-phenydfpyoiniditerdrtarbohyl|-avandjepraponybpl aci ng
chl or onet hyl r.reti%I carponat . LS M (A: tR=1.06 mn; [MH:.795.68
piperazine-1-tarboxylic acid butyT ester
This compound was prepared using a method analogous to that of Example 93, 1-chlorocthyl
cthyl carbonate replacing chloromethyl methyl carbonate and was isolated as mixture of
20  diastereoisomers.

LC-MS (A): tg = 1.14 min; [M+H]: 850.98.

Example 98: 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 butyl ester

25  This compound was prepared using a method analogous to that of Example 93, 1-chloroethyl
isopropyl carbonate replacing chloromethyl methyl carbonate and was isolated as mixture of
diastereoisomers.

LC-MS (A): tg = 1.18 min; [M+H]: 879.01.



Exanpl e 124:

4-0S) - 344- (Bi s- (but yryl oxy- net hoxy) - phosphoryl) - phenyl ]-2-1[6-((S) - 3-

25met hoxywpynealspdon- 1- y1) - 2- phenyl - pyri m di ne- 4- car bonpCrARmosredso@x opi ony 1
) - piperazine-1-carboxylic acid ethyl ester WO

2009/ 069100PCT/ 1B2008/ 055002 - 145 - This conpound was prepared using a

nmet hod anal ogous to that of Exanple 52, internediate 59.7 replacing
internediate 2.6 and chl oronet hyl butyrate repl aci ng 1-chl oroet hyl
pivalate. LCGCM (A): tR=1.14 mn; [MH: 867.40 Exanple 125:

N, Nr-Bis ot C A 9 oV 5o -((S)-
S5pyrroli g?ﬁlﬁ?le% - %erﬁ?e%gllhgg Fﬁ%e:x%lgﬁﬁia%g%@]?{ jgt!lg@npééé i gﬁgggz%{[? z&(-sg,t hoxy-
car bony| 3-méthexyapymolidipil-yip2ephenplprenmidiphré<privonyl-amind} -girepiomyd)- Thi s
conpound repared ih anal ogous to that of Exanple 75,

inter rredplﬁ)lt%gazg@ef?'c?%ﬁlxgﬁ:? %%dﬁﬁﬁ%%%i ate 5.4 and L-al anine ethyl ester

hydr ochl @hisdempepideagepdrycidisg hltylodestiepousytdnioa bl @xadple 930L-Chlve(hi) : t R

= 1.04 mn; [MH:.865. 36 Exanpl e 126; : :

4-09)? 34951%1[6&1?”@{998&@ 635%%%%9%@9’%65?%‘/1 pHBYBIoy 1yas girdHgd o pixgyre of
((S)-3- myptibRydomykr ol i di n-1-y1)-2-p henyl - pyri m di ne-4-carb onyl] -am no}
-propionyl) - piperazine-1-carboxylic acid ethyl ester Thi s conmpound was
pr epar ed QsMﬁ(jAg tpetiodman BYloHbu859-%7 t hat of Exanpl e 93, intermnediate
1559.7 replacing internmediate 2.6 and chl oronet hyl ethyl carbonate

repl aci n% chl oronmet hyl nethyl carbonate. LC I\/B@A): tR = 1.06 _nn; &‘%Mrll] ;
871. 47 Emppmpled 08 4-(RSBI Diphempxy-phesnhoryBi2ride-(§)-dsmethopopprotidiacgt-s)-Chi nese

Hanster Qvar (W-- W r o) X i an ety Y12
receptor q're éyl Itulrd g@%ﬁaéyfh Iaﬁﬁgg*@?mnty%b%lsﬁ?tngg ) m&)%@c\%re ghed
threeOti eger Wit h bi nding buffer (50 MM Tris pH 7.4, 100 nM NaCl, 1 nM EDTA,
0.5 % BSA). The cells were then incubated with 0.5 m per well binding

buffer centaining tyitiumla 2- - .

2009/ 0661 00PeH T2 0B GEEkUE 2 Eadt PR (4000 pacevRER 41 g ip anh

(2- met hy DMF ARR)mI(behivedizd IOPEAOD. 2N 613 AAd QRO sclptonp@ts vekdd) foan@h\waubalis
concentrations of test corrpgtu%d i ncubation at RT for hours, cells

wer e wasHR4FT frgeBeA ke afgjop iPE{EiQ%E“%{Mgé@P PHRIA (@27 m&)wéﬁéeﬂ Wit zed

by addi t {phuRffufhG sfitred PRl d 28¢d giviPUL dsedvaporiaSd oMl thEFE e kRS up Gt ent
of each well was then transferred 5 into beta-counter vials and 2.0 m of
U ti dd GBAdThe prt phesatwagnvashaguvidh Wes agdsidetionafficatric gaignsdt FNeldE Ooandbrinche
cel | - assqgi deSi | .. i nhiibi.tion.mas. cal ted [ o
i ot SR PERSO A s S ST Al BREATRE RLLEE L RN Mt
2- met hyl s@vDR: 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-ylmethoxy)-phosphoryl]-2-
{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-
piperazine-1-carboxylic acid butyl ester
To a solution of intermediate 2.6 (100 mg), 4-hydroxymethyl-5-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.-NaHCOQO3 and brine, dried (Na,SQO4) and evaporated off. The crude



Resul ts obtained for the conpounds offornmula | Using the procedure

descri bed above for the P2Y12 receptor binding assay, |1C50 values 10

rangi ng fworm®d/@9rwhM to 888 nM with an arithnetic nmean walraB200$/0zbeut 37 nM
(geonetric mean val ue of about 10 nM, were neasured for the exanple
conpounds corresponding to formula | (R5 = R8 = OH), i.e. the conpounds of
Exanples 1 to 47 and 56 to 74. For exanple, the followng results could be
obtai ned for the Exanpl e conpounds of-f3ermula | (R5 = R8 = CH) using the
procedure descri bed above for the P2Y12 receptor binding assay: Exanple No.

g?gf&%g llgusrffﬁge% O@Cbks%@jeﬁg ASTY 6AMnt 783 EA MGH 9(8].@, 4gr§digrilt: R 3¢ 13
100%B/15CV, 100%B/2CV; then reverse phase, solvent A: H,O, solvent B: MeCN, gradient:
5 to 95%B/15CV, 95%B/2CV) to give the title product as a white powder after freeze-drying
(45 mg).

5  LC-MS (A): tg = 1.07 min; [M+H]": 842.93.

Example 102: 4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
carbonyl] -amino}-3-(2-0x0-4H-2l5-benzo[1,3,2] dioxaphosphinin-2-yl)-propionyl]-
piperazine-1-carboxylic acid butyl ester:
To a solution of intermediate 2.6 (50 mg), 2-hydroxybenzyl alcohol (40 mg) and PyBOP (336
10 mg) in anh. DMF (0.2 mL) was added DIPEA (0.11 mL) and the solution was stirred for 2h at
45°C under argon. The mixture was diluted with DCM, washed with brine, dried (Na;SOj4)
and evaporated off. The crude was purified by CC (solvent A: Hept, solvent B: EA, solvent C:
EA:McOH (9:1), gradient A/B: 50 to 100%B/5CV, 100%B/5CV then gradient B/C: 0 to
100%B/10CV; followed by reverse phase, solvent A: H,O, solvent B: MeCN, gradient: 5 to
15  95%B/15CV, 95%B/5CV) to give the title product as a white powder after freeze-drying (4
mg ; mixture of diastercoisomers).

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-(2-0x0-1,4-dihydr0-2H-2k5-benzo[d] [1,3,2]oxazaphosphinin-2-yl)-
20  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
diastereoisomers.

LC-MS (A): tr = 1.03/1.04 min; [M+H]": 705.97.

25  Example 104: 4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
carbonyl]-amino}-3-(8-methyl-2-0x0-1,4-dihydr0-2H-2l5-
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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
diastereoisomers.

LC-MS (A): tg = 1.05/1.07 min; [M+H]": 720.04.

Example 105: 4-((R)-3-[Bis-(3-0x0-1,3-dihydro-isobenzofuran-1-yloxy)-phosphoryl]-2-
{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-

piperazine-1-carboxylic acid butyl ester

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
100%B/34CV, 100%B/16CV; then reverse phase, solvent A: H;O, solvent B: MecCN,
gradient: 5 to 95%B/12CV, 95%B/2CV) to give the title product as white powder after freeze-
drying (16 mg ; mixture of diastercoisomers).

LC-MS (A): tg = 1.13 min; [M+H]": 883.02.

Example 106: 4-((R)-3-[Bis-(ethoxycarbonyl-methoxy)-phosphoryl]-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 105, ethyl
bromoacetate replacing 3-bromophtalide.

LC-MS (A): tg = 1.08 min; [M+H]": 791.04

R8



expected to be cleaved under physiol ogical conditions to the respective
conpounds of formula I, wherein R5 and R8 are both represented by hydroxy
(see bel owp.2090m9t0hese conpounds (exanpl es 48-55 and 75PC28B2008/b&s0gxr ocedur e
descri bed above for the P2Y12 receptor binding assay resulted in I C50
values ranging from2.1 nMto 4601 nM with an arithnetic nmean val ue of
about 270 nM (geonetric nean val ue of about 47 nM. |1C50 val ues of selected
exanples are given in the follow ng tabke: Exanple No. |1C50 at P2Y12
receptor binding assay (nM 48 49 75 308 78 7 87 11 88 22 89 162 92 42 93

3.5 95 3fixample 107: 4-((R)-3-[Bis-((S)-1-ethoxycarbonyl-ethoxy)-phosphoryl]-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 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.

Example 108: N-[(S)-1-Ethoxycarbonyl-ethyl]-O-phenyl-(2R)-2-{[6-((S)-3-methoxy-
pyrrolidin-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-phenyloxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino}-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 1M-
NaOH solution (0.3 mL) and the mixture was stirred for 18h at RT. EtOH was evaporated off
and the aq. residue was diluted with water and extracted twice with Et,O. The aq. phase was

15  acidified to pH 2 with a IM HCI solution and extracted three times with DCM. The combined
org. phases were dried (Na,SO4) and evaporated off. The crude was purified by CC (reverse
phase, solvent A: H,O, solvent B: MeCN, gradient: 5 to 95%B/20CV, 95%B/5CV) to give the
title product as a white powder after freeze-drying (64 mg; mixture of diastereoisomers).

LC-MS (A): tg = 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 diastercoisomers.

LC-MS (A): tg = 1.12 min; [M+H]": 794.46.
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Example 109: 4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
carbonyl]-amino}-3-(2-oxo0-22-[1,3,2]dioxaphosphinan-2-yl)-propionyl|-piperazine-1-

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): tg = 1.00 min; [M+H]": 659.82.

Example 110: 4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-
carbonyl]-amino}-3-(8-methyl-2-0xo-4H-2k5-benzo[1,3 ,2]dioxaphosphinin-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. MecOH (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 (Na,SO4) and evaporated off. The crude was
purified by solid phase extraction to give the title product as a yellowish liquid (9.8 g).

15 'H-NMR (CDCls): §=11.03 (s, 1 H), 7.71 (d, 1 H), 7.34 (d, 1 H), 6.80 (dd, 1H), 3.96 (s, 3 H),
2.29 (s, 3 H).

110.2: 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 LiAlH4 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 10 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 'H-NMR (CDCls): § = 7.40 (s, 1 H), 7.12 (d, 1 H), 6.90 (d, 1 H), 6.79 (dd, 1 H), 4.87 (d, 2 H),
2.28 (s, 3 H).



Phar macoki netics in rats Principle In view of their structure, the
conpounds of formula I, wherein at |east one of the substituents R5 or R8
i s not reaepoeseniseoby hydroxy, are expected to be rapi dipgTaprvgnisea i nt o
the 5 corresponding acid derivatives of fornula | (RS = R8 = CH) when they
are submtted to physiological conditions. The foll ow ng pharmacoki netic
assays in rats are designed to show this conversion. Procedure (assay])
Rats were delivered from RCC Ltd, Biotsohnol ogy and Ani nal Breeding

Division, 10 Fiillinsdorf, Switzerland, and used for pharnacokinetic
exper i menj 3 al ey B cargl i MRlibE2h P PRT DD Bl endl plBREle-4-ARYSyA | ani mal s
wer e housed under conditions in ‘accordance wth” t'he NIH guidelines and as

appr ovedatyinot e SareathydiadxovB-8+ + rear s/ 1 3 X iliosarios wheria € -ibprob 69yl -plmwaadeey s
prior to,an,nt rave%wgugﬁl_eg esi ng, rats were anesthetized with isoflurane. A
e

cat het er _\f/ﬁrsbofgﬁl'lpﬁaacﬁ N0 the jugul ar vein under aseptic conditions to

allow for nmultiple blood sanpling. 15 After recovery from general
anest hesilhis campoed dswaseprepdnalisenk & natthoddualbgyusundert of Eanulale d 02, abormd¢diaty

condifio in Kr n, type-3. cage ith wire nesh tops ,and st andardi zed
o twbod Beumre e R st tab IB R Eonber SeBp s T g R OB b ound  of
formul a LC(NES (amdf ern .(8BnfHMtA]|be2t gt ed is adm nistered intravenously to

two male Wstar rats (body weights of 200 to 220 g) as a clear solution of
1 ng/mL in water with PEG400 (7.5%, PG (7.5% and Crenophor-EL(r) (59%.

The rat spkg@mplevad: A-@R5S-(8Msopropy1io0exo2PH PN -BeAA 1,5 RRTibHPhBYRIRHS2-y1)-2-
adm nistration, a blood sanple was taken fromthe two 5 rats, and the

concent r #6r(EN-metxyypotidind-ybozrpbemd-pyrintidinerd-earbontbamimg -propignylas
quanti fi gﬂ)ep¥zi+ecl-|¥§r‘ﬂ¥§yli a&lu@l ol ai nedf or a conpound of fonnul a | The

follow ng results were”obtained inrats follow ng the adm nistration of the
conpound of 10 Exanple 48 pursuant to the procedure descri bed above: Rat
Rat MNo. 1/Rat2-Nedro2y-Caswpenii-aenizoi aofd mahpgewad of Exanple 5 found 20 mn
post intravenous adm nistration (ng/nL) 69.9

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.

'H-NMR (CDClLs): §=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-isopropyl-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 (CDCL): §=7.50 (s, 1 H), 7.21 (d, 1 H), 6.88 (m, 2 H), 4.89 (d, 2 H), 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-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 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.



60.7 These results show that the conpound of Exanple 48, when adm nistered
torats, is rapidly converted in vivo into the conpound of Exanple 5 (the
cor r espormiDregosssawound of formula | with RS = R8 = OH). pCH/IBr00g/ethoex (assay
2.) The compound of fornmula I (R5 and/or R8 OH) to be tested is

adm nistered orally to three male Wstar rats (body weights of 200 to 220
g) as a clear solution of 2 ng/nmL in water with PEG400 (7.5%, PG (7.5%
and Crenophor-EL(r) (5% . The rats reerilved a dose of 5nL/kg. 5 h after the
oral admi nistration, a blood sanple was taken sublingually under isoflurane

20anest hgsh@pie A3 Mb(?kf-ﬁ{gﬁ-@/lét%ﬁ»-z-%%tlwtﬁh{x}@ﬂﬁﬁﬂfﬁti on of corresponding

conpound of Porrmla (R = R8B = OH was quantified by LCM5-MS. Results

obt ai nedbenzotd bidlvaazaphpsphining-y1)-2vi(r-2(30-3/ 106D 000 POTOliBROL ) 5BOM31-- 150 -

The foll Qw.ng,.result re o ined in rats.foll ow ng.the,oral

i ni st PP ER e Bon T Gudd) PoB bl San Shoatopdd Ao Bl ever

descri bed above: Adm nistered conpound of fornmula | (R5 and/ or R8CH)

conpound ! 6%. 1 f B minoa3-ne(Hlby-berRBicacdipethdasar ed Concentrati on of neasured
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Exarrp% € %hi]s'zcor%)f)g'lqlp v%as7 grell)za)l(rggﬁlsigg% method analogous to that of Example 110, step 110.1,
2-amino-3-methoxy-benzoic acid replacing 2-hydroxy-3-methyl-benzoic acid.

LC-MS (A): tg = 0.92 min; [M+H]": 182.48.
112.2: (2-Amino-3-methoxy-phenyl)-methanol

This compound was prepared using a method analogous to that of Example 110, step 110.2,
10  intermediate 112.1 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-
yD)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-
propionyl)-piperazine-1-carboxylic acid butyl ester

15  This compound was prepared using a method analogous to that of Example 102, intermediate
112.2 replacing 2-hydroxybenzyl alcohol and was isolated as mixture of diastercoisomers.

LC-MS (A): tg = 1.04/1.07 min; [M+H]: 736.41.

Example 113: 4-((R)-3-[(5-tert-Butyl-2-o0x0-[1,3]dioxol-4-ylmethoxy)-hydroxy-
phosphoryl]-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-

20  amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 101, 4-
hydroxymethyl-5-tert-butyl-[1,3]dioxol-2-one (prepared as described in Tetrahedron Letters
(2002), 43, 1161-1164) replacing 4-hydroxymethyl-5-methyl-[1,3]dioxol-2-one. Only the
monocster was isolated as mixture of diastercoisomers.

25  LC-MS (A): tg = 0.98 min; [M+H]": 773.92.
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This compound was prepared using a method analogous to that of Example 101, benzyl
5  alcohol replacing 4-hydroxymethyl-5-methyl-[1,3]dioxol-2-one.
LC-MS (A): tg = 1.15 min; [M+H]": 799.22.

Example 115: 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

10 115.1: 4-((R)-3-(Benzyloxy-hydroxy-phosphoryl)-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 75, intermediate
2.6 replacing intermediate 5.4 and benzyl alcohol (3 eq) replacing glycine ethyl ester
hydrochloride (6 eq) and was isolated as mixture of diastereoisomers.

15 LC-MS (A): tg = 0.97 min; [M+H]": 709.45.

115.2. : 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

This compound was prepared using a method analogous to that of Example 52, bromomethyl
20  acetate replacing 1-chloroethyl 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): tg = 0.89 min; [M+H]": 691.19

Example 116: 4-((S)-3-|Bis-(acetoxy-methoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine-1-
25  carboxylic acid ethyl ester
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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-{(S)-[6-((S)-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 ethyl ester hydrochloride replacing glycine ethyl
15  ester hydrochloride.

LC-MS (A): tg = 1.02 min; [M+H]: 789.84.

Example 119: 4-((S)-3-[Bis-(ethoxycarbonyloxy-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
3.6 replacing intermediate 2.6 and chloromethyl cthyl carbonate replacing methyl
chloromethyl carbonate.

LC-MS (A): tg = 1.06 min; [M+H]": 795.68.

Example 120: 4-((R)-3-|Bis-(acetoxy-methoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-
25  pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine-1-

carboxylic acid ethyl ester
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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-chlorocthyl pivalate.

LC-MS (A): tg = 1.00 min; [M+H]": 735.64

Example 121: 4-((R)-3-[Bis-(butyryloxy-methoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-
5  pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-piperazine-1-

carboxylic acid ethyl ester

This compound was prepared using a method analogous to that of Example 52, intermediate
1.10 replacing intermediate 2.6 and chloromethyl butyrate replacing 1-chlorocthyl pivalate.
LC-MS (A): tg = 1.10 min; [M+H]": 791.59

10  Example 122: N,N’-Bis-((S)-1-ethoxycarbonylethyl)-2-{(R)-[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0xo-3-(4-ethoxy-carbonyl-
piperazin-1-yl)-propyl-phosphonic acid diamide:

This compound was prepared using a method analogous to that of Example 75, intermediate

1.10 replacing intermediate 5.4 and L-alanine ethyl ester hydrochloride replacing glycine ethyl
15  ester hydrochloride.

LC-MS (A): tg = 1.01 min; [M+H]":.789.92

Example 123: 4-((R)-3-|Bis-(ethoxycarbonyloxy-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 cthyl carbonate replacing chloromethyl
methyl carbonate.

LC-MS (A): tg = 1.06 min; [M+H]":.795.68

Example 124: 4-((S)-3-[4-(Bis-(butyryloxy-methoxy)-phosphoryl)-phenyl]-2-{[6-((S)-3-
25  methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-

piperazine-1-carboxylic acid ethyl ester
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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-chlorocthyl pivalate.
LC-MS (A): tg = 1.14 min; [M+H]": 867.40

Example 125: N,N’-Bis-((S)-1-ethoxycarbonylethyl)-4-[2-{(S)-[6-((S)-3-methoxy-
5  pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-ethoxy-carbonyl-
piperazin-1-yl)-propyl]-phenyl-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 glycine ethyl
ester hydrochloride.
10  LC-MS (A): tg = 1.04 min; [M+H]":.865.36

Example 126: 4-((S)-3-[4-(Bis-(ethoxycarbonyloxy-methoxy)-phosphoryl)-phenyl]-2-{[6-

((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-propionyl)-

piperazine-1-carboxylic acid ethyl 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 chloromethyl

methyl carbonate.

LC-MS (A): tg = 1.06 min; [M+H]": 871.47

BIOLOGICAL TESTS

P2Y;, receptor binding assay

20  Procedure

Chinese Hamster Ovary (CHO) cells with recombinant expression of the human P2Y;,
receptor were cultured in 24 well cell-culture plates. Cells were washed three times with
binding buffer (50 mM Tris pH 7.4, 100 mM NaCl, 1 mM EDTA, 0.5 % BSA). The cells

were then incubated with 0.5 ml per well binding buffer containing tritium-labeled 2-methyl-
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thio-adenosine 5’-diphosphate (2-methyl-S-ADP) (between 100°000 and 300’000 dpm per
well) and various concentrations of test compounds. After incubation at RT for 2 hours, cells
were washed three times with binding buffer. Then, cells were solubilized by addition of 0.5
ml solubilization buffer (SDS, NaOH, EDTA). The content of cach well was then transferred
5 into beta-counter vials and 2.0 ml of Ultima Gold Scintillation liquid was added. After
quantification of the cell-associated signal, extent of inhibition was calculated relative to

maximal possible inhibition demonstrated by addition of excess of cold 2-methyl-S-ADP.

Using the procedure described above for the P2Y;, receptor binding assay, 1Csy 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 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 P2Y 15 receptor binding assay:

Example No. | ICsy at P2Y; receptor binding assay (nM)
7 32
12 59
16 4.5
21 78
34 13
35 14
37 78
38 61
45 5.5
56 162
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Example No. | ICsy at P2Y;; receptor binding assay (nM)
61 7.5
63 69
67 13
71 4.5
73 3.0

Compounds of formula I, wherein at least one of the substituents R* or R® is not hydroxy are

expected 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 48-55 and 75-126), the procedure described above for the P2Y, receptor binding

assay resulted in ICsy 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). ICsg values of selected examples are

given in the following table:

Example No. | ICsy 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

R2
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Pharmacoki

36

netics in rats

In view of their structure, the compounds of formula I, wherein at least one of the substituents

R’ or R® is not represented by hydroxy, are expected to be rapidly converted into the

corresponding acid derivatives of formula I (R’> = R® = OH) when they are submitted to

physiological conditions. The following pharmacokinetic assays in rats are designed to show

Rats were delivered from RCC Ltd, Biotechnology and Animal Breeding Division,

Fiillinsdorf, 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 no. 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.

5
this conversion.
Procedure (assay 1)
10
15

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.
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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 intravenous administration 69.9 60.7

(ng/mL)

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 I

with R’ = R® = OH).

15 Procedure (assay 2)

The compound of formula I (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 5mL/kg. 5
h after 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.
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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 platelet 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  ADP induced 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
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[645) 3-met hoxy- pyrrolidin-1-y1) eny? pyrléféine 4- car bonyl nol-

4- phoS phamd- &uit-§ vl Xinpl @recaztanen. JI}maahlamgQ/inl ligha tiagsnaikdign, imditeive o40(1@c8)1g 2- {
[ 64(S)-3-net hoxy-pyrrolidin-1-yl1)-2-phenyl-p r|n1d| e-4- car bonyl Fam nol-
4- phosph&%ﬁsegﬁupé % -pelored, oye % l%&% TRe g&ieat phtRIpiclsk jaggregation. was

4-((9) - 2cal£ul£t@&fe@t1v§’t@ﬁ% AKIoTINCE Of ]!’Rld (ot degr¥obled? anDEPY | fuﬂ’)iggr@%atlon)
di ne- 4- carbo nyl Fam nol 203- phosphono- pr opi ony1l) - pi per azi ne-1-car boxylic

aci d but %...Eéfq%ef_eflff_e_s_ulz_s_ . .
{(S)-2-[(2-phenyl B-pyrazol 1-yl - pyri m di ne-4-carbonyl)-am no] - 4- phosphono-
butyryl | phpegg) & C knBRER": tel tio

(6 (o ot BT BEATRE e bl By g RUR randnls o sttt aespesyt
nobuﬂ@ry&$apa$@$aﬂmdebdwnarboxyl|c acid butyl ester; 254- [(S)-2-(
{2- phenyl-6-[(5)-(tetrahydro-furan-3-yOoxy] - pyrinidine 4- carbonyll-anino)

H%ospho

4- phosphono butyryl] plpera2|ne 1- carboxyllc acid butyI ester; { (S)-2-
[ (2- phepyt—6 He—4—carbopy)—am1o] 4 phe
S bhono. boYHYES e is el h by ¢ aci@BOGY] CdSERRe | o | T
2009/ 06910654l LIRAC0E/ W06A92774] 158 (nl\/ﬂ { (S -2-Ekifplk N°) (nM)
sopropylam no-2- phenyl -pyrim dl ne-4-cgarho nyl)- amno] -4- phn
sphono- butyryl |l - piperazine-1 -carboxyllc aci d but yl ester
O—
»
o nw ) 21 )\© |
N N N/
N\) O
HO’ \o
HO O
(example 5)
O— O—
N .
o] HYf\N O | N
N N N/ 32 N N N/ 71
N\) 0 /K© e N\) 0
T )
HO” o Ho’ So
(formate salt) (example 4)




4- { (9S)-2-
lin-4-yl1-2-phenyl
pi per azi r€o2oe%mpwoxyl i ¢ aci d butyl
- pi perazi n-1-y1) - 2- phenyl
4- phosphono -butyryl)-pi perazine-1 -carboxylic acid butyl
[ (6-nmet hyl am no - 2- phenyl
sphono -prop io nyll
[ (6-di et hyl am no - 2- phenyl

[ 6- (4- met hyl

(R)-2-

(R)-2-
spho nof
(R) - 2-

sphono

[(6- is
sphono-
[2-(4-f
car bonyl ]
butyl e
|yl - pyr
- car box
r o- phen

1 propi

.>tﬁV(:i\Mﬁ/

ylic acid butyl

[ (6-nmD rpho

est

pi perazine-1 -eseboxylic acid butyl

er;
ester;

ester;

-pyri m di ne-4-carbonyl)-am no] - 4- pho sphono -butyryll
544(S)-2- { PCT/IB2008/055002
-pyrim dine-4-c arbonyl]-

am no} -
4- |
-pyrim dine-4-c arb onyl)-am no]-3-pho
4- {
-pyrim dine-4-c arb onyl)-am noj

-3 -pho

TOpropi onyl T -pi per azi ne-
(6-ethy|anino-2-pheng|-pyr
onyl | pi pe
opropylam no -2-p
pr opi onyl |
uo ro- phenyl 6+ ( (
am n

| - pyT
-plpera2|ne 1-
SN 3- met

64(5
onyl ] ar
eSter; 44(9
1)-6-((S)-3-net hoxy-pyrro

-1

i neg4-c a%

Yine-1

I-—C3q
im d
-car
im di
car bd
hoty-
it yryl
ret ho
n no}
b) - 2-
lidin

rboxylic acid butyl
ine-4-c arb onyl)-
boxylic acid butyl
i ne-4-carbonyl) - anlno]

d

xylic acid byl etz 1
pyrro |idpmisk-
) ~piper {;QTl -carboxﬂzgc

Xy-pyrr 1 ({1) 2-p-t
- 4-phosphono - butyryl) - pi

2-(2-f
{IEylg pyk|n1p§|8e 4- carb

ester;
ho] - 3
ter;
-3
5

D

per azi

4-
- pho
.-
- pho
A44('S)
ne- 4;
aci d

pnyl ]

{(R)-2-

2- {

ne-1

20am no} -4-phosphono-butyryl)-piq

44(S) - 2{
di ne- 4-
aci d buf
onyl)-a
butyl e
onyl)-a
butyl e
{(R-2-
onopr op
[ (2-phe
i onyl |

2009/ 06

{ [2-(3-fluo ro- ph@nyl) d
car bonyl ] am n 4- phog
yl ester; 4- { (R 2 [ (6-
m no] - 3- pho sphona- pr op
st er; 254- { (R - (6- et
i no] -3fp ol e p| q

5t e?\/oéf

(6-cycd opr opy, i No- 2- pher
onyl | -piper e-1- car bg

nyl - 6- phenyl am np-gayrim di
30pi perazi ne-? -carboxyl i

D100PCT/ 1B2008/ 055002

Der azi
- ()
phong
met ho
onyl |
hyl
ngytd

Iyl - py
Xyl 1 g
ne- 4-
c aci

- 2- phen I-(?Nl

ne-1 -carboxylic ackﬁ_buty
- 3- met hoxy- pyrro |n | -y
-butyryl)- plperaz -ca
Xy-2- phenyl - |ne 4-

pyrlm
pi per azi Lc r boxyl
|n q;;i

ine-1 “carbo

- Py
O
rimdine-4-ca
aci d butyl estéef-pn
carbo nyl)- anln%] -3-pho s

d butyl %%ter 5¥D

xample

C
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L) - py
I boxyl

c aci
aai d

{ (R

phono:

est er;
im
ic
arb

- 3- phosph

prop

O—
&

Q*qf*g
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\\o

Ho’ \o

(example 1)
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- 159 - 4- { (R -2- [(6-Dbenzyl am no-2-phenyl -pyrim dine-4-carbo

nyl) -am no] -3-pho sphono-prop io nyll- piperazine-1 -carboxylic acid butyl
ester; 4-wp(em)9%/@9100{ 2- phenyl - 6- [ (R)-(tetrahydro-furan- 2cy0BmM0sa35002
-pyrimdine-4-c arbonyll -am no)- 3-phosphono-propionyll -piperazine-1
-carboxylic acid butyl ester; 54-((R-2- { [6-(3

- hydroxy-pyrrolidin-1|-yl)-2-phenyl-pyrim dine-4-c arb onyl] -am no}

3- phosphono- propi onyl) - pi perazi ne-1 -cesboxylic acid butyl ester; 4-
[(R-2-( {6- [(2-nmethoxy-ethyl)-nethyl-am no] -2-phenyl-pyrim dine-4-c arb
onyl | -am no)- 3-phosphono-propionyll-piperazine-1 -carboxylic acid butyl
ester; 4-((R-2- { [6-(2-ethoxyc arb@mihset hyl am no) - 2- phenyl - pyri m

di ne-4-c arb onyl]- am nol- 103-phosphono- propi onyl) - pi perazi ne-1
-carboxylic acid butyl ester; 4-((R-2- {

[ 6- (2- car boxy- et hyl am no) - 2- phenyl - pyri m di ne- 4- car bonyl ] - am no} - 3-pho
sphonopr opi onyl) - pi perazine- 1 -carboxylic acid butyl ester; 4- { (R -2-

[ (2, 6-di phenyl - pyri m di ne-4-c arbonyl)-am no] - 3-pho sphono-propi onyll

- pi per azi nel- carboxylic acid butyl ester; 154- { (R -2- [(2-phenyl-6-thi
ophen-3-yl;zp arb onyl)- anlno] -3 -pho sphono- propionyl
-plperaz¥ﬁ%c§ %%Pﬁ%@%Fm%PEC|d butyl ester; 4-((R)-2- {

[ 6- (4- met hoxy- phenyl ) - 2- phenyl - pyrim di ne-4- carbonyl] -am nol -3-pho
sphonopr opi onyl) - pi perazine- 1 -carboxylic acid butyl eskrér; 4- { (R)-2-

[ (6-cyc | opropyl-2-phenyl-pyrimdine-4-c arb onyl)- Qm?ﬁo] -3 -pho spho
no- propi onyll- 20pi perazine-1 -carboxylic acid butyl|ester; 4- { (R -2-

[ (6-butyl -2-phenyl -pyrim dine-4-carb onyl)-am no] -3} pho sphono-prop

onyl| - piperazine-1 -carboxylic acid butyl ester; ﬁ)-Z-( {2- phenyl - 6-
[(S)-(tetrahydro- furan-3 -yl)oxy] ©pyrim dine-4 arbo'™>nyl | - am no) -

y
3- phosphono- propi onyl | - pRAer azi ne- 1f|- carboxyl i ¢ ad¢f d butyl ester;
- Woyrim o dine-4-c
-me [ zi nexd! - carboxylic

254- ((R)-2- { [64(5)- 3- met

arb onyl Fam nol - 3-phosph -
acid ethyl ester; 4-((R-[2- {
[ 64(5) - 3- net hoxy-pyrrolidjn-1- m dine-4-c arb

Xﬂb 2-ph |- pyr
onyl Fam nol 4- pho pi pera 1 -tarboxylic acid ethyl ester;
4-((R-2- { [6-((S)-3f{met hoxy- pykrolidin- 11y1) 2- phenyl -pyrim dine-4-c arb

onyl Fam nol - 304- phosphono- but yry1) - pi per azi ne-1 -carboxyllc acid butyl
ester; o) CH2
//
/ \
formula I

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 cach 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, aryl or
heteroaryl; or

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



WO 2009/ 069100PCT/ 1B2008/ 055002 - 160 - 4-((R)-2- {

[ 64/ S, 25) - 2- met hoxynet hyl - cycl opropyl) - 2- phenyl - pyri m di ne- 4- car bonyl ] -

am nol - 3-whasphenwe pr opi ony1l) - pi per azi ne- 1- car boxyl i ¢ aecu/1B20gbhs5eex er ;
4-((R)-2- {

[ 64/ S, 25) - 2- hydr oxynet hyl - cycl opropyl) - 2- phenyl - pyri m di ne- 4-car bonyl ] -

am nol - 3- phosphono- pr opi ony1l) - pi per azi ne- 1-carboxylic acid butyl ester;

54- ((R)-2- { -154 -

[ 6- (2- hydr oxy- et hyl anmi no) - 2- phenyl - pyri mi di ne- 4- car bonyl ] - an nol- 3- phosphon
0- propi gnydyeRhREMNGZL NR* %resglﬁg QQ{?}Y'&!HQOX@EMQOMIN}LI Eab&lyalkdt, (}{y@ox alkl,

[ 6- (2- hydr oxynet hyl - pi peridin-1-yl phényl pyrim di ne-"4- carbonyl']-am nol 3
- phos phoalsoxyadipil.dwietcypiypeydeilkg, elrybetrdn@ikyll and Raa:¢me5bu|115 Yy dregeregr:alkyl; or

4- ((R) - 24 hox ) n pyr rb ]
Y ot 3 SO BR oL O g oRye e A BB EBH bl IO S ek e
4- ((R) - 2hetérocychc ring of 4 to 7 members wherem the members needed to complete said

[ 6- (3 hy roxy utyl)-2-phen yrim dine-4 carb nol- 3 ph phonopr op
i ony13 - phY t? nglafe eaabaféﬁﬁonéelgﬂl %fleﬁtﬁdyﬁmfag bff{gs “C0P and

1[ 64(S) - aﬂayetlfﬂgéx aﬂde&gbémdwévemurs%rcﬁ?aérwchy%gHsésmblt c&hﬁﬁﬂ&re R¥hioft di ne4
-carbonyIFanlno - (E hono- but yry1l) - pi perazi ne- carbox¥llc aci d butyl

ester; 18wmbs) sgectp |f§m( zhe Zradipnearisiphing rod piCdHY Hoxmefh phd SPHor W] - 2-
6- S
e (9 R ORI gy, hydroxymetyt alkoxymethod or alkpsy and R pepresentine hudiogen

1-car boxyﬂalkylam d butyl ester;

?g (Si (é) ébﬁé{eil?ge)%gx%%y %%{Tﬁi ci/(é) or}r%s obg%tr e} z)v-it%-thé nitrogen that carries them, an

2- pheny| iRiaid§1dhyez 1caalsqui NgrNol, 4 iz Y dihg PYIHEK 83g ARy beGabdoxyd bg acid
butyl ester; %4!)}?% 0474- b| s-&iéz 2- di metyhylgpropl ongg/l o>3</y) et hoxy] ¢

- phosphoy plkylzroyp eaaee(aéy 3 Aqtig eyoup);

pyrrolidins: elare)ééﬁts%ﬁ AR Mylm di ne- 4- car bonyl Fam nol - butyry1) - pi per azi ne-
1- carboxy aci d este

4 ((R) 3R/ hipses¢itts Bych‘ogmltdnyﬂleﬂpdnpl onyl oxymet hoxy) - phosphor y1] - 2-
ﬁpmet ho rrolidin-1-yl)-2-phenyl-pyrimdine-4-carbonyl]-ani nol - pr
op| o f%’é‘?ss 9%carboxyl i ¢ 25aci d butyl ester; 4- ((R) 3-{

bis-[1- (am?br@beﬂebhybcnrsom@mé@&ya)b@uh@mﬁrm@aﬂt@orwll {
[6-((S)-3-net hox%pyrrol i di n- 11% phenyl - pyri m di ne- 4- car bonyl] - am nol - pr
opi ony 1) nﬁ‘?%@ﬁ%& 11V aenpsai| eny(iané nh{FPYAsCIis et

4- ((R) - %&eﬁt@i'@qwe*hﬁ éalfyq%h%ye)pra@a%phoryll 2- {
[6-((S)- 3 oxy pyrroli | -I-
30pheny|prndﬁﬁdmmsknu@@mb@mqﬂyﬁnnﬂmhlwdm@yom%mmumngbpmzwhéylumabﬁmwyd|c

acl d2(})) ut ¥en otxyef\,ra group @%QQ%&QP&F ﬁi%zgr(%%}/) 0%5&9%16_) 01' éiL 0)-0-R’, a group —
O-(CHR®)-C(=0)-0-R’, a group -NH-(CHR')-C(=0)-O-R’ or a group ~NH-C(CH;),-C(=0)-
O-R9; or
R’ represents hydroxy or unsubstituted phenyloxy, and R® represents a group —O-(CH,)-O-
C(=0)-R’ or a group —NH-CH(CH3)-C(=O)-O-R9; or

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



4-((R)-3- [bis-(1-prop ionyl oxy-etho xy)-pho sphoryl] -2- { [64(S)-3-netho
xy-pyrro lidin-1-yl)- 2-phenyl-pyrim dine-4- carbonyl]- am no} -propio
nyl)-p i pveraw/asetod- car boxylic acid butyl ester; 4-((RpPCIABHIOS8055802
obut yryl oxymet hoxy- pho sphoryl)-2- { [64(S)-3-nmetho xy-pyrro |li din-1-yl)-
2- phenyl -pyrim di ne-4- carbonyl]- am no} -propio nyl)-p ip erazine-1-
carboxylic acid butyl ester; 54-(2- {
[ 64(5) - 3- net hoxy-pyrrolidin-1-yl)-2-pheayl - pyri m di ne-4-carbonyl Fanm nol - 2-p
hosphono- acetyl) - pi perazine- 1 -carboxylic acid butyl ester; or a
pharmaceutically acceptable salt @ such a conpound. @d2. A conpound of
formul a | according to clainll\#gf;ch is selecteXkfr/mthe group consisting
of : 104-((R)-2- ©O(2- Hydr oxy-ret ho xy) - 2-phenyl -I[rin dine-4-c arb onyl]
- anino} -3 -pho o no - |on d) - pi perazin 1‘>bﬁpboxylic acid butyl
ester; 4-((S)-2- 6- ((S)-3{Met hoxy-pyrro lidi
di ne-4- carbonyd] - pno} -5{ pho sahono-pgntanc
-

- carboxylic aci buty ester;
[6-((S)-3-Met hoxy- ol i di n-1-Y|
- 3-(4- 15phosphono- phenyl) - prop

ester; 4-[(S)-2- { 1
[ 6-((S)-3-Methoxy-pyrrolidin-1-y1l)2<phenyl - pyri m di ne~4- car bonyl] - am no}
-3-(4- pho phono- phenyl) - pr8p|onyll-p|pq$ﬁ2|ne I-carboxyllc acid butyl

-1 -y1){2- phenyl - pyrim
'nerazinﬁﬂl

|enyl pyrlnlo‘ﬁg/4
]i per azi ne-| -car box

ar bonyl] - am no}
|ic acid ethyl

ester; 4-[(1S)-2- {

[6-((S)-3-Met hoxy- pyrrS\\g¢% 1-yl)-2-phe¢nyl - pyrlrn¥hdﬁg 4- car bonyl1] 4 am no}
-3-(4- pho roRi Q -plperaz xylLis aci d
et hyl ester; -[(S)Oz { ™Y /n o

[6-((S)- thh xy-pyrrolidin-1-yl1)- -phen(? pyrlnldlne 4-car bo

-3-(4- pho Ronet hyl - pheny1) - pr opi - pi perazi ne-1- car boxy.

4- ((R)-2- { [64(S)-3- Met hox\\ pyrro

- 2- phenyl - pyri m di ne-4-c arbo | Fam nol -5- pho
sphono- pent anoyl) - pi perazi ne-1 -carboxyliC acid butyl ester; -
{(R-2- [(6-1s opropyl-2-phenyl-pyrim dine-4-carbo nyl)-amno] -3-pho

l'idin-I-

<

sphono-prop io nyll - 25pigperazi ne-1 -carboxyllc actﬂ butyl ester;
4-((R)-2- { [6-(3 -Metho X -/2- phenyl - pyrim dine-4-c
arbo nyl] -amno} -3- p X - i - pi i ne-1 -carboxylic acid
butyl ester; 4- {(R)-2- 0 ; -pyrim dine-4- carbo
nyl) -am no] - 3-pho sphqunroplo‘yII ‘X{ i axboxylic acid ethyl
ester; WD 2009/ 069100F A J {

[ 6- ((S) 3- Met hoxy- pyrfrol i di gFl-yl) i m(di ne- 4\\car bonyl Fam nol - 3-

(4- phosphono- phenyl
4- [2- {
[6-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl -pyrim di ne-4-car bonyl Fam nol - 2-
(4- phosphoeror pleeanyly naclet shie] poifai gfestachment! toctae hexyihing @et df edrhydundsoér ;

acid ethyl ester;

formula I;
q represents 1 or 2;
R® represents hydrogen or (C;-Cs)alkyl;
R’ represents (C;-Cy)alkyl or unsubstituted (C3-Ce)cycloalkyl;
10 R’ represents (C-Cy)alkyl;
R'® represents hydrogen, (C1-C4)alkyl, unsubstituted phenyl or unsubstituted benzyl;
R represents hydrogen, (C1-Cy)alkyl or (C-Cy)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



54- [2- {

[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl - pyrim di ne-4-car bonyl Fam nol - 2-
(4- phosphoroeylsereyl) - acetyl ] - pi perazi ne-|-carboxyl i c &crdBbwsyisoest er; 4-
[2- {
[6-((S)-3-Methoxy-pyrrolidin-1-y1)-2-phenyl -pyrim di ne-4-carbonyl Fam nol - 2-
(3- phosphono- phenyl)-acetyl] -piperazine-I-carboxylic acid ethyl ester;

4- [2- { [6-((S)-3-Methoxy-pyrro -156 -

l'idin-1-yl)-2-phenyl-pyrim di ne-4-carbonyl Fani nol - 2- ( 3-
El-gph?sthPQp}de?ﬁdelu)lczﬂE/earcyépla'bw RERZdE donfRUREXY! i ¢ acid butyl ester; 4-
[6-((S)-3-Met hoxy-pyrrolidin-1-y1)-2-phenyl -pyri m di ne-4-carbonyl Fam nol -
(2- phosphdsempetswhyor forguda &4c]condmgﬁ@|ebizmAewherélar\bmppqsws pldnglibut yl ester:

4- ((R) - 2-

{[6-(4- t%@?“%?%Englﬁ“fqﬁ%§“?“°ﬁ§#§ﬁ‘°“‘OH?d|ne 4- car bonyl ] - am nol - 3-
phosphono- propi onyl) - pi perazi ne- 1-carboxylic acid butyl ester; 154-

{(R)-2- [(IGAIVDmpmmdiQf farnyda anwheimgg topjaiinnli, chihnesing whan Borepkperdsni h@}dr, Beplmosphon
0o- pr p|on Iperazine rb xylic acid butyl ester;

R SR S e

{(S)- [64653pﬁnﬂ@&ﬁ@&ﬂhpméaﬁﬁudkanoEmymknﬁmqhemyIpyrlnldlne-4-carbonyIFaninoI
-4-oxo 4 (4 but oxy- car bonyl - pi perazin-1-yl)-butyl - phosphoni ¢ acid di am de;

200 (R 500 S BRAE ST IR MY RN RPERT Vi oPetatmel PR ) SRerl! ROWRYRL ©

pyrim di ggadsteakcdpridyEam nol - propi onyl) - pi per azi ne- 1- carboxylic acid butyl
ester; 4-((R-3 ?BIS pr opi onyl oxymet hoxy- phosphory1l)-2- {

[6- ((S) - ot frhamsspupsallyscreptablersali pf sgch a compound.
phenyl - pyri m di ne- 4- car bonyl Fam nol - pr opi ony1) - pi per azi ne- 1- carboxylic acid

butylges B ek scoftipblld oisforr(lﬁa'lsacpdmﬁﬁ%ﬁb QxY BRE BOXMiRNP S BNRAYLIn B represents a
[6-((S)- nethoxy pyrrolidin-1-y1y-2-

25pheny|b@wi|n1d|ne 4- car bonyl ] am nol - propionyl) pi per azi ne- 1- car boxylic

d butyl b hyl ) - 2- R
fg'((s§ Eﬁ%ﬁmcmﬁ%ﬁ$6?ce%ﬂ)e“mf§¥%%r 0%51 ﬁ%r?nzdlne{g %arbonyl] am nol - 3

- 0X0- 3- (4- but oxy- car bonyl - pi perazi n- 1-y1) - propyl - phosphoni ¢ aci d di am de;

N, N' - Bi s7{4 SympewetdrndXyroaboavgdmingytb papendof(cRims [l 6etf.SykcBeindY hapxgseqmty FO-0
lidin-I-yl hen r in

- ani nol- %9%“ a Hyﬁﬁvﬁ§ P%&%Hﬁﬁ§$5%$5@¥3§)hnq y1) propyl - phosphonic acid
di ami de; WD 2009/ 069100PCT/ 1B2008/ 055002 - 163

N, N 18i s8(Arbhsyehobambhiet hybidink to any one of clalms 1 to 5, wherein W represents
{(R) -[64(S).33-net hoxy-pyrrolidin-1-yl r|n1d|ne 4-c nyl]-amn
01- 3- ox0- BR(4 Ry ueBseytn hﬂ W%Pwﬁ%kxl Ow Wydﬁwg%brﬁ Xa@%nﬂ

di am de; pNefeydBi1S c9&1§21r<§1 %ﬁ&&@wcg{&awﬁn@r %narefvhyéprd%gpmlyhro%en {dRikyL; or
[6-((S)-3- net%oxy pyrro [ i din-1- ;
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 —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 —-NRY-, 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, a pyrazolyl ring which
25  may be unsubstituted or monosubstituted by an alkyl group;

or a pharmaceutically acceptable salt of such a compound.



5y1) - 2- phenyl - pyri m di ne- 4- car bonyl ] - am nol- 3- oxo- 3- ( 4- but oxy- car bonyl - pi pe
razin-1-yl)- propyl -phosphonic acid di am de;

N, N - Bi s-Wwoened/dsatogl oxycar bonyl net hyl )-2- {(R)- [ 64(S) - BCRABHOKY35p42 1 O
l'idin-1-yl)-2-phenyl pyri m di ne-4-carbonyl ]

- am nol- 3- oxo- 3- (4- but oxy- car bonyl - pi perazi n-1-y1)-propyl - phosphonic acid
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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-
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vasc % ar 4-?{5%-%— zes[é;2-dimethyl-propionyloxymethoxy)-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-isobutyryloxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino}-butyryl)-piperazine- 1 -carboxylic acid butyl ester;

20 4-((S)-4-{bis-[(2,2-dimethyl-propionyloxy)-cthoxy]-phosphoryl}-2-{[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -butyryl)-piperazine- 1 -carboxylic
acid butyl ester;
4-((R)-3-[bis-(2,2-dimethyl-propionyloxymethoxy)-phosphoryl]-2- {[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic

25  acid butyl ester;
4-((R)-3-{bis-[1-(2,2-dimethyl-propionyloxy)-cthoxy]-phosphoryl } -2- {[6-((S)-3-methoxy-
pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid butyl ester;
4-((R)-3-[bis-(1-isobutyryloxy-cthoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-

30  phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxylic acid butyl ester;
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4-((R)-3-[bis-(1-propionyloxy-cthoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid butyl ester;
4-((R)-3-(bis-isobutyryloxymethoxy-phosphoryl)-2-{[ 6-((S)-3-methoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid butyl ester;
4-(2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -
2-phosphono-acetyl)-piperazine-1-carboxylic acid butyl ester;

or a pharmaceutically acceptable salt of such a compound.

12. A compound of formula I according to claim 1, which is selected from the group
consisting of:

4-((R)-2-{[6-(2-Hydroxy-ethoxy)-2-phenyl-pyrimidine-4-carbonyl]-amino} -3-phosphono-
propionyl)-piperazine- 1 -carboxylic acid butyl ester;
4-((S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } - 5-
phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester;
4-[(S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(4-
phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl ester;
4-[(S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(4-
phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid butyl ester;
4-[(S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(4-
phosphonomethyl-phenyl)-propionyl]-piperazine-1-carboxylic acid cthyl ester;
4-[(S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-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-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } - 5-
phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester;
4-{(R)-2-[(6-Isopropyl-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-propionyl } -
piperazine-1-carboxylic acid butyl ester;
4-((R)-2-{[6-(3-Methoxymethyl-azetidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-
phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
4-{(R)-2-[(6-Cyclopentyloxy-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-

propionyl}-piperazine-1-carboxylic acid cthyl ester;
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4-[(S)-2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(4-
phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl ester;
4-[2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -2-(4-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid ethyl ester;
4-[2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -2-(4-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid butyl ester;
4-[2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -2-(3-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid ethyl ester;
4-[2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -2-(3-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid butyl ester;
4-[2-{[6-((S)-3-Mcthoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -2-(2-
phosphono-phenyl)-acetyl]-piperazine-1-carboxylic acid butyl ester;
4-((R)-2-{[6-(4-Methyl-piperazin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-
phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
4-{(R)-2-[(6-Morpholin-4-yl-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester;
N,N’-Bis-(ethoxycarbonylmethyl)-3-{(S)-[6-((S)-3-mcthoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino } -4-o0x0-4-(4-butoxy-carbonyl-piperazin-1-yl)-butyl-phosphonic
acid diamide;
4-((R)-3-(Bis-acetoxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl ester;
4-((R)-3-(Bis-propionyloxymethoxy-phosphoryl)-2- {[6-((S)-3-methoxy-pyrrolidin-1-yl)-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-y1)-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid butyl ester;
N,N’-Bis-(cthoxycarbonylmethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
N,N’-Bis-((S)-1-cthoxycarbonylethyl)-2-{(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-

phosphonic acid diamide;
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N,N’-Bis-(methoxycarbonylmethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
N,N’-Bis-((S)-1-methoxycarbonyl-2-methyl-propyl)-2-{(R)-[6-((S)-3-methoxy-pyrrolidin-1-
yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-0x0-3-(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-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N,N’-Bis-((S)-1-methoxycarbonylpropyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino } -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N,N’-Bis-((S)-1-methoxycarbonyl-2,2-dimethyl-propyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-
1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-
propyl-phosphonic acid diamide;

N,N’-Bis-((S)-1-tert-butyloxycarbonylethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino } -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N,N’-Bis-((S)-1-methoxycarbonyl-2-phenyl-ethyl)-2- {(R)-[6-((S)-3-mcthoxy-pyrrolidin-1-yl)-
2-phenyl-pyrimidine-4-carbonyl]-amino}-3-o0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N,N’-Bis-((S)-methoxycarbonylphenylmethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino } -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N,N’-Bis-((S)-1-methoxycarbonylethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;

N,N’-Bis-(propyloxycarbonylmethyl)-2- {(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(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-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
N,N’-Bis-(2-cthoxycarbonyl-prop-2-yl)-2-{(R)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-ox0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid diamide;
4-((R)-3-(Bis-methoxycarbonyloxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-
yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl
ester;
4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-
yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl
ester;
4-((R)-3-(Bis-isopropoxycarbonyloxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-
1-y1)-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-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid butyl
ester;
4-((R)-3-[Bis-(1-ethyloxycarbonyloxy-cthoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-pyrrolidin-
1-y1)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid butyl
ester;

4-((R)-3-[Bis-(1-isopropyloxycarbonyloxy-cthoxy)-phosphoryl]-2- {[6-((S)-3-methoxy-
pyrrolidin- 1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid butyl ester;
4-((R)-3-[Bis-(1-cyclohexyloxycarbonyloxy-cthoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-
pyrrolidin- 1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid butyl ester;
4-((R)-3-(Diphenoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-

pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl ester;
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4-((R)-3-[Bis-(5-methyl-2-o0x0-[1,3]dioxol-4-ylmethoxy)-phosphoryl]-2- {[ 6-((S)-3-methoxy-
pyrrolidin- 1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid butyl ester;
4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(2-
ox0-4H-21-benzo[1,3,2]dioxaphosphinin-2-yl)-propionyl]-piperazine- 1-carboxylic acid butyl
ester;

4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(2-
ox0-1,4-dihydro-2H-21"-benzo[d][1,3,2]oxazaphosphinin-2-yl)-propionyl]-piperazine-1-
carboxylic acid butyl ester;
4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(8-
methyl-2-0xo-1,4-dihydro-2H-2A"-benzo[d][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-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid butyl ester;

4-((R)-3-(Bis-ethoxycarbonylmethoxy-phosphoryl)-2- {[6-((S)-3-mcthoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid butyl ester;
4-((R)-3-[Bis-((S)-1-cthoxycarbonyl-cthoxy)-phosphoryl]-2-{[6-((S)-3-methoxy-pyrrolidin-1-
yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl
ester;

N-[(S)-1-Ethoxycarbonyl-cthyl]-O-phenyl-2- {(R)-[6-((S)-3-mcthoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino } -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-
phosphonic acid amide;
4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(2-
0x0-21°-[1,3,2]dioxaphosphinan-2-yl)-propionyl]-piperazine-1-carboxylic acid butyl ester;
4-[(R)-2-{[6-((S)-3-Methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -3-(8-
methyl-2-oxo0-4H-2A’-benzo[1,3,2]dioxaphosphinin-2-yl)-propionyl]-piperazine- 1-carboxylic
acid butyl ester;
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4-((R)-3-(8-Isopropyl-2-ox0-4H-2A>-benzo[ 1,3,2]dioxaphosphinin-2-yl)-2- {[6-((S)-3-
methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-
carboxylic acid butyl ester;
4-((R)-3-(8-Methoxy-2-o0x0-1,4-dihydro-2H-21-benzo[d][1,3,2]oxazaphosphinin-2-yl)-2- {[6-
((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-
piperazine-1-carboxylic acid butyl ester;
4-((R)-3-[(5-tert-Butyl-2-ox0-[1,3]dioxol-4-ylmethoxy)-hydroxy-phosphoryl]-2- {[6-((S)-3-
methoxy-pyrrolidin-1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-
carboxylic acid butyl ester;
4-((R)-3-(Bis-benzyloxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl ester;
4-((R)-3-(Acctoxymethoxy-hydroxy-phosphoryl)-2-{[6-((S)-3-mcthoxy-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)-2-phenyl-
pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid cthyl ester;
4-((S)-3-(Bis-butyryloxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxylic acid cthyl ester;
N,N’-Bis-((S)-1-cthoxycarbonylethyl)-2-{(S)-[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;

4-((S)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- {[6-((S)-3-methoxy-pyrrolidin-1-yl)-
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-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid cthyl ester;
4-((R)-3-(Bis-butyryloxymethoxy-phosphoryl)-2-{[6-((S)-3-methoxy-pyrrolidin-1-y1)-2-
phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine-1-carboxylic acid cthyl ester;
N,N’-Bis-((S)-1-cthoxycarbonylethyl)-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-((S)-3-methoxy-pyrrolidin-1-
yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid ethyl
ester;

4-((S)-3-[4-(Bis-butyryloxymethoxy-phosphoryl)-phenyl]-2- {[6-((S)-3-methoxy-pyrrolidin-1-
yl)-2-phenyl-pyrimidine-4-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid ethyl
ester;
N,N’-Bis-((S)-1-cthoxycarbonylethyl)-4-[2-{(S)-[6-((S)-3-methoxy-pyrrolidin-1-yl)-2-phenyl-
pyrimidine-4-carbonyl]-amino}-3-0x0-3-(4-ethoxy-carbonyl-piperazin-1-yl)-propyl]-phenyl-
phosphonic acid diamide; and
4-((S)-3-[4-(Bis-cthoxycarbonyloxymethoxy-phosphoryl)-phenyl]-2-{[6-((S)-3-methoxy-
pyrrolidin- 1-yl)-2-phenyl-pyrimidine-4-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic
acid cthyl ester;

or a pharmaceutically acceptable salt of such a compound.

13. As a medicament, a compound of formula I as defined in any one of claims 1 to 12, or a

pharmaceutically acceptable salt thercof.

14. A pharmaceutical composition containing at least one compound of formula I as defined in
any one of claims 1 to 12, or a pharmaccutically acceptable salt thercof, 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 thercof, 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 a pharmaceutically

acceptable salt thereof, for the treatment of occlusive vascular disorders.



