
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 P2Y12 receptor antagonists in the treatment and/or prevention of peripheral vascular, of
visceral-, hepatic- and renal-vascular, of cardiovascular and of cerebrovascular diseases 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 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-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
intravenously applicable, potent GPIIb/IIIa receptor antagonists (abciximab, eptifibatide, and tirofiban)
blocking platelet aggregation are available on the market. Besides,  2 some orally active GPIlb/IIIa
antagonists (e.g. sibrafiban, xemilofiban or orbofiban) have not been successful in clinical
development so far. 



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 shown 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 III 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.
WO2006/114774describes2-phenyl-4-(carbonylmethylaminocarbonyfi-pyrimidine derivatives as P2Y12
receptor antagonists and WO 2008/044217 describes
2-phenyl6-(carbonylmethylaminocarbonyfi-pyridine derivatives as P2Y12 receptor antagonists.
However all these compounds 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 wherein 



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 represents -0- and R2 represents (Ci-C4)alkyl,
hydroxy-(01-C4)alkyl or (CI-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 cycloalkyl group of 3 to 7 carbon atoms, and R3 represents
hydrogen or (Ci-C4)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
heterocyclic ring are each independently selected from -OH2-, -CHRx- 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, hydroxymethyl or (C1-C4)alkoxy and
RY representing (Ci-C4)alkyl; R represents hydrogen or methyl; Rb represents hydrogen; R4
represents (Ci-C4)alkoxy; and n represents 0, 1, 2 or 3 and Z is a bond or n is 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 0, N and S; and the term
"heterocyclyl" refers to azetidinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl, piperazinyl, morpholinyl or
thiomorpholinyl; or a salt of such a compound. In a second aspect, there is provided a compound of
formula I  0 



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 understood however that said heterocyclic ring does
not contain more than one member selected from the group consisting of -CHRa- and -NR-, Rx
representing (CI-C4)alkoxy and RY representing (Ci-C4)alkyl; Ra represents hydrogen; Rb represents
hydrogen; R4 represents (Ci-C4)alkoxy; R5 represents R6-0CH20- or R7-(Ci-C4)alkyl-NH-; R6
represents (Ci-C4)alkylcarbonyl or (C1-C4)alkoxycarbonyl; R7 represents (CI-COalkoxycarbonyl; and 



n represents I, 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 carriers, 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 for the manufacture of a medicament for the treatment of occlusive vascular disorders. In a
sixth aspect, there is provided a compound of formula ICE as defined above, or of a pharmaceutically
acceptable salt thereof, for the treatment of occlusive vascular disorders.  2d Description of the
invention: The inventors have now found that the substituted 2-phenyl-pyridine derivatives according to
the present invention surprisingly show significantly improved biological properties compared to the
corresponding carboxylic acid derivatives previously known to one skilled in the art. Various
embodiments of the invention are presented hereafter: i) The present invention firstly relates to the
compounds of formula I  WO 2009/125366PCT/182009/051499  (CH2)n0 Rb \z 



I 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, hydroxyalkyl, alkoxyalkyl or heterocycly1; 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 complete said heterocyclic ring are each independently selected from -CH2-, -CHRx--, -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 -CHRx-, -0-, -S-, -CO- and -NR'-, Rx 15
representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and RY representing hydrogen or alkyl;
R represents hydrogen or methyl; 



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 alkoxycarbonyk      n represents 0, 1, 2 or 3 and Z is a bond or n is 1 and Z is phenyl (the
-P(0)(R5)2 group being 5preferably in para position in this case); and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. The compounds of formula I may contain one
or more stereogenic or asymmetric centers, such as one or more asymmetric carbon atoms. The
compounds of formula I 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 I are P2Y12 receptor antagonists. Accordingly, they are useful in
therapy (including combination therapy), where they can 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 of the various chemical
moieties for the compounds according to the invention. 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 "halogen" refers to fluorine, chlorine, bromine or iodine,
preferably to fluorine, 20chlorine or bromine and more preferably to fluorine. 4. The term "alkyl", 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, tert-butyl, n-pentyl,
neopentyl, iso-pentyl, n-hexyl, iso-hexyl, n-heptyl or iso-heptyl), and preferably 1 to 4 carbon atoms.
Representative examples of preferred alkyl groups include methyl, ethyl, propyl, iso-propyl, n-butyl,
iso-butyl, sec-butyl and tert-butyl. The term "(C,-Cy)alkyl" (x and y being integers) refers to a straight or
branched chain alkyl group containing x to y carbon atoms.  



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, ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy, ten-butoxy, n-pentoxy,
neopentyloxy, iso-pentyloxy, n-hexyloxy or iso-hexyloxy), and preferably 1 to 4 carbon atoms. 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-hydroxy-ethyl, 2-hydroxy-propyl,
2-hydroxy-1-methyl-ethyl, 2-hydroxy-1,1-dimethyl-ethyl, 1-hydroxypropyl, 3-hydroxy-propyl,
1-hydroxy-butyl, 3-hydroxy-butyl, 4-hydroxy-butyl, 3-hydroxypentyl and 3-hydroxy-3-methyl-butyl. 15C.
The term "allcoxyalkyl", as used herein, refers to an alkyl group as previously defined wherein one
hydrogen atom has been replaced by 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 herein, alone or in any combination, refers to a saturated 20  cyclic hydrocarbon moiety
containing 3 to 7 carbon atoms which may be substituted once by hydroxy, hydroxymethyl,
allcoxymethyl (preferably methoxymethyl or ethoxymethyl and more preferably methoxymethyl) or
alkoxy (preferably methoxy or ethoxy and more preferably methoxy). Representative examples of
cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
4-hydroxy-cyclohexyl, 2-hydroxy-cyclohexyl, 2-hydroxymethyl-cyclopropyl and
2-methoxymethyl-cyclopropyl (in particular cyclopropyl, 2-hydroxymethyl-cyclopropyl and
2-methoxymethylcyclopropyl).  WO 2009/125366PCT/182009/051499 Representative examples of
carboxylalkyl groups include, but are not limited to, 2-carboxy-ethyl and 3-carboxy-propyl. :4. The term
"aryl" refers to an aromatic cyclic group with one, two or three rings, having from 6 to 14 carbon
ring-atoms and preferably from 6 to 10 carbon ring-atoms, for  5 example to phenyl or naphthyl groups
(and notably to phenyl groups). Any aryl group (and in particular any phenyl group) as defined herein
may be substituted with one, two or more substituents (preferably with one to three substituents, more
preferably with one or two substituents and notably with one substituent), each independently selected
from the group consisting of halogen, alkyl and alkoxy. Specific examples of aryl groups are phenyl,
10 2-fluorophenyl, 3-fluorophenyl, 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-difluorophenyl, 2,4-dimethoxyphenyl and 2,4-dimethylphenyl.
Preferred examples are phenyl and 4- methoxyphenyl. 154; The term "aralkyl", as used herein, alone
or in any combination, refers to an aryl group appended to the parent molecular moiety through an
alkyl group wherein however the aryl group may be unsubstituted or substituted with 1 to 3
substituents selected independently from the group consisting of halogen, alkyl and alkoxy.
Representative examples of aralkyl groups include, but are not limited to, benzyl, 2-phenylethyl,
3-phenylpropyl and 202-naphth-2-ylethyl. Preferred aralkyl groups are the phenylalkyl groups. 



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 groups include, but are not limited to, benzyl, 2-phenylethyl and 3-phenylpropyl. 25+.1. The
term "heteroaryl", as used herein, alone or in combination, refers to a mono-, bi- or tricyclic aromatic
ring system containing up to 14 ring atoms wherein at least one of the rings contains at least one
heteroatom independently selected from the group consisting of nitrogen, oxygen and sulfur; in
addition, the term "heteroaryl" may also refer to 1-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, imidazolyl, oxazolyl, pyridinyl, 5  1-oxy-4-pyridinyl, I -oxy-3-pyridinyl, 1-oxy-2-pyridinyl,
pyrimidinyl, quinolinyl, benzimidazolyl, benzothiazolyl, benzothienyl, benzoxazolyl, benzofuranyl,
indolyl, carbazolyl, phenothiazinyl and phenoxazinyl. tts' The term "monocyclic heteroaryl", as used
herein, refers to a monocyclic aromatic ring system containing 5 or 6 ring atoms among which I or 2
may be heteroatoins selected 10  from 0, N and S. 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, trifluoromethyl and trifluoromethoxy.
Representative examples of monocyclic heteroaryl groups include, but are not limited to, thienyl,
furanyl, pyrrolyl, pyrazolyl, thiazolyl, imidazolyl, oxazolyl, pyridinyl and pyrimidinyl. 15t The term
"heterocyclyl", 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 (i) a
heterocyclyl group is not attached to the rest of the molecule by a nitrogen atom, (ii) a heterocyclyl
group of 3 or 4 ring members contains 20  only one heteroatom which is a nitrogen atom and (iii) a
heterocyclyl group does not contain 2 sulfur atoms. The sulfur atom of a heterocyclyl group may be in
an oxidised form, i.e. as a sulfoxide or sulfonyl. Representative examples of heterocyclyl groups
include, but are not limited to, azetidinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl, piperazinyl,
morpholinyl and thiomorpholinyl. 25Further definitions of additional chemical moieties for the
compounds according to the invention are given below. 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.  WO 2009/125366PCT/IB2009/051499 + The term "alkoxymethyl", as
used herein, refers to a methyl group wherein one hydrogen atom has been replaced by an allcoxy
group as previously defined. Examples of alkoxymethyl groups include, but are not limited to,
methoxymethyl and ethoxy-methyl. + The term "127-alkyl-NH-", as used herein, refers to an amino
group wherein one hydrogen 5 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 R7 and the nitrogen atom of the amino group are attached to the same carbon atom of the
alkyl group. Examples of 127-alkyl-NH- groups include, but are not limited to,
1-alkoxycarbonyl-ethylamino and notably I-ethoxycarbonyl-ethylamino. 



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,
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 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 selection 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 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. In the particular case of temperatures, the
term "about" (or alternatively the term "around") placed before a temperature "Y" refers in the current
application to an interval extending from  WO 2009/125366PCT/1132009/051499 the temperature Y
minus 10C to Y plus 10 'V, and preferably to an interval extending from Y minus 5 C to Y plus 5 C. ii)
In particular, the invention relates to compounds of formula 1 that are also compounds of formula lp
5where in 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 tri fluoromethoxy;
10W represents a bond and R2 represents alkyl, cycloalkyl, aryl or heteroaryl; or 



W represents -0- and R2 represents alkyl, hydroxyalkyl, alkoxyalkyl or heterocycly1; or W represents
-NR3-, R2 represents alkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or
aralkyl and le represents hydrogen or alkyl; or W represents -NR3- and R2 and le 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 -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 0, I, 2 or 3 and Z is a bond or n is 1 and Z is phenyl (the
-P(0)(OH)2 group being preferably in para position in this case); and to the salts (in particular
pharmaceutically acceptable salts) of such compounds.      iii) In particular, the invention relates to
compounds of formula I that are also compounds of 10formula ICE  ICE wherein Ri represents phenyl
optionally substituted once by halogen, methyl, methoxy, trifluoromethyl and trifluoromethoxy (and
preferably optionally substituted once by halogen, methyl or trifluoromethyl); 15W represents a bond,
and R2 represents alkyl or a cycloallcyl group of 3 to 7 carbon atoms 



(preferably of 3 to 6 and more preferably of 3 to 5 carbon atoms) which may be substituted once by
hydroxymethyl or alkoxymethyl (preferably methoxymethyl or ethoxymethyl and  WO
20091125366PCT/IB2009/051499 more preferably methoxymethyl), or R2 represents a phenyl group
optionally substituted 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 4 to 7 (and especially 5 to 6) members wherein the
members needed to complete said heterocyclic ring are each independently selected from -CHle- and
-NRY-, it being understood however that said heterocyclic ring does not contain more than one
member selected from the group consisting of -Cale- and -NR-, le representing hydroxy,
hydroxymethyl or allcoxy and BY representing alkyl (especially methyl); 15 le represents hydrogen or
methyl; Rb represents hydrogen; R4 represents alkoxy; n represents 0, 1, 2 or 3 and Z is a bond or n
is 1 and Z is phenyl (the -P0(OH)2 group being preferably in para position in this case); 20and to salts
(in particular pharmaceutically acceptable salts) of compounds of foula ICE. 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 R4 represents (C2-C4)alkoxy, especially linear (C2-C4)alkoxy and in particular n-butoxy. 25
v) According to a preferred variant of embodiment iv), the compounds of formula I (among which the
pharmaceutically acceptable salts will be preferred) will be such that R4 represents ethoxy.  WO
2(109/125366PCT3B20091051499 



- 12 -  vi) According to another preferred variant of embodiment iv), the compounds of formula I as
defined in embodiment iv) above (among which the pharmaceutically acceptable salts will be
preferred) will be such that R4 represents n-butoxy.    vii) According to one particular embodiment of
this invention, the compounds of formula I as 5defined 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 0  viii) According to another particular embodiment of this invention, the compounds of
formula I 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 compounds of formula 1 as defined in one of embodiments i) to vi) above or their salts
(among which the 15pharmaceutically 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 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. 70
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/1132009/051499 - 13 -  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   R (0K12)r, 0 



0#Pc-R5 R5  xiv) According to another main embodiment of this invention, the compounds of formula I
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 compounds of formula I or their salts have the stereochemistry drawn below  WO
2009/125366PCT/1132009/051499 - 14 -  said compounds of formula I corresponding preferably to
the formula below  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 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 I as
defined in one of embodiments i) to xv) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that Ra represents hydrogen or methyl and Rb
represents hydrogen, and in particular such that each of le and Rb represents hydrogen. 



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 be such that W represents a bond.  xviii) Preferably, the compounds of formula I as
defined in embodiment xvii) above or their salts (among which the pharmaceutically acceptable 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 I 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 (especially 4-methoxy-phenyl), or also an
unsubstitutcd 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 20acceptable salts will be preferred) will be such that
W represents -0-.  xxi) Preferably, the compounds of formula I as defined in embodiment xx) above or
their salts (among which the pharmaceutically acceptable salts will be preferred) will be such that R2
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 pharmaceutically acceptable salts will be preferred) will be such that W
represents -NR3-, R2 represents alkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl,
aryl or aralkyl and R3  WO 2009/125366PCT/132009/051499 - 16 - represents hydrogen or alkyl, or
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 members needed to complete said heterocyclic ring
are each independently selected from -CH2-, -CHRx-, -0-, -S-, -CO- and -NP!-, it being understood
however that said heterocyclic 5 ring does not contain more than one member selected from the group
consisting of -CHRx-, -0-, -S-, -CO- and -NW'-, le representing hydroxy, hydroxymethyl, alkoxymethyl
or alkoxy and RY representing hydrogen or alkyl.  xxiii) 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 -NR3-, R2
represents alkyl, carboxyalkyl, hydroxyalkyl, alkoxyalkyl, heterocyclyl, cycloalkyl, aryl or aralkyl and R3
represents hydrogen or alkyl (notably hydrogen or methyl).  xxiv) Preferably, the compounds of
formula 1 as defined in embodiment xxiii) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that 



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 I as defined in embodiment xxiii) above or their salts (among which the pharmaceutically
acceptable salts will be preferred) will be such that R2 represents alkyl, hydroxyallcyl, alkoxyalkyl or
heterocyclyl and R3 represents hydrogen 20or methyl (and notably hydrogen).  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 -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-, -OW-, -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 -CHle-,  WO 2009/125366PCM132009/051499 -27- -0-,  -S-, -CO- and -NRY-, 12.'
representing hydroxy, hydroxymethyl, alkoxymethyl or alkoxy and R3' representing hydrogen or alkyl
(notably hydrogen or methyl).  xxvii) 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  5 R2 and R3 form, together with the nitrogen that carries them, a heterocyclic ring of 4 to 7
members (and notably of 5 to 6 members) wherein the members needed to complete said heterocyclic
ring are each independently selected from -CH2-, -CH -0- and -NRY-, it being understood however
that said heterocyclic ring does not contain more than one member selected from the group consisting
of -CHRx-, -0- and -NRY-, Rx representing hydroxy, 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 R2 and R3 form, together with the nitrogen that carries them, a heterocyclic
ring of 5 to 6 members wherein the members needed to complete said heterocyclic ring are each 15
independently selected from -CH2-, -CHRx-, -0- and -NRY-, it being understood however that said
heterocyclic ring does not contain more than one member selected from the group consisting of
-CHRx-, -0- and -NRY-, R.' representing hydroxy, hydroxymethyl or methoxy and RY representing
methyl (in particular such that R2 and R3 form, together with the nitrogen that carries them, pyrrolidin-
1-yl, morpholin-4-yl, 3-methoxy-  20 pyrrolidin-1 -yl, 3-hydroxy-pynolidin- 1-y1 or
2-hydroxymethyl-piperidinThyl and notably such that R2 and R3 form, together with the nitrogen that
carries them, 4-methyl-piperazin-1yl, 3-methoxy-pyrrolidin-l-y1 or 2-hydroxymethyl-piperidin-1-y1). nix)
According to another variant of this invention, the compounds of formula I as defined in one of
embodiments i), ii), 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 -0- and R2 represents heterocyclyl
(notably tetrahydrofuran-3-y1).  



WO 2009/125366PCT/182009/051499 - 18 -  xxx) According to a preferred variant of this invention,
the compounds of formula I 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) According to another variant of this invention, the compounds of formula I as defined 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 I 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 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 R6 represents alkylcarbonyl or alkoxycarbonyl (and preferably
methylcarbonyl 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 R5 represents 12.7-alkyl-NH-
(and preferably 1-alkoxycarbonyl-ethylamino).    xxxv) Preferably, the compounds of formula I 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 R7 represents ethoxycarbonyl.  xxxvi) According
to another variant of this invention, the compounds of formula I as defined in embodiment i) above or
their salts (among which the pharmaceutically acceptable salts will be preferred) will be such that
RI represents phenyl which is unsubstituted (preferred) or monosubstituted with halogen, 75 methyl,
methoxy, trifluoromethyl or trifluoromethoxy; W represents -NR3- and R2 and R3 form, together with
the nitrogen that carries them, a heterocyclic ring of 5 or 6 members (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 



-NRY- (preferably -CI-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 (preferably methoxy) and RY representing alkyl; 5 le represents hydrogen; Rb represents
hydrogen; R4 represents alkoxy; R5 represents R6-0CH20- or R7-alkyl-NH-; R6
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 I as defined in
embodiment i), ) orare particularly preferred:      4-((R)-2-
{[4-((S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonylkamino} -
154-phosphono-butyryI)-piperazine-1-carboxylic acid ethyl ester; - 4-((R)-2-
[44(S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyThamino 1-
4-phosphono-butyry1)-piperazine-l-carboxyl ic acid butyl ester; - 4-((R)-2-
44-(4-methoxy-phenyl)-6-phenyl-pyridine-2-carbonylFamino
-3-phosphonopropiony1)-piperazine-1-carboxylic acid ethyl ester; 20- 4-
{(R)-2-[(6-pheny1-4-thiophen-3-yl-pyridine-2-carbony1)-amino]-3-phosphono-propionylf- piperazine- I
-carboxylic acid ethyl ester; - 4-
{(R)-2-[(4,6-diphenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyl} -piperazineI-carboxylic acid
ethyl ester;      - 4-
{(R)-2-[(4-cyclopropy1-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyll - 25piperazine- 1
-carboxylic acid ethyl ester; 



- 4-((R)-2- { [4-((R)-3-hydroxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonyll-amino -
3-phosphono-propiony1)-piperazine-l-carboxylic acid ethyl ester; - 4-((R)-2-
{[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]amino -3-phosphonopropiony1)-piperazine-
1-carboxylic acid ethyl ester;  WO 2009/125366PCTAB2009/051499 - 20 - - 4-((R)-2-
114-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonyll-amino
-3-phosphonopropiony1)-piperazine-1-carboxylic acid ethyl ester; -
4-[(R)-2-04-[(2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine-2-carbony1}-arnino)-
3-phosphono-propionyll-piperazine-1-carboxylic acid ethyl ester; 5- 4-
{(R)-2-[(4-benzylamino-6-phenyl-pyridine-2-carbony1)-aminol-3-phosphono-propionyll -
piperazine-l-carboxylic acid ethyl ester; - 4-(-2- 114-((S)-3-methoxy-pyrrol
idin-l-y1)-6-phenyl-pyridine-2-carbonylkaminol2-phosphono-acety1)-piperazine- 1 -carboxylic acid butyl
ester; - 44(5)-2- {[44(S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonyThaminol -
105-phosphono-pentanoy1)-piperazine- 1 -carboxylic acid butyl ester; - 44(R)-2- {
[4-((S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonylkamino}-
5-phosphono-pentanoy1)-piperazine- 1 -carboxylic acid butyl ester; - 4-((R)-2- {
[6-(2-fluoro-pheny1)-4-phenyl-pyridine-2-carbonyThamino
-3-phosphonopropiony1)-piperazine-l-carboxylic acid butyl ester; 15- 44(R)-2-
{[4-pheny1-6-(3-trifluoromethyl-pheny1)-pyridine-2-carbonyl]aminol -
3-phosphono-propiony1)-piperazine-I -carboxylic acid butyl ester; - 4-((R)-2-
{[6-(4-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyl]amino
-3-phosphonopropiony1)-piperazine-1-carboxylic acid butyl ester; - 4-
{(R)-2-[(4-pheny1-6-p-tolyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyll -
70piperazine-l-carboxylic acid butyl ester; 



- 4-((R)-2- { [4-((IS,25)-2-methoxymethyl-cyclopropy1)-6-phenyl-pyridine-2-carbonylk amino
-3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester; - 4-((R)-2- {
[4-((JS,2S)-2-hydroxymethyl-cyclopropy1)-6-phenyl-pyridine-2-carbonyl]-amino -
3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester; 25- 4-((R)-2-
{14-((S)-3-methoxy-pyrrolidin- I -y1)-6-phenyl-pyridine-2-carbony1]- amino -
3-phosphono-propiony1)-piperazine-1 -carboxylic acid ethyl ester; - 4-((R)-2- {
[44(S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonyl] -amino .1-
3-phosphono-propionyI)-piperazine- 1 -carboxylic acid butyl ester; - 4-((S)-2- {
[44(S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonyll-amino -
303-phosphono-propiony1)-piperazine-l-carboxylic acid ethyl ester;  WO
2009/125366PCT/O32009/051499 -21 - - 4-[(S)-2- {[4-((S)-3-methoxy-pyrrolidin- 1
-y1)-6-phenyl-pyridine-2-carbonyl]amino}- 3-(4-phosphono-phenyl)-propionylkpiperazine- 1 -carboxylic
acid ethyl ester; - 4- {(R)-2-[(4-isopropy1-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-propionyll
-  piperazine- 1 -carboxylic acid butyl ester; 5- 4-
{(R)-2-[(4-methoxy-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyll- piperazine- I
-carboxylic acid butyl ester; - 4-
{(R)-2-[(6-pheny1-4-pynolidin-l-yl-pyridine-2-carbony1)-amino]-3-phosphonopropionyll-piperazine-1-car
boxylic acid butyl ester; - 4-((R)-2- {[4-(4-methyl-piperazin-1
-y1)-6-phenyl-pyridine-2-carbonyl]-phosphonomethyl- I 0amino} -acetyI)-piperazine- I-carboxylic acid
butyl ester; 



- 4-((R)-2-
{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-2-carbonyThaminol3-phosphono-propiony1)-pip
erazine-1-carboxylic acid butyl ester; - 4- {(R)-2-[(2-hydroxymethy1-6'-phenyl-3
,4,5,6-tetrahydro-2H-[1,4]bipyridinyl-2'-carbony1)- amino]-3-phosphono-propionyl }
-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-pheny1-4-phenylamino-pyridine-2-carbonyl)-amino]-3-phosphono-propionyllpiperazine-1-car
boxylic acid butyl ester; - 4-
{(R)-2-[(6-pheny1-4-propylamino-pyridine-2-carbony1)-amino]-3-phosphono-propionyll -
20piperazine-l-carboxylic acid butyl ester; - 4-((R)-2-
{[4-(2-carboxy-ethylamino)-6-phenyl-pyridine-2-carbony1]-amino}-3-phosphonopropiony1)-piperazine-
1-carboxylic acid butyl ester; - 4-((R)-2- {[4-(3-methoxy-pyrrolidin- I
-y1)-6-phenyl-pyridine-2-carbonyl]-amino - 3-phosphono-propiony1)-3-methyl-piperazine-l-carboxylic
acid ethyl ester (notably 4-((R)-2-
25{[4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonylkamino -3-phosphono-
propiony1)-3-methyl-piperazine- 1-carboxylic acid ethyl ester); -
4-((R)-2-1[4-(2-methoxy-ethoxy)-6-phenyl-pyridine-2-carbonyl]-aminol-3-phosphonopropiony1)-piperaz
ine- 1-carboxylic acid butyl ester; - 4-
{(R)-2-[(4-methyl-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyll - 30piperazine-
I-carboxylic acid butyl ester;  WO 2009/125366PCT/IB2009/051499 - 22 - - 4-((S)-2- {
[4-((5)-3-methoxy-pyrrolidin- 1 -y1)-6-phenyl-pyridine-2-carbonyll-amino -
4-phosphono-butyryI)-piperazine- 1 -carboxylic acid butyl ester; as well as the salts (in particular
pharmaceutically acceptable salts) thereof. 



xxxviii) Further preferred compounds of formula I 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-
l-y1)-6-phenylpyridine-2-carbonyli-amino} -propionyI)-piperazine-l-carboxylic acid butyl ester; -
44(R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphory1)-2- {[44(S)-3-methoxy-pyrrolidin-l-
y1)-6-phenyl-pyridine-2-carbonylkamino -propionyI)-piperazine- 1-carboxylic acid butyl 10ester; -
N,N'-Bis-((S)- l -ethoxycarbonylethyl)-2- {(R)-[4-((S)-3-methoxy-pyrroli din- 1
-y1)-6-phenylpyridine-2-carbonyThamino } -3
-oxo-3-(4-butoxy-carbonyl-piperazin-1-y1)-propyl-phosphonic acid diamide; and      -
4-[(R)-2-(16-Pheny1-4-[(tetrahydro-furan-3-yl)oxy]-pyridine-2-carbonyll -amino)-3- I
5phosphono-propionylkpiperazine- I -carboxylic acid butyl ester; as well as the salts (in particular
pharmaceutically acceptable salts) thereof. It is well understood that any stereogenic center of any
compound listed in embodiment 'Davi or xxxviii), which is not explicitly assigned, may be in absolute
(R)- or (S)-configuration. 70 xxxix) A further object of the invention is the compounds of formula I (or of
formula Ip or ICE), as defined in 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, e.g. in the form of pharmaceutical compositions for
enteral or parenteral 25administration. xl) The invention thus also relates to pharmaceutical
compositions containing at least one compound according to one of embodiments i) to =will) above, or
a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier, diluent or
excipient. In  WO 2009/125366PCT/182009/051499 - 23 - particular, the invention relates to
pharmaceutical compositions containing at least one compound of formula I (or of formula Ip or ICE)
and one or more pharmaceutically acceptable carriers, diluents or excipients. The production of the
pharmaceutical compositions can be effected in a manner which will be 



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 & Willcins]) by bringing the described compounds of formula I or their pharmaceutically
acceptable salts, optionally in combination with other therapeutically valuable substances, into a
galenical administration form together with suitable, non-toxic,  10 inert, therapeutically compatible
solid or liquid carrier materials and, if desired, usual pharmaceutical adjuvants. xli) 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: 159 for
the treatment or prophylaxis of diseases including stable angina, unstable angina, myocardial
infarction, embolism (including complications of atherosclerosis, notably embolic stroke), arterial
thrombosis (including primary arterial thrombotic complications of atherosclerosis, notably thrombotic
stroke), venous thrombosis (notably deep vein thrombosis), thrombosis secondary to vascular damage
or to inflammation (including  20 vasculitis, atteritis and glomerulonephritis), venoocclusive diseases,
transient ischaemic attacks, peripheral vascular diseases, myocardial infarction with or without
thrombolysis, myeloproliferative disease, thrombocythaemia, sickle cell disease, inflammatory bowel
disease, thrombotic thrombocytopaenic purpura, haemolytic uraemic syndrome; 9 for preventing
thrombotic complications of septicaemia, adult respiratory distress syndrome, anti-phospholipid
syndrome, heparin-induced thrombocytopaenia and preeclampsia/eclampsia; 9 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;  WO 2009/125366PCT/182009/051499 - 24 - for preventing organ graft rejection.
xlii) 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 5which vasospasms lead 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 lp or ICE) 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 xli) and/or xlii) (and in particular in
embodiment xli)) above, and for 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 I (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 manufacture of a medicament for the treatment
and/or prevention of occlusive vascular disorders as well as to the use of a  15 compound of formula I
(or of formula lp or IcE) 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.  xlv) Among the above-mentioned uses of compounds of formula I (or of formula lp or ICE)
or 



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 infarction, arterial thrombosis (notably thrombotic stroke), transient ischaemic attacks,
peripheral vascular disease and stable and unstable angina will be preferred.  xlvi) The invention
further relates to the use of a compound of formula I (or of formula lp 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 thereof of an effective amount of a compound of formula I (or of formula Ip or ICE)
according to one of embodiments i) to 5 xxxviii), or of a pharmaceutically acceptable salt of such a
compound. Any reference to a compound of formula I, lp or 'CE 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 ICE, as well as to the salts and 10
pharmaceutically acceptable salts of the compounds of formula I, of formula Ip or of formula IcE. The
same applies to these 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 I (or
of formula lp or ICE) 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. abs.absolute Acacetyl ADPadenosine diphosphate atiltanhydrous
aq.aqueous  



- 26 - Boctert-butoxycarbonyl BSAbovine serum albumin Cbzbenzyloxycarbonyl CCcolumn
chromatography 5conc.concentrated DCMdichloromethane DIPEAdiisopropylethylamine
DME1,2-dimethoxyethane DMFN,N-dimethylformamide 10 DMPUN,N'-dimethylpropylene urea
dpmdecays per minute EAethyl acetate EDCIN-(3-dimethylaminopropy1)-N'-ethylcarbodiimide
EDTAethyl enediaminetetraacetic acid 15Etethyl eq.equivalent(s) HATU2 -(7-aza-1H-bcnzotriazolc-
l-y1)- I ,1,3,3-ictramohyluronium hexafluorophosphate 



Heptheptane 20 HOBT1-hydroxybenzotriazole HPLCHigh-performance liquid chromatography
HseL-homoserine HVhigh vacuum LC-MSLiquid Chromatography - Mass Spectrometry 25
MCPBAmeta-chloroperbenzoic acid Memethyl NMPN-methylpyrrolidone org.organic Pd/Cpalladium on
carbon 30 Phphenyl  WO 2009/125366PCT/1132009/051499 - 27 -
PyBOPbenzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexaftuorophosphate Rfretention factor
RTroom temperature 



5sat.saturated SDSsodium dodecyl sulfate tButert-butyl TBMEten-butylmethylether TEAtrifluoroacetic
acid 10 THEtetrahydrofuran TLCthin layer chromatography tRretention time
Tristris(hydroxymethyl)aminomethane General preparation route: 15 The various compounds of
formula I can be prepared using the general routes summarized in Scheme 1 and Scheme la
hereafter. .R2 W 0H----L%-p-H R\R \.. ,"-,' N -ii -NRN 7.1- L0=p-OH i 0N....A) z k )n 0       R 1Rb i 



b r- 00 OH 011(I) Scheme The compounds of formula I, wherein R5 represents hydroxy, can be
prepared by treating the compounds of formula II with HCI optionally in the presence of water, in a
suitable organic solvent such as THE, EA, dioxanc or Et20 and preferably at a temperature around RT,
or with  WO 2009/125366PCT/1B2009/051499 - 28 - trimethylsilyl bromide or trimethylsily1 iodide in a
suitable solvent such as DCM or MeCN and preferably at a temperature around RT (scheme I). 014
R \R \ N N RIN R 1\;2A-1' T )n 0 k ) 0 \ bZnfl 00 



0P-OH0P-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 an appropriate halide derivative of formula R6-0CI-12-X, X being chloride, bromide or
iodide, in the presence of a suitable base (e.g. NEt3, DIPEA) in a suitable solvent such as DMF, NMP
or DMPU, optionally in the presence of NaI and preferably at a temperature between 45 and 90C
(scheme I 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-a1kyl-NI12
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 a suitable solvent such 15as anhydrous pyridine
and preferably at a temperature of about 60C (scheme la). Preparation of the various synthesis
intermediates. Preparation of the compounds offormula II  WO 2009/125366PCT/IB 2009/051499 29 -
29 - The compounds of formula II can be prepared using the routes summarized in Schemes 2, 2a and
2b hereafter.     Scheme 2 The compounds of formula V can be obtained (Scheme 2) by coupling a
compound of 



formula III with a compound of formula IV 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 resulting
intermediates of formula V can then be converted into compounds of formula II wherein W 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 II 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-butylphosphino-1,1'-bipheny1-2-y0palladium, in the
presence of a suitable 15base such as sodium tert-butoxide and heating in toluene at about 90C.  WO
2009/125366PCTTIB2009/051499 - 30 - The intermediates of formula V can furthermore be converted
into compounds of formula II wherein W is a bond, using reagents of formula R2-B(OR)2 wherein R is
hydrogen or alkyl with standard conditions for a Suzuki reaction, and preferably boronic acid or ester
derivatives in the presence of a suitable base such as K3PO4, Na2CO3 or K2CO3, in the presence of
a 5 suitable palladium catalyst such as tetrakis(triphenylphosphine) palladium in a suitable solvent
such as DME/water or dioxane, and preferably heating between 80C and 110C. Alternatively, the
intermediates of formula V can also be converted into compounds of formula II wherein W is a bond,
using magnesium derivatives of formula R2-MgBr, in the presence of a suitable iron catalyst such as
iron(III)acetylacetonate, in a suitable solvent such 10 as THF and at a temperature preferably around
RT (see A. Fiirstner et al. in J. Am. Chem. Soc. (2002), 13856-13863). Besides, the intermediates of
formula V can also be converted into compounds of formula II wherein W is a bond, using reagents of
formula R2-SnBu3with standard conditions for a Stille reaction, and preferably a tributylstannane
derivative in a suitable solvent such as toluene, and preferably heating at about 130C.  0 ) b Z 0R I
0=P-0 



6  Scheme Vi 15 Alternatively, the compounds of formula II can be prepared as described in Scheme
2a by coupling compounds of formula Ill 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 NEt3, DIPEA or N-methylmorpholine 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 at reflux). The cyano group can be further
hydrolyzed using standard conditions (e.g. conc. hydrochloric acid at reflux). The chloropyridine
derivative can be coupled to compounds of formula III by preparing the acid chloride using standard
reagents such as thionyl chloride or oxalyl chloride, or as defined earlier, using the same standard
coupling methods as those 10 described above for the coupling reaction involving compounds of
formulae III and VI (Scheme 2a). The intermediates of formula VII can finally be converted into
compounds of formula II using reagents of formula R1-B(OR)2 wherein R is hydrogen or alkyl, using
the same standard conditions for a Suzuki reaction as those described with the intermediates of
formula V (see Scheme 2).  WO 2009/125366PCT/1B2009/051499 - 32 - Similar procedures can be
used to obtain compounds of formula II wherein W is a bond and R2 is a substituted phenyl group.
Preparation of the compounds offommla III     The compounds of formula III wherein Z is a bond and n
is 1 (hereafter "the compounds of 5 formula Him") can be prepared using the route shown in Scheme 3
hereafter. 0 H   0H 



HO 0...".0 I     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(0E03 at refltix) followed by a saponification reaction using standard conditions such as NaOH or
LiOH in a mixture of water and a suitable organic solvent such as THF, McOH or 10 Et0H; 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 II (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 III wherein Z is a bond and n is 2 (hereafter "the compounds of
formula 111E2") can be prepared using the routes summarized in Schemes 3a and 3b hereafter. WO
2009/125366PCM132009/051499 - 33 - The compounds of formula 111112 wherein the carbon
bearing the amino group has the "R" configuration (hereafter "the compounds of formula HIB20 can
thus be prepared as shown in Scheme 3a hereafter. 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 PP113 and CB14, in a suitable solvent
such as DCM, preferably between 0C and RT. The next three steps leading to the compounds of
formula X can be 10 performed using conditions such as those already described for the synthesis of
the compounds of formula IX (see Scheme 3). The compounds of formula III82R can then be obtained
by cleaving the Cbz protecting group using standard conditions known to one skilled in the art.  



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 IIIB2s") can
thus be prepared as shown in Scheme 3b hereafter. Scheme 3b To obtain the compounds of formula
IIIB2s, one can start the synthesis with (S)-(-9-2-amino- 5 4-bromobutyric acid hydrobromide 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 Me0H). 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 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 in Me0H). The compounds of formula III wherein Z
is a bond and n is 0 (hereafter "the compounds of formula IIIBB") can be prepared using the route
summarized in Scheme 3c hereafter.  WO 2009/125366PCT/IB2009/051499 - 35 -  (VIII)(X11)
Scheme 3c The compounds 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 solvent such as THE,
Me0H or Et0H; 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 II (see Scheme 2a). The compounds of formula "Bo 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
Et0H).      The compounds of formula III wherein Z is a bond and n is 3 (hereafter "the compounds of
10formula III83") can be prepared using the route summarized in Scheme 3d hereafter.  WO
2009/125366PCT/1B2009/051499 



- 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 reduced by using a suitable reducing agent such as NaBH4 in presence of 5 Me0H, 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 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 II1B3 10can 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 Me0H).  WO
2009/125366PCT/IB2009/051499 - 37 -    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 diethyl phosphonate derivatives using diethyl phosphite, in the presence of a
suitable base such as NEt3, in the presence of a suitable palladium catalyst such as Pd(PPh3)4, in a
suitable solvent such as MeCN, and preferably heating around 70C. The next three steps leading to
the compounds of formula "Ph can be performed using conditions such as those already described 10
for the synthesis of the compounds of formula(see Scheme 3). Preparation of the compounds
offormula IV The compounds of formula IV wherein R1 is phenyl can be prepared using the reaction
shown in Scheme 4 hereafter. 



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, 4277-4285). 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-phenyl- 5 pyridine-2-carboxylic acid, preferably by refluxing it in
dioxane/water in the presence of selenium dioxide. The resulting compound, when containing Et0H as
impurity, can then be chlorinated and esterified by refluxing in POC13. Finally, the compound of
formula IV wherein RI 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 RI is a substituted phenyl group. 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/1B2009/051499 



- 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 II wherein W is -NR3- (see Scheme 2). 5
Besides, the compounds of formula VI wherein W is -0- can be obtained by aromatic substitution
reaction of the intermediates of formula IV with sodium alkoxides of formula Na0R2, 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 VIII 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 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 = pcntuplet, hex =
hexet, hept = heptet, m = multiplet, br. = broad. 20 The LC-MS retention times have been obtained
using the following elution conditions: A X-terra(r) 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% formic acid. The  WO 2009/125366PCT/IB2009/051499 - 40 - eluent flow rate was 3 mlimin 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(r)
column (preparative LC-MS methods (I) to (IV)) or a X-Terra(r) column (preparative LC-MS method
(V)) unless otherwise specified in the relevant Example description, with the general conditions
described hereafter. Preparative LC-MS methods (I) to (IV)  



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 + I% 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 start of the elution are summarized in the tables below (a linear gradient being used
between two consecutive time points): 15I) Preparative LC-MS (I): t (min) 0 0.4 2.6 3 3.4 3.8 3.9 5
Solvent A (%) 75 75 55 55 4.5 4.5 75 



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



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 



95.5 95.5 35 35  III) Preparative LC-MS (III): t (min) 0 0.4 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 95.5 95.5 30 30  IV) Preparative LC-MS (IV): t (min) 0 0.4 



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 



35 95.5 95.5 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 start of the elution are summarized in the table below (a linear gradient being used
between two consecutive time points): (mm) 0 0.6 3.3 3.9 4.5 5.1 5.2 6 Solvent A (%) 



85 85 65 65 4.5 4.5 85 85 Solvent B (%) 15 15 35 35 95.5 95.5 15 15  WO
2009/125366PCT/IB2009/051499 



- 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(S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyl]-
amino)-4-phosphono-butyry1)-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. aq. NRICI, sat. aq. NaHCO3 and brine. The org. phase was dried (Na2Sa4)
and evaporated off to afford the desired compound (21.4 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-carboxy1ic acid
ten-butyl ester: 15To an ice-cold solution 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 down to 0C 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 aq. phase was extracted with 20 DCM three times. The
combined org. phases were washed with brine, dried (Na2SO4) 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-methoxy-pyrrolidine hydrochloride salt: Intermediate 1.2 (27.5 g) was dissolved in 1M HCI in
EA (300 mL) and 32k/ HC1 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 Et20 (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.
(Z)-4-phenylamino-pent-3-en-2-one: A solution of 2,4-pcntanedione (51.5 mL), aniline (45.6 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 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 mm. The cooling bath was removed and the mixture was allowed to warm to -56C over
1.5 h. HC1 (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 HCI (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: tR = 0.64 mm; [M+H]: 186.25. 1.6.
4-chloro-2-methy1-6-phenyl-pyridine: 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 mixture was evaporated off The residue was taken up in EA/water, and 32 % NaOH was
added until pH 7. 



The phases were separated and the aq. phase was washed with EA. The combined org. layers were
evaporated to dryness. The crude was purified by CC (EA/Hept 1/9) and the obtained oil  WO
2009/125366PCT/1B2009/051499 - 44. was taken up in TBME. The org. layer was washed with 0.5 Al
HC1, sat. NaHCO3, water and was evaporated to dryness to afford the desired compound 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 0C, 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 Me0H and the solvents were evaporated off The
crude was suspended in isopropylacetate (400 mL) and heated up to reflux for 1 h. lsopropylacetate
was removed and Et0H (400 mL) was added and heated again to reflux for 1 h. Et0F1 was removed
and Et0H (400 mL) and HCl (32 %, 30 mL) were added. The mixture was heated at reflux for 3 h and
evaporated off to afford the desired compound 15still 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 Et0H) was dissolved in POCB (72 mL) and the mixture was heated up to reflux for 3 h.
POC13 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: tR = 1.04 min; [M-FH]+:
262.10. 251.9. 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 Et0H/water (2/1,
150 ml). The mixture was stirred for 1 h at RT and Et0H was evaporated off The suspension was
filtered off The aqueous mother liquor was washed with  WO 2009/125366PCT111320091051499 - 45
- isopropylacetate, acidified with 32% HCI solution and extracted with DCM. The filtered solid 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 Me0H (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]: 234.09. 1.10.
44(S)-3-methoxy-pyrrolidin-1-y0-6-phenyl-pyridine-2-carboxylic acid: 10A 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 110C for 10 h and at 140C for 6 h. Water was added and the mixture was extracted with EA.
The aq. phase was acidified to pH 5 with 1M HC1 and extracted with DCM. The combined org. phases
were dried (Na2SO4) and evaporated off. The crude was purified by CC (eluant A: EA; eluant B:
Me0H; gradient: 20% 15 to 40% B) to afford the desired compound as a brownish foam (1.06 g).
LC-MS: tR = 0.70 min; [M+H]t : 299.08. 1.11. (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid:
To an ice-cooled solution of H-Hse-OH (5 g) in dioxane/2M NaOH (168 mL/42 mL) 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
Et20 and acidified with a 2M HCI solution. The aq. phase was extracted with DCM. The DCM layers
were combined, washed with water, dried (Na2SO4) and evaporated off to give the desired product as
a white powder (6.2 g). LC-MS: tR = 0.71 min; [M+Hr: 254.37. 



251.12. (R)-2-benzyloxycarbonylamino-4-hydroxy-butyric acid dicyclohexylamine salt: To a solution of
intermediate 1.11 (6.2 g) in Et0H (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 solid (7.38 g) was dried in vacua.  WO 2009/125366PCT/1132009/051499 - 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 (Na2SO4) and
evaporated off The crude was purified by CC (Et20) to give the desired compound as white powder
(3.1 g). LC-MS: tR = 0.79 mm; [M+HF: 268.12. 101.14. (1)-2-benzyloxycarbonylamino-4-bromo-butyric
acid methyl ester: PPh3 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 0C 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
15colourless oil (968 mg). LC-MS: tR = 0.99 mm; [M+Hr: 330.02. 1.15.
(R)-2-benzyloxycarbonylamino-4-(diethoxy-phosphory0-butyric acid methyl ester:    Intermediate 1.14
(1.39 g) was dissolved in triethyl phosphite (9.9 mL). The mixture was heated at 130C overnight and
evaporated to dryness. The crude was purified by CC (Hept/EA 201/3 to 0/1 followed by EA/Me0H 9/1)
to give a colourless oil (1.24 g). LC-MS: tit = 0.91 min; [M+HI: 387.93. 1.16.
(R)-2-benzyloxycarbonylamino-4-(diethoxy-phosphory1)-butyric acid: 



An aq. 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 DCM. The org. phases were combined, dried (Na2SO4) and evaporated off to 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 ne1-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 added. The phases were separated. The org. phase
was washed with sat. aq. Na2CO3, with aq. 1M NaHSO4, with brine, was dried (Na2SO4) and
evaporated off to afford the desired compound 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:   Intermediate 1.17 (200 mg) was hydrogenated in Me0H (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 15desired
compound as a pale yellow oil (138 mg). LC-MS: tR = 0.65 mm; [MtH]: 380.59. 1.19.
4-((R)-4-(diethoxy-phosphory1)-2-04(S)-3-methoxy-pyrrolidin-1-y0-6-phenylpyridine-2-carbonylraminol
butyry1)-piperazine-1-carboxylic acid ethyl ester: To a solution of intermediate 1.10 (78 mg) and
intermediate 1.18 (100 mg) in DCM (1 mL) 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 (Na2SO4) and evaporated off. The crude was purified by preparative LC-MS
(I) to afford the desired product as a yellow oil (113 mg), LC-MS: tR = 0.84 min; [M+H]: 660.66.
251.20. 4-ftR,)-2-{f4'ftS)-3-rnethoxy-pyrrolidin-1-yl,)-6-phenyl-pyridine-2-carbonylJ-aniino 



4-phosphono-butyry0-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 mL) dropwisc. The reaction mixture was allowed to warm to RT and was stirred at RT
until completion. Water (1 mL) was added, the mixture was stirred until complete hydrolysis 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-l-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 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 (Na2SO4) and evaporated off to give 242.8 g 15of oil. The compound was engaged
directly in the next step. TLC: (EA/Hept I/1) Rf = 0.7. 2.2. Piperazine-1-carboxylic acid butyl ester
hydrochloride salt: To a cooled (15C) solution of intermediate 2.1 (230.5 g) in Me0H (1 L) was added
4M HC1 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 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); 4.11 (m, 4H); 3.77 (s, 3H); 2.33 (m, 2H); 1.41 (s, 9H); 1.33 (m, 6H).      2.3.
4-1110-2-benzyloxycarbonylamino-4-(diethoxy-phosphoryl)-butytyll-piperazine251-carboxylic acid
butyl ester: 



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, 5intermediate 2.3 replacing
intermediate 1.17. LC-MS: 1R" 0.73 mm; [M+HI: 408.61. 2.5.
4-((10-4-(diethoxy-phospholyl)-24[4-((S)-3-inethory-pyrrolidin-1-y0-6-phenyl-pyridine2-carbonylramino,
Lbutyry1)-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 (I). 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 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 (IV). 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-phosphono-propionyI)-piperazine-1-carboxylic acid ethyl ester: 3.1. (R)-2-tert-butarycarbonyla
no-3-(diethoxy-phosphoryl)-propionic acid methyl ester: Boc-3-iodo-L-Ala-OMe (10 g) was dissolved in
tricthyl phosphite (79.7 mL). The mixture was heated at 140C for 15 h and evaporated to dryness to
give the desired compound (9.37 g). It was used in the next step without further purification.
251H-NMR (CDC13): 6.12 (hr. s, 1H); 5.71 (hr. s, 1H); 4.11 (m, 4H); 3.77 (s, 3H); 2.33 (m, 2H); 1.41
(s, 9H); 1.33 (in, 6H). 



WO 2009/125366PCT/1B2009/051499 - 50 - 3.2.
(1)-2-tert-butoxycarbonylamino-3-(diethoxy-phospholy0-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 compound was however purified by recrystallization with isopropanol. 5LC-MS: tR = 0.72
min; [M-l-FIT: 326.08. 3.3.
41(14-2-tert-butoxycarbonylamino-3-(diethoxy-phosphotyl)-propionylkpiperazine1-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-l-carboxylic acid ethyl ester: To a solution
of intermediate 3.3 (1.520 g) in DCM (1.38 mL) cooled 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 at RT. The mixture was cooled down to 0C, quenched by the addition of 2M NaOH until pH
12 and diluted with DCM. The phases were separated. The org. phase was extracted with DCM, dried
(Na2SO4) and evaporated off to afford the desired compound (807 mg). LC-MS: tR = 0.64 mm;:
366.43. 203.5. 4-1(1?)-2-116-chloro-2-phenyl-pyritnidine-4-carbonyl)-aminor3-(diethoxy-phospholy0-
propionyll-piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method
analogous to that of Example 1, step 1.19, intermediate 3.4 replacing intermediate 1.18 and
intermediate 1.9 replacing intermediate 1.10. The compound was purified by CC (eluent A: DCM;
eluent B: McOH; first CC: 1% to 10% B; 



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-methoxyphenylboronic acid (32 mg) and Pd(RITh3)4 (6 mg) in DME (1 mL) and 2M Na2CO3 (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: Me0H; 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(1?)-2-{(4-(4-methoxy-pheny1)-6-pherzyl-pyridine-2-carbonyll-amino}-3
phosphono10 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 (0.25 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). 15LC-MS: tit = 0.93 mm; [M+Hr:
597.71. Example 4:
41(R)-2-[(6-phenyl-4-thiophen-3-yl-pyridine-2-carbonyl)-aminoi3-phosphono-propiony1}-piperazine-1-c
arboxylic acid ethyl ester: 4.1.
4-{112)-3-(diethoxy-phospholy1)-2-[(6-phenyl-4-thiophen-3-yl-pyridine-2-carbony1)-
aminol-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: tit --= 1.05 mm; [M+H]r: 629.67. 4.2.
4-{(10-2-1('6-phenyl-4-thlophen-3-yl-pyridine-2-carbonyl)-aminor3
phosphonopropionylipiperazine-1-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)-piperazine-l-carboxylic acid ethyl ester: This compound was prepared using a method
analogous to that of Example 3, step 3.6, phenylboronic acid replacing 4-methoxyphenylboronic acid.
LC-MS: tR = 1.06 min; [M+I-II+: 623.57.      5.2.
4-{(R)-2-114,6-diphenyl-pyridine-2-carbonyl)-amino1-3-phosphono-propionyliI 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 (II), 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-I]+: 567.51. Example 6:
4-{(R)-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-
3-phosphono-propionyl}-piperazine-l-carboxylic acid ethyl ester: 6.1.
4-11.12,1-2-[(4-cyclopropyl-6-phenyl-pyridine-2-carbonyl)-aminol-3-(diethoxyphosphotyl)-propionyll-pip
erazine-1-carboxylic acid ethyl ester: 20 This compound was prepared using a method analogous to
that of Example 3, step 3.6, cyclopropylboronic acid replacing 4-methoxyphenylboronic acid. LC-MS:
tR = 1.01 min; [M+Hr: 587.69. 6.2. 44(11)-2-[(4-cyclopropy1-6-phenyl-pyridine-2-carbonylFamino1-3
phosphonopropionyli-piperazine-1-carboxylic acid ethyl ester:  WO 2009/125366PCT/1B2009/051499
- 53 - 



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 (III), 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 = 0.87 min; [M+Hr: 531.46. Example 7:
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 used directly in the next step. LC-MS: tR = 0.70 inim
[M+HI: 604.40.      7.2.
44(1?)-2-10-(11?)-3-hydroxy-pyrrolidin-1-y0-6-phenyl-pyridine-2-carbonylraminol153-phosphono-propi
onyl)-piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method
analogous to that of Example 1, step 1.20, intermediate 7.1 replacing intermediate 1.19. The
compound was however purified by preparative LC-MS (IV). LC-MS: tR = 0.68 min; [M+Tir : 576.20.
20Example 8: 4-((R)-2-{[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyll-
amino}-3-phosphono-propiony1)-piperazine-1-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-ethylamine (0.5 mL) in THF (1 mL) 25 was heated in a microwave oven at 160C for 5 h.
The solvent was evaporated off and the crude was used directly in the next step.  WO
2009/125366PCT/1132009/051499 - 54 - LC-MS: tR = 0.73 min; [M+Hr: 592.50. 8.2.
4-WV-2-{14-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbony11-amino,1-
3-phosphono-propiony11-piperazine-1-carboxylic acid ethyl ester:    This compound was prepared
using a method analogous to that of Example 1, step 1.20, 



5intermediate 8.1 replacing intermediate 1.19. The compound was however purified by preparative
LC-MS (IV). LC-MS: tft = 0.71 min; [M+Hr : 564.30. Example 9:
4-((R)-2-{14-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonyllamino}-3-phosphono-propionyI)-pipe
razine-l-carboxylic acid ethyl ester: 10 9.1.
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: tR =
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 Example 1, step 1.20, intermediate 9.1 replacing
intermediate 1.19. The compound was however purified by preparative LC-MS (IV). 20LC-MS: tR =
0.67 mm; [M+1-1]: 550.37. Example 10:
4-1(R)-2-04-[(2-methoxy-ethyl)-methyl-amino]-6-phenyl-pyridine2-carbony1)-amino)-3-phosphono-prop
ionyll-piperazine-1-carboxylic acid ethyl ester: 10.1.
4-1(12)-3-(ethory-hydroxy-phosphotyl)-2-({4-1(2-methaxy-ethyl)-methyl-aminol6-phenyl-pyridine-2-carb
onyl}-amino)-propionylPpiperazine-1-carboxylic acid ethyl ester:  WO
2009/125366PCT/1B2009/051499 - 55 - A solution of intermediate 3.5 (50 mg) and
N-(2-methoxyethyl)methylamine (39 gL) in NMP (1 inL) was heated in a microwave oven at 120C for 1
h. 10 eq. of N-(2-metboxyethyl)methylamine were added and the mixture was heated at 120C for 8 h.
10 more eq. of N-(2-methoxyethyl)methylamine were added and the mixture was heated at 5120C for
6 h. The solvent was removed and the crude was 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: 



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+Hr: 578.58. Example 11:
4-1(R)-2-((4-benzylamino-6-phenyl-pyridime-2-carbony1)-aminol3-phosphono-propiony1)-piperazine-1
-carboxylic acid ethyl ester: 1511.1.
41(R)-21(4-benzylamino-6-phenyl-pyridine-2-carbony0-aminal-3-(ethoxy-hydroxy-
phospholy0-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 acid ethyl ester:    This compound was prepared using a method analogous to that of
Example 1, step 1.20, 75intermediate 11.1 replacing intermediate 1.19. The compound was however
purified by preparative LC-MS (IV). LC-MS: tg = 0.78 mm; [M+H] : 596.06.  WO
2009/125366PCT/1B2009/051499 - 56 - Example 12:
4+2-([4-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyllamino)-2-phosphono-acetyl)-pipe
razine-1-carboxylic acid butyl ester: 



12.1. Benzyloxycarbonylamino-(dimethoxy-phosphoryl)-acetate lithium salt: Chz-a-phosphinoglyeine
trimethyl ester (1.6 g) was dissolved in Et0H (5 mL) and treated 5 with a solution of Li0H.H20 (408 mg)
in Me0H/H20 (5 mL/ 2mL). The mixture was stirred at 0C for 30 mm and the solvent was removed.
The crude (1.5 g) was used directly in the next step. LC-MS: tit- 0.75 mm; [M+Hr: 318.06.      12.2.
412-benzyloxycarbonylamino-2-(dimethoxy-phosphory1)-acetylPpiperazine101-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 mm; [M+Hr: 486.01. 12.3. 442-amino-2-(d
ethoxy-phosphoiyl)-acetylPpiperazine-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: tR = 0.67 min; [WH]': 352.55. 12.4.
4-(2-(dimethoxy-phosphoty0-2-114-0-3-methoxy-pyrrolidin-1-y0-6-phenyl-pyridine2-carbonyll-aminolac
ety0-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/Me0H 1/0 25to 1/9). LC-MS: tR = 0.90 min; [M+H]: 632.31.  WO
2009/125366PCT/182009/051499 - 57 - 12.5.
4-6240-0)-3-methoxy-pyrrolidin-l-y0-6-phenyl-pyridine-2-carbonylPamino1-
2-phosphono-acetyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using a
method analogous to that of Example 1, step 1.20, 



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-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine2-carbonylFamino}-5-phosphono-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 Me0H 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(Na2SO4) 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-benzyloxycarbonylamino-5-iodo-pentanoic acid methyl ester: To a solution of intermediate 13.1
(1.4 g) in THE (40 mL) were added imidazole (545 mg) and PPh3 (1.97 g). The mixture was cooled
down to 0C 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 4 h. An aq. solution of Na2S203 was added to the
mixture that was further diluted with Et20. The phases were separated and the org. phase was washed
with water, dried (MgSO4) and evaporated off to afford the crude compound as a yellow oil (3.5 g).
LC-MS: tR = 1.04 min; [M+H]: 391.87. 25 13.3.
(8)-2-benzyloxycarbonylamino-5-(diethoxythosphoiy1)-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/IB2009/051499 - 58 - LC-MS: tit= 0.92 min; [M+Hr: 402.02.
13.4. (8)-2-benzyloxycarbonylamino-5-(diethoxy-phosphoty1)-pentanoic acid: 



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-piperazine1-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
101-ethoxycarbonylpiperazine. LC-MS: tR = 0.97 mm; [M+HI: 555.98. 13,6. 4-14,5)-2-a
no-5-(diethaty-phosphoty1)-pentanoy1J-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-pyrrolidin-1-y0-6-phenylpyridine-2-carbonylPaminol
pentanoy0-piperazine-1-carboxylic acid butyl ester:    This compound was prepared using a method
analogous to that of Example 1, step 1.19, 20intermediate 13.6 replacing intermediate 1.18. The
compound was purified by CC (EA/Me0H 10/1 to 9/1). LC-MS: tR = 0.91 min; [M+H]: 702.13. 13.8.
4-0)-2-4[44(8)-3-methoxy-pyrrolidin-1-y0-6-phenyl-pyridi e-2-carbonylramino}-
5-phosphono-pentanoy1)-piperazine-1-carboxylic acid butyl ester:  WO
2009/125366PCT/1B2009/051499 - 59 - 



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 14: 4-((R)-2-1[4-((S)-3-methox-y-pyrrolidirt-1-y1)-6-phenyl-pyridine-
2-earbonylFamino}-5-phosphono-pentanoy1)-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. LC-MS: tR = 1.04 min; [M+H] : 391.84. 1514.3.
(12)-2-benzyloxycarbonylamino-5-(diethoxy-phosphory1)-pentanoic acid methyl ester: This compound
was prepared using a method analogous to that of Example 1, step 1.15, intermediate 14.2 replacing
intermediate 1.14. LC-MS: tR = 0.92 mm; [M+H]+: 402.02. 14.4.
(R)-2-benzyloxycarbonylamino-5-(diethoxy-phospholy0-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: tR = 0.80 min; [M+H]+: 388.09. 14.5. 4-
[(1?)-2-benzyloxycarbonylamino-5-(diethoxy-phospholy1)-pentanoyll-piperazine1-carboxylic acid butyl
ester:  WO 2009/125366PCT/182009/051499 



- 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/Me0H 10/1).
5LC-MS; tR = 0.98 min; [M+HI: 556.02. 14.6. 41(12)-2-am
no-5-(diethoxy-phospholy0-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, intermediate 13.6 replacing intermediate 1.18. The
compound was purified by CC (EA/Me0H 158/2, then EA/Me0H 9/1). LC-MS: tR = 0.91 mm; [M+Hr:
702.42. 14.8. 4-1(R)-2-{1-4-(68)-3-methoxy-pyrrolidin-l-y0-6-phenyl-pyridine-2-carbonyll-anzino}-
5-phosphono-pentanoy1)-piperazine-1-carboxylic acid butyl ester:    This compound was prepared
using a method analogous to that of Example 1, step 1.20, 20intermediate 14.7 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/Me0H 2/1). LC-MS: tR = 0.80 mm; [M+1-111: 646.12. Example 15:
4-((R)-2-116-(2-fluoro-phenyl)-4-phenyl-py *dine-2-carbonylkamino}-
3-phosphono-propiony1)-piperazine-l-carboxylic acid butyl ester: 2515.1.
4-[(R)-2-tert-butoxycarbonylamino-3-(diethoxy-phospholyl)-propionylne- 1-carboxylic acid butyl ester:
WO 2009/125366PCT/182009/051499 



-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 0/100, followed by EA/Me0H 9/1, followed by EA/Me0H/NEt3 58/2/0.1; second CC: 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 by acetyl chloride (3.1 mL) over 10 min. The
reaction 15 mixture was stirred overnight at RT. A solution of aq. 10% Na2CO3 was added and the
mixture was extracted with EA. The combined org. phases were washed with brine, dried (Na2SO4)
and evaporated off. Filtration over a plug of silica gel (Hept/EA 1/1) gave the desired compound (450
mg). LC-MS: tR = 0.97 min; [M+H]: 181.52. 2015.4. 1-oxy-4-phenyl-pyridine-2-carbonarile: MCPBA
(766 mg) was added to a solution of intermediate 15.3 (400 mg) in DCM (10 mL) at RT. The reaction
mixture was heated to 40-45C for 48 h. The reaction mixture was filtered off and the solid was washed
with DCM. The solution was concentrated 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 (410 mg). LC-MS: tit = 0.83 mm; [M+H]: 197.48. 15.5.
6-chloro-4-phenyl-pyridine-2-carbonitrile:  WO 2009/125366PCT/182009/051499 



- 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 product (350 mg). 5 LC-MS: tit = 1.06 mm; [M+H+CHICN] 257.30. 15.6.
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 aq. phase was extracted twice with EA. The combined org. phases
were washed 10 with conc. HO and brine, dried (Na2SO4) 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)-aminol-3-('iethoxy-phosphory11-
propionyli-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 0C and NEt3 (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 15.2 (150 mg) was added and the mixture was stirred for 2 h at RT. 20
Intermediate 15.2 (150 mg) was again added and the mixture was stirred for 3 h at RT. EA and water
were added to the mixture. The org. phase was washed with a Na2CO3 solution and with brine. The
aq. phases were extracted with EA and the combined org. phases were dried (Na2SO4) and
evaporated off to give the desired product as a brown oil (950 mg). LC-MS: tR = 1.06 min; [M+H]':
609.04. 2515.8.
4-(11?)-3-(diethoxy-phosphoty1)-2-116-(211uoro-pheny0-4-phenyl-pyridine-2-carbonyll-
amino}-propiony0-piperazine-1-carboxylic acid butyl ester:  WO 2009/125366PCT/IB2009/051499 - 63
- overnight. The solvent was evaporated off The crude was purified by preparative TLC (DCM/acetone
5/3) to afford the desired compound as a colourless oil (35 mg). 



LC-MS: tR = 1.12 mm; [M+Hr: 669.59.     15.9.
4-((R)-2-i16-(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 that of Example 3, step 3.7, intermediate 15.8 replacing intermediate 3.6. The compound
was however purified by preparative LC-MS (III). 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-propiony1)-piperazine-1-carboxylic acid butyl ester: 16.1.
44(R)-3-(diethoxy-phosphotyl)-24[4-pheny1-6-(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-trifluoromethylphenylboronic acid replacing
2-fluorobenzeneboronic acid. LC-MS: tR = 1.15 mm; [M+H]: 719.72. 16.2.
44(R)-2-114-phenyl-6-(3-trifluoromethyl-phenyl)-pyridine-2-carbonylrat ino)-
3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester:      This compound was prepared
using a method analogous to that of Example 15, step 15.9, 20intermediate 16.1 replacing
intermediate 15.8. LC-MS: tR = 1.02 min; [M+Hr: 663.55. Example 17:
4-((R)-2-116-(4-fluoro-phenyl)-4-phenyl-pyridine-2-carbonyll-amino}-
3-phosphono-propionyl)-piperazine-1-carboxylic acid butyl ester:  WO
2009/125366PCT/182009/051499 - 64 - This compound was prepared using a method analogous to
that of Example 15, step 15.8, 4-fluorobenzeneboronic acid replacing 2-fluorobenzencboronic acid.
LC-MS: tk = 1.12 min; [M+FI]: 669.97.      17.2.
4-((R)-211-6-(41luoro-pheny1)-4-phenyl-pyridine-2-carbonyThantino)-3-phosphono5
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-phosphono10propiony1}-piperazine-1-carb
oxylic acid butyl ester: 18.1.
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 compound 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] I: 609.18. Example 19: 4-1(R)-2-1[4-((/S,2S)-2-methoxymethyl-cyclopropy1)-6-phenyl-pyridine-
2-carbonyll-amino)-3-pbosphono-propiony1)-piperazine-1-carboxylic acid butyl ester: 19.1.
(0-3-tributylstannanyl-prop-2-en-l-ol:  WO 2009/125366PCT/1B2009/051499 - 65 - cooled to RT and
directly purified by CC (EA/Hept 5/95) to afford 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.
((JR,25)-2-tributylstannanyl-cyclopropy1)-methanol: 5 To a solution of dimethoxyethane (1.8 mL) in
anhydrous DCM (70 inL) cooled at -13C under argon was 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 -12.5C. After completion of the addition, the resulting solution was stirred for 30 min at -10C. A
solution of (4R,5R)-2-butyl-N,N,Y,Nr-tetramethy1-1,3,2-dioxaborolane-4,5-dicarboxamide in DCM 



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 overnight at RT. The reaction was quenched with an aq. NH4C1 solution (10 mL), and a 1M aq.
HC1 solution (10 mL). The mixture was diluted 15 with H20, the org. phase separated and the aq.
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 mL, c = 1.0): specific optical rotation -= +14.74.
19.3. Tributyl-VS,2R)-2-methoxymethyl-cyclopropy1)-stannane: To a 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 H20 and extracted with DCM. The combined org. phases were dried over MgSO4 and
evaporated off to afford the desired compound as a pale yellow oil (10.49 g).  WO 2009/125366
PCT/1B2009/051499   - 66 -  /H-NMR (CDC13): 3.45(dd, 1H);3.38(s,3El);3.12 



(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-carboxylic acid butyl ester: 5 This compound was prepared using a method analogous to that of
Example 1, step 1.17, intermediate 1.9 replacing intermediate 1.16 and intermediate 15.2 replacing
1-ethoxycarbonylpiperazine. The compound was 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}-propiony1)-piperazine-1-carboxylic acid butyl ester: A solution of
intermediate 19.3 (90 mg), intermediate 19.4 (95 mg) and P41'1113)4 (10 mg) in toluene (1.5 mL) was
degassed and heated at 130C for 16 h under argon. The same quantities of intermediate 19.3 and
Pd(PPh3)4 were added and the mixture was further heated at 130C 15 for 20 h. Water and EA were
added and the phases were separated. The org. phase was dried (Na2SO4) and evaporated off. The
crude was purified by CC (EA/Me01-1 1/0 to 1/I) to afford the desired compound as a yellow oil (45
mg). LC-MS: tR = 1.05 min; [M+H]': 659.75.      19.6.
44R)-2-{[441S,2,5)-2-nzethoxymethyl-cyclopropy0-6-phenyl-pyridine-2-carbonylP 20
amino)-3-phosphono-propiony1)-piperazine-1-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: tR = 0.90 mm; [M+H]*: 603.71. 



Example 20:
44(R)-2-114-((IS,2S)-2-hydroxymethyl-cyclopropyl)-6-phenyl-pyridine252-carbonylkamino}-3-phospho
no-propiony1)-piperazine-1-carboxylic acid butyl ester:  WO 2009/125366PCT/1132009/051499 - 67 -
This compound was prepared using a method analogous to that of Example 19, step 19.5,
intermediate 19.2 replacing intermediate 19.3. The compound was however purified by CC (Hcpt/EA
1/1 to 0/1, then EA/Me0H 1/1). LC-MS: tR = 0.97 mm; [M+Hr: 645.57. 5 20.2.
44(R)-2-a4-((lS,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:
4-((R)-2-([4-((S)-3-methoxy-pyrrolidin-1-31)-6-phenyl-pyridine-
2-carbonylFaminol-3-phosphono-propiony1)-piperazine-1-carboxylic acid ethyl ester: 21.1.
44(R)-3-(diethoxy-phospholy0-2-(144(S)-3-methoxy-pyrrolidin-1-y0-6-phenylpyridine-2-carbonyll-amino
}propiony0-piperazine-1-carboxylic acid ethyl ester:   This compound was prepared using a method
analogous to that of Example 1, step 1.17, 15intermediate 1.10 replacing intermediate 1.16 and
intermediate 3.4 replacing 1-ethoxycarbonylpiperazine. 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-phosphono-propionyOpiperazine-1-carboxylic acid ethyl ester: 20 This compound was prepared
using a method analogous to that of Example 1, step 1.20, intermediate 21.1 replacing intermediate
1.19. However no work-up was performed, the reaction mixture was evaporated off and the residue
was purified by preparative LC-MS (IV) followed by preparative LC-MS (V). LC-MS: tR = 0.72 min,
[M--H]: 590.44. 75Example 22: 4-0R)-2-1[4-((S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine- 



2-carbonylFamino}-3-phosphono-propiony1)-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
-propionyl)-piperazine-1-carboxylic acid butyl ester: This compound was prepared using 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/Me0F1 1/0 to 9/1). LC-MS: tR = 0.90 mm; [M+HI: 674.72. 22.2.
44(R)-24144(S)-3-methoxy-pyrrolidin-l-y0-6-phenyl-pyridine-2-carbonylPamino1-
3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester:   This compound was prepared
using a method analogous to that of Example 1, step 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; [M+H]t 618.22. Example 23:
4-((S)-2-1[4-((S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine2-carbonyll-amim4-3-phosphono-propiony
l)-piperazifle-1-carboxylic acid ethyl ester: 1523.1.
(S)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoty1)-propionic acid methyl ester: This compound
was prepared using a method analogous to that of Example 3, step 3.1, Boc-3-iodo-D-Ala-OMe
replacing Boc-3-iodo-L-Ala-OMe. 1H-NMR (CDC13): 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.
(S)-2-tert-butoxycarbonylamino-3-(diethaxy-phosphotyl)-propionic acid: This compound was prepared
using a method analogous to that of Example 1, step 1.16, intermediate 23.1 replacing intermediate
1.15. 



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 analogous to that of Example 1, step 1.17, intermediate 23.2 replacing intermediate 1.16.
LC-MS: tR = 0.85 mm; [M-I-Hr: 466.21.     23.4.
4-[(S)-2-amino-3-(diethoxy-phosphoty1)-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 Me0H. LC-MS: tR = 0.66 min;
[M+141- : 366.12.      23.5.
44(S)-3-(diethoxy-phosphory0-2-{1-4-(('S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl10
pyridine-2-carbonylkaminol-propionyl)-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/Me0E1 1/1/0 to 9/0/1). LC-MS: tR = 0.84 min; [M+1-1]1: 646.85. 15 23.6.
44(5)-210-((S)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonyll-aminol3-phosphono-propiony1
)-piperazine-1-carboxylic acid ethyl ester: This compound was prepared using a method analogous to
that of Example 1, 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). 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-phenyh-propionylppiperazine- 1-ca rboxylic acid ethyl ester: 24.1.
(S)-2-tert-butoxycarbonylamino-3-(4-iodo-phenyl)-propionic acid ethyl ester: 25To a solution of
(S)-2-tert-butoxycarbonylamino-3-(4-iodo-phenyl)-propionic acid (3 g) in 



anti. Et0H (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% aq. citric acid and sat. aq. NaHCO3, dried (Na2SO4) and
evaporated off. The resulting crude material was purified by CC (Hept/EA 1/0 to 0/1) to afford 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 mg), 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% aq. citric acid, sat. aq. NaHCO3 and brine, dried (Na2SO4) and evaporated off. The crude
material was purified twice by CC (1-lept/EA 9/1 to 0/1; then DCM/Me0H 1/0 to 20/1) to 15afford the
title compound as a colourless resin (2.79 g). LC-MS: tR = 0.98 min; [M+Hr: 430.05. 24.3.
(S)-2-tert-butoxyearbonylamino-314-(diethoxy-phospholy0-phenyll-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: tR = 0.86 min; [M+HI: 402.01. 24.4.
4-{(S)-2-tert-butoxycarbonylamino-3-14-(diethoxy-phospholy0-phenyll-propionyl}-
piperazine-1-carboxylic acid ethyl ester:    This compound was prepared using a method analogous to
that of Example 12, step 12.2, intermediate 24.3 replacing intermediate 12.1 and
1-ethoxycarbonylpiperazine replacing 25 intermediate 2.2. The compound was purified by CC
(EA/Me0H 1/0 to 40/1). LC-MS: tR = 0.93 mm; [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, intermediate 24.4 replacing intermediate 2.1 and EA replacing Me0H. 5LC-MS: t1= 0.69 min;
[M+Hr: 442.11. 24.6. 4-(65)-3-14-(diethoxy-phospholy1)-phenyl]-2-{[44(S)-3-methav-pyrrolidin-l-y0-
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/Me0H 1/0 to 98/2). LC-MS: tR = 0.89 min; [M+Hr: 722.87. 24.7.
4165)-240-(('S)-3-methoxy-pyrrolidin-l-y0-6-phenyl-pyridine-2-carbonylramino)-
3-(4-phosphono-phenyl)-propionyll-piperazine-1-carboxylic acid ethyl ester:   This compound was
prepared using a method analogous to that of Example 1, step 1.20, 15intermediate 24.6 replacing
intermediate 1.19. The crude was purified 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-isopropyl-6-phenyl-pyridine-2-carbonyl)-amino]-
3-phosphono-propionyl}-piperazine-l-carboxylic acid butyl ester: 20 25.1.
4-[(R)-2-174-chloro-6-phenyl-pyridine-2-carbonyll-amino]-3-(diethoxy-phosphotyppropionylPpiperazine
-l-carboxylic acid butyl ester: This compound was prepared using a method analogous to that of
Example 1, step 1.17, intermediate 1.9 replacing intermediate 1.16 and intermediate 15.2 replacing
1-ethoxycarbonylpiperazine. The compound was purified by CC (EA/Hept 1/1 to 1/0). 25LC-MS: tR =
1.07 nun; [M-FHI: 609.71.  WO 2009/125366PCT/1B2009/051499 - 72 - 



25.2. 4-{(R)-3-(diethoxy-phospholy1)-2-174-isopropyl-6-phenyl-pyridine-2-carbony1)-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(III) acetylacetonate (0.8 mg) and a 1M solution of isopropylmagnesium
bromide in THE 5 (0.13 mL). The mixture was stirred for 2 h at RT and an additional amount 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 (Na2SO4), evaporated off and the crude material was purified by CC (EA/Me0H 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-{(1?)-2-[(4-isopropyl-6-phenyl-pyridine-2-carbony0-alnina 7-3-phosphono-propiony0-
piperazine-1-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: tR = 0.94 mm; [M+Hr: 561.54. Example
26:
4-1(R)-2-[(4-methoxy-6-phenyl-pyridine-2-carbortyl)-amino1-3-phosphonopropiony1)-piperazine-l-carb
oxylic acid butyl ester: 26.1. 4-tnethoxy-6-phenyl-pyridine-2-carboxylic acid: 20 To a solution of
intermediate 1.9(1 g) in anh. DMF (5 rnL) and anh. Me0H (3 mL) was added dropwise at RT a 5.4 M
solution of sodium methoxide in Me0H (3.2 mL). The resulting suspension was stirred on at I00C,
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). 25LC-MS: tR = 0.68
nun; [M+Hr: 230.37.  WO 2009/125366PCT/IB2009/051499 - 73 - This compound was prepared using
a method analogous to that of Example 12, step 12.2, intermediate 26.1 replacing intermediate 12.1
and intermediate 15.2 replacing intermediate 2.2. The compound was purified by CC (EA/Me0H 1/0 to
100/1). LC-MS: tR = 1.04 mm; [M+H]T: 605.60. 5 26.3.
4-17R)-2-1(4-methoxy-6-phenyl-pyridine-2-carbony1)-amino1-3-phosphono-propionyllpiperazine-l-carb
oxylic acid butyl ester: This compound was prepared using a method analogous to that of Example I,
step 1.20, intermediate 26.2 replacing intermediate 1.19. The crude was purified by CC (reverse
phase, water/MeCN 95/5 to 20/80). 



10LC-MS: tR = 0.88 mm; [M+13]+: 549.57. Example 27:
4-{(R)-2-[(6-pheny1-4-pyrrolidia-1-yl-pyridine-2-carbony1)-aminol3-phosphono-propionyll-piperazine-1-
carboxylic acid butyl ester: 27.1.
443-(ethoxy-hydroxy-phosphotyl)-2116-phenyl-4-pyrrolidin-l-yl-pyridine-2-carbonyl)-
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 I 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 (I) to give a yellow oil
(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-l-c
arboxylic 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: tR = 0.79 mm; [M+H]: 588.28.  WO
2009/125366PCT/1112009/051499 - 74 - Example 28:
4-{(R)-242-(4-butoxycarbonyl-piperazin-l-y1)-2-oxo-l-phosphonomethylethylearbamoy1]-6-phenyl-pyrid
in-4-y11-1-metbyl-piperazin-l-ium formate: 28.1.
4-(3-(ethoxy-hydroxy-phosphory0-2-{[4-(4-methyl-piperazin-1-A-6-phenyl-pyridine2-carbonylkamino}-pr
opionyl)-piperazine-1-carboxylic acid butyl ester: 5 This compound was prepared using a method
analogous to that of Example 27, step 27.1, 1-methylpiperazine replacing pyrrolidine. The compound
was however purified by preparative LC-MS (IV). LC-MS: tR = 0.72 mm; [M+Hr: 645.17.      28.2.
4-{(R)-2-[244-butoxycarbonylpiperazin-1-y1)-2-oxo-1-phosphonomethyl10ethylcarbarnoyll-6-phenyl-py
ridin-4-yl)-1-methyl-piperazin-l-ium fonnate: 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: tR 0.70 mm; [M+FII: 617.31. 



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-piperazine-1-carboxylic acid butyl ester: A reaction mixture containing intermediate 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 I, step 1.20, intermediate 27.1 replacing intermediate 1.19 and 10 eq. of TMSBr being
added after I h, the reaction mixture being further stirred for 1 h The compound was however purified
by preparative LC-MS (IV). 5 LC-MS: tR = 0.71 min; [M+HI: 604.14. Example 30:
4-{(R)-2-[(2-hydroxymethyl-6Lpheny1-3,4,5.6-tetrallydro21/41,41 bipyridiny1-2'-carbonyl)-am i no 1-3-p
hosp hono-propionyl}-piperazin e1-carboxylic acid butyl ester: A reaction mixture containing
intermediate 25.1 (100 mg), 2-hydroxymethyl-piperidine 10 (382 mg),
acetato(2'-di-tert-butylphosphino-1,1'-biphenyl-2-yl)palladium (1.5 mg) and NaOtBu (46 mg) in toluene
(1 mL) was heated at 90C under argon for 3 h. The soEvent 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 15however purified by preparative LC-MS (IV) to give a yellow
solid (6 mg). LC-MS: ti = 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-carboxylic acid butyl 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: tR = 0.78 mm; [M+Fl]*: 574.38. 



Example 32: 4-{(R)-2-[(6-phenyl-4-phenylamino-pyridine-2-carbonyl)-amino]-
3-phosphono-propionyll-piperazine-l-carboxylic acid butyl ester:  WO
2009/125366PCT/1B2009/051499 - 76 - This compound was prepared using a method analogous to
that of Example 30, aniline replacing 2-hydroxymethyl-piperidine. The compound was however 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-ethylamino)-6-phenyl-pyridine-2-carbortyl]-
amino)-3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester:   This compound was
prepared using a method analogous to that of Example 30, p-alanine ethylester hydrochloride
replacing 2-hydroxymethyl-piperidine. The compound was however 15 purified by preparative LC-MS
(IV). LC-MS: tR = 0.74 mm; [M+H]4: 606.27. Example 35: 4-((R)-2-{[4-((S)-3-m ethoxy-pyrrolidin-1
-y1)-6-phenyl-pyridine-2- carbonylEamino)-3-phosphono-propiony0-3-methyl-piperazirte-1-carboxylic
acid ethyl ester: 2035.1. 3-methyl-piperazine-l-carboxylic acid ethyl ester: To a solution of
2-methylpiperazine (10.0 g) in Me0H (120 mL), 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 Me0H evaporated in vacuo. The aq. phase was diluted with toluene
(70 mL), the layers were 25separated 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  



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-l-carboxylic acid ethyl ester: This compound was prepared using a method analogous 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+Hr: 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-methoxy-pyrrolidin-l-y0-6-phenyl-
pyridine-2-carbonylkamino}-propiony0-3-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, followed 20 by DCM/Me0H 97/3 to 95/5).
LC-MS: tR = 0.86 min; [M+Hr: 660.16. 35.5.
44(R)-2-/144(S)-3-methoxy-pyrrolidin-l-y1)-6-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 of Example 1, step 1.20, 25intermediate 35.4 replacing intermediate 1.19. The
compound was however purified by 



preparative LC-MS (IV). 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-propionyl)-piperazine-l-carboxylic acid butyl ester: 36.1.
4-(2-methoxy-ethoxy)-6-phenyl-pyridine-2-carboxy1ic acid: To a suspension of sodium (35 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 under 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. phase was dried (Na2SO4) and evaporated off to afford a yellow oil (204 mg). LC-MS : tR =
0.71 min; [M+H]+: 274.26. 15 36.2.
44(R)-3-(diethoxy-phosphotyl)-2-04-(2-methoxy-ethoxy)-6-phenyl-pyridine2-carbonyl.
faininol-propiony1)-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  15.2 replacing intermediate 2.2. The compound was purified by CC (EA/Me0H 1/0 to
25/1) 20LC-MS : tR. --- 1.03 min; [M+11]-: 649.77. 36.3.
4-07?)-2-(0-(2-rnethoxy-ethoxy)-6-phenyl-pyridine-2-carbonyll-aminbl-3-phosphonopropiony1)-piperazi
ne-1-carboxylic acid butyl ester:   This compound was prepared using a method analogous to that of
Example 1, step 1.20, intermediate 36.2 replacing intermediate 1.19. The crude was purified by CC
(reverse phase, 25 water/McCN 95/5 to 20/80). LC-MS: t1=0.88 min; [M+H] : 593.46.  WO
2009/125366PCT/1132009/051499 



- 79. Example 37:
4-t(R)-2-[(4-methyl-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphotiopropiony1}-piperazine-1-carboxy
lic acid butyl ester: 37.1. 44(R)-3-(diethoxy-phosphoryl)-2-114-methyl-6-phenyl-pyridine-2-carbonyl)-a
no propionyl}-piperazine-l-carboxylic acid butyl ester: 5 This compound was prepared using 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-propiony1)- 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). LC-MS: tit =0.89; [M+HT : 533.46. 15Example 38:
4-((S)-2-1[4-((S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-
2-carbonylFamino}-4-phosphono-butyry1)-piperazine-1-carboxylic acid butyl ester: 38.1.
(S)-2-amino-4-bromo-butyric acid methyl ester:   A solution of (S)-(+)-2-amino-4-bromobutyric acid
hydrobromide salt (5 g) in a solution of 3M HC1 in Me0H (57 mL) was refluxed for 20 h. The reaction
mixture was evaporated off to 20afford after HV drying the desired compound as a brown oil (3.97 g).
LC-MS: tR = 0.27 min; [M+Hr: 193.18. 38.2. (S)-2-benzyloxycarbonylamino-4-bromo-butyric acid
methyl ester:   To a suspension of intermediate 38.1 (3.95 g) in DCM/water (18 mL, 1/2) was added
NaHCO3 (2.6 g). The mixture was cooled to 0C and Cbz-Cl (2.48 mL) was added The mixture was
25stirred at RT overnight. DCM/water was added and the phases were separated. The org. phase
WO 2009/125366PCT1182009/051499 - 80 - 



was dried (Na2SO4) 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 prepared using a method analogous to that of Example 1, step 1.15, intermediate 38.2 replacing
intermediate 1.14. LC-MS: tit= 0.91 mm; [M+H]: 388.44. 38.4.
(S)-2-benzyloxycarbonylamino-4-(diethoxy-phosphory0-butyric acid:      This compound was prepared
using a method analogous to that of Example I, 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-phosphory1)-butytyli-piperaz ne1-carboxylic acid butyl ester:    This compound was prepared
using a method analogous to that of Example 1, step 1.17, 15intermediate 38.4 replacing intermediate
1.16 and intermediate 2.2 replacing 1-ethoxycarbonylpiperazine. LC-MS: tR = 0.97 mm; [M+1-1]1:
542.40. 38.6. 4-1(S)-2-amino-4-(diethoxy-phosphory1)-butyiy0-piperaz ne-l-carboxyl c acid butyl ester:
20 This compound was prepared using a method analogous to that of Example 1, step 1.18,
intermediate 38.5 replacing intermediate 1.17. LC-MS: tR = 0.74 min; [M+FT]': 408.55. 38.7.
44(8)-4-(diethoxy-phosphory0-2-0-0)-3-methoxy-pyrrolidin-J-y0-6-phenylpyridine-2-carbonylPamin6)-b
utyly0-piperazine-1-carboxylic acid butyl ester:  WO 2009/125366PCT/1 2009/051499 - 81 - 



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. 538.8. 4-(68)-24[41-(0)-3-methoxy-pyrrolidin-1-y0-6-phenyl-pyridine-2-carbonyll-amino,1-
4-phosphono-butyty0-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-phosphory1)-2-{[4-((S)-3-metItoxy-pyrrolidin-
l-y1)-6-phenyl-pyridine-2-carbonylFaminol-propiony1)-piperatine-1-carboxylic acid butyl ester: A
solution of intermediate 22.2 (50 mg) and Et3N (0.041 mL) in NMP (0.6 mL) was stirred 20 min at RT.
Then, bromomethyl acetate (0.092 mL) was added followed by NaI (13 mg) and  15 the reaction
mixture was stirred overnight at 45C. The reaction mixture was diluted with toluene and washed with
water (5x). Each aq. layer was afterwards extracted with toluene (2x). The combined org. layers were
dried over Na2SO4 and evaporated to dryness. CC (EA) gave 6 mg of the desired product. LC-MS: tR
= 0.91 min; [M+H]: 762.30.
',()Example40:4-((R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphory1)-2-114-((S)-3-
methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonylkaminol-propiony1)-piperazine1-carboxylic acid
butyl ester: A solution of intermediate 22.2 (100 mg) in abs. DMPU (0.3 mL) and NEt3 (68 uL) was
stirred for 10 min at RT. Then, chloromethyl ethyl carbonate (650 mg, prepared as described 25 in
W02004092189) and NaI (29 mg) were added at RT, and the reaction mixture was stirred overnight at
50C. The reaction mixture was diluted with H20 and the aq. phase extracted with toluene. The
combined organic layers were dried over Na2SO4 and concentrated to dryness. CC (EA) gave 19 mg
of the desired product.  WO 2009/125366PCT/O320091051499 



- 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-pyrrolidia1-y1)-6-phenyl-pyridine-2-carb
onylkamino}-3-oxo-3-(4-butoxy-carbonyl-piperazin-1-y1)- propyl-phosphonic acid diamide: 5 A solution
of intermediate 22.2 (200 mg), HC1 H-Ala-OEt (149 mg) and NEt3 (027 ntL) in abs. pyridine (1 mL)
was heated to 60C for 10 mm. Then, a solution of aldrithio1-2 (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 Na2SO4 and concentrated to dryness. The
residue was purified by CC (EA, then acetone) to give 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-phosphono-propionylj-piperazine-1-carboxylic acid butyl ester: 1542.1.
6-Pheny1-4-(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 inL) at RT. The suspension was stirred
for 30 min at RT, then lh at 65C. A solution of intermediate 1.9 (400 mg) in anh. THE (8 mL) was
added dropwise and the reaction mixture stirred for 3 d 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
(2x) and the aq. layer acidified to pH 2 with 25% HCI. The aq. phase was extracted with DCM (3x),
and the combined organic phase dried over anh. Na2SO4, and concentrated to dryness. Purification
by CC (reverse phase; eluent A: H20/TFA(1%); eluent B: MeCN/TFA (1%); gradient: 1 to 95% B) gave
80 mg of the desired product. 25LC-MS: tn, = 0.72 min; [M+H]: 286.29.  WO
2009/125366PCT/182009/051499 - 83 - 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 ttL) followed by HATU (106 mg), and
the reaction mixture was stirred for 3.5 h at RT. Sat. aq. Na2CO3 was added and the aq. phase was
extracted with DCM. The combined org. phases were dried over Na2SO4 and evaporated to dryness.
5 Purification by CC (EA/Me0H 1:0 to 0:1) gave 39 mg of the desired product. LC-MS: tit- 1.03 min;
[M+H]t: 661.64. 42.3.4-[(1?)-2-0-Phenyl-4-17tetrahydro-furan-3-yboxylpyridine-2-carbonyl}-amino)-3-
phosphono-propionylkpiperazine-1-carboxylic acid butyl ester: 



To a solution of intermediate 42.2 (36 mg) in MeCN (0.16 mL) was added trimethylsilyl 10 bromide
(0.141 mL) at 0C. 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 combined org. phases dried over MgSO4 and concentrated to dryness. The crude was
purified by CC (reverse phase; eluent A: H20; eluent B: MeCN; gradient: 5 to 80% B) and then by
preparative TLC (DCM/Me0H 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 were 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 300'000 dpm per 25well) 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  WO 2009/125366PCT/1B2009/051499 - 84 - 0.5 mL solubilization buffer (SDS, NaOH,
EDTA). The content of each well was then transferred into beta-counter vials and 2.0 ml of Ultima Gold
Scintillation liquid was added. After quantification of the cell-associated signal, extent of inhibition was
calculated relative to maximal possible inhibition demonstrated by addition of excess of cold
2-methyl-S-ADP. 5Results Using the procedure described above for the P2Y12 receptor binding
assay, ICsos ranging from 1 nM to 929 nM, with a arithmetic mean value of about 48 n1\4, were
measured for the compounds of Examples 1 to 42.      For example, the following results could be
obtained using the procedure described above for 10the P2Y12 receptor binding assay: Example No.
IC50 at P2Y12 receptor binding assay (nM) 
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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)alkoxymethyl, or 12- represents a phenyl group optionally substituted once by (C1-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 heterocyclic ring of 4 to 7 members wherein the
members needed to complete said heterocyclic ring are each independently selected from -CH2-,
-CHle- and -NRY-, it being  85a understood however that said heterocyclic ring does not contain more
than one member selected from the group consisting of -CHRx- and -NR'-, R." representing hydroxy,
hydroxymethyl or (Ci-COalkoxy and RY representing (CI-C4)alkyl; Ra represents hydrogen or methyl;
5Rb represents hydrogen; R4 represents (C1-C4)alkoxy; and n represents 0, 1, 2 or 3 and Z is a bond
or n is 1 and Z is phenyl; wherein the term "monocyclic heteroaryl" refers to a monocyclic aromatic ring
system containing 5 or 10 6 ring atoms among which 1 or 2 may be heteroatoms selected from 0, N
and S; and the term "heterocycly1" refers to azetidinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl,
piperazinyl, morpholinyl or thiomorpholinyl; or a salt of such a compound. 



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 claims 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 compound.  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-(CI-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 that carries them, a heterocyclic 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 more than one member
selected from the group consisting of -CHRx- and -NR-, Rx representing hydroxy, hydroxymethyl or
(CI-C4)alkoxy and BY representing (CI-C4)alkyl; 5or a salt of such a 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 I 



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 nitrogen 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 from -CH2-, -CHle- and -NP!-, it being understood however that said heterocyclic ring does
not contain more than one member selected from the group consisting of -CHle- and -NB!-, Rx
representing (C1-C4)alkoxy and RY representing (Ci-C4)alkyl;  88a Ra represents hydrogen; Rb
represents hydrogen; R4 represents (C -C4)allcoxY; R5 represents R6-0CH20- or
R7-(CI-C4)alkyl-NH-; 



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-carbonyl]amino} -
4-phosphono-butyry1)-piperazine-1-carboxylic acid ethyl ester; 15- 4-((R)-2-
f[4-(0)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonylkamino 1 -
4-phosphono-butyry1)-piperazine- 1 -carboxylic acid butyl ester; - 44(R)-2-
114-(4-methoxy-phenyl)-6-phenyl-pyridine-2-carbonyl] amino I
-3-phosphonopropiony1)-piperazine-1-carboxylic acid ethyl ester;      - 4-
{(R)-2-[(6-pheny1-4-thiophen-3-yl-pyridine-2-carbonye-amino]-3-phosphono-propionyll -
20piperazine-l-carboxylic acid ethyl ester; - 4-
{(R)-2-[(4,6-diphenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyl) -piperazine1-carboxylic acid
ethyl ester; -
4-{(R)-2-[(4-cyclopropy1-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyllpiperazine-1-ca
rboxylic acid ethyl ester; 25-
4-((R)-2-{[44(R)-3-hydroxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonylkamino)-
3-phosphono-propiony1)-piperazine-1-carboxylic acid ethyl ester; - 4-((R)-2-
f[4-(2-methoxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]-amino}-3-phosphonopropiony1)-piperazine-1
-carboxylic acid ethyl ester;  WO 2009/125366PCT/1B2009/051499 



- 89 - - 4-((R)-2-
{[4-(2-hydroxy-ethylamino)-6-phenyl-pyridine-2-carbonylkaminol-3-phosphonopropiony1)-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 acid ethyl ester; 5- 4-
{(R)-2-[(4-benzylamino-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-propiony 1-
piperazine-l-carboxylic acid ethyl ester; - 4-(-2- {[44(S)-3-methoxy-pyrro1idin-1-y1)-6-phenyl-pyri
dine-2-carbonyThaminol - 2-phosphono-acety1)-piperazine-l-carboxylic acid butyl ester;      - 44(3)-2- {
[4-((S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonylkamino } -
105-phosphono-pentanoy1)-piperazine-1 -carboxylic acid butyl ester; - 44(R)-2-
{[44(5)-3-methoxy-pyrrolidin-1-y1)-6-phenyl-pyridine-2-carbonylkaminol5-phosphono-pentanoy1)-piper
azine-1-carboxylic acid butyl ester; - 4-((R)-2-
{[6-(2-fluoro-pheny1)-4-phenyl-pyridine-2-carbonyl]-amino}-3-phosphonopropiony1)-piperazine-1-carbo
xylic acid butyl ester; 15- 4-((R)-2-
{14-pheny1-6-(3-trifluoromethyl-pheny1)-pyridine-2-carbonyll-aminol-
3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester; - 4-((R)-2-
{[6-(4-fluoro-pheny1)-4-phenyl-pyridine-2-carbonyl]-aminol-3-phosphonopropiony1)-piperazine-1-carbo
xylic acid butyl ester;      - 4-
{(R)-2-[(4-pheny1-6-p-tolyl-pyridine-2-carbony1)-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-propiony1)-piperazine-l-carboxylic acid butyl ester; - 4402)-2- {
[4-((15,25)-2-hydroxymethyl-cyclopropy1)-6-phenyl-pyridine-2-carbonylkamino} -
3-phosphono-propiony1)-piperazine-1 -carboxylic acid butyl ester; 25- 4-((R)-2-
{[44(S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonyThaminol-
3-phosphono-propiony1)-piperazine-1-carboxylic acid ethyl ester; 



- 4-((R)-2- { [4-((S)-3-methoxy-pyrrolidin- 1-y1)-6-phenyl-pyridine-2-carbonyll-amino}-
3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester;      - 4-((S)-2-
{[44(S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonylkamino -
303-phosphono-propiony1)-piperazine-1 -carboxylic acid ethyl ester;  WO
2009/125366PCT/IB2009/051499 - 90 - - 4-[(S)-2- {[4-((S)-3-methoxy-pyrrolidin- I
-y1)-6-phenyl-pyridine-2-carbonyl]amino}- 3-(4-phosphono-pheny1)-propionyll-piperazine-1-carboxylic
acid ethyl ester; - 4-
{(R)-2-[(4-isopropy1-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyll - piperazine- 1
-carboxylic acid butyl ester; 5- 4-
{(R)-2-[(4-methoxy-6-phenyl-pyridine-2-carbonyl)-amino]-3-phosphono-prop onyl} -
piperazine-l-carboxylic acid butyl ester; - 4- {(R)-2-[(6-phenyl-4-pyrrolidin-
1-yl-pyridine-2-carbony1)-amino]-3-phosphonopropionyll-piperazine-1 -carboxylic acid butyl ester;
-4-((R)-2- ([4-(4-methyl-piperazin-1-y1)-6-phenyl-pyridine-2-carbonylkphosphonomethyl- 10amino}
-acetyl)-piperazine-1-carboxylic acid butyl ester; - 4-((R)-2-
{[6-phenyl-(R)-4-(tetrahydro-furan-3-ylamino)-pyridine-2-carbony1]-amino}-
3-phosphono-propiony1)-piperazine-1-carboxylic acid butyl ester; - 4-
{(R)-2-[(2-hydroxymethy1-6'-phenyl-3,4,5,6-tetrahydro-2H41,4Thipyridiny1-2-carbony1)-
amino]-3-phosphono-propionyll-piperazine-1 -carboxylic acid butyl ester; 15- 4-
{(R)-2-[(4-cyclopropylamino-6-phenyl-pyridine-2-carbony1)-aminop3-phosphono-
propionyll-piperazine-1-carboxylic acid butyl ester; - 4-
{(R)-2-[(6-pheny1-4-phenylamino-pyridine-2-carbony1)-amino]-3-phosphono-propionyllpiperazine-l-car
boxylic acid butyl ester; - 4-
{(R)-2-[(6-pheny1-4-propylamino-pyridine-2-carbony1)-amino]-3-phosphono-propionyll - 



20piperazine- I -carboxylic acid butyl ester; - 4-((R)-2-
{[4-(2-carboxy-ethylamino)-6-phenyl-pyridine-2-carbonyl]amino} -3-phosphonopropiony1)-piperazine- 1
-carboxylic acid butyl ester; - 4-((R)-2- {{4-(3-methoxy-pyrrolidin- 1
-y1)-6-phenyl-pyridine-2-carbonylkamino 1- 3-phosphono-propionyI)-3-methyl-piperazine-l-carboxylic
acid ethyl ester; 25- 4-((R)-2- {[4-(2-methoxy-ethoxy)-6-phenyl-pyridine-2-carbonyl]-amino}
-3-phosphono- propiony1)-piperazine-1 -carboxylic acid butyl ester; - 4-
{(R)-2-[(4-methy1-6-phenyl-pyridine-2-carbony1)-amino]-3-phosphono-propionyll -
piperazine-l-carboxylic acid butyl ester; - 4-(0)-2-
{[44(S)-3-methoxy-pyrrolidin-l-y1)-6-phenyl-pyridine-2-carbonylkamino} -
304-phosphono-butyry1)-piperazine-1-carboxylic acid butyl ester; or a salt of such a compound.  91  9.
A compound of formula I according to claim 7, which is selected from the group consisting of: -
44(R)-3-(Bis-acetoxymethoxy-phosphory1)-2- {{44(S)-3 -methoxy-pyrrolidin-1
-yI)-6-phenylpyridine-2-carbonylkamino -propionye-piperazine-l-carboxylic acid butyl ester; -
44(R)-3-(Bis-ethoxycarbonyloxymethoxy-phosphory1)-2-
{{4-((S)-3-methoxy-pyrrolidin-1y1)-6-phenyl-pyridine-2-carbonylk amino}
-propiony1)-piperazine-1-carboxylic acid butyl ester; - N,N'-Bis-((S)-1-ethoxycarbonylethyl)-2-
{(R)14-((S)-3 -methoxy-pyrrolidin-1 -y1)-6-phenylpyridine-2-carbonyl]-amino -3
-oxo-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
compound 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 'CE as defined in claim I, 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 ICE as defined in claim 1, or of a pharmaceutically acceptable salt thereof,
for the treatment of occlusive vascular disorders. 






