WO 2009/125366PCT/IB2009/051499 SUBSTITUTED 2-PHENYL-PYRIDINE DERIVATIVES Field of
the invention: The present invention relates to certain substituted 2-phenyl-pyridine derivatives and
their use as Yz'}(].?q %cg pgor antagonists in the treatment and/or preventl%qhg%@;ag{gd vascular, of
visceral-, hepatic- an enal-vascular, of cardiovascular and of cerebrovascular dlseases or
5conditions associated with platelet aggregation, including thrombosis in humans and other mammals.
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 10 rapid formation of a solid blood clot. After vascular damage contraction of the
vessels and 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 g &gﬁm iblgt @ % tiplatelet agents
have been developed %\’é %@%ﬁ? P% Li E;ﬁ mﬁg %nms of actlor? The
most widely used agent in antiplatelet therapy is aspirin, 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 20 vitamin K
antagonists (warfarin), are marketed but do not show all desirable features for such drugs. Three
intravenouslm@?—’QMGPllblllla receptor antagonists (abciximab, eptifibatide, and tirofiban)
blocking platelet aggregation are available on the market. Besides, 2 some orally active GPllb/llla
antagonists l@gpsisrafiteantivarraletip tmcortarbolivinikd dvehaat heeidise devsaiubsreed fhci use
devel‘)pmen!iss@ﬁﬁ receptor antagonists in the treatment and/or prevention of peripheral vascular, of
visceral-, hepatic- and renal-vascular, of cardiovascular and of cerebrovascular diseases or
5  conditions associated with platelet aggregation, including thrombosis in humans and other

mammalis,

Background of the invention:

Haemostasis is referred to as the natural balance of maintaining the fluidity of the biood in the
vascular system and preventing excessive blood loss subsequent to blood vessel injury by
10 rapid formation of a solid blood clot. After vascular damage, contraction of the vessels and
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 series of antiplatelet agents have been developed over the past several years based on
15 different mechanisms of action. The most widely used agent in antiplatelet therapy is aspirin,
which irreversibly inhibits cyclooxygenase-! 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
20 vitamin K antagonists (warfarin), are marketed but do not show all desirable features for such
drugs. Three intravenously applicable, potent GPIIb/IMa receptor antagonists (abeiximab,

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



Adenosine 5'-diphosphate (ADP) is a key mediator in platelet activation and aggregation interfering
with two platelet ADP receptors P2Y1 and P2Y12. Antagonists of the platelet ADP receptor have been
identified and display inhibition of platelet aggregation and antithrombotic activity. The most effective
antagonists known so far are the thienopyridines ticlopidine, clopidogrel and CS-747, which have been
used clinically as antithrombotic agents. It could be Zhown that these drugs, via their reactive
metabolites, irreversibly block the ADP receptor subtype P2Y12. Some P2Y12 antagonists like
AR-C69931MX (Cangrelor) or AZD6140 have reached phase lll clinical studies. These inhibitors are

selective plgtelelARReCe piPIIBNIRIANISSAMBICH- NHIRIARD -depentent Haeeingyregation, and
are effective in vivo. Pipera in,og—qﬁ bonylmethylaminocarbonyl-naphtyl or -quinolyl derivatives have
been desctBEFHERDP R&Ept f’&gﬁcﬂﬁﬁ'ﬁé‘ Y Wo 02/098856 and WO 2004/052366.

WO02006/114774describes2-phenyl-4-(carbonylmethylaminocarbonyfi-pyrimidine derivatives as P2Y12
receptor aAtigonists anopWEPREOSIBIF 17 dekeyilvesliator in platelet activation and aggregation

2'phenyl6ih?é}rt*%ﬂﬁéfI%%QX’@%Q%?WBW@EQM&%%?‘?gﬂ@@ﬁ% as P2Y12 receptor antagonists.

However all these tompounds do not contain any phosphonic acid or phosphonate motif. 2a

Summary In a first aspect, there is provided a compound of formula ICE R2 0 NRi (CH2)n 0 Rb 0 OH
ICE whereifitagonists of the platelet ADP receptor have been identified and display inhibition of platelet :

aggregation and antithrombotic activity. The most effective antagonists known so far are the
thienopyridines ticlopidine, clopidogrel and CS-747, which have been used clinically as
~ antithrombotic agents. It could be shown that these drugs, via their reactive metabolites,

irreversibly block the ADP receptor subtype P2Y ;.

Some P2Y, antagonists like AR-C69931MX (Cangrelor) or AZD6140 have reached phase 111
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.

WO  2006/114774  describes  2-phenyl-4-(carbonylmethylaminocarbonyl)-pyrimidine
derivatives as P2V, receptor antagonists and WO 2008/044217 describes 2-phenyl-
6-(carbonylmethylaminocarbonyl)-pyridine  derivatives as P2Y;; receptor antagonists.

However all these compounds do not contain any phosphonic acid or phosphonate motif.



Ri represents phenyl optionally substituted once by halogen, methyl, methoxy, trifluoromethyl or
trifluoromethoxy; W represents a bond, and R2 represents (Ci-COalkyl or a cycloalkyl group of 3 to 7
carbon atoms which may be substituted once by hydroxymethyl or (Ci-C4)alkoxymethyl, or R2
represents a phenyl group optionally substituted once by (Ci-C4)alkoxy, or R2 represents an
unsubstituted monocyclic heteroaryl group; or W regtesents -0- and R2 represents (Ci-C4)alkyl,
hydroxy-(01-C4)alkyl or (Cl-C4)alkoxy-(CiC4)alkyl; or W represents -NR3-, R2 represents (Ci-C4)alkyl,
carboxy-(C1-04)alkyl, hydroxy-(C1-C4)alkyl, (Ci-C4)alkoxy-(CI-C4)alkyl, heterocyclyl, phenyl or
phenyl-(Ci-C4)alkyl, or an unsubstituted cycloalkyt group of 3 to 7 carbon atoms, and R3 represents
hydrogen @uffinaid)alkyl; or W represents -NR3- and R2 and R3 form, together with the nitrogen that
carries them, a heterocyclic ring of 4 to 7 members wherein the members needed to complete said
heterocyclig 5"?st"é@p@é‘t?lﬂuk!}_g?@&%@?&%ﬁy@%%'ﬁ%%&%’P’i‘o&%‘d}%‘l{&HRX' and -NR-, it being 2b
understood however that said heterocyclic ring does not contain more than one member selected from
the group consisting of -CHle- and -NV-, le representing hydroxy, hydroxgmethyl or (C1-C4)alkoxy and
RY representing (Ci-C4)alkyl; R represents hydrogen or methyl; Rb repfésents hydrogen; R4
represents (Ci-C4)alkoxy; and n represents 0, 1, 2 or 3 and Z is a bgnd or niis 1 and Z is phenyl;
wherein the term "monocyclic heteroaryl” refers to a monocyclic arofnatic ring system containing 5 or 6
ring atoms among which 1 or 2 may be heteroatgms selected fr
"heterocyclyl" refers to azetidinyl, pygfolidinyl, tetrahydrafuranyl, [piperidinyl, piperazinyl, morpholinyl or

thiomorpholinyl; or a salt of such a co p&@d. sec IS p[]ovided a compound of
formulal 0 N R
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RP z
© iL OH
= R‘_
OH
Ice

whérein

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

W represents a bond, and R? represents (C1-Cy)alkyl or a cycloalkyl group of 3 to 7 carbon
atoms which may be substituted once by hydroxymethyl or (C;-Cylalkoxymethyl, or R?
represents a phenyl group optionally substituted once by (C;-Cylalkoxy, or R? represents an
unsubstituted monocyclic heteroaryl group; or

W represents -O- and R? represents (C;-Cj)alkyl, hydroxy-(Ci-Cyalkyl or (C1-Cyalkoxy-(Cy-
Cylalkyl; or

W represents ~NR’-, R® represents (Ci-Cylalkyl, carboxy-(Cy-Cy)alkyl, hydroxy-(C;-Cyalkyl,
(C1-Cylalkoxy-(Ci-Cy)alkyl, heterocyclyl, phenyl or phenyi-(C-Cylalkyl, or an unsubstituted
cycloalkyl group of 3 to 7 carbon atoms, and R represents hydrogen or (C;-Cy)alkyl; or

W represents ~NR’- and R® and R® form, together with the nitrogen that carries them, a
heterocyche ring of 4 to 7 members wherein the members needed to complete said

heterocyclic ring are each independently selected from —~CHy-, -CHR*- and -NRY-, it being



Ra\ \\ R1 R4N(CH,), 0 \\z Rb 01 C) R5 wherein RI represents phenyl which is unsubstituted or
monosubstituted with halogen, methyl, methoxy, trifluoromethyl or trifluoromethoxy; 2c W represents
-NR3- and R2 and R3 form, together with the nitrogen that carries them, a heterocyclic ring of 5 or 6
members wherein the members needed to complete said heterocyclic ring are each independently
selected from -CH2-, -CHF:- and -NR-, it being undéfstood however that said heterocyclic ring does
not contain more than.one member selected from the group consisting of -CHRa- and -NR-, Rx

representlﬂgd&gf&ﬁ)%wmﬂa%xaﬁsHﬁ@é?maéq %ﬂ@ﬂ%&%ﬁ&“ﬁsﬁl&% "Ydroges I%B%Pfesems
hydrogen; R4 represents (Ci-C4)alkoxy; R5 répresents R6-0CH20- or R7-(Ci-C4)alkyl-NH-; R

represents%@ﬁ@@)&flﬁcé‘i%oﬁ&ﬂ%’r @rsetrgkekydaBonyri 7 ¥BreseRts (@F@@ﬁn@x@h@ﬁﬁwyl and
hydroxymethyl or (C;-Cy)alkoxy and R representing (C;-Cyalkyl;

R represents hydrogen or methyl;

R® represents hydrogen;

R* represents (C-Cyalkoxy; and

nrepresents 0, 1,2 or 3 and Z is a bond ornis 1 and Z is phenyl;

wherein

the term “monocyclic heteroaryl” refers to a monocyclic aromatic ring system containing 5 or
6 ring atoms among which 1 or 2 may be heteroatoms selected from O, N and S; and

the term “heterocyclyl” refers to azetidinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl,
piperazinyl, mdrpholinyl or thiomorpholinyl;

or a salt of such a compound.

In a second aspect, there is provided a compound of formula I
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wherein
R' represents phenyl which is unsubstituted or monosubstituted with halogen, methyl,

methoxy, trifluoromethyl or trifluoromethoxy;



n represents |, 2'or 3 and Z is a bond; or a salt of such a compound. In a third aspect, there is
provided, as a medicament, a compound of foula ICE as defined above, or a pharmaceutically
acceptable salt thereof In a fourth aspect, there is provided a pharmaceutical composition containing
at least one compound of formula ICE as defined above, or a pharmaceutically acceptable salt thereof,
and one or more pharmaceutically acceptable carriéfs, diluents or excipients. In a fifth aspect, there is
provided the use of a compound of formula ICE as defined above, or of a pharmaceutically acceptable

Salt thereof o fhe.RNUIBEtTe 0! e RerTERL oL B eaimen o Beglig aasiderlsprgers. I o

sixth aspect, there is provided a compound of formula ICE as defined above, or o armdc_:eutically
acceptabl@&gregyehsof #6r tHe tredtrhencatsee|vdvecindbalaneiforderseded Desesiphiticottite

invention: fhedavemiors have apw IQ&E}%H&MK}%&‘&P@W%%2@@?{‘)&6?}1(@%@%@Ralj"i?%aﬁ%mding to

the present invention surprisingly show significantly improved biological properties compared to the
correspondit e b RATKSI Tt itRith BEBRVIBIS K GRFT 186 rie i dnpTenBak ovameszaber

- embodimesis@fdheoinventionpr epresanted hergatterd)-Rne presepisventionditstyredatesto the
compoundsycp:3 Ig?ég?:gtlgl é (\(/j\/ﬁ)cﬁgg{%;lZSB%PCT/182009/051499 (CH2)n0 Rb \z

R® represents hydrogen;

R® represents hydrogen;

rR* represents (Cq-Cyalkoxy;

R’ represents R®-OCH,0- or R'-(C-Cy)alkyl-NH-;

R® represents (C 1-Calalkylearbonyl or (C;-Cylalkoxycarbonyl;

R represents (C,-Cq)alkoxycarbonyl; and

nrepresents 1, 2 or 3 and Z is a bond;

or a salt of such a compound.

In a third aspect, there is provided, as a medicament, a compound of formula Ics as defined

above, or a pharmaceutically acceptable salt thereof.

In a fourth aspect, there is provided a pharmaceutical composition containing at least one
compound of formula Icg as defined above, or a pharmaceutically acceptable salt thereof, and

one or more pharmaceutically acceptable carriers, diluents or excipients.

In a fifth aspect, there is provided the use of a compound of formula Icg as defined above, or
of a pharmaceutically acceptable salt thereof for the manufacture of a medicament for the

treatment of occlusive vascular disorders.,

In a sixth aspect, there is provided a compound of formula Icg as defined above, or of a

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



| 5 R5 wherein RI 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
5trifluorometboxy; W represents a bond and R2 represents alkyl, cycloalkyl, aryl or heteroaryl; or W
represents -0- and R2 represents alkyl, hydroxyalkyldalkoxyalkyl or heterocyclyl; or W represents
-NR3-, R2 represents alkyl, carboxyallcyl, hydroxyalkyl, allcoxyallcyl, heterocyclyl, cycloalkyl, aryl or
aralkyl and R3 represents hydrogen or allcyl; or 10 W represents -NR3- and R2 and R3 form, together
with the nitrogen that carries them, a heterocyclic ring of 4 to 7 members wherein the members
needed to Desurilstiesaittinclevestiolic ring are each independently selected from -CH2-, -CHRXx--, -0-,
-S-, -CO- and -NR-, it being understood however that said heterocyclic ring does not contain more
than one memper.SeIRIGCLIRM R-AraHP GeNIIRNg:0f XhRx-1drafe abRAANY MR aiRX S
representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and RY representing hydrogen or alkyl;
R represett§ AR3FaYEY Biivrfyprisingly show significantly improved biological properties compared

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

Various embodiments of the invention are presented hereafter:

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



Rb represents hydrogen or methyl; R4 represents alkoxy; WO 2009/125366PCT/1132009/051499 R5
represents hydroxy, R6-0CH20- or R7-alkyl-NH-; R6 representsalkylcarbonyl or alkoxycarbonyt R7
represents al nrepresents 0, 1,2 or 3and Zis a bond or nis 1 and Z is phenyl (the
-P(0)(R5)2 grﬁ%gggﬁgggéeferably in para position in this case); and to thgcs%?sz((?ﬁ/%f’ﬁgular
pharmaceutically acceptable salts) of such compounds. The compounds of formula | may contain one
or more stereogenic or asymmetric centers, such as one or more asymmetric carbon atoms. The
compounds of formula | may thus be present as mixtures of stereoisomers or preferably as pure
stereoisomers. Mixtures of stereoisomers may 10 be separated in a manner known to a person skilled
in the art. The compounds of formula | are P2Y12 receptor antagonists. Accordingly, they are useful in
therapy (including combination therapy), where theyBC'an be widely used as inhibitors of platelet
activation, aggregation and degranulation, as promoters of platelet disaggregation or as
anti-thrombotic agents. 15The following paragraphs provide definitions-8f the various chemical
moieties for the compounds according to the invention. Said definitigns are intended to apply uniformly
throughout the specification and claims unless an otherwise expresgly set out definition provides a
chlorine, bromine or iodine,
to fluoyine. 4. The term "alkyl", used
i Eﬂ group containing 1 to 7
butyl, tert-butyl, n-pentyl,

neopentyl, iso-pentyl, n-hexyb4iso-hexyl, n-hgptyl or gélyep ), and preferably 1 to 4 carbon atoms.
Representative examples of prélﬂfd altey! roups incide methyl, ethyl, propyl, iso-propyl, n-butyl,
iso-butyl, sec-butyl and tert-butyl.|[The term "{C,-Cy)alkyf} (x and y being integers) refers to a straight or
branched chain alkyl group contaf?]ing X to y carbon ator$§.__R5
o\
6

C
carbon atoms (e.g. methyl, ethyl, n-propyl, is;-propyl, n-butyj, iso-bﬁjtyl, se

I

wherein
R! fepresents phenyl optionally substituted [ to 3 times (preferably optionally substituted once
ot 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, cycloalkyl, aryl or heteroarvyl; or
W represents -O- and R? represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocyelyl; or
W represents -NR’-, RZ represents  alkyl, carboxyalkyl, hydroxvalkyl, alkoxvalkyl,
heterocyclyl, cycloalkyl, aryi or aralky! and R’ represents hydrogen or alkyl; or
10 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
heterocycelic ring are each independently selected from —CHjy-, -CHR™, -O-, -S-, =CO- and
-NR¥-, it being understood however that said heterocyclic ring does not contain more than one
member selected from the group consisting of -CHR™, -O-, -8-, -CO- and -NR’-, R*
15 representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and RY reﬁresenting hydrogen
or alkyl;
R® represents hydrogen or methyl;
R® represents hydrogen or methyl;

R’ represents alkoxy;



WO 2009/125366PCT1182009/051499 - 5 - C. The term "aLkoxy", used alone or in combination,
refers to a saturated straight or branched chain alkoxy group containing 1 to 6 carbon atoms (e.g.
methoxy, eth - y, iSO-propoxy, n-butoxy, iso-butoxy, sec-butoxy, ten-butoxy, n-pentoxy,
neopentyloxy%%%eﬁ%ﬁgéy, n-hexyloxy or iso-hexyloxy), and preferably 1¥ ETﬁng?BIB#ﬁ%ms. 5
Representative examples of preferred alkoxy groups include methoxy, ethoxy, n-propoxy, iSo-propoxy,
n-butoxy, iso-butoxy, sec-butoxy and tert-butoxy. The term "(Cx-Cy)alkoxy" (x and y being integers)
refers to a straight or branched chain alkoxy group containing x to y carbon atoms. The term
"hydroxyalkyl", as used herein, refers to an alkyl group as previously defined 10 wherein one
hydrogen atom has been replaced by a hydroxy (i.e. -OH) group. Examples of hydroxyalkyl groups
include, but are not limited to, hydroxymethyl, 2-hyd?‘dxy-ethyl, 2-hydroxy-propyl,
2-hydroxy-1-methyl-ethyl, 2-hydrgxy-1,1-dimethyl-ethyl, 1-hydroxypropyl, 3-hydroxy-propyl,
1-hydroxy-b&tyf?‘%ﬁ%%yéB&yﬁ4§%?8kﬁf%%ﬂ‘§}-}gﬁ'ﬁoxypentyI and 3-hydroxy-3-methyl-butyl. 15C.
The term "alRoxyateyts, dlsyiisetbhereintefessborah alkyl group as previously defined wherein one

hydrogen atm%§§sm§mg%%% 39}/, an alkoxy group as previously defined. Examples of alkoxyalkyl
groups include, but are not limited to, methoxymethyl and 2-methoxy-ethyl. C. The term "cycloalkyl",

as used her@iFeraserEsdk in ARy Teritfiraadenfefersisd anshiuiapbenzDitey cRENRTbcasbphenaiety
containing 3R fé:eabenAopIsiMANGh dhay.hg; substituted once by hydroxy, hydroxymethyl,

allcoxymethyl (preferably methaxymethyl or ethoxymethyl and maqre_preferably methoxymethyl) or
alkoxy (pref@f’e%gtﬁ/ é;?ﬁtggﬁé’%kﬂ’c{%}’ ﬁ‘ﬁ“ﬁ%%%‘%f@?ﬁ%?ﬂ?eﬁﬂ&ﬁ BT e examples of

cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
4-hydroxy-cyele resppunds i iowuty d [Blaspgntaithg ox rorstRigkasgclo propyyantiric centers, such

2-methoxymgthyl-6y sloRr aRyh Hiedia Hisbl L eYEIOPEORY AN AN OXYAREHRY I GYS  QRIOBY L ARE¢ as
2-methoxymeth Icyclﬁ)ro IS) WO 2009/125366PCT/182009/051499 Representative examples of

carboxylalky PGB CIERRA FRTES PISTTARRCEF B1rS LEHRisRsti YV aHETS: OSSO SOFBYITA. The term

"aryl" réfers te sparehaticroyoio §roum withpeney tiiblalr ithiieearings, having from 6 to 14 carbon
ring-atoms and preferably from 6 to 10 carbon ring-atoms, for 5 example to phenyl or naphthyl groups

(and notablyrte. RBERYLEMOUPFH-AMY ReE GO fandin Radiculat any.phemy oiesn);-asdefingd herein

may be substituted with gne, two_ Qr more substituents (preferably with one to three substituents, more
preferably with8e @%%?%%Bgméﬁ%"hmfﬁwébm‘fh e G0y, Ysichahdepbiterermy selected
from the gropitclonsistiagonf hatogerioalinyd dog-aldexyn Spaaifiacxamplesdtadisgrogpsarerphenyl,
10 2-f|uoropQ§£}¥Lt§ng%%Q§ _4-fluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl,
2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 2-methylphenyl, 3-methylphenyl,

4-methylphenyl, 2,4-difluorophenyl, 3,4-difluorgphenyl, 2,4-dimethoxyphenyl and_2,4-dimethylphenyl.
Preferriﬁex %ﬁp%% OW%Wgﬁﬁrgﬁﬁ @I?ﬁgjtﬁo%%ﬁéjrﬁ?l.%SQTGT}Q%LPélﬁﬂd“ﬁFHWI"?ﬁ?%eSOHé?Sin, alone
or in any combipatiods, referditg an dnyl greupoapBeiddcfiaibes pate nttenddactl amppioiahifthiiough an
alkyl group whereiRfoWeNSLRAh ARKRITAY B URSHPARUSALTSURRUE] WilhaL A8,
substituents selected independently from the group consisting of haloden, glkﬁ an aﬁ<oxy.
Representatievideamplexier arafisAvrolaigtfetude, but are not limited to, benzyl, 2-phenylethyl,

3-phenylpropyl and 202-naphth-2-ylethyl. Preferred aralkyl groups are the phenylalkyl groups.
phenyip QIY %He term ‘Jﬂgﬁ)gen”zré/tlers % fﬁlorgne, clﬂor{ne, %rgm?ncpor 10dine, prr)efcra ly tg/ ﬁorin‘e),
20 chlorine or bromine and more preferably to fluorine.

< The term “alky!”, used alone or in combination, refers to a saturated straight or branched

chain alkyl group containing 1 to 7 carbon atoms (e.g. methyl, ethyl, n-propyl, iso-propyl,

n-butyl, iso-butyl, sec-butyl, rert-butyl, n-pentyl, neopentyl, iso-pentyl, n-hexyl, iso-hexyl,

n-heptyl or iso-heptyl), and preferably 1 to 4 carbon atoms. Representative examples of

25 preferred alkyl groups include methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl and tert-butyl. The term “(Ci-Cylalkyl” (x and v being integers) refers to a

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



The term "phenylalkyl”, as used herein, alone or in any combination, refers to an unsubstituted phenyl
group appended to the parent molecular moiety through an alkyl group. Representative examples of
phenylalkyl 9[9 %Oigr}ﬁlysde, but are not limited to, benzyl, 2-phenylethyl and 3iﬁshe$‘g/lgro§yl. 25+.1. The
term "heteroaryl", as T herein, alone or in combination, refers to a mon“)dq:f 28 fﬁ?:v fic aromatic
ring system containing up to 14 ring atoms wherein at least one of the rings contains at least one
heteroatom independently selected from the group consisting of nitrogen, oxygen and sulfur; in
addition, the term "heteroaryl" may also refer to 1-oxypyridinyl groups. The heteroaryl group can be
unsubstituted or substituted with 1 to WO 2009/125366PCT/1B2009/051499 3 substituents
(preferably 1 to 2 substituents and more preferably 1 substituent) selected independently from the
group consisting of halogen, alkyl, alkoxy, trifluoromethyl and trifiuoromethoxy. Representative
examples of heteroaryl groups include, but are not limited to, thienyl, furanyl, pyrrolyl, pyrazolyl,
thiazolyl, imidazoi§itGRaz5i9 py ifmh gloss ‘ir-Wﬁ‘%}?’f&ﬁﬂ?feléi?/@ﬁwmgﬁﬁﬁgé&%i’%%h&’r’ﬁyl,
pyrimidinyl, quirbinyklbenziridazohthibhiepZothiazelohenzathienyrenzoxazohy, hensaburanyl,
indolyl, carbazolyl, ﬁgeor;iothiqgmg)l(anqg Dbhenoxazinyl. ts' Thte ferm “monoc clic heteroaryl", as used
herein, refers to a MONOCYCiC Arommatic g System Containing b ore ring Atems ARBAYHich | or 2
may be heterogisimseiested d@xflory 0N smtE S/ 1The, modooydkt:histeloarykgretpcandes.
unsubstituted orspstitiad Withshite &iuaatﬁaemégy elrrblchauhstityantaelscipg-ipdependently
alko

from the group consisting of halogen, al‘-‘l%%‘t xy, trifluoromethyl and triquoro[pethoxy. )
Representative SGAMBIEE St MRS c OB RERe it Gro iR Bu T Rrd FBr i)k omieny |,

furanyl, pyrrolyl(pyrazdivinghiazed) iefitkemal yraxezel yhapyrieinybandipysimdiportbhhbe rm

"heterocyclyl", %%gl%ed herein, alone or in any combination, refers to an unsubstituted saturated

monocyclic moiety of 3 té)r?sr'in'g members (and preferably 4 to 6 ring members) containing 1 to 2

heteroatoms.selegted from nitigaaRroxyaRRanskslfur. it Reingaweverundsrsigod hakia

heterocyclyl group is not attached to the rest of the molecule tf)%/ a nitrogen atom, (ii) a heterocyclyl

group of’3 or 4 MAG LB AYSOSREARDIES BRR) BREHIRY GRS HRH 6 i A haree Fsemicand (i) a
heterocyclyl grawddepgdikyotaonaih2 sidfuatomsot ieBudfub algmaimbaierocyalybgreunmay be in
an oxidised form,i.e. as a sulipxide or sulfonyl, Representative examples of heterocyclyl groups
include, but arergn%}t%ﬁroﬁiﬁf d tg},r%);bgﬁélgny)ﬁyéy?%%&n@%}ﬁtgtrahk/%ro );gnmﬁ ptftpl)(l)é/ri'f %rX/# g)f[})‘géé%ﬁyl,

morpholinyl andteis&ipidetinypeeruthadrdefitiivh S b duditibnal.chéndical ruidtid S fdrdke

compounds acqsding4e 3he dryention-ake.givan below. Said definitions are intended to apply uniformly
throughout the specification and claims unless an otherwise expressly set out definition provides a

broadet ®r nédrraetaafinitiany A0"260 22 FIGHP CHHS 2008/ Q834 WonpT heperndalkaxgrethyl”, as

used herein, re roup wherein one hydrogen atom has been replaced hy.an allcoxy
aroup a6 previos e B e e e Bt A e T,
methoxymethy| &feneltfo Ry -ahetkalky Terewes rine gy, dikylakeHobt dinisddithereithoreforstd andamino
group wherein ongdavgdigeni> atom has been replaced by an alkyl group as previously defined (and
preferably a (Cr C4)alkyl group), wherein the alkyl group is substituted with R.7. Preferably the

substituent R¥ dhd threnritsetatkatomsafstdehaniinalgrowp Aremtiashtddiihe.same eadegataiom of the
S e, R A O A T e o o
y hydroxy, hydroxymethyl, alkoxymethyl (preferably methoxymethyl or ethoxymethyl
and more preferably methoxymethyl) or alkoxy (preferably methoxy or ethoxy and more
preferably methoxy). Representative examples of cyc'loalkyl groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 4-hydroxy-cyclohexyl,
25 2-hydroxy-cyclohexyl, 2-hydroxymethyl-cyclopropyl and 2-methoxymethyl-cyclopropyl
(in particular cyclopropyl, 2-hydroxymethyl-cyclopropyl and 2-methoxymethyl-

cyclopropyl).

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

hydrogen atom has bccn'repiaceci by a carboxy group (that is, by a -COOH group).



10+ The tem' "allcylcarbonyl”, as used herein, refers to a carbonyl group which is substituted with an
alkyl group as previously defined. Examples of alkylcarbonyl groups include, but are not limited to,
methylcarbon‘le é%(c):(%t)%)%and ethylcarbonyl. Preferred is acetyl. + The term alkoxycarbong/l , as used

herein, refers to'a car b?]ﬁy?l group which is substituted with an alkoxy grouﬁ%ylﬁfg{}%ﬁ%ﬁ defined.

Examples of alkoxycarbonyl groups include 15but are not limited to, rnethoxycarbonyl and
ethoxycarbonyl. Preferred is ethoxycarbonyl. Besides, the following paragraphs provide definitions of
various other terms. Said definitions are intended to apply unifoindy 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 20and/or base
addition salts. Reference can be made to "Salt selecion for basic drugs", Int. J. Phann. (1986), 33,
201-217. The term "room temperature” as used herein refers to a temperature of 25C. Unless used
regarding temp Y RIFEEIHE teFamRiBo R SeiRety ilifste saoNmmarrtads/ahie e rensrdimitede Burrent
application to an-tuéosal-akieaairg dmexxXgripus 10% of X to X plus 25 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" for Biecimmativask} thefeesria saretoneit plackd trofgreviiiemp evatretin: néfgss liavihe current

application to el eAg AND Z00YIZSIRORGT L A20RIARASS e Jpmprature Y

minus 10C to Y plus 10 'V, and preferably to an interval extending from Y minus toY ggé?]S C. i)
In particdlar, the ATEMISPPERTEY IREMbe RS BIIaIHE P Phersherars) cORmpBYHEaS S ula Ip

Swhere in RI repreaehis:phanyheptiapally) sibstifutakiorlinesitpirieabimopionally:substituted

celoctod rom T D e B ety RO BN A Aermethony:

10W representssebbitnentrrdp ey asdnes okt lisyaitatiegh txddrendrstéredogtedirom the group
consisting of halogen, alkyl and alkoxy. Specific examples of aryl groups are phenyl,

10 2-fluorophenyl,  3-fluorophenyl, 4-fluorophenyl, 2-chiorophenyl, 3-chiorophenyl,
4-chlorophenyl, Z-methoxfphcnyl, 3-methoxyphenyl, 4-methoxyphenyl, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2,4-difluorophenyl, 3.4-difluorophenyl,
2,4~dimethoxyphenyl and 2.4-dimethylphenyl. Preferred examples are phenryl and 4-
methoxyphenyl.

15 < The term "aralkyl", as used herein, alone or in any combination, refers to an aryl group
appended to the parent molecular moiety through an alky! group wherein however the aryl
group may be unsubstifuted or substituted with 1 to 3 substituents selected independently
from the group consisting of halogen, alkyl and alkoxy. Representative examples of
aralkyl groups include, but are not limited to, benzyl, 2-phenylethyl, 3-phenylpropyl and

20 2-naphth-2-ylethyl. Preferred aralkyl groups are the phenylalkyl groups.

< The term "phemylalkyl", as used herein, alone or in any combination, refers to an
unsubstituted phenyl group appended to the parent molecular moiety through an alky!
group. Representative examples of phenylalkyl groups include, but are not limited to,

benzyl, 2-phenylethyl and 3-phenylpropyl.

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

pyridmyl groups. The heteroaryl group can be unsubstituted or substituted with 1 to



W represents -0- and R2 represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocyclyl; or W represents
-NR3-, R2 represents alkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or
aralkyl and le fepresents hydrogen or alkyl; or W represents -NR3- and R2 and le form, together with
the nitrogen tﬁgzo%:@?rﬁiezgﬂ?em, a 15 heterocyclic ring of 4 to 7 members whErERR e Tkibers needed
to complete said heterocyclic ring are each independently selected from -CH2-, -CHr-, -0-, -S-, -CO-
and -NR-, it being understood however that said heterocyclic ring does not contain more than one
member selected from the group consisting of -CHr-, -0-, -S-, -CO- and -NRY-, 12." WO
2009/125366PCT/1B2009/051499 - 10 - representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy
and RY representing hydrogen or alkyl; Ra represents hydrogen or methyl; Rb represents hydrogen or
methyl; 5R4 represents alkoxy; n represents O, I, 2'dr3and Zis abond or nis 1 and Z is phenyl (the

-P(0)(OH)2 group heing preferably in para positign in this case); and to the salts (in particular
pharmaceutical%sﬁgﬁtétﬁ? Blépégkl%g‘)bgf étf(?hfc%m‘ﬂﬁ?@s?nd B FrpelrRRiar SR idferEdtes to

compounds of farapdadktkiat fese alsogeom pansdsmef d0faioeia MG, |SwhergimRitaepresents phenyl
optionally subst'g,&ﬁgg QNG Q hgl en Q;(jl'lygxgneﬁhox% gi{luoro ethyl and (1%\170 omethoxy (and
preferably optionally 1g:ubsti(_-f)u édﬁ S%ecgﬁa ogeerrﬁéthyl of:f etlr"ﬁfﬁ%?r] .roexﬁic’yllﬁcl r{’élé?grseeﬁ?g a bond,
and R2 represehtaitafkig. dhignecioans grooylopsaeciybdhinsalatoimigazolyl, oxazolyl, pyridinyl,
5 l-oxy-4-pyridinyl, I-oxy-3-pyridinyl, 1l-oxy-2-pyridinyl, pyrimidinyl, quinolinyl,
benzimidazolyl, benzothiazolyl, benzothienyl, benzoxazoly!, benzofuranyl, indolyl,

carbazolyl, phenothiaziny! and phenoxazinyl.

< 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 selected
10 from O, N and 5. The monocyclic heteroaryl group can be unsubstituted or substituted
with 1 to 2 substituents (preferably 1 substituent) selected independently from the group
consisting of halogen, alkyl, alkoxy, triffucromethyl and trifluoromethoxy. Representative
examples of monocyclic heteroaryl groups include, but are not limited to, thienyl, furanyl,

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

15 < The term “beterocyclyl”, as used herein, alone or in any combination, refers to an
unsubstituted saturated monocyclic moiety of 3 to 7 ring members (and preferably 4 to 6
ring members) containing 1 to 2 heteroatoms selected from nitrogen, oxygen and sulfur, it
being however understood that (1) a heterocyclyl group is not attached to the rest of the
molecule by a nitrogen atom, (i) a heterocyclyl group of 3 or 4 ring members contains

20 only one heteroatom which is a nitrogen atom and (iii) a heteroeyclyl group does not
contain 2 sulfur atoms. The sulfur atom of a heterocyclyl group may be in an oxidised
form, ie. as a sulfoxide or sulfonyl. Representative examples of heterocyelyl groups
include, but are not limited to, azetidinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl,
piperazinyl, morpholinyi and thiomorpholinyl.

25  Further definitions of additional chemical moieties for the compounds according to the
invention are given below. Said definitions arc intended to apply uniformly throughout the
specification and claims unless an otherwise expressly set out definition provides a broader or

narrower definition,



(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 WO

2009112536@@%56@%9&%/051499 more preferably methoxymethyl), or R% E&Rﬁ%ﬁﬁﬂ&? . ghenyl group
optionally subs |tutecil once by alkoxy, or also R2 represents an unsubstituted monocyclic heteroaryl

group; or W represents -0- and R2 represents alkyl, hydroxyalkyl or alkoxyalkyl (and in particular alkyl
or alkoxyallcyl); or 5W represents -NR3-, R2 represents alkyl, carboxyalkyl, hydroxyallcyl, alkoxyalkyl,
heterocyclyl, phenyl or phenylalkyl, or an unsubstituted cycloalkyl group of 3 to 7 carbon atoms
(preferably of 3 to 6 and more preferably of 3 to 5 carbon atoms), and R3 represents hydrogen or alicyl
(and notably hydrogen or methyl); or W represents -NR3- and R2 and R3 form, together with the
nitrogen that carries them, a 10heterocyclic ring of £f0 7 (and especially 5 to 6) members wherein the

members negdegd to complete said heterocyclic ring are each independently selected from -CHle- and
TR« it bori TR Clo M AOTELED i s aTEh Syt g e SRR SHLTo s PR EBe
member seIecte@bfmohmh‘ecg:roamlamib&ngmfalmw-wvnb-NR-prmptgsécﬁha@.hﬁdamgIW of
nvaroxymethy! efakiaanandda iraresehing. Al eaasgalbuRelidl 8 dERIESRRIR fydrogen or

methyl; Rb represents hydrogen; R4 represents alkoxy; n represents 0,71, 2 or 3 and Z 15 a bond or n
i(s 1 and ZliS*B?}?Hé’kc{ﬁﬂe‘RP%@HW%g?uﬁﬁi?ﬁ;@fffﬁ@Mw@apﬁfafng%?ﬁ@éwﬁeﬂeiﬁ s&&@dal%gand to salts
in partigular pharmaceutically gcceptable salts) of compounds a ICE. jv) According to one
preferre% embo%ff’rﬁnen%sclj?%q‘sé% q\flecﬁifig}ﬁ, ?ﬂe&cc‘ﬁ 56U dE %?%?ﬁ&a‘%ﬁgg d@ﬁ#e%%fr m&&#ént i), ii) or
i) above or theff:3aksl @ruphgvirich threqﬂhétmtwatmcd@mhm% Badtsrulily biscprifeired) will be
such that R4 regresanis (Gesealkaor GeResiRINIne e GRGR Ak ARd InparigwasRutoxy. 25

v) According to a preferred variant of embodiment iv), the compounds of formula I (among which the

pharmaceuticalRFaE &eptapis samesifll Bedrsk ey aimspeddn aeraré fraiehis. dtaleyy-wo
2(109/125366P£al2BA0004081/49d notably 1-ethoxycarbonyl-ethylamino.

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

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

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

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

expressly set out definition provides a broader or narrower definition.

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

25 10% of X, and preferably to an interval extending from X minus 5% of X to X plus 5% of X.
. Inthe 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



- 12 - vi) According to another preferred variant of embodiment iv), the compounds of formula | as
defined in embodiment iv) above (among which the pharmaceutically acceptable salts will be
preferred) Wiwﬁ&é?ﬂ@&t R4 represents n-butoxy. vii) According to one (nparticz:ular embodiment of
this invention, thé compounds of formula | as 5defined in one of embodime grﬁ f’é}%?)%h%%ve or their
salts (among which the pharmaceutically acceptable salts will be preferred) will be such that n
represents O viii) According to another particular embodiment of this invention, the compounds of
formula | as defined in one of embodiments i) to vi) above or their salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that n represents I. 10ix) According to
yet another particular embodiment of this invention, the compounds of formula 1 as defined in one of
embodiments i) to vi) above or their salts (among which the pharmaceutically acceptable salts will be
preferred) will be such that n represents 2, x% According to yet a further particular embodiment of this
invention, thE tETBBANTS o Lljﬁaggtggdé'ﬁ A ﬁ% BRLRE SN AR Ty b HEBS SO their salts
(among whichithesI'Splearmimeéiitically acceptable salts will be preferred) will be such that n represents
3. xi) According to one main embodiment of this invention, the compounds of formula | as defined in
one of embogimentsiduig xhakevalandnetably.assifidedirempedimantviikaleva)erdhsir salts
(among which the pharmaceutically acceptable salts will be preferred) will be such that Z is a bond. 70
xii) Accordin 1?8“%?\ sub-embodiment of this invention, the compounds of formula | as defined in
embodiment xi) above or their salts (among which the pharmaceutically acceptable salts will be
preferred) will be such that they have the stereochemistry drawn b e
2009/125366PCT/1132009/051499 - 13 - xiii) According to another sub-embodiment of this invention,
the compounds of formula | as defined in embodiment xi) above ort{eir salts (among which the
pharmaceutically acceptable salts Willabe preferred) will be suchgthat they have the stereochemistry

drawn below R (0K12)r, 0 R H
N N 1
N R

R4 N\/J ((353)rE 0
RP z
0 |
OH .
Iy

5  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
trifluoromethoxy;

10 W represents a bond and R? represents alkyl, cycloalkyl, arvi or heteroaryl; or
W represents -O- and R* represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocyelyl; or
W represents -NR-, R? represents alkyl, 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

15 heterocyclic ring of 4 to 7 members wherein the members needed to complete said
heterocyclic ring are each independently selected from —CH,-, ~CHR*-, -O-, -§-, -CO- and
-NR’-, it being understood however that said heterocyclic ring does not contain more than one

member selected from the group consisting of -CHR™-, -0-, -§-, -CO- and -NR’-, R*



0#Pc-R5 R5 xiv) According to another main embodiment of this invention, the compounds of formula |
as 5 defined in one of embodiments i) to vi) and viii) above or their salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that Z is phenyl, and preferably such
said compouﬁ’&é/ﬁqo%’r%{ﬁ%\ | or their salts have the stereochemistry drawnfbdidRz0RAEs149%
2009/125366PCT/1132009/051499 - 14 - said compounds of formula | corresponding preferably to
the formula below xv) Preferably, the compounds of formula | as defined in one of embodiments i) to
xiv) above or their salts (among which the pharmaceutically acceptable salts will be preferred) will be
such that RI represents phenyl optionally substituted once by halogen, methyl, methoxy, 5
trifluoromethyl or trifluoromethoxy (notably phenyl optionally substituted once by halogen, methyl or
trifluoromethyl and especially phenyl optionally substituted once by fluorine, methyl or trifluoromethyl).
WO 2009/125366PCT/1B2009/051499 - 15 - xvi) Also preferably, the compounds of formula | as
defined in orfER5FERMBEAIMIERES g RUraeesdranancsatsoratioryant Rh emecpmira dodutisally
acceptable saltgiwill be preferred) will be such that Ra represents hydrogen or methyl and Rb

represents hﬁdgg&ggén%rﬁyggogggt&%ac{h%ch that each of le and Rb represents hydrogen.

R” represents hydrogen or methyl;

5 R represents alkoxy;
nrepresents 0,1, 2 or 3 and Z is abond or n is 1 and Z is phenyl (the ~P(O)OH)}, group being
preferably in para position in this case);

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

i1i) In particular, the invention relates to compounds of formula I that are also compounds of

16 formulaleg

R2
W/
0 =
Ra\ H ]
N L
r NN N R'
RA N\/\/, (CHo), O
b \Z
i |
0
OH
Yex

whersin

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

15 W represents a bond, and R” represents alkyl or a cycloalky! group of 3 te 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



5xvii) According to one variant of this invention, the compounds of formula 1 as defined in one of
embodiments i) to xvi) above or their salts (among which the pharmaceutically acceptable salts will be
preferred) will he t W represents a bond. xviii) Preferably, the compounds of formula | as
defined in em&b%&lﬁr@(e}{r}f‘t Qﬁai) above or their salts (among which the pharmaljc(%d{%é) flﬂgéégegptable salts
will be preferred) will be such that 10 R2 represents cycloalkyl (especially cyclopropyl optionally
substituted once by hydroxymethyl or alkoxymethyl), a phenyl group optionally substituted once by
allcoxy, or also an unsubstituted monocyclic heteroaryl group (especially thiophen-3-y1). xix) More
preferably, the compounds of formula | as defined in embodiment xviii) above or their salts (among
which the pharmaceutically acceptable salts will be preferred) will be such 15 that R2 represents a
phenyl group optionally substituted once by alkoxy és’pecially 4-methoxy-phenyl), or also an
unsubstitutcd monocyclic heteroaryl group (especially thiophen-3-y1). xx) According to another
variant of thi?‘?ﬁ%?ﬁ%ﬁ%’ DU F%H n?’*fg{nﬁ?ﬂ%?ﬁe&@ & Mi?f‘&f?e%’f‘%‘?ﬁ]%ﬁfﬁ‘?gﬂ%ﬁ%%&vi) above
or their saltstfasiang, whitio fferghaumaceutisalliffatoeptabié shitsrudtlyberareferred) will be such that
W representq B2\ eeleraty e comepundsablonmvial asdelnsd npmbedimentued above or
their salts (amoﬁ%r w?wich the pharrrn géﬁtica%c?ep?a%ie “s:?ts wil %aé&gre erred vgﬂf%e such that R2
represents atkyiexgali@esi) or alkoxyalkyl (e.g. 2-methoxy-ethyl). xxii) According to a further variant

(it alts (ARong Weh 6 pharmacaUCalh, aceptabl sals il e preraTed il o6 sych that W
their salts (among whi e pharmaceutically acceptable salts wi referred) will be such that
represents I@ﬁ%gcﬁyﬁef’j?g s %ﬁﬁwi%{k}{go Ak ,Sﬁbﬁ}’%ﬁéﬂft{o ﬁ%@%@lf’ et&t oGt ey cloalkyl,
aryl or aralkykansl (RSf&Dy2000 1 25 365 PCTE/ 1320091061496 5 LerbaepresentsliRirogesartalkyl, or
such that Wﬁ?&roeg%ﬁ%ﬁsarﬂjﬁéhéﬂ&ﬁ%%@&%%&c%%@mﬂﬁtQ{er 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 indBp&rrIessii seidctetperdin seHE. fomRveeter Jgth-thondngaNbet rabindhordérstood

howevapthahsgid-heterqgy dutdingLaasjeef0oniaingnerethan wnemambatsslected frer the group
consisting of -CHRx-, -0-, -S-, C% and -NW'-, |e re resl}gnti g hydroxy, hydroxymethyl, alkoxymethyl
or alkoxy anf BR FEpEde IR HotFogdh 8F ST AR RER Vdf’ﬁécﬁﬁ A8 BvHrant Bfsaiffurther

variant, the cdipoitibdnoifidemtokad has defitied sai¢hdodigrdntiogijaave ontheimsadth{ammeng which

ine phafmacﬁ%&%@ﬂ%’r&%&%iﬂ%a@@ Wl Re.r %Eef(:lﬁifﬁ*‘!"ﬂ]&’@ﬁ[g@t‘ ﬁ“%ﬁ!ﬁfﬁfﬁgﬁ%&g R3-, R2

represents alkyl, carboxyalkyl, hydroxy§ kyl, alkoxyalkyl, heterocyclyl, ‘cycloalkyl, aryl or aralkyl and R3
represents h§HoGERERAIRyHstanN RySogenGraabiypsrssiniyrreferably, the compounds of
formula i aspdefineskin: ambeimnantxxiji) above or their salts (among which the pharmaceutically
acceptable si%lts will be %referred) will be such that
represents hydrogen;

R* represents alkoxy;

nrepresents 0, 1, 2 or 3 and Z is abond or n is 1 and Z is phenyl (the -PO(OH); group being

preferably in para position in this case);

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

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

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

ethoxy.



15 R2 represents alkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or aralkyl and R3
represents hydrogen or alkyl (notably hydrogen or methyl). xxv) More preferably, the compounds of
formula | as defined in embodiment xxiii) above or their salts (among which the pharmaceutically
acceptable st W E)zé’sﬁﬁeferred) will be such that R2 represents alkyl, hf&i%/ q?@%%ﬂ?oxyalkyl or
heterocyclyl and R3 represents hydrogen 20or methyl (and notably hydrogen). xxvi) According to
another subvariant of said further variant, the compounds of formula | as defined in embodiment xxii)
above or their salts (among which the pharmaceutically acceptable salts will be preferred) will be such
that W represents -NR3- and R2 and R3 form, together with the nitrogen that carries them, a
heterocyclic ring of 4 to 7 members wherein the 25 members needed to complete said heterocyclic
ring are each independently selected from -CH2-, :8W-, -0-, -S-, -CO- and -NP?-, it being understood
however that said heterocyclic ring does not contain more than one member selected from the group
consisting of ICHEr NP S00SIrIBSEEIRETIT 42 06 STOREAGERIT). e cogporses. of farontey a5 2
representingdbfisk®xy sy ioynneinyboatk exyme taylcoriadksheyanddR % ire presembin g Ay deagsn or alkyl
(notably hydr(lg en ar me hﬁ)/é}icﬁ(%%\/aj{')[{l?régf%r%b%nt_lggt g}gmpounds of formula | as defined in embodiment
xxvi) above Sriferr salts among which the prharmaceﬁtically acceptable salts will be preferred) will be
such that 5 R2 and R3 form, together with the nitrogen that carries them, a heterocyclic ring of 4 to 7
members (aft eSS 9CPATEHES RYROAIET thE G viRER nde germe edniiiBEnsid feterocyclic
ring are gackidfaepdandemntlycselaatedifients-OHZ, vOHadvandr-NiR¥-, dhibeigndngengtkad fowever
that said heterocyclic ring.does nat contain.more than gne.member selected from the group consisting
of LCHRx. R AT S T O SR Elign bRk el Rv representing
alkyl (especially methyl). xxviii) More preferably, the compounds of formula | as defined in
embodiment"ﬂ{/f)cziﬁ’é%géf fRethear s AgeRiEsThel ShaimsRE ot fP AEReptdhIE Larmeiil be
preferred) will be gafaledhiat B2 asd RAdbsarmedegetherwithbiie nitragen that qaries theweh atheterocyclic
ring of 5 to 6 Wemberg

erein the members needed to camplete, said heterocyclic ring are each 15
incependenty B R G DD A O B NS SO bweven that sald
heterocyclic ring does not contain more than one member selected from the group consisting of
-CHRx1%0- B MRingRie réﬁréggﬁ#ﬁh@m%mww@fhghl%)rlrm@m@sey%ﬁ&W%}%g nting
methyl (in papdistitarissschethat R2 ardRfostmtagether withbhe pitnegerdhalsaskies/tgmagpyrrolidin-
1-yl, morpholip-4-yl, 3-methoxy- pyrrolidin-1 -yl, 3-hydroxy-pynolidin- 1-y1 or

2 oy B BE L RS AL SO e el the nitrogen that
carries them, 4-methyl-piperazin-1yl, 3-methoxy-pyrrolidin-lI-y1 or 2-hydroxymethyl-piperidin-1-y1). nix)
According to’%n“o‘tﬁgf}/%rfﬁrﬁ’%f%h@h%ﬂ%ﬁ?‘ﬁﬁé@@ﬁ%ﬁﬁd%fo‘@fér%Yﬂ%PP%»s"B%ﬁﬁ@@‘iH“&ﬁé’%f
embodimentsoiinily VAstdsfiigDinxpabovaierdihriitsa)ts (Gmnang dichciheaR5 phatpnagetiically

acceptahle salts will be preferre ill be s that. W represents -0- and R2 represents heterocyclyl
(notabl?/ otr ﬁ%ga/%rr%?a\,rtg%% ffﬁepngvive salt§ wlijl?lgc pretfsrrccﬁ F\)Vﬁlsge stuch tha{.l n repressgtsef

xi) According to one main embodiment of this invention, the compounds of formula I as
defined in one of embodiments i) to x) above (and notably as defined in embodiment viii}
above} or their salts {among which the pharmaceutically acceptable salts will be preferred)
will be such that Z is a bond.

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

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



WO 2009/125366PCT/182009/051499 - 18 - xxx) According to a preferred variant of this invention,
the compounds of formula | as defined in one of embodiments i) to nix) above or their salts (among
which the pharmaceutically acceptable salts will be preferred) will be such that R5 represents hydroxy.
XXXi) Accordi%ot%{}%l(%tﬁg? variant of this invention, the compounds of formuia PAYHER4Y in 5one of
embodiments i) or iv) to xxix) above or their salts (among which the pharmaceutically acceptable salts
will be preferred) will be such that R5 represents R6-0CH20- or R7-alkyl-NH-. xxxii) According to a
preferred variant of this invention, the compounds of formula | as defined in embodiment xxxi) above
or their salts (among which the pharmaceutically acceptable salts will be preferred) will be such that
R5 represents R6-0CH20-. 10xxxiii) Preferably, the compounds of formula | as defined in one of
embodiments xxxi) or xxxii) above or their salts (ar‘n@ﬁg which the pharmaceutically acceptable salts
will be preferred) will be such that R6 represents alkylcarbonyl or alkoxygarbonyl (and preferably
methylcarbonyl or ethoxycarbonyl).  xxxiv) According to another prefeffed variant of this invention,
the compounds of formula | as 15 defined in embodiment xxxi) abaye or their salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that R5 represents 12.7-alkyl-NH-

acceptable salts will be 20 preferred) wi S a e t xygarbonyl. xxxvi) According
to another variant of this invention, the com ef formyla | as dkfined h embodiment i) above or
their salts (among which theggharmaggutically acc @q e s Its will be preferred) will be such that

RI represents phenyl which is hﬁgﬁstit d (preferreq) or monosubstituted with halogen, 75 methyl,
methoxy, trifluoromethyl or trifluofpmethoxy; W rep MAIR3- and R2 and R3 form, together with
the nitrogen that carries them, a Reterocyclic ring o(‘? 5 ongsmembers (preferably 5 members) wherein

the members needed to WO 20091125366PCT/22009/051499 - 19 - complete said heterocyclic ring

are each independently selected from -CH2-, -CHR.x- and
xiii) According to another sub-embodiment of this invention, the compounds of formula I as

defined in embodiment xi) above or their salts (among which the pharmaceutically acceptable

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

2
R

xiv) According to another main embodiment of this invention, the compounds of formula I as
5 defined in one of embodiments 1) to vi) and viii) above or theif salts (among which the
pharmaceutically acceptable salts will be preferred) will be such that Z is phenyl, and
preferably such said compounds of formula I or their salts have the stercochemistry drawn

below



-NRY- (preferably -Cl-12- and -CHle-), it being understood however that said heterocyclic ring does
not contain more than one member selected from the group consisting of -CHRx- and Rx representing
alkoxy (prefer%%l)é 0@9%9%)((3/) and RY representing alkyl; 5 le represents hydrogen; Rb represents
hydrogen; R4 Tepresents alkoxy; R5 represents R6-0CH20- or R7-alkyl-NHE g 2009051499
representsalkylcarbonyl or alkoxycarbonyl; 1012.7 represents alkoxycarbonyl; and n represents 1, 2 or
3 (preferably 1) and Z is a bond. xxxvii) The following compounds of formula | as defined in
embodiment i), ) orare particularly preferred:  4-((R)-2-
{[4-((S)-3-methoxy-pyrrolidin-I-y1)-6-phenyl-pyridine-2-carbonylkamino} -
154-phosphono-butyryl)-piperazine-1-carboxylic acid ethyl ester; - 4-((R)-2-
[44(S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridiné*2-carbonyThamino 1-
4-phosphono-butyryl)-piperazine-I-carboxyl ic acid butyl ester; - 4-((R)-2-
44-(4-methoxy-phenyl)-6-phenyl-pyridine-2-carbonylFamino /R2
-3-phosphonopropionyl)-piperazine-1-carboxylic acid ethyl ester;

-carboxylic acid ethyl ester; - 4- O
{(R)-2-[(4,6-diphenyl-pyridine-2-carbony1)-amin

ethyl ester; - 4- N 1
{(R)-2-[(4-cyc|opropy1-6-phenyl-pyrid@bq@y‘l‘ amin -3-pho'§phon05’propionyll - 25piperazine- 1

-carboxylic acid ethyl ester; 4 N

kS

N - 1
(\ N H\\\“‘. N R
R4\H/ N \)

O

O==R—R"®
\

RS

xv) Preferably, the compounds of formula I as defined in one of embodiments i) to xiv) above
or their salts (among which the pharmaceutically acceptable salts will be preferred) will be

such that R' represents phenyl optionally substituted once by halogen, methyl, methoxy

n

5  trifluoromethyl or trifluoromethoxy (notably phenyl optionally substituted once by halogen

5

methyl or trifluoromethyl and especially phenyl optionally substituted once by fluorine,
methyl or trifluoromethyl).



- 4-((R)-2- { [4-((R)-3-hydroxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonyll-amino -
3-phosphono- propionyl) piperazine-l-carboxylic acid ethyl ester; - 4-((R)-2-

{[4-(2- metho é rgu&%) -6-phenyl-pyridine-2-carbonyllamino -3- phosphono |on_\{13 piperazine-
1-carboxylic aC|d ethyl ester; WO 2009/125366PCTAB2009/051499 - 20 F %ﬁﬁ

114-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonyll-amino
-3-phosphonopropionyl)-piperazine-1-carboxylic acid ethyl ester; -
4-[(R)-2-04-[(2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine-2-carbonyl1}-arnino)-
3-phosphono-propionyll-piperazine-1-carboxylic acid ethyl ester; 5- 4-
{(R)-2-[(4-benzylamino-6-phenyl-pyridine-2-carbonyl)-aminol-3-phosphono-propionyll -
piperazine-I-carboxylic acid ethyl ester; - 4-(-2- 114 th) 3-methoxy-pyrrol

idin-l-y1)-6-phe r|d kamjn honao-acetyl)-piperazine- 1 carboxyllc acid butyl
ester; - 44(55“2%[& I?R Qﬂé?%ﬁémltz ig SVIHURTIREEE O4 HBRYAFRARRIAbIC XY)
105- phosph@h@Vpentauowlyspap@umﬂmmmaIMm@mdmtatyhﬁsmf sa M) e ffreferred) will
[4-((S)-3-mefpoxpyrroieingyd )56 Rhenyl:PYriding - %@qx'&%@agogyg&% gnd in partculor

5-phosphono-pentanoyl)-piperazine- 1 -carboxylic ‘acid butyl ester;

[6-(2-fluoro- ﬁﬂéhg}lfjw r%lamﬁﬁurf@rzse%fﬁdaﬁiyq&?&m.no
-3-phosphonopropionyl)-piperazine-I-carboxylic acid butyl ester; 15- 44(R)-2-
{[4-pherfy1-6-(8trficaxim dtrylephenyldiphiidine2iaatho nyaming of formula I as defined in one

3-phosphon [of:Tol ter; R 2 a
o ﬂuoro%ﬂﬁi@]@w}l&%&tﬁi@aﬁﬁgeﬁgﬁ%ﬁ S n%?gegéﬁg SRIA m A RA e utically acoeptable

-3-phosphorigHiopioRy Pyeip %H@&%ﬁhﬁé%&%rﬁﬂ@%m bapér; - 4-
{(R)-2-[(4-pheny1-6-p-tolyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyll -
70piperazine=tigathefeylichadict butybestdy of formula 1 as defined in embodiment xvii) above or their

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

10 R’ represents cycloalkyl (especially cyclopropyl optionally substituted once by hydroxymethyl
or alkoxymethyl), a phenyl group optionally subsiituted once by alkoxy, or also an
unsubstituted monocyclic heteroaryl group (especially thiophen-3-y}).

xix) More preferably, the compounds of formula I as defined in embodiment xviii) above or
their salts (among which the pharmaceutically acceptable salts will be preferred) will be such

15 that R* represents a phenyl group optionally substituted once by alkoxy (especially
4-methoxy-phenyl), or also an unsubstituted monocyclic heteroaryl group (especially
thiophen-3-y1).

xx) According to another variant of this invention, the compounds of formula I as defined in
one of embodiments i) to xvi) above or their salts (among which the pharmaceutically

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

xxi) Preferably, the compounds of formula I as defined in embodiment xx) above or their salfs
(among which the pharmaceutically acceptable salts will be preferred) will be such that R®
- represents alkyl (e.g. methyl) or alkoxyalkyl (e.g. 2-methoxy-ethyl).

xxii) According to a further variant of this invention, the compounds of formula I as defined in
25 one of embodiments i) to xvi) above or their salts (among which the pharmaccutically
acceptable salts will be preferred) will be such that W represents ~NR*-, R represents alkyl,
carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or aralkyl and R’



- 4-((R)-2- { [4-((IS,25)-2-methoxymethyl-cyclopropyl)-6-phenyl-pyfidine-2-carbonylk amino
-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester; - 4-((R)-2- {

[4-((JS,25)-25 ethyl-cyclopropy1)-6-phenyl-pyridine-2-carbonyl]-apipo.- . |
3'ph08ph0n0ﬁ)¥g§o¥%;%)1piperazine-l-carboxylic acid butyl ester; 25- 4-(?&?@?32%9/%1499

{14-((S)-3-methoxy-pyrrolidin- | -y1)-6-phenyl-pyridine-2-carbony1]- amino -
3-phosphono-propionyl)-piperazine-1 -carboxylic acid ethyl ester; - 4-((R)-2- {
[44(S)-3-methoxy-pyrrolidin-I-y1)-6-phenyl-pyridine-2-carbonyl] -amino .1-
3-phosphono-propionyl)-piperazine- 1 -carboxylic acid butyl ester; - 4-((S)-2- {
[44(S)-3-methoxy-pyrro|idin-I-y1)-6-pheny|-pyridine_—?ﬁ-garbonyll-amino -
303-phosphono-propionyl)-piperazine-l-carboxylic acid ethyl ester; WO
2009/125366PCT/032009/051499 -21 - - 4:[(S)-2:,{[4-((S)-3-methoxy- rolﬁiﬁ%@- Iy
-y1)-6-phenyPyric |trsle§- “C&fbony a%%fir?éf-ug’t}[((tigptﬁgsﬁﬂgﬁ%gﬁﬁ ylj-ﬁ%ﬁgﬁ?f ipé?glzi}?g?%efcarboxylic
acid ethyl estath -the f(iR)+{(this opropy 1hésphe iplqyridine 2:garbdnyd)-amiaobssphbsphoie-propionyll
- p'peraz'nefnlrﬁﬁéirsbﬁééﬁ&l%gqmwt@%tﬁ@ Betéocyclic ring are each independently sclected from

R)-2-[(4-methoxy-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyll- piperazine- |
ff:aZbO)Eg/liC a’&é‘%ﬁtﬂ} "fer)(/)_-%su, —CO- and ~NR¥~,)i‘{ being dee%toocri) howcvgr tf?at sa%d hgtcprocyclic

{(R)-2-[(6-pheny liedsmoi@tician-yhdpy rikin ert-eashbay ke minei-3-phRosebe topeRignyil-piperazine-1-car

boxylic acid Qutyl ester. - 4- @ﬁ%}r_{ 4-(4-methyl-piperazin-1
-y1)-6-phenykl%?pyr%ingg-cagr onyl]-p o(éc r%sﬁ%%%lé%%qxga}ﬁ}ﬁ%lgﬁglggm)-Ebnl{ﬁ)éiyanﬁﬁhé@ P—rc%lﬁ?&ylic acid
butyl ester; and RY representing hydrogen or alkyl.

xxiti) According to one subvariant of said further variant, the compounds of formula I as
defined in embodiment xxii) above or their salts (among which the pharmaceutically

10 acceptable salts will be preferred) will be such that W represents ~NR’-, R? represents alkyl,
carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or aralkyl and R’
represents hydrogen or alkyl (notably hydrogen or methyl).

xxiv) Preferably, the compounds of formula T as defined in embodiment xxiii) above or their
salts (amoﬁg which the pharmaceutically acceptable salts will be preferred) will be such that

15 R? rcﬁresents alkyl, hydroxyalkyl, alkoxyalkyl, heterocyelyl, cycloaikyl, aryl or aralkyl and R’
represents hydrogen or alkyl (notably hydrogen or methyl),

xxv) More preferably, the compounds of formula I as defined in embodiment xxiii) above or

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

that R? represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocyclyl and R’ represents hydrogen
20 or methyl (and notably hyvdrogen).

xxvi) According to another subvariant of said further variant, the compounds of formula I as
defined in embodiment xxii) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that W represents ~NR’- and R? and R’ form,
together with the nitrogen that carries them, a heterocyclic ring of 4 to 7 members wherein the
25  members needed to complete said heterocyclic ring are each independently selected from
-CHy-, -CHR-, -O-, -8-, -CO- and -NR’-, it being understood however that said heterocyclic

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



- 4-((R)-2-
{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-2-carbonyThaminol3-phosphono-propionyl)-pip

erazine-1-carpoxylic acid butyl ester; - 4- {(R)-2-[(2-hydroxymethy1-6'-phepyl:
,4,5,6-tetrahy§%ﬁfﬁ%é}ipyridinyl-2'-carbony1)- amino]-3-phosphono-pr](;)]%dfc/?r1By"|"?%51499

-piperazine-l-carboxylic acid butyl ester; 15- 4-
{(R)-2-[(4-cyclopropylamino-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-
propionyll-piperazine- 1 -carboxylic acid butyl ester; - 4-
{(R)-2-[(6-phenyl-4-phenylamino-pyridine-2-carbonyl)-amino]-3-phosphono-propionyllpiperazine-1-car
boxylic acid butyl ester; - 4- :
{(R)-2-[(6-pheny1-4-propylamino-pyridine-2-carbor"1y1)'-amino]-3-phosphono-propionylI -
20piperazine-|-cagboxylic acid | ester; - 4-((R)-2-

{[4?(g-carbo>2§}-'ef )'/15?%03%—5%%%’/Igpﬁ%ﬁs@r-‘é&‘ga%%rﬁﬁj-%Tﬂ@}%%%f&gﬁéﬁg‘ﬁ%i8ﬁfl]f(ﬁjﬁfperazine-
1-carboxylic zdi® butykestarg hrd((Ra2: ft(3nvethokydpyzraligimethyl).
-y1)-6-phenyl-pyridine-2-carbonyl]-amino - 3-phosphono-propiony1)-3-methyl-piperazine-I-carboxylic
acid ethyl estetiinetakhurhy((B-dompounds of formula I as defined in embodiment xxvi) above or their

25{[4-((S)-3-methoxy-pyrralidin-1-y1)-6-phenyl-pyridine-2-carbonylkamino -3:phgsphong-
propionyl)-?;Sr:ra]rﬁse?ﬁIf/’ﬁ-ér%(‘-:-’vrﬁal{(Z’Eilntrlr:}-c i}f’éiezt%"g%}fﬁ:difgz Ce%t% és?%% ;‘ﬁﬂ © prg}emdfwgf%@ such hat
4-((R)-231[4R2-métRONyrethogy)e: prigniiepyitidive- thoarboity| feminohSephysih oingpsdgiony 1)-piperaz

ine- 1_Carb0¥1¥é}ﬁ@?§.d(g‘}&f¥lo?§ﬂ%[;df% to 6 members) wherein the members needed to complete said
{(R)-2-[(4-methyl-6-phenyl-pyri |ne_-2-carbog%é)-am|no -3-phosp?10no-grop|onyﬂ - SQplperQZ|ne-
I-carboxylic SelertuR}icstersrwestindasisabsstatiopuEEhaob R, -0 mpdSNR { it being

[4-((5)-3-meth@aspyd Qitﬁ“@vék 'ﬂﬁlﬁ)'ﬁﬁﬁh@ﬁé&bwﬁjﬁiﬁﬁ@@%b%w'c&'ffﬂiﬁomore than one member
“ohosphona pulypipgrasng, 1_carorylc aqt buhester: agyelas e sals ( partulr

pharmaceutic%ﬂﬁcyt accep
10 hydroxymethyl or alkoxy and RY representing alkyl (especially methyl).

xxviii) More preferably, the compounds of formula I as defined in embodiment xxvi) above or
their salts (among which the pharmaceutically acceptable salts will be preferred) will be such
that R? and R? forn, together with the nitrogen that carries them, a heterocyclic ring of 5 t0 6
members wherein the members needed to complete said heterocyclic ring are each

15 independently selected from —CH3-, -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, hvdroxymethyl or methoxy
and R representing methyl (in particular such that R’ and R? form, together with the nitrogen
that carries them, pyrrolidin-1-yl, morpholin-4-yl, 4-methyl-piperazin-1-yl, 3-methoxy-

20 pyrrolidin-1-yl, 3-hydroxy-pyrrolidin-1-yl or 2-hydroxymethyl-piperidin-1-vl and notably
such that R” and R’ form, together with the nitrogen that carries them, 4-methyl-piperazin-1-
yl, 3-methoxy-pyrrolidin-1-yi or 2-hydroxymethyi-piperidin-1-v1).

xxix) According to another variant of this invention, the compounds of formula I as defined in
one of embodiments i), i), iv) to xvi) or xx) above or their salts (among which the

25  pharmaceutically acceptable salts will be preferred) will be such that W represents -O- and R?
represents heterocyclyl (notably tetrahydrofuran-3-y1).



xxxviii) Further preferred compounds of formula | as defined in embodiment i) are selected 5 from the
group consisting of: - 44(R)-3-(Bis-acetoxymethoxy-phosphory1)-2- {[4-((S)-3-methoxy-pyrrolidin-

I-y1)-6-pheny\l,p%ri'969ﬁi -E‘grbonyli-amino} -propionyl)-piperazine-l-carboxyl!,ig,{e}cid bu Ogl ester; -

{
44(R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphory1)-2- {[44(S)-3-methoxy-p31/?r2(§]|9in-]|‘-£99

y1)-6-phenyl-pyridine-2-carbonylkamino -propionyl)-piperazine- 1-carboxylic acid butyl 10ester; -
N,N'-Bis-((S)- | -ethoxycarbonylethyl)-2- {(R)-[4-((S)-3-methoxy-pyrroli din- 1
-y1)-6-phenylpyridine-2-carbonyThamino } -3
-0X0-3-(4-butoxy-carbonyl-piperazin-1-y1)-propyl-phosphonic acid diamide; and -
4-[(R)-2-(16-Pheny1l-4-[(tetrahydro-furan-3-yl)oxy]-pyridine-2-carbonyll -amino)-3- |
5phosphono-propionylkpiperazine- | -carboxylic aci&%ﬁutyl ester; as well as the salts (in particular

pharmaceutically acceptable salts) thereof. It is well understood that any stereogenic center of any
compound li§t& g/ W& ﬁﬁ%ﬁ%ﬁ?nae?ff fsﬁg'é?ﬂeg?ﬁkeﬁ%?%%%ﬁg’%%%ﬁﬁtﬁ@ﬁﬁp %%ftgfﬂ%?lﬁn]a? gefiredbsolate
(R)- or (S)-canfiguretiombabmentixi) Adurthe rabbye ciroftthe suive (o is whelc o posndsceftiostyula | (or of

formula 1P olicAslafte AR10SH {0 Rk LS DRPATIRAH & 1. 240G, gr their pharmaceutically

acceptable salts, as medicamen The compounds of formula’ | and their pharmaceutically

acceptable salts can be. used as medicaments, e.g. in.the form of pharmaceutical compositions for
anioralor pal S Bt ARHAOR: A Phi SRR AL ATSB TGN TRHLE hCEeal™
compositionsmeoritainindistieast wne) compouridaceotiding i gaamiertivhdiraghtsnipteutvally above, or

a pharmaceuyji C : | o le_carrier, dilyent or
crcient. n WO SaoS oo aeRr T AN d oL ok S AR T ENE

pharmaceutical compositions containing, at least gne.compound of formula | (or of formula Ip or ICE)
and one or rﬁﬁép‘f’ig‘%ﬁﬁ BRI SEEE t‘éﬂ%ﬂ&é’%i i ﬁ’é%‘f%&%)?@ﬁ?@ﬁféfﬁef%ﬂ@c{i% of the
pharmaceutidgbogmipositionBroan beveffetted inratheanrdtswhiohnyilidiéch the pharmaceutically

acceptable salts will be preferred) will be such that R” represents R&-OCHL0-.

10 xxxiii) Preferably, the compounds of formula I as defined in one of embodiments xxxi) or
xxxii) above or their salts (among which the pharmaceutically acceptable salts will be
preferred) will be such that RS represents alkylcarbonyl or alkoxycarbony! (and preferably
methylearbonyl or ethoxycarbonyl).

xxxiv) According to another preferred variant of this invention, the compounds of formula I as

15  defined In embodiment xxxi) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that R® represents R'-alkyl-NH- (and preferably
1-a]koxycarbdnyluethylamino).

xxxv) Preferably, the compounds of formula T as defined in one of embodiments xxxi) or
xxxiv) above or their salts (among which the pharmaceutically acceptable salts will be

20  preferred) will be such that R” represents ethoxyearbonyl.

xxxvi) According to another variant of this invention, the compounds of formula I as defined

in embodiment i} above or their salts (among which the pharmaceutically acceptable salts will

be preferred) will be such that

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

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

heterocyclic ring of 5 or 6 members (preferably 5 members) wherein the members needed to



5 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 Lippincott
Williams & W] 8'9(?(]3 3b%:;tgringing the described compounds of formula | or theirggzg'armaceutically
acceptable salts, op |oha1?y in combination with other therapeutically valudbie’ g?é%?:‘g’é), into a
galenical administration form together with suitable, non-toxic, 10 inert, therapeutically compatible
solid or liquid carrier materials and, if desired, usual pharmaceutical adjuvants. xli) The compounds
according to formula | as defined in embodiments i) to xxxviii) above and the pharmaceutically
acceptable salts thereof may be used for the preparation of a medicament, and are suitable: 159 for
the treatment or prophylaxis of diseases including stable angina, unstable angina, myocardial
infarction, embolism (including complications of athéfosclerosis, notably embolic stroke), arterial
thrombosis (including primary arterial thrombotic complications of atherosclerosis, notably thrombotic
stroke), ven(?ﬁglrt’iﬁ%rﬁ’ggs‘?gt‘fﬁ?ft%%ﬁ/ Hae et throAmBesThhsirpedid eacdnidary t6hascatar damage
or to inflammaién(fieéitding C2Z0-vadcdliiR; -afte Htis g nstisiamneariiore phiitis}aineeccldsivendiseases,
transient isc i attacks, peripheral vascular diseases, mygcardial infarction wit without
thrombolysisagn%r%?cct)%éﬁ%grgﬁ)\% %:%%gggf{ﬁ}%{?ﬁ %ecf/%%ei%r)n%, t%% g@eﬁcﬁgé%é%#n' a%gn%niaat%gry bowel
disease, throMBoti trrspipsngepasnitsivbia Mmooy Riraemsiesyrgiebivie; 9 for preventing
thrombotic camplicationsafsrAticaemia, adult respiratory distress syndrome, anti-phospholipid
syndrome, heparin-induced thrombocytopaenia and preeclampsia/eclampsia; 9 for preventing
cardiovascul3r %BWFSﬂﬁsaﬁ Q2&fter certain surgery procedures (notably coronary revascularisation like
angioplasty FT@Axeothagkaascular graft surgery, endarterectomy or stent placement) or after
accidental trﬁag%%‘es Q 1@@8%@_3{9@%&@%&99/051499 - 24 - for preventing organ graft rejection.
xlii) In another6e bodiment, the compounds of formula | as defined in embodiments i) to xxxviii) above
and the phafn&oseset Blateehraplersditextrerberinay be used for the preparation of a medicament,

and arg guitabile:fasprRventingcommplications in conditions in Swhich vasospasms lead to
vasoconstriction and thus tis ue-isch%(glsilﬁor éiss_ue-death (necrosis). xliii) Therefore, a particular

object of thiLiFPERABH Is 1176 1 REDF" F8A06t PSA%ula | (or of formula Ip or ICE) as defined in one
of embodiments i) to xxxviii) above, or of a pharmaceutically acceptable salt thereof, for the

manufacturesst elimEidaheripgorameanses fistidmmlehbodifiertsixigpdadioexib).(@nhdriniparticular in
embodimentsli) aboygrietfor 10the manufacture of a medicament for the treatment of occlusive

vascular disorders in general. xliv) More generally, the invention relates to the use of a compound of
formula | (or’o%?gﬁi?ﬁagrg g %éﬁf@%’ﬂ@ﬁﬂ%@f#ﬁ'&ﬁ@ﬁ@ﬁ?ﬁé‘@ﬂéﬁ%‘?ﬁ@%ﬁﬁﬁ%’&%‘e, orof a
pharmddeutitaiyspboepiatievsait pherdad; fer fivecyhancithefure=gba medicament for the treatment
and/or prevention-0$ gee '\éeé{gt%‘g%a i ?r('%?rls %II LR tlgﬁa use of a ]1? compound of formula |
A - ~2~carbonyl}- > .
(or of formula Ir?(?)? Ic%g fl((l)@he manu a}% urelo a r%@s(ﬁl\é)ar%gnw& the freatmen glrl%g@r prevention of
peripheral vé&seenerhestorhaepd)-pispaine bnerberdiositbmr] efieardiovascular and of cerebrovascular
diseases or cangditjong assacialied witkplnelat-aagesation. dnaud %ﬁﬁ&@}‘l@%&ﬁiﬁ&ﬁmam and other
mammals. xlv Am%g,the above-mentigned us%s of compounds of formula | (or of formula Ip or ICE)
or propionyl-piperazine- 1 -carboxylic acid ethyl ester;
20 - 4-{(R)-2-](6-phenyl-4-thiophen-3-yl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl}-
piperazine-1-carboxylic acid ethy! ester;
- 4-{(R)-2-[(4,6-diphenyl-pyridine-2-carbonyl}-amino]-3-phosphono-propionyl} -piperazine-
1-carboxylic acid ethyl ester;
- 4-{(R}-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -
25  piperazine-1-carboxylic acid ethyl ester;
- 4-((R)~2-{[4-((R)-3-hydroxy-pyrrolidin-1-yl}-6-phenyl-pyridine-2-carbonyl]-amino } -
3-phosphono-propionyl)-piperazine- 1 -carboxylic acid ethyl ester;
- 4-{(R)-2- {[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyi]-amino} -3-phosphono-

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



20 of pharmaceutically acceptable salts thereof for the manufacture of medicaments according to
embodiment xliii) above, the uses for manufacturing medicaments for the treatment or prophylaxis of

myocardial in{g;}éctieco)g,l %Et%rial thrombosis (notably thrombotic stroke), transient ischaemic attacks,
peripheral vascular dié&ase and stable and unstable angina will be preferr&dl /H/AJ* & vention

further relates to the use of a compound of formula | (or of formula Ip or 25 ICE) according to one of
embodiments i) to xxxviii) above, or of a pharmaceutically acceptable salt thereof, for the preservation
of blood products in vitro (e.g. the preservation of platelet concentrates), or for the prevention of
occlusion in extra-corporeal blood or blood product treatment machines (such as renal dialysis
machines or plasmapheresis machines). WO 2009/125366PCT/1132009/051499 - 25 - xlvii) The
invention also relates to methods of treatment for the disorders mentioned in embodiments xli) and/or
xlii) (and in particular in embodiment xli)) above, said methods comprising the administration to a

patient in need tHerEo bR SRR/ AR GP R Rarmpddingr srashanilk aysicof foveereons-or ICE)

according toppagibmbedirients i toxylioaai}ien efe;pharmaceutically acceptable salt of such a

compound. Apyreferencefo a.compaund of formula L, Ip or 'CE in.this fext s to be understood as
referring also%o[{@ X f?tm ity %tgﬁ/rﬁg%%éeuﬁcca@?% BEBTE SRS iF LM compounds,

e salts'(an especially th
as appropriatehpfdiwnoauiwinTiheipeetarericesingdibiateddfeihitiessompounds of formula | of course

apply muytatis ﬂl{@}@@i@ﬂ@&ﬁ?l%ﬁﬁ@%ﬁfﬁﬁmﬁg@lpdmelgﬁ“’aﬂﬁ%ﬁg“gﬁog%ﬁgge%lf}éﬁ%q} 0

1
pharmaceutically acceptable salts of the compounds of formula I, of formula Ip or'o ula IcE. The
same applieR PS5 HSe BRpHIRS'd<hdddsiments, to pharmaceutical compositions containing these

compounds a$-aetié- @snRsiplesoi-Heroiiéis-ofhessheampaumes forhemanwiasiure of a medicament
for the treatment o tohn%_glic%%qge;s grcc%%qir_l%r%&higcin&cant‘ii%] or1o the compounds for the treatment of
the diseases dccording to thi fiention. 1 AC ord‘?ng Po &invention, the compounds of formula | (or
of formula Ip-drGE3- dar( e propheat-byhiatprdcds-desuiped bateive FRERMRABION OF THE
COMPQUNBS QB iARMMk i AhREsMAIoNS: TS folloing Abbygyiations are used throughout the
specification %n(? She examples. a s.absolut_e,Acacetg/l ADPadenosine diEhos hate atiltanhydrous
ag.aqueous” & R)-2-{[4~((5)-3-methoxy-pyrrolidin-1-yl}-6-phenyl-pyridine-2-carbonyl}-amino} -
- 5-phosphono-pentanoyl)-piperazine-1 -carboxylic acid buty] ester;
- 4~{(R)-2-{[6-(2-fluoro-phenyl}-4-phenyl-pyridine-2-carbonyl}-amino } -3-phosphono-
propionyl)-piperazine-1-carboxylic acid butyl ester;
15 - 4-((R)-2- {[4-phenyl-6-(3-trifluoromethyl-phenyl)-pyridine-2-carbonyl}-amino} -
3-phosphono-propionyl)-piperazine- 1 -carboxylic acid butyl ester:
- 4-{(R)-2- {[6-(4-fluoro-phenyl)-4-phenyl-pyridinc-2~carbonyl]-amino} - 3-phosphono-
propionyl)-piperazine-1-carboxylic acid buty! ester;
- 4-{(R)-2-[(4-phenyl-6-p-tolyl-pyridine-2-carbonyl)-amino}-3-phosphono-propionyl } -
20 piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2- {[4-((15.25)-2-methoxymethyl-cyclopropyl)-6-phenyl-pyridine-2-carbonyl]-
amino | -3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2-{[4-((IS ,25)-2-hydroxymethyl-cyclopropyl}-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
25 - 4((R)-2-{[4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester;
- 4-((R)-2- {[4~((S)-3-methoxy-pyrrolidin-1 «yD)-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4-((S5)-2- {[4-((5)-3-methoxy-pyrrolidin- 1 -y1)-6-phenyl-pyridine-2-carbonyl]-amino } -
30 3-phosphono-propionyl)-piperazine-1-carboxylic acid ethy] ester;



- 26 - Boctert-butoxycarbonyl BSAbovine serum albumin Cbzbenzyloxycarbonyl CCcolumn
chromatography 5conc.concentrated DCMdichloromethane DIPEAdiisopropylethylamine

DMEL,2- dim }{E%iDMFN,N-dimethyIformamide 10 DMPUN,N'-di tr)%#g %ene urea
dpmdecays per minute EAethyl acetate EDCIN-(3-dimethylaminopropyl)- 2B bHimide
EDTAethyl enediaminetetraacetic acid 15Etethyl eq.equivalent(s) HATU2 -(7-aza-1H-bcnzotriazolc-
l-y1)- 1,1,3,3-ictramohyluronium hexafluorophosphate

-21-

- 4~[(S)-24 {[4-((S)-3-methoxy-pyrrolidin-1 -y1}-6-phenyl-pyridine-2-carbonyl]-amino} -
3-{(4-phosphono-phenyl)-propionyl]-piperazine-1-carboxylic acid ethyl ester;
- 4-{(R)-2-[(4-isopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl } -
.piperazine-1-carboxylic acid butyl ester;
5 - 4-{(R)-2-[(4-methoxy-6-phenyl-pyndine-2-carbonyl}-amino]-3-phosphono-propionyl } -
piperazine-1-carboxylic acid buty! ester;
-4-f (R)-E—[((S—phenyl—4—pyrr01idin~ 1-yl-pyridine-2-carbonyl)-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2- {[4-(4-methyl-piperazin-1-yl}-6-phenyl-pyridine-2-carbonyl]-phosphonomethyi-
10 amino}-acetyl)}-piperazine-I-carboxylic acid butyl ester;
- 4-((R)-2- { [6-pheny1—(R)-4—(tetrahydro—furan—B-yiamino)~pyridine—Z—carbonyl}—amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4= {(R)-2-[(2-hydroxymethyl-6'-phenyl-3,4,5,6-tetrahydro-2H-[ 1,4 Tbipyridinyl-2'-carbonyl)-
amino]-3-phosphono-propionyl} -piperazine-1-carboxylic acid butyl ester;
15 - 4-{(R)-2-[(4-cyclopropylamino-6-phenyl-pyridine-2-carbonyl}-amino]-3-phosphono-
propionyl}-piperazine- 1 -carboxylic acid buty! ester;
~ 4= {(R)-2-[(6-phenyl-4-phenylamino-pyridine-2-carbonyl)-amino-3-phosphono-propionyl} -
© piperazine-1-carboxylic acid butyl ester;
- 4-{{R)-2-[(6-phenyl-4-propylaminc-pyridine-2-carbonyl}-amino}-3-phosphono-propionyl} -
20  piperazine-I-carboxylic acid butyl ester;
- 4-((R)-2- {[4-(2-carboxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]-amino } -3-phosphono-
propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2- {[4-(3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-phosphono-propionyl)-3-methyl-piperazine-1-carboxylic acid ethyl éster (ﬁotabiy 4-((R)-2-
25 {{4-((S)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine-2-carbonyl}-amino } -3-phosphono-
propionyl)-3-methyl-piperazine-1-carboxylic acid ethyl ester);
- 4~((R)-2- {[4-(2-methoxy-ethoxy)-6-phenyl-pyridine-2-carbonyl]-amino }-3-phosphone-
propionyl}-piperazine-1-carboxylic acid butyl ester;
- 4- {(R)-2-[(4-methyl-6-phenyi-pyridine-2-carbonyl)-amino}-3-phosphono-propionyl} -

30  piperazine-I-carboxylic acid butyl ester;



Heptheptane 20 HOBT1-hydroxybenzotriazole HPLCHigh-performance liquid chromatography
HselL-homoserine HVhigh vacuum LC-MSLiquid Chromatography - Mass Spectrometry 25
MCPBAmet%EI%&P r (nzoic acid Memethyl NMPN-methylpyrrolidone org.or anic Pd/Cpalladium on
carbon 30 Phphenyl’ W& 2009/125366PCT/1132009/051499 - 27 - PCTAB2009/051499
PyBOPbenzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexaftuorophosphate Rfretention factor
RTroom temperature ‘

-22.

- 4-((8)-2- {[4-((5)-3-methoxy-pyrrolidin-1 -y1)-6-phenyl-pyridine-2-carbonyl]-amino } -
4-phosphono-butyryl)-piperazine-1-carboxylic acid butyl ester;

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

xxxvii) Further preferred compounds of formula I as defined in embodiment i} are selected
5 from the group consisting of:

- 4-((R)-3-(Bis-acctoxymethoxy-phosphoryl)-2- {[4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-
pyridine-2-carbonyl}-amino} -propionyl}-piperazine-1-carboxylic acid butyl ester;
- 4-((R)-3~(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- { [4-({S}-3-methoxy-pyrrolidin-1-
yh)-6-phenyl-pyridine-2-carbonyl]-amino } -propiony!)-piperazine- 1 -carboxylic acid butyl

10 ester; .
- N,N"-Bis-((S)-1-ethoxycarbonylethyl)-2- {(R)-[4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-
pyridine-2-carbonyl]-amino} -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-y1)-propyl-phosphonic
acid diamide; and
- 4-[(R)-2-({6-Phenyl-4-[{tetrahydro-furan-3-yljoxy]-pyridine-2-carbonyl} -amino)-3-

15 phosphono-propionyl]-piperazine-1-carboxylic acid butyl ester;

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

It 1s well understood that any stereogenic center of any compound listed in embodiment
XxXxvil) or xxxviii), which is not explicitly assigned, may be in absolute (R)- or ($)-

configuration.

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

acceptable salts, as medicaments.

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

25  administration.

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

acceptable salt thereof, and a pharmaceutically acceptable carrier, diluent or excipient. In



5sat.saturated SDSsodium dodecyl sulfate tButert-butyl TBMEten-butylmethylether TEAtrifluoroacetic
acid 10 THEtetrahydrofuran TLCthin layer chromatography tRretention time

Tristris(hydro inomethane General preparation route: 15 The varigus compounds of
formula | can%é)y{eﬂp%r%%{g%géusing the general routes summarized in Schem%cf”é%zt?@gﬁ%%e la _
hereafter. .R2 W OH----L%-p-H R\R \.. ,"-," N -ii -NRN 7.1- LO=p-OH i ON....A) zk)n 0 R1Rbi

.01

particular, the invention relates to pharmaceutical compositions containing at least one
compound of formula I (or of formula Ip or Ice) and onc or more pharmaceutically acceptable

carriers, diluents or excipients.

The production of the pharmaceutical compositions can be effected in & manner which will be
5  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
Lippincott Williams & Wilkins]) by bringing the described compounds of formula I or their
pharmaccutically acceptable salts, optionally in combination with other therapeutically
valuable substances, into a galenical administration form together with suitable, non-toxic,
16 inert, therapeutically compatible solid or liquid carrier materials and, if desired, usual

pharmaceutical adjuvants.

x1i) The compounds according to formula I as defined in embodiments i) to xxxviii) above and
the pharmaceutically acceptable salts thereof may be used for the preparation of a

medicament, and are suitable:

15 < for the treatment or prophylaxis of diseascs 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
thrombosis), thrombosis secondary to vascular damage or to inflammation (including

20 vasculitis, arteritis and glomerulonephritis), venoocclusive diseases, transient ischaemic
attacks, peripheral vascular diseases, myocardial infarction with or without thrombolysis,
myeloproliferative disease, thrombocythaemia, sickle cell discase, inflammatory bowel

disease, thrombotic thrombocytopaenic purpura, haemolytic uraemic syndrome;

< for preventing thrombotic complications of septicaemia, adult respiratory distress
25 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,

endarterectomy or stent placement) or after accidental trauma;



b r- 00 OH 011(l) Scheme The compounds of formula I, wherein R5 represents hydroxy, can be
prepared by treating the compounds of formula 1l with HCI optionally in the presence of water, in a
suitable orgagi 4 ch as THE, EA, dioxanc or Et20 and preferably at a temperature around RT,
or with WO 2%%3? g@%@écwmzoog/%mgg - 28 - trimethylsilyl bromidg%Tr/{ﬁm(é%il}gﬂ?/l iodide in a
suitable solvent such as DCM or MeCN and preferably at a temperature around RT (scheme ). 014
R\R\NNRINR 1\;2A-1' T )n 0 k) 0\ bznfl 00

-4 .
% for preventing organ graft rejection.

xlit) In another embodiment, the compounds of formula I as defined in embodiments i) to
xxxviii) above and the pharmaceutically acceptable salts thereof may be used for the
preparation of a medicament, and are suitable for preventing complications in conditions in

5 which vasospasms Iead to vasoconstriction and thus tissue-ischemia or tissue-death (necrosis).

xliii) Therefore, a particular object of this invention is the use of a compound of formula I (or
of formula I or Icp) as defined in one of embodiments i) to xxxviii) above, or of a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the uses
listed in embodiments x1i) and/or xlii) (and in particular in embodiment x1i)) above, and for

10 the manufacture of 2 medicament for the treatment of occlusive vascular disorders in general.

xliv) More generally, the invention relates to the use of a compound of formula I (or of
formulalp or Icp) as defined in one of embodiments i} to xxxviii) above, or of a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment andfor prevention of occlusive vascular disorders as well as to the use of a
15 compound of formuia I {or of formula Ip or 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.

xIv) Among the above-mentioned uses of compounds of formula 1 (or of formula Iy or Icg) or
20 of pharmaceutically acceptable salts thereof for the manufacture of medicaments according to
embodiment xliti) above, the uses for manufacturing medicaments for the treatment or
prophylaxis of myocardial infarction, arterial thrombosis (notably thrombotic stroke), transient

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

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

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



OP-OHOP-R5 OHR5 Scheme la The compounds of formula IPDG, wherein R5 represents R6-0CH20-,
can be prepared by the 5 reaction between a phosphonic acid of formula I, wherein R5 represents
hydroxy, and&g %B%%Qg‘l?%te halide derivative of formula R6-0CI-12-X, X blmeér%%gchlonde bromide or

iodide, in the presencé of a suitable base (e.g. NEt3, DIPEA) in a suitable so & Ogﬁoéﬁagl% DMF, NMP

or DMPU, optionally in the presence of Nal and preferably at a temperature between 45 and 90C
(scheme | a). 10 The compounds of formula IpDG, wherein R5 represents R7-alkyl-NH-, can be
prepared by the reaction between a phosphonic acid of formula I, wherein R5 represents hydroxy, and
an appropriate amino acid alkyl ester (preferably an a-amino acid alkyl ester) of formula R7-alkyl-N112
in the presence of a suitable base (e.g. NEt3) and an activating mixture of reagents such as a
combination of 2,2'-dipyridyl disulfide and PPh3 in ‘& 3uitable solvent such 15as anhydrous pyridine

and preferably at a temperature of about 60C (scheme la). Preparation of the various synthesis
intermediateXlV e AU IHA GO B%Bﬁ&fﬁfﬁﬂ‘fmg HERRRS™ 00/ 18 s BB AT NS 25041081499 29 -
29 - The compobuddsat falimetd/Hrcai bempreparedcudingrthebodiess whynabizes] nibchahmds 2, 2a and

2b hereatter, SRR TIMANARGY IS LIBIRUE YGRS OPRNGI SRRRSIEARY spyPing 2
compound of formula I (or of formula Iy or Ieg) according to one of embodiments i) to

5 xxxviii), or of a pharmaccutically acceptable salt of such a compound.

Any reference to a compound of formula I, Ip or Icp 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 Ip or Icg, as well as to the salts and
10 pharmaceutically acceptable salts of the compounds of formula I, of forfnula I or of formula
Icg. The same applies to-thcse compounds as medicaments, to pharmaceutical compositions
containing these compounds as active principles, to the uses of these compounds for the
manufacture of a medicament for the treatment of the diseases according to this invention or to

the compounds for the treatment of the diseases according to this invention.

15 According to the invention, the compounds of formula 1 (or of formuia Ir or Icg) can be

prepared by the process described below.

PREPARATION OF THE COMPOUNDS OF FORMULA I

Abbreviations:

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

20 abs absolute
Ac acetyl
ADP adenosine diphosphate
anh. anhydrous

aq. aqueous



formula Il with a compound of formula 1V using standard peptide coupling methods such as 5 PyBOP,
in the presence of a suitable base such as NEt3, DIPEA or N-methylmorpholine and in a suitable
solvent such as DCM, THE or DMF, preferably at a temperature around RT. The resultin
intermediate$*&t #HAEAY can then be converted into compounds of formta MEAHEEHIN is -NR3- by
aromatic substitution reaction with an amine of formula IINR2R3 optionally in the presence of a
suitable base such as NEt.3, DIPEA or N-methylmorpholine, the 10 reaction being carried out in a
suitable solvent such as THF, MeCN, DMF or NMP and preferably between 80C and 160C in a
microwave oven. Alternatively, the compounds of formula Il wherein W is -NR3- can be obtained by a
Buchwald-Hartwig type of reaction, using an amine of formula HNR2R3, in the presence of a suitable
palladium catalyst such as acetato(2'-di-tert-butylph®¥sphino-1,1'-bipheny1-2-yOpalladium, in the
presence of a suitable 15base such as sodium tert-butoxide and heating in toluene at about 90C. WO
2009/12536BPC TTIB2009/051 486 U yephemitermediates of formula V can furthermore be converted
into compouggs of formula Il whevgip s atb@nsl, using reagents of formula R2-B(OR)2 wherein R is
hydrogen oréa?lkyl with standardbc;onqitionsgor 3 Suzuki reaction, and preferably boronic acid or ester
derivatives in the presence of a Stiftable BaSESuch as K3PO4, Na2CO3 or K2CO3, in the presence of
a 5 suitable p&lladium catalyst sokimashamadtistabienylphosphine) palladium in a suitable solvent
such asPME/water or dioxane .gnd prgferably heating between 80C and 110C. Alternatively, the
intermediates of formula V can also be converted into compounds of formula 1l wherein W is a bond,
using magnd¥idfh derivatives of FOHHOMBER8RIgBY, in the presence of a suitable iron catalyst such as
iron(lll)acetytapetonate, in a sudakigrepiventistehe 10 as THF and at a temperature preferably around
RT (see A. Eiirstner et al. in J. A'E: g:n@e%gx%%d (62002), 13856-13863). Besides, the intermediates of
formula V can aiso be converted’into comp}]ounas of formula Il wherein W is a bond, using reagents of
formula R2-8WBU3with standard/ donAditdndiéonansdile reaction, and preferably a tributylstannane

derivatiye ingygpitable solvent sugh @5, talusns,and preferably heating at about 130C. 0) b ZOR |
0=P-0

dpm decays per minute
EA ethyl acctate
EDCI N-{3—dimethylanﬁnopropyl)-f\?’»ethylcarbodiimide
EDTA ethylenediaminetetraacetic acid
15 Et ' ethyl
eq. equivalent(s)
HATU ' 2-(7-aza-1H-benzotriazole-1-y1)-1,1,3, 3-tctramethyluoronium
hexafluorophosphate
Hept heptane
20 HOBT 1-hydroxybenzotriazole
HPLC High-performance liquid chromatography
Hse L-homoserine
HY high vacuum
LC-MS Ligquid Chromatography — Mass Spectrometry
25 MCPBA meta-chloroperbenzoic acid
Me methyl '
NMP N-methylpyrrolidene
org, organic
Pd/C palladium on carbon

30 Ph phenyl



6 Scheme Vi 15 Alternatively, the compounds of formula Il can be prepared as described in Scheme
2a by coupling compounds of formula Il with compounds of formula VI using standard peptide
coupling methods such as PyBOP, HOBT, EDCI hydrochloride, 1,3-dicyclohexylcarbodiimide, HATU,
optionally in tH€ pIEEERE of a suitable base such as NEt3, DIPEA or N-mBEHARSHADIAR and in a
suitable solvent such as DCM, THE or DMF, 20 preferably at a temperature around RT.
4-phenyl-pyridine-2-carbonitrile is easily accessible using a literature procedure (J. Org. Chem. (1992),
57, 6020-6025). It can be oxidized using standard conditions for the oxidation of a pyridine, using
standard oxidizing agents such as MCPBA, in a suitable solvent such as DCM, and at a temperature
between room temperature and 40C. The pyridine oxide 5 derivative thus obtained can be chlorinated
using standard conditions (e.g. phosphoryl chloride 4t reflux). The cyano group can be further
hydrolyzed using standard conditions (e.g. conc. hydrochloric acid at reflux). The chloropyridine
derivative ce{’ﬁ’%%[’coupled to cOPRPSIAMES 6f formistatit-By préasmmposmbeéienchloride using standard
reagents such as thionyl chloridganaxaiyhsdpieride, or as defined earlier, using the same standard
coupling methods as those 10 described above for the coupling reaction involving compounds of
formulae 11l &hd VI (Scheme 28 THEMt&fMediates of formula VI can finally be converted into
compounds BEformula 1l using reageatpabformula R1-B(OR)2 wherein R is hydrogen or alkyl, using
the samg stapdard conditions for,a Suzuki reaction as those described with the intermediates of
formula V (see Scheme 2). WO 2009/125366PCT/1B2009/051499 - 32 - Similar procedures can be
used to obta?€ompounds of fofifiuE fodasstemidat is a bond and R2 is a substituted phenyl group.
Preparation @fithe compounds gifopaggia Il The compounds of formula Il wherein Z is a bond and n
is 1 (hereaft I\t&i compoundstglfzi&orpulﬁl Il-hgnr) can be prepared using the route shown in Scheme 3
hereafter. O -butylmethylethe

TFA trifluoroacetic acid
10 THF : tetrahydrofuran
TLC ‘ thin layer chromatography
tr retention time '
Tris tris(hydroxymethyl)aminomethane

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

Scheme | and Scheme 1a hereafter.

i 2
R wR
. O o o= R, O y ; =
TN N N” R N N N” R!
4 4 d
R\ifN\'\ib TJ(« Jn O R Nox, 78 ©
°© 0=P-Q 0=P-OH
6 — OH

i (]
Scheme 1

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

solvent such as THF, EA, dioxanc or EtoO and preferably at a temperature around RT, or with



HO 0...".01 Scheme 3 The compounds of formula IX 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(OEO03 at refitix) followed by a saponification reaction using standard conditions such as NaOH or
LiOH in a mi¥ift&%P#a8&f and a suitable organic solvent such as THF, MESHIBRWYEFLS; finally the
resulting acid intermediate is coupled with a compound of formula VIII using standard peptide coupling
methods such as those described for the synthesis of compounds of formula Il (see Scheme 2a). The
compounds of formula 111111 can then be obtained from the compounds of formula IX by standard
acidic conditions for the removal of a Boc group that are well known to one skilled in the art, e.g. HC1
or TFA. 15 The compounds of formula Ill wherein Z is a bond and n is 2 (hereafter "the compounds of
formula 111E2") can be prepared using the routes sifmmarized in Schemes 3a and 3b hereafter. WO
2009/125366PCM132009/051499 - 33 - The compounds of formula 111112 wherein the carbon
bearing the SIS FoviobFE! decor Rrizeeififilsilratiotidh it caftitabin s duenp suides dPEdfnon BI#4IB20 can
thus be prepaegtasashowitinssheme Aaheraftemnschgme 3a D-Homoserine can first be protected
on the nitrogen with a Cbz group using standard 5 conditions known to one skilled in the art. The
corresponding dicyclohexylamine salt of the resulting intermediate can be prepared and the methyl
ester can be formed using Mel in DMF at a temperature around RT. The hydroxy function can then be
substituted by a bromide using standard gpﬁ%jitions such as PP113 and CBl4,,mR§1 suitable solvent

such as DCM, preferably betwegn 0C and.RT. The next three steps leading to.the compounds of

formula X can be 10 perfggmed sirﬁg cgnditions such as thosesalreagy dﬁscr for the synthesis of

the compounds of formul@seé& enfé/?)TThe%empogndsE\fﬁgvrm a 182K cBh then be obtained
0 i

by cleaving the Chz frote Up Bsing standard condﬁibws“ drofe skilled in the art.
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Scheme 1a

The compounds of formula Ippg, wherein R” represents R*-OCH,0-, can be prepared by the

5  reaction between a phosphonic acid of formula I, wherein R® represents hydroxy, and an
appropriate halide derivative of formula R®-OCH-X, X being chloride, bromide or iodide, in
the presence of a suitable base (e.g. NEt;, DIPEA) in a suitable solvent such as DMF, NMP or
DMPU, optionally in the presence of Nal and preferably at a temperature between 45 and
90°C (scheme la).

10 The compounds of formula Iypg, wherein R® represents R’-alkyl-NH-, can be prepared by the
reaction between a phosphonic acid of formula I, wherein R® represents hydroxy, and an
appropriate amino acid alkyl ester (preferably an c-amino acid alkyl ester) of formula
R7-alkyl-NH; in the presence of a suitable base {e.g. NEt3) and an activating mixture of
reagents such as a combination of 2,2°-dipyridyl disulfide and PPh; in a suitable solvent such

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

Preparation of the compounds of formula IT



WO 2009/125366PCT/1B2009/051499 - 34 - The compounds of formula 111)32 wherein the carbon
bearing the amino group has the "S" configuration (hereafter "the compounds of formula I1IB2s") can
thus be prepared as shown in Scheme 3b hereafter. Scheme 3b To obtain the compounds of formula
11B2s, one cAPIY AT S nthesis with (S)-(-9-2-amino- 5 4-bromobutyric BcldFrdbsMide salt,
which is first protected on the acid by forming a methyl ester using standard conditions known to one
skilled in the art (e.g. HC1 in MeOH). A Cbz group can then be introduced on the nitrogen using
standard conditions known to one skilled in the art. The next three steps leading to the compounds of
formula Xl can be performed using conditions such as those already described for the synthesis of the
10 compounds of formula IX (see Scheme 3). The Cbz cleavage can be performed using standard
conditions known to one skilled in the art (e.g. Pd/C*t MeOH). The compounds of formula Ill wherein Z
is a bond and n is 0 (hereafter "the compounds of formula 11IBB") can be prepared using the route
summarized.if SERERESCh&ERa L WO 20teAS 55EP B ABYBCYDEHGD! 185 chei FHer1)
Scheme 3c Theeamparnds of formula XII can be obtained in two steps starting from
Cbz-a-phosphinoglycine trimethyl ester: a saponification reaction is performed using standard
conditions such as NaOH or LiOH in a mixture of water and a suitable organic solvént such as THE,

MeOH or EtOH; the optained acid intermediatecis coupled with a copgpounfl of5 fgrmula VIl using
%30‘?’ h%é’ y unds of

standard peptide couph Bﬁs§uch as e described for the %y‘m fi
formula Il (see Séh )z he compdinds-qffgrmula "Bo carkt Naébg airted by standard

conditions for the rec‘nov% CiL@ Cbz group that are well known to one sk'ﬂgc_ld'n the art (e.g. Pd/C in

EtOH).  The compounds gf fermula Il wherein Z is a bond and n is 3 (hereafter "the compounds of
10formula 11183") can be prepared using the route summarized in Scheme 3t hereafter. WO

2009/125366PCT/1B2009/851499 (V) {v)
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Scheme 2

The compounds of formula V can be obtained (Scheme 2) by coupling a compound of
formula Il with a compound of formula I'V using standard peptide coupling methods such as

5  PyBOP, in the presence of a suitable base such as NEt;, DIPEA or N-methyimorpholine and in
a suitable solvent such as DCM, THF or DMF, preferably at a temperature around RT,

The resulting intermediates of formula V can then be converted inte compounds of formula 11
wherein W is -NR®- by aromatic substitution reaction with an amine of formula HNR’R®
optionally in the presence of a suitable base such as NEt;, DIPEA or N-methylmorpholine, the
10 reaction being carricd out in a suitable solvent such as THF, MeCN, DMF or NMP and
preferably between 80°C and 160°C in a microwave oven. Alternatively, the compounds of
formula 11 wherein W is —-NR’- can be obtained by a Buchwald-Hartwig type of reaction,
using an amine of formula HNRR?, in the presence of a suitable palladium catalyst such as
acetato(27-di-tert-butylphosphino-1,1°-biphenyl-2-yl)palladium, in the presence of a suitable

15 base such as sedium fert-butoxide and heating in toluene at about 90°C.



- 36 - Scheme 3d The hydroxy compound can be obtained by forming the mixed anhydride on the
acid function of Cbz-Glu-OMe using 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 -15C. The mixed
anhydride is %‘aa%@(j]fﬁ(ﬁsing a suitable reducing agent such as NaBH4 iﬁ?@@%ﬁ%%f%’ MeOH, at a
temperature around -15C. The hydroxy function can then be substituted by an iodide using standard
conditions such as imidazolc, PPh3 and 12, in a suitable solvent such as THF, preferably between 0C
and RT. The next three steps leading to the compounds of formula XllII can be performed using
conditions such as those already described for the synthesis of the compounds of formula IX (see
Scheme 3). The compounds of formula [11B3 10can then be obtained by standard conditions for the
removal of a Chz group that are well known to one &killed in the art (e.g. Pd/C in MeOH). WO
2009/125366PCT/IB2009/051499 - 37 - Scheme 3e The Boc protected iodophenylalanine
derivatives, de%m@maqufa%ﬂat}fe@@a%@weﬁam@%&ﬁ%a WM%W@QB’&%‘P%?M@M e
compounds wsingrstandardeandiianskpantorane skilfeB(DRhevardrche acid funesiosr afitiie Boc
protected iodophenyalaning derivallyes, can st be protecied by formation ol an el esfer using
standard conditions Known 1o one > SKifed in the art. 1he compe unds this ‘obtained can then be
converted into tiieerdéethyd pliesphishitdaiedvativesiuBing tietiys phdsiile inttiepprssence of a
suitablespasg, shgb AR iR REESeee-AfiasplahigRaladiumaatalstSYchiasiPdRER3)4, in a

suitable solvent such as MeCN, and preferably heating around 70C. The next three steps |leading to
the compouftie of ol ARWBH cah HEHERoriidd RIERG SN dRINE DR 158s atdady Uéscribed 10
for the syntheBismafithe campatsadsdaitiorafufaisat Schamels). Rrepavation (fshecagmpoiinds

offormula IV, The comppunds of formuley N, shereln R1I3 RUSIME" PR RIGRPIEMEN g reaction
shown in Scheme erearter.
presence of a suitable iron catalyst such as iron(IiDacetylacetonate, in a suitable solvent such
10 as THF and at a temperature preferably around RT (sce A. Flirstner ¢t al. in J. Am. Chem. Soc.
(2002), 13856-13863). Besides, the intermediates of formula V can also be converted into
compounds of formula 11 wherein W is a bond, using reagents of formula R%-SnBuswith

standard conditions for a Stille reaction, and preferably a tributylstannane derivative in a

suitable solvent such as toluene, and preferably heating at about 130°C.,
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Scheme 2a

15  Alternatively, the compounds of formula II can be prepared as described in Scheme 2a by
coupling compounds of formula 11l with compounds of formula VI using standard peptide
coupling methods such as PyBOP, HOBT, EDCI hydrochloride,
1,3-dicyclohexylcarbodiimide, HATU, optionally in the presence of a suitable base such as
NEt;, DIPEA or N-methyvlmorpholine and in a suitable solvent such as DCM, THF or DMF,

20  preferably at a temperature around RT.

Besides, the compounds of formula II wherein W is a bond and R? is pheny! can be prepared

as described in Scheme 25 hereafier.



WO 2009/125366PCT/IB2009/051499 - 38 - OHCI 0 OHr ?' Scheme 4 The starting material
2-methyl-6-phenyl-1H-pyridin-4-one is easily accessible using a literature procedure (.1. Med. Chem.
(2004), 47, 4277-42852. It can be chlorinated to yield 4-ch|oro-2-methyl-6-£)hen I-pyridine using
standard con‘ﬁfﬁ&?{?/@té‘?ﬁphosphoryl chloride at reflux). 4-ch|oro-2-methyl.&Bﬁ%ﬁ@%ﬁ%ﬁ%e can then
be oxidized into 4-hydroxy-6-phenyl- 5 pyridine-2-carboxylic acid, preferably by refluxing it in
dioxane/water in the presence of selenium dioxide. The resulting compound, when containing EtOH as
impurity, can then be chlorinated and esterified by refluxing in POC13. Finally, the compound of
formula IV wherein Rl is phenyl can be obtained by standard saponification methods such as those
described in Scheme 3. 10 Similar procedures can be used to obtain compounds of formula IV
wherein W is a bond and Rl is a substituted phender'oup. Preparation of the compounds of formula VI
The compounds of formula VI can be prepared using the reaction shown in Scheme 5 hereafter. WO

2009/125366PCT/ 09/0514 S . ©
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Scheme 25

4-pheny1-pyridine-2-cafbonitriie is casily accessible using a literature procedure {J. Org.
Chem. (1992), 57, 6020-6025). It can be oxidized using standard conditions for the oxidation
of a pyridine, using standard oxidizing agents such as MCPBA, in a suitable solvent such as
DCM, and at a temperature between room temperature and 40°C. The pyridine oxide
5 derivative thus obtained can be chlorinated using standard conditions (e.g. phosphoryl chloride
at reflux). The cyano group can be further hydrolyzed using standard conditions (e.g. conc.
hvdrochloric acid at reflux). The chloropyridine derivative can be coupled to compounds of
formula I by preparing the acid chloride using standard reagents such as thionyl chloride or
oxalyl chloride, or as defined eatlier, using the same standard coupling methods as those
10 described above for the coupling reaction involving compounds of formulae HI and VI
(Scheme 2a). The intermediates of formula VII can finally be converted into compounds of
formula 11 using reagents of formula R'-B(OR); wherein R is hydrogen or alkyl, using the
same standard conditions for a Suzuki reaction ag those described with the intermediates of

formula V (see Scheme 2).



- 39 - The compounds of formula VI wherein W is -NR3- can thus be obtained by aromatic substitution
reaction of the intermediates of formula IV with an amine of formula HNR2R3 using conditions such as
those described for the synthesis of compounds of formula Il wherein W is -NR3- (see Scheme 2). 5
Besides, the ¥GMYBUASREGf formula VI wherein W is -0- can be obtained BFABHEACEB,titution
reaction of the intermediates of formula IV with sodium alkoxides of formula NaOR2, the reaction being
carried in a suitable solvent such as the corresponding alcohol of formula HOR2 or THF, and
preferably at reflux temperature. Preparation of the compounds of fonnula VIII 10 The compounds of
formula VIl can be prepared using the route described in WO 2006/114774 (see general preparation
routes, preparation of the compounds of formula V. Schemes 5 and 5a). Particular embodiments of the
invention are described in the following Examples, which serve to illustrate the invention in more detail
without limiting its scope in any way. 15 EXAMPLES Characterisation methods used: 1H-NMR (400
MHz) was cafidd RRGHUEEBFdRI Aveth e dbtirdemps et cthfearshirts whergivdh ih pprademtive to the
solvent useq’multipligitiasd st=:singleipd = doublet, t = triplet, g = quadruplet, p = pcntuplet, hex =
hexet, hept = heptet, m = multiplet, br. = broad. 20 The LC-MS retention times have been obtained

using the fou%g&‘;%%%%&%%#%% ,g)%-,tfg{trlg@]column (MS C18 5 pm, 2.1x50mm) was used. The

two elution solvents were as follows: solvent A = water + 0.06% formic acid; solvent B = MeCN +

0.06% formlfhacid.The W(?EOOQ{; 366PCT/JB2009/051 99.—fxrf)-elu§nt‘ﬂt W rate Wa(;?; limin.and.
the characteris i%%mé}efhnélbe?utlﬁﬁmr%& ure’ p gﬁ%r ionin tinh&tiod' Ql?ﬁ%& t'fron SPARSF the Elution are

summarizediamihie {HblE) beldw fechimedugradientbeisypwsed batwechitwweatansecutive time points): t
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Scheme 3

. The compounds of formula IX 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 (c.g.
using P(OEt)s at reflux} foliowed by a saponification reaction using standard conditions such
as NaOH or LiOH in a mixture of water and a suitable organic solvent such as THF, MeOH or

10 EtOH; finally the resnlting acid intermediate is coupled with a compound of formula VIII
using standard peptide coupling methods such as those described for the synthesis of
compounds of formula II (see Scheme 2q). The compounds of formula Il can then be
obtained from the compounds of formula IX by standard acidic conditions for the removal of a

Boc group that are well known to one skilled in the art, e.g. HCl or TFA,

15  The compounds of formula I wherein Z is a bond and n is 2 {hereafter “the compounds of

formula ITlg,”) can be prepared using the routes summarized in Schemes 3a and 3b hereafter.



1.25 1.30 1.80 Solvent A (%) 9555 95 95 Solvent B (%) 595 955 5 Preparative LC-MS methods
used: 5 The purifications by preparative LC-MS have been performed using either a Phenomenex(r)
column (preparative LC-MS methods (1) to (IV)) or a X-Terra(r) column (preparative LC-MS method
(V)) unless oth8rfid%Sp¥cified in the relevant Example description, with tReJEH&etiditions
described hereafter. Preparative LC-MS methods (1) to (1V)

-33 -

The compounds of formula Hlg, wherein the carbon bearing the amino group has the “R”
configuration (hereaficr “the compounds of formula Hlpr™) can thus be prepared as shown in

Scheme 3¢ hereafter.

H

o] O = o &
HO)K:;/NHz —_— HOJJ\/NTO = i —_— \OJKE/EYO\/@

o c ° ~©

R3 R* f\) . : 4 :
N hd \)\;, g R\r’M‘»\J -
rY i y o R !3,0\/ i R* O
D 0”0 0 g
b o* o
5 L N
(Vi) x) {Hlg2g)

Scheme 3a

D-Homoserine can first be protected on the nitrogen with a Cbz group using standard
5  conditions known to one skilled in the art. The corresponding dicyclohexylamine salt of the
resulting intermediate can be prepared and the methyl ester can be formed using Mel in DMF
at a temperature around RT. The hydroxy function can then be 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 X can be
10 performed using conditions such as those aiready described for the synthesis of the
compounds of formula IX (see Scheme 3). The compounds of formula psr can then be
obtained by cleaving the Chz protecting group using standard conditions known to one skilled

in the art,



10 A Phenomenex(r) column (Gemini 10u C18 110A Ax 50x21.2 mm) was used. The two elution
solvents were as follows: solvent A = water + 1% formic acid; solvent B = MeCN + 1% formic acid. The
eluent flow rate was 50 raL/min. The characteristics of the eluting mixture proportion in function of the
time t from st S%HEifion are summarized in the tables below (a lineaF gFA&REAYBEHY used
between two consecutive time points): 151) Preparative LC-MS (1): t (min) 00.4 2.6 33.43.83.95
Solvent A (%) 75 7555554.54.575

- %4 -

The compounds of formula g, wherein the carbon bearing the amino group has the “S”
configuration (hereafier “the compounds of formula Hlgye™) can thus be prepared as shown in

Scheme 35 hereafter.
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Scheme 35

To obtain the compounds of formula 1lgss, one can start the synthesis with (S)-(+)-2-amino-

5  4-bromobutyric acid hydrobromide salt, which s first protected on the acid by forming a
methyl ester using standard conditions known to one skilled in the art {e.g. HCl in MeOH), A

Cbz group can then be introduced on the nitrogen using standard conditions known to one
skilled in the art. The next three steps leading to the compounds of formula XI can be
performed using conditions such as those alrcady described for the synthesis of the

10 compounds of formula IX (see Scheme 3). The Chz cleavage can be performed using standard

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

The compounds of formula ITII wherein Z is 2 bond and n is 0 (hereafier “the compounds of -

formula [fpy™) can be prepared using the route summarized in Scheme 3¢ hereafier,



75 Solvent B (%) 25 25 45 45 95.5 95.5 25 25 11) Preparative LC-MS (ll): WO
2009/125366PCT/1132009/051499 - 41 - t (mm) 0 0.4 2.6
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Scheme 3¢

The compounds of formula XII can be obtained in two steps starting from

Chz-o-phosphinoglycine 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, MeOH or EtOH; the obtained acid intermediate is coupled with a compound of

5  formula VIII using standard peptide coupling methods such as those described for the

synthesis of compounds of formula TI {see Scheme 24). The compounds of formula Iilgs can

then be obtained by standard conditions for the removal of a Cbz group that are well known to

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

The compounds of formula JIT wherein Z is a bond and n is 3 (hereafter “the compounds of

10 formula IIgs™) can be prepared using the route summarized in Scheme 34 hereafter,



3 3.4 3.8 3.9 5 Solvent A (%) 65 65 45 45 4.5 4.5 65 65 Solvent B (%) 35 35 55 55

WO 2009/125366 PCTIB2069/051499
-36 -
SSRGS VSIS TP
~ N_ O N._ O
@) T \[-r ~ NTL/O
o o o
0% “OH OH :
il N 0\/0
—
oA )LO,
0
P_:O\/ \ O\/
o 0

N
a RL. N N
R{\/\NH \[c]; \(F:b ) \{‘b
R4\ﬂ/N\'\Jb P
o R
(il ann {ligs)
Scheme 3d

The hydroxy compound can be obtained by forming the mixed anhydride on the acid function

of Cbz-Glu-OMe using 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. The

mixed anhydride is reduced by using a suitable reducing agent such as NaBH4 in presence of

5 MeOH, at a temperature around —~15°C. The hydroxy function can then be substituted by an

todide using standard conditions such as imidazole, PPhs and 1o, in a suitable solvent such as

THF, preferably between 0°C and RT. The next three steps leading to the compounds of

formula XIII can be performed using conditions such as those already described for the

synthesis of the compounds of formula IX {see Scheme 3). The compounds of formula 11lg;

10 can then be obtained by standard conditions for the removal of 2 Cbz group that are well

known to one skilied in the art {e.g. Pd/C in MeOH).

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

formula I1kp;,”) can be prepared using the route summarized in Scheme 3e hereafter.



95.5 95.5 35 35 |Il) Preparative LC-MS (lll): t (min) 0 0.4 2.6 3 3.4 3.8 3.9 5 Solvent A (%) 70 70 50

WO 2009/125366 PCT/IB2009/051499

) (X (M)

Scheme 3e

The Boc protected iodophenylalanine derivatives, if not commercially available, can be
prepared starting from the iodophenylalanine compounds using standard conditions known to
one skilled in the art. The acid function of the Boc protected iodophenylalanine derivatives
can first be protected by formation of an ethyl ester using standard conditions known to one
5 skilled in the art. The compounds thus obtained can then be converted into the dicthyl
phosphonate derivatives using dicthyl phosphite, in the presence of a suitable base such as
NEts, in the presence of a suitable palladium catalyst such as PA(PPha),, in a suitable solvent
such as MeCN, and preferably heating around 70°C. The next three steps leading to the
compounds of formula Hp, can be performed using conditions such as those already described

10 for the synthesis of the compounds of formmula I1lp; (see Scheme 3).
Preparation of the compounds of formula IV

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

int Scheme 4 hereafter.



504.54.570 70 Solvent B (%) 30 30 50 50 95.5 95.5 30 30 1V) Preparative LC-MS (IV): t (min) 0 0.4

WO 2009/125366 PCTAB2H09/051499
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Scheme 4

The starting material 2-methyl-6-phenyl-1H-pyridin-4-one is casily accessible using a
literature procedure {J. Med. Chem. (2004), 47, 4277-4285). It can be chlorinated to yield
4-chloro-2-methyl-6-phenyl-pyridine using standard conditions (e.g. phosphoryl chloride at
reflux). 4-chloro-2-methyl-6-phenyl-pyridine can then be oxidized into 4-hydroxy-6-phenyi-

5 pyridine-2-carboxylic acid, preferably by refluxing it in dioxane/water in the presence of
selenium dioxide. The resulting compound, when containing EtOH as impurity, can then be
chlorinated and esterified by refluxing in POCls. Finally, the compound of formula IV wherein
R' is phenyl can be obtained by standard saponification methods such as those described in
Scheme 3.

10 Similar procedures can be used to obtain compounds of formula TV wherein W is a bond and

R' is a substituted pheny! group.

Preparation of the compounds of formula VI

The compounds of formula VI can be prepared using the reaction shown in Scheme 5

ci w
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HO\rfw:é\ia“‘ T o _ E N/)\R"
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hereafter.

Scheme 3



2.6 3 3.4 3.8 3.9 5 Solvent A (%) 85 85 65 65 4.5 4.5 85 85 Solvent B (%) 15 15 35
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The compounds of formula VI wherein W is -NR’- can thus be obtained by aromatic
substitution reaction of the intermediates of formula IV with an amine of formula HNR’R®
using conditions such as those described for the synthesis of compounds of formula IT wherein
W is -NR'- (sec Scheme 2).

Besides, the compounds of formula VI wherein W is ~0O- can be obtained by aromatic
substitution reaction of the intermediates of formula IV with sodium alkoxides of formula
NaOR”, the reaction being carried in a suitable solvent such as the correspondmg alcohol of

formula HOR? or THF, and preferably at reflux temperature.
Preparation of the compounds of formula VIII

The compounds of formula VI can be prepared using the route described in
WO 2006/114774 (see general preparation routes, preparation of the compounds of formula V,
Schemes 5 and 5a).

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

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

EXAMPLES

Characterisation methods used:

"H-NMR (400 MHz) was carried out on a Bruker Avance 400 device. Chemical shifts are
given in ppm relative to the solvent used; multiplicities: s = singlet, d = doublet, t = triplet,

q = quadruplet, p = pentuplet, hex = hexet, hept = heptet, m = multiplet, br. = broad.

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

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

follows: solvent A = water + (.06% formic acid; solvent B = MeCN + 0.06% {ormic acid. The



3595.595.5 15 15 Preparative LC-MS method (y) A X-Terra(r) column (Prep MS C18 OBDrm 10u
30x75 mm) was used. The two elution 5 solvents were as described for the Phenomenex(r) column.
The eluent flow rate was 100 mL. The characteristics of the eluting mixture proportion in function of the

time t from st&R 3¥4HEEithion are summarized in the table below (a linear HradRAPHEHIUsed
between two consecutive time points): (mm) 0 0.6 3.3 3.94.55.1 5.2 6 Solvent A (%)

- 40 -

eluent flow rate was 3 ml/min and the characteristics of the eluting mixture proportion in
function of the time t from start of the elution are summarized in the table below (a linear

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

Preparative LC-MS methods used:

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

conditions described hereafter.

10 A Phenomenex® column {Gemini [0u CI8 T10A Ax 50x21.2 mm) was used. The two clution
solvents were as follows: solvent A = water + 1% formic acid; solvent B = MeCN + 1%
formic acid. The eluent flow rate was 50 mL/min. The characteristics of the eluting mixture
proportion in function of the time t from start of the elution are summarized in the tables

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

15 T} Preparative LC-MS-(I):

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

Solvent A (%) | 75 75 55 55 | 45 | 45 75 75

Solvent B (%) 25 25 45 45 93.5 95.5 25 25

1) Preparative LC-MS (1I):



85 85 65 65 4.5 4.5 85 85 Solvent B (%) 15 15 35 35 95.595.5 15 15 WO
2009/125366PCT/1B2009/051499

WO 2009/125366 PCT/IB2069/651499
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t (min) 0 0.4 2.6 3 34 3.8 39 5

Solvent A (%) 65 65 45 45 4.5 4.5 65 65

Solvent B (%) 35 35 55 35 95.5 95.5 35 35

I} Preparative LC-MS (IH):

t {min} 0 04 2.6 3 - 3.4 3.8 3.9 5

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

Solvent B (%) | 30 30 50 50 | 955 | 955 | 30 30

IV) Preparative LC-MS (IV):

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

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

Solvent B (%) 15 15 35 35 95.5 95.5 15 15

A X-Terra™ column (Prep MS CI8 OBD™ 10u 30x75 mm) was used. The two elution
5  solvents were as described for the Phenomenex® column. The eluent flow rate was 100 mL.
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 gradient being used between two

consecutive time points):

t (min) 0 06 | 33 | 39 | 45 | 51 | 52 6

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

Solvent B (%) 15 15 35 35 95.5 95.5 I5 15




- 42 - Stationary phases used for CC: The purifications by CC have been performed using silica gel
unless otherwise specified. The reverse phase used is ISOLUTE(r) C18 from Biotage. RP 18 is the
abbreviation for LiChroprep(r) RP-18 (15-25 pM), Merck. 5Example 1:

4-((R)-2-104 (8§ 3'18t3%-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyl]- FCTAB2009/051499
amino)-4-phosphono-butyryl)-piperazine-l-carboxylic acid ethyl ester: 1.1.
('1-3-hydroxypyrrolidine-1-carboxylic acid tert-butyl ester: Di-ten-butyl-dicarbonate (27.5 g) was added
portionwise to a solution of (S)-3-hydroxypyrrolidine (10 g) and NEt3 (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. ag. NRICI, sat. ag. NaHCO3 and brine. The org. phase was dried (Na2Sa4)
and evaporated off to afford the desired compound t21.4 g). 1H-NMR (CDCb): 4.43 (hr. s, 1H); 3.40
(m, 4H); 2.70 (m, 1H); 1.93 (m, 2H); 1.46 (s, 9H). 1.2. (S)-3-methoxy-pyrrolidine-1-carboxylic acid
ten-butyl est¥f¥ 9897 Bites 6/Yoltion of intermediate 1.1(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 dowrfte 0@ifipadiMebil L Eritaywasmdddo drdpwine s Btirrpel wizsscohtinuedsforifiddifidaal 2 h at

RT. Water and ethanolamine;(14 Rl waiesagded g theseagtion pixiure that was.stifreg feg 15 min.

The org. phase was separated and the ag. phase was extracted with 20 DCM three times. The
combined ofgj ChrEseR \BErd SkasHsdMiMstitte, dried (Na2S04) and evaporated off to afford a yellow
oil (27.5 g). 1H-NMR (CDC13): 3.94 (br. s, 1H); 3.44 (m, 4H); 3.35 (s, 3H); 1.99 (m, 2H); 1.48 (s, 9H).

1.3. (S)-3-methoxye i/rrql_iflti _é@[ g.%l ride.salf: Intermedi 'Eell)l_bg (ARY )}w&s dissolyed in 1M HCl in
EA (300 ngap?cT}%gk/ HC )??16 2@( glﬁiﬁ_ WAL AdC e’ﬁgnf%ey e_agtlgﬁym$ til}remv?/ascg{i\?roégg J)vernight at
RT and the 88iRtitdvbkosvhpr-dedoh-Pherspnt-oeoalisrncid #hEt206¢500 mL) and the compound
precipitated

1.1. (8)-3-hydroxypyrrolidine-1-carboxylic acid teri-butyl ester:

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

(S)-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. ag. NH,Cl, sat. ag. NaHCO; and brine. The org. phase was dried (Na,S0Oy) and

evaporated off to afford the desired compound (21 .4 g).

'H-NMR (CDCl;): 4.43 (br. s, 1H); 3.40 (m, 4H); 2.70 (m, 1H); 1.93 (m, 2H); 1.46 (s, 9H).

1.2, (5)-3-methoxy-pyrrolidine-1-carboxylic acid tert-butyl ester:

15  To an ice-cold solution of intermediate 1.1 (22 g) in THF (300 mL) was added NaH (7.7 ¢,
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 ethanolamine (14 mL) were added to the reaction mixture that
was stirred for 15 min. The org. phase was separated and the ag. phase was extracted with

20 DCM three times. The combined org. phases were washed with brine, dried (Nap;SO4) and
evaporated off to afford a yellow oil (27.5 g).

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

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

Intermediate 1.2 (27.5 g) was dissolved in 1A HCI in EA (300 mL) and 3M HCI in EA
25 (50 mL) was added. The reaction mixture was stirred overnight at RT and the solvent was

evaporated off. The residue was taken up in EO (500 mL) and the compound precipitated



WO 2009/125366PCT/1132009/051499 - 43. out. The suspension was stirred for 1 h, filtered off and
the powder washed with Et20. HV drying afforded the desired hydrochloride salt (13.9 g). 1H-NMR
(CDCI3): 9.84 (br. s, 1H); 4.10 (hr s, 1H); 3.43 (m, 4H); 3.33 (s, 3H); 2.19 (m, IH); 2.04 (m, 1H). 51.4.
(2)-4-phenyldHARBLEERES en-2-0ne: A solution of 2,4-pcntanedione (51.5 R EANME(S.6 mL) and a
catalytic amount of para-toluenesulfonic acid monohydrate (0.95 g) in toluene (500 ml) was refluxed
for 3.5 h in a round bottom flask equipped with a Dean-Stark apparatus and condenser. The solution
was concentrated to dryness to give the desired compound as an orange oil (89.3 g). 10 LC-MS: tR =
0.90 min; [M+Hr: 176.14. 1.5. 2-methy1-6-phenyl-1H-pyridin-4-one: To a -78C cooled solution of
2,2,6,6-tetramethylpiperidine (157 g) in THF (830 mL) was added n-butyllithium (1.6 M in hexane, 697
mL) over 45 min. After 25 min stirring at -78C a sofifflon of intermediate 1.4 (63 g) in THF (200 mL)
was added to the mixture over 25 min, 15 followed by a solution of benzonitrile (47.9 mL) in THF (200

mL) over 309l PFHBIRsBeY Bathstirad rémbledilmedtng mndtidre Reasavwaedto iakh® BB6C over
1.5 h. HC1 (@29%q 186:8-8)1wassaddedudaliowrd M\(\@'tgrgwoo mL) and THF (200 mL). The phases

were separated. The hase was wash % ith water an HCIé%XZ}% 0 mL) was added, followed
by water (20?%&%&%@5%%4\/&%%@% eﬁé nd {I%%’gqégpﬂ’é’s a%s%l\fsﬁp ’te‘f%WZ he residue
was taken up.04 foluBdfe and evaporated to dryness to afford 249 g of the desired compound with 13%
purity. No further purification was performed. LC-MS: tR = 0.64 mm; [M+H]: 186.25. 1.6.

4-chloros2-methy2r&-phapyi-pyiding: intermediate 1.5 (233 g) was dissolved in POC13 (83 mL) and
DMF was added (0.15 mL). The 25 mixture was refluxed for 4 h and cooled down. Toluene was added

and the mixt&ireclusisrevdpbiatedwididhe rédiduaiwasitaken(dép b/ weter, @ndy82 YoNadkiwas

added until B'&Lc?—toluenesulfonic acid monohydrate (0.95 g) in toluene (500 mi) was refluxed for 3.5 hina
round bottom flask equipped with a Dean-Stark apparatus and condenser. The solution was
concentrated to dryness to give the desired compound as an orange oil (§9.3 g).

10 LC-MS: tg = 0.90 min; [M-+H]": 176.14.

1.5, 2-methyl-6-phenyl-1H-pyridin-4-one:

To a —78°C cooled solution of 2,2,6,6-tetramethylpiperidine (157 g) in THF (830 mL) was
added n-butyllithium (1.6 M in hexane, 697 mL) over 45 min. After 25 min stirring at -78°C a
solution of intermediate 1.4 (63 g) in THF (200 mL) was added to the mixture over 25 min,
15 followed by a solution of benzonitrile (47.9 mL}) in THF (200 mL) over 30 min. The cooling
bath was removed and the mixture was allowed to warm to —56°C over 1.5 h. HCI (32%,
186.5 g) was added, followed by water (400 mL) and THF (200 mL). The phases were
separated. The org. phase was washed with water and HCl (32%, 150 mL) was added,
followed by water (200 mL). The phases were separated and the aq. phase was evaporated off.
20 The residue was taken up in toluene and evaporated to dryness to afford 249 g of the desired
compound with 13% purity, No further purification was performed.
LC-MS: tg = 0.64 min; [M+H]": 186.25.

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

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

were evaporated to dryness. The crude was purified by CC (EA/Hept 1/9) and the obtained oil



The phases were separated and the ag. phase was washed with EA. The combined org. layers were
evaporated to dryness. The crude was purified by CC (EA/Hept 1/9) and the obtained oil WO
2009/125366PCT/1B2009/051499 - 44. was taken up in TBME. The org. layer was washed with 0.5 Al
HC1, sat. NaPi® 8247486 and was evaporated to dryness to afford the dTEEBRHIHPBAM as an
orange oil (31.2 g). LC-MS: tR = 0.83 min; [M+HI: 203.92. 1.7.
4-hydroxy-6-phenyl-pyridine-2-carboxylic acid: 5To selenium dioxide (33.8 g) was added intermediate
1.6 (31 g) followed by dioxane (165 nth). The mixture was heated up to reflux. After 4.5 h, water (0.274
inL) was added and the heating was continued overnight. Water (2.5 mL) was added and the mixture
was further refluxed for 7 h. The mixture was cooled down to OC, selenium dioxide (16.9 g) was added
and the mixture was stirred at RT for 90 h. Celite w4$-added and the resulting mixture was 10 filtered
over a pad of Celite. The filter cake was washed with MeOH and the solvents were evaporated off The

crude was stidp&rdednrnsoptbpylascsd roovasly aher meddtoul i lefitix FeHOR:. 1sepropacetate
was removeg-andaioit 40l wasadded and-heaiephAginstoraliuxfon h2EOF1 was removed

and EtOH (4 ) and HCI (32 %, 30.1 0)) ere added. The mixture was heated at reflux for 3 h and
evaporated g&'@%{ffﬁﬁd%&&@%i@d %grrr?pb L}S,r%d 15sitill containing Et011 (52 g). LC-MS: tR = 0.60 min;
[M+1,11-: 216.11. 1.8. 4-chloro-6-phenyl-pyridine-2-carboxylic acid ethyl ester: Intermediate 1.7 (34 g,
containing EtOH Wi eissbris@inpeis- {72 ity badctie mixture was heated up to reflux for 3 h.

POC13 istilled. off, tk ini id diluted, 20 with DCM and wat > added. Th
yers vire MR AT SUTRIRAS TS S YRF G ALSTHEHER vith BER, FEEBIEIbORE layers
were evapokateddff. The wrudecvwas perifibdpby @ﬂu@sﬂ@@pyﬁammata/r@elmlmyqlmmm 3A3) to give
Ine desired SiOYLERIE FRUAMALPSARIANTENR S (70 L Ohciler i dfR itehd D AMEH1+

262.10. 251.9. Sodium 4-chloro-6-phenyl-pyridine-2-carboxylate:
refluxed for 7 h. The mixture was cooled down to 0°C, selenium dioxide (16.9 g) was added

and the mixture was stirred at RT for 90 h. Celite was added and the resulting mixture was
10 filtered over a pad of Celite. The filter cake was washed with MeOH and the solvents were

evaporated off. The crude was suspended in isopropylacetate (400 mL) and heated up to reflux

for 1 h. Isopropylacetate was removed and EtOH (400 mL) was added and heated again to

reflux for 1 h. EtOH was removed and EtOH (400 mL) and HCI (32 %, 30 mL) were added.

The mixture was heated at reflux for 3 h and evaporated off to afford the desired compound
15 still containing EtOH (52 g).

LC-MS: ty = 0.60 min; [M+H]": 216.11.

1.8. 4-chloro-6-phenyl-pyridine-2-carboxylic acid ethyl ester:

Intermediate 1.7 (34 g, containing EtOH) was dissolved in POCI; (72 mL) and the mixture

was heated up to reflux for 3 h. POCl; was distilled off, the remaining residue was diluted
20 with DCM and water was added. The layers were filtered and separated. The aq. layer was

washed with DCM, The combined org. layers were evaporated off. The crude was purified by

CC (isopropylacetate/methylcyclohexane 1/3) to give the desired ethyl ester compound as a

brownish solid (29.11 g).

LC-MS: tg = 1.04 min; [M+H]": 262.10.

25 1.9, Sodium 4-chloro-6-phenyl-pyridine-2-carboxylate:

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

off. The suspension was filtered off. The aqueous mother liqguor was washed with



NaOH (32% in water, 50 mL) was added to a solution of intermediate 1.8 (20.1 g) in EtOH/water (2/1,
150 ml). The mixture was stirred for 1 h at RT and EtOH was evaporated off The suspension was
filtered off The aqueous mother liquor was washed with WO 2009/125366PCT111320091051499 - 45
- isopropylacB2 &4 ¢dieéd with 32% HCI solution and extracted with DCREHHE¢ &R Eolid was
added to a mixture of 32% HC1 solution and DCM. The layers were separated and the aqueous layer
was washed with DCM. All organic layers were combined and evaporated to dryness to give 20 g of
black oil. The oil was taken up in MeOH (150 mL) and NaOH (32% in 5 water, 10 mL) was added.
Water (150 rnL) was added giving a suspension. McOH was evaporated off, the suspension was
filtered off and the solid washed with water. After HV drying, the desired compound were obtained as a
white powder (17 g). LC-MS: tR = 0.91 min; [M-FH]4234.09. 1.10.
44(S)-3-methoxy-pyrrolidin-1-y0-6-phenyl-pyridine-2-carboxylic acid: 10A solution of intermediate 1.3
(963 mg), intsifredatetaio %@i@eg)\ﬁﬁufé%ﬁ@@lztmwﬁ Prpcid i Radhddebiliprednibfowave
oven at 110G 4oEdRhianchakdA06r forg hc\Rienywasmadsied angktheMiiure wasexdragtiegewith EA.
The aq. phase was acidified toaﬁlH 5 W&?P%HC and ex}yactgd with DCM. The combined org. phases
were dried (RESEDAEhd BB BIP THe LIRSS i TndsTsF et aR¢ A=t it B:
MeOH; gradigmtre20%0gies ) 40%bBr ko affDirel dHevdesiked upom i @ Stenidrpundi dta(dhB82%.06 g).

LC-MS:4R /0,20 Rk 510t o 299 O WssfRs2 D2 Yueaibanatning by dibiic acid:
To an ice-cooled solution of H-Hse-OH (5 g) in dioxane/2M NaOH (168 mL/42 mL) was added benzyl

chloroformafd PRIy G disniser e B aninl e Hamibhemirtid e arhedon B oress ofiFaMYto RT and
was stirred @vgryight atdRdd Jdie sahentwabavapy atedirfpanaiierag. residue was extracted with

Et20 and acL i fﬁ%w“ﬁ g %M H_Ciﬁg%tjp% The ag. phase was extracted with DCM. The DCM layers
were combined, waghed with Water, drie ? a2S04) and evaporated off to give the desired product as

a white powder (6.2 g)) LC-MS: tR = 0.71 min; [M+HTr: 254.37.
1.10. 4-((5i-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carboxylic acid:

10 A solution of intermediate 1.3 (963 mg), intermediate 1.9 (1.49 g) and DIPEA (2.2 mL) in
THF (2 mL) was heated in a microwave oven at 110°C for 10 h and at 140°C for 6 h. Water
was added and the mixture was extracted with EA. The aq. phase was acidified to pH 5 with
IAM HCl and extracted with DCM. The combined org. phases were dried (Na,SOy4) and
evaporated off. The crude was purified by CC (cluant A: EA; eluant B: MeOH; gradient: 20%

15 to 40% B) to afford the desired compound as a brownish foam (1.06 g).

LC-MS: tg = 0.70 min; [M+H]": 299.08.

1.11. (R)-2-benzyloxycarbonyviamino-4-hydroxy-butyric acid:

To an ice-cooled solution of H-Hse-OH (5 g} in dioxane/2M NaOH (168 mL/42 mi) was

added benzyl chloroformate (6.7 mL) dropwise over 15 min. The reaction mixture was
20 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 24/ HC] solution. The aq. phase

was ecxtracted with DCM. The DCM lavers were combined, washed with water, dried

(NaSO,) and evaporated off to give the desired product as a white powder (6.2 g).

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

25 112, (R)-2-benzyioxycarbonylamino-4-hydroxy-butyric acid dicyclohexylamine salt:

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

in Et;0. The suspension was filtered off and the white solid (7.38 g) was dried in vacuo.



251.12. (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid dicyclohexylamine salt: To a solution of
intermediate 1.11 (6.2 g) in EtOH (41 mL) was added dropwise dicyclohcxylamine (3.7 mL). The
solvent was removed and the white powder was suspended in Et20. The suspension was filtered off
and the white"SbiP1?23%%) was dried in vacua. WO 2009/125366PCT/11%‘32T?WTﬁ@§9- 46 - LC-MS:
tit = 0.66 mm; [M+H]: 254.07. 1.13. (12)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid methyl
ester: Mel (3 inL) was added dropwise to a suspension of intermediate 1.12 (7.38 g) in anhydrous
DMF (112 mL). The reaction mixture was stirred for 48 h at RT. Mel (3 mL) was added, and 5 the
reaction mixture was stirred overnight. The solvent was removed. The residue was taken up in
EA/water and the org. phase was washed with a sodium thiosulfate solution, dried (Na2S0O4) and
evaporated off The crude was purified by CC (Et20}%6 give the desired compound as white powder
(3.1 9). LC-MS: tR =0.79 mm; [M+HF: 268.12. 101.14. (1)-2-benzyloxycarbonylamino-4-bromo-butyric
acid methyl EstfSPrAYSA rEBIANT - Bimmdily- 16 g) was added to an ice-cooled solution of
intermediate 1.13 (3.1 g) and CBr4 (8.7 g) in anhydrous DCM (150 mL). The reaction mixture was
stirred at 0C/féf. 2(R/ehbewadaltonedomieerd-todRT) e resinisvastfillered off and the solution
evaporated off The crude was purified by CC (EA/Hept 0/1 to 1/0) to give the desired compound as a
15colourlesVbil {968-miyds eédsd slrepdse 9o tirpqNiem P dgsropdiptps. 12 (7.38 ¢) in anhydrous
(R)-2-benzypxpcarbmylamirod-fiiethonrphasphaarutyic.aeid. meihgesieras dMeimadiate 1.14
(1.39 g).was,dissolved in triethyl phosphite (9. mj% The mixture was heated at 130C overnight and
R M e G VRS DAy e HSBUEA SORBTS O NANba by Bivieor orr

S[ eaction 1 g 1
evaporated t6 diyness. Hhe ¢rude Was puritie
to give a colepriess o {r2dnd ) theCoiyl phtise @8 I M |2 3821@8. thid@ilfate solution, dried

(R)'Z'benzngéﬂ?%ﬂwmﬁé&dWW'QHR@)QQHMEM ri)%/ a@@ :(EtQO) to give the desired
compound as white powder (3.1 g).
LC-MS: tg = 0.79 min; [M+H] " 268.12.

10 1.14. (R)-2-benzyloxycarbonylamino-4-bromo-butyric acid methyl ester:

PPhy on resin (1.6 mmol/g, 16 g) was added to an ice-cooled solution of intermediate 1,13

(3.1 g) and CBr4 (8.7 g) in anhydrous DCM (150 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 0/1 to 1/0) to give the desired compound as a
15 colourless oil (968 mg).

LC-MS: tg = 0.99 min; [M+H]": 330.02.

115, (R)-2-benzvioxycarbonyilamino-4-(diethoxy-phosphoryl)-butyric acid methyl ester:

Imtermediate 1.14 (1.39 g) was dissolved in triethyl phosphite (9.9 ml.). The mixture was

heated at 130°C overnight and evaporated to dryness. The crude was purified by CC (Hept/EA
20 1/3 to /1 followed by EA/MeCH 9/1) to give a colourless oil (1.24 g).

LC-MS: tg = 0.91 min; [M+H]": 387.93.

1.16. (R)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butyric acid:

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

and evaporated off to give the desired product as a colourless resin (1.19 g).



An ag. solution of lithium hydroxide hydrate (268 mg in 3.2 inL) was added to a solution of intermediate
1.15 (1.24 g) in THF (13 inL). The reaction mixture was stirred at RT overnight 25 and DCM and a 1M
HCI solution (60 mL) were added. The phases were separated and the aq. phase was extracted three
times with DCYE. 2L 8 phases were combined, dried (Na2S04) and eVEpBFaaePEH18%give the .
desired product as a colourless resin (1.19 g). WO 2009/125366PCT/1B2009/051499 - 47, LC-MS: tR
= 0.83 min; [M+H]+: 374.07. 1.17. 4-1(12)-2-benzyloxycarbonylamino-4-(diethoxy-phospholy1)-butyryl
piperaz nel-carboxylic acid ethyl ester: To a solution of intermediate 1.16 (310 mg) in THF/DCM (1 inL
/ 4 mL) were added EDCI 5 hydrochloride (191 mg), HOBT hydrate (152 mg) and DIPEA (0.156 inL).
After stirring at RT for 5 min, 1-ethoxycarbonylpiperazine (134 mg) was added and the stirring was
continued overnight at RT. DCM and water were adtfed. The phases were separated. The org. phase
was washed with sat. aq. Na2CO3, with ag. 1M NaHSO4, with brine, was dried (Na2SO4) and
evaporated &ff tf &fforttiié aesit Bomptihd as a yellow oil (229 mg). 10 LC-MS: tR = 0.90 min;
[M+HI: 514.09. 1.18. 4-[(R)-2-amino-4-(diethoxy-phosphoryl)-butyryll-piperazine-1-carboxylic acid ethyl
ester: Interié&tiatél k)17 H200mgpvbasiyaregendtetbin-MeChh {3 byt -Pigie:fivet, 5%, 25 mg) for
24 h. The mixture \,[¥é%§ filg%rggz W‘é?x%;g.h Celite and evaporated off. HV drying afforded the 15desired

y

compound as a”pg ellow 0|I](138 mg). LC-MS: tR = 0.65 mm; [MtH]: 380.59. 1.19.

ﬁ-((R)-lél)-(dieﬂaoasyoﬂti%mb W&%&&%@D.-f(slmmﬁgymﬁiﬂmﬂﬂg@1§1ph£ﬁ§glpw'&f&fbﬂ(%g@lib@ﬂyléaminol
utyryl)-piperazine-1-carboxylic acid ethyl ester: To a solution of intermediate 1.10 (78 mg) an
terme T atent L L) B L 35 150 FaVRaH i B Lo i) A OBER B0k mL). The
solution wasfstifreviat Rfhurtidabmplptporuzibavals diuge o withliE Mhdntlevaistied withcwraibsercdnd brine.
The org. ph igg ( X ff e, rified ive LC-MS
A s o R AR A R TS R R i A G
251.20. 4-ftRyshcd D) s3lrdatHsel-Byr riiinaL -9 -Bashs Iy Brine.2vearso ey | Nanifpo and

evaporated off to afford the desired compound as a yellow oil {229 mg),
10 LC-MS: tg = 0.90 min; [M+H] " 514.09.

1.18. 4-[(R)-2-amino-4-(diethoxy-phosphoryl)-butyryl]-piperazine-1-carboxylic acid ethyl
ester:

Intermediate 1.17 (200 mg) was hydrogenated in MeOH (3 mL) with Pd/C (wet, 5%, 25 mg)
for 24 h. The mixture was filtered through Celite and evaporated off. HV drying afforded the

15 desired compound as a pale vellow oil (138 mg).
LC-MS: tg = 0.65 min; [M+H]": 380.59.

1.19. 4-({R)-4-(diethoxy-phosphoryl)-2-{ [4-((S)-3-methoxy-pyrrolidin-1-vI)-6-phenyl-
pyridine-2-carbonyl]-amino}-butyryl)-piperazine- {-carboxylic acid ethyl ester:

To a solution of intermediate 1.10 (78 mg) and intermediate 1.18 (100 mg) in DCM (1 mL)
20 was added PyBOP (151 mg) and DIPEA (0.05 mL). The solution was stirred at RT until

completion. It was diluted with DCM and washed with water and brine. The org. phase was

dried (Na,SO.} and evaporated off. The crude was purified by preparative LC-MS (J) to afford

the desired product as a yellow o0il (113 mg).

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

25 1.20. 4-((R)-2-{[4-((5)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine- 2-carbonyl]-amino}-
4-phosphono-butyryl)-piperazine- 1-carboxylic acid ethyl ester:



4-phosphono-butyryO-piperazine-1 -carboxylic acid ethyl ester: WO 2009/125366PCT/1B2009/051499
- 48 - To a solution of intermediate 1.19 (55 mg) in anhydrous MeCN (1 mL) was added trimethylsilyl
bromide (0.225 n;ﬂli!{; dropwisc. The reaction mixture was allowed to warm to RT and was stirred at RT
until completBR, 3‘&%’15%[6mL) was added, the mixture was stirred until coRfief248EB18is and
evaporated off The crude was purified by preparative LC-MS (IV) to 5 afford a white powder (8 mg).
LC-MS: tR = 0.75 mm; [M+H]: 604.47. Example 2:
4-410-2-114-((S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonyliaminol-4-phosphono-butyryb-
piperazine-I-carboxylic acid butyl ester: 2.1. Piperazine-1,4-dicarboxylic acid butyl ester tert-butyl ester:
10To a solution of piperazine- 1-carboxylic acid tert-butyl ester (150 g) in DCM (1.05 L) cooled at 4C
was added NEt1 (123.6 mL) followed by n-butyl chidfoformate (107 mL) dropwise over 30 min. The
cooling bath was removed and the reaction mixture was allowed to warm to RT over 2.5 h. Water was

added, the paseseiansepaiatfanuimicnk Hg. (phage wasekitietsd MaHD Envnphaeorpdiedd org.
phases were:fsiag/(Na2 5Odda 0 2sanniatedwiloraiMeade-8axiae kel aTIhe LOMRaLRd,was engaged

directly in the next step. TLC: (EA/Hept /1) Rf = 0.7. 2.2, Piperagjne-1-carboxylic acid butyl ester
hydrochloridaengé’fta? 81%@%35 e—[o(llt‘l%[_é?%gl(cu B ofe a gsfé‘%‘@e %I‘@fﬁ?f%ﬂxéﬁﬁtﬁeéj)“w s added
4M HCL1 in diosgphae (B0 otykiy. afike vmixtaral wis Btircediovesnpgtifiad Bpandretrapbfatdd (Bviltyness. The
20 residyie wag, sUsRERESGIR.T BME)(800 mL) and the mixture was stirred for 30 mm and filtered off.
The solid was dried under HV to afford a white solid (176 g). 1H-NMR (CDCI3): 6.12 (br. s, 1H); 5.71
(br. s, IFI); AW )0 357mips [MihLIS 8% 2H); 1.41 (s, 9H); 1.33 (m, 6H).  2.3.
4-1110-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butytyll-piperazine251-carboxylic acid
butyl eSter: gyample 2: 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyi}-

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

2.1. Piperazine-1,4-dicarboxylic acid butyl ester tert-butyl ester:

10 To a solution of piperazine-1-carboxylic acid rert-butyl ester (150 g) in DCM (1.05 L) cooled
at 4°C was added NEt3 (123.6 mL) followed by n-butyl chloroformate (107 mL) dropwise
over 30 min. The cooling bath was removed and the reaction mixture was allowed to warm to
RT over 2.5 h. Water was added, the phases were separated and the aq. phase was extracted
with DCM. The combined org. phases were dried (Na;S0,4) and evaporated off to give 242.8 ¢

15 of oil. The compound was engaged directly in the next step.

TLC: (EA/Hept 1/1) Rf=0.7.

2.2, Piperazine-l-carboxylic acid butyl ester hvdrochloride salt:

To a cooled (15°C) solution of intermediate 2.1 (230.5 g) in MeOH (1 L) was added 4M HCl

in dioxane (604 ml.}. The mixture was stirred overnight at RT and evaporated to dryness. The
20 residue was suspended in TBME (800 mL) and the mixture was stirred for 30 min and filtered

off. The solid was dried under HV to afford a white solid (176 g).

"H-NMR (CDCls): 6.12 (br. s, 1H); 5.71 (br. s, 1H); 4.11 (m, 4H); 3.77 (s, 3H); 2.33 (m, 2H);

.41 (s, 9H); 1.33 (m, 6H).

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

This compound was prepared using a method analogous to that of Example I, step1.17, .

intermediate 2.2 replacing 1 -ethoxycarbonylpiperazine,



WO 2009/125366PCT/182009/051499 - 49 - LC-MS: tR = 0.97 mm; [M+HI: 542.05. 2.4. 41(1)-2-a
no-4-(diethasy-phosphoryl)-butyfyll-piperazine-1-carboxylic acid butyl ester:  This compound was
prepared using a method analogous to that of Example 1, step 1.18, Sintermediate 2.3 replacing
intermediate ¥4 2"%G2f#% 1R" 0.73 mm; [M+HI: 408.61. 2.5. PCTAB2009/051499
4-((10-4-(diethoxy-phospholyl)-24[4-((S)-3-inethory-pyrrolidin-1-y0-6-phenyl-pyridine2-carbonylramino,
Lbutyryl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method
analogous to that of Example I, step 1.19, 10intermediate 2.4 replacing intermediate 1.18. The
compound was purified by preparative LC-MS (1). LC-MS: tR = 0.90Fin 688.74. 2.6.
4-(('10-2-1/4-((S)-3-methoxy-pyrrolidin4-y0-6-phenyl-pyridine-2-carbonylramino)-
4-phosphono-butyry1)-piperazine-1-carboxylic acid utyl ester: 15 This compound was prepared using
a method analogous to that of Example 1, step 1.20, intermediate 2.5 replacing intermediate 1.19. The
compound Wés¥eritied by grépaatitie LBMS (1V). LC-MS: tR = 0.80 min; [M+H] 632.11. Example 3:
4-((R)-2-a4-(4-methoxy-phenyl)-6-phenyl-pyridine-2-carbonyll-amino}-

3-phosphoné-prepicgtiyh)apiperazifiesi-gapbosplic dcit:sthijl-estetz 3.4 ] (R)4d:tevt-butdbyodrbonyla
no-3-(dietho %ephosphoryl) propionic acid methyl ester: Boc-3-iodo-L-Ala-OMe (10 g) was dissolved in
tricthyl phosp ite (79.7 mL). The mixture was heated at 140C for 15 h and evaporated to dryness to

give the desired compRMAd:R 3fcirdd W§ﬁgJ§QQéméheaﬂﬁxg&£eamlap@rfgﬁﬁmpquf%mng

251H- NMR (C c1 ) 6,12 (hr. s, 1H): 571 (hr. s, 1H); 4.11 (m, 4H); 3.7 (5, 3H); 2.33 (m, 2H); 1.41
(s, 9H); 33”( eZSrcp acing intérmediate [.I7.

LC-MS: tg = 0.73 min; [M+H]": 408.61.

2.5, 4-((R)-4-(diethoxy-phosphoryl)-2-{[4-((S)-3-methoxy-pyrrolidin-1 -yl)—'é-phenyl«pyridine-
2-carbonyl]-amino }-butyryl)-piperazine- 1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.19,
10 intermediate 2.4 replacing intermediate 1.18. The compound was purified by preparative

LC-MS (D).

LC-MS: tg = 0.90 min; [M-+H]: 688.74.

2.6, 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl}-6-phenyl-pyridine-2-carbonyl]-amino, -
4-phosphono-butyrylj-piperazine-1-carboxylic acid butyl ester:

15 This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 2.5 replacing intermediate 1.19. The compound was purified by preparative
LC-MS (V).

LC-MS: tg = 0.80 min; [M+H]": 632.11.

Example 3: 4-((R)-2-{{4-(4-methoxy-phenyl)-6-phenyl-pyridine-2-carbonyl}-amino}-
20 3-phosphono-propionyl)-piperazine-I-carboxylic acid ethyl ester:

3.1, (R}-2-tert-butoxycarbonylamino-3-(diethoxy-phosphorylj-propionic acid methyl ester:

Boc-3-i0do-L-Ala-OMe (10 g) was dissolved in tricthyl phosphite (79.7 mL). The mixture was
heated at 140°C for 15 h and cvaporated o dryness to give the desired compound (9.37 g). It
was used in the next step without further purification.

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



WO 2009/125366PCT/1B2009/051499 - 50 - 3.2.
(1)-2-tert-butoxycarbonylamino-3-(diethoxy-phospholyO-propionic acid: This compound was prepared
using a method analogous to that of Example 1, step 1.16, intermediate 3.1 replacing intermediate
1.15. The comBaltidwa¥however purified by recrystallization with isopropahP8#%NE? tR = 0.72
min; [M-I-FIT: 326.08. 3.3. '
41(14-2-tert-butoxycarbonylamino-3-(diethoxy-phosphotyl)-propionylkpiperazinel-carboxylic acid ethyl
ester: This compound was prepared using a method analogous to that of Example 1, step 1.17,
intermediate 3.2 replacing intermediate 1.16. 10LC-MS: tR_ = 0.86 min; [M+H]+: 466.46. 3.4.
41(R)-2-amino-3-(diethaxy-phosphotyl)-propionyll-piperazine-I-carboxylic acid ethyl ester: To a solution
of intermediate 3.3 (1.520 g) in DCM (1.38 mL) cooféd at 10C was added TFA (2.29 mL) over 15 mm.
After completion of the addition, the cooling bath was removed and 15 the mixture was stirred

overnight at3RT. Rhé- fikfurewagbassleaisodnits bey ghemhsd i e daaiidn of 2M NaOH until pH
12 and diluted .with DCM., The phases were separated. The org. phase extracted wi CM, dried
(Na2504) A GEBRRALEH 1 GHEHH R T o i TS e 267 o
366.43. 203ibtett ({23 3-11 Gwhtorg- 2pheedibpyrithidifdel -ganpomd) -amsirner8e(die thuiisd HospholyO-

propionylI-pQ@@éﬂ;&&;@@g@@%@ggﬁphyl ester: This compound was prepared using a method
analogous to that of Example 1, step 1.19, intermediate 3.4 replacing intermediate 1.18 and
intermediatd-£ 9 fracihg 'r‘ﬁéﬁﬁ%%ié 32¢#5The compound was purified by CC (eluent A; DCM;
eluent B: McOH; first CC: 1% to 10% B;

3.3. 4-[(R}-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-

1-carboxyiic acid ethyl ester:

This compound was prepared using a method analogous to that of Exampie 1, step 1.17,
intermediate 3.2 replacing intermediate 1.16.

10 LC-MS: tg = 0.86 min; [M+H]": 466.46.

3.4, 4-[(R)-2-amino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-1-carboxylic acid ethyl

ester:

To a solution of intermediate 3.3 (1.520 g) in DCM (1.38 mL) cooled at 10°C was added TFA

(2.29 ml.) over 15 min. After completion of the addition, the cooling bath was removed and
I3  the mixture was stirred overnight at RT. The mixture was cooled down to 0°C, quenched by

the addition of 244 NaOH until pH 12 and diluted with DCM. The phases were separated. The

org. phase was extracted with DCM, dried (Na;SO4) and evap'oratcd off to afford the desired

compound (807 mg).

LC-MS: tg = 0.64 min; [M+H]": 366.43.

20 3.5 4-[(R)-2-[(6-chloro-2-phenyl-pyrimidine-4-carbonyl)-amino]-3-(diethoxy-phosphoryl)-

propionvi]-piperazine-I-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example [, step 1.19,

intermediate 3.4 replacing intermediate 1.18 and intermediate 1.9 replacing intermediate 1.10.

The compound was purified by CC (chuent A: DCM; eluent B: MeOH; first CC: 1% to 10% B;
25  second CC: 2% B).

LC-MS: tg = 1.01 min; [M+H]": 581.44,



25 second CC: 2% B). LC-MS: tR = 1.01 mm; [M+FIF: 581.44. WO 2009/125366PCT/IB2009/051499
- 51 - 3.6. 4-((R)-3-(diethoxy-phospholy0-2414-(4-methoxy-phenyl)-6-phenyl-pyridine2-carbonyl.
1-amino}-propionyl)-piperazine-1-carboxylic acid ethyl ester: A mixture of intermediate 3.5 (100 mg),
4-methoxyph®RANS &S 4cid (32 mg) and Pd(RITh3)4 (6 mg) in DME (1 HE)/BRAGAFNE2CO3 (0.173
mL) was stirred at 80C under argon 5 overnight. The mixture was filtered through Celite, the cake was
washed with EA and the solvents were evaporated off. The crude was purified by CC (eluent A: DCM;
eluent B: MeOH; gradient: 2% to 20% B) to afford the desired compound (80 mg). LC-MS: tx 1.07 mm;
[M+Hr: 653.68.  3.7. 44(17?)-2-{(4-(4-methoxy-pheny1)-6-pherzyl-pyridine-2-carbonyll-amino}-3
phosphonol10 propionyl)-piperazine- 1-carboxylic acid ethyl ester: A solution of intermediate 3.6 (80
mg) in 4M HC1 in dioxane (2.5 mL) and water (0.25mL) was stirred at RT until completion of the
reaction. Toluene was added and the mixture was evaporated off The crude was purified by

preparative BC-NMY Qi téditfsre vrmaiaadiréd (dorfpssth@band s 1Siegidie 0.93 mm; [M+HTr:

597.71. Exam%éﬁyl]—amino}-propionyf)-pipemzine-! -carboxylic acid ethyl ester:
41(R)-2-[(6-phenyl-4-thiophen-3-yl-pyridine-2-carbonyl)-aminoi3-phosphono-propionyl1}-piperazine-1-c
arboxylic acitl sikgrestantdhediate 3.5 (100 mg), 4-methoxyphenylboronic acid (32 mg) and Pd(PPhs),

4-{112)-3-(dig %W;Pm,%hﬂy&)za[&ﬁ'f%??'}ﬂ'ééhi‘ﬁ@.’i‘%'?ﬁ%‘ AnE-2r AR W ger argon
aminol-propionyf}- |pera2|ne-1-carb(;>§yllc acid ethyl ester: 20 This compound was prepar%dnusmg a

method anaRy§aughie Thaterkampicidcnd shoopehrichie ke 286 ditic seibefepidting and the
4-methoxyphainyiiaorarie agidpbddi Sofit -Thel - QRuIRMWEIMHlBE967 - 42 (cluent A: DCM;

4-{(10-2-1('6-phenyl-4-thlophen-3-yl-pyridine-2-carhonyl)-aminor ‘

phosphonopctlgﬁ? %ﬁ%’% a%lfﬁée}?ff'c {BB"%&?" ﬁeiﬁ’ 3?%?@2%%?@%?@%%@8&8%% prepared using a
method analdgods te tha0didExdMpld] 3,65tfR3.7, intermediate 4.1 replacing intermediate 3.6. The
compound was purified by preparative LC-MS (l1). ‘

3.7, 4-((R)-2-{ [4-(4-methoxy-phenyl)-6-phenyl-pyridine-2-carbonyl]-amino}-3 phosphono-
10 propionyl)-piperazine-1-carboxylic acid ethyl ester:

A solution of intermediate 3.6 (80 mg) in 43 HCI in dioxane (2.5 mL) and water (0.25 mL)
was stirred at RT until completion of the reaction. Toluene was added and the mixture was
evaporated off. The crude was purified by preparative LC-MS (II) to afford of the desired
compound (32 mg).

15  LC-MS: tg = 0.93 min; [M+H]": 597.71.

Example 4: 4-{(R)-2-{'(6~phenyl'4-thi.0phen-3;yl-pyridine*2~carb0ny])—amin0}-

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

4.1. 4-{(R)-3-(diethoxy-phosphoryi)-2-[(6-phenyl-4-thiophen-3-yl-pyridine- 2-carbonyl)-

amino]-propionyl}-piperazine-1-carboxylic acid ethyl ester:

20 This compound was prepared using a method analogous to that of Example 3, step 3.6,
thiophene-3-boronic acid replacing 4-methoxyphenylboronic acid.
LC-MS: tg = 1.05 min; [M+H]": 629.67.

4.2, 4-{(R)-2-[(6-phenyl-4-thiophen-3-yl-pyridine-2-carbonylj-amino]-3 phosphono-
propionyl}-piperazine-I-carboxylic acid ethyl ester:

25  This compound was prepared using a method analogous to that of Example 3, step 3.7,
intermediate 4.1 replacing intermediate 3.6. The compound was purified by preparative
LC-MS (II).



WO 2009/125366PCT/1B2009/051499 - 52 - LC-MS: tR = 0.91 min; [M-I-H]: 573.50. Example 5:
4-f(R)-2-[(4,6-diphenyl-pyridine-2-carbonyl)-aminol-3-phosphonopropionyll-piperazine-1-earboxylic
acid ethyl ester:  5.1. 44(R)-3-(diethoxy-phosphotyl)-2-174,6-diphenyl-pyridine-2-carbonyl)-aminol5
propionyl)-pifeP2iitédsédtboxylic acid ethyl ester: This compound was préis3r&eesiRef 4method
analogous to that of Example 3, step 3.6, phenylboronic acid replacing 4-methoxyphenylboronic acid.
LC-MS: tR = 1.06 min; [M+I-ll+: 623.57.  5.2.
4-{(R)-2-114,6-diphenyl-pyridine-2-carbonyl)-amino1-3-phosphono-propionylil 0
piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method analogous to
that of Example 3, step 3.7, intermediate 5.1 replacing intermediate 3.6. The compound was purified
by preparative LC-MS (l1), followed by CC (reverse Phase; eluent A: water/TEA 100/1; eluent B:
MeCN/TFA 100/1; gradient: 5% to 90% B). 15LC-MS: tR = 0.92 mm; [M+I-1]+: 567.51. Example 6:
4-{(R)-2-[(4- E&Mﬁré‘pyloé’bﬁé‘mﬂ%i/ﬁbm@%@arbonyl) -amino]-

3-phosphono-propionyl}-piperazine-I-carboxylic acid ethyl ester: 6.1.

4-11.12,1- Zg%%%%ro‘px i@'El']?a{‘X'd%ﬁ' Q]ep%rg:@;;)e _gf) Am q,?‘“l -3 I(iil hﬁ) hotyl)-propionyll-pip
n

erazine-1-carboxylic acid ethyl ester: IS’compou was | epare usﬁlg meﬁmd analogous to
that of Exani}f@@%ﬂé@@%’%%fdp%’mﬂﬁﬂféﬁféda@m*éﬁﬂ%lng 4-methoxyphenylboronic acid. LC-MS:
tR = 1.01 min; [M+Hr: 587.69. 6.2. 44(11)-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonylFaminol-3
phosphonopfdpiényliipigeiazine i caroyy it geio-ityhesieriAKY 200912636618 C T/1B2009/051499

=93 g propionyl}-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 3, step 3.6,
phenylboronic acid replacing 4-methoxyphenyiboronic acid.
LC-MS: tp = 1.06 min; [M+H]": 623.57.

5.2, 4-{(R)-2-[(4,6-diphenyl-pyridine-2-carbonyi)-amino] - 3-phosphono-propionyl} -

10 piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 3, step 3.7,
mtermediate 5.1 replacing intermediate 3.6. The compound was purified by preparative
LC-MS (1), followed by CC (reverse phase; eluent A: water/TFA  100/1;
eluent B: MeCN/TFA 100/1; gradient: 5% to 90% B).

15  LC-MS: tg = 0.92 min; [M+H]"; 567.51.

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

6.1. 4-[(R)-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonyl)-amino] -3-(diethoxy-
phosphoryl)-propionyl]-piperazine-1-carboxylic acid ethyl ester:
20  This compound was prepared using a method analogous to that of Example 3, step 3.6,

cyclopropyliboronic acid replacing 4-methoxyphenylboronic acid.
LC-MS: tz = 1.01 min; [M+H]": 587.69.

6.2. 4-{(R)-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-3 phosphono-
propionyl -piperazine-I-carboxylic acid ethy! ester:



This compound was prepared using a method analogous to that of Example 3, step 3.7, intermediate
6.1 replacing intermediate 3.6. The compound was purified by preparative LC-MS (lll), followed by CC
(reverse phase; eluent A: water/TEA 100/1; eluant B: MeCN/TFA 100/1; gradient: 5% to 90% B). 5
LC-MS: tR = BSPMIIMf+Hr: 531.46. Example 7: PCT/IB2009/051495
4-((R)-2-1[4-((R)-3-hydroxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbortyl]-
amino)-3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester: 7.1.
44(R)-3-(ethoxy-hydroxy-phosphotyl)-2-114-((R)-3-hydroxy-pyrrolidin-l-yl)-6-phenylpyridine-2-carbonyl
kandno/-propionyl)-piperazine-1-carboxylic acid ethyl ester: 10 A solution of intermediate 3.5 (50 mg)
and (R)-3-pyrrolidinol (31 mg) in THF (I mL) was heated in a microwave oven at I60C for 30 min. The
solvent was evaporated off and the crude was usedtlirectly in the next step. LC-MS: tR = 0.70 inim
[M+HI: 604.40, 7.2.

44(17?)-2-10 K11 PRI XA L PFOREA- 1St 6 gt pyalnsR ‘eals ryfirBrisle 53-pip sphono-propi
onyl)- plperamfwnﬂe&afbenyltemdagtwbﬁﬁ&efatImsscm%ﬂ@wa& W&p@fﬁﬂib@lﬂg arepethod

analogoust Py 1. 20 te medlate 1 repI C ermedl 9. The
compound wegl%[oweﬁ/@ pur e‘gcéy pr)épara&glv TEWS %W ET@I = 0. 88 |fnl]3tl\/l -|5rhl’576 20.
20Example giudaf@RMe{ T2 mERdxgrediaradiint) Bpibnyl-pyridine- 2 -carbonyll-

amino}-3-phpspfanQ-RPWRIRY }Ningrazieak-carboxylic acid ethyl ester: 8.1.
4-((R)-3-(ethoxy-hydroxy-phosphotyl)-2-([4-(2-methoxy-ethylanzino)-6-phenyl-pyridine2-carbonylramin
ol-propionyl)-piperazine-1-earboxylie acid ethyl ester: A solution of intermediate 3.5 (50 mg) and
2-methoxy-dighankirie (@-HRI?:-I;){H (@3 hpdrp 25nyes hdiatd dy i@ phiodveavislioeeha@ri@od-for 5 h.

The solvent yyas ava ﬁs%ﬁl [aeglm;.&tlg@rmxﬁ%ﬂmﬂyam*aaloleeg&étep WO
2009/125366PCT/1132009/05149 MS: tR =0.73 min; [M+Hr 592.50. 8.2.

4-WV-2-{14 &z |no @ﬁf 11 aml
3- phosphoné%prop} ;EQ}’ r zme 'é)y _? xypf“ﬁls Zc‘f‘{c%)’f’n]pfiﬁ dp\';lvea”ybrepared
using a metmﬂdmfogmb%d]thmw@xawrmﬂ)ipiswmfﬁomrboxyhc acid ethyl ester:
10 A solution of intermediate 3.5 (50 mg) and (R)-3-pyrrolidinol (31 mg) in THF (I mL) was
heated in a microwave oven at 160°C for 30 min. The solvent was evaporated off and the

crude was used directly in the next step.

LC-MS: tp = 0.70 min; [M+H]™: 604.40.

7.2, 4-((R)-2-{[4-((R)-3-hydroxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino} -
15 3-phosphono-propionyl}-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
mtermediate 7.1 replacing intermediate 1.19. The compound was however purified by
preparative LC-MS (IV).

LC-MS: tg = 0.68 min; [M+H]": 576.20.

20  Example 8: 4-((R)-2-}{|4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyli-

amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester;

8.1. 4-((R)-3-(ethoxy-hydroxy-phosphoryl)-2-{[4-(2-methoxy-ethylamino )-6-phenyl-pyridine-
2-carbonyl]-amino t-propionyl)-piperazine-1-carboxylic acid ethyl ester:
A solution of intermediate 3.5 (50 mg) and 2-methoxy-cthylamine (0.5 mL) in THF (1 mL)

25  was heated in a microwave oven at 160°C for 5 h. The solvent was evaporated off and the

crude was used directly in the next step.



Sintermediate 8.1 replacing intermediate 1.19. The compound was however purified by preparative
LC-MS (V). LC-MS: tft = 0.71 min; [M+HTr : 564.30. Example 9:
4-((R)-2-{14-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonyllamino}-3-phosphono-propionyl)-pipe
razine-l-carbg’wlgé“g@ibsﬁfhyl ester: 10 9.1. PCTIIBA091051459
4-1(R)-3-(ethoxy-hydroxy-phosphwy1)-21[4-(2-hydroxy-ethylamino)-6-phenyl-pyridine2-carbonylPamin
o}-propionyl)-piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method
analogous to that of Example 8, step 8.1, ethanolamine replacing 2-methoxy-ethylamine. LC-MS: R =
0.69 mm; [MATT": 578.58. 15 9.2. 4-1(12)-2414-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonyl
famino}- 3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester: This compound was
prepared using a method analogous to that of Examipte 1, step 1.20, intermediate 9.1 replacing
intermediate 1.19. The compound was however purified by preparative LC-MS (V). 20LC-MS: tR =
0.67 mm; [M<I-Mf:850.873 mizmyie0:592-50. |
4-1(R)-2-04-[(2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine2-carbony1)-amino)-3-phosphono-prop
ionyll-piperaiheA4Earbodric-aeitoathyheltendl @ phenyl-pyridine-2-carbonyl]-amino -

4-1(12)-3-(e@Bﬁggpyg{%}yapm%gj}%gpdgﬁgﬁ;?}&;5g};ﬁg%yd%ggég)émg;hyl-aminol6-phenyl-pyridine-z-carb

onyl}-amino)-propionylPpiperazine-1-carboxylic acid ethyl ester: WO
2009/125366RE ToLBR0ND/0RL 409 & ushgalutionaf ingsnrediaieddb dB&maprnd step 1.20,
N-(2-methoxyethyl)methylamine (39 gL) in NMP (1.inL) was heated,in a mjcrowave oven at 120C for 1
. 10 e of RS0y ety TS A T O T FS MR EB R A 20 for 8 h
10 more eq.métd={Evmethdiy/diyl)methylamine were added and the mixture was heated at 5120C for
6 h. The SO'!@W@x‘?ﬁ&emﬂVﬁﬂa the-ceygggvas used directly in the next step. LC-MS: tR --- 0.74
mm:; [M+H]: 606.40. 10.2. 4-1M-2-041(2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine-2
carbonyliamino)- 3-phosphono-propionyll-piperazine-1-carboxylic acid ethyl ester:

Example 9: 4-((R)-2-{{4-(2-hydroxy-cthylamino)-6-phenyl-pyridine-2-carbonylj-

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

10 9.1 4-((R)-3-(ethoxy-hydroxy-phosphoryl)-2-{[4-(2-hydroxy-ethvlaming)-6-phenyi-pyridine-
2-carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 8, step 8.1,

cthanolamine replacing 2-methoxy-ethylamine.

LC-MS: ty = 0.69 min; [M+H]: 578.58.

15 9.2, 4-((R)-2-{[4-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 9.1 replacing intermediate 1.19. The compound was however purified by
preparative LC-MS (IV).

20 LC-MS: tg = 0.67 min; [M+H]: 550.37.

Example 19:  4-[(R)-2-({4-[(2-methoxy-ethyl)-methyl-amino}-6-phenyl-pyridine-

2-carbonyl}-amino)-3-phosphono-propionyi]-piperazine-1-carboxylic acid ethyl ester:

10.1. 4-[(R)-3-(ethoxy-hydroxy-phosphoryl)-2-({4-{(2-methoxy-ethyl}-methyl-amino] -
6-phenyl-pyridine-2-carbonyl}-amino)-propionyl]-piperazine-I-carboxylic acid ethyl ester.



This compound was prepared using a method analogous to that of Example 1 step 1.20,
10intermediate 10.1 replacing intermediate 1.19. The compound was however purified by preparative
LC-MS (IV). LC-MS: tR = 0.71 min; [M+HTr: 578.58. Example 11:
4-1(R)-2-((4-PENARYMTIBL6-phenyl-pyridime-2-carbony1)-aminol3-phospHnbIBEBERHS-piperazine-1
-carboxylic acid ethyl ester: 1511.1.
41(R)-21(4-benzylamino-6-phenyl-pyridine-2-carbony0-aminal-3-(ethoxy-hydroxy-
phospholyO-propionyll-piperazine-1-carboxylic acid ethyl ester: A solution of intermediate 3.5 (50 mg)
and benzylamine (192 tit) in NMP (1 mL) was heated in a microwave oven at 120C for 12 h. 20 eq. of
benzylamine were added and the mixture was heated at 120C for 6 h. The solvent was removed and
the crude was used directly in the 20next step. LC:MS: tR = 0.89 mm; [M+H]l: 624.66. 11.2.
4-{(12)-2-114-benzylamino-6-phenyl-pyridine-2-carlionyl)-aminal-3-phosphonopropionyll-piperazine-1-
carboxylic adidduipnadtererniigcdm pilng was Nrepardebisify mmdniogan 88 gdustoBt of
Example 1, stepk.20ZRintermgdiate 11.Lieplaning intermadiate)de19q,The campegindgvagihowever
purified by preparative LC-MS (IV). LC-MS: tg = 0.78 mm; [M+H] : 596.06. WO

2009 /12536%];%?7&%%@6%%&%@1&%86 ﬁ{ﬁrﬁgﬁigdl?ld the mixture was heated at 120°C for § h.

4+2-([4-((S)13 metheyy qiyirdliciatioyloat-Aph eyl ayidiner2-aathb mydlalnind)tarp kospivand-acetyl)-pipe
razine- 15 Car%ﬂl% glg %Eyso 18 was removed and the crude was used directly in the next step.
LC-MS: tz = 0.74 min; [M+H]": 606.40.

10.2. 4-[(R)-2-({4-[( 2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine-2 carbonyl}-amino)-
3-phosphono-propionyl]-piperazine- I-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example I step 1.20,
10 intermediate 10.1 replacing imtermediate 1.19. The compound was however purificd by

preparative LC-MS (IV).

LC-MS: tp = 0.71 min; [M+H]": 578.58.

Example 11: 4-{(R)-2-{(4d-benzylamino-§-phenyl-pyridine-2-carbonyl}-aminol-

3-phosphonro-propionyl}-piperazine-1-carboxylic acid ethyl ester:

15 11.1. 4-[(R)-2-[(4-benzyvlamino-6-phenyl-pyridine-2-carbonyl)-amino]-3-(ethoxy-hydroxy-
phosphoryl)-propionyl]-piperazine-1-carboxylic acid ethyl ester:

A solution of intermediate 3.5 (50 mg) and benzylamine (192 pL) in NMP (1 mL) was heated

in a microwave oven at 120°C for 12 h. 20 eq. of benzylamine were added and the mixture

was heated at 120°C for 6 h. The solvent was removed and the crude was used directly in the
20 next step.

LC-MS: tg = 0.89 min; [M+H]": 624.66.

11.2. 4-{(R)-2-[(4-benzylamino-6-phenvl-pyridine-2-carbonyl)-amino]-3-phosphono-

propionyl}-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
25  intermediate 11.1 replacing intermediate 1.19. The compound was however purified by

preparative LC-MS (IV).

LC-MS: tg = 0.78 min; [M+H]": 596.06.



12.1. Benzyloxycarbonylamino-(dimethoxy-phosphoryl)-acetate lithium salt: Chz-a-phosphinoglyeine
trimethyl ester (1.6 g) was dissolved in EtOH (5 mL) and treated 5 with a solution of LiOH.H20 (408 mg)
in MeOH/H20 (5 mL/ 2mL). The mixture was stirred at OC for 30 mm and the solvent was removed.
The crude (1B WAL TR directly in the next step. LC-MS: tit- 0.75 mm: iVAEROPEHE 122,
412-benzyloxycarbonylamino-2-(dimethoxy-phosphoryl)-acetylPpiperazinel01-carboxylic acid butyl
ester: To a solution of intermediate 12.1 (1.5 g) in DCM (5 mL) was added DIPEA (3.4 inL) and HATU
(2.2 g). After stirring at RT for 10 mm, intermediate 2.2 (1.1 g) was added. The reaction mixture was
stirred overnight at RT and H20 was added The phases were separated, the org. phase was washed
with brine, dried (MgSO4) and evaporated off. The crude was 15 purified by CC (Hept/EA 2/8) to afford
the desired compound (1.1 g). LC-MS: tit = 0.95 mmi® {M+Hr: 486.01. 12.3. 442-amino-2-(d
ethoxy-phos hoiy‘liéacetylP iperazine-1-carboxylic acid butyl ester: This compound was prepared

using a metkdd™ I66'0Lfk&'ﬁﬁ%l((ﬁ)ﬁ%&ﬁﬁb%&l?&éﬂiﬂiié'mmmwﬁﬁeh%wmiermediate

1.17. 20 LCdhidRzpA SR Hvia-t¥Wiyl)-piper®hind 2 -darboxylic acid butyl ester:
4-(2-(dimethoxy-phosphoty0-2-114-0-3-methoxy-pyrrolidin-1-y0-6-phenyl-pyridine2-carbonyll-aminolac

eyO-biperazing-LieAxule AS B eateLine. DR SOMPOYACLIAS AISRAIRH using a method

analogous to that of Example 1, step 1.19, interimediate 12:3 replacing intermediate 1.18. The crude
was purifieddiy GGHEAIMEANLHO REaMONbCMSE IRy QR MR: IMEDH 63283 - Reated
2009/125366PCT/182009/051499 - 57 - 12.5, , . _
+-6240.5)- 3 HEPSYHBITINABR (RS A5 MBS QSR e mixture was s
2-phosphonexatetyl) 6 pareaid ehd sobrboxydicraaid altyhested: Thisggempaundivaspiepared:using a
method anaLQ%Qus to that of Example 1, step 1.20,

LC-MS: t = 0.75 min; [M+H]": 318.06.

12.2. 4-[2-benzyloxycarbonylamino-2-(dimethoxy-phosphoryl)-acetyl]-piperazine-
10 I-carboxylic acid bwyl ester: '

To a solution of intermediate 12.1 (1.5 g) in DCM (5 mL) was added DIPEA (3.4 mL) and

HATU (2.2 g). After stirring at RT for 10 min, intermediate 2.2 (1.1 g) was added. The

rcaction mixture was stirred overnight at RT and HyO was added. The phases were separated,

the org. phase was washed with brine, dried (MgSQ,) and evaporated off. The crude was
15 purified by CC (Hept/EA 2/8) to afford the desired compound (1.1 g).

LC-MS: tz = 0.95 min; [M+H]": 486.01.

12.3. 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 1, step 1.18,
intermediate 12.2 replacing intermediate 1,17,
20 LC-MS: tp = 0.67 min; [M+H]": 352.55.

12.4. 4-(2-(dimethoxy-phosphoryl)-2-{{4-((S)-3-methoxy-pyrrolidin- 1-yl)-6-phenyl-pyridine-

2-carbonyl]-amino}-acetyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.19,

intermediate 12,3 replacing intermediate 1.18. The crude was purified by CC (EA/MeOH 1/0
25 10 1/9), |

LC-MS: tg = 0.90 min; [M-+H] ™ 632.31.



intermediate 12.4 replacing intermediate 1.19. The crude was purified by CC (reverse phase; 5 cluant
A: H20/TFA 100/1; cluant B: MeCN/TFA 100/1; gradient: 5 to 90% B). LC-MS: tR = 0.77 min; [M+HI:
604.47. Example 13:

4-05)-2-1[4-(PSY- B &Ry -pyrrolidin-1-y1)-6-phenyl-pyridine2-carbonyl F &AMBEHHB4hono-pentano
yl)-piperazine-1-carboxylic acid butyl ester: 13.1. (S)-2-benzyloxycarbonylamino-5-hydroxy-pentanoic
acid methyl ester: 10 To a cold (-15C) solution of Cbz-Glu-OMe (1.5 g) in THE (70 mL) was added
N-methylmorpholine (0.616 mL) followed by isobutyl chloroformate (0.731 mL) dropwise. After 30 min
stirring at -15C, NaBH4 (576 mg) was added, followed MeOH dropwise. The reaction mixture was
stirred at -10C for 15 min and quenched by the addition of 1M ICHSO4 solution. The mixture was
extracted with EA. The org. phase was washed with water, dried 15(Na2S04) and evaporated off to
give the crude product as a colourless oil (1.5 g). LC-MS: tR = 0.82 mm; [M+H]*: 282.11. 13.2.
(S)-2-benzyldgrcdrbenytafhing-Badas  petitalitbic autrnberyl-sxtsinad-assbrutidrivfiptermediate 13.1
(1.4 9) in THE (AN WessRgtrfimidazale (545 ma) ahd BRh3 (1.97 g). The mixture was cooled

down to OC and iodine (1.9 g) was added portion 20 wise. After 10 min, the reaction mixture was
allowed to wEns toniRdmddweapspred atiRl fonetidAmdgeaslutichafodl #25203 Wastadd2el to the

mixture that. thern diluted.wi . h rate: t I(ey @a ewas washed
with water, éﬁggg(ﬁiggg)ha;ﬁg (\aé\{}liagpgﬁgl%d-g(%%t%gﬁor gﬁ[ﬁé%%ﬁﬁ% ?ggn%ou dagg%g%oﬁ%m (3.509).

LC-MS: iR =hamh 4n _Eﬁ]l(g(gﬁ, gipapiB H19CN/TFA 100/1; gradient: 5 to 90% B).

(8)-2-benzylprycarhorytamina:Sdietioxythosphoiyl)-pentandic acid methyl ester: This compound
was prepared using a method analogous to that of Example 1, step 1.15, intermediate 13.2 replacing

intermediate 1.14. WO 2009/125366PCT/I82009/051499'- 58 - LC-MS: tit= 092 min; [M+Hr: 402.02.
13.4. (8)-2-berpRisydartiottdadrilio @ xdretrdepRogphs ip-yettaheny beyaidine-

2-carbonyll-amino}-5-phosphono-pentaneyl-piperazine-1-carboxylic acid butyl ester:

13.1. (8)-2-benzyloxycarbonylamino-5-hydroxy-pentanoic acid methyl ester:

10 To a cold (-15°C) solution of Chbz-Glu-OMe (1.5g) in THF (70mL) was added
N-methylmorpholine (0.616 mL) followed by isobutyl chloroformate (0.731 ml.) dropwise.
After 30 min stirring at —15°C, NaBH, (576 mg) was added, followed MeOH dropwise. The
reaction mixture was stirred at —10°C for 15 min and quenched by the addition of 1M KHSO,
solution. The mixture was extracted with EA. The org. phase was washed with water, dried

15 {NaySO,) and evaporated off to give the crude product as a colourless oil (1.5 g).

LC-MS: tg = 0.82 min; [M+H]": 282.11.

13.2. (8)-2-benzyloxycarbonylamino-5-iodo-pentanocic acid methyl ester:

To a solution of intermediate 13.1 (1.4 g) in THF (40 mL) were added imidazole (545 mg) and

PPhs (1.97 g). The mixtare was cooled down to 0°C and iodine (1.9 g) was added portion
20 wise. After 10 min, the reaction mixture was allowed to warm to RT and was stirred at RT for

4h. An aq. solution of Na,S;0; was added to the mixture that was further diluted with Et,O.

The phases were scparated and the org. phasec was washed with water, dried (MgSQ,) and

evaporated off to afford the crude compound as a yellow oil (3.5 g).

LC-MS: tg = 1.04 min; [M+H]": 391.87.

25 13.3. (5)-2-benzyloxycarbonylamino-5S-(diethoxy-phosphoryl)-pentanoic acid methyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.15,

intermediate 13.2 replacing intermediate 1.14.



This compound was prepared using a method analogous to that of Example 1, step 1.16, intermediate
13.3 replacing intermediate 1.15. 5LC-MS: trt = 0.80 min; [M+H]h. 388 19 13.5.
4-175)-2-benzyloxycarbonylamino-5-(diethoxy-phosphotylj-pentanoyil-piperazinel-carboxylic acid butyl
ester: This é@%g?ﬂ?é%%s prepared using a method analogous to that of EX3MBI& F1&tep 1.17,
intermediate 13.4 replacing intermediate 1.16 and intermediate 2.2 replacing
101-ethoxycarbonylpiperazine. LC-MS: tR = 0.97 mm; [M+HI: 555.98. 13,6. 4-14,5)-2-a
no-5-(diethaty-phosphotyl)-pentanoylJ-piperazine-1-carboxylic acid butyl ester:  This compound
was prepared using a method analogous to that of Example 1 step 1.18, 15intermediate 13.5 replacing
intermediate 1.17. LC-MS: tR = 0.74 min; [M+Hr: 422.12. 13.7.
4-0)-5-(diethoxy-phosphoty1)-2-/[4-((S)-3-methoxy-pYirolidin-1-y0-6-phenylpyridine-2-carbonylPaminol
pentanoyO-piperazine-1-carboxylic acid butyl ester:  This compound was prepared using a method
analogous t&%ﬁ%ﬁséfl‘&g%’l’é“?ﬁ,[%Ehff@?@éintermediate 13.6 replacing intermediate 1.18. The
compound was purified by CC (EA/MeOH 10/1 to 9/1). LC-MS: tR = 0.91 min; [M+H]: 702.13. 13.8.
4-0)-2-4[44(8)-3- e tharyepymatidhenyitephétishpyrick e eaibomyiramino}d:
5-phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester: WO
2009/125368@@@?@9@%/@??1&@@% using a method analogous to that of Example 1, step 1.16,

mtermediate 13.3 replacing intermediate 1.15.
5  LC-MS: tg = 0.80 min; [M-+H] " 388.19.

13.5. 4-[(S)-2-benzyloxycarbonylamina-3-(diethoxy-phosphoryl)-pentanovi]-piperazine-
I-carboxylic acid butyl ester:

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

intermediate  13.4 replacing intermediate 1.16 and intermediate 2.2 replacing
10 1-ethoxycarbonylpiperazine.

LC-MS: tg = 0.97 min; [M-+H]: 555.98.

13.6. 4-[(S)-2-amino-5-(diethoxy-phosphorylj-pentanoyl]-piperazine-1-carboxylic acid butyl

ester:

This compound was prepared using a method analogous to that of Example 1 step 1.18,
15 intermediate 13.5 replacing intermediate 1.17.
LC-MS: tg = 0.74 min; [M+H]": 422.12.

13.7. 4- ( (S)-5-(diethoxy-phosphoryl)-2-{[4-((S}-3-methoxy-pyrrolidin-1-vlj-6-phenyl-

pyridine-2-carbonyl]-amino}-pentanoyl)-piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.19,
20 intermediate 13.6 replacing intermediate 1.18. The compound was purified by CC (EA/McOH

10/1 to 9/1).

LC-MS: tg = 0.91 min; [M+H]": 702.13.

13.8. 4-((5)-2-{[4~((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino}-
S-phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester:



This compound was prepared using a method analogous to that of Example I, step 1.20, intermediate
13.7 replacing intermediate 1.19. The compound was purified by CC (reverse phase, water/MeCN 1/0
to 0/1) and then by preparative TLC (EA/MeOFI 2/1). LC-MS: tR = 0.80 mm; [M+H] : 646.10.
5Example 14V2-2088135364_((S)-3-methox-y-pyrrolidirt-1-y1)-6-phenyl-pyridik&AB2009/651499
2-earbonylFamino}-5-phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester: 14.1.
(R)-2-benzyloxycarbonylamino-5-hydroxy-pentanoic acid methyl ester: This compound was prepared
using a method analogous to that of Example 13, step 13.1, Cbz-D-Glu-OMe replacing Cbz-Glu-OMe.
10LC-MS: tR = 0.82 mm; [M+1-11: 282.11. 14.2. (10-2-benzyloxycarbonylamino-5-iodo-pentanoic acid
methyl ester: This compound was prepared using a method analogous to that of Example 13, step
13.2, intermediate 14.1 replacing intermediate 13.1’1.C-MS: tR = 1.04 min; [M+H] : 391.84. 1514.3.
(12)-2-benzyloxycarbonylamino-5-(diethoxy-phosphoryl)-pentanoic acid methyl ester: This compound
was preparethiisiegracnstiied arvgousing thapeohekansbleces dephat 15, Farsrmlediatéen 4. Xreplacing
i(rlg)erzmsdiatelirﬂtel-ﬁlle&égél\dlgﬁt%;ﬁas@i?g ﬁ’%&‘m%ﬁ{é]fﬁé?%&ze%ﬁpﬂund W_eé; %Lgl%'l?]d by CC (revgrse

-2-benzylgxycarbonylamino-5-(diethoxy-phgspholyO-pentanoic acid: is compound was
prepared usf%‘ﬁsﬁ’ %@W%@Cgﬁa}é%&%ﬁtﬁ)%%@8’?@&%@%%@&1%%&iate 14.3 replacing
intermediatel T3S L MS0tRix vBGHirG4fVIeH]+: 388.09. 14.5. 4-
[(1?)-2-benzyloxycarbonylamino-5-(diethoxy-phospholyl)-pentanoyll-piperazinel-carboxylic acid butyl
ester: WO 2009/125366PCT/182009/051499 . .

5  Example 14: 4-((R)-2-{[{4-((S)-3-methoxy-pyrrolidin-1-vl)-6-phenyl-pyridine-

2-carbonyl]-amino}-5-phosphono-pentanoyl)-piperazine-1-carboxylic acid butyl ester:

14.1. (R)-2-benzyloxycarbonylamino-5-hydroxy-pentanoic acid methyl ester:

This compound was prepared using a method analogous to that of Example 13, step 13.1,
Chz-D-Glu-OMe replacing Cbz-Glu-OMe.
10 LC-MS: tg = 0.82 min; [M+H]": 282,11,

14.2. (R)-2-benzvloxycarbonylaminoe-5-iodo-pentanoic acid methyl ester:

This compound was prepared using a method analogous to that of Example 13, step 13.2,
intermediate 14.1 replacing intermediate 13.1.
LC-MS: tg = 1.04 min; [M+H]™: 391.84.

15 14.3. (R})-2-benzyioxycarbonylamino-3-(diethoxy-phosphoryl)-pentanoic acid methyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.15,
mtermediate 14.2 replacing intermediate 1.14.

LC-MS: tg = 0.92 min; [M+H]": 402.02.

14.4. (R)-2-benzyloxycarbonylamino-5-(diethoxy-phosphoryvl)-pentanoic acid:

20 This compound was prepared using a method analogous to that of Example 1, step 1.16,
intermediate 14.3 replacing intermediate 1.15.

LC-MS: tg = 0.80 min; [M+H]": 388.09.

14.5. 4-[(R)-2-benzyloxycarbonylamino-3-(diethoxy-phosphoryl)-pentanoyl]-piperazine-
I-carboxylic acid butyl ester:



- 60 - This compound was prepared using a method analogous to that of Example 1, step 1.17,
intermediate 14.4 replacing intermediate 1.16 and intermediate 2.2 replacing
1-ethoxycarbonylpiperazine. The compound was purified by CC (Hept/EA 2/8, then EA/MeOH 10/1).
5LC-MS; tR 3@ S8 Hi#r3ff1+HI: 556.02. 14.6. 41(12)-2-am PCT/TB2009/051499
no-5-(diethoxy-phospholyO-pentanoyll-piperanne-1-carboxylic acid butyl ester: This compound was
prepared using a method analogous to that of Example I, step 1.18, intermediate 14.5 replacing
intermediate 1.17. 10LC-MS: tR = 0.74 mm; [M+H1 : 422.13. 14.7.
4-((12)-5-(diethoxy-phosphoryl)-2-114-1(S)3-inethoxy-pyrrolidin-1-y1)-6-phenyl-pyridine2-carbonyll-an
dnolpentanoyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a
method analogous to that of Example 1, step 1.19,"fiftermediate 13.6 replacing intermediate 1.18. The
compound was purified by CC (EA/MeOH 158/2, then EA/MeOH 9/1). LC-MS: tR = 0.91 mm; [M+Hr:
702.42. 14 .8 s1¢roppamd aveagprsraiednissge py rstibied-yga g cnyihsyndifesmelgrboaigk- 4aZino}-

5-phosphongrRentaney 1):riperagingidscarhexyigiasid butyl esfer: inkhizGempound was prgpared
using a method analca)\%ous to that of Example 1, step 1.20, 20intermediate 14.7 r?glacmg intermediate

1.19. The colfPBUNGRLRIAFEERY CES(rSURREHShaLE BEIEIMEENYY0 tHaHyand theh By

preparative EAOMENINIBOH 2/1). LC-MS: tR = 0.80 mm; [M+1-111: 646.12. Example 15:

4-((R)-25116L@_-I(JB9Eg-;p@gglylghllmje@ﬂ-gy6’fgine-2-carbony|kamino}-
3-phosphono-propiony1)-piperazine-l-carboxyiic acid butyl ester: 2515.1.

4-[(R)-2-tert-putoxycarbonylamino-3-(diethoxy-phospholyl)-propionylne- 1-carboxylic acid butyl ester:
W[(() 2)009 /lZ%%G%@fES%ﬁ@ _E@ﬁ xy»pgo%p olyﬁgoerz%r)togl]-;%per%zme-] —carboxyl)z(c acid butyl y

ester:

This compound was prepared using a method analogous to that of Example 1, step 1.18,
intermediate 14.5 replacing intermediate 1.17.
10 LC-MS: tg = 0.74 min; [M+H]": 422.13.

14.7. 4-((R)-5-(diethoxy-phosphoryl)-2-{ [4-((S)3-methoxy-pyrrolidin- 1-yi)-6-phenyl-pyridine-

2-carbonyl]-amino}-pentanovlj-piperazine- 1 -carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example I, step 1.19,

intermediate 13.6 replacing intermediate 1.18. The compound was purified by CC (EA/MeQH
15 8/2,then EA/MeOH 9/1).

LC-MS: tz = 0.91 min; [M+H]": 702.42.

14.8. 4-((R}-2-{[4-((5)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino}-
S-phosphono-pentanoyl)-piperazine- I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
20  intermediate 14.7 replacing intermediate 1.19. The compound was purified by CC (reverse

phase, water/MeCN 1/0 to /1) and then by preparative TLC (EA/MeOH 2/1).

LC-MS: tg = 0.80 min; [M+H]": 646.12.

Example 15: 4-((R)-2-{[6-(Z-fluoro-phenyl)}-4-phenyl-pyridine-2-carbonyl]-amino}-

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

25 13.1. 4-[{Rj-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionvl]-piperazine-
I-carboxyiic acid buryl ester:



-61 - This compound was prepared using a method analogous to that of Example 1, step 1.17,
intermediate 3.2 replacing intermediate 1.16 and intermediate 2.2 replacing
1-ethoxycarbonylpiperazine. The compound was however purified twice by CC (first CC: Hept/EA
88/12 to 0/108CiBIBW&EF By EA/MeOH 9/1, followed by EA/MeOH/NEt3 58/2#F B ¥WeE#¥.C: Hept/EA
1/1 to 0/1). LC-MS: tR = 0.94 mm; [M+Hr: 494.54. 15.2.
4-ER)-2-amino-3-(diethoxy-phosphoi-y0-propionyl] -piperazine-1-carboxylic acid butyl ester:  This
compound was prepared using a method analogous to that of Example 3, step 3.4, 10intermediate
15.1 replacing intermediate 3.3. LC-MS: tit = 0.73 mm; [M+1-11+: 394.37. 15.3.
4-phenyl-pyridine-2-carbon le. To a solution of 4-phenylpyridine N-oxide (5 g) in DCM (50 mL) was
added at RT trimethylsilylcyanide (11 mL), followed®%y acetyl chloride (3.1 mL) over 10 min. The
reaction 15 mixture was stirred overnight at RT. A solution of ag. 10% Na2CO3 was added and the

mixture was '&%ir 4efae With e2a Praered iibined Bighphasesspsidwished Figibineé, sied-(Na2s04)

and evaporaigehattikitraion ovgraipugiefsiicagel (Hept/BAd/1)aavrdhe desived ggmpaund (450

mgQ). LC-MSI' t

R =0.97 min; [IM+H]: 181.52. 2015.4, 1-oxy;4-phenyl-pyridine-2-carbonarile; MCPBA
(766 me) weks RAGSIF 6 SBTGH 51 i SEIRG s S00 WAy D10 ) 7. PRBreacton
mixture was(HedtertioM G 5L for048h. Hhieweddtiork Ml Wik filkdred dfbaritiihd-Solitiiias washed
with DCM. Theselution,was Gengeirated, and Et20 was added to the residue. The suspension thus

obtained was filtered off and the white solid combined to 25the first batch to give the desired
compound (%E0Mgr EEG-RA gttt MII8B: #Ph-Sh+H): 197.48. 15.5.
6-chloro-4-phenyl-pyridine-2-carbonitrile: WO 2009/125366PCT/182009/051499

15.2. 4-[(R)-2-amino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-1-carboxylic acid butyl

ester:
This compound was prepared using a method analogous to that of Example 3, step 3.4,

10 intermediate 15.1 replacing intermediate 3.3.

LC-MS: tg = 0.73 min; [M+H] " 394.37.

15.3. 4-phenyl-pyridine-2-carbonitrile:

To a solution of 4-phenylpyridine N-oxide (5 g¢) in DCM (50 mL) was added at RT

trimethylsilyleyanide (11 mL), followed by acetyl chloride (3.1 mL) over 10 min. The reaction
15 mixture was stirred overnight at RT. A solution of aq. 10% NaCO; was added and the

mixture was cxtracted with EA. The combined org. phases were washed with brine, dried

(NapSO,) and evaporated off. Filtration over a plug of silica gel (Hept/EA 1/1) gave the

desired compound (450 mg).

LC-MS: tg = 0.97 min; [M+H]™: 181.52.

20 15.4. l-oxy-4-phenyl-pyridine-2-carbonitrile:

MCPBA (766 mg) was added to a sohution of intermediate 15.3 (400 mg) in DCM (10 mL) at

RT. The reaction mixture was heated to 40-45°C for 48 h. The reaction mixture was filtered

off and the solid was washed with DCM. The solution was concentrated and Et,0 was added

to the residue. The suspension thus obtained was filtered off and the white solid combined to
25  the first batch to give the desired compound (410 mg).

LC-MS: tg = 0.83 min; [M+H]": 197 48.

15.5. 6-chioro-4-phenyi-pyridine-2-carbonitrile:



- 62 - To intermediate 15.4 (400 mg) was added, at RT, POC13 (5.3 ml) and the suspension stirred at
reflux for 2 h. The reaction mixture was added carefully to an ice-cold NaOH solution. The resulting
suspension was filtered off and the white solid washed with water and dried under HV to yield the
desired prod§tP @88'3g965 LC-MS: tit = 1.06 mm; [M+H+CHICN] 257.30 PE3/gB2009/651499
6-chloro-4-phenyl-pyridine-2-carboxylic acid: Intermediate 15.5 (350 mg) in conc. HC1 (37%, 12 mL)
was heated to reflux for 2 h. The reaction mixture was added to ice-cold water (100 mL) and a conc.
NaOH solution (32%, 10 mL). The ag. phase was extracted twice with EA. The combined org. phases
were washed 10 with conc. HO and brine, dried (Na2S04) and evaporated off to give the desired
compound (330 mg). LC-MS: tR = 0.90 mm; [M+Hr: 234.13. 15.7.
4-1710-2-116-chloro-4-phenyl-pyridine-2-carbonyl)-&minol-3-(iethoxy-phosphory11-
propionyli-piperazine-1-carboxylic acid butyl ester: 15 To an ice-cold solution of intermediate 15.6 (300

mg) in MeCNqéntpIn)sfias dddeld Ve vhtodded(@tRID RRSITHS mixand theasalpover sorgdan to RT,

cooled againapwoto20C ARd-NE!3H h3Rfdmidswag-addrg aiowVarfoliowed RYRSQIUERR Of e
intermediate 15,2 (505 mq).in MeCf%[lﬁm mL). The mixture was allowed to warm to RT and was stirred

at RT for 20" R {RESHAEARRICTS 35 146 Frg) T b WlerriRitire hasadsnead 515 HgPRT. 20
IntermediateHbbt2 {iEbDtheglvias mgdirntgddieckgind the mixture was stirred for 3 h at RT. EA and water

were adgjed l{g;}g&m}i{x_;qr_gémﬁ; %ﬁﬁm%ﬁé d with a Na2CO3 solution and with brine. The

ag. phases were extracted wit ‘org. phases were dried (Na2S04) and

[ i [ .LC-MS: tR = 1. in; [M+H]"
evaporated 9040 Blvahe AseiieR preAuchas 3.gwn o) (950 mg). LC-MS: 1R = 1.06 min; [M+H

119V (A . ) m oridia )
i) oD e e ] iy T Ao 2o Gt 2001361499 - 63
- overnight. THetSGVeRfRY e aftndied sETHeaigr  fbhsbuafied synsreéppPitivelation (83¢M/acetone
5/3) to afford ghergesked Lompound as:a calanitessiMiE851MY ombined org. phases were washed
10 with conc. HCI and brine, dried (Na;SOy) and evaporated off to give the desired compound
{330 mg).

LC-MS: tg = 0.90 min; [M+H]": 234.13.

15.7. 4-[(R)-2-[(6-chloro-4-phenyl-pyridine-2-carbonyl)-amino]-3-(diethoxy-phosphoryl)-
propionyl]-piperazine-1-carboxylic acid butyl ester:

15 To an ice-cold solution of intermediate 15.6 (300 mg) in MeCN (6 mL) was added oxalyl
chloride (0.109 mL}. The mixture was allowed to warm to RT, cooled again down to 0°C and
NEt; (0.357 mL) was added slowly, followed by a solution of intermediate 15.2 (505 mg) in
MeCN (4 mL). The mixture was allowed to warm to RT and was stirred at RT for 20 h.
Intermediate 152 (150 mg) was added and the mixture was stirred for 2h at RT.

20 Intermediate 15.2 (150 mg) was again added and the mixture was étirred for 3hat RT. BA and
water were added to the mixture. The org. phase was washed with a Na;COx solution and with
brine. The ag. phases were extracted with EA and the combined org. phases were dried
(Na,S0,) and evaporated off to give the desired product as a brown oil (950 mg).
LC-MS: tg = 1.06 min; [M+H]": 609.04.

25 15.8. 4-((R)-3-(diethoxy-phosphoryl)-2-{[6~(2-fluoro-phenylj-4-phenyl-pyridine-2-carbonylj-
amino}-propionyi)-piperazine-I-carboxylic acid butyl ester:

A mixture of intermediate 15.7 (100 mg), 2-fluorobenzeneboronic acid (30 mg), KsPOy
(70 mg) and Pd{PPhs); (9.5 mg) in dioxane (0.5 mL) was stirred at 110°C under argon



LC-MS: tR = 1.12 mm; [M+Hr: 669.59. 15.9.
4-((R)-2-116-(2-fluoro-phenyl)-4-phenyl-pyridine-2-carbonylramitio,1-3-phosphono5
propionyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method
analogous to'it'8FEX3fple 3, step 3.7, intermediate 15.8 replacing inteFhEAR%E 4¥he compound
was however purified by preparative LC-MS (Il1). LC-MS: tR 0.98 min; [M+HI+; 613.20. 10Example 16:
4-0R)-2-{14-phenyl-6-(3-trifluoromethyl-phenyl)-pyridine-2-carbonyll-
amino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester: 16.1.
44(R)-3-(diethoxy-phosphotyl)-24[4-phenyl1-6-(3-trifluoromethyl-phenyl)-pyridine2-carbonylraminolprop
ionyl)-piperazine-1-carboxylic acid butyl ester:  This compound was prepared using a method
analogous to that of Example 15, step 15.8, 153-trifdoromethylphenylboronic acid replacing
2-fluorobenzeneboronic acid. LC-MS: tR = 1.15 mm;ajp%l:H]: 719.72. 16.2.
44(R)-2-1149%Fi8Ht6 Jetsalyspb athgTpREtsA)-prid e Zudsrienymiliad)by preparative TLC
3-phosphongpnapienyll-pperasine: incacopxy ic-AsidJauly hesishess Higcampound was prepared

using a met %g alogqus to .th%@%ﬁf 15, step 15.9, 20intermediate 16.1 replacing
intermediateQ "%.Ef&fl\j&tﬁl% ) im [M¥Hr: 663.55. Example 17:

4-((R)-2-116-§4-fluoro-phen [)-4-phenyl-pyridine-2-carbonyll-amino}-

3-phosphon6—&oﬁT€ﬁ%f-ﬂg ratsserearsbLyeeac B itiiceltaybamd-amino}-3-phosphono-
2009/12536pREib/18 200 AL 84 1T NS LOMPEUBA was prepared using a method analogous to
that of Example 15, step 15.8, 4-fluorobenzeneboronic acid replacing 2-fluorobenzencboronic acid.

LC-MS: tk =This2cnmipo{ikFi}s 68O usihﬁ_.%_ method analogous to that of Examplc 3, step 3.7,
4'((R)'211'@?&%9141%9[&@*??W%Q;‘;ﬁ&ﬁ&%‘t‘a@%ﬁ'lglQt%'%ﬁ%@rj?}?@yc-gmﬂﬂﬁ’)i@’é?qa%ﬁ%%p%%riﬁed by

ropionyl)-piperazine-1-carboxylic acid butyl ester:
propiony) ppeeparative LC-MS (1H), y

LC-MS: tg = 0.98 min; [M+H]": 613.20.

10 Example 16: 4-((R)-2-{[4-phenyl-6-(3-trifluoromethyl-phenyl)-pyridine-2-carbonyl]-

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

16.1. 4-((R)-3-(diethoxy-phosphoryl)-2-{ [4-phenyi-6-(3-trifluoromethyl-phenyl)-pyridine-
2-carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 15, step 15.8,

15 3-trifluvoromethylphenylboronic acid replacing 2-fluorobenzeneboronic acid.

LC-MS: tg = 1.15 min; [M+H]": 719.72.

16.2. 4-((R)-2-{[4-phenyl-6-(3-triflucromethyl-phenyl)-pyridine-2-carbonyl]-amino -
3-phosphono-propionyl)-piperazine-1-carboxvlic acid butyl ester:
This compound was prepared using a method analogous to that of Example 15, step 15.9,

20  intermediate 16.1 replacing intermediate 15.8.
LC-MS: tg = 1.02 min; [M+H]": 663.55.

Example 17:  4-((R)-2-{[6-(4-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl]-amino}-

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

17.1. 4-((R}-3-(diethoxy-phosphoryl)-2-{ [6-(4-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl]-

25 amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:



This compound was prepared using a method analogous to that of Example 15 step 15.9, intermediate
17.1 replacing intermediate 15.8. LC-MS: tk = 0.98 min; [M+HI: 613.67.  Example 18:
4-{(R)-2-[(4-pheny1-6-p-tolyl-pyridine-2-carbonyb-aminoi-3-phosphonol0propionyl1}-piperazine-1-carb
oxylic acid bity BEEA25$801 PCT/IB20097051499
4-1(R)-3-(diethoxy-phosphotyl)-2-1(4-phenyl-6-p-tolyl-pyridine-2-carbonyl)-a no prop
onyll-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method analogous
to that of Example 15, step 15.8, 4-tolylboronic acid replacing 2-fluorobenzeneboronic acid. 15LC-MS:
tk = 1.13 min; [MH-HI": 665.73. 18.2.
4-{(R)-2-[(4-phenyl-6-p-tolyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl}-
piperazine-1-carboxylic acid butyl ester: This compétind was prepared using a method analogous to
that of Example 15, step 15.9, intermediate 18.1 replacing intermediate 15.8. 20LC-MS: tk = 1.00 mm;
[MAT] |: 609118, ©xopid 195 rspRiRd wne ¢ Setnd sndasexy e thyl-el Susraly 13-69snéAy-pyridine-
2-carbonyll-amipeit3rpbesphanepreRigNAY:h) pipamRRe- eyl acid butyl ester: 19.1.

(0-3-tributylst nyl-prop-2-en-l-ol. W 9/125366PCT/1B2009/051499 - 65 - cooled to RT and
directly puri?reéé}%g'éf( /ﬁlélbt[gégi to%%f%?d the desired compound (5.4 g). 1H-NMR (CDC13): 6.22

(m, 2H); 4.20 (m, 2H); 1.57-1.28 (in, 18H); 0.92 (t, 9H). 19.2.
(IR, 25)-2-triBudty s tARhamiA-Cdlopiopiapmhétavsts i g-Sotathaot-disthd afewranec(1.8 mL) in

anhydrous REM449)iBlkc00led ak-33G1MEer Brgonas slowly added dicthylzinc (18.5 mL), followed
by diiodomcthane (3 mL) in DCM (20 mL) over a 30 min period while keeping the internal temperature

around -12.3BisAfterpocomdiptetioprafathé additionmtie desulivggusolutiba whgstinggd f6r 3cpmirPat -10C. A
solution of (ﬁ%m&fww-gﬂw{ggn&lgﬁttg}mg{pyg;é,3,2-dioxaborolane-4,5-dicarboxamide in DCM

LC-MS: tg = 0.98 min; [M+H] : 613.67.

Example 18: 4-{(R)-2-[(4-phenyl-6-p-tolyl-pyridine-2-carbonyl)-amino}-3-phosphone-

10 propionyl}-piperazine-1-carboxylic acid butyl ester:

18.1. 4-{{R)-3-(diethoxy-phosphoryli-2-[(4-phenyi-6-p-tolyi-pyridine-2-carbonyl)-amino] -
propionyl}-piperazine-1-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 15, step 15.8,

4-tolylboronic acid replacing 2-fluorobenzeneboronic acid.
15 LC-MS: tg = 1.13 min; [M+H]": 665.73.

18.2. 4-{(R}-2-[(4-phenyl-6-p-tolyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl}-
piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 13, step 15.9,
intermediate 18.1 replacing intermediate 15.8.
20 LC-MS: tg = 1.00 min; [M-+H]": 609.18.

Example 19:  4~((R)-2-{[4-((1§,25)-2-methoxymethyl-cyclopropyl)-6-phenyl-pyridine-
2-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-i-carboxylic acid butyl ester:

19.1. (E)-3-tribwtvistannanyl-prop-2-en-1-ol:

To neat propargyl alcohol (1.77 mL} were added tributyltin hydride (10.3 mL) followed by
25 1,1"-azobis(cyclohexanecarbonitrile) (378 mg). The mixture was heated for 2.5 h at 80°C,



10 (25 mL) was added slowly to keep internal temperature below -10C, immediately followed by a
solution of intermediate 19.1 (3.2 g) in DCM (25 mL) dropwise (internal temperature between -10C and
-8C). The cooling bath was removed, and the reaction mixture was allowed to warm to RT and was
stirred overni§RtZtET53he reaction was quenched with an agq. NH4C1 s&GESRMY RS’ and a 1M aqg.
HC1 solution (10 mL). The mixture was diluted 15 with H20, the org. phase separated and the ag.
phase was extracted with DCM and Et20. The combined org. phases were dried over MgSO4 and
evaporated off. CC (Hept/EA 100/0 to 95:5) gave 3.18 g of the desired compound. 1H-NMR
(CDC13): 3.55 (m, 1H); 3.39 (m, 1H); 1.54-1.44 (m, 6H); 1.36-1.24 (m, 6H); 1.14-1.03 (m, 1H); 0.90 (t,
9H); 0.83-0.78 (in, 6H); 0.75-0.69 (m, 1H); 0.55-0.50 (m, 2H); 20-0.20 --0.30 (m, 1H). Optical rotation
(589 nm, CHC13, 26.6C, 1 = 10 cm, 99.6 mg in 10 L, ¢ = 1.0): specific optical rotation -= +14.74.

19.3. Tributyl-VS,2R)-2-methoxymethyl-cyclopropyl)-stannane: To a solution of intermediate 19.2 (9.5
g) in THF (260kLionRs %eahéae&réw@ﬁng%@ég (R Bl Rine PR o dfedr thendetedniptmaadirred 30

min at RT. Nigk(#}.55 mL) was added and stirring was continued at RT overnight. The reaction mixture

was diluted 't?%u 0 {L xtracted with .Tﬂsap ined or .%a dried over MgSO4 and
evaporated\g#f aﬁ*rg?ﬁ 1§'§§$§Ir€ \égxﬁ%é das ’g)ag]é? %/'eﬁ%(\l/\x}"gli? o&4§g§g®o 2009/125366
PCT/1B2009/051499 - 66 - /H-NMR (CDC13): 3.45(dd, 1H);3.38(s,3El);3.12

19.2. ((1R.28)-2-tributylstannanyl-cyclopropyli-methanol:

5 To asolution of dimethoxyethane (1.8 mL) in anhydrous DCM (70 mL) cooled at -13°C under

argon was slowly added diethylzinc (18.5 mL), followed by diiodomethane (3 mL) in DCM
(20 mL) over a 30 min period while keeping the internal temperature around -12.5°C. After
completion of 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 in DCM

10 (25 mL) was added slowly fo keep internal femperature below -10°C, immediately followed
by a solution of intermediate 19.1 (3.2 g) in DCM (25 mL) dropwise (interﬁai temperature
between -10°C and -8°C). The cooling bath was removed, and the reaction mixture was
allowed to warm to RT and was stirred overnight at RT. The reaction was quenched with an
aq. NH4Cl solution (10 mL), and a 1M ag. HCI solution (10 mL). The mixture was diluted -

15 with HzO, the org. phase separated and the aq. phase was extracted with DCM and Et,O. The
combined org. phases were dried over MgSO, and cvaporated off. CC (Hept/EA 100/0 to
95:5) gave 3.18 g of the desired compound.
'H-NMR (CDCL): 3.55 (m, 1H); 3.39 (m, 1H); 1.54-1.44 (m, 6H); 1.36-1.24 (m, 6H);
1.14-1.03 (m, 1H); 0.90 (t, 9H); 0.83-0.78 (m, 6H}; 0.75-0.69 (m, 1H}); 0.55-0.50 (m, 2H);

20 -0.20--0.30 (m, 1H).
Optical rotation (589 nm, CHCl3, 26.6°C, | = 10 cm, 99.6 mg in 10 mL, ¢ = 1.0): specific

optical rotation = +14.74.

19.3. Tributyl-{(18,2R)-2-methoxymethyl-cyclopropylj-stannane:

To 2 solution of intermediate 19.2 (9.5 g} in THF (200 mL) was added NaH (2.27 g, 60% in

25  mineral oil) at RT, and the mixture stirred 30 min at RT. Mel (7.55 mL} was added and
stirring was continued at RT overnight. The reaction mixture was diluted with H;O and
extracted with DCM. The combined org. phases were dried over MgSQO, and evaporated off to
afford the desired compound as a pale yellow 0il (10.49 g).



(dd,1H);1.55-1.47(m,6H); 1.37-1.28 (in. 6H); 1.05 (m, 1H); 0.91 (t, 9H); 0.83 (m, 6H); 0.56 (M, 2H);
-0.30 (m, 1H). 19.4.
41(12)-2-[(4-chloro-6-pheny)-pyridine-2-carbonyb-aminoP3-(diethoxy-phospholybpropionyll-piperazine
-1-carboxylic4@id’BlityT¥eter: 5 This compound was prepared using a meffddEHEMEBHE to that of
Example 1, step 1.17, intermediate 1.9 replacing intermediate 1.16 and intermediate 15.2 replacing
1-ethoxycarbonylpiperazine. The compound was however purified by CC (Hept/EA 1/1 to 0/1). LC-MS:
tp, = 1.07 min; [M+11]: 609.29. 1019.5.
44(R)-3-6liethoxy-phospholy1)-2-0-(0S,2S)-2-inethoxymethyl-cyclopropyl)-6-pheny1-
pyridine-2-carbonylPamino}-propionyl)-piperazine-1-carboxylic acid butyl ester: A solution of
intermediate 19.3 (90 mg), intermediate 19.4 (95 m§)-and P41'1113)4 (10 mg) in toluene (1.5 mL) was
degassed and heated at 130C for 16 h under ggon. The same quantities of intermediate 19.3 and

Pd(PPh3)4 werdRdEdd thehiktidre Waks futthér nédBd atl236%: 15Hsr 20! Watek-afldEA were

added and thg'phasemvwerg sepaated). e orgrphase wasdyiecsiNa 30l avagerated off. The
crude was purified by CC (EA/Me01-1 1/0 to 1/) to afford the desired compound as a yellow oil (45

mQ). LC-MS; 4B =,1:08 mjn: IM&ELs 8R8:08sriah9:Scar ~amingj-3-(diethoxy-phosphoryl)-
44R)_2_{[44{%%154)]_[§§ 51[[%., W@dgﬁ&y}%y dr%g§aara]’3onyii’) aminoj-3 a’erhoxyplllé)vggo i)

n_zé oxymethyl-cyclopropy0-6-phenyl-pyridine-2-carbony

amino)-3-phySEHENE -PRBIGHYL -FrpersZinecid Sunioiic acid butyl ester: This compound was
repared using a method,analogous to that of Example 3, step 3.7, intermediate 19.5 replagin
iormedite LRI D16 OR AP AR fo Bl O IRGfe 1 R4 17°

intermediate 1.9 replacing  intermediate  1.16 and intermediate 152  replacing
1-ethoxycarbonylpiperazine. The compound was however purified by CC (Hept/EA 1/1 to
0/1).

LC-MS: tg = 1.07 min; [M+H]": 609.29.

10 19.5. 4-((R)-3-(diethoxy-phosphoryl)-2-{[4-((] S,2S)~2~methoxy}flel'kyl—cyclopropyl)—tﬁ—phenyi—
pyridine-2-carbonyl]-amino}-propionyl)-piperazine-I-carboxylic acid butyl ester:
A solution of intermediate 19.3 (90 mg), intermediate 19.4 (95 mg) and Pd(PPhs)s (10 mg) in
toluene (1.5 mL.) was degassed and heated at 130°C for 16 h under argon. The same quantities
of intermediate 19.3 and Pd(PPhs)s were added and the mixture was further heated at 130°C
15 for 20 h. Water and EA were added and the phases were separated. The org. phase was dried
(Na;SOy) and evaporated off. The crude was purified by CC (EA/MeOH 1/0 to 1/1) to afford
the desired compound as a yellow oil (45 mg).
LC-MS: tr = 1.05 min; [M+H]": 659.75.

19.6. 4-((R)-2-{[4-((1S,25)-2-methoxymethyl-cyclopropyl)-6-phenyl-pyridine-2-carbonyl]-
20 aminol-3-phosphono-propionyl)-piperazine- I-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 3, step 3.7,

intermediate 19.5 replacing intermediate 3.6.

LC-MS: tg = 0.90 min; [M+H]": 603.71.

Example 20: 4-((K)-2-{[4-((15,28)-Z-hvdroxymethyl-cyclopropyl)-6-phenyl-pyridine-

25 2-carbonyl]-amino}-3-phosphone-prepionyl)-piperazine-I-carboxylic acid butyl ester:

20.1. 4-((R)-3-(diethoxy-phosphoryl)-2-{[4-((18,28)-2-hydroxymethyl-cyclopropyl)-6-phenyl-

pyridine-2-carbonyl]-amino}-propionyl)-piperazine- 1-carboxylic acid butyl ester:



Example 20:
44(R)-2-114-((1S,2S)-2-hydroxymethyl-cyclopropyl)-6-phenyl-pyridine252-carbonylkamino}-3-phospho
no-propionyl)-piperazine-1-carboxylic acid butyl ester: WO 2009/125366PCT/1132009/051499 - 67 -

This compoul @ WHE' BEB4red using a method analogous to that of Exampgl€ 288 51¢%8
intermediate 19.2 replacing intermediate 19.3. The compound was however purified by CC (Hcpt/EA
1/1 to 0/1, then EA/MeOH 1/1). LC-MS: tR = 0.97 mm; [M+Hr: 645.57. 5 20.2.
44(R)-2-a4-((IS,25)-2-hydroxymethyl-cyclopropy0-6-phenyl-pyridine-2-carbonyliaminal-3-phosphono-pr
opionyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a method
analogous to that of Example 3, step 3.7, intermediate 20.1 replacing intermediate 3.6. LC-MS: tR =
0.84 mm; [M+H]4: 589.61. 10Example 21: ~67-
4-((R)-2-([4-((S)-3-methoxy-pyrrolidin-1-31)-6-phenyl-pyridine-

2-carbonylFARin@IBepHsS i MecprEichire) Hipeted mezlogarb dxyhetati Eeumytledidrszp 19.5,
?4(R)_-3-(%ieﬁt@ﬁﬁe@ﬁ%E)b‘.Q|Y5}51%r|!§iké4ﬁ%)‘r§ﬁ&}ﬁﬂﬁ9963:%&;Q!Eiﬂb@lrﬂ/@\gaph@%)émrﬁifgﬁé@jﬁﬁ@nylkaaninO
propionyO-piperazine-1-carboxylic acid ethyl ester: is compound was prepared using a metho
analogous téﬁﬁ%‘?%?gia% Ilg ?lcgtgﬁ? i%,Hl]gthermediate 1.10 replacing intermediate 1.16 and
intermediatel §.Mepiacing 7sethdydarboaylisiperazine. LC-MS: tR = 0.84 mm; [M+H]: 647.05. 21.2.
4-6R)-2-11.4-0)-3anethoxy-pyrrolidin-1-y0-6-phenyl-pyridine-2-carbonylra

3-DhOSpﬁOnﬁﬂéf.opiqlm@mpe(@ﬁ!QS)‘%B?&JQ%'%EE@?@&&BV&W}Q‘Q%%}bﬁ;@%@ﬁ%ﬂ%&?ﬁ-pfeparded
using a method analogous to that of Example 1, step 1.20, intermediate 21.1 replacing intermediate
S 7 G

1.19. HoweV&F A WRL BE Y B PACEBR TILEfE 7fiorated off and the residue
was purified-Ry.p ' -\, e ' - ) GiMSHtR = .42 min,
[M--H]: 590.21%% 7£5(8£1<%a{%%%2&23§: I%{J éﬁ%{lﬁgﬁxﬁ%ﬂ@@%ﬁg%ﬁg -é\f)?é{&-ﬁéﬂny [:%/tﬁ%%nz

intermediate 20.1 replacing intermed:ate 3.6.

LC-MS: tg = 0.84 min; [M+H]" 589.61.

10 Example 21: 4-((R)-2-{[4-((§)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-

Z-carbonyl]-amino}-3-phosphono-propionyl)-piperazine-i-carboxylic acid ethyl ester:

21.1. 4-((R)-3-{diethoxy-phosphoryl}-2-{ [4-((S)}-3-methoxy-pyrrolidin-1-yl)-6-phenyl-

pyridine-2-carbonyl]-amino}-propionylj-piperazine-I-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step .17,
15 intermediate 1.10 replacing intermediate 1.16 and intermediate 3.4 replacing
1-ethoxycarbonylpiperazine.

LC-MS: tg = 0.84 min; [M+H]": 647.05.

21.2. 4-((R)-2-{[4-((5)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester:

20 This compound was prepared using a method analogous to that of Example 1, step 1.20,
mtermediate 21.1 replacing intermediate 1.19. However no work-up was performed, the
reaction mixture was evaporated off and the residue was purified by preparative LC-MS (IV)
followed by preparative LC-MS (V),

LC-MS: tg = 0.72 min; [M+H]™: 590.44.

25 Example 22: 4-((R)-2-{[4-((5)-3-methoxy-pyrrolidin-I-yl)-6-phenyl-pyridine-

2-carbonyl]-amine}-3-phosphone-propionyl)-piperazine-1-carboxylic acid butyl ester:



2-carbonylFamino}-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester: WO
2009/125366PCT/1B2009/051499 - 68 - 22.1.
4-KR)-3-(diethoxy-phosphoryll-2-{0-US)-3-methoxy-pyrrolidin-1-y0-6-phenylpyridine-2-carbonyll-aminol
-propiony!)-pHErdZHE P ¥arboxylic acid butyl ester: This compound was grepArEd'EME’a method
analogous to that of Example 1, step 1.17, intermediate 1.10 replacing intermediate 1.16 and
intermediate 15.2 replacing 51-ethoxycarbonylpiperazine. The compound was purified by CC
(EA/MeOF1 1/0 to 9/1). LC-MS: tR = 0.90 mm; [M+HI: 674.72. 22.2.
44(R)-24144(S)-3-methoxy-pyrrolidin-I-y0-6-phenyl-pyridine-2-carbonylPaminol-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared
using a method analogous to that of Example 1, ste}f 1.20, 10intermediate 22.1 replacing intermediate
1.19. The compound was purified by CC (reverse phase, water/MeCN 95/5 to 10/90% LC-MS: tR =
0.78 min: [I\/IZIZH]I 61893-G f%féﬂ%phory;’) -2 [4-((5)-3- merhoxy -pyrrolidin-1-yl)-6-pheny.

4-((S)-2-1[AAS ke thosy-gyirmeidinpkykingphenyl-pysidingd-sarkonyl mminde2-phosphono-propiony
l)-piperazifle-1-carboxylic acid ethyl ester: 1523.1.

(S)-2-tert-buittiey canymmyth min g Bi{that hexye phosphoatydislngrpio tcteai d méthybéster stEhis Iompound

was preparegysingia/matfind 203ie0us ig %@J@qu@'eﬁmsteaﬂt%eﬁ&g S{3do-DefligsMe
replacin Boc 3-iodo-L-Ala-OMe. 1H-NMR (CDC13): 6.12 (br. s, br.s, 1H); 4.11 (m, 4H);

3.77 (s,3H) 1 z8gyerbpnyiniveragdio e rampawbrps peyisiadby o€ BAMeO 1610 b
(S)-2-tert-butexyearhonyleming-Gudigthgxy-phosphotyl)-propionic acid: This compound was prepared
using a method analogous to that of Example 1, step 1.16, intermediate 23.1 replacing intermediate

1.1s. 22.2. 4-((R)-2-{[4-(18)-3-methoxy-pyrrolidin- I-yl)-6-phenyl-pyridine-2-carbonyl]-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
10 intermediate 22.1 replacing intermediate 1.19. The compound was purified by CC (reverse

phase, water/MeCN 95/5 to 10/90).

LC-MS: tp = 0.78 min; [M+H]": 618.22.

Example 23:  4-((8)-2-{14-((§)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-

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

15 23.1. (8)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryvl}-propionic acid methyl ester:

This compound was prepared using a method analogous fo that of Example 3, step 3.1,
Boc-3-i0do-D-Ala-OMe replacing Boc-3-10do-L-Ala-OMe.

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

20 23.2. (5)-2-teri-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid:

This compound was prepared using a method analogous to that of Exampic 1, step 1.16,
intermediate 23.1 replacing intermediate 1.15.
LC-MS: tg = 0.77 min; [M+H]": 326.29,

23.3. 4-[(5}-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl] -piperazine-

25 I-carboxylic acid ethyl ester:



LC-MS: tit = 0.77 min; [M+HI: 326.29.  23.3.
41('5)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphotyl)-propionyli-piperazine251-carboxylic acid
ethyl ester: WO 2009/125366PCT/1B2009/051499 - 69 - This compound was prepared using a
method anal8da¥ 3 #3¢€ of Example 1, step 1.17, intermediate 23.2 repl&&hEAHEVATEHRAe 1.16.
LC-MS: tR = 0.85 mm; [M-I-Hr: 466.21. 23.4. '
4-[(S)-2-amino-3-(diethoxy-phosphotyl)-propionylj-piperazine-1-carboxylic acid ethyl 5ester
hydrochloride salt: This compound was prepared using a method analogous to that of Example 2, step
2.2, intermediate 23.3 replacing intermediate 2.1 and EA replacing MeOH. LC-MS: tR = 0.66 min;
[M+141-:366.12. 23.5.
44(S)-3-(diethoxy-phosphory0-2-{1-4-(('S)-3-metho®y-pyrrolidin-l-y1)-6-phenyl10
pyridine-2-carbonylkaminol-propionyl)-piperazine-1-carboxylic acid ethyl ester: This compound was
prepared usiysachieRRBR afizi cyeRR S thiae ot Eedinplantpstspta dhat pfidiriediatd . 15%0 Feplacing

intermediatgkrhnginterngtiale d3tieniacingintermediate 2.2. The compound was purified by CC
(EA/Hept/MeQEL 1/1/0 to 9/0/1). LC-I\f,S: R = 0.84 min; [M+1-1]1: 646.85. 15 23.6.

44(5)-210-((%3:-' - gﬁﬁ)xﬁp%l%ﬁﬂ -%gﬂhenyl-pyridine-2-carbonyll-aminol3-phosphono-propiony1
)-piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method analogous to
that of Examié- 14-¢tép taptnintenduiate b eaplarmidmtdraietrsat 19 il komidotind was
purified by G dreveise phaseswater/MeCN 95/5 to 50/50). 20LC-MS: tR = 0.71 mm; [M-(1-1]: 590.23.
Example 24: 4-1(S)-2-1[4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phertyl-pyridine2-carbonylka mino)-3-(4-p
hosphono-pligiyteprepichyppipetaridessingaariboxylic acitbethylostert 24 Example 2, step 2.2,
(S)'Z'tert'bul%xﬁé‘éﬁ?é‘y@*ﬂ_%?5&5%%&%98&%@?@!9'9&8%R%%%igg%%ﬁ.ste“ 25To a solution of
(S)-2-tert-butoxycarbonylamino-3-(4-iodo-phenyl)-propionic acid(3 g) in

LC-MS: ta = 0.66 min; [M+H]": 366.12.

23.5. 4-((S)-3~(diethoxy-phosphoryvl)-2-{ [4-({S)-3-methoxy-pyrrolidin- 1 -v])-6-phenyl-
10 pyridine-2-carbonyl]-amino}-propionyi)-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 12, step 12.2,
intermediate 1.10 replacing intermediate 12.1 and intermediate 23.4 replacing
intermediate 2.2. The compound was purified by CC (EA/Hept/MeOH 1/1/0 to 9/0/1).
LC-MS: tg = 0.84 min; [M+H]': 646.85.

15 23.6. 4-((S)-2-{[4-((S)- 3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyi] -amino }-
3-phosphono-propionyl)-piperazine-I-carboxviic acld ethyl ester:

This compound was prepared using a method analogous to that of Example I, step 1.20,
intermediate 23.5 replacing intermediate 1.19. The compound was purified by CC (reverse
phase, water/MeCN 95/5 to 50/50).

20 LC-MS: tr = 0.71 min; [M-+H]": 590.23,

Example 24: 4-[(&)-2-{[4-(($)-3-methoxy-pyrrolidin-1-yv1)-6-phenyi-pyridine-
2-carbonyl]-amino}-3-(4-phosphono-phenyl)-propionyl]-piperazine-1-carbexylic acid
ethyl ester:

24.1. (S)-2-tert-butoxycarbonylamino-3-(4-iodo-phenylj-propionic acid ethyl ester:

25  To a solution of (8)-2-terr-butoxycarbonylamino-3-(4-iodo-phenyl)-propionic acid (3 g) in
anh. EtOH (38 mL) was added DMAP (187 mg) and PyBOP (6 g). The reaction mixture was



anti. EtOH (38 mL) was added DMAP (187 mg) and PyBOP (6 g). The reaction mixture was WO
2009/125366PCT/1B2009/051499 - 70 - stirred on at RT and partitioned between EA and water. The
org. phase was separated, washed with 10% ag. citric acid and sat. aq. NaHCO3, dried (Na2S04) and
evaporated (W)'?Pl@’r‘ég?ﬂﬁng crude material was purified by CC (Hept/EAH188019¢*8tford the title
compound as a white solid (3 g). 5LC-MS: tR = 1.10 mm; [M+Hr: 419.78. 24.2.
(S)-2-tert-butoxycarbonylamino-314-(diethoxy-phosphotyl)-phenyl fpropionic acid ethyl ester: To a
solution of intermediate 24.1 (3 g) in MeCN (128 mL) was added tetrakis(triphenylphosphine)palladium
(0) (254 mgq), diethyl phosphite (1.4 mL) and NEt; 10 (2 mL). The mixture was stirred on at 70C, an
additional amount of tetrakis(triphenylphosphine)palladium (0) (846 mg) was added and the mixture
refluxed on. MeCN was evaporated off and the residue taken up in EA. The org. phase was washed
with 10% agq. citric acid, sat. aq. NaHCO3 and brine, dried (Na2S04) and evaporated off. The crude
material waspiEdfRePhiE rettifantdivtray Edorofy tan Demenbos 1o teraoreityashadord the
Eitl)e Compguﬂﬁha$W/<bC@19THﬂﬁﬁSJ@&iﬁd§-Z%ga)q.L@aN@O* h;,%é&&&&z;@mi%ﬁh*%ﬁﬁ%&édh%%whe |
S)-2-tert-butoxyearbonylamino-314-(die -phospholyQ-phenyl|-propiani¢ acid: This compound was
oropared U A hATHOH BFETabOUS RUTHEL B ECelNEREA SATELE, L alt o A7 R eing
intermediatelad®i2GlE-AE).tR = 0.86 min; [M+HI: 402.01. 24.4.
4-{(8)-25tertL@§Q§ygIg£b9p€ym1Tgrﬁq]ﬁ-@ﬁgpxy-phosphonO-phenyll-propionyl}-

piperazine-1-carboxylic acid ethyl ester:  This compound was prepared using a method analogous to

that of E lel t 2.2, int iate 24. laci int jate 1 d . ,
B oAty s e eI S o oS S WA 6 By o

1-ethoxycar 4(tj‘n'yl I%J
(EA/MeOH 14Gtbedotl). LC-MS: tR = 0.93 mm; [M+H]: 542.01.
Toe a solution of intermediate 24,1 (3g) in MeCN (128 mL) was added
tctrakis(triphcnyiphosphine)pal]adim' (0) (254 mg), diethyl phosphite (1.4 mL) and NEf;
10 (2mi). The mixture was stired on at 70°C, an additional amount of
tetrakis(triphenylphosphine)palladium (0) (846 mg) was added and the mixture refiuxed on.
MeCN was evaporated off and the residuc taken up in EA. The org. phase was washed with
10% aq. citric acid, sat. aq. NaHCO3 and brine, dried (NapSO4) and evaporated off. The crude
material was purified twice by CC (Hept/EA 9/1 to 0/1; then DCM/MeOH 1/0 to 20/1) to
15  afford the title compound as a colourless resin (2.79 g).

LC-MS: tr = 0.98 min; [M-+H]": 430.05.

24.3. (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 1.16,
intermediate 24.2 replacing intermediate 1.15.

20 LC-MS: tg = 0.86 min; [M+H]: 402.01.

24.4. 4-{(S)-2-tert-butoxycarbonylamino-3-{4-(diethoxy-phosphoryl)-phenyl]-propionyi}-

piperazine-I-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 12, step 12.2,

mtermediate 24.3 replacing intermediate 12.1 and 1-cthoxycarbonylpiperazine replacing
25  intermediate 2.2. The compound was purified by CC (EA/MecOH 1/0 1o 40/1).

LC-MS: t = 0.93 min; [M+H]": 542.01.



WO 2009/125366PCT/1B2009/051499 -7! - 24.5.
4-{(S)-2-amino-3-0-(‘iethoxy-phospholy0-phenyll-propionyl,Lpiperazine-1-carboxylic acid ethyl ester
hydrochloride salt: This compound was prepared using a method analogous to that of Example 2, step
2.2, intermec}%(?ez'?a’fhz?%(ﬁlacing intermediate 2.1 and EA replacing MeOH P EERAEY 114 69 min;
[M+Hr: 442.11. 24.6. 4-(65)-3-14-(diethoxy-phospholy1)-phenyl]-2-{[44(S)-3-methav-pyrrolidin-I-yO-
6-phenyl-pyridine-2-carbonylPamino)-propiony1)-piperazine-1-carboxylic acid ethyl ester: This
compound was prepared using a method analogous to that of Example 12, step 12.2, intermediate
1.10 replacing intermediate 12.1 and intermediate 24.5 replacing 10 intermediate 2.2. The compound
was purified by CC (EA/MeOH 1/0 to 98/2). LC-MS: tR = 0.89 min; [M+Hr: 722.87. 24.7.
4165)-240-(('3)-3-methoxy-pyrrolidin-I-yO-G-phenyF—b’y‘ridine-2-carbonylramino)-
3-(4-phosphono-phenyl)-propionyll-piperazine-1-carboxylic acid ethyl ester: This compound was
prepared usfig’ a‘fﬁféﬂzf d’ﬁl‘fﬁ‘lb;”géu5@%@#@@’%@&@%&Vf!?@’?)i%ﬁﬁ’éfﬁ?&ﬁa{fé“fﬁ%y@pIacing
intermediate:did @riihererade-swarpusifigd by CC (reverse phase, water/MeCN 95/5 to 20/80). LC-MS:
tR = 0.75 mm; [M+Hr: 666.03. Example 25:

4-{(2)-2-[(4-Ebpropybeiphernd-pyrdiné -Bsivarbonyihaimingpeous to that of Example 2, step 2.2,

3-phosphongrRrRRiRRYHAUNeFR%IR -in%m&@;ﬁqu@y}?%eﬁi AL _ _ _
4-[(R)-2-174-chloro-6-phenyl-pyri |ne-g-ca>rbonyll-am|no]- -(diethoxy-phosphotyppropionylPpiperazine
-I-carboﬁylicLa{E‘M%nyTQﬁgﬁﬁiyémpéﬁnﬁlwas prepared using a method analogous to that of
Example 1, step 1.17, intermediate 1.9 replacing intermediate 1.16 and intermediate 15.2 replacing

1-ethoxycarBénylpifiérazire dirrwoaripoima rasapulified by(CG (Ealpepv1Te/idt oY) 251 C-MS: tR =
1.07 nun; [MsBEU 80914 WO, 2091 emBB0 B o LA BAONRRARID 2 ABcvlic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 12, step 12.2,

intermediate  1.10  replacing intermediate 12,1 and intermediate 24.5 replacing
10 intermediate 2.2. The compound was purified by CC (EA/MeOH 1/0 to 98/2).

LC-MS: tg = 0.89 min; [M-+H]"; 722.87.

24.7. 4-[(8)-2-{[4-((S)-3-methoxy-pyrrolidin- 1 -yl }-6-phenyl-pyridine-2-carbonyl] -amino} -
3~(4~phosphono-phenyl)-propionyl]-piperazine-I-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
15  intermediate 24.6 replacing intermediate 1.19. The crude was purified by CC (reverse phase,

water/MeCN 95/5 to 20/80).

LC-MS: tg = 0.75 min; [M+HJ': 666.03.

Example 25: 4-{(K)-2-{(d-isopropyi-6-phenyl-pyridirze-2-carbonyl}-amino|-
3-phosphonoe-propicnyl}-piperazine-f-carboxylic acid butyi ester:

20 251, 4-[{(Ri-2-[(4-chloro-6-phenyl-pyridine-2-carbonyl-amino] - 3-(diethoxy-phosphoryl)-

propionyl]-piperazine-I1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Exampie 1, step 1.17,
intermediate 1.9 replacing intermediate 1.16 and intermediate 152 replacing
1-ethoxycarbonylpiperazine. The compound was purified by CC (EA/Hept [/1 to 1/0).

25  LC-MS: tg = 1.07 min; [M-+H]": 609.71.



25.2. 4-{(R)-3-(diethoxy-phospholy1)-2-174-isopropyl-6-phenyl-pyridine-2-carbonyl)-aminor prop
onyll-piperazine-1-carboxylic acid butyl ester: To a solution of intermediate 25.1 (26 mg) in THE (0.4
mL) was added at RT, iron(lll) acetylacetonate (0.8 mg) and a 1M solution of isopropylmagnesium
bromide in THE ¥ HFSML). The mixture was stirred for 2 h at RT and an®ddi#igNaatunt of a 1M
solution of isopropylmagnesium bromide in THE (0.21 mL) was added at RT. The mixture was further
stirred for 15 min, quenched with a IM solution of aq. HO and extracted twice with EA. The org. phase
was dried (Na2S04), evaporated off and the crude material was purified by CC (EA/MeOH 1/0 to 25/1)
to afford the title compound as a yellowish resin (14 mg). 10LC-MS: 1R= 1.09 min; [M+H]+: 617.63.
25.3. 4-{(17?)-2-[(4-isopropyl-6-phenyl-pyridine-2-carbony0-alnina 7-3-phosphono-propiony0-
piperazine-1-carboxylic acid butyl ester: This compséund was prepared using a method analogous to

that of Example 1, sti%g 1.20, intermediate 25.2 replacing intermediate 1.19. The crude was purified by
CC (reverse’ptiase] B ivatstmeorrosiord 2oidoycromiS-ries bryn dier e et/ Example

26: propionyl}-piperazine-I-carboxylic acid butyl ester:
4-1(R)-2-[(4-methoxy-6-phenyl-pyridine-2-carbortyl)-amino1-3-phosphonopropionyl)-piperazine-I-carb
oxylic acid blayk estefio2601 . idtdamettipry-B-ph@tyhpy id HBR (et lpdx)y eaacidd0 4T R A, sotutid) of

ntermediate, 064G 8710 PME Gty 397 SMeH (3l s A droNa LR 8 &4 M

solution of sodium methoxide in MeOH mL). The resulting suspension was stirred on at 100C,

cooled down e tlon Can frtaH s onslecdrie TdsitiBe tpdsatraddipnkAmeam ofRd MhsoiibR thaterial

was filtered piipass erieddnubvbiesive iof the couderpdustas-a bewe solidni e 2pGuMS: tR = 0.68
nun; [M+Hr: 230.37. WO0.2009/125366PCT/]B2009/051499 - 73 - This compound repared using
 method arTIRELTE 13 Tl SPECEREAAN 3 |48 Ahiar S ORI S PR b ate 12 1

and intermediatelB2weptbsind NSk distpoRaR d THE weimbo ondevastpurifieds ppdCd BAMEOH 1/0 to

100/1). LC- %&/E@e@é% {6‘5?5’/{943 %rt@@l@@t@e (,5531% O%md as a yellowish resin (14 mg). . .
4-17R)-2-1( -methoxy-GEé)%henyl-i%rld|Qe-2-carbony )-am|nofis-phosphono-proplonyllplpera2|ne-I-carb
B

oxylic afid butyMEste = fi

tAd \Wa<-Prepared using a method analogous to that of Example 1,
step 1.20, intermediate 26.2 replacing intermediate 1.19. The crude was purified by CC (reverse
phase, wate?Me@NBbS/(6-B0/BO)y!-6-phenyi-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl;-

Piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,

intermediate 25.2 replacing intermediate 1.19. The crude was purified by CC (reverse phase,
15 water/MeCN 95/5 to 20/80).

LC-MS: tg = 0.94 min; [M+H]": 561.54.

Example 26: 4-{(R)-2-[(4-methoxy-6-phenyl-pyridine-2-carbonyl)-amino}-3-phospheno-

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

26.1. 4-methoxy-6-phenyl-pyridine-2-carboxviic acid:

20 To asolution of intermediate 1.9 (1 g) in anh. DMF (5 mL) and anh. MeOH (3 mL) was added
dropwise at RT a 5.4 M solution of sodium methoxide in MeOH (3.2 mL). The resulting
suspension was stirred on at 100°C, cooled down and concentrated in vacuo. The residue was
treated with water, the insoluble material was filtered off and dried in HV to give of the crude
product as a beige solid (1 g).

25  LC-MS: tg = 0.68 min; [M+H]": 230.37.

26.2. 4-{(R)-3-(diethoxy-phosphoryl)-2-[(4-methoxy-6-phenyi-pyridine-2-carbonyl)-amino] -
propionyl}-piperazine- 1-carboxylic acid butyl ester:



10LC-MS: tR = 0.88 mm; [M+13]+: 549.57. Example 27:
4-{(R)-2-[(6-pheny1-4-pyrrolidia-1-yl-pyridine-2-carbonyl)-aminol3-phosphono-propionyll-piperazine-1-

carboxylic acid butyl ester: 27.1. )
443-(ethoxy-ﬁ@ﬂﬁ&%ﬂ?—fﬂ%@photyI)-2116-pheny|-4-pyrro|idin-I-yI-pyridine-2-8glrlﬂltﬁyr?/‘l‘f-m1314199

aminoPpropionyll-piperazine-1-carboxylic acid butyl ester: 15A solution of intermediate 25.1(58 mg)
and pyrrolidine (68 p,L) in THF (0.5 mL) was heated in a microwave oven at 120C for | h. The solvent
was evaporated and replaced by NMP (0.5 mL) and further 10 eq. of pyrrolidine were added. The
mixture was heated at 120C for 1 h and directly purified by preparative LC-MS () to give a yellow oll
(47 mg) consisting of a mixture of the desired compound and some corresponding diethyl
phosphonate. 20 LC-MS: tR = 0.82 mm; [M+Hr: 616°50. 27.2.

4-{(R)-2-116-pheny1-4-pyrrolidin-l-yl-pyridine-2-carbonyl)-aminor3-phosphonopropionyll-piperazine-I-c
arboxylic aci ELﬁ?/W@gf@f};/ Wﬁigréﬁfﬁ?é)dﬁﬁﬁ%\ﬁa@ﬁéﬂﬁ@éo&%?ﬁg%‘%tﬁ%gw gb%jssmﬁa%of
Example 1, siemkd@eintymedigliachi 1 ieplaciagdntermediatg 1.ih8rhbgigompeundivyis hgwever

purified by 25 preparati -MS (IV). L C-MS: iR = 0. ~M+H]: 588 WO

PR L et A S T
4-{(R)-242-(bbitdxircashyipiPdrain-64£92-oxo-I-phosphonomethylethylearbamoy1]-6-phenyl-pyrid
in-4-y11-1-metbyl-piperazin-l-ium formate: 28.1.

4-(3-(etboxyzbydroxyrpbgsphoryox2-4l4rtamatnyinpipendismlh Anbipiienypyvidingdnashanylkamino}-pr
opionyl)-piperazine-lé}:arb[g)%(gvlé%aci buﬁl ester: 5 This compound was prepared using a method

analogous t6'f5at of )Zg%p ¢ glteg flef-"methylpiperazine replacing pyrrolidine. The compound

was howevergugfiEAda PERAFUNEA G (VAo M1 J5 . Qo ey M OASAT 1 20282
4-{(R)-2-[244-butoxycarbonylpiperazin-1-y1)-2-0x0-1- hosphonomethgllOeth Icarbarnoyll-6-phenyl-py
ridin-4-y|)-m&wﬂﬁs&%&w&iﬁﬁm&aﬁﬁ%ﬁi#m-&BM%WMM% FePUSThd g HiEtHbE analogous
to that of Exam@laitCstep/412Qoieermediate 28.1 replacing intermediate 1.19. The compound was

however puﬂ@&gytgge&%a}]qi\{l? [INS;FMS {\)s4+-C-MS: R 0.70 mm; [M+FII: 617.31.

Example 27: 4-{(R)-2-[{(6-phenyl-4-pyrrolidin-1-yl-pyridine-2-carbonyl)-amino]-
3-phosphono-propionyl}-piperazine-1-carboxvlic acid butyl ester:

27.1. 4-{3-(ethoxy-hvdroxy-phosphoryl)-2-[(6-phenyl-4-pyrrolidin-1-yl-pyridine-2-carbonyl)-

aminof-propionyli-piperazine-I-carboxylic acid butyl ester:

15 A solution of mtermediate 25.1 (58 mg) and pyrrolidine (68 uL) in THF (0.5 mL) was heated
in a microwave oven at 120°C for 1 h. The solvent was evaporated and replaced by NMP
(0.5 mL) and further 10 eq. of pyrrolidine were added. The mixture was heated at 120°C for
1 h and directly purified by preparative LC-MS (1) to give a yellow oil (47 mg) consisting of a
mixture of the desired compound and some corresponding diethyl phosphonate.

20 LC-MS: tp = 0.82 min; [M+H]: 616.50.

27.2. 4-{(R)-2-[(6-phenyl-4-pyrrolidin-1-yl-pyridine-2-carbonyl)-amino]-3-phosphono-
propionyl}-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,

intermediate 27.1 replacing intermediate 1.19. The compound was however purified by
25 preparative LC-MS (IV).

LC-MS: tg = 0.79 min; [M-+H]": 588.28.



15Example 29: 4-((R)-2-1[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-
2-carbonylFamino}-3-phosphono-propionylypiperazine-1-carboxylic acid butyl ester: 29.1.
443-(ethoxy-hydroxy-phosphotyl)-21(6-phenyl-4-pyrrolidin-1-yl-pyridine-2-carbonyl)- amino
fpropionyll-pidéta2iié243arboxylic acid butyl ester: A reaction mixture cortaifgtarietiate 25.1
(100 mg), (R)-(+)-3-aminotetrahydrofurane 20 toluene-4- sulfo nate (43 mg), acetato (2
'-di-tert-butylphosphino-1,1'-bipheny1-2-yl)palladium (9.7 mg) and NaOtBu (46 mg) in toluene (1 mL) at
90C under argon until reaction completion. The solvent was evaporated in vacuo and the crude
product (119 mg) used without further purification. LC-MS: ht = 0.78 min; [WEI' : 632.16. WO
2009/125366PCT/1132009/051499 - 75 - This compound was prepared using a method analogous to
that of Example 1, step 1.20, intermediate 27.1 replaéing intermediate 1.19 and 10 eq. of TMSBr being
added after | h, the reaction mixture being further stirred for 1 h The compound was however purified

by preparati%Earanio 38\ {60-2-ret-butexycarhomyNpernzigolt in 2 mxarpleosphonomethyl-
4-{(R)-2-[(2-basnexstnaisi-6Likamydydidin-Siptalvd 2 pif &rddipinwidifsringicarbonyl)-am i no 1-3-p

hosp hono-propionyl}-piperazin el-carboxylic acid butyl ester: A reaction mixture containing

intermediate,29.1 (100, mg), 2-hydroxymethylpiperidine 10 (382 Mo, 1 n e 0w i g
acetato(2'-dg?é?i-tﬁ%fphmé%%pé#g%pﬁ%}ﬁ%{w?4(4 (Ly%mﬁg{% g 3 ?\Fh gp Va8

_ _ . 2 ylpalladium’(1.5 mg) and NaOtBu (46 mg) in toluene
(1 mL) was Hestdaat/out Grderbegorges i e sorveit 9isle0asdrited in vacuo and the residue

filtrated pver RP-18 (ca. to remove the amine, The crude product directly engaged in the next
Step using AR Bl LU B ESchTSEet! SIPHo00 S b BRcr reBcilg
intermediatel intkehyThpecomp oaphet wapytsiidwevErpurifisdiiny wre pavativepuCHIS (M pergive a yellow
solid (6 mg)Lleg\;/M%:\;'b‘: 0.77 mm; [M+Fl]fr: 632.59. Example 31.: '
4-{(R)-2-[(4-cyclopropylamino-6-phenyl-pyridine-2-carbony1)-aminol3-phosphono-propiony1}-piperazin
e-1-carboxyh&dd Butyi-dseai [Fp)ﬁfﬁ% cdifivdind was prepared using a method analogous to that of
Example 30, 20 cyclopropylamine replacing 2-hydroxymethyl-piperidine. The compound was however
purified by piégaratiVe 126 MS (X LIS 1Ry er @xi7i8! bR 2 {Ma-FIPh &P ABBmethyl-

10 ethyilcarbamoyl]-6-phenyi-pyridin-4-yi}-1-methyl-piperazin-1-ium formate:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 28.1 replacing intermediate 1.19. The compound was however purified by
preparative LC-MS (IV).

LC-MS: tg = 0.70 min; [M+H]: 617.31.

15 Example 29: 4-((R)-2-{[6-phenyl-(R)-4-(tetrahvdro-furan-3-ylamino)-pyridine-

2-carbonyl]-amino}-3-phosphone-propionyl)-piperazine-1-carboxylic acid butyl ester:

29.1. 4-{3-fethoxy-kydroxy-phosphoryl)-2-[(6-phenyl-4-pyrrolidin-1-yl-pyridine-2-carbonyl)-

amino]-propionyl}-piperazine- 1-carboxylic acid butyl ester:

A reaction mixture containing intermediate 25.1 {100 mg), (R)-(+)-3-aminotetrahydrofurane
20 toluene-4-sulfonate (43 mg), acetato(2’-di-tert-butylphosphine-1,1’-biphenyi-2-yl)palladium

(9.7 mg) and NaOtBu (46 mg) in toluene (1 mL) at 90°C under argon until reaction

completion. The solvent was evaporated in vacuo and the c¢rude product (119 mg) used

without further purification.

LC-MS: tg = 0.78 min; [M+H]": 632.16.

25 292 4-((R)-2-{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine- 2-carbonyl]-amino}-
3-phosphono-propionylj-piperazine-1-carboxylic acid butyl ester:



Example 32: 4-{(R)-2-[(6-phenyl-4-phenylamino-pyridine-2-carbonyl)-amino]-
3-phosphono-propionyll-piperazine-I-carboxylic acid butyl ester: WO
2009/125366PCT/1B2009/051499 - 76 - This compound was prepared using a method analogous to
that of ExamB‘fQ é@?gﬁ?ﬁﬁ% replacing 2-hydroxymethyl-piperidine. The compotiaXirAs Wovever purified
by preparative LC-MS (IV). LC-MS: tR = 0.81 min; [M+H]: 610.14. 5Example 33:
4-{(R)-2-[(6-phenyl-4-propylamino-pyridine-2-carbonyl)-aminof-
3-phosphono-propiony1}-piperazine-1-carboxylic acid butyl ester: This compound was prepared using
a method analogous to that of Example 30, propylamine replacing 2-hydroxymethyl-piperidine. The
compound was however purified by preparative LC-MS (IV). 10LC-MS: tR = 0.75 mm; 11M+HI:
576.16. Example 34: 4-((R)-2-1[4-(2-carboxy-ethyla?ﬁ|”no)-6-phenyl-pyridine-z-carbortyl]-
amino)-3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester: This compound was
prepared usHy s ATRALH aAHEIIBRIED thiRg ot EehApIanstRepLaldhiltetethyiseiaihyrdehibfitie
replacing 2-telraxyinety|-pipedithin etdhediompagnd ivasdovfemas kb pinifiegiby reparaiive LC-MS
(IV). LC-MS; tR = 0.74 mm; [M+H]4: 606.27. m . 4- zﬁ%ﬂg S);3-m ethoxy-pyrrolidin-1
Y106 phen T B Sy S5 G S ety B er SO Barbonyii
acid ethyl estespa2038 LCMBéthyl-piperazine-I-carboxylic acid ethyl ester: To a solution of
2-methyspiperazing (10.6-9)d-MepHi{1284mk), H20 (40 mL) and AcOH was added at -5 C dropwise
during 25 min ethyl chloroformate (10 mL) and the reaction mixture was stirred overnight at RT. Then,
H20 (100 mL) was added and the MeOH evaporated in vacuo. The aq. phase was diluted with toluene
(70 mL), theHaymplenvidre 25688p2atddy drmiyimedng-tapbenyhs ddshiet shisidoater (50 mL). The aqg,
phase was e Pasifigor ity NAQEHKEM ST A0chG RSP MR A1 BRG(AReNL)- The combined

org. phases
1-carboxylic acid butyl ester:

A reaction mixture containing intermediate 25.1 (100 mg), 2-hydroxymethyl-piperidine
10 (382 rng), acetato(2’-di-tert-butylphosphino-1,1’-biphenyl-2-vl)palladium (1.5 mg) and

NaOtBu (46 mg) in toluene (1 mL) was heated at 90°C under argon for 3 h. The solvent was

evaporated in vacuo and the residue filtrated over RP-18 (ca. 5 g) to remove the amine, The

crude product was directly engaged in the next step using a method analogous to that of

Example 1, step 1.20, the crude product replacing intermediate 1.19. The compound was
15 however purified by preparative LC-MS (IV) to give a yellow solid (6 mg).

LC-MS: tg = 0.77 min; [M+H]": 632.59.

Example 31: 4-{(R)-2-[(4-cyclopropylamino-6-phenyl-pyridine-2-carbonyl)-amino}-

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

This compound was prepared using a method analogous to that of Example 30,
20 cyclopropylamine replacing 2-hydroxymethyl-piperidine. The compound was however

purified by preparative LC-MS (IV).

LC-MS: tg = 0.78 min; [M+H]": 574.38.

Example 32: 4-{{R)-Z-{(ﬁ—phenyi~4~phenylamino-pyridine-Q-carlbouyI)-amino]-

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



- WO 2009/125366PCT/1B2009/051499 - 77 - were washed with brine (50 mL), dried over MgSat and
evaporated in vacuo to give the desired compound (8.5 g). LC-MS: t1= 0.34 mm, [M+1-1-ECH3CN]:
214.40. 35.2. 4-§ R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphotyl)-propionyll-3-methyl5
piperazine-I-CaPo%/iéS3%4d ethyl ester: This compound was prepared usif§ & HBEHEE 4h4logous to
that of Example 1, step 1.17, intermediate 35.1 replacing I-ethoxycarbonylpiperazine and intermediate
3.2 replacing intermediate 1.16. LC-MS: tR = 0.88 mm; [M+HTr: 479.66. 10 35.3.
4-1(R)-2-amino-3-(diethoxy-phosphotyl)-propionylP3-niethyl-piperazine-1-carboxylic acid ethyl ester:
This compound was prepared using a method analogous to that of Example 3, step 14, intermediate
35.2 replacing intermediate 3.3. LC-MS: tR = 0.67 mm; [M+H]*: 380.38. 1535.4.
44(R)-3-(diethoxy-phosphotyl)-211-44(S)-3-methoxy2pyrrolidin-l-y0-6-phenyl-
pyridine-2-carbonylkamino}-propiony0-3-methyl-piperazine-1-carboxylic acid ethyl ester: This
compound W& preparEadu YRy HsHEtotr B afo gty foamHeerus antkie of Srypia BOneaitivediate 35.3
replacing 1-eipraxrcaragnyipipesaging padinternedistgotdkDweplasingdnigrmediaieplep fadhe
compound vy%sé\%g er purified by CC (EA/Hept 1/1 to 1/0, followed 20 by DCM/MeOH 97/3 to 95/5).
LC-MS: tR =70. in; [M+Hr: 660.16. 35.5.

44(R)-2-1144G M nhethdRYpirr GHLiHI-yAIR6 phenyl-pyridine-2-carbonyll-aminol3-phosphono-propionyl
)-3-methyl-piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method

analogous to, that fel;?gam le 1 p 1.20, 25intermediate 35.4 replacing intermedijate 1.19. The
compou‘%rJ] q V%gglﬁg?ﬁ by %—EF%I)E—%[- g—-p&enyl-cg-propy ammo—pyndme—ﬁcarbony!)mammo;-
3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using 2 method analogous to that of Example 30, propylamine
replacing 2-hydroxymcthylnpiperidine. The compound was however purified by preparative
LC-MS (V).

10 LC-MS: ta = 0.75 min; [M+H]": 576.16.

Example 34: 4-((R)-2-{[4-(2-carboxy-ethylamino)-6-phenyl-pyridine-2-carbonyl|-

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

This compound was prepared using a method analogous to that of Example 30, B-alanine

ethylester hydrochloride replacing 2-hydroxymethyl-piperidine. The compound was however
15 purified by preparative LC-MS (IV).

LC-MS: tg = 0.74 min; [M+H]": 606.27.

Example 35:  4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin-i-yl)-6-phenyl-pyridine-2-
carbonyl]-amino}-3-phoesphene-propionyl)-3-methyl-piperazine-1-carboxylic acid ethyl

ester:

20 35.1. 3-methyl-piperazine-1-carboxylic acid ethyl ester:

To a solution of 2-methylpiperazine (10.0 g) in MeOH (120 mL), H,O (40 ml.) and AcOH
was added at -5 °C dropwise during 25 min ethyl chioroformate (10 mL) and the reaction
mixture was stirred overnight at RT. Then, H,O (100 mL) was added and the MeOH
evaporated in vacuo. The ag. phase was diluted with toluene (70 mL), the layers were
25 separated and the org. layer was washed with water (50 mL). The aq. phase was then basified
with NaOH (2M, 80 mL} and extracted with toluene (100 mL). The combined org. phases



preparative LC-MS (V). LC-MS: tR =0.73; [M+I-114: 604.30. WO 2009/125366PCTM32009/051499 -
78 - Example 36: 4-((R)-2-([4-(2-methoxy-ethoxy)-6-phenyl-pyridine-2-carbonylkamino}-
3-phosphono-pro iongé)- iperazine-l-carboxylic acid butyl ester: 36.1. .
4-(2-methox95&ﬁg%3- §€%enyl-pyridine-2-carboxy1ic acid: Toa suspensiBﬁ%*@BBq(?ﬁ%% mg) in anh.
THE (3 mL) was added 2-methoxy-ethanol 5 (0.24 mL). The suspension was stirred at RT for 30 min
then at 50C until complete disappearance of the sodium pieces. To this solution of alkoxide was added
dropwisc a solution of intermediate 1.9 (200 mg) in anh. THE (0.8 mL) and the resulting suspension
was stirred on under reflux. An additional solution of alkoxide was prepared as described above
(sodium (35 mg), 2-methoxy-ethanol (0.24 mL) and anh. THE (3 mL)) and added to the 10 reaction
mixture. The suspension was further stirred on undéf reflux and concentrated in vacuo. The residue
was taken up in water and the aq. solution acidified to pH 2 with 25% HC1 and extracted with DCM.

The org. phasEswWEs btk itk 25800 are) e Vagrbrate PP i e G vaRRENSH Bilrewa Mg ediis : R =
0.71 min; [Miekled 2ofdpdnd B3GR

44(R)-3-(dieﬂtqg%s-)_p_)polsmg_twﬁzﬁgﬁ-é%@_ﬁggggﬁg%f .y)-6-phenyl-pyridine2-carbonyl.

faininol-propiony1)-piperazine-1car utyl'ester: This compound was prepared using a
method analogous to that of Example 12, step 12.2, intermediate 36.1 replacing intermediate 12.1 and
intermediate’15. 2Pl Ry Trtemraaiate s rRd CokpBule RAR B LATREPBCT e MMe0H 1/0 to
25/1) 201 C-M&ridfRie=7- dabdx000 dNbir- Al «649.77. 36.3. :
4-077?)-2-(0-(2-rnethoxy-ethoxy)-6-phenyl-pyridine-2-carbonyll-aminbl-3-phosphonopropionyl)-piperazi
ne-1-carboxylhies asichizuyd estenreffhis compeundbvdsaprbmansdiushig of fisthodcahaltgolsto that of

Example 1, giepl&Oinermediple 36. 2. 4aplacing ) ?gimgjﬁ,t@ 149 s eligle was ﬁg\f/&ﬁﬁg by CC
(reverse phase, 25 water/McCN 95/5 to 20/80). LC-MS! t1=0.88 min; [M+H] : 593.46. WO

2009/12536BBE T bY/051499
LC-MS: tp = 0.88 min; [M+H]": 479.66.

10 353 4/ (R)—2-amino—3—(dierkoxy-phosphoryl)-pr"opionyU—3—mezhyl—pzpemzine-]-carboxylic

acid ethyl ester:

This compound was prepared using a method analogous to that of Example 3, step 3.4,
mtermediate 35.2 replacing intermediate 3.3.

LC-MS: tg = 0.67 min; [M+H]": 380.38.

15 35.4. 4-((R)-3-(diethoxy-phosphorylj-2-{ [4-{(S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-

pyridine-2-carbonyl]-amino}-propionyl)-3-methyl-piperazine-1-carboxylic acid ethyl ester:

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

intermediate 35.3 replacing 1-ethoxycarbonylpiperazine and intermediate 1.10 replacing

intermediate 1.16. The compound was however purified by CC (EA/Hept 1/1 to 1/0, foHowed
20 by DCM/MeOH 97/3 to 95/5).

LC-MS: tg = 0.86 min; [M--H]": 660.16.

35.5. 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl]-amino}-
3-phosphono-propionyl)-3-methyl-piperazine-1-carboxylic acid ethyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
25  intermediate 354 replacing intermediate 1.19. The compound was however purified by

preparative LC-MS (IV).

LC-MS: tg =0.73; [M+H]: 604.30.



- 79. Example 37:
4-1(R)-2-[(4-methyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphotiopropionyl1}-piperazine-1-carboxy
lic acid butyl ester: 37.1. 44(R)-3-(diethoxy-phosphoryl)-2-114-methyl-6-phenyl-pyridine-2-carbonyl)-a
no propionyIWinePaZiést-carboxylic acid butyl ester: 5 This compound wa$ pré&gdi¥ef#thg a method
analogous to that of Example 25, step 25.2, a 1M solution of methylmagnesium bromide in THF
replacing the 1M solution of isopropylmagnesium bromide in THF. LC-MS: tR =1.04; [M+1-1] r: 589.98.
37.2. 4-{(12)-21(4-methyl-6-phenyl-pyridine-2-carbonyl)-a no1-3-phosphono-propionyl)- 10
piperazine- 1-carboxylic acid butyl ester: This compound was prepared using a method analogous to
that of Example 1, step 1.20, intermediate 37.1 replacing intermediate 1.19. The crude was purified by
CC (reverse phase, water/MeCN 95/5 to 20/80). LCHMS: tit =0.89; [M+HT : 533.46. 15Example 38:

4-((S)-2-1[4-((S)-3-methoxy-pyrrolidin-I-y1)-6-phenyl-pyridine-
2- carbonylFéﬁﬁ’i‘i’@}%%d‘s ﬁo{Hu@%’r?‘f}g‘ﬁ’ﬁ@PHE?%@?‘BMM@‘M‘%@%H%@F%&O}*

(S)-2-aminoxphtepaebydpiacid) ppiiasiarcad &ollitiafidh (Bt esle-amino-4-bromobutyric acid
hydrobromide salt (5 g) in a solution of 3M HC1 in MeOH (57 mL) was refluxed for 20 h. The reaction

mixture was P ), i > desired compound as a brown oil (3.97 g).
LC-MS: R ;%ng?Prﬁrtﬁ %\‘)‘Ipﬂ}lr %%%J%%ﬁ&gfﬁ%gﬁ%g%&%)%ﬁcﬁ ocril(;/lamlno 4-bromo-butyric acid

methyl esterro EoSasﬁaﬁa@@nsamcﬁﬁamemeﬁgath (B85 0 #r B Gl waben (18n81kod/2inaas added
NaHCO (2@ mﬁ}n rﬂjl)e(ture W%§0008,§d52%r0 N (??,Z -C] (2.48 f? was, gb(édedtThe mixture was
25stirre T overnight, DENMWAter Was added and tHé aé%& Lo parated W hase
WO 2009/1 25:366R@T1 80 009 /08149Pic8G - To this solution of alkoxide was added dropwisc a

solution of intermediate 1.9 (200 mg) in anh, THF (0.8 mL.} and the resulting suspension was

stirred on under reflux. An additional solution of alkoxide was prepared as described above

(sodium (35 mg), 2-methoxy-cthanol (0.24 mL) and anh, THF (3 mlL)) and added to the

10 reaction mixture. The suspension was further stirred on under reflux and concentrated in

vacuo. The residue was taken up in water and the aq. solution acidified to pH 2 with 25% HCI

and extracted with DCM. The org. phase was dried (NapSOy) and evaporated off to afford a

yellow oil (204 mg).

LC-MS : ty = 0.71 min; [M-+H]": 274.26.

15 36.2. 4-((R)-3-(diethoxy-phosphorylj-2-{ [4-(2-methoxy-ethoxy)-6-phenyl-pyridine-

2-carbonyl]-amino}-propionyl)-piperazine-1-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 12, step 12.2,
intermediate  36.1 replacing  intermediate 12.1  and . intermediate 152 replacing
intermediate 2.2. The compound was purified by CC (EA/MeOH 1/0 to 25/1).

20 LC-MS: tg = 1.03 min; [M+H]": 649.77.

36.3. 4-((R)-2-{[4-(2-methoxy~ethoxy}-6-phenyl-pyridine-2-carbonyl]-amino}-3-phosphono-

propionylj-piperazine-I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 36.2 replacing intermediate 1.19. The crude was purified by CC (reverse phase,
25  water/MeCN 95/5 to 20/80).

LC-MS: tg =0.88 min; [M-+H]": 593.46.



was dried (Na2S0O4) and evaporated off to give the desired compound as a pale yellow oil (5.1 g).
LC-MS: tR = 0.97 min; [M-EFII: 327.12. 38.3.
(S)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoty0-butyric acid methyl ester: 5 This compound
was prepare@v sm({f/éz%@sthod analogous to that of Example 1, step 1.15, FfteirRa74 48 2 replacing
intermediate 1.14. LC-MS: tit= 0.91 mm; [M+H]: 388.44. 38.4.
(S)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryO-butyric acid: ~ This compound was prepared
using a method analogous to that of Example |, step 1.16, 10intermediate 38.3 replacing intermediate
1.15. LC-MS: tR = 0.84 min; [M+H]t: 374.24. 38.5. 4-[(S)-2-benzyloxycarbonylamino-4-(d e
hoxy-phosphoryl)-butytyli-piperaz nel-carboxylic acid butyl ester: This compound was prepared
using a method analogous to that of Example 1, stef 1.17, 15intermediate 38.4 replacing intermediate
1.16 and intermediate 2.2 ri‘([aglaci&ll%‘é-ethox carbonylpiperazine. LC-MS: tR = 0.97 mm; [M+1-1]1:
Sy

542.40. 38.8-rpdy Fiarhi&nZ BEERYIDNiBEE oA vy HBIRSF RBSPEUI butyl ester:
20 This compepishyiapiptepaned usingayteitiadanategets to that of Example 1, step 1.18,
intermediate 38.5 replacing intermediate 1.17. LC-MS: tR = 0.74 min; [M+FT]": 408.55. 38.7.

44(8)-4-(diethoxys hory9:2:9:0)s 19 idins7:v0-6- pyriding;2- nylPaminG)-b
utylyO-pipergz'i) ﬁeﬁ@%@{%ﬁ%}é%%ﬁg@ gg{]e%?ysv%E%og 1@%%{%%{%‘{5%%%%%%@%%1 -

propionyl}-piperazine-I-carboxyvlic acid butyl ester:

5  This compound was prepared using a method analogous to that of Example 25, step 25.2,
alM solution of methylmagnesium bromide in THF replacing the 1M solution of
isopropylmagnesium bromide in THF.

LC-MS: tg =1.04; [M+H]": 589.98.

37.2. 4-{(R)-2-[{4-methyl-6-phenyl-pyridine-2-carbonyl)-amino [ -3-phosphono-propionvl}-

10 piperazine-I-carboxylic acid butyl ester:
This compound was prepared using a method analogous to that of Example 1, step 1.20,
intermediate 37.1 replacing intermediate 1.19. The crude was purified by CC (reverse phase,

water/MeCN 95/5 to 20/80).
LC-MS: tz =0.89; [M+H]: 533.46.

15 Example 38: 4-((5)-2-{[4-((5)-3-methoxy-pyrrolidin-1-y)-6-nphenyl-pyridine-
2-carbonyl]-amino}-4-phospheno-butyryl)-piperazine-i-carboxylic acid butyl ester:

38.1. (§j-2-amino-4-bromo-butyric acid methy! ester:
A soluation of (S)-(+)-2-amino-4-bromobutyric acid hydrobromide salt (5 g) in a solution of

3M HCl in MeOH (57 mL) was refluxed for 20 h. The reaction mixture was evaporated off to

20 afford after HV drying the desired compound as a brown oil (3.97 g).
LC-MS: tg = 0.27 min; [M+H]: 193.18.

38.2. (§)-2-benzyioxycarbonylamino-4-bromo-butyric acid methyl ester:

To a suspension of intermediate 38.1 (3.95 g) in DCM/water (18 mL., 1/2) was added NaHCO;
(2.6 g). The mixture was cooled to 0°C and Cbz-Cl (2.48 mL) was added. The mixture was

25  stirred at RT overnight. DCM/water was added and the phases were separated. The org. phase



This compound was prepared using a method analogous to that of Example 15, step 15.7,
intermediate 38.6 replacing intermediate 15.2 and intermediate 1.10 replacing intermediate 15.6. The
compound was however purified by preparative TLC (DCM/acetone 2/3). LC-MS: tit = 0.90 mm; [M+H]:
688.73. 538.8YA{BAIPA99.1-(0)-3-methoxy-pyrrolidin-1-y0-6-phenyl-pyridid& D IR BRI A2Amino, 1-
4-phosphono-butytyO-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a
method analogous to that of Example 1, step 1.20, intermediate 38.7 replacing intermediate 1.19.
LC-MS: tR = 0.79 mm; [M+H]t: 632.04. 10Example 39:
4-0R)-3-(Bis-acetoxymethoxy-phosphoryl)-2-{[4-((S)-3-metltoxy-pyrrolidin-
l-y1)-6-phenyl-pyridine-2-carbonylFaminol-propionyl)-piperatine-1-carboxylic acid butyl ester: A
solution of intermediate 22.2 (50 mg) and Et3N (0.0%1 mL) in NMP (0.6 mL) was stirred 20 min at RT.
Then, bromomethyl acetate §0.092 mL) was added followed by Nal (13 mg) and 15 the reaction
mixture was &trréirbudngv apdseerpracibattibnamikibiredwisdirateepithaoruarle sePwashed with
water (5x). Eaghynq. layer was afterwards extracted with toluene (2x). The combined org. layers were

dried over 4 and eyaporated to.d s. CC (EA) gave 6 mg of the desired product. LC-MS: tR
PSR A veRaridp s |

= 0.91 min; [M+

',()Example40:4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphory1)-2-114-((S)-3-
methoxy-pyr%ﬁdi@i@@%ﬁ@ﬁ%ﬁ?ﬁﬁ@?ﬁg@%gfﬁgﬁ’%ﬂkﬁﬁﬁﬁéﬂw e YgipEeRzihesieEarboxylic acid
butyl ester: A, solution of intermediate 22.2 (100 %'n abs. DMPU (0.3 L,aréfl NEt3 (68 uL) was
stined 16 10 MDA RER, ERTASIOGGH ST AL BB A0 Flelrrat s cBrlob 26 i
W020040921:89madidtN. I 28pghgveteradded atl RT, and the reaction mixture was stirred overnight at
50C. The reg@jmm}i{x;qigl%ﬁgcmy@ﬂw\g%'I;,rLgO and the aq. phase extracted with toluene. The

combined organic layers were dried over Na2504 and concentrated to dryness. CC (EA) gave 19 mg

of the deswe%.%ro(c.l)b{gt—'be\i{zv@%o%)gz?‘ ](3%5 ag:?rlz:;%-l:g ie?; c?xg?v %gglitgrgl)wbulyric acid:

This compound was prepared using a method analogous to that of Example 1, step 1.16,
10 intermediate 38.3 replacing intermediate 1.15.

LC-MS: tg = 0.84 min; [M-+H]": 374.24,

38.5. 4-[(S)-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butyryl] -piperazine-
I-carboxylic acid butyl ester:

This compound was prepared using a method analogous to that of Example 1, step 1.17,
15  intermediate 384 replacing intermediate 1.16 and intermediate 2.2 replacing

1-ethoxycarbonylpiperazine.

LC-MS: tg = 0.97 min; [M+H]": 542.40.

38.6. 4-[(S)-2-amino~4~(diethoxy-phosphoryl-butyryl]-piperazine-I-carboxylic acid butyl
ester.
20 This compound was prepared using a method analogeous to that of Example 1, step 1.18,

intermediate 38.5 replacing intermediate 1.17.
LC-MS: tg = 0.74 min; [M+H]": 408.55.

38.7. 4-((S)-4-(diethoxy-phosphoryl)-2-{ [4-((S)~3-methoxy-pyrrolidin-1-yi)-6-phenyl-
pyridine-2-carbonyl]-amino}-butyryl)-piperazine-1-carboxylic acid butyl ester:



-82 - LC-MS: tR = 0.97 mm; [M+H]: 822.32. Example 41:
N,Ne-Bis-((S)-1-ethoxycarbonylethyl)-2-{(R)44-((S)-3-methoxy-pyrrolidial-y1)-6-phenyl-pyridine-2-carb
onylkamino}-3-0x0-3- %4 butoxy-carbonyl-piperazin-1-y1)- propyl-phosphonic acid diamide: 5 A solution
of intermediafe2¥%/2808%ng), HC1 H-Ala-OEt (149 mg) and NEt3 (027 n®§THEHEY B MEIne (1 mL)
was heated to 60C for 10 mm. Then, a solution of aldrithiol-2 (2,2'- dipyridyl disulfide) (250 mg) and
PPh3 (297 mg) in abs. pyridine (1 mL) prestirred at RT for 10 min was added, and the reaction mixture
heated at 60C overnight. The reaction mixture was diluted with brine 10 ml and extracted with DCM
(3x). The combined organic layers were 10 dried over Na2S0O4 and concentrated to dryness. The
residue was purified by CC (EA, then acetone) to glve 48 mg of the desired product. LC-MS: tR = 0.91
min; [M+Fi]: 816.40. Example 42:
4-[(R)-2-Q6-Phenyl-4-1(tetrahydro-furan-3-yl)oxyl-pyridine-2-carbonyl}-

amino)-3-phGeis SRR IBAY FISRIEFA AT 2 CaRTE hedesaus gy Hadtef: Houpplp, 15, step 15.7,

6-Pheny1- 4ﬁ@tﬁawdtr@a‘gmark;aayiagmr@mdmez}5@@13@11&@@&1@@ sO0iepIddihe mEsuapended in
anh. THF (8 E%_) as added 2}/q]rox tetrah ‘E furane (% 8311 )68 The suspension was stirred
for 30 min at EENEBIOR O IRterntediate 1 &%E) 351905 “FHhE (8 mL) was
added drop\h@é\/b%dathé’ %)autmrﬁMthhréf’éiﬁﬁed for 3d at 75C The solvent was then evaporated
under reduced pressure and the 20 residue taken up in H20. The aq. phase was washed with Et20
(2%) andSthe,@qs |a:yg:;)aziqmg@)t@wteowirﬁy%%ﬂﬂmyiﬂ@ﬁa@m;ﬁ@mc@mmd%b 'DCM (3x),

and the com %09 r}] lg Se dried over anh. |Z\1azs§b an concentrated to dryness. Purification
by CC (revers’é p ase’ elignt A’ Iﬁﬁﬁ*ﬁ&(ﬁfyfg%’l (efit B /I EXFTRA (1%); gradient: 1 to 95% B) gave
80 mg of theﬁ:jgsg ﬁ(ﬁg%% jﬁ%ﬁr%susﬁﬂg a%%%&'%n%?&ﬂs ?c?@lgtgofvﬁ%m , step . 1.20,
2009/125366PCT/182009/051 83 - To a solution of infermediate 42.1 (80pmg) and intermediate
15.2 (55 mgitistesdary B (tstasing mieyiedésdutd DIPEA (48 tiL) followed by HATU (106 mg), and
the reaction muixtgenyvan. stihad 315 heat Bl. Sat. aq. Na2CO3 was added and the aq. phase was
extracted with DCM. The combined org. phases were dried over Na2S0O4 and evaporated to dryness.

5 PUriiGgiog it (AN a@%@c&&m@&g PRSI B WO Y3 ighS min

[M+H]t: 661.64. 42.3.4-[(17)-2-0-Phenyl-4-17tet ran-3-yboxylpyridine-2-carbonyl;-amino)-3-
phosphono- E)r%lﬁrﬁ&h?ﬁf BVéﬂH@‘% irc“%‘i’d’ B’E?Pég’t%‘ﬁ"l)'l’eram“e'l‘ca"b"“hc acid
butyl ester:

A solution of intermediate 22.2 (50 mg) and Et;N (0.041 mL) in NMP (0.6 mL) was stirred 20
min at RT. Then, bromomethy! acetate (0.092 mL) was added followed by Nal (13 mg) and

15  the reaction mixture was stirred overnight at 45°C. The reaction mixture was diluted with
toluene and washed with water (5x). Each aq. layer was afterwards extracted with toluenc
(2x). The combined org. layers were dried over Na,SO, and evaporated to dryness. CC (EA)
gave 6 mg of the desired product. |

LC-MS: tr = 0.91 min; [M+H]": 762.30.

20 Example 49: 4—((R)»3~(Bis—eth0xyc2rb0nyloxym ethoxy-phasphoryl}-2-{[4-({8)-3-
methoxy-pyrrelidin-1-yh-6-phenyl-pyridine-2-carbonyl]-amino}-propionyl)-piperazine-

I-carboxylic acid butyl ester:

A solution of intermediate 22.2 (100 mg) in abs. DMPU (0.3 mL) and NEt; (68 ul) was
stirred for 10 min at RT. Then, chloromethyl ethyl carbonate (650 mg, prepared as described

25 in W02004092189) and Nal (29 mg) were added at RT, and the reaction mixture was stirred
overnight at 50°C. The reaction mixture was diluted with H>O and the aq. phase extracted with
toluene. The combined organic layers were dried over Na; SO, and concentrated to dryness.
CC (EA) gave 19 mg of the desired product.



To a solution of intermediate 42.2 (36 mg) in MeCN (0.16 mL) was added trimethylsilyl 10 bromide
(0.141 mL) at OC. The reaction mixture was allowed to warm to RT and was stirred at RT overnight.
H20 (1 mL) was added and the mixture was stirred for 2 h at RT. The aq. phase was extracted 5x with
DCM, the coMiBiRtE &5 %Phases dried over MgSO4 and concentrated to {889 PASIAAde was
purified by CC (reverse phase; eluent A: H20; eluent B: MeCN; gradient: 5 to 80% B) and then by
preparative TLC (DCM/MeOH 9:1 to 3:1) to 15give 2.2 mg of the desired product. LC-MS: tR = 0.85
miw, [M+11]+: 605.15. BIOLOGICAL TESTS P2Y12 receptor binding assay Procedure 20 Chinese
Hamster Ovary (CHO) cells with recombinant expression of the human P2Y12 receptor were cultured
in 24 well cell-culture plates. Cells were washed three times with binding buffer (50 mM Tris pH 7.4,
100 inM NaC1, 1 mM EDTA, 0.5 % BSA). The cells®vere then incubated with 0.5 nth per well binding
buffer containing tritium-labeled 2-methylthio-adenosine 5'-diphosphate (2-methyl-S-ADP) (between
100'000 and[ébg‘@()@ diA e BWiE) adidv¥rious 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 @RERIAI25SGEFESH 31068651490 8184 hy0).3 (R spiv(BliZatimthouffey (SdigipNaOH,

EDTA). The cofltenaf easlallwas e aNsRIECJ0ONEBEUNISr AA 3Kk 20T gpUtima Cold

Scintillation liquid was added. After quantification of the cell-associated sigrial, inhibition was
calculated r@ERRE-RhosebaH4RsE5dipmidshibition demonstrated by addition of excess of cold

2-methyl-S-ADP. 5Results Using the procedure described ahave for th PZYA%% receptor hinding
osay, 1os0A RIS RO TTES 028 IO o B e e VAL 00 AUt ni trere
measured fobthexotimedlndsof Exarnplies L6 &r 10 FoineXhmmple s¢heidolloiviligitesug2;duld be
obtained usigg he procede Sasgribed abaye ior HIne RRY 1. /aseRionbinsling.assayk Exgmele No.
IC50 at P2Y12receptor binding assay (nM)

10 min was added, and the reaction mixture heated at 60°C overnight. The reaction mixture

was diluted with brine 10 ml and extracted with DCM (3x). The combined organic lavers were

10 dried over Na,SQy4 and concentrated to dryness. The residue was purified by CC (EA, then

acetone) to give 48 mg of the desired product.

LC-MS: tg = 0.91 min; [M+H]": 816.40.

Ex_amp]e 42: 4-[(R)-2-({6-Phenyl-4-[(tetrakydro-furan-3-yloxy|-pyridine-2-carbonyl}-

amine)-3-phosphono-prepionyl]-piperazine-1-carboxylic acid butyl ester:
15 42.1. 6-Phenyl-4-(tetrahydro-furan-3-yloxy)-pyridine-2-carboxylic acid:

To sodium (118 mg) suspended in anh. THF (8§ mL} was added 3-hydroxy-tetrahydrofurane
(0.83 mL) at RT. The suspension was stirred for 30 min at RT, then 1h at 65°C. A solution of
mtermediate 1.9 (400 mg) in anh. THF (8 mL) was added dropwise and the reaction mixture
stirred for 3 d at 75°C. The solvent was then evaporated under reduced pressure and the

20 residue taken up in H,O. The aq. phase was washed with Et;O (2x) and the aq. layer acidified
to pH 2 with 25% HCL The aq. phase was extracted with DCM (3x), and the combined
organic phase dried over anh. Na;SO4, and concentrated to dryness. Purification by CC
(reverse phase; eluent A: HyO/TFA(1%); eluent B: MeCN/TFA (1%); gradient: 1 to 95% B)
gave 80 mg of the desired product.

25  LC-MS: tr = 0.72 min; [M+H]: 286.29.

42.2. 4-[(R)-3-(Diethoxy-phosphoryl)-2-({6-phenyi-4-[ (tetrahydro-furan-3-yl)oxy]-pyridine-2-

carbonyl}-amino)-propionyi]-piperazine- I-carboxylic acid butyl ester:
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To a solution of intermediate 42.1 (80 mg) and intermediate 15.2 (55 mg) in DCM/THF (0.7
ml, 4:1) was added DIPEA (48 pL) followed by HATU (106 mg), and the reaction mixture
was stirred for 3.5 h at RT. Sat. ag. Na,CQOs was added and the aq. phase was extracted with
DCM. The combined org. phases were dried over Na;SO4 and evaporated to dryness.
Purification by CC (EA/MeOH 1:0 to 0:1) gave 39 mg of the desired product.

LC-MS: tg = 1.03 min; [M+H]": 661.64.

42.3. 4-[(R)-2~({6-Phenyl-4-[(tetrahydro-furan-3-yl oxy]-pyridine-2-carbonyl}-amino)-3-
phosphono-propionylf-piperazine-I-carboxylic acid butyl ester:

To a solution of intermediate 42.2 (36 mg) in MeCN (0.16 mL) was added trimethylsilyl
bromide (0.141 mL) at 0°C. The reaction mixture was allowed to warm to RT and was stirred
at RT overnight. H;O (1 mlL) was added and the mixture was stirred for 2 h at RT. The aq.
phase was extracted 5x with DCM, the combined org. phases dried over MgSQO4 and
concentrated to dryness. The crude was purified by CC (reverse phase; cluent A: HyO; eluent
B: MeCN; gradient: 5 to 80% B) and then by preparative TLC (DCM/McOH 9:1 o 3:1) to
give 2.2 mg of the desired product,

LC-MS: tg = 0.85 min; [M+H]": 605.15.

BIOLOGICAL TESTS

P2Y12 receptor binding assay

Procedure

Chinese Hamster Ovary (CHO) cells with recombinant expression of the human P2V,
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 trittum-labeled 2-methyl-
thio-adenosine 5’-diphosphate (2-methyl-S-ADP) (between 1007000 and 300’000 dpm per
well) and various concentrations of test compounds. After incubation at RT for 2 hours, cells

were washed three times with binding buffer. Then, cells were solubilized by addition of



ICE wherein RI represents phenyl optionally substituted once by halogen, methyl, me oxy,
trifluoromethyl 5 or trifluoromethoxy; W represents a bond, and R2 represents (CI-C4)alicyl or a
cycloalkyl group of 3 to 7 carbon atoms which may be substituted once by hydroxymethyl or
(C,-C4)alkoxYYRAMYI15P4%2- represents a phenyl group optionally substitutd dRe¥HI5¢dP-C4)alkoxy,
or R2 represents an unsubstituted mono cyclic heteroaryl group; or 10 W represents -0- and R2
represents (C1-C4)alkyl, hydroxy-(Ci-COalkyl or (CI-C4)alkoxy-(C1- 04)alkyl; or W represents -NR3-,
R2 represents (C1-C4)alkyl, carboxy-(Ci-C4)alkyl, hydroxy-(Ci-C4)alkyl, (Ci-C4)alkoxy4C1-C4)alkyl,
heterocyclyl, phenyl or phenyl-(C1-C4)alkyl, or an unsubstituted cycloalkyl group of 3 to 7 carbon
atoms, and R3 represents hydrogen or (Ci-C4)alkyl; or 15 W represents -NR3- and R2 and R3 form,
together with the nitrogen that carries them, a heteréfcyclic ring of 4 to 7 members wherein the
members needed to complete said heterocyclic ring are each independently selected from -CH2-,

-CHle- and -‘NRYL, fobididga8mn biféerébdon Awelebthat saldhewsrsey cifc 1aaly HsBswist Bistain more
than one memhesselaste ddroRthe:orRUP.60NSISn G Oh HiriRXs @ itNfRarioR [iJ@Rresenting hydroxy,

e s S e SR s agen et

or n is 1 andviéisiphempiblvhdriin ¢hedexmstimonhbeydigibetstoant séfetd Tarathydrlesydtic aromatic ring
system containing 5 or 10 6 ring atoms among which 1 or 2 may be heteroatoms selected from 0, N

and S; ahd theéEm "heterocyclyl" refers to azetidinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl,
PIperazZiny L O Ol R O 3 R ] S & RN, . ICs0s ranging from
1 oM to 929 nM, with a arithmetic mean value of about 48 nM, were measured for the

compounds of Examples 1 to 42.

For exampile, the following results could be obtained using the procedure described above for

10 the P2Y; receptor binding assay:

Example No. | ICs at P2Y; receptor binding assay (nM)
12 186
14 30
17 19
20 5
24 1
31 4
36 2
39 3




86 2. A compound of formula ICE according to claim 1, wherein RI represents phenyl optionally

- substituted once by fluorine, methyl or trifluoromethyl; or a salt of such a compound. 3. A
compound of formula 'CE according to any one of &aims 1 or 2, wherein W represents a 5 bond; or a
salt of such a compound. 4. A compound of formula ICE according to any one of claims 1 or 2,
wherein W represents - 0-; or a salt of such a cofipomsd. 87 5. A compound of formula ICE according
to any one of claims 1 or 2, wherein W represents - NR3-, R2 represents (Ci-C4)alkyl,
carboxy-(Ci-C4)alkyl, hydroxy-(Ci-C4alkyl, (CI-C4)alkoxy(C1-C4)alkyl, heterocyclyl, phenyl or
phenyl-(Cl-C4)alkyl, or an unsubstituted cycloallcyl group of 3 to 7 carbon atoms, and R3 represents
hydrogen or (C1-C4)alkyl, or wherein W 5 represents -NR3- and R2 and R3 form, together with the
nitrogen thatcarkiesiaan hateregyclic ring of 4 to 7 members wherein the members needed to
complete said heterocyclic ring are each 88 independently selected from -CH2-, -CHRx- and -NRY-, it
being understood however that said heterocyclic ring does not contain mere than one member
selected from the group consisting of -CHRx- and -NR-, Rx represeWiﬂ&hydroxy, hydroxymethyl or
(ClI-C4)alkoxy and BY representing (CI-C4)alkyl; 5or a salt of such & compound. 6. A compound of
formula 'CE according to any one of claims 1 to 5, wherein R4 represents (C2-C4)alkoxy; or a salt of
such a compound. 7. A compound of formula | ¢ : '

2 H
r NN N R
R4 N\/J (CH\g)n_ o)
T TR :
o)
JPROH
OH

Ice

wherein
R! represents phenyl optionally substituted once by halogen, methyl, methoxy, trifluoromethyl
5  or trifluoromethoxy;

W represents a bond, and R? represents (C,-Cy)alkyl or a cycloalkyl group of 3 to 7 carbon
atoms which may be substituted once by hydroxyméf;hyi or (C;-Cq)alkoxymethyl, or R®
represents a phenyl group optionally substituted once by (C;-Cslalkoxy, or R’ represents an
unsubstituted monecyelic heteroaryl group; or

10 . W represents -O- and R? represents (C;-Cyalkyl, hydroxy-(Ci-Cs)alkyl or (C;-Cy)alkoxy-(Ci-
Cs)alkyl; or '
W represents ~NR*-, R? represents (Cy-Calalkyl, carboxy-(Ci-Ca)alkyl, hydroxy-(C;-Cyalkyl,
(C1-Cyalkoxy~(Ci-Cy)alkyl, heterocyclyl, phenyl or phenyl-(Ci-Cs)alkyl, or an unsubstituted
cycloalkyl group of 3 to 7 carbon atoms, and R’ represents hydrogen or (Ci-Caalkyl; or

15 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 —CHz-, -CHR™ and -NR’-, it being



R4N(01-12)n 0 \}\\ RbZ 01 ..--P-R5 0---- \ R5 10 wherein R1 represents phenyl which is unsubstituted
or monosubstituted with halogen, methyl, methoxy, trifluoromethyl or trifluoromethoxy; W represents
-NR3- and R2 and R3 form, together with the nitroggn that carries them, a heterocyclic ring of 5 or 6
members Wherein the members needed to complete said 15 heterocyclic ring are each independently
selected fro CHIe INe NF;II gtbr%m understgoglS hr%‘%"%\ée atitﬁat s(,)ald etero%ﬁgc 5) ﬁlg does
not contaili'} %Pée hogvr?gerlﬁem SPS R Mot heSgrSiip consieting of CHIE and
represenﬂmﬂe(ﬁ‘aﬂ Gyl khey gmlqR\éwe@s&'sgnuﬁig -(EHC4) alid)/|;-883- R&remmmgﬁg/dm@eny,Rb
e e CIRRET o RRICSRAT afe HR S eRR RRIRE iR o-0CH20- o

R7-(CI-C
R represents hydrogen or methyl;

5  RPrepresents hydrogen;
R represehts (C1-Cy)alkoxy; and
n represents 0, 1,2 or 3 and Z is abond ornis 1 and Z is phenyl;
wherein '
the term “monocyclic heteroaryl" refers to a monocyelic aromatic ring system containing 5 or
10 6 ring atoms among which 1 or 2 may be heteroatoms selected from O, N and §; and
the term “heterocyclyl” refers to azetidinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl,
piperazinyl, morpholinyl or thiomorpholinyt

or a salt of such a compound.



5K6 represents (Ci-C4)alkylcarbonyl or (Ci-C4)alkoxycarbonyl; R7 represents (CI-C4)alkoxycarbonyl,
and n represents 1, 2 or 3 and Z is a bond; or a salt of such a compound. 10 8. A compound of formula
ICE according to claim 1, which is selected from e group consisting of: - 4-((R)-2-
f[4-((S)-3-methoxy-pyrrolidin- 1 -y1)-6-phenyl-pyridine-2-carbonyllamino} -
4-phosphono-butyryl)-piperazine-1-carboxylic acid %@hyl ester; 15- 4-((R)-2-
f[4-(0)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonylkamino 1 -

?I.llah(()j %:12%0 béj tyyd) Ip raZI gla[%?ﬁ%a?%? ]({,gﬁgo bu'%"w tfier[em ﬁz}q:%resents phenyl optionally
-3- phosphemmw@ey&é{@ﬁm@zﬂ&erﬂzdgmﬁxyimmm ester; - 4-

{(R)-2-[(6- phen 4 th| phen- ridine-2-carbonye-amino]-3- phosphono propionyll -
20p|pera2|ﬁel Xytic acid pe‘i/ ‘ester; - 4-

{(R)-2-[(4,6- dlphenyl pyrldlne -2- carbonyl) amino]-3-phosphono-propionyl) -piperazinel-carboxylic aC|d
ethyl ester3-A compound of formula Ice according to any one of claims 1 or 2, wherein W represents a”
4-{(R)2-[(4:5yclopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-3- -phosphono-propionyllpiperazine-1-ca
rboxylic acid ethyl ester; 25-

4-((R)-2-{[ A3 GAB A& SO7P6HAM-I-y 1)-6-phenyl-pyridine-2-carbonylkamino)-
3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester; - 4-((R)-2-
f4-(2-methoxy-eihpamine) B rphidn Vi-pycicinks 2 -weaho oyd-afikokS pho 3 pirbaepr Ofiesy tyepiperazine-1
-carboxylicda\_(_:id ethyl ester; WO 2009/125366PCT/1B2009/051499

or a salt of such a compound.



-89 - - 4-((R)-2-
{[4-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonylkaminol-3-phosphonopropionyl)-piperazine-1-
carboxylic acid ethyl ester; - 4-[(R)-2-(
{4-[(2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine-2-carbonyll -amino)-
3-phosphono-propionyll-piperazine-1 -carboxylic ackethyl ester; 5- 4-
{(R)-2-[(4-benzylamino-6-phenyl-pyridine-2-carbonyl1)-amino]-3-phosphono-propiony 1-
piperazine-I-carboxylic acid ethyl ester; - 4-(-2- {[44(S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyri
dine-2-carBofy rRaaimg) ¢ XPREL FamssaE ;Qp?ﬁé’rﬁﬂﬁ%fl‘f@é%}qﬂfgaﬁ“lh%ﬂﬂll SEBFSSCRES Z4(3)-2- {
[4-((S)-3-methoxy* RysFeligiR- Hy LEDphe By kdinE-2: garkanyiaeipad =Cyalkyl, (C;-Ca)alkoxy-
105-phosphono-pentanoyl)-piperazine-1 -carb )%IV:%C ggid utyl Ester; - 44éR‘gt-12-. , v
{[44(5)-3-Het 91Wrr61?6?ﬁ9iY91ﬂ2695ﬁ@Hy%}??1? : -éé% Rl RO RY - 5EreaHeY 1)-piper
azine-1-caghayylig acid bugylestetiomd; (4RJ-B° represents hydrogen or (C;-Cqlalkyl, or wherein W

et a0 Sl gl s s g TR SRS E
{14-phenyhefefdetrifidorarp ety phery hrpybicin evPeraib otingl|-aemieks needed to complete said
3-phosphano-propiaonyl)-piperazine-1-carboxylic acid butyl ester; - 4-((R)-2-
{[6-(4-f|uo%&qtpﬁg%cr%%gﬁpﬁw%%ﬁ?ﬁ%ridine-2-carbonyl]-aminoI-3-phosphonopropionyl)-piperazine-l—carbo
xylic acid butyl ester; - 4-
{(R)-2-[(4-pheny1-6-p-tolyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyll- 20piperazine-
1-carboxylic acid butyl ester; - 44(R)-2-
{[4-((/S,2S)-2-methoxymethyl-cyclopropy1)-6-phenyl-pyridine-2-carbonylk
amino}-3-phosphono-propionyl)-piperazine-l-carboxylic acid butyl ester; - 4402)-2- {
[4-((15,25)-2-hydroxymethyl-cyclopropy1)-6-phenyl-pyridine-2-carbonylkamino} -
3-phosphono-propionyl)-piperazine-1 -carboxylic acid butyl ester; 25- 4-((R)-2-
{[44(S)-3-methoxy-pyrrolidin-I-y1)-6-phenyl-pyridine-2-carbonyThaminol- -
3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester;



- 4-((R)-2- { [4-((S)-3-methoxy-pyrrolidin- 1-y1)-6-phenyl-pyridine-2-carbonyll-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester; - 4-((S)-2-
{[44(S)-3-methoxy-pyrrolidin-I-y1)-6-phenyl-pyridine-2-carbonylkamino -
303-phosphono-propionyl)-piperazine-1 -carboxylic acid ethyl ester; WO
2009/125366PCT/IB2009/051499 - 90 - - 4-[(S)-2- {[#((S)-3-methoxy-pyrrolidin- |
-y1)-6-phenyl-pyridine-2-carbonyllamino}- 3-(4-phosphono-phenyl)-propionyll-piperazine-1-carboxylic
acid ethyl ester; - 4- . L i
{(R)-2-[(4-i56lsRSBY 208 prraenieh iomimE aoatbBRy 1 Padrmi B3 b RegsBHETHRIS Gy Fiserasaite- 1
-carboxylic,agich byt et a2 4ot contain more than one member selected from the group consisting
{(R)-2-[(4-methcg}§§6-phen Ié%yridipe-Z-carbpnyl -amino]-3-phosphono-proP on ﬁ v
piperazineMcArbbkylitdcid Buty R stepressniing) i iphdhiiasypstndinr (Ci-Calkoxy and R
1-yl-pyridingpesatbenyd)-emingl;3-phosphonopropionyll-piperazine-1 -carboxylic acid butyl ester;
-4-((R)-2- ([4-(4-methyl-piperazin-1-y1)-6-phenyl-pyridine-2-carbonylkphosphonomethyl- 10amino}
_acety)-pifBAStL A SEERESRMRAES butyl ester; - 4-((R)-2-
{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-2-carbony1]-amino}-
3-phosphofiodpropipoyid -piferanileld-essbusiiyticacinybertyl estirimsal to 5, wherein R represents
{(R)-Z-[(Z-I?htg_rex)\g]’ﬂgggyl-&-phenyl-3,4,5,6-tetrahydro-2H41,4Thipyridiny1-2-carbony1)-
amino]-3-p ospﬁono-pr’opionylI-piperazine-l -carboxylic acid butyl ester; 15- 4-

{(R)-2-[(4-cycioptophsashinseaphentyl-pyridine-2-carbony1)-aminop3-phosphono-
propionyll-piperazine-1-carboxylic acid butyl ester; - 4-
{(R)-2-[(6-phenydnfrihrryidsing=pyridine-2-carbony1)-amino]-3-phosphono-propionylipiperazine-I-car
boxylic acid butyl ester; - 4- '
{(R)-2-[(6-pheny1-4-propylamino-pyridine-2-carbonyl)-amino]-3-phos@gﬁo-propionylI -

W

]

10 wherein
R! represents phenyl which is unsubstituted or monosubstituted with halogen, methyl,
methoxy, trifluoromethyl or trifltuoromethoxy;
W represents ~NR* and R* and R’ form, together with the nitrogen that carries them, a
heterocychic ting of 5 or 6 members wherein the members needed to complete said
15  heterocyclic ring are each independently selected from -CH,-, -CHR”- and -NR’-, it being
understood however that said heterocyclic ring does not contain more than one member
selected from the group consisting of -CHR™ and -NR’-, R* representing (C,-Cs)alkoxy and
R representing (C;-Cs)alkyl;



20piperazine- | -carboxylic acid butyl ester; - 4-((R)-2-
{[4-(2-carboxy-ethylamino)-6-phenyl-pyridine-2-carbonyllamino} -3-phosphonopropionyl)-piperazine- 1
-carboxylic acid butyl ester; - 4-((R)-2- {{4-(3-methoxy-pyrrolidin- 1
-y1)-6-phenyl-pyridine-2-carbonylkamino 1- 3-phosphono-propionyl)-3-methyl-piperazine-I-carboxylic
acid ethyl ester; 25- 4-((R)-2- {[4-(2-methoxy-ethox§$®-phenyl-pyridine-2-carbonyl]-amino}
-3-phosphono- propionyl)-piperazine-1 -carboxylic acid butyl ester; - 4- ,
{(R)-2-[(4-RétayEsashkydriopsmidine-2-carbony1)-amino]-3-phosphono-propionyll -
piperazineﬂ%gg%@g,ﬂl%gégyl ester; - 4-(0)-2-

{[44(S)-3-m%thoxy-pyrro idin-l-y1)-6-phenyl-pyridine-2-carbonylkamino} -

304-phospRorrseeyts (Gipipeatears-1-carboxylic acid butyl ester; or a salt of such a compound. 91 9.
A compoung af farmlarb aseprding: iR claimel)yhick is selected from the group consisting of: -

44(R)—3-(Bisgacetoxymethoxg- hosphoryl)-2- {{44(S -3 -methox -pyrrolidin-1
-y1)-6-BherfFspigisatoEarb ﬁ&ﬁ%ﬁ%’l}’b%ﬁb yeRdksessaRemEarboxylic acid butyl ester; -

44(R)-3-(Bis ethpxyearaopyloxvasibesynenqsahory1)-2-
{{4-((S)-3-methoxy-pyrrolidin-1y1)-6-phenyl-pyridine-2-carbonylk amino}

-propiony 13 FiBEsseRid: £- L5 fciStibPBttyl ester; - N,N'-Bis-((S)-1-ethoxycarbonylethyl)-2-
{(R)14-((S)oB = magtboxyepyreotigiouhdy1)-6-phenylpyridine-2-carbonyl]-amino -3
-0X0-3-(4-butoxy-carbonyl-piperazin-1-y1)-propyl-phosphonic acid diamide; and or a salt of such a
compound. 10. As a medicament, a compound of formula ICE as defined in claim 1, or a
pharmaceutically acceptable salt thereof 11. A pharmaceutical composition containing at least one
compbund of formula ICE as defined in claim 1, or a pharmaceutically acceptable salt thereof, and one
or more pharmaceutically acceptable carriers, diluents or excipients. 12. Use of a compound of

formula 'Cig.as defipedi eleimrngn of.2 Rhaagetlicaliagcepiabieisaltthesgof:bor the panyfacture

ofa mediczggr;gir;%g%r gge treatment of occlusive vascular disorders.

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

15 - 4-((R)-2-{{4-((S)-3~-methoxy-pyrrolidin-1-yI)-6-phenyl-pyridine-2-carbonyl}-amino} -
4-pho sphqno—butyryl)—piperazine— 1-carboxylic acid butyl ester;
- 4-({R)-2-{[4-(4-methoxy-phenyl)-6-phenyl-pyridine-2-carbonyl}-amino } -3-phosphono-
propionyl}-piperazine-1-carboxylic acid ethyl ester;
- 4-{(R)-2-{(6-phenyl-4-thiophen-3-yl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl} -

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

25~ 4-((R)-2-{[4-((R)-3-hydroxy-pyrrolidin-1-yl}-6-phenyl-pyridine-2-carbonyl |-amino } -
3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester;
- 4-((R)-2- {[4-(2-methoxy-ethylamino}-6-phenyl-pyridine-2-carbonyl]-amino } -3 -phosphono-

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



13. A compound of formula ICE as defined in claim 1, or of a pharmaceutically acceptable salt thereof,
for the treatment of occlusive vascular disorders.
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- 4-((R)-2-{[4-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]-amino} -3-phosphono-
propionyl)-piperazine- [-carboxylic acid ethyl ester;
- 4-[(R)-2-({4-[(2-methoxy-ethyl)-methyl-amino}-6-phenyl-pyridine-2-carbonyl } -aming)-
3-phosphono-propionyl]-piperazine-1-carboxylic acid ethyl ester;
5 -4 {(R)~2-[(4—benzyiamino-6-phcnyl—pyridine&-carbonyl)wamino}-3-phosphono~propiony.l} .

piperazine-1-carboxylic acid ethyl ester;
- 4-(-2-{14-((S)-3-methoxy-pyrrolidin- I -y1}-6-phenyl-pyridine-2-carbonyl]-amino} -
2-phosphono-acety!)-piperazine-1-carboxylic acid butyl ester;
- 4-((8)-2- {[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl}-amino } -

10 5-phospheno-pentanoyl)-piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2~ {[4-((S)-3-methoxy-pyrroiidin-1-y1)-6-phenyl-pyridine-2-carbonyl]-amino} -
S-phosphono-pentanoyl)-piperazine-1-carboxylic acid butvl ester;
- 4-((R)-2~{[6~(2-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl}-amino } -3-phosphono-
propionyl}piperaéine—l-carboxylic acid butyl ester;

15 - 4~((R)-2- {[4-phenyl-6-(3-trifluoromethyl-phenyl)-pyridine-2-carbonyl]-amino t -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2- {[6-(4~flnoro-phenyl)-4-phenyl-pyridine-2-carbonyl}-amino}-3-phosphono-
propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4-{{R)-2-[(4-phenyl-6-p-tolyl-pyridine-2-carbonyl)-amino}-3-phosphono-propionyl } -

20  piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2- {[4-((1S5.25)-2-methoxymethyl-cyclopropyl)-6-phenyl-pyridine-2-carbonyl]-
amino } -3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4-((R)-2-{[4-((1S5.,25)-2-hydroxymethyl-cyclopropyl)-6-phenyl-pyridine-2-carbonylj-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;

25 - 4-((R)-2-{[4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyl]-amino} -
3-phospheno-propionyl)-piperazine-1-carboxylic acid ethyl ester;
- 4-((£)-2- {[4-((S)-3-methoxy-pyrrolidin-1-yl)-6-phenyl-pyridine-2-carbonyl}-amino} -
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester;
- 4-((5)-2- {[4~({5)-3-methoxy-pyrrolidin-1 -yl)-6-phenyl-pyridine-2-carbonyl]-amino} -

30 3-phosphono-propionyl)-piperazine-1-carboxylic acid ethyl ester;
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- 4-[(S)-2-{[4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyl]-amino } -
3-(4-phosphono-phenyl)-propionyl]-piperazine- 1 -carboxylic acid ethyl ester;

- 4-{(R)-2-[(4-1s0propyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyl -
piperazine- 1 -carboxylic acid butyl ester; )

- 4-{{R)-2-[{4-methoxy-6-phenyl-pyridine-2-carbonyl)-aminol-3-phosphono-propionyl } -
piperazine-1-carboxylic acid butyl ester;

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

- 4-((R)-2- {[4-(4-methyl-piperazin-1-yl)-6-phenyl-pyridine-2-carbonyl]-phosphonomethyl-
amino}-acetyl}-piperazine- 1-carboxylic acid butyl ester;

- 4-((R)-2-{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-2-carbonyl]-amino} -
3-phospheno-propionyl)-piperazine-1 ~carboxylic acid butyl ester;

- 4-{(R)-2-|(2-hydroxymethyl-6'-phenyl-3,4,5 6-tetrahydro-2H-[ 1 4'foipyridinyl-2'-carbonyl)-
amino]-3-phosphono-propionyl}-piperazine-1-carboxylic acid butyl ester;

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

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

- 4- {(R)-2-[(6-phenyl-4-propylamino-pyridine-2-carbonyl)-amino]-3-phosphono-propionyi} -
piperazine-1-carboxylic acid butyl ester;

- 4-((R)-2- {14-(2-carboxy-cthylamino)-6-phenyl-pyridine-2-carbonyl }-amino} -3-phosphono-
propionyf)-piperazine- 1 -carboxylic acid butyl ester;

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

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

- 4- {(R)-2-[(4-metﬁyl—ﬁ~phcny1~pyridine—2-carbonyl)»amino]-3 -phosphono-propionyl} -
piperazine- 1 -carboxylic acid butyl ester;

- 4-((8)-2-4 [4—((S)~3-methoxy-pyrrolidin—1 -y1)-6-phenyl-pyridine-2-carbony!]-amino} -
4-phosphono-butyryl)-piperazine-i-carboxylic acid butyl ester;

or a salt of such a compound.
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9. A compound of formula I according to claim 7, which is selected from the group consisting
of:

- 4-({R)-3-(Bis-acetoxymethoxy-phosphoryl)-2- {[4-({S)-3-methoxy-pyrrolidin- 1 -y1}-6-phenyl-
pyridine-2-carbonyl]-amino} -propionyl)-piperazine- 1 -carboxylic acid butyl ester; '
- 4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphoryl)-2- {{4-((5)-3-methoxy-pyrrolidin-1-
y1)-6-phenyl-pyridine-2-carbonyl]-amino } -propionyl)-piperazine-1-carboxylic acid butyl
ester,

- NLN"-Bis~((S)-I-ethoxycarbonylethyl}-2- {{R}-[4-((S)-3-methoxy-pyrrolidin- 1 -y1)-6-phenyl-
pyridine-2-carbonyl]-amino} -3-0x0-3-(4-butoxy-carbonyl-piperazin-1-yl)-propyl-phosphonic
acid diamide; and

or a salt of such a compound.

10. As a medicament, a compound of formula Icg as defined in claim 1, or a pharmaceutically

acceptable salt thereof.

11. A pharmaceutical composition containing at least one compound of formula I¢g as defined
in claim 1, or a pharmaceutically acceptabie salt thereof, and one or more pharmaceutically

acceptable carriers, diluents or excipients.

12, Use of a compound of formula Icg as defined i claim 1, or of a pharmaceutically
acceptable salt thereof for the manufacture of a medicament for the treatment of occlusive

vascular disorders.

13. A compound of formula Iy as defined in claim 1, or of a pharmaceutically acceptable salt

thereof, for the treatment of occlusive vascular disorders.



