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Field of the Invention The invention relates to plasma carboxypepti dase B
i nhi bi t orwoensdsedsei r use as 5 anti-thronbotic agents. Thi edmuseansssn al so
relates to nmethods of using such inhibitors as anti-thronbotic agents and
to pharnmaceutical conpositions containing such inhibitors. Background of
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while u-PA exerts its main functions in tissues. When both t-PA and Glu-plasminogen bind to

25  the internal lysine and arginine residues of fibrin, the affinity of t-PA for plasminogen is
increased by two orders of magnitude. The fibrin surface allows formation of a ternary
complex between the enzyme and its substrate, resulting in more efficient conversion of
Glu-plasminogen to plasmin by t-PA. Thus, on the clot surface, plasmin initiates clot lysis by
proteolytic cleavage of internal lysine residues in the Aa-chain of fibrin.

30 Fibrinolysis is accelerated by several mechanisms. The major feedback mechanism
involves newly exposed C-terminal lysine residues of the Aa-chain of fibrin following its partial
degradation by plasmin. Since both Glu-plasminogen and t-PA have high affinities for these
newly-exposed C-terminal lysine residues, this leads to increased binding of Glu-plasminogen
and t-PA to fibrin. Other mechanisms of acceleration of lysis include plasmin-induced

35  conversion of Glu-plasminogen to Lys-plasminogen, which has a greater fibrin affinity, and
conversion of single-chain t-PA to two-chain t-PA by plasmin, which has both an increased
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activated in vitro by high concentrations of trypsin, thrombin, or plasmin via cleavage at Arg92.
25  Activated plasma carboxypeptidase B is a zinc metalloprotease that hydrolyzes synthetic and
natural peptides with C-terminal arginines and lysines, with a preference for arginine. It is
inhibited by a synthetic molecule such as guanidinoethyl-mercaptosuccinic acid (GEMSA) and
a naturally occurring carboxypeptidase inhibitor from potato (CPI).
Unlike pancreatic CPA and CPB, plasma carboxypeptidase activated with trypsin or
30 thrombin is very unstable since it undergoes conformational changes that result in thermal
instability. This thermal instability in turn facilitates the proteolytic cleavage of TAFla at
Arg302 by these activators that result in the loss of a substrate binding site. The stability of
the activated enzyme is enhanced when its catalytic site is occupied with inhibitors such as
GEMSA and aminohexanoic acid. The physiological activator of plasma carboxypeptidase B
35 probably is a thrombin/thrombomodulin complex. Compared to activation by free thrombin,
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Pr O£§ ol Xasr'ngyfpéggga?sé oln4t-PA-induced thrombolysis were also reported in a rabbit arterio-venous
shunt model and in a rabbit jugular vein thrombolysis model in house (see Refino, C.J. et al.,
Fibrinolysis & Proteolysis (1998), 12 (Supplement 1), Abstract No. 29). Furthermore,
prevention of venous thrombosis in the presence of a TAF! inhibitor was observed in both
rabbit and rat model (see Refino, supra; Nerme, V. et al, Fibrinolysis & Profeolysis (2000), 14

30  (Supplement 1), Abstract No. 69; and Muto, Y. et al., Fibrinolysis & Proteolysis (2000), 14
(Supplement 1), Abstract No. 70).
These in vivo studies together with in vifro clot lysis assays provide accumulating
evidence that plasma carboxypeptidase B is involved in the physiological regulation of
fiorinolysis/thrombolysis. There exists, therefore, a need for effective inhibitors of plasma

35 carboxypeptidase B in order to enhance fibrinolysis/thrombolysis as needed.
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pl asma car boxypepti dase B and are therefore useful in treating
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-P(O ( N(R5)-C(S)-N(R6)2; 15 R3 is tetrazole, -C(O ORG,
-C(OOR7-OCC(OR5, -S(0O) OR5, -S(0)20R5R4 P(O(OR5)2, -P(O(OR5)R6, or
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sel ected fromthe group consi E(tzl ng )i:% {% hal oal kyI hal oal koxy,
mer capt o, al kylthi o, phenyl, cloall_f ni ano, -OR6, -N(R®)2,
-R -N(R6) 2, -N(R6)-C(O OR8, -R? N(R6) O)CRS -N(R6) C(O-R6, 20
-R7-N(R6)-C(O -R6, -C(O-N(R®6) 2, -C(O)RQ?-N(RG)Z, -N(R5) - C(NR5) - N(R5) 2,

- N(RS) - (h&nN(R6) 2 and -N(R5)-C(O -R -N(R62); or R4 is N-heterocyclyl
wherein a carbon atomin the N-heterocyclyl may be optionally substituted

by Hl kyR, isfeHeegen; alky, al&@%@ralkw(mralkenw N( R6) 2 -N(R6) - C( O) OR8,

-R7-N @R O-N(R6)2, 25
C(O)(an lsC(sFP) @%(o (g;ﬁ &95 yzﬁ‘?&o (B?ﬂ)ﬂ'( R@ {\Jlgg ) ( R6)
-N( R5) - C(O) PR-C(O-RindH SN ) R|-LN( Bm in the N- het er ocycl yl

may be opti ongb)OrSRSINRELEH)H-N(R® )-C(O)ORS, -P(0)(OR®%)-R"-N(R%)-S(0),-R®, or
-P(0)(OR®)-R"-N(R®)-C(S)-N(R®)z;

15  R®is tetrazole, -C(O)OR?, -C(0)O-R™-OC(0)R?, -S(0)OR?, -S(0),0R?, -P(0)(OR?),,
-P(O)(OR®R?, or -B(OR®).;

R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl, cycloalkyl, nitro, cyano,
-OR®, -N(R%),, -R"-N(R%),, -N(R®)-C(O)OR?, -R"-N(R®)-C(O)OR®, -N(R%)-C(0)-R®,

20 -R"-N(R%-C(0)-R?, -C(0)-N(R®),, -C(0)-R"-N(R®),, -N(R®)-C(NR®)-N(R®),,

-N(R%)-C(0)-N(R%), and -N(R%)-C(0)-R"-N(R®%));

orR*is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R"-N(R®),, -N(R®)-C(O)OR?,
-R’-N(R%-C(O)OR®, -N(R%-C(0)-R?, -R"-N(R®)-C(0)-R®, -C(O)-N(R®),,

25 -C(0)-R™-N(R®),, -N(R?-C(NR®)-N(R®),, -N(R®)-C(O)-N(R®), or -N(R®)-C(0)-R"-N(R®,),
or wherein a nitrogen atbm in the N-heterocyclyl may be optionally substituted by
~C(NR®-N(R®),, -C(NR%)-R®, -C(0)-N(R%), or -C(0)-R"-N(R%),;

each R’ is independently hydrogen, alkyl or aralkyl;
each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkeny!;

30 each R’ is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkyithio, aryl, cycioalkyl,
-N(R®),, -C(O)OR?, or -C(O)N(R®),), or a straight or branched alkenylene chain
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aral kyl , hyd"ry@lkqu alkmb(yyawaﬁ@, halot rajoalkexyo- N(Ra]zoé](Q&QB -Ct@)ﬂéﬁiﬁa or -

= %?.Rgnai NEERCHRD, 2l iZRir i Sl orofh & oif B“%’"y(%ggﬁﬁ'@xe'a ol & ane.
ni th0o, hal o,arakyloBydrexy alk.opqq RB/RRO, Nitgy, d))atgq@aloalkq(x))-M( ) EC@)OR%( é@(@ R6) ,
or N-heterocyc N\/ﬂiséégﬁ)gia? B3k kehy? ﬁ:@rﬁrélﬁ afgrg/%roﬂé Q’&N subs alkyl,

hydr oxy, al kox nitro,

- O(O) N R6) 2 aryl5a@1kyl YRS TG eyamoonifrachile, deoa}bmxm R| )s -C )@IK‘EH or when

"0 (R - R >"“&§%§‘“o§%%§%é’ﬁ§ (6&““%%%?%@%@7&5‘9% A ons: as
a single stearéufvls vidroxy, @lkexy.t vieno gfitre thate bialoalikexys -N )zasC@) etﬁ(@)h%&)zure
of gt ereoi S OFERRRY)C R“f a pharmaceutically acceptable salt thereof. In
anot her aspect, r%e i'nvéntion is di rected to conpounds of the follow ng

f or mul aPrpvifgd thakaheg ROIRES(OLQH ormhee?‘es a:substituted ary} or sgestituted kyl , al keny!
aryl or aral §&¥drecyclyl, R? can not be -P(O)(OR®)-R7-N(H)-C(O)OR® or
-P(O)(OR®)-R’-N(H)-C(0)-R’-N(R%)-C(O)OR?;
as a single stereoisomer, a mixture of stereoisomers, or as a racemic mixture of sterecisomers;
20 or a pharmaceutically acceptable salt thereof.
In another aspect, the invention is directed to compounds of the following formula (11):

R4

RZ—0 R® 1)

—O—

wherein:
R' is hydrogen, alkyl, alkenyl, aryl or aralkenyl;

25 R?is -P(0)(OR®),, -P(O)(OR®R®, -P(O)(OR%)-R’-N(R®),, -P(0)(OR’%)-R’-C(O)-R?,
-P(0)(OR®-R’-N(R%)-C(O)OR?, -P(0)(OR%-R’-N(R%-C(0)-R’-N(R®)-C(O)OR?,
-P(0)(OR®)-R’-N(R%)-S(0),-R?, or -P(O)(OR®)-R’-N(R®)-C(S)-N(R%)2;

R® is tetrazole, -C(O)OR®, -C(0)O-R™-OC(O)R?, -S(0)OR®, -S(0),0R®, -P(O)(OR®),,
-P(O)(OR®R®, or -B(OR%);;

30 R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl, cycloalkyl, nitro, cyano,
-OR®, -N(R%),, -R"-N(R%),, -N(R%-C(O)OR?, -R"-N(R%-C(0)OR?, -N(R%)-C(O)-R®,



25 RR is -P(O (OR5)2a -P(O (ORS)R6, -P(O (OR5)-R7-N(R6) 2i

-P(O(ORS)-R -C(O-R8, -P(O(OR5)-R7-N(R5)-C(0O) ORs,

- P(O) ( ORSW-0RiB/BIdRD) - C( O) - R7-N(R5) - C( Q) OR8, - P(O) (OR5) - R7- PN(IR@O?’BQ@)’Z R9,

or -P(O(OR5)-R7-N(R5)-C(S)-N(R6)2; R3.4¢s tetrazole,

-Q O R-OC(OR5, -S(OOR5, -S(020R5, -P(O (OR5)2, P(O)(CRS)R6 or
-B(OR5)2; 30 R4 is aryl optionally substituted by one or nore substituents
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or -N(R®)C(O)R®), aralkenyl (wherein the aryl group is optionally substituted by alkyl,

or R4

25 aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -
C(OIN(R®), or -N(R®)C(0O)R®), or N-heterocyclyl (optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?®, -C(O)N(R®),
or -N(R%)C(O)R®;

provided that when R® is -C(O)OH or when R* is a substituted aryl or substituted

30 N-heterocyclyl, R? can not be -P(O)(OR®)-R’-N(H)-C(O)OR® or

-P(0)(OR®)-R’-N(H)-C(0)-R’-N(R%)-C(O)OR?;
as a single stereoisomer, a mixture of stereocisomers, or as a racemic mixture of stereoisomers;
or a pharmaceutically acceptable salt thereof.

In another aspect, the invention is directed to compounds of formula (111):



C(ONR6)2 or -N(R6)C(O R6), or N-heterocyclyl (optionally substituted by
al kyl, aryl, aral kyl, hydroxy, al koxy, cyano, nitro, halo, hal oal koxy,
-N(R6) 2, WwO(@)oshB1 -C(ON(R6)2 or -N(R6)C(O R6); providecdamesosmsssn R3 i s
-C(OOH or when R4 is a substituted aryd.or substituted 30 N-heterocyclyl,
R2 can not be -P(O (OR5)-R -N(H)-C(O OR8 or
-P(O(OR5)-R7-N(H -C(O-R -N(R5)-C(O OR8; as a single stereoisoner, a
m xture of stereoisoners, or as a racem c m xture of stereoisoners; or a
phar maceutically acceptable salt therj?f I n anot her aspect, the invention
Is directed to conpounds of fgrrrul a (I y\o 03/ 080631 PCT/ US03/ 08587 ~-7-
RA R XI R3 (111 ) R wher& n—XX—rsC—CH% or M0-; R1 is hydrogen, alkyl,
al kenyl, aryl or aralkenyl; 5 R2 is -P(O (OR5)-R7- N(R5)-C(O)R6,
-P(O (OR5) -R7-N(R5) -C(O OR8 or -P(O) (FR5)-R -N(R5)-C(O -R -N(R5) - C(O) OR8,
R3is.-{OOH, R4 is aryl optionally substituted by one or nore
subst i t'WEHB8: sel ected fromthe group consisting of alkyl, halo, haloal kyl,
haI oal kx)}csy_,c 6capt o, al kylthio, phenyl, cycloalkyl, nitro, cyano, 10

, -R7-N(R6) 2i -N(R6) -] 00?8 - R7- N(R6)-C(O)O?8,
-N( R6) - Fé(*@ﬁyﬂf@gew@'k (FeVEeD! °R6fa'kewb) N(R6) 2, -C(O) - R7- N(R6) 2,
N B5) U BEBIO MO R NROTOIR o RO FZNARD-BRF IR O - RIN(R62) . or Re

is N heterociD i( tam.in the heterocycl yl may be
optionally BEPR ).IRe‘BJ(BQ %(IQQSR N 8(0)&?3 fFo, cyano -N(R6) 2, -R7-N(R6) 2i
-N(R6) - R"»(.@)Léf@)OH 15 - R -N(R6) - C(O)OR8 -N(R6)-C(O) - R6, -R -N(R6)-C(O - b,
-C(O-N(R6) 2 -R7-N(R6) 2, -N(R5)-( NRS%H?N&RRS) -N(R5)-C(O) - N R6{ 2 or
-N(R5) - l@)anrlzopmr%z)subst wteGlhy 0BE 9T B1aRE BYRSY siesterd fre the geaupcopsisiing
rray be opti 06194 h%%b?nbl E%awlkoxm@pﬂ(ﬂ@ltﬁlo pﬁéW@ycB@bkyl‘ i) 0%86) 2
C(O) R7- seach I n (s ﬁ giro&%Q & or areal yl; 20
eac R6 is i peh‘\@%ht 1'3/ Wﬁj}?o‘dﬂﬁ )- QQQR ﬂ‘gﬁy)l C QR/ngN( 2P )-Roar aI Kyl
or aral kenyl ~R7£m|¢<ﬁ> -8(0)- R6 I oe@pﬁ gntct )Wqﬁ(@éj K (RPYEC (NS N@F@E%,' y
substituted l?\}/ 7anc
(R)-CIOLN(RY), and NRD-CLo) B NRES
or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R™-N(R®),, -N(R®%)-C(O)OR®,
15 -R™-N(R?)-C(0)OR®, -N(R®%)-C(0)-R®, -R’-N(R%-C(0)-R?, -C(O)-N(R®),,
-C(0)-R"-N(R%)z, -N(R°)-C(NR°)-N(R®)z, -N(R®)-C(0)-N(R®); or -N(R)-C(0)-R-N(R"),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R®)2, -C(NR®)-R’, -C(0)-N(R®)2 or -C(O)-R"-N(R");;
each R’ is independently hydrogen, alkyl or aralkyl;
20 each R®is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;
each R’ is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,
N(R%),, -C(O)YOR?, or -C(O)N(R®),), or a straight or branched alkenylene chain
(optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, NR),,
25 -C(O)OR?, or -C(O)N(R®),); and
each R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl;
as a single stereoisomer, a mixture of stereoisomers, or as a racemic mixture of stereoisomers;
or a pharmaceutically acceptable salt thereof.
In another aspect, the invention is directed to pharmaceutical compositions useful in
30 treating a mammal, preferably a human, having a disease-state characterized by thrombotic
activity, which compositions comprise a compound of formula (1), a compound of formula (1),

or a compound of formula (Ill) as described above and a pharmaceutically acceptable



al kyl ene chain (optionally substituted by hydroxy, mercapto, alkylthio,
aryl, cycloalkyl, -NR6)2i -C(OOR6, or —-C(ONR6)2), or a straight or
branched wicksrgosne chain (optionally substituted by hydrreayysoamsssapt o,
alkylthio, aryl, cycloalkyl, -N(R6)2, 25 -C(OOR6, or -C(ON(R6)2); and
each R8 is independently al kyl, al kenyl, aryl, aralkyl or aral kenyl; as a
single stereoisoner, a mxture of stereoisoners, or as a racemc m xture of
st er eoi g0, ﬁg or a pharmaceutically acceptable salt thereof. In another
aspect, e I'nvention is directed to pharmaceutical conpositions useful in
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ubstitution can 0&cur on any carbon of the alkyl group.

"Alkoxy" refers to a radical of the formula -OR, where R, is an alky! radical as defined
above, e.g., methoxy, ethoxy, n-propoxy, 1-methylethoxy (iso-propoxy), n-butoxy, n-pentoxy,
1,1-dimethylethoxy (t-butoxy), and the like. Unless stated otherwise specifically in the

25  specification, it is understood that for radicals, as defined below, that contain a substituted
alkoxy group that the substitution can occur on any carbon of the alkoxy group. The alkyl
radical in the alkoxy radical may be optionally substituted as described above.

"Alkylthio" refers to a radical of the formula -SR, where R, is an alkyl radical as defined
above, e.g., methylthio, ethylthio, n-propylthio, 1-methylethyithio (iso-propylthio), n-butylthio,

30  n-pentylthio, 1,1-dimethylethylthio ({-butylthio), and the like. Unless stated otherwise
specifically in the specification, it is understood that for radicals, as defined below, that contain
a substituted alkylthio group that the substitution can occur on any carbon of the alkylthio
group. The alkyl radical in the alkylthio radical may be optionally substituted as described

above.
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"ar-" (suc nmeant to In
of alkyl, halo, nitro, cyano haloalkyl, haloalkoxy, mercapto, alkylthlo phenyl, cycloalkyl, -OR®

25  (including hydroxy and alkoxy), -N(R%),, -R"-N(R®)., -N(R®)-C(O)OR?, -R’-N(R°)-C(O)OR?,
-N(R%-C(0)-R?, -R"-N(R%-C(0)-R®, -C(O)OR?, -R’-C(O)OR?®, -C(0)-N(R®),, -R"-C(O)-N(R®),,
-C(0)-R™-N(R®),, -N(R®)-C(NR®)-N(R®),, -N(R®)-C(0)-N(R®), and -N(R%-C(0)-R’-N(R®;) where
each R®, R®, and R’ are as defined above in the Summary of the Invention.

"Aralkyl" refers to a radical of the formula -R,R, where R, is an alkyl radical as defined

30 above and Ry is one or more aryl radicals as defined above, e.g., benzyl, diphenylmethyl and the
like. The aryl radical(s) may be optionally substituted as described above.

"Aralkoxy" refers to a radical of the formula -ORy where R4 is an aralkyl radical as defined
above, e.g., benzyloxy, and the like. The aryl radical may be optionally substituted as described
above.

35 "Aralkenyl" refers to a radical of the formula -R R, where R; is an alkenyl radical as



radicals optionally substituted by one or nore substituents selected from
the group consisting of alkyl, halo, nitro, cyano, hal oal kyl, hal oal koxy,
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in the specification, the term "cycloalkyl" is meant to include cycloalkyl radicals which are

25  optionally substituted by one or more substituents independently selected from the group
consisting of alkyl, aryl, aralkyl, halo, haloalkyl, hydroxy, alkoxy, haloalkoxy, cyano, nitro,
mercapto, alkylthio, cycloalkyl, -N(R%),, -C(O)OR®, -C(O)N(R®); or -N(R®%)-C(0)-R® where each
R® is as defined in the Summary of the Invention.

"Cycloalkylene" refers to a stable divalent monocyclic or bicyclic hydrocarbon consisting

30 solely of carbon and hydrogen atoms, having from three to ten carbon atoms, and which is
saturated and attached to the rest of the molecule by two single bonds, e.g., cyclopropylene,
cyclobutylene, cyclopentylene, cyclohexylene, decalinylene and the like. Unless otherwise
stated specifically in the specification, the term "cycloalkylene" is meant to include cycloalkylene
moieties which are optionally substituted by one or more substituents independently selected

35 from the group consisting of alkyl, aryl, aralkyl, halo, haloalkyl, hydroxy, alkoxy, haloalkoxy,
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each R®, R®, R” and R® are as defined above in the Summary of the Invention. The nitrogen
atoms in the N-heterocyclyl may be optionally substituted by -C(NR®-N(R®),, -C(NR®-R®,
-C(0)-N(R%), or -C(0)-R"-N(R®), where each R®, R® and R’ are as defined above in the
Summary of the Invention. Preferred N-heterocyclyl radicals are piperidinyl,
30 tetrahydrosoquinolinyl, or benzothiadiazolyl.
"Halo" refers to bromo, chloro, fluoro or iodo.
"Haloalkyl" refers to an alkyl radical, as defined above, that is substituted by one or more
halo radicals, as defined above, e.g., trifluoromethyl, difluoromethyl, trichloromethyi,
2,2 2-trifluoroethyl, 1-fluoromethyl-2-fluoroethyl, 3-bromo-2-fluoropropyl,

35  1-bromomethyl-2-bromoethyl, and the like.
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As used herein, "methods known to one of ordinary skill in the art" may be identified
25  though various reference books and databases. Suitable reference books and treatise that
detail the synthesis of reactants useful in the preparation of compounds of the present
invention, or provide references to articles that describe the preparation, include for example,
"Synthetic Organic Chemistry", John Wiley & Sons, Inc., New York; S. R. Sandler et al,,
"Organic Functional Group Preparations," 2nd Ed., Academic Press, New York, 1983; H. O.
30 House, "Modern Synthetic Reactions”, 2nd Ed., W. A. Benjamin, Inc. Menlo Park, Calif. 1972;
T. L. Gilchrist, “Heterocyclic Chemistry”, 2nd Ed., John Wiley & Sons, New York, 1992; J.
March, “Advanced Organic Chemistry: Reactions, Mechanisms and Structure”, 4th Ed.,
Wiley-Interscience, New York, 1992. Specific and analogous reactants may also be identified
through the indices of known chemicals prepared by the Chemical Abstract Service of the
35  American Chemical Society, which are available in most public and university libraries, as well
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modifications are cleaved, either in routine manipulation or in vivo, to the parent compound of
the invention. Prodrugs include compounds of the invention wherein a hydroxy, amino or

25 mercapto group is bonded to any group that, when the prodrug of the compound of the
invention is administered to a mammalian subject, cleaves to form a free hydroxy, free amino
or free mercapto group, respectively. Examples of prodrugs include, but are not limited to,
acetate, formate and benzoate derivatives of alcohol and amine functional groups in the
compounds of the invention and the like.

30 "Stable compound" and "stable structure" are meant to indicate a compound that is
sufficiently robust to survive isolation to a useful degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent.

"Mammal" includes humans and domesticated animals, such as cats, dogs, swine, cattle,
sheep, goats, horses, rabbits, and the like.

35 "Optional" or "optionally" means that the subsequently described event of circumstances
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2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine,

25 caffeine, procaine, hydrabamine, choling, betaine, ethylenediamine, glucosamine,
methylglucamine, theobromine, purines, piperazine, piperidine, N-ethylpiperidine, polyamine
resins and the like. Particularly preferred organic bases are isopropylamine, diethylamine,
ethanolamine, trimethylamine, dicyclohexylamine, choline and caffeine.

"Therapeutically effective amount" refers to that amount of a compound of the invention

30  which, when administered to a human in need thereof, is sufficient to effect treatment, as
defined below, for a disease-state characterized by thrombotic activity. The amount of a
compound of the invention which constitutes a "therapeutically effective amount” will vary
depending on the compound, the condition and its severity, and the age of the human to be
treated, but can be determined routinely by one of ordinary skill in the art having regard to his

35  own knowledge and to this disclosure.
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25 is named herein as 2-(3-guanidinophenyl)-2-((1-(benzyloxycarbonyl)aminohexyl)-
(hydroxy)phosphinoyl)oxyethanoic acid. Unless otherwise indicated, compound names are
intended to include any single stereoisomer, enantiomer, diastereomer, racemate or mixture

of stereoisomers.



or (S)- or, as (D)- or (L)- for amno acids. The present invention is neant
to include all such possible isoners, as well as, their racemc and
optical | ymeus@sbains. Optically active (+) and (- ), (R) - momusospsss7or (D)-
and (L)- isoners may be prepared usinggghiral synthons or chiral reagents,
or resolved using conventional techni ques such as reverse phase HPLC. Wen
15 the conpounds descri bed herein contain ol efinic double bonds or other
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nanmes are intended to include any single stereoisoner, enantioner,
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PCT/ US03/ 08587 -16 The use of parentheses in a formula herein is used to
conserve space. Accordingly, the wuse of parenthesis in a fornula indicates
that tH& grd&ﬁb"@rﬂfltbgwmqqﬂ% qfifhe haesticReses is attached directly to the

?}3?8 E)E]e?g)edw%N%(%g &%@f g%ﬁh%mfﬁ%@;ﬁﬁ@&% 6{)rf]E)i‘a‘f‘smta‘i‘éamsoxype|]cc>t|ol|a|se B andoareR -
P/ 1Q RAhegrefare usglsl R tree(gng disegseRs ates or conditions characterized by thrombotic activity,

i.e., by the formation of a thrombus, or by hypercoagulability. It is known that
hypercoagulability may lead to thrombo-embolic disease-states. Conditions associated with
hypercoagulability include protein C resistance and inherited or acquired deficiencies in
antithrombin I, protein C, protein S and heparin cofactor Il. Other conditions and

156 disease-states known to be associated with thrombotic activity and/or hypercoagulability
include circulatory and septic shock, circulating antiphospholipid antibodies, homocysteinuria,
homocysteinemia, heparin induced thrombocytopenia and defects in fibrinolysis. The
compounds of the invention are thus indicated both in the therapeutic and/or prophylactic
treatment of these conditions and/or disease-states. The compounds of the invention are

20 further indicated in the treatment of conditions where there is an undesirable excess of plasma
carboxypeptidase B/activated plasma carboxypeptidase B.

In addition to the foregoing, the compounds of the invention are useful in treating
disease-states such as venous thrombosis and pulmonary embolism, arterial thrombosis (e.g.,
in myocardial infarction, unstable angina, thrombosis-based stroke and peripheral arterial

25  thrombosis) and systemic embolism usually from the atrium during arterial fibrillation or from
the left ventricle after transmural myocardial infarction.

Furthermore, the compounds of the invention have utility in treating re-occlusion and
restenosis after thrombolysis, percutaneous trans-luminal angioplasty (PTA),
endoarterectomy, and coronary bypass operations, and in the prevention of thrombotic activity

30 after microsurgery and vascular surgery in general.
Further indications include the therapeutic and/or prophylactic treatment of

disseminated intravascular coagulation caused by bacteria, multiple trauma, intoxication or
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25  (Plummer and Kimmel, Anal. Biochem. (1980), Vol. 108, pp 348-353). The product from

hippuryl-arginine may be converted to a chromogen to improve the sensitivity of the assay
(Hendricks, D. et al., Clinica Chimica Acta( 1986), Vol. 157, pp. 103-108., Wang, W. et al.,
Journal of Biological Chemistry (1994), Vol. 269, pp. 15937-15944, or in Zhao et al.,
"ldentification and characterization of two thrombin-activatable fibrinolysis inhibitor isoformé",

30  Thromb. Haemost. (1998), Vol. 80, pp. 949-955.



synt hetase inhibitors, factor Xa and factor Vila inhibitors, fibrinogen
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Pharmaceutical Sciences, 18th Ed., (Mack Publishing Company, Easton, Pennsylvania, 1990).
The composition to be administered will, in any event, contain a therapeutically effective amount

25  of a compound of the invention, or a pharmaceutically acceptable salt thereof, for treatment of a
disease-state characterized by thrombotic activity, i.e., by the formation of a thrombus, or by
hypercoagulability, in accordance with the teachings of this invention.

A pharmaceutical composition of the invention may be in the form of a solid or liquid. In
one aspect, the carrier(s) are particulate, so that the compositions are, for example, in tablet or

30 powder form. The carrier(s) may be liquid, with the compositions being, for example, an oral
syrup, injectable liquid or an aerosol, which is useful in, e.g., inhalatory administration.

When intended for oral administration, the pharmaceutical composition is preferably in
either solid or liquid form, where semi-solid, semi-liquid, suspension and gel forms are included
within the forms considered herein as either solid or liquid.

35 As a solid composition for oral administration, the pharmaceutical composition may be



limtation, oral, topical, transdermal, inhalation, parenteral, sublingual,
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25  as ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid;

buffers such as acetates, citrates or phosphates and agents for the adjustment of tonicity such
as sodium chloride or dextrose. The parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple doée vials made of glass or plastic. Physiological saline is a
preferred adjuvant. An injectable pharmaceutical composition is preferably sterile.

30 A liquid pharmaceutical composition of the invention intended for either parenteral or oral
administration should contain an amount of a compound of the invention such that a suitable
dosage will be obtained. Typically, this amount is at least 0.01% of a compound of the invention
in the composition. When intended for oral administration, this amount may be varied to be
between 0.1 and about 70% of the weight of the composition. Preferred oral pharmaceutical

35  compositions contain between about 4% and about 50% of the compound of the invention.



The pharnmaceutical conposition may be in the formof a liquid, e.g., an
elixir, syrup, solution, enulsion or suspension. The liquid may be for
oral adm wicsd3roaedzon or for delivery by injection, as two rETapBesss7 Wien
intended for oral adm nistration, prefepgred conposition 15 contain, in
addition to the present conpounds, one or nore of a sweetening agent,
preservatives, dye/colorant and flavor enhancer. In a conposition intended
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25  agent that binds to the compound of the invention and thereby assists in the delivery of the
compound. Suitable agents that may act in this capacity include a monoclonal or polyclonal
antibody, a protein or a liposome.

The pharmaceutical composition of the invention may consist of dosage units which can
be administered as an aerosol. The term aerosol is used to denote a variety of systems ranging

30 from those of colloidal nature to systems consisting of pressurized packages. Delivery may be
by a liquefied or compressed gas or by a suitable pump system that dispenses the active
ingredients. Aerosols of compounds of the invention may be delivered in single phase,
bi-phasic, or tri-phasic systems in order to deliver the active ingredient(s). Delivery of the
aerosol includes the necessary container, activators, valves, subcontainers, and the like, which

35 together may form a kit. One skilled in the art, without undue experimentation may determine



10 include a transdermal patch or iontophoresis device. Topical
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to a 70 kg person, the dosage range would be from about 10 mg to about 1.0 gram per day of a
compound of the invention, or a pharmaceutically acceptable salt thereof, preferably from about

50 mg to about 700 mg per day, and most preferably from about 100 mg to about 500 mg per
25  day.

E. Preferred Embodiments
Of the compounds of the invention as set forth above in the Summary of the Invention,
several groups of compounds are particularly preferred.
30 Of the compounds of formula (1) as set forth above in the Summary of the Invention, a
preferred group is that group of compounds of formula (1) wherein:
R'is hydrogen;
R?is -SH or -S-C(0)-R?,
R’ is tetrazole, ~C(O)OR® or -C(0)0-R’-OC(O)R®:

35 R'is aryl optionally substituted by one or more substituents selected from the group consisting



so as to forma solution. A surfactant may be added to facilitate the
formation of a honbgeneous sol ution or suspension. Surfactants are
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conpoun ééCfaRelSp@dapeodémM eystpil@it@r Ibeahcheﬁ) anamene ehaiooptonsily sutbstitu:tedrby a (1) as

o oup. of - cortiant et AR anl LRI W R, RuaRof i EORIEang,

-S- (O &R RK lm@medelatb'(ﬁllel,l, all(e(r@ @R/ Garelkyl-aCe@Iikerig- OC(O)R5; 35 R4 is aryl

optisonally s S romthe grou
contToti n W' 0l DGR alP BeBi Bkl BB e B R SRR orCy o
- N( R6) 2FrompaundsRe famulaN(IReher€(nO) OR8, - R - N(R6) - C(O)OR8, -N(R6)-C(O) -Re,

- R7- NCRR) 1K C(O-NR6)2, -C(O-R7- N(R6)2 - N(R5) - C(NRS) N(R5) 2,

-N(RS) - 5 ?%92 and -N(R5)-C(O) -R7-N(R62); or R4 is N heterocyclyl

wher ei nRalSc&FberrSa@(@hRn the N-heterocyclyl may be optionally 5

substit gt %)@ﬁkyl hal o, nitro, cyano, -N(R6)2i -R7-NR6)2i

- N( R6) gj “-R7-N(R6)-C(O OR8, -N(R6)-C(O-R6, -R7-N(R6)-C(O) -R6,

-9 - N%Q@) aryl optionally substituted by one or more substituents selected from the group consisting

of halo, nitro, -N(R®%),, -R™-N(R®), and -N(R®)-C(NR®)-N(R°),:
each R’ is independently hydrogen, alky! or aralkyl;

each R’ is independently hydrogen, alkyl, aryl or aralkyi;
R’ is a straight or branched alkylene chain; and
25 R%is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl.

Of this preferred subgroup of compounds of formula (1), preferred compounds are
selected from the group consisting of the following:
2-(4-guanidinophenyl)-3-mercaptopropanoic acid;
2-(3-guanidinophenyl)-3-mercaptopropanoic acid;

30  2-(3-aminophenyl)-3-mercaptopropanoic acid; and
2-(2-chloro-5-guanidinophenyl)-3-mercaptopropanoic acid.

Of the preferred group of compounds of formula (I) as set forth above, another
preferred subgroup is that subgroup of compounds of formula (l) wherein:

R is hydrogen;
35 R%is -SH, or -S-C(O)-R®;



-C(O-R -N(R6)2, -N(R5)-C(NR5)-N(R5)2, -N(R5)-C(O-N(R6)2 or

-N(R5)-C(O -R7-N(R62), or wherein a nitrogen atomin the N heterocyclyl
may be opwiooisaisbesi substituted by -C(NR5)-N(R5)2, -C(NR5)-FA/USIBHEI8T N( R6) 2
or -C(O-R7-N(R6)2; 10 each R5 is inde gndently hydr ogen, al kyl or aral kyl;
each R6 is independently hydrogen, al kyr, al kenyl, alkynyl, aryl, aralkyl

or aral kenyl; each R7 is independently a straight or branched al kyl ene
chai n qgi%(_)e&% ssubstituted by hydroxy, nercapto, alkylthio, aryl,

cycl oal kyT', ™ Y2, -C(OOR6, or -C(ON(R6)2; and each R8 is independently
al kyl , Rilik@@)pipesidirly] wherelirkipk nitrogenadtdreirythe pleridinyt fadizalis @béisristig gr oup of

corrpounds a ferred r t su of formul a
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R4 i s aeach pd;lndapdadlc;enﬂwhydimgelm egkybyr amtkybr nore substituents selected from
t he .gr ou nsistin nitro -R7-N(R6) 2 and

-N(IQ #Rl%) Nﬁ%ﬁ@e“ggé}&ﬁgéné'kyﬁ@éﬂgﬁ%@%mﬁy hydr ogen, al kyl or aral kyl;
each RﬁRI is ai smmﬁdbmhlblyedwaldyleg@ nhanablstydnallyaswstlmtecabyahwbxy, nféfcdpgo,a

2l kenyl . ar iR Ry v EPE Rl o BORhR BRe P d S ubgr oup of
conpoungsisatkyf, arn:&u#/laan@ )a,ralpyle:fermlmilwborrpounds are selected fromthe group
consisting o e 2- oph rca opanoi ¢
corar - o g bk rep s aeeus St daRElsr AU brclortah SR SRRR

2- (13 amelwéwmquhégmpmpsnemgnpﬂhe ifesll o and

2-(2-ch# ro 58_8% Bl d| n(%,pfﬂﬁ%g aptggropanmc acid. O the preferred
group o e eeF set forth above, another preferred
ﬁuggr oup-(i- Smtd?&tplrﬁuhgiiwp-BQﬁeﬂﬁp’me]ﬂ&omfacfcpr mula (1) wherein: Rl is

ydr oge WD 03/ 080631 PCT/ US03/ 08587 -23- R3
is - O?G?é '%0%"Ey'hpd%f'd5\ %&53%%‘1‘%%&%@‘%' '‘nitrogen atomin the

pi perl dzwtanmadmem IcathoPphpipevddih-4- yl)wb&tctatptﬁpeﬁbalmucé&d\l%) N( R5) 2i

h% ge%(p'%?f 9 ’%P’lg?qap?qprog(no)c acid; a%RG)Z each R5 is independently

2-(1-amidinopiperidin-3-yl)-3-mercaptopropanoic acid.

Of the compounds of formula (1) as set forth above in the Summary of the Invention,
another preferred group is that group of compounds of formula (I) wherein:

R' is hydrogen;

20 R%is -P(O)(OR®),, -P(0)(OR®R® or -P(0)(OR%-R’-C(O)-R%;

R? is tetrazole, -C(O)OR®, or -C(0)O-R’-OC(0)R®;

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R%),, -R™-N(R%),, -N(R%)-C(O)OR?, -R’-N(R%)-C(O)OR?,
N(R®-C(0)-R®, -R™-N(R%)-C(0)-R®, -C(O)-N(R®),, -C(O)-R"-N(R®),

25 -N(R%)-C(NR®-N(R®),, -N(R%)-C(0)-N(R%), and -N(R®)-C(0)-R"-N(R%,);

or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R™-N(R®),, -N(R®)-C(O)OR?,
-R’-N(R%)-C(O)OR?, -N(R%)-C(0)-R?, -R™-N(R%)-C(0)-R®, -C(O)-N(R%),,
-C(0)-R"-N(R%)2, -N(R®)-C(NR®)-N(R°®);, -N(R®)-C(0)-N(R®), or -N(R)-C(0)-R™-N(R?),

30 or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R®),, -C(NR®)-R®, -C(0)-N(R®); or -C(0)-R’-N(R%);

each R® is independently hydrogen, alkyl or aralkyl;

each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R is independently a straight or branched alkylene chain optionally substituted by

35 hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®%), -C(O)OR®, or -C(O)N(R®),; and



5 each R6 is independently hydrogen, alkyl, aryl or aralkyl; R7 is a

strai ght or branched al kyl ene chain optionally substituted by hydroxy,

mer capt o, woadskogddshi o, aryl, cycloal kyl, -N(R6)2i -C(O OR6,PCIUSICHEIBN( R6) 2i
and R8 is al kyl, alkenyl, aryl, aral kyI 40r aralkenyl. O this preferred
subgr oup of corrpounds of for rrul a (1), pref erred conpounds are 10 selected
fromthe group consisting of the follow ng:
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- R7- N( R6) - C( j(RRg or = ;) 2, (O - R7-N(R6) 2, - N(R5) - C(NR5) - N(R5) 2,

- N(R5) - Q¢ pr 1N(R62), 30 or wherein a nitrogen atom
in the N-E) @ﬁocy ary'l'\i(rgggroptlo IIy substituted by -C(NR5)-N(R5)2,

-C(NR5) - R6, Ofth® pm{%@s@grou ab)corpoNndRepiXornacia i), ABelesret rdmpeninkisnarey
hydsoge ependently hydrogen, al kyl,
al kisr)\y Qelefib&?'rbrﬂh @Jd‘éééngfsﬁﬁglagﬁgg?%“t(ﬁq each R7 is mdependently a
strai gh? (3)19UQ'B'@['H@W@@YQ#%W@MOCMDPBW afmh,al I y substituted by 35 hydroxy,

and v 547 Satcrreh s HobenyiBayRR)Bioepnrh b panaCadh T 0T S
al keny| 2-(Zregninopheayik3H((4ophenyiiutdxiyydrox@iphospkiney prepaneit apidbup of conpounds,
a pref eQr(§gn'§ﬁHEﬂh%ﬂ)‘flP3 (Boenbihy G sHORpRRoyI)propanoic acid;

20  2-(3-guanidinophenyl)-3-((phenyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-guanidinophenyl)-3-((4-phenylbutyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-guanidinophenyl)-3-((pentyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-guanidinophenyl)-3-((4-methylpentyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-guanidinophenyl)-3-((3-phenylpropyl)(hydroxy)phosphinoyl)propanoic acid;

25  2-(3-guanidinophenyl)-3-((3-phenylprop-2-enyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-guanidinophenyl)-3-((phenylmethyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-guanidinophenyl)-3-((pentyl)(hydroxy)phosphinoyl)propanoic acid methyl ester;
2-(3-guanidinophenyl)-3-((ethyl)(hydroxy)phosphinoyl)propanoic acid;
2~(3-guanidinophenyl)-3-((2-phenylethyl)(hydroxy)phosphinoyl)propanoic acid; and

30  2-(3-guanidinophenyl)-3-((2-(methylcarbonyl)ethyl)(hydroxy)phosphinoyl)propanoic acid.

Of the compounds of formula (I) as set forth above in the Summary of the Invention,
another preferred group is that group of compounds of formula (I) wherein:
R'is hydrogen;
R?is -P(0)(OR%-R"-N(R%)-C(O)OR?,
35 R’is-C(O)OR®(where R® is alkyl, aryl or aralkyl);



conpounds of formula (1) wherein: Rl is hydrogen; 5 R2 is -P(O (OR5) 2i
-P(O(ORS)R6 or -P(O(OR5)-R7-C(O-R8; R3is -CCOOR6; R4 is aryl

opti onal | wosasmsedst ut ed by one or nore substituents sel ect ecTfusesmosdse group
consisting of halo, nitro, -N(R6)2, 3% N(R6) 2 and - N(R5) - C(NR5) - N( R5) 2;
each R5 is independently hydrogen, al kyl "or aral kyl; 10 each R6 is

i ndependent |y hydrogen, alkyl, aryl or aralkyl; each R7 is |ndependently a

°L B PR g By SHEL T rBRLL R ok SRR dsibbparising,

gethll E g(ra F](;eraﬂ@ti halsubg:tm:pyemo d@(.ﬁﬁpg:ﬁ]s\l(ﬁf)sz?bmg)fm Jﬁa’nm(aF)p@(m)ompounds

2- ( 3- guani di ﬁl&ﬁﬂ irfqy) BFFS]%%%RQER%&&SEWQ&@ @(lggzi’ o";(f)) F? @A’z ¥ y

2 3- (i - (6} Do y ach R® is

( Zm Qggqﬁ%;;%mﬁgg&y ¥ @‘m;rjz%\@%( y)%ﬁos%ﬁ)ﬂ???p?gg‘asgo?c ha‘él d;
-am nophen %e/%;gle xy5% (§¥ hi noyl ) propanoi ¢ acid; 20

(3 gueachdR’® ns)mldepgﬂo)enﬂyb(/qhbgeryla)ll(ylhydarabkyu phosphl noyl )propan0| c acid;

3-

ot 0; GRS R AR ae b AR o B HBHSBAE BFC R ¢

id -C(O)OR?; and

id

(3 - 9480, RSB dently Gir, TRERY! RGN G BY SafényPhosphi noyl ) propanoi ¢

(13)— g u an i di @btpisegrylip oBedriiBoysiie oy Fymofay(l) plejetrakgorpmspl ianoydidged framahe

(3- gl%ﬂ'f'%?%'?)sﬁlgﬁﬂf)th%fo{?\ﬁmghenyl pr op- 2- enyl ) (hydr oxy) phosphi noyl ) pr opanoi
aci d;2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1- (benzyloxycarbonyl)ammo

-53-3322! i SRS Pp T B PO USROS PROG TS PO BRG! c acia et hyi

c

c

3
er 2-23—(t3>u@:mmrdonﬁaﬂnmwhéeﬂ@+phémﬂ)h&4(o1((bwyimwéarbm)lanﬂwl ) pr opanoi ¢
guanl di %W@WPW%@W@Y)BH%WI"E’P’ lr)l‘?/m?frll\ci}%?‘a%)bﬂi')(bgﬂﬁf noyl ) pr opanoi c

aC| d; and 300fthe compounds of formula (1) as set forth above in the Summary of the Invention,
R A AR 5
Sunmmar beré hybdegkenventi on, another preferred gr oup I's that group of
C(I;Emé);)l(J 5 %2‘/6)&?%5@0@@ ebgcg)rz%%j ﬁgﬁ%ﬁgﬁ ar eI R6 is alkyl, aryl or
ar atcky| R lsV@ra&BleD&D@DRﬁ@V WG@E&CZ(O)
R* is aryl optionally substituted by one or more substituents selected from the group consisting

of alkyl, halo, nitro, cyano, -N(R%),, -R’-N(R®),, -N(R%)-C(O)OR?, -R"-N(R%)-C(O)OR?,

-N(R%)-C(0O)-R?, -R’-N(R%)-C(0)-R?, -C(0)-N(R®),, -C(O)-R"-N(R®),,

-N(R®)-C(NR®)-N(R®),, -N(R-C(0)-N(R%), and -N(R®%-C(O)-R’-N(R%,);

25 each R® is independently hydrogen, alkyl or aralkyl;
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each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R is a straight or branched alkylene chain optionally substituted by hydroxy, mercapto,
alkylthio, aryl, cycloalkyl, -N(R®),, -C(O)OR®, or -C(O)N(R®),; and

each R® is independently alkyl, alkenyl, aryl, aralky! or aralkenyl.

30 Of this group of compounds of formula (1), preferred compounds are selected from the
group consisting of the following:
2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-amino-2-methylpropyl)(hydroxy)-

phosphinoyl)propanoic acid -butyl ester; and
2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-amino-2-methylpropyl)(ethoxy)-

35 phosphinoyl)propanoic acid t-butyl ester.



R4 is aryl optionally substituted by one or nore substituents sel ected
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each R? is independently alkyl, alkenyl, aryi, aralkyl or aralkenyl; and
R®is -R'N(R%)C(O)OR?®, haloalkyl, alky! (optionally substituted by hydroxy, alkoxy, aralkoxy,
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-C(O)N(R®), or -N(R®)C(O)R?), aryl (optionally substituted by alkyl, aryl, aralkyl,
hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®%)s, -C(O)OR®, -C(O)N(R®), or -
N(R®)C(O)R®), aralkyl (wherein the aryl group is optionally substituted by alkyl, aryl,
30 aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -C(O)N(R®),
or -N(R®)C(O)R®), aralkenyl (wherein the aryl group is optionally substituted by alkyl,

aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®)2, -C(O)OR?, -

C(O)N(R®), or -N(R®)C(O)R®), or N-heterocyclyl (optionally substituted by alkyl, aryl,

aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, N(R®,, -C(O)ORG, -C(O)N(R®%),
35 or -N(R®C(O)R?).
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forth above in the Summary of the Invention, another preferred group is
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or -N(R®)C(0O)R®), aralkenyl (wherein the aryl group is optionally substituted by alkyl,
aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?®, -
C(O)N(R®), or -N(R®C(O)R®), or N-heterocyclyl (optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?, -C(O)N(R?®),

25 or -N(R®)C(O)R®).

Of this preferred subgroup of compounds, a preferred class is that class of compounds

of formula (I) wherein:

R’ is hydrogen;

R?is -P(0)(OR%)-R"-N(R®%-S(0)»-R’;

30 R?is tetrazole, -C(O)OR?, or -C(O)O-R’-OC(O)R?;

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®%),, -R”-N(R®)., -N(R®)-C(O)OR?; -R"-N(R%)-C(O)OR®,
and -N(R%)-C(NR®)-N(R®),;

each R® is independently hydrogen, alkyl or aralkyl;

35 each R®is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;
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35 2-methylpropyl)(ethoxy)phosphinoyl)propanoic acid, t-butyl ester;
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-R7-N(R6)-C(O OR8, and -N(R5)-C(NR5)-N(R5)2; each R5 is independently
hydr ogen, wal deyoisoa3n ar al kyl ; 35 each R6 is independently hyrmog®a/ossalkyl ,
al kenyl, al kynyl, aryl, aral kyl or arabkenyl; WO 03/080631 PCT/US03/ 08587
-28 each R7 is independently a straight or branched al kyl ene chain
optionally substituted by hydroxy, nercapto, alkylthio, aryl, cycloalkyl,
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phosphinoyl)propanoic acid;
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2-(3-(amino)methylphenyl)-3-((1-(4-phenylbutylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid, and

2-(3-(amino)methylphenyl)-3-((1-(2-phenylethenylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid.

25 Of the preferred subgroup of compounds as set forth above, another preferred class is

that class of compounds of formula (I) wherein:

R is hydrogen;

R? is -P(O)(OR%-R"-N(R%)-S(0),-R’

R® is tetrazole, -C(O)OR®, or -C(0)0O-R’-OC(O)R?;

30 R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R%),, -R"-N(R®),, -N(R®)-C(0)OR?; -R"-N(R%)-C(O)OR?,
and -N(R%)-C(NR®)-N(R%),;

each R® is independently hydrogen, alkyl or aralkyl;
each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;
35 each R is independently a straight or branched alkylene chain optionally substituted by
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corrpounds aspls@nohmylbmoam@amdnot her preferred class is that class of
conpounds  of of fePtbidriek)suBgfIup!of corﬁ&ou@s%dge?m above, another preferred class is

20  that class of compounds of formula (I) wherein:
R'is hydrogen;
R?is -P(0)(OR%-R"-N(R%)-S(0)-R®;
R® is tetrazole, -C(O)OR®, or -C(0)0-R’-OC(O)R5;
R* is aryl optionally substituted by one or more substituents selected from the group consisting
25 of alkyl, halo, nitro, cyano, -N(R®),, -R™-N(R®),, -N(R%)-C(O)OR?; -R"-N(R®)-C(O)OR®,
-N(R®)-C(0)-R?, -R"-N(R%)-C(0)-R®, and -N(R%)-C(NR®)-N(R®);
each R’ is independently hydrogen, alkyl or aralkyl;
each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;
each R’ is independently a straight or branched alkylene chain (optionally substituted by
30 hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),, -C(O)OR?®, or -C(O)N(R®).),
each R® is independently alkyl, alkenyl, aryl, aralky! or aralkenyl; and
R® is -R"-N(R®)-C(O)OR®.
Of this class of compounds of formula (1), a preferred compound is
2-(3-(amino)methylphenyl)-3-((1-(3-phenyl-2~(benzyloxycarbonyl)aminopropyl-
35 sulfonyl)amino-2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid.



R2is -P(O(OR5)-R7-N(R5)-S(0O 2-R9; R3 is tetrazole, -C(O OR6, or
-C(OOR/-O0C(OR5; 30 R4 is aryl optionally substituted by one or nore
substi t uemoso3asb@aet ed fromthe group consisting of al kyl ,padTaisn3/o86s8tr o,
cyano, -N(R6)2i -R7-N(R6)2i -N(R6)-C(QOR6; -R7-N(R6)-C(OOR8, and -N
(R5)-C(N R5)-N (R5)2; each R5 is independently hydrogen, alkyl or aral kyl;
each R6 is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aral kyl

or aral kenyl ne
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mer capttioat wsk;dfanpoumdsydf fomydah Onawhketejn:- N(R6) 2, - C(O) OR6, or -C(O) N(R6) 2,
each R&’Rﬂ ?h ndently al kyl, al kenyl, aryl, aral kyl or aral kenyl; and RO
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pr apy| )eachRiioindepdratepty hpgrbyen, aligh @lkenglc alitynyl, aryl, aralkyl or aralkenyl;
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above, 1 ef gnée conpoun

f oVl o (1) e heitataRy, ‘if'\ghﬂﬁzdpgég)gﬁ? ’ S@@%ﬁk@@?@?ﬂ RSy~ S(0) 2-R9; R

is tetrazol eOf this(cBSRE,cootpoui<HiTorRTulDN) PrétsrreiReompoandd areseieoteal from the

substityted '%Séﬁql@s Oﬁ q lg\%lﬁgbst ituents selected fromthe group consisting

25 of aJ'Ry¥ ° -N(R6)2i -R7-N(R6)2i -N(R6)-C(O) ORS;
- R7- N( F@IS—G(n@)m&thylphenyl) -3- ((1 -(thien-2-ylsulfonyl)amino-2-methylpropyl)-

(hydroxy)phosphinoyl)propanoic acid; and
20  2-(3-(amino)methylphenyl)-3-((1-(benzothiadiazolylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid.
Of the compounds of formula (I) as set forth above in the Summary of the Invention,
another preferred group is that group of compounds of formula (I) wherein:
R' is hydrogen;
25 R%is -P(O)(OR®)-R’-N(R®)-C(O)OR?;
R® is -C(O)OR?;
R* is unsubstituted phenyl or unsubstituted N-heterocyclyl;
each R® is independently hydrogen, alkyl or aralkyl;
each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkeny;
30 each R’ is a straight or branched alkylene chain optionally substituted by aryl, -N(R%), or
-C(O)OR® and
R% is alkyl, alkenyl, aryl, aralkyl or aralkenyl.
Of this group of compounds of formula (1), preferred compounds are selected from the
group consisting of the following:
35  2-phenyl-3-((1-(benzyloxycarbonyl)amino-2-methylpropyl)(hydroxy)phosphinoy!)-propanoic



-N(R6) - (O -R6, -R7-N(R6)-C(O-R6, and -N(R5)-C(NR5)-N(R5)2; each RS is

I ndependent|ly hydrogen, alkyl or aralkyl; each R6 is independently
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i ndependently a straight or br anched aI3 yl ene chain (optionally substituted
by 30 hydroxy, nercapto, alkylthio, aryl, cycloal kyl, -N(R6)2i -C(O) OR6,
or -C(ONR6)2), each R8 is independently al kyl, al kenyl , aryl, aral kyl or
ar al kenyl ; é‘lddRQ is -R7-N(R6)-C(O OR8. O this class of conmpounds of
formul a (I) e\ 'preferred conpound is 2-(3-(amino)m ethyl

phenyl )2-gtfahidroBoptianliy-3-(( béenzyloxygadoobyianihes2-meibyipmpyh)- 35
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forth above, Ofathetdoerpounds ef ioedulal(Hpas set forthabovel ia e Simmampoiithe tnvehtidrgramul a
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of al kylL; 5\t60, R
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-N(R5) - I‘slﬂét)azﬁ(d?‘:;():@)(ﬁm -RtD)Q;RI mmoem ently hydrogen, al kyl or aral kyl;
10 each_ R6 i end I
aral Kyl Rob 20 sPREY SuBRlka) Sr8 4 hoorBsfitfnyeye e R B ool sy
al kid ene chaofralkybialemitrd, )cyamldnsN(R‘I)lzt R -HIR®) HyNREXG (O)RR cd%)t-MRe}}Ck@)QFhBI 0,
aryl cycl oa by ( N( 207 ch R8 is
[ ndependent I )N((EI )qud\J ? |§n9| 'g)g(&%a épkﬁ(('% % IEeﬁﬁ}%’and RO is
N- het er ocycl sN(Rf)eocNFoI)aI(Rfoz,swoR"t>+G<m)euRby antl KY(R)-G(Q)-R"-bi(RYky! , hydroxy,
al koxy, | oal N(R6) 2a -C(O OR6, -C(O N(R6)2
or -N( R%ﬁ%(alg)lﬁ&dep@d?ﬂ&?\yg[oggg %?ylc%r%agkt}%ds of forrmula (1), preferred
conpoundacrem?eussmie@enamtlyrmmame algylpmpemmyayn agyl, @falkyler aicdlteomd; Ng:
(2h§, gi‘%%f% IBI%% 5{%?8){ béaém%{ %Ig&ltegé BRaiA (S RHbl LB S KPRl MRty ) -
2- (|3) (am no) akylhyd;]rdnﬂnyyc)oa“ﬂey( e N(R%ﬁlﬂ@(@])@lﬂﬁmn&ﬁ@w(ﬁiﬁ)&)‘ any | éam Pof 2- me]t hyl( p;
opy OXY Qs t he, conpounds o ormula (I
as set %%%lh[ ey C&?epﬁ t&eﬁ% %P ’t%@'kﬂr?v@mlkem| anot her preferred
group i s thaoOf¢gioypupfof conpoundssofdbrniuda ()| prefdriedvdomipmiunds are selected from the
group consisting of the following:
20  2-(3-guanidinophenyl)-2-((1-(2-phenylethyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-aminophenyl)-2-((phenyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-guanidinophenyl)-2-((1-amino-2-methyipropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
and
25  2-(3-guanidinophenyl)-2-((1-(benzylaminothiocarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid.
Of the compounds of formula (1) as set forth above in the Summary of the Invention,
another preferred group is that group of compounds of formula () wherein:
R' is hydrogen;
30 RZ?is -P(O)(OR%-R’-N(R%-S(0)-R;
R® is tetrazole, -C(O)OR® or -C(0)0O-R"-OC(O)R’;
R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R%),, -R™-N(R®),, -N(R%)-C(O)OR?, -R"-N(R®)-C(O)OR’,
“N(R®)-C(0)-R®, -R"-N(R®)-C(O)-R?, -C(O)-N(R®%)z, -C(0)-R-N(R®%,,
35 -N(R®)-C(NR®)-N(R®),, -N(R®)-C(0)-N(R®)2 and -N(R°)-C(0)-R™-N(R");



R is hydrogen; 25 R2is -P(O(OR5)-R7-N(R5)-C(OOR8; R3is -C(OOR6; R4
I s unsubstituted phenyl or unsubstituted N-heterocyclyl; each R5 is

i ndependewd 03/08¢e3n ogen, al kyl or aral kyl; each R6 is i ndeparmdesesiosss?

hydr ogen, al kyl, al kenyl, al kynyl, arylggaral kyl or aral kenyl; 30 each R7
is a straight or branched al kyl ene chain optionally substituted by aryl,
-N(R6)2 or -C(OOR6; and R8 is al kyl, alkenyl, aryl, aral kyl or aral kenyl.
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or aral kenyl ; D‘i5 eac is a straight or branche ene

(optional 'y a0hsaralkyl bydrexy. glkaxy ayanemiiten pels, halgplkgxt hN(R )2atG(O)ORY.cl oal kyl |
-N(Re6) 2, C(@)(@m(,RG for = I{FOAYTFRY)2) ; and each R8 is independently alkyl,

al kenyl , aryl aralkyl or aralken this group of conpounds of fornula

(11), preferBdig QW@WPHH%PéeE@dam)onﬁem@d epreRAvNd® AR salecied fromtthe
f ol k®»W g@upZdnsisting of the following:
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phosphlnoyloxy)ethanmc acid; and
2-(3-guanidinophenyl)—2-((1-(2-phenylethenylsuIfonyl)amino-2-methylpropyl)—
(hydroxy)phosphinoyloxy)ethanoic acid.
20 Of the compounds of formula (Il) as set forth above in the Summary of the Invention,
another preferred group is that group of compounds of formula (11) wherein:

R'is hydrogen;

R?*is -P(0)(OR®),, -P(O)(OR®)R’, -P(O)(OR%)-R’-N(R®),, -P(O)(OR%-R’-C(O)-R®,
-P(0)(OR®)-R"-N(R®)-C(0)OR?, -P(O)(OR®)-R™-N(R%)-C(0)-R’-N(R?)-C(O)OR®,

25 -P(O)(OR®)-R"-N(R%)-8(0),-R®, or -P(0)(OR®%)-R’-N(R%)-C(S)-N(R%),:

R® is tetrazole;

R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®%),, -R"-N(R°%),, -N(R®)-C(O)OR?®, -R’-N(R?)-C(O)OR?,
-N(R%)-C(0)-R®, -R"-N(R%-C(0)-R®, -C(0)-N(R®),, -C(O)-R™-N(R®%),,

30 -N(R®)-C(NR®)-N(R%),, -N(R%)-C(0)-N(R®), and -N(R%)-C(0)-R’-N(R®,);

orR*is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R™-N(R®%),, -N(R®)-C(O)OR®,
-R™-N(R%)-C(O)OR?, -N(R%-C(0)-R®, -R"-N(R%)-C(0)-R®, -C(0)-N(R%),,
-C(0)-R"-N(R%),, -N(R®)-C(NR®)-N(R®)z, -N(R%)-C(0)-N(R%), or -N(R®)-C(0)-R’-N(R®),

35 or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
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20 aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R°®),, -C(O)OR®, -C(O)N(R®),
or -N(R%)C(O)R®).

Of this group of compounds of formula (ll), a preferred compound is
2-methyl-1-[1-(3-guanidinophenyl)-1-tetrazolylmethoxy](hydroxy)phosphinoyl-propylcarbamic
acid, benzyl ester.

25 Of the compounds of formula (lll) as set forth above in the Summary of the Invention,
a preferred group is that group of compounds of formula (lll) wherein:
Xis -O-;
R? is -P(0)(OR®%-R"-N(R%-C(O)OR?; and
R*is aryl optionally substituted by one or more substituents selected from the group consisting
30 of alkyl, halo, nitro, cyano, -N(R%,, -R"-N(R%),, -N(R%-C(O)OR?, -R’-N(R®)-C(O)OR",

-N(R®)-C(O)-R®, -R"-N(R®)-C(0)-R®, -C(0)-N(R®), -C(0)-N(R°)-N(R®),,

-C(O)-R-N(R%);, -N(R%)-C(NR®)-N(R®),, -N(R®)-C(O)-N(R°®), and -N(R%)-C(0)-R’-N(R®%,).

Of this group of compounds of formula (lIl), preferred compounds are selected from the

group consisting of the following:



20 O the conpounds of formula (I1) as set forth above in the Summary of
the I nvention, another preferred group is that group of conpounds of
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or  brancheglankyAdthing ohehe IOBbRIAl ainRshEykeg)DY hydr oxy. e capt o
al kyl thio oal N(R6)2), or a
straight or (bycﬁﬁ&ﬁ@hp%hI{@MW@ﬁ@a@ﬁ'&ﬁ@d (opt| onal |y substituted by hydroxy,

rrer CaptzQ(z Hirgld- Buﬁldlﬁéﬁﬂe’nplﬁe\éc(l(P—?ééﬁ!i/loxyc%'(%%/lgammoﬁ(-@a ropyl)- - C( O N(R6) 2) ;

I's I ndepend ar al kyl or aralkenyl and 10
R9 | s - R' N( F(B)’@PE)))Q}WPVIH@M%V)EWE‘“O@IW (optl onal |y substituted by hydroxy,

8. _ (O OR6, O N(R6) 2

or f&%ﬁﬁiﬁ’é‘*p@“@ o *‘%ﬁw@%@%ﬁmyﬁ’%ﬁﬁ@?.nﬂ‘%ei‘z“"ﬁémydrny, al oy, )

hal oal koxy, y@rﬁzsy)pm&nhmoywm}ano'c aqd) OR6, -C(O)N(R6)2 or -N(R6)C(O R6),
I Iy, L | k

g%no(ozgltzt @{)@b 3 @ﬁmdahehgslzlm @Jehié}tsoxi,eémbnyo?gnﬂhw meth?%ﬂ{gg) y O? oxy

N( R6) C( O) %)(hyﬁpw)ﬁb@smmyﬁthﬁﬁ‘é'cécﬂ group is optionally substi tut ed by

| kyl - - hal oal k
“Npe) 7 B QYR SEATIOGT A TSN (Sherein the

ary20 group i @Y@QKY)QHQHWWI%¥HH%"9@OP°!§& aI kyI
2-(2-methyl-3-guanidinophenyl)-2-((1-(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid,;
2-(3-(amino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid,;
25  2-(3-(guanidinomethyl)phenyl)-2-((1-(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(1-iminoethylaminophenyl))-2-((1-(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(t-butoxycarbonylamino)methylphenyl)-2-((1-(benzyloxycarbonyl)jamino-2-
30 methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid,;
2-(3-(ethoxycarbonylamino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(isopropoxycarbonylamino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;



aryl, aral kyl, hydroxy, alkoxy, cyano, nitro, halo, hal oal koxy, -N(R6)2,
-C(OO0R6, - C(ONRB)2 or -N(R6)C(O R6), or N-heterocyclyl (optionally
substi t ut e dsysedskyl , aryl, 20 aral kyl, hydroxy, al koxy, @cammso3nsisro,
hal o, hal oal koxy, -N(R6)2i -C(O) OR6, -%O)N(RG)Z or -N(R6)C(OR6). O this
group of compounds of fornmula (11), a preferred conpound is

2-met hyl -1-]1-(3- guanldlnophenyl) 1-tetrazol yl net hoxy] (hydr oxy) phosphi noyl -

et or s S e ey R e 9l 1B RN b el o v
_Ir:)?uo?(of corupethlmmsopyl)(Hydrony)mo(s;bhlmc)ylmwbammcé(;lds -0-; R2 |StsI Cited by one
or norg%?_%qm%%ﬂen% @??z .ﬁé}g' ﬁﬁl‘f‘%eb‘g‘wﬁﬁﬁ)@o%@?e?t“*'gf 8%80 of al kyl y hal o,
ni tro, cyanothydekReha@sphindAdXyRE)ahoic-adidr@nd C( O) OR8, - R7- N( R6) - C( O) OR8,

i TR

- N( R5) - C( O - (RydriskypBdsphiridyldxiijeshagioauaricddf conpounds of formula (I111),

Fol | owi ng: Vo3 B oRwRsHanE:BRRGE (1A EF 5% e 881 TRE S of e’ Rienion,

2-(3- gmdthﬁrrqufheegt lgyoud-i§ ¢Hat (gbaumzefl compoandsoffbirauta it whgteir(: hy dr oxy) -
phosphl xy)ethan0|c acid; 2-(3-g
uani di n g% nyl) - 2- (((benzyl oxycar bonyl )am nonet hyl ) (hydr oxy) -

phophi Roigl- B(Q)X@RB&W@N(R a»@(O)- I\ERf)EB@)OR and
Bﬁglsglhl ﬁGFgﬁjﬁvg?Zrheg & sqg XhEA RNy LA s IEL LY HBLARY! ?'cguh c%rn(sjl)émd
2- (13- guani di ofcgihybrhalg, nitrd, (cyarﬁdoeN@szoWeNMﬁnsN(Rém(@m?ym EMgRAy-CI@)OR®,

o o B CED (:Z 1 REMR AV BRI N ROME W0y ) 10

(hydr oxy) phox_cnm)qmﬂw ) AHRIFDINR BBIRY),, -N(R®)-C(O)-N(R®), and N(R5) -C(O)-R™-N(R?%,).

(i oxy) phoBERIaYPB 2] FRTRaNBRCS Yufie Bl Bibfarioind® ahd sebith Hom

uani di nibplyeowd gonBisting of tb@rfb&dvmugfcar bonyl ) am no- 2- met hyl propyl ) -
5, AR RaR SR C A PRt arming 3 e RPN et hy ) -
(hydr oxy) phostphicaphgiyamiabizameihg!paapyt) (hydroxy)phosphinoyloxylethanoic acid;
2-(3-guanidinophenyl)-2-[(1-(1-benzyloxycarbonylamino-2-phenylethylcarbonyl)amino-2-
20 methylpropy!)(hydroxy)phosphinoyloxylethanoic acid;
2-(2-fluoro-3-guanidinophenyl)-2-[(1-(1-benzyloxycarbonylamino-2-phenyl-
ethylcarbonyl)amino-2-methylpropyl)(hydroxy)phosphinoyloxylethanoic acid;
2-(3-guanidinophenyl)-2-[(1-(1-phenylcarbonylamino-2-phenylethylcarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy]ethanoic acid;
25 2-(3—guanidinophenyl)-z-[(1-(1-ethoxycarbonylamino-2-pheﬁylethylcarbonyl)amino-Z—
methylpropyl)(hydroxy)phosphinoyloxylethanoic acid;
2-(3-guanidinophenyl)-2-[(1-(1-benzyloxycarbonylamino-3-phenylpropyl-carbonyl)amino-2-
methylpropy!) (hydroxy)phosphinoyloxylethanoic acid; and
2-(3-(amino)methylphenyl)-2-[(1-(1-benzyloxycarbonylamino-3-phenylpropyl-carbonyl)amino-
30 2-methylpropyl)(hydroxy)‘phosphinoyloxy]ethanoic acid.
Of the compounds of formula (ill) as set forth above in the Summary of the Invention,
another preferred group is that group of compounds of formula (lll) wherein:
Xis -CHg-;
R? is -P(0)(OR®%)-R’-N(R®)-C(O)R® or -P(0)(OR%-R"-N(R%)-C(O)OR?; and



2- (2-fl uoro-3-guani di nophenyl)-2-((1-(benzyl oxycar bonyl ) am no- 2- met hyl pr opy
| ) (hydroxy) phosphi noyl oxy) et hanoi ¢ aci d;

2- ( 3- guanwdi i3agBny| ) - 2- (( 1- (benzyl oxycar bonyl ) am no- 1- cy daatesoghosssr hyl ) -
20 (hydroxy) phosphi noyl oxy) et hanoi ¢ achf;

2 (2- nethyl-3-guanidinophenyl)-2-((1-(%enzy|oxycarbonyl)anino-2-nethy|propy
) (hydr oxy) phosphi noyl oxy) et hanoi ¢ aci d;

2-(3- (g |§&y78%ﬁlﬁh'aﬁsr§ﬁﬁ( tniu”c%% by ind BPE‘@Q %@éﬁt%"ep&r@é'le)c?é& 8 2d ol LBRGRIY)

(hydroxy)p I noyl OX noi c

(?h( guanl )cnfﬁﬂwbbﬁkﬂl PﬁWeﬁXﬂm N( Ibr-d%é‘ﬂBy)lzoN{(BéfQi@)QR)a afi - INRD-GE)BR, pr opy |
ydr oxy 6 &, .
(3(1|mno Riwﬁ] q??e{% é ﬁ {(% &R?bC(OH)(Rr?NS ?ﬁnoZmathylprop
) (hydroxypmabgpmaaow -y &(NBn)oN(R ReiN(R*)-C(O)- 'N(R), and -N(RY-C(O)-R"N(R%)

t - but 2-
0" Bot byl pr oo PRGBS bFSHTAUEL S IGRAGRIAIN, prefcrekd AiHpLhGX KA ST N
th
- (

W NS N N

0 anol ¢ acl

l(éhﬂwélyﬁ@alobalﬁwgamilhe)f@ww phenyl ) -2-((1- (benzyl oxycar bonyl ) ami no- 2-

3y ng‘p%ég% é}yca g?tf] %Q%QLW%¢h2%¥%§éﬂwhg 2%@11111(18 >‘3§/°3:‘ rbonyl ) am no-
rr;etugyl pr omnopphinelypxgnaneissatid:noy| oxy) et hanoi ¢ aci d; V\D 03/ 080631

PCT
(3 (2 540 ieeiroptbonyhehenylau(: bonaylogoatbonyeming-2metyieraBY | oy car bony
I2) (1§m no- 2- (me)ph@qghlwhyr@pewy pbidsphi noyl oxy) et hanoi 02a0| dh I I

H{ﬁﬂé ¢ no- 2- net
(hydrgxy p ospclijl :n@%(g g;oano c acl (?%E,QyAaﬂg 3%@%}0%{90 yipropyh)
(2h(§ guani d|(hWh&ﬁ?F?Smf(O(VD)PY(OEaMIeaylldet henyl car bonyl ) am no- 2- net hyl pr oIpyI ) -
ro

ser 1t ot ARaRIhen R A ERAAN e ABp Arind AL FARTEURD R b T et ), 2
i s that gro@‘:ldif corrpounds of formJIa (1) wherein: Xis -0-; 10 R2 is

R O U T U A R S e L R

of al kyl, haacml nitro, cyano, -N(R6)2i -R -N(R6)2i -NR6)-C(O ORS,

o O)N( %ﬁ&%%eny’\l &E@ z%l%gg%a?d%%@@)%% d?ﬁ?yaygg@xyw R6) 2,

- N( R5) - C( O) - pli{aRpBingylmrdpandidagid,C( O) - R7- N(R62) . 15 O this group of
Cormourﬁj-%z-glglo;ogé-mﬁlﬂdﬁbbﬂényl)%r-&flQﬁérﬁgloﬁwgémﬂ{og sel ected from

20 2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid,;

I\)I\)gl\)

2-(3-(amino)methylphenyl)-3-((1-(benzyloxycarbonyl)amino-2-methylpropyl) (hydroxy)-
phosphinoyl)propanoic acid; and
2-(3-(amino)methylphenyl)-3-((1-(2-phenylethylcarbonyl)amino-
2-methylpropyl) (hydroxy)phosphinoyl)propanoic acid.
25 Of the compounds of formula (l11) as set forth above in the Summary of the Invention,
another preferred group is that group of compounds of formula (Ill) wherein:
Xis -CHo-;
R? is -P(0)(OR%)-R’-N(R®)-C(0)-R"-N(R")-C(0)OR?; and
R* is aryl optionally substituted by one or more substituents selected from the group consisting
30 of alkyl, halo, nitro, cyano, -N(R®),, -R"-N(R®),, -N(R®)-C(O)OR?, -R"-N(R%)-C(O)OR®,
-N(R%-C(0)-R?, -R™-N(R%-C(0)-R?, -C(O)-N(R®),, -C(0)-N(R®)-N(R®),,
-C(0)-R7-N(R®), -N(R®)-C(NR®)-N(R®),, -N(R®)-C(0)-N(R%), and -N(R®)-C(0)-R"-N(R%).
Of this group of compounds of formula (lll), preferred compounds are selected from

the group consisting of the following:



the group consisting of the foll ow ng:

2- (3- guani di nophenyl ) -2-[ (1-(1- benzyl oxycar bonyl am no- 2- ( 4- hydr oxyphenyl ) -
et hyl car bwoyisjeaedsmo- 2- met hyl propyl ) (hydr oxy) phosphi noyl oxyjcarbsanosss7 aci d;

2- ( 3- guani di nophenyl ) -2-[ (1- (1- benzyl oxgcar bonyl am no- 2- phenyl et hyl car bonyl
)am no-2 20 met hyl propyl ) (hydr oxy) phosphi noyl oxy] et hanoi ¢ aci d;

2- (2-fl uoro- 3- guani di nophenyl ) - 2-[ (1- (1- benzyl oxycar bonyl am no- 2- phenyl -

et hyl C%—{@Mrﬂcﬁﬁﬂﬂ!@n?l)@ %&Eﬂ%c&%ﬁﬂéﬁm%ﬁé%tﬁﬂw oxy] et hanoi ¢ aci d;

2- ( 3- guani di nophen (1-(1 | car bonyl am no- 2- phenyl et hyl car bonyl )am

i no-2- net hw%quml(!wya &Wﬁm@ammmowwe@wﬁawe 4 o0 25

2- (3- guA(y. % (ﬁlbeh%ylsmameﬁ%mmﬁbmetﬂ jpheny! et hyl car bonyl ) am
i no-2- net yI proi)ﬂrII1 hy r oxy) phosB i noyl oxy] et han0|c aci d;

2- ( 3- guani disaspiwiaminomethyh (hydroxwp WRMWBP'IS’B%W'&RP'HO 3- phenyl pr opyl - car bon
yl)am no-2 net hyl propyl) (hydroxy)phosphi noyl oxy] et hanoi ¢ aci d; and

2- (3-(am no) net hyl

phenyl E.2- [(ﬁrepgraim«yﬂtbﬁﬁsanmwyd%ﬁimlev?mmyl propyl - car bonyl ) am no- 30
2-met hyl pro | of
formula (11 We)aésg}bs{@{ %201? A OVHgBIMr@%ﬂgeﬁégﬁﬂgh%y?r?étﬂ%ds%notvﬂﬁ%él'sggg%%@t her
pr ef er rledngsksilled Irsthsmorgqydhg ptqce@sﬂmnmddrerelm Hig wnqerstpyd thatinghe: X i s

w6 03 G BTG PorBlANoRsr ol hilniarali LA oftfe Hopmba RAMEE, 2"

or Ror eare pspissibieranly i svdreandrifutions raselt g saplecompiordsag  of al kyl, hal o,

”:\IE ng) %’ a”q%m'\éﬁ%%ﬁ %@Zi%@&éosé%%@im?&%%t gt@%pﬁ%@%gﬁ%@%
-C(O-P qwq R@)fgncﬂq&(a@pup}f( NEBiermedisieccompquRE; MEYDeeN(®RE Praiecied by suitable

- N(RS) - &é@}:st(') A:%% gg.zéucﬁfﬂctugr@l rcg.lrlpg%ld?{] ﬁ@@gu&qﬁoo&ef&r r“ff;i{ei]ﬂ)é)&hc

preferre are selecte b CONsIStih
f ol | owi amid. Suitable protecting groups for hydroxy include trlalkylsnyl or dlarylalkylsnyl (e.g.,

2- d

o O RATAL Dbt P PR YA G e P O
- (benzybuiaptsaprotesiing gmupgfq argnh,yarpld@pyan)i.gu_aoldmo include t-butoxycarbonyl

(3. gU L RUBTRILN) SR PN [SELE protecting aropps for mersapto Indlyde -COLR

(hydr OXWPrﬁ)Bp}s|aM| allkany ani araliyliat ;aralkenyi), p-methoxybenzyl, trityl and the like.

2- (3- gugy, r\{a%len;%{é%ﬂﬁé biotiph RGN R YGR IRRIAL IGTMaRA R LM EQYATr 0xY) - phosphi n

oyl)propan0|c
Protecting groups may be added or removed in accordance with standard techniques,

which are well-known to those skilled in the art and as described herein. "

The use of protecting groups is described in detail in Green, T.W. and P.G.M. Wuiz,
Protective Groups in Organic Synthesis (1991), 2nd Ed., Wiley-Interscience. The protecting
group may also be a polymer resin such as a Wang resin or a 2-chlorotrityl chloride resin.

25 It will also be appreciated by those skilled in the art, although such protected
derivatives of compounds of formulae (I), (Il) and (lll), as described above in the Summary of
the Invention, may not possess pharmacological activity as such, they may be administered to
a mammal having a disease-state characterized by thrombotic activity and thereafter
metabolized in the body to form compounds of the invention which are pharmacologically

30 active. Such derivatives may therefore be described as "prodrugs”. All prodrugs of
compounds of formulae (1), (1) and (1) are included within the scope of the invention.

For purposes of convenience, the following Reaction Schemes are directed to
compounds of formulae () and (il). However, compounds of formulae (lIl) are prepared in
similar manner by methods disclosed herein or by methods known to one of ordinary skill in

35 theart.



15

2- ( 3- guani di nophenyl ) - 3- ((1- (benzyl oxycar bonyl ) am noet hyl ) ( hydr oxy) - phosphi
noyl ) pr opweoi3msoaci d; PCT/US03/08587

2- ( 3- guani di nophenyl ) -3- ((1- (benzyl oxyggr bonyl ) am no- 2- et hyl propyl ) ( hydr ox
y) - phosphi noyl ) propanoi ¢ aci d;

2- (2-chl or o- 5- guani di nophenyl ) - 3- ((1- (benzyl oxycar bonyl ) am no- 20

2- met hyl propyl ) (hydr oxy) phosphi noyl ) propanoi ¢ aci d;

2- (3- (am no) net hyl phenyl ) - 3- ((1- (benzyl oxycar bonyl )am no- 2- met hyl propyl ) ( hy
droxy) phosghi noﬁrppamncnfcctanpdumémqf Formula (la)

2 ey pr ot PR O PYBHEL e AR AR et B st o

f or mul @bpve in)tha§u9mnar1y@fthe labentioniwherdie RSimmairggent, Rzlme-SI-horeﬁt-GJ@) R®, ®3d#t her

Pora” BRI B iBlerd W Pndly SPEI lg of) Btfyhed bl R NA@HT, 1 ©

opt i ondther latmwt droupsedptippathneulstitutast by enebert morgeabstitotentcsalectéd fmmtthe g roup

C&?%;‘H&% @gusﬂﬁﬁ ﬁ%&y&%@%&él%mgég@& (@@8' @;ﬁi& W&»m%

RY I it 2§R GNGRON(-RE: Rewmmémm%m N( )czmo REIRTEOWEERN( R5) 2,
of 1ot s M NGDIRERHONAL S BChR N ADE MR g M MR chaTRoR"
con®i standgNeR )M@)%N(&\M ) mgay mreaareemﬁasmmrmenev @md thatgunctional
2-(3-
car bon R A RRR R i 6o SR AL KRR A Te] om AR P )
uani di rmspheapﬂ@d&l(lqstrJatdszhalmeﬁeactkwrﬁdhamem)wﬁerpmwIF& hyin)dependently a
ot ne IR HTE o giot, e FIERAHERY 90“8"’093’59“0%@%58‘* Wi e e gesdel. "
pr epar eatﬂ)obqlmliaelﬁnmanycbfme)merEim Rf‘?osvalkyt aryboearalkyl; ad|$|arioc1nt:le£>rant or by
t he gpr &?Sﬁ&%ﬁ oq'nf)rglﬂ Q%Qﬁé di: Rlis %ﬁ%ﬁ?&? b4 %9I LhaR« |E h&grgpe{\ ﬁeh%w] ng

descCription SUbStI 'vari ab epi cted
formul ae 10 are pern155|ble only if such contrlbutlons result in stable
conmpounds. It will also be appreciated by those skilled in the art that in

t he processes described below the functional groups of internediate
conpounds may need to be protected by suitable protecting groups. Such
functional groups include hydroxy, am no, nercapto and carboxylic



acid. Suitable protecting groups for hydroxy include trialkylsilyl or
diarylal kylsilyl (e.g., 15 t-butyldinethylsilyl, t-butyldiphenylsilyl or

t ri met hyl wid 08logo63t et r ahydr opyranyl, benzyl, and the |ike. PC3uisoab$ss7
protecting groups for am no, am di no arngp guani di no i ncl ude

t - but oxycar bonyl, benzyl oxycarbonyl, and the like. Suitable protecting
groups for nercapto include -C(O-R8 (where R8 is alkyl, al kenyl, aryl,
aral kyl or aral kenyl), p-nethoxyb®REAETION SEUEMEY t he like. Suitable
protecting groups for carboxylic acid include al kyl, aryl or aral kyl
esters. 20 Protecting groups naﬁsbe added or reaned |n5accordance W th
standard techni ques, 7aah@ wel | - known to tho ea R'led in the art and
as described herein. Fhe- se opcprotectlng gr ~%§%cr|bed i n detai
in Geen, T.W and ﬁﬁ PLQLegLquR@kbups |n ani ¢ Synt hesi s
(1991), 2nd Ed. VVIey rSC|ence The protée ' grouggyrey al so be a
pol ymer resin such as Wang resin or a 2 otrityl chloride resin. 25
It will also be appreci aCE)OR?t hose skill &d i NOOPR™ , al t hough such
protected derivative@)of conpounds of formulae (1), (I1) and (I11), as
descri bed above in the Sunmary of the Invention, may not possess

phar macol ogi cal activity as such, they may be adm nistered to a mammal
havi ng a di sease-state characterized by thronbotjic activity and thereafter
nmet abol i zed in the body to form conpoundd of the invention which are

phar macol ogically 30 active. Such deriv tives may therefore be described
as "prodrugs". Al prodrugs of conpom oH forjmulae (1), (I1) and (I11)
are included within the scope of the invgantion. |For purposes of

conveni ence, the foll ow ng Reaction Sché s are |directed to conpounds of

formulae (1) and (I1). However, compounds of for'nulae (I11) are prepared in
simlar manner by nethods di scl osed herein or by rret ds R own to one of
ordinary skill in 35 the art. WO 03/080631 PCT/ U -39 1.

Preparati on of Compounds of Fornul a (Ia) np% rfds f forﬁﬁla (la) are
S

conpounds of formula (1) of the invention|a iped above in the
Summary of the Invention wherein R is % en, is -SHDr -S-C(O) -RS,
R3is 5 -C(OOCR 6a and R4 is phenyl optonall ypaat ed by halo and
substituted by -R 7a -N(HR5'. Oher R4 aryl groups optionally substituted
by one or nore substitutents selected fromthe group consisting of alkyl,
hal oal kyl , hal oal koxy, nercapto, al kylthio, phenyl, cycloal kyl, nitro,
cyano, -OR6, -N(R6)2, -R7-N(R6)2, -N(R6)-C(O , -R7-N(R6) - C(O) OR8,
-N(R6) -C(OQ -R6, -R7-N(R6)-C(O-R6, -C(O-N(R6)2, -C(O-R7-N(R6)2,
-N(R5)-C(NR5)-N(R5)2, -N(R5)-C(O)-N(R6)2 10 and F-N(R5)-C(O -R -N(R62) nmmay
be prepared in a simlar manner, provided that fwunctional groups are
adequately protected by suitable protecting groups. Conpoghds of fornula
(la) are prepared as illustrated bel ow in Reactign fg€hgfre | where each PG

i s independently a o R"’af/\ H
> N
0] S\/< (la)
C(O)OR®2

Compounds of formula (A) and formula (C) are commercially available, for example,
from Aldrich Chemical Co., or may be prepared according to methods known to one skilled in
the art.

5 In general, the compounds of formula (la), (Ib), and (ic) are prepared by first treating a
compound of formula (A) in an aprotic solvent such as toluene with paraformaldehyde in the
presence of a base, preferably potassium carbonate, and a phase transfer catalyst, such as
tetrabutylammonium iodide, at temperatures of between about 50°C and about 110°C,
preferably at about 100°C, for about 1 to about 6 hours, preferably for about 4 hours, to form a

10 compound of formula (B), which is isolated from the reaction mixture by standard isolation



nitrogen protecting group, such as benzyl oxycarbonyl or t-butoxycarbonyl;
R5 is as described above in the Summary of the Invention; Rea is alkyl,
aryl or awa dsyBo63R7a is a bond or an 15 branched or strai glar/esokpsssne
chain; R8 is alkyl, aryl or aralkyl; qrag_ma I s hydrogen or halo: WO

03/ 080631 PCT/ US03/ 08587 -40 REACTION SCHEME | 5 5 7aR7a_N R Rda fl \PG

Rda (I ~~ PG LI/ (B) C(OOR 6a RO C(OOR 6a (A) O R8)t, SH (C R5
R7a- N. sudt&s 7S R Q.. R4 H fJ O--S~ 6a
(la) C[?%?ﬁ@egcg%poung‘?%é@%g?%% [%) 0anatsf éﬁangp%&%@] §¥ﬂéschom*rer cially
avai | ab¢teomptegrapkdinpl e, from Al drich Chemical Co., or may be prepared

di t [ ' {
conpounds of "Tor e ls ) 8 apl i solent, 3herfid hBorP BRRFlsetelg
conpounditto@ chmpaundiof faymila (Ehindpe preésensebi/atriiemperatures of ldtweere alout 19°C and

; . | ,
Car Bonat oo A8 proteldhy alibSREARBIL oA, B SLSLI2 LT R D P
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by flash chromatography.

The compound of formula (D) in an aprotic solvent, such as methylene chloride was

10 treated with an acid under standard hydrolysis conditions at temperatures of between about
0°C and about 60°C, preferably at ambient temperature, for about 30 minutes to about an
hour, preferably for about 30 minutes, to remove the nitrogen protecting group. The
compound of formula (la) is then isolated from the reaction mixture by standard isolation
techniques, such as evaporation of the solvents and purification by flash chromatography.

15 Compounds of formula (la) may be further treated with a strong aqueods base, such
as aqueous ammonium hydroxide, to prepare compounds of formula () wherein R? is -SH.
Compounds of formula (la) may also be treated under standard base hydrolysis conditions to
form compounds of formula (la) wherein R* is hydrogen (the free acid).

20 2. Preparation of Compounds of Formulae (Ib) and (ic)

Compounds of formulae (Ib) and (lc) are compounds of formula () of the invention as
described above in the Summary of the Invention wherein R' is hydrogen, R? is -SH or
-S-C(0)-R?, R® is -C(O)OR® and R* is phenyl optionally substituted by halo and substituted by
-R™-N(H)R®. Other R* aryl groups optionally substituted by one or more substitutents selected

25  from the group consisting of alkyl, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl,
cycloalkyl, nitro, cyano, -OR?®, -N(R®),, -R"-N(R®),, -N(R®)-C(O)OR?, -R*-N(R%)-C(O)OR?,
-N(R®)-C(0)-R?, -R’-N(R%-C(0)-R®, -C(0)-N(R%),, -C(O)-R"-N(R?%),, -N(R®)-C(NR®)-N(R®),,
-N(R®)-C(0)-N(R%), and -N(R®)-C(0)-R’-N(R°®,) may be prepared in a similar manner, provided
that functional groups are adequately protected by suitable protecting groups. Compounds of

30 formulae (Ib) and (Ic) may be prepared as illustrated below in Reaction Scheme 2 where each
PG’ is independently a nitrogen protecting group, such as benzyloxycarbonyl or t-
butoxycarbonyl; LG is an activating group such as trifluoromethylsulfonyl; R is as described
above in the Summary of the Invention; R* is alkyl, aryl or aralkyl; R™ is a bond or an
branched or straight alkylene chain; R® is alkyl, aryl or aralkyl; and X is hydrogen or halo:

35



10 conmpound of formula (B), which is isolated fromthe reaction m xture by
standard isolation WO 03/080631 PCT/ US03/ 08587 -41 techniques, such as
filtrati owo @wapstati on of solvents, and purification by fHGBUS03/08587
chromat ogr aphy. The conpound of formulg2(B) in an aprotic solvent, such as
chloroform is then treated wth a conpound of formula (C) in the presence
of at tenperatures of between about 0OC and 5 about 100C, preferably at
about anbi ent tenperature, foRpAHMONISCHEMES: t0 about 18 hours, preferably
for about 18 hours. The conpound of fornmula (D) is then isolated fromthe
reaction mxture by standard R%ol ation techni ques, such as evaporation of
the solvents and purifi ca('fﬁen by flash chromai@graphy. The conpound of
formula (D) ip8&an apr sol ient, such as t hyl ene chloride was 10
treated with a créK %jr standard hpdilol yst s gmgiditions at tenperatures
of between aﬁ}t]T about 60C, prefeNabI)Nat ambi ent tenperature, for
about 30 mnttes to a out anaa1 hour, prefethbl y1for about 30 mnutes, to
renove the mtrogen pr |ng group. The conpound of forrmula (la) is then
i sol at ed fromthe(%eactl on nixture by stand&d |rsX3I\at| on techniques, such
as evaporation of the solvents and purification by\flash ch gmat ogr aphy.

15 Conpounds of formula (la) may be further treated vvrt rong agueous
base, such as aqueous anmmoni um hydroxi de, to gPrepar e ds of formul a
(1) wherein R2 is -SH.  Conpounds of fornul (Ia &ﬁt Iso ated under
st andard base hydrolysis conditions to for MNor rruP@ (1a)
wherein R6a is hydrogen (the free acid). 2672 ratl on CFPG'Corrpounds of
Forrmul ae (Ib) and (1c) Conpounds of formnul ae (I b) a @ware conmpounds of
formula (1) of the invention as described abov#)in tlgre unmmary of the

I nvention wherein RL is hydrogen, R is -SHor -S-C(O-R8 R3is -C(OOCR
6a and R4 is phenyl optionally substituted by hal o hnd substituted by
-R7a-N(HR5. Ot her R4 aryl groups optionally substiFut ed by one or nore
substitutents selected 25 fromthe group consistingvof alkylLs hal oal kyI

hal oal koxy, nercapto, al kylthio, phenyl, cycloalkyl, n|7tar cyano, -
-N(R6)2i -R7-N(R6) 2, -N(R6)-C(O) ORS, “R7- N(R6) C(O)

-R7-N(R6) - (O -R6, -C(0)-N(R6)2, -C(O) - R7- NRR6) 2, ( N&R'?&'HN(RS)Z
-N(R5)-C(O-N(R6)2 and -N(R5)-C(O) - R7- N(RGIZD%D@/ inasimlar
manner, provided that functional groups age ad protected by
suitabl e protecting groups. Conmpounds of 30 for rruI a @nd (lIc) may be
prepared as illustrated bel ow i n Reaction Schen(ib)2 vvh re each PG is

i ndependently a nitrogen protecting group, such as benzyl oxycarbonyl or t-
but oxycarbonyl; LG is an activating group such as ttifluoromethyl sul fonyl;
R5 is as described above in the Summary of the Invention; R6a i s al kyl,
aryl or aralkyl; R7a is a bond or an

R™-N
R8 xﬁ/\ NH2
s "L HN
o L<
C(O)OH

(Ic)

Compounds of formula (E) are commercially available, for example, from Aldrich
Chemical Co., or may be prepared according to methods known to those of ordinary skill in
the art, such as those described in Bernatowicz, M.S., Tetrahedron Lett. (1993), Vol. 34, p.

5 3389, or Wu, Y. et al., Synth. Commun. (1993), Vol. 23, p. 3055, or Drake, B. et al., Synthesis

(1994), p. 579.

in general, compounds of formulae (Ib) and (Ic) are prepared by first treating a
compound of formula (la), as prepared above, in an organic solvent, such as chioroform, in
the presence of a base, such as diisopropylethylamine, followed by the addition of an

10  equimolar amount of a compound of formula (E) . The reaction mixture is stirred at a



branched or straight al kylene chain; R8 is alkyl, aryl or aralkyl; and X is
hydrogen or hal o: 35 WD 03/080631 PCT/ US03/ 08587 -42 REACTION SCHEME 2 R5
$ R7a-N WO®3/0Byd31 1l X + PG ,», NN ,PGL )-s C(OOR 6a H H HdTaySogm3ssR5
R7a-N R8 X " \ N~N FGl ) - ,OGaPG:L 3(F) (OOR R5 Rfa-N R5 X\ ~N |
H2 SJ HN O 6a C(O)CR(Ib) R5RR8(/~-NH2~-SHN (lc) (O™
Conmpounds of fornula (E) are commercially avail able, for exanple, from
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extraction, concen ratlon of organic layers and purification by flash chromatography.

5 The nitrogen-protecting groups on the compound of formula (F) are then removed by
standard deprotection techniques, such as acid hydrolysis in a protic solvent, such as ethanol,
at temperatures between about 0°C and about 100°C, preferably at about ambient
temperature, for about 1 hour to about 18 hours, preferably for about 18 hours. The
compound of formula (Ib) is then isolated from the reaction mixture by standard isolation

10 techniques, such as evaporation of the solvents.

The compound of formula (Ib) in a polar protic solvent mixture, such as water, ethanol
and tetrahydrofuran, at temperatures between about 0°C and about 100°C, preferably at
about ambient temperature, is then hydrolyzed under standard aqueous base hydrolysis
conditions, such as treatment with lithium hydroxide, to form a compound of formula (ic),

15  which may be further treated with an acid to form the corresponding salt of a compound of
formula (lc).

3. Preparation of Compounds of Formulae (Id) and (le)
Compounds of formulae (Id) and (le) are compounds of formula (1) of the invention as
20  described above in the Summary of the Invention wherein R is hydrogen, R? is -SH or
-S-C(0)-R?, R®is -C(O)OR® and R* is 3(4)-piperidinyl. Other R* N-heterocyclyl groups
wherein a carbon atom in the N-heterocyclyl group is optionally substituted by alkyl, halo,
nitro, cyano, -N(R%),, -R"-N(R®),, -N(R®)-C(O)OR?®, -R-N(R%)-C(0)OR?, -N(R%)-C(0)-R®,
-R™-N(R%)-C(0)-R®, -C(O)-N(R®)2, -C(0)-R"-N(R%),, -N(R®)-C(NR®)-N(R®),, -N(R®)-C(0)-N(R%),
25  or -N(R%-C(O)-R™-N(R%,), or wherein a nitrogen atom in the N-heterocyclyl may be optionally
substituted by -C(NR%)-N(R%),, -C(NR®)-R®, -C(O)-N(R®), or -C(0)-R’-N(R®), may be prepared
in a similar manner, provided that functional groups are adequately protected by suitable
protecting groups. Compounds of formuale (Id) and (le) are prepared as illustrated below in
Reaction Scheme 3 where PG is a nitrogen protecting group, such as benzyloxycarbonyl; R*
30 s alkyl, aryl or aralkyl; R™is a bond or a branched or straight alkylene chain optionally
substituted by aryl, -N(R®), or -C(O)OR®; and R® is alkyl, aryl or aralkyl:



In general, conmpounds of fornulae (Ib) and (lIc) are prepared by first
treating a conpound of fornula (la), as prepared above, in an organic

sol vent, wacds/aes3chl oroform in the presence of a base, SEhUNS/08587

di i sopropyl ethyl am ne, followed by theggddition of an 10 equi nol ar anount
of a compound of formula (E) . The reaction mxture is stirred at a WO

03/ 080631 PCT/ US03/08587 -43 tenperature of between about OC and about
100C, preferably at anbient t RERCPON SCHERME 3about 12 hours to about 18
hours, preferably for about 18 hours. The conpound of formula (F) is
isolated fromthe reaction mxture byx§tandard i sol ation techniques, such
as organic extracti n, concentration of organic layers and purification by
flash chronmat ogra The nrtrog otecting groups on the conpound of
formula (F) &et noved—by- st ndard deprotection techni ques, such as
acid hydrolysis in rotrc solvent ch as ethanol, at tenperatures

bet ween about OC a gﬁﬁ ta 100C, pr é&ﬁ ¥, at about anbient tenperature,
for about 1 hour to 18 hours, Rably for about 18 hours. The
conpound of formul 48}1 b) is then isQHhted fromthe reaction mxture by
standard isol ation 10 techni ques, such as evaporation of the solvents. The
conpound of formul a (Ib) in a polar protic solvent m xture, such as water,
et hanol and tetrahyﬁBofuran at tenpe Ures between abou 0C and about
100C, preferably at y about anbi ent tendE?ature, is then hy rolyzed under

standard aqugous se hydroI ysis conditrpns, such as tr nt W th
l'ithium hydr oxr de o Jf orma conpound|_ of fornmuia(fc), whr ch may be
further treated WI an acid to form correspondi ng s of a conpound
of formula (Ic). 8(?5&”"“0” BEC pfsa of ForméCef:géi%) poad (1 e)
Conmpounds of fornu é ) and (le) are c rrpounds of faorpmu ') of the

invention as 20 d¥8ribed above in Whe Summaery of the (Khvention wherein R
is hydrogen, RR is -SHor -S-C(O-R8, R3is -C(OOCR8 and R4 is

3(4)-piperidinyl. Qhepy R4 N-heterocyclyl groups wherein a garbon atomin
the N-heterocyclyl growp is optionally substituted by al kyl yhalo, nitro,

[ NRE)2, - seﬁt&)z,

cyano, -N(R6),2, -R7-NRo)?2i -N(R6)-C( OR8, -R7-N -C(O

-N(R6) -C(O -R6, -R - -9 -

-N(R5) - C(NR5) - N(R5) 2 (R5)-C(O) - ﬁ(RG) 5 or -N(R%)- -N(R62), or
wherein a nitrogdp &3 ¢ N-heterocyclyl may be option ORS52
substituted by -C( ) - N? 5’;{ C(NR52 R6, -C(O-N(R6)2 or - ) - R7- N( R6) 2
may be prepared i sinmilar manner, (Qrovided that fundidonal groups are
adequately protected by suitable protecting groups. Compounds of fornuale
(Id) and (le) are preparedgas illustrated below,in Reaction Scheme 3 where

PG is a nitrogen r ot ectrNg group, such as be yI oxycarbonyl; R6a 30 is

al kyl, aryl or arla kyI s a bonc bond or a br d or strai ght al kyl ene
chain optioné| y

c:(O)OR6a C(O)ORea
(1d) (le)

Compounds of formula (G) and formula (C) are commercially available, or may be
prepared according to methods known to those skilled in the art.

5 In general, compounds of formula (Id) and formula (le) are prepared by first
hydrogenating a compound of formula (G) in the presence of a catalyst, such as platinum
oxide, and an acid, such as acetic acid. The resulting product is then basified by the addition
of a base, such as sodium bicarbonate, and dissolved in a polar aprotic solvent, such as
tetrahydrofuran. A nitrogen-protecting providing group is then added to the solvent and the

10  resulting mixture is stirred for about 10 hours to about 18 hours, preferably for about 18 hours.



substituted by aryl, -N(R6)2 or -C(O OR6; and R8 is al kyl, aryl or aral kyl:
WO 03/ 080631 PCT/ US03/ 08587 -44 REACTION SCHEME 3 PGL N 1. C(OOR 6a
C(OOR 6awq@osgd) PGL | GL H N NN 6a H2C-C(O OR 6a H2@CTO(Op6Ba C
(OOR (H (J) (K HH NORB N3 +48-~S RSH/_ 0O6a H2C 'C(O OR6a
C(O)CR (KN (O (1d) HH 8 NN R4 HS O-_s 1,13 6a C(O OR6a C(O OR

e) Conpounds of fornula (G and forrmula (C) are comrercially
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of a cat al ystThe setipowdrsd ¢fl faknhulal (M) @Xhéiﬁado%ﬂdo arsoR&ibA of 8 8EBn@Basks; liticadiCi d.
The v eslﬂLituirnnc%isgér%gVI%‘ude |rE Q %gla?%;sa}oftllc %glvgxt suc asqg.rgﬁy?#ofuran at temperatures
5  between about -80°C and about -70°C, preferably at about -78°C. The resulting reaction
mixture was warmed to a temperature between about -5°C and 5°C, preferably at about 0°C
over a period of about 1 hour to about 2 hours, preferably for a period of about 1.5 hours.
Formaldehyde gas is then passed through the reaction mixture for a period of about 0.5 hours
to about 1.0 hour, preferably for about 0.5 hours. The reaction is quenched by the addition of
10  an acid, preferably HCI. The compound of formula (J) is then isolated from the reaction
mixture by standard isolation techniques, such as evaporation of the solvents and purification
through silica gel.

The compound of formula (J) is then de-protected under standard nitrogen

deprotection conditions to form a compound of formula (K), which is isolated from the reaction
15  mixture by standard isolation techniques.

The compound of formula (K) is then treated with a solution of a compound of formula
(C) in a protic solvent, such as isopropyl alcohol, and the resulting reaction mixture is stirred
for about 12 hours to about 24 hours, preferably for about 24 hours, at a temperature of
between about 0°C and about 100°C, preferably at about ambient temperature. The

20 compound of formula (Id) is then isolated from the reaction mixture by standard isolation
techniques, such as concentration.

The compound of formula (Id) is then treated with an aqueous base, such as
ammonium hydroxide, under standard aqueous base hydrolysis conditions at temperatures of
about 0°C to about 80°C, preferably at about 0°C, to form compounds of formula (le), which

25 are isolated from the reaction mixture as a salt under standard isolation techniques.

Compounds of formulae (K), (Id) and (le) may be further treated under similar
conditions as described above in Reaction Scheme 2 with an appropriately substituted and
activated guanidine to form compounds of formulae (K), (Id) and (le) wherein the piperidinyl
group is substituted at the 1-position by -C(NR®)-N(R®),, following the methods disclosed in

30 Feichtinger, K. et al., J. Org. Chem. (1998), Vol. 63, pp. 3804-3805. Alternatively,
compounds of formulae (K), (Id) and (le) may be further treated with an appropriately
substituted methyl acetimidate or derivative thereof to form compounds of formulae (K), (Id)
and (le) wherein the piperidinyl group is substituted at the 1-position by -C(NR°)-R®.
Alternatively, compounds of formulae (K), (Id) and (le) may be further treated with the

35 appropriately substituted reagent under standard acylation or peptide coupling conditions to



of a base, such as sodi um bi carbonate, and dissolved in a polar aprotic

sol vent, such as tetrahydrofuran. A nitrogen-protecting providing group is
t hen addewaa/osbisol vent and the 10 resulting m xture is KEi/vsoedsssor about
10 hours to about 18 hours, preferablyséor about 18 hours. WO 03/080631
PCT/ US03/ 08587 -46 The conpound of formula (H) is then isolated fromthe
reaction mxture by standard isolation techniques, such as concentration,
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a comnpoun 1 a sol vent, such as i sopropyl al cohol,
and the resulting reacti on mREAS'J'G’lS SﬁHEMEd "for about 12 hours to about
24 hours, preferably for about 24 hours, at a tenperature of between about
0C and about 100C, preferably at about anbi ent tenpergture. The 20 conpound
of fornmula (1d) is then isolatied fromthe reaction mixture by standard

i sol ation tR¥h@HgOks, SuchXas’thncentTatton peie~corfpolind @) fornula (1d)
is then treated with an aqueoygqbase, such as ammoniQ#n hydr oxi de, under

st andard aqueous base hydrol ysis conditions at tenperatures of about 0Cto
about 80C, pref@)ably at about{MPC, to form conpounds of forrmula (le), which
25 are isolated fromthe reaction mxture as a salit under standard

i solation techniques. Conpounds of formulae (K), |(1d) angs{le) nmay be
further treated under simlar conditions as descrfi bed above mﬁactl on
Schenme 2 with an appropriately substituted and activat anidife to form
conpounds of fornulae (K), (1d) and (le) wherein the p?peri inyl group is
substituted at the 1-position by -C(NR5)-N(R5)2, fljollow ng the nethods
disclosed in 30 Feichtinger, K et al., J. Og. CWem (1998), Vol. 63, pp.
3804- 3805. Alternatively,
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O
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RSa/\/'|D R
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(1)

Compounds of formula (L) and formula (M) are commercially available, or may be
15  prepared by methods known to those of ordinary skill in the art, or by methods disclosed
herein. Compounds of formula (Ba) are prepared by methods described herein.
In general, compounds of formula (If) and formula (1g) are prepared by first preparing
a compound of formula (N) in a manner similar the methods described in Karanewsky, et al.,
J. Med Chem. (1988), Vol. 31, p. 204, or by methods disclosed herein. For example, a
20 solution of a compound of formula (L) and an excess molar amount of a compound of formula



conpounds of formulae (K), (Id) and (le) may be further treated with an
appropriately substituted nethyl acetimdate or derivative thereof to form
conpoundswarxosfoseasul ae (K), (1d) and (le) wherein the piperdmdiseghssgroup i s
substituted at the 1-position by -C(NRgr-R6. Alternatively, conpounds of
formulae (K), (Id) and (le) may be further treated with the 35
appropriately substituted reagent under standard acylation or peptide
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t he “Sunmmar I on except that any free acids thefein are
in a sdlltfaibhwnprconemt@cﬁonorm (such as in an ester form; Rd4a is as

described ahoyg d‘é%‘?f&r%uﬁ’qg%w %@hageh%ck&ﬂ%ttb%tﬁ%s %ll&"‘tg t hat any

reactive func |ona gr oups rotecte i's
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oo Hesd Fatopt s 16, S8dmol oYMV Ao g s
gener altp thergactiordmixddref @iraﬁﬁnape(ratﬂye efrgtwermakiout (305§ ° ane apew SAre dorpigrably st
prepar 'eﬂ%bout 0°C. The reaction mixture is allowed to warm to ambient temperature. The
compound of formula (If) is then isolated from the reaction mixture by standard isolation
15  technigues, such as organic extraction and concentration.
Compounds of formula (If) wherein R*? is phenyl substituted by an amino-protected
guanidine group are prepared according to methods similar to those described in Feichtinger,
K, et al., J. Org. Chem. (1998), Vol. 63, pp. 3804-3805, or by methods disclosed herein.
Alternatively, compounds of formula (Ba) or compounds of formula (B) (as described
20  above in Reaction Scheme 1) may be treated with phosphonic acid esters of the formula
HP(O)(OR®), by methods disclosed herein in order to prepare compounds of formula (1)
wherein R? is -P(O)(OR),.

5. Preparation of Compounds of Formula (lla)

25 Compounds of formula (lla) are compounds of formula (1) as described above in the
Summary of the Invention wherein R' is hydrogen and R® is -C(O)OR® (where R® is alkyl, aryl
or aralkyl). They are prepared as illustrated below in Reaction Scheme 5 wherein R*is as
described above in the Summary of the Invention for R* except that any reactive functional
groups therein may be suitably protected; at least one R® is hydrogen and the other is as

30 described above in the Summary of the Invention; R® is alkyl, aryl or aralkyl; and R" is -R®,
-R™-N(R®),, -R™-C(0)-R®, -R"-N(R%-C(0)OR?, or -R"-N(R%)-C(0)-R"-N(R%)-C(O)OR®:



a conmpound of forrmula (N) in a manner simlar the nethods described in

Kar anewsky, et al., J. Med Chem (1988), Vol. 31, p. 204, or by nethods
di scl osedwoensasm31 For exanple, a 20 solution of a conpoundafudosnsasia (L)
and an excess nol ar anount of a conpouggl_-of fornula WO 03/ 080631

PCT/ US03/ 08587 -47 (M in the presence of a radical initiator, such as
2,2'-azobi si sobutyronitrile (AIBN), and a strong acid, such as
concentrated sulfuric acid, in REKXCTION SCHEME 5 such as ethanol, is heated
to reflux for a period of about 12 hours to about 17 hours, preferably for
a period of about 17, hours. The cggpound of formsl a (N) is then isolated
fromthe reaction ﬁxture by stzg%rd 5 isol atﬁtechm ques, such as
organi ¢ exttacti evaporat i OR solvents H b tion, filtration
and concentrati on. d:'orrpounds of foPNul a (If) arecg g@ red accordi ng to

met hods simlar {B) those descr{i@ed in Boyd, dR)al., Tetrahedron Lett.
(1990), pp. 2933-2936, or by nethods disclosed herein. For exanple, the
conmpound of forrmula (N) is activated by treatnent with an excess 10 nol ar
nount of an activating agent, such as chlorotrinrethylsilane, in the
presence of a base, such as diisopropylethylanne. An equinolar amount of
a conpound of fornula (Ba) is added to the reaftion mxture, at a
tenperature of between about -30C and aboutH prefesrably at about OC.
The reaction mixture is allowed to warmto ambi eROXRPerature. The
conmpound of forrmula (If) is then isolated from¢the reaction m xture by
standard isolation 15 techniques, such as or Shic extraction and
concentration. Conpounds of formula (If) wherein Rd4a is phenyl substituted
by an amino-protected guanidine group are prepared according to nethods
simlar to those des€ibed in Feicktdnger, K et al. OJ ® Chem
(1998), Vol p, 63, RIP—385HE 3803 00/ by met hads di scRied—tmerki n

Al ternatively, conpoﬁﬂ_gss of formul @@R%r conmpounds hﬁor@(ﬂ))@F{GB) (as
described 20 above in Reaction Scherre 1) may be treated with phosphonic
acid esters of the f@ynmula HP(O(§ORS)2 by nethods di scl@apd herein in
order to prepare conpounds of forrmula (1) wherein R2 is -P(O (OR5)2. 5.
Preparati on of Compounds of Fornula (Ila) 25 Conpounds of formula (lla) are

conpounds OfcérﬁbmHo% dflfb&n@é@%mrfbmﬂa mcats cbmnidwauysamww dHmdyhse
| nventi on wherein [ ydr oge % Cé) é}e d%\gT R?] is al kyI
aryl o?reaar&ﬁ@wn)ethq%'woatvrbtomg@p%%a Iy ﬁrq Qe by Hiethp Wsieﬂ REHtti on

Schegire 5 whehejenelacdnfoctind ofl st @e) a@qy@paredbwrs%@wm@ya Slutioheflanvent i on
for R4 except that any reactive functlonal ‘%\ea %)t t her may be_suitably

pr ot ect @¥RPeYNd|of frmubh &) i aipglan RRIOYE SAIVE R SY gh 19 g?%[gpege Ulri bed
above | HSbt\IvB@n @QEVHM voud, ﬁr@@rd%@ﬂi ﬂeﬁiberaﬁ?ﬁ@ dfabalikydeC. Ay ex@dssandakathourand

R10 is - - N(R6 - R7 O
gly pofasswm cygnlde lc(thgndzggded to the solution over

N e

a period of about 30 minutes to about 1 hour, preferably of about 30 minutes. The resulting
10  reaction mixture is stirred for a period of about 30 minutes to about 1 hour, preferably for a
period of 30 minutes. The compound of formula (Q) is then isolated from the reaction mixture
by standard isolation techniques, such as phase separation, extraction, and concentration.
The compound of formula (Q) in a polar aprotic solvent, such as ether, is then
hydrolyzed under standard nitrile hydrolysis conditions to form the compound of formula (R),
15  which can then be treated under standard esterification conditions to form compounds of
formula (S). Alternatively, the compound of formula (Q) is treated under standard nitrile
hydrolysis conditions in the presence of an alcohol of the formula HOR® to form compounds
of formula (S) in situ.
The compound of formula (S) is then treated under standard dehydrating coupling

20 conditions with a compound of formula (T) by methods similar to those described in Hoffman,



WO 03/ 080631 PCT/ US03/ 08587 -48 REACTION SCHEME 5 Rd4a Rda Rda 1. O= HOC
HOHCNC(OOH (P) (Q (R Ria HO-K COOR6a (S) 0 RMda 0 Rda 2.

R10- | P- OR&Ot3H8he3ba R1O | P-O-C(OOR 6a OR5 C(O OR OR (T) RCI)yus0Blsss7
Conpounds of fornula (P) and fornula (49 -are commercially available, or may
be prepared by nethods known to one skilled in the art, or by nethods

di scl osed herein. 5 In general, conpound of formula (lla) are prepared by

first onokymseds %@8@) i onio @rm@é&@ﬁwﬁd@? fcfrﬁfu@(hlé) Which i8 isdidded fbmaRé ot i C

sol vent, such as eth nperature of between 0C and 10C, preferably
to a t SRRRICAMTIKErePY a@ad@rdm@ﬂome@a&w nol ar anount of an al kaline netal

cyani de, pr ei&ﬁﬁ&ﬂrﬁdsﬁﬁ?&ﬁ@ldlﬂlb?m&'eﬂﬁwa@ au‘yh@r’?oué@d@ﬂlttﬁt@d b?eN€R9}2%HéPé‘ aPVver
a period of ahout 30 minutes to about 1 hour, prefera

nmi nut edeastre K é%thrpa@n ey Pedethesiedsted with aﬂs‘?‘PﬁEqPF'?@B’ ?L%’Ft'télteﬁeﬁﬁdﬁt%te‘ébout
30 mi ”@L@ﬁldﬁlﬁ-ﬁhﬁi‘ﬁb c%rﬂ'&%d tB"f&Fr%cﬁfHﬂ)dhnfdgrof fhe iRESHLBH Whbre?® RMsiH &1 grEb@
conpound of ég{ esn isolated fromthe reaction m xture
standarsdlbﬁfgéile&tqydhl(? N%h@$ such as phase separation, extraction, and
concentration. The conpound of fornmula (Q in a polar aproti c solvent, such

as ether, is then hydrolyzed under standard nitrile hydroI(5|s condi tions
to form the & onpdeapatatianoeheenapemnds of Foypnulag (Ibnlhdh. #rd lheat ed under

standard eﬁ@&h%&ﬂs'&‘ﬂorﬁﬂ g)f iR, ¢ knfa £@Q§mgmd%ff&ﬁm ?}e(ss)

Al ternatively, e conpoun i's treated under standard

ni t10i | edespijleRcoakpypdn thorSHMmenLoithe trventinnoleeretd Riis AvdrapeAet Rofs t he for mul a
HOR6a t.p(h Rbﬁ‘S)CIQ NJsr -Ppd (b@l’sﬁw-ﬂdﬁ@s&tr)g IIQL\RIHere-Q&%h cOrRQuTEe Rf JfQRAUI A

(S) is then treat under s andard coupl'ing 20 conditions wth
a conpo%fﬁ@sélﬁsq?r&eﬁmt@VQWthﬁﬁWﬁWd% ”!ﬁ ||'W¢%ﬂ°nt d here semBeudsi a5@ 8ranarebas nan,

WO 03/ QRR6Me dFBeldWRPREIGRR Schefh 6 wherein X is halo; PG and PG? are each

independently nitrogen-protecting groups; R® is alkyl, aryl or aralkyl; R*? is as described

15 above in the Summary of the Invention for R* except that any reactive functional groups
therein may be suitably protected; R* is alkyl or aralkyl; and R’ and R? are as described
above in the Summary of the Invention:



M, Synthesis (1986), 557A to forma conpound of formula (Ila), which is
isolated fromthe reaction mxture by standard isolation techniques.
Conmpoundswar o3foseasul a (11a) wherein Rd4a is aryl group substramusedoksg7- N( R6) 2
where at least on R6 is hydrogen may dae further reacted with an
appropriately substituted and activate 5 guani di ne-form ng conpound, to
form conpounds of the invention wherein R4 is an aryl group substituted by
-N(R5)-C(NR5)-N(R5)2. 6. Preparation of Conmpounds of Fornulae (l1g), (Ih),
(li), and (1j) Conpounds of fornul ae (Ig?, (rh), (1i), and (1j) are
conpounds of formula (1) asREACTHONSEHEWIE®Ove in the Summary of the

I nvention wherein RL is hydrogen and R2 is -P(O (OR5)-R7-N(R6) 2 or

-P(O (OR5)-R7-N(R5) - S(O) 2-R9 where each R5, each R6, R7 and RO are as
descri bed above in the Summary of the I gwBati on. These conpounds are

prepared as_ ibed bel ow j.n Reaction Schene gvpherein X is halo; PG
and PGQ-alTeggﬁ%#ndé"pe%d'éﬁthymWM}ﬁ(Qmeta?n)émgroups; Rea is al kyl,
aryl or aral kid); Rd4a is as described 15 above in the Summary of the
Invention for R4 except that any reactive gyetional groups therein may be
suitably protected; R 5a is alkyl or aralkyl; and R7 and RO are as

descri bed above in the Summary of the Ipwention: WO 03/080631

PCT/ US03/ 08587 -50 REACTI ON SCHEME 6 Bu3 1. myC(O OR6a + Bu3SnH

H2O) ~C(O OR6a (V) (U 1 X-R4a Rda HX& )§§63) aRa 5Ra R ORO
2. PGL,-N-R7P-H + H2C C(O OR6a -- PGL",, N IP Sa HC(OORa ORSa OR (X
(W (lg) 1 RS Rda HNVR7 -P C(OOR6a O RSa H

4 4a
® 9 I I
2. 1/N—R7——I|°—H + H,C C(O)ORGa___.PG1/N~R7—IT’ ) C(O)OR®®
T O W) 1@ %
4a
oo T
HN-R™P C(O)OR®
or%
(th)
R4a R4a
? Ilas 7 (”)‘/4\ 6b 9 ? ||?5 7 (“)_/‘\ 6a
3. R—SX + HN-R™9 [ "CO)OR® — R—5—N-R™—p—" | "C(O)OR
o) (Ih) OR®? ° OR®?
(2)
R4a
5
2 Fed L
R*—S8—N-R™—p—"| "C(O)OH
o) OH

(1)

Compounds of formula (X), formula (W) and formula (Z) are prepared by methods
5 disclosed herein or may be prepared according to methods known to one skilled in the art.
BusSnH is commercially available. Compounds of formula X-R* are commercially available or
may be prepared according to methods known to one skilled in the art, or by methods
disclosed herein. Compounds of formula (V) are prepared in a similar manner as described in
Cochran, J.C. et al., Tetrahedron Letters (1990), Vol. 31, pp. 6621-6624, and Miyake, H. et



(Ih) ORS 0 RMa OR5 0 Rda 3. RO-S X + HI -R7P<C(O) OR6b R9 S-N R7P
C(OOR6a 11 ORSa HO OR5a H (2) (Ih) (i) OR5 0 R4a 11 1 11 RO S-N-R7P-
H C(O OH wo @3Hisés3f1 j) Conmpounds of formula (X), formula (PQT/esedosssrnul a
(Z) are prepared by nethods 5 disclosgg_herein or nmay be prepared
according to nethods known to one skilled in the art. Bu3SnH is
commercially avail abl e. Conpounds of formula X-Rd4a are comrercially

avai |l ab, e r d ' | d i
the. ar ch- G, [BY (e S Cadl CehtlbBhds ST i e eidiod 1F ;@ﬁ“"gk e
pr epar enpringr as desdribad imeevirrJ. akstwdsdrondedferan(19¢8)cMpli4, Rp. 8216624, |

Tet r ahed - i

031 080631 PCTPRRAF shERTHds.f formulde (BE(nh Ry 28 i ardBfertsttyFiys(pgfing>

Eonpourmnmouhdroﬁtdrmu(am)a\rite tplppltin byidride in the priesence of@paiadism chialystitbed i n
evin, t 3 , .

conpoufercecaRBHAEBY fBnb ) SHE Haupfa witffhe Mftabl plotebied SoppBufiege” o1

react i rige fc?{mutwp&j%af_forﬂs fher sompoupd)of faretila (Whout yl tin hydride in the
resence o ; I .

e e-coupl ettt s Rl b n et iseht Sy B feBtlctle oriek & (10,

af f or dsheraddsship euscibtioh of arcomudpf formeladirroamaprotic saveni) such\As i n an

apr ot . i i

of 5 cIREBUNEE Hof 1B sehee ShE s o fiSomrbAGnARAfe, baBRoP ' O

chl1or i cefivatimgtdgenty sesteas ehlofotiméthyleilarsy ehteapeditires of betyleen lapbuindife andnd an

10 tieat | o ' | ks

pet weer? QBT BAER 0:f Efe RuERGPER N Hikite 08 ot SrbBRIRRIBIIA S |
i sdst ibrpeeidd af betwiepmboutetPleouns ane about 18 hques, ippefersblyfet aperodibicaout 28 hour s
and a OUL Sy :

reacti %#h{%%%e%gﬁg%ﬂéﬁégﬁﬁgdz%#&éﬁ%8913’? h'?%?ﬁut’f@m?@ %ﬁ%ﬂ%@gﬁ%{n eﬂlz‘lgf romthe
r eact i omactiontruixiirdpy steadararisblationl tethriguase sheti agi@draction levagoretien and i on,

eva'ﬁﬁ[zbtd(‘?'gﬁt%.ﬂékytjf%sn%h'i";"j‘aq?@é?@eby flash chromat ography. The conpound of

for e epro by standard nitrogen deprotection

t echni ques, Thectongouimgohf fayende (lgxis ithen deprotected iy staridard nitiogenydeproteatidn as

Pd/ C, ttgclf?r}cich?t-:‘rs(,js&h as hydrogenation in the presence of a catalyst, such as Pd/C, to afford a
compound of formula (Ih), which is isolated from the reaction mixture by standard isolation
techniques, such as filtration.

20 The compound of formula (Ih) in an aprotic solvent, such as methylene chloride, in the
presence of a base, such as diisopropylethylamine, and an acylation catalyst, such as DMAP,
at temperatures at between about -20°C and 80°C, preferably at about 0°C, is then treated
with an excess molar amount of a compound of formula (Z) in an aprotic solvent, such as
methylene chloride. The resulting reaction mixture is stirred for a period of about 0.5 hours to

25  about 1.0 hour, preferably for about 0.5 hours, and then warmed to ambient temperature
overnight. The compound of formula (li) is isolated from the reaction mixture by standard
isolation techniques, such as evaporation of solvents.

The compound of formula (i) is then hydrolyzed to the compound of formula (lj) by
standard hydrolysis conditions.

30 Alternatively, appropriately substituted acid chlorides and isothiocyanates may be used
in place of compounds of formula (Z) above to prepare compounds of the invention wherein
R? is -P(O)(OR®)-R’-N(R%)-C(0)OR?, -P(0)(OR®)-R"-N(R%)-C(0)-R"-N(R%)-C(O)OR® or
-P(0)(OR®)-R’-N(R%)-C(S)-N(R®)..

35



conpound of forrmula (Ih), which is isolated fromthe reaction m xture by
standard isolation techniques, such as filtration. 20 The conpound of
formul a (Woosioso@n aprotic sol vent, such as nethyl ene chl adTd#es03/0858t he
presence of a base, such as diisopropykgthyl am ne, and an acyl ation

catal yst, such as DVAP, at tenperatures at between about -20C and 80C,
preferably at about OC, is then treated wth an excess nolar anmount of a
conmpound of -f or < ] i qysuch as nethylene chloride.
The resul ti n7fg rg?ggpé@'r%ln%%'ﬁpé%?lg?fg%ﬁ@rg ()é)speri od of about 0.5 hours
to 25 about Canfpdunds of forelier @D laye intermabiatds i0 e preparstiomaticarhenundanired t o
anbi en . i.aht . 1i) is isolated
from tﬁ%ﬁﬁeﬁgﬁéf%sun&%c{(@ %&éﬂ%@g s-ghf}gbg?ﬁpéﬁ%g%qqgﬁ ?éosr?hp ée%ﬁ%'?‘&’&'lés such as
evapor &daotiornSclwhe &mttereif IR and i cue ds oesdrierhabavd inithe Ssimnhay ofther ol yzed t o

R
t he.co saf.0 I ' . q it
Al t gr ngﬁ‘?e\?@g’ﬁ a‘;)spérlg%ro ?SHL, @/ %E)SS%IE %Bﬂ%&a%l)ég&@%@kﬁ%@gﬂg{mf :R%EP Eol%%ce?anat es
may be suitatle prategiioader the nitorgenuo sdiabrit it attachel, 6A) P& dva nitogpn-epateding
conpounds of the invention wherein R2 is -P(O(OR5)-R -N(R5)-C(O OR8,
-P(O) (IBPR -N(R5)-C(O -R - N(R5) - C(O) OR8 or
-P(O) (OR5) - R7- N( R5) - C( S) - NREACTION:SOBENE D80631 PCT/ US03/ 08587 -52 7.
Preparati on of Conpounds of Fornmula (X) Conpounds of formula (X) are
intermedi ates in the preparation of conmpounds of formpidla (1g) as descri bed
above. Theﬁsare prepased as described bel ow in Regcti nC|Bcherre 7 wherein R5
and R arelas described abqve iﬁ_ﬁh%Sumqp,of e \tike) R 5a is
al kyl o|5GaNa kyl, P an al kyl %Up’ such as di \Rﬁlé,e&gylclﬁrft hyl, that
provi des™ sultable rot%ction for e nitrogen to Ith is attached, and
PG is a w'(é)rogen-prggg)cting group: REACTI ON SCHEME 7‘ Rt 5705\ + +H
11 - R ~N"~~211 (Xc) PGHHOOHPG O (Xa) (Xb) R7 |5

R7
R %
N"P—H  (Xd)
H  on

R7
0]
5
R \II\IJ\I%’——H (Xe)

PG' OH

R’
O
R2 I
\ITIJ\P_H

1 X
PG' OR™
10 Compounds of formula (Xa), formula (Xb) and HsPO, are commercially available, for
example from Aldrich Chemical Co.
In general, in @ manner similar to the methods described in Hamilton, R. et al.,
Tetrahedron Lett. (1995), pp. 4451-4454 and Baylis, E.K. et al., J. Chem Soc, Perkin Trans ,1



R'"~NIP-H(Xd) HOHR/ 50RNP-H(Xe) PG OHR7 R5INP-H (X PGl
ORSa 10 Conpounds of formula (Xa), forrmula (Xb) and H3PQ2 are commercially
avai | abl ewdmrosoasxanpl e from Al dri ch Chem cal Co. |n generpdT/USOB/0858MBANNETr
simlar to the nmethods described in Hagalton, R et al., Tetrahedron Lett.
(1995), pp. 4451-4454 and Baylis, E.K et al., J. Chem Soc, Perkin Trans ,1
WO 03/ 080631 PCT/ US03/ 08587 -53 (1984), pp. 2845-2853, conpounds of

fornul M%@f) lﬂa%ﬂﬁ%é %n@ﬁanHE%ffoﬁ%ﬁl%t(k?Qre%rgﬁveﬁ;bwlrst?rfeaﬁ hﬁﬁé Lo

sol ution osphorus acid I1n a IC SO such as” et
ambi entof ﬂ‘@mb@r f@a sTlytion eéhunophgsnmatstaqmnrﬁ irotic solventdsuchiasethvanoh ai poI ar

aproti g %ﬁﬁ%ﬁw?era QhTﬂéjl'_%eJ‘(E{gl reg&fém JF'&'[UF’?%LH Jﬁt‘sﬁ%fﬁréagblp} éﬁbﬁgscﬁ\%rﬁ IS

coll ecte |on. I SSO ar’ aproti c 'sol vent
and tr @&lpleas ethen anddbﬁm@s,wtmwreclpntatmi salf igtgpllectéeby Bration. nghe wros dissolved

ur
abort " BRSRE 2o ToiEA ot o RERERL frha B fRALADL ARPHbufngRtelod o)
i's i solmixkie krieatada retactemperatuiefoua petind @ftamutaZ UOUSGO abodrt hatsini ques,
such a I i lﬂ‘ﬂpc 0 & conpound
of for ?ﬁﬁ?%ta%}%@ﬂ S %Jeh\m{rér; egﬁgéb@ﬁ? a %ﬂ%%c ?&EB%?&&@%B% reZEt dr obr oni ¢
aci d, anixughpystandardgsaétidreteolsaues) Sucmab salifomationf Bliiratiryarad Oraanlerrper ature
of ab IRC for a period of about 1 hour to about 3 hours, preferably

for a perrlao of about 2 hours. The conpound of fornmula (Xd) is then

i sdOat ed fr oTrhetdwnwadtdf formulax €4o) & then beatedavith a steamigaacich praferablyi ques. 15
The co r

ni t roger-pr ) 'ﬁgtalcﬁr &t e%#%l' 9 Oftbléﬁ'{’leoe?' nﬁéﬁgqggﬁg’eﬂ?@’%%emg z,atu\r/\e?n?fch

i s t hersboubtEE for a perod ammupﬁ inatetoyabositi® ivunsupreferably ddral pesfodfafabolit2 HOR5a

0N ARt SIS SR RO b O oA AEROMAG L Bl
t echni gs@stion techniques.

15 The compound of formula (Xd) is then protected under standard nitrogen-protecting
conditions to form a compound of formula (Xe), which is then treated with an appropriately
substituted alcohol of formula HOR®® under standard esterification conditions to form a
compound of formula (X), which is isolated from the reaction mixture by standard isolation
techniques.

20
8. Preparation of Compounds of Formula (Z)

Compounds of formula (Z) are intermediates used in the preparation of compounds of
formula (Im) as described above. They are commercially available or may be prepared as
described below in Reaction Scheme 8 wherein R® is as described above in the Summary of

25 the Invention and Ms is mesyl:



20 8. Preparation of Conpounds of Formula (Z) Conpounds of fornula (Z) are
I nternmedi ates used in the preparation of conpounds of formula (Im as
descri bedwabwwsossThey are commercial ly available or may beequepanesd7as
descri bed below in Reaction Schene 8 whggein RO is as descri bed above in
the Summary of 25 the Invention and Ms is nesyl: WO 03/080631

PCT/ US03/ 08587 -54 REACTI ON SCHEME 8 R9-OH + MsCl RO-OMs (Zb) (Za) O
HS~-Ik CH3 O RS-S CH3 (Zc) 1 0 REACRIDNSOHEMES 11 O1 O R9-S-C (2) |
| O Conpounds of formula (Za) and thioacetic acid are comrercially

avai l abl e, or may bgs @uepared ording t,0 neghbc kn to one of
ordinary skill i% tﬁ%<gﬁt. I n g@%gral, conpounESQgﬁsfoﬂ%E}a (2) are
prepared by first tr@)ing a conpound of 5 fornula (Za) in an aprotic
sol vent, such as nethylene chloride, with an equj nol ar anount of

met hanesul fonyl chloride in the presence of a base, sucl as

di i sopropyl ethylamne, at a tenperature of between abod{ -30C and about
80C, preferably at about anbient tenperature, |Ieﬁ§t|r?Hﬂg conti nuously
for a period of about 2 hours to about 6 hours, preferably for about 4
hours, to forma conmpound of formula (Zb), whichois isolated fromthe 10
reaction mxture by standard isol ation techniqqgﬁk such@p organi c
extraction and evaporation R%>—s CHs

RQ—T[‘:}——OH (2d)

|

I
Rg—ﬁ—ol (2)

Compounds of formula (Za) and thioacetic acid are commercially available, or may be
prepared according to methods known to one of ordinary skill in the art.

In general, compounds of formula (Z) are prepared by first treating a compound of

5 formula (Za) in an aprotic solvent, such as methylene chloride, with an equimolar amount of
methanesulfonyl chloride in the presence of a base, such as diisopropylethylamine, at a
temperature of between about -30°C and about 80°C, preferably at about ambient
temperature, while stirring continuously for a period of about 2 hours to about 6 hours,
preferably for about 4 hours, to form a compound of formula (Zb), which is isolated from the

10 reaction mixture by standard isolation techniques, such as organic extraction and evaporation
of solvents.

Thioacetic acid is added to a suspension of a strong base, such as cesium carbonate,
in an aprotic solvent, such as dimethylformamide. A solution of the compound of formula (Zb)
in an aprotic solvent, such as dimethylformamide, is added to the suspension. The resulting

15 reaction mixture is stirred continuously for a period of about 12 hours to about 18 hours,
preferably for about 18 hours. The compound of formula (Zc) is isolated from the reaction
mixture by standard isolation techniques, such as extraction with organic solvents,
concentration and purification by column chromatography.



of solvents. Thioacetic acid is added to a suspension of a strong base,
such as cesium carbonate, in an aprotic solvent, such as

di et hyl f wonmrasaels1 A sol ution of the conpound of fornula (EXayuSodosan
aprotic solvent, such as dinethylfornmanggle, is added to the suspension. The
resulting 15 reaction mixture i s stirred continuously for a period of
about 12 hours to about 18 hours, preferably for about 18 hours. The
conpound of faEmdhROLAE bf by standard
i solation techni IJ?S sUCLO‘f’%’I'lsJ@gg?)ﬁlgghér{%&%ﬁu%afe?%{nanagr O%Tc]vae(ﬂ)f'gae"

concent FARFITANSAA dorm RicPMparng af f@?“@lél(&danbhhmma@ﬁMpMy the/@a08drORREF2 by
PCT/ U803t’a@|85|%l7isolat@§1 tERRnNi xidi zed under

st andard aci q, oxi dat i on Ggﬁ%y&?gﬁﬁltr@%w&e&a{)@aﬂ%l?trf]g& ?r%?or mul a (Zd),
which is isol Q?@GWPHWPE@WE'&(@F’EH afi apreticesobient, suahndaadmmoé edtmeﬂl’nylene

t echfi queierides AR disethyiorh <A M f L3 16 und of
formul a (éd gn an ap* oti gh‘sdgn{/en & t@%%ﬁéb&@unquotf%g “ye%B %8%3 % Eﬂé%

chl ori d& eigr3hbt 1Akt Rei anel, ther treete! withtan excesselaaamoennif dredopbisdlidabout
- 5C andredeHt, su@pas BR&?IQJhﬁ)Wd% e 30Ut Orgact%'ﬂq‘n&tb?gls stl ate gy th an excess
nol ar apount of an ac |1 reagentg such a i 8PP The
resul ti %“Peé%té'fq fon arﬁe;E'PGPéaP%Ut&hW%tp aitouaﬁihpelrst pretfem‘plgrfmahoet g oous. MRkl od
of aboutordpbsHd & fom@k

conﬂcgund of formla (Zwlgﬁwé@ggél?tggﬁgﬁ g’ far Q%)ér%' Eﬁé'xﬁlpé)g)( F%ﬁgﬂﬁ%ﬁ%‘f’t@r‘by

st andar tpenaigres isyah 28 eb’éié%ﬁi'%%@' purifichticrsbyesiliqaoged chromatogtapiy. i fi cat i on by
silica gel chromatography. 9. Preparation of Conpounds of Formula (lib),
Formul a (Ilcé and _Fornmul a @glld Conpounds of fornula (I1b), fornula (Ilc)
and fornula 81 d) Paeraratiop el Gempgurtds ofiiaamuls (I()) Fomsuld¢liey drtbEorangye in
t he Su y of the Invention. They are prepared as described belowin
React i on %cheme 9 wherein R5, R7 and RO are as described above in the
Sunmary of EREPPHRENET formulRqkb)i mrmslao(ue)carridxednabqu@ dré coMPoSty e Fyrtfia t he

by oo 1 G028 e el ERE i} BB surh BB <rif% [nfgilonc w1 Hepelilion desirind
ar al ky| beJewdn Rereliopl Scteie 9 wharemuRf &l amdm%are@emepcmcauonglrgﬂhemmmq Xis
Soreie § PRIV & feotiR Ao CBT e Srimary ol Bivention for R except that

reactive functional groups may be protected by suitable protecting groups; R* is alkyl, alkenyl,

alkynyl, aryl, aralkyl or aralkenyl; PG' is a suitable nitrogen protecting group; and X is halo,
20  preferably chloro:



(AA) (BB) 5RMa 1 R7 OR4a R5 2. PG-NR -P-CH + PGL- N R~ ~- O-C( O) OR6a
OH HO C(OOR6a CH (BB) (S) (Ilb) 1 Rda 5 HN-RAP-O-C(O OR6a OH (Ilc) 5
Rda 5 R4aw@Bu3/08d3R7 P- O~-C(O) OR6a+ RO Q X RO O N RA P- O-C( ®aRG03/a838O O OH
(I'te) (2 (lid) Compounds of formula A) are commercially available or
may be prepared according to nmethods kfown to one skilled in the art.
Conmpounds of fornula (S) may be prepared 5 according to nethods known to

one skilled in the art or by Khaﬂ Bpég herei n. Conpounds of
formula (Z) are prepared as descri ove. Tn general, conpounds of

formula (11Db), qurrrula (I'lc) and formula (lid) are prepared by first
protecting a coﬂlﬁnour@ of formul a (ﬁ@) Dn a manner simlar to the nethod
described ir. BIN—tR@iHQHP—A—-eP(%—N R ]—01-9 Chem (1990), Vol. 55, p.
6288, to produce a qWpound of formulagip (BB), which is isolated fromthe
reaction m xture ywystandard isol at i@ﬁ t echni ques. The conmpound of fornula
(BB) in an aprotlc ol vent, such as thyl formam de, at a tenperature of
about -20C is then treated with an acid halide reagent, such as thionyl
chl oride, at terrperatures of between about -10C and about _Qf, preferably at
about -5C. The re$ Itmg reacti qeuam xture i s ster5eddorRa period of about
30 m nutes tH QGhew—ngr—ej]-pr-:ably 5 for about Jh I#esb (@)@Kﬁand of
formula (S) in an aprogf sol CROsOREs di et hyl f| Fmam de, 1s then
added to the reacti xture ang he resul ting reZﬁH)on m xture is allowed
to warmto anbi ent engerature a 8 stirred for ap of about 1 to about
3 days, preferably WO 03/080631 PCT/ US03/08587 -57 fo(r1i about 3 days. The
reaction mxture is then basified by the addition of a'basg, preferably
sodi um bi carbonate, and the conpound of formula (Igh) ds fhen isolated from
t he reaction HN—RLP— OJ\C 6a

I (O)OR

OH

(lic)

4a

5 R4 5 R
R o T 0 QR o T

3. HN—R“ Hp—0" “C(O)OR*+ R*— s —X — R=S—N-R"P-0" "C(O)OR"
OH o) o) OH
(lic) (2) (lid)

Compounds of formula (AA) are commercially available or may be prepared according

to methods known to one skilled in the art. Compounds of formula (S) may be prepared
5 according to methods known to one skilled in the art or by methods disclosed herein.
Compounds of formula (Z) are prepared as described above.

In general, compounds of formula (lIb), formula (llc) and formula (lld) are prepared by
first protecting a compound of formula (AA) in a manner similar to the method described in
Bartlett, P.A. et al., J. Org. Chem. (1990), Vol. 55, p. 6288, to produce a compound of formula

10  (BB), which is isolated from the reaction mixture by standard isolation techniques.

The compound of formula (BB) in an aprotic solvent, such as dimethylformamide, at a
temperature of about -20°C is then treated with an acid halide reagent, such as thionyl
chloride, at temperatures of between about -10°C and about 0°C, preferably at about -5°C.
The resulting reaction mixture is stirred for a period of about 30 minutes to 1 hour, preferably

15  for about 40 minutes. A compound of formula (S) in an aprotic solvent, such as dimethyl
formamide, is then added to the reaction mixture and the resulting reaction mixture is allowed

to warm to ambient temperature and stirred for a period of about 1 to about 3 days, preferably



m xture by standard isolation techniques, such as organic extraction,
evaporation and purification by flash chromatography. 5 The conpound of
formul a (Wao)3/08e63t hen deprotected by standard nitrogen demaaresnBiogs7
procedures to forma conpound of formuka (Ilc). To a solution of the
conmpound of forrmula (Ilc) in an aprotiC solvent, such as nethyl ene
chloride, in the presence of a base, such as diisopropyl et hyl am ne, at

Lo bbb’ BEL TR e AR incists RS €2Rth Ly BRI TRA DRSS hreieratly °¢
{)r ef er aodiummbicaposate, ahd me:c abdmpolihe ??f &Emutlﬂ (22) théngiscalftef fﬁ.gi?J :Heeré?el}ogr :g})i ent
o abanttul bY kieRRAL LR 1eBRBbecCuR 4 bBnk Giadth, dvdtiionBEl CL3° Y o,
t he reamlriﬁqatiomibytflash c_b?qrsateugrdahyi [ j5|0! at i onI tgcrgi ques,r SECh ‘?’ﬁe srpound
o Bormur e (TekeyRdling o Fet AL 0 B ishet Surl s TR AiBhen HOSiBEBS

\%g: gl gg&?ctuoeajho' tf?mmar?om_lg’r?undmffmernular(m)fspon(rji nlg colrrpoun?I of af gr m|JII a (Llisd)set
forth aboveSll—ongﬁlga%ﬁﬁfr@?f%g‘%%pﬁ@Hp{fj’ﬁ{)@ﬁt(pgﬁ.m\%ﬂ%PéOt?ﬁ’sof"sn%Fﬁfr}] as( P\ l’?{/‘fe,

?lr :I) Ky I(cimt;rridar ifnl tl)z{e p;etsgn&y obg basga {sacreds bi%sopam;yiei)tm@an?iﬁerma?r}nderaagfre bf)pemfe_a? .
{he 20 4ubbt 200 € g bl s0hbredirByiat Bhodt 0 Rined adblicl pma iRt tgrina

ar aﬂlr(])ke_r()de inhel aphetic soltdrd, prefsalrig enetiiylene dilorinleg Thesesuliingchixéige $ostirteoh at

met hoxi de, .or

et O bt et 880 B afbo S BRRYLT Boll MRS AR
thei r phiautesc el corddoyind of epinald (Hdpsltihen isylatedefedntie reactidn mixturapp stzpiaalt e
o O e S35 a8 o Rt b S SR P BRI S
It is under sTiocbrhpaindadfiforprally (i) phey, be farthertiyarslyZedrumsier stahyatd atiels,
P o b R o Sl R BE bt ST WP 2
Pr epar attydesgenand Exanpl es, the follow ng abbreviations and acronyns may be
PR e e Pl DT T R T
di met hylhaevtionmitare iR\ és alky|Bikéroyl, a2alRyl-oracikenysaby by peeyiared byereactitg3CN f or
O SRR B o L AR OB BB LA B9 B Rl 8 2o,
EDQO f oapplegridtel alkpk Hyfitlealkayt balide) aralkyketidlige oa alkaticinyhhalide iy the grédence dea MeOH
o, ot B A3 L2 R b FmlTaBED, 35 T or LDty
03/ 080631 PCAY tisORdas BT the-intion as prepared above which exist in free base or acid form
may be converted to their pharmaceutically acceptable salts by treatment with the appropriate
inorganic or organic base or acid. Salts of the compounds prepared above may be converted to
25 their free base or acid form by standard techniques. It is understood that all polymorphs,
amorphous forms, anhydrates, hydrates, solvates and salts of the compounds of the invention
are intended to be within the scope of the invention.
In the following Preparations and Examples, the following abbreviations and acronyms
may be used:
30 DIEA for diisopropylethylamine; DMF for dimethylformamide; THF for tetrahydrofuran; TFA for
trifluoroacetic acid; DMAP for dimethylaminopyridine; AIBN for 2,2'-azobisisobutyronitrile;
CH4CN for acetonitrile; CH,Cl, for dichloromethane (methylene choride); CHCI; for chloroform,;
DMSO for dimethy! sulfoxide; Et,O for diethyl ether; EDC or EDCI for 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride; MeOH for methanol; BusSnCl for tributyltin chloride; ISnBus
35 for tributyltin iodide; BSA for bovine serum albumin; HEPES for 4-(2-hydroxyethyl)-1-



pi per azi neet hanesul foni ¢ aci d; GEMSA for guani di noet hyl - mer capt osucci ni ¢
acid; TMsCl for chlorotrinethylsilane; TMSBr for bronotrinethylsilane;
NaOH f or wadiswsvdsydr oxi de; and HCI for hydrogen chl ori de.pCinesoBogisow ng
specific Preparations (which are direc gg primarily to internedi ates) and
5 Exanples (which are directed primarily to cl ai med conpounds,
phar maceuti cal conpositions and nethods of use) are provided as a guide to
assi st iee. of . 1. ' i&
i ¢ ot ek e EEMCK R L RnBR v bR EIAT B o
f or mul a:h(OB)trlmetlwswaﬁF M&Br édr bPerfdtriethylsilane; Na@-bion sodiur ingdiokideyanded Gldaoni ¢
acid et Xo Eﬁ}‘ﬁ'md“ 5 g, 23.3 nmmol), paraformal dehyde (1.05 g), potassium
car bonat'e 8 37.3 mmol) and 15 tetrabutylammoni umiodide (0.172 g,
0.5 mml) i nTrea‘OIIQan)SpacdllcﬂmaraMSNwhrcbdraadlrettw(prmllyzto irdenediated) and
Stl ri I r ed

B wararpee iR dreties S, o B gl HBrek b BRs MBI e
ev apor a&nddnéthodsaafuse} areaircb\mi&sﬂ asta @uide tof assistithdhe pradtics of thd mventoduand aves
purifi ca gel (5/1 hexanes/ethyl
acetate FXend ?%Qﬁ‘qg{%ﬂaﬁ%ﬁ%@y %%ﬁ%%&ﬁ%rﬁ no) phenyl ) prop- 2-enoi ¢ acid
20 ethyl ester 3.04 g (45% as a white solid. B. In a simlar manner,
conpounds simlar to conpounds of foryul.a (B) are prepared. PREPARATI ON 2
25 Conpounds of forrmula (D) A A solution of
2- (18- (benzyl oxycar bonyl am no) phenyl ) prop-2-enoic acid ethyl ester (2.2 g,
7.55 mmol) and thioacetic acid (5 i of chl orof ormwas heated for
18 hours. The reaction m xture ‘3%05%3@'@5 in vacuo and purified by
fl ash chromat ogr aphy throughcairhpmmgedffbﬁﬁﬂlat(m(anes/et hyI acetate) to

Sel o otk AL e SR R BB ki e o 2 BERE o nds

SI m | gg g 08(23rmmmﬂl)$ pﬁifafcirﬁ’faﬂﬂdh@dé D).oRgE pofrseinar €xtbordie Y193/ 980 6Gdol) and
U

CoTat T JRirgrRgamaioR e 0 7 28 D SRy 2ad sRoaifluite Rabdeali Al Taficurer

4 hours with stirring. The reaction mixture was filtered and the filtrate was washed with water,

1 M sodium hydrogen sulfate, and brine. The organic layer was evaporated in vacuo to afford

5.2 g of crude product. The product was purified by flash chromatography through silica gel

(5/1 hexanes/ethyl acetate) to afford 2-(4-(benzyloxycarbonylamino)phenyl)prop-2-enoic acid
20  ethyl ester 3.04 g (45%) as a white solid.

B. In a similar manner, compounds similar to compounds of formula (B) are
prepared.
PREPARATION 2
25 Compounds of formula (D)

A. A solution of 2-(4-(benzyloxycarbonylamino)phenyl)prop-2-enoic acid ethyl
ester (2.2 g, 7.55 mmol) and thioacetic acid (5 mL) in 10 mL of chloroform was heated for 18
hours. The reaction mixture was evaporated in vacuo and purified by flash chromatography
through silica gel (5/1 hexanes/ethyl acetate) to afford 2-(4-(benzyloxycarbonylamino)phenyl)-
30 3-(acetylthio)propanoic acid ethyl ester, 0.22 g (8%) as an oil.
B. In a similar manner, compounds similar to compounds of formula (D) are

prepared.

35



(0.12 g, 0.45 mmol) in 4 nL of chloroform at anbient tenperature was added
DIEA (86 pL, 5 0.5 mml) followed by

N, N=di ( bewnydsmsgsar bonyl ) - N =tri fl uor omet hyl - sul f onyl guanirimesog0sB75 g,
0.45 mmol ). The reaction m xture was stb%red for 18 hours, diluted with

met hyl ene chloride and washed with saturated sodi um bicarbonate and | M
sodi um bi sul fate. The organic | ayers were concentrated in vacuo and the
resulting oil was purified by fl aREPARATIONBaphy through silica gel (5/1
hexanes/ et hyl acetate) to afford

2- (4- (N=benzyl oxycar bonyl - N' t r CPMRAUSLE I fermula (F)

suI f onyl guaniAdi nO)Ttmhﬁwhﬂorﬁof(za@eémInbbhéﬂyl)fﬁl%@@'ltflog:%ﬁarﬂéyéld gleesfte 0.011

Formul a

g, 52 d
(F) ar e/()(0 [ﬁgpgg‘g I@Qﬁlﬁﬁ)&% ?°1§°fP g%gm%agng;erawmaeaqm NEAX8SIULr ry of
2- im If l&iva O 4 -
oxf 8? I( 2l5§m§§° ’ Jrgo o ”2‘?5??@2’??%*3%’?%”fﬁﬁ”&ﬁ%*@' EWRJ @'Qﬁ%ﬁg'"géah%
for 18 Ingit mqlﬁe @ SRactiom mixturewas stisedifor 1% heurs Adilitesiwiffiomethyténi whicadeo.
The r esahd iwaghad Witheaturdles s6diNRbidPb NS EN@N U1 Yo tﬂ%éﬂlﬁ&%‘d 'Ith% cﬂggrﬁc WyErs

sodi um bi_car bonat e nd diluted with 20 tetrahy dro uran
di car bolt&t%® %"téat& ’%éa%’orﬁ%’ltﬁ‘e\'i\&%"tﬁﬂdlﬂwaémﬂ”ﬂ‘lﬁ@bv dash cmnmamgxaphyehmagh

stirred sillm gdIg5 N diExanesTaByIr RREEE 8 ford M@gl‘g’go%nﬁﬂe)?@%ﬂoﬂgle/q" frlﬂ 81% O an

extracted with ethyl

?g; gsa@ fﬂﬁgﬁgﬁm RienK)-¢- (E‘F%twm'@ﬁf%amlpﬁﬁﬁt%hyl@ﬁt%@ Qiﬂjgc%%ent r at ed in
vacuo to afferd 16h g shhilar ArdnheP @BABbaNICRSTY! lrﬁb%ﬁhcﬁ’% Srediilia g@gﬁ@o' ¢ acid

et hyl ester 6;935 B. In a simlar manner, corrpoun s 'sim to C ounds of

f or mul aP prepared. PREPARATI O\I 5 Conpounds of for mula (J) 30 A. To
a solution of l'ithiumdiisopropylam de (20 mml) in 150 nL of THE at -78C
was added 2-(1-benzyl oxycar bonyl plpperl di n 4 g )et hanoi ¢ acid ethyl ester
(5.0 g, 18.4 mmol). The reaction warmed to OC over 1.5 hours,

t hers f or mal dehyde gas (appr ox. c@m ye hrough the reaction
solution for 0.5 hours. After Bhun 8fﬂﬁ§ﬁ§%gﬁtl on was quenched with

10% HO and fhe véISéHW@%Maﬂlﬂc%y|)ﬁh@0&/mewe¢tem10@(;605 rﬁ};:bi) fhgati on WO
/ I
03 08063ét|ﬁgo%§@%é5@ﬁﬁgm T(ﬁ)omu% &l&%k% y ur{d%r %%pﬁﬁwﬁes et %fgr Bh0i ¢

acetate) afforded pure benzy xy car p| peri
acid et %rseg'h@feqcmoamgur%qgs fllBreqi anchevdporatad /meavuer Themesmtmgctﬁl wagmi lar to

compoungissdNed iA WatrarddWabGustBl fPAE 8vith sodium bicarbonate and diluted with
20  tetrahydrofuran. Di-t-butyl dicarbonate (13.2 g, 60.5 mmol) was added and the reaction
mixture was stirred for 18 hours. The reaction mixture was concentrated in vacuo to an
aqueous solution and extracted with ethyl acetate. The combined organic layers were washed
with 1 M sodium bisulphate, dried and concentrated in vacuo to afford 10 g of
2-(1-benzyloxycarbonylpiperidin-4-yl)ethanoic acid ethyl ester.

25 B. In a similar manner, compounds similar to compounds of formula (H) are
prepared.
PREPARATION 5
Compounds of formula (J)
30 A. To a solution of lithium diisopropylamide (20 mmol) in 150 mL of THF at -78°C

was added 2-(1-benzyloxycarbonylpiperidin-4-yl)ethanoic acid ethyl ester (5.0 g, 18.4 mmol).
The reaction mixture was warmed to 0°C over 1.5 hours, then formaldehyde gas (approx. 8 g)
was passed through the reaction solution for 0.5 hours. After 0.5 hours, the reaction was

quenched with 10% HCI and the volatile organics were evaporated in vacuo. Purification



5 PREPARATION 6 Conpounds of formula (K) A. To a sol ution of

2- (1- benzyl oxycar bonyl pi peri di n-4-yl)prop-2-enoic acid ethyl ester (0.40
g, 1.4 malgosimsoeBinl of di oxane was added 5 nL of 6 N HCl .PClitmesosn$isri on was
10 heated to 100C for 18 hours. The re_%gt_i on m xture was evaporated in
vacuo to afford 2-(piperidin-4-yl)prop-2-enoic acid (0.25 g, 100% as a
hydrogen chloride salt. B. In a simlar manner, conpounds simlar to

compou 3 ) r T Conpounds of
Formul Ao £1RR B8l beienh BOae ) s g e b bRy (17 6 g, 200
mol ), derporatgiperitin-tiyi)prop-3-e¢oicacidathyb esten(0.40 8, 8%).azobi si sobutyronitrile

(AIBN) (1 g)g con ‘a §iwgﬁﬁ1iaﬁngrﬂ?ﬁrgéc}urms)simﬁé?tgggnl]%unv\lgso?g%%@ga;@%et hanol = was

heated to reflux for ours: reaction i X At ated to
an oil ,prepsiednded in 70 nL of water, nmade basic with 50% NaOH and washed
wWth 2 x 70 nL ether. The aqueous |layer was acidified with conc. sulfuric
acid, extracted into ethyl acetate and concentrated. The residue was

di ssolved in ether and adamant aneBRRERARATIONE 66 mmopl) was added. A white
precipitate was filtered, part&ti onedcI beft enll % HCI and et hyl acetate.
The organic layer was concent rat e HPIPEY A heny! but yI phosphi nic 25
acid (7.2 g)A. B. Toaaotitioh lofi2-(tiengyioxycaidenylpipetidinads)pedp-2-enoidladid(dihyl ar e

prepar ed, PARATI ON 8. ounds _of fornul rgul a 30 A A
mi xt ur eSBE" @% Q’ﬁébm%{) 'Hgﬁ%é#?%%’e yas T%d}s h?o?f)aéﬂﬁwaﬂj'ﬁ S%{"g%ﬂ We$ on of
24 19 of heated tor 0O°S b 18 Rowas The asatioh midui Wad evapblask irvdud fo afforaf et her
was add%ﬂ?. qu%ﬁ rﬁsul t%n Jm xt u(éezsvrﬂvara (%)I ed ig zsﬁ icﬁﬁﬁath to 10C and

pot assi i BS54 ps- ea?lc%@_ : P§j° AS 2 95968/°M9r8R SAlks added over a
period of 30Bm nulnessimilaemanién cempasndstsimilado tompodittdiesrmith (R)wé es af ter
the addition of the potassium cyanide. The ether |ayer was 35 separated and

t he aqu@rgagrepayer was extracted with ether. The conbi ned organic |ayers WO
03/080631 PCT/ US03/08587 -61 were dried over sodiumsulfate and

congentrated in vacuo to afford 2 (.87%_ of a-
hydroxy- 3- ni t r obenzeneacetonitril éR%A&ﬁﬂéﬁ)%l of formula (Q, as a pale
yellow oil. B. To a solution @ordpbifdstformiuild (W)oenzeneacetonitrile (27.8

g, 156.1 mmol) in_ 500 niL_of ether was added nethanol 2(7.6 m_, 187.3 mol).
Hydr ogen chl Bri deA§8§Jt'ﬂB§f sodium hypophosphite hydrate (17.6 g, 200 mmol), 4-phenyl-1-

butene (10 mL, 66.6 mmol), 2,2’-azobisisobutyronitrile (AIBN) (1 g), conc. sulfuric acid (1 mL)
in 200 mL of absolute ethanol was heated to reflux for 17 hours. The reaction mixture was

20 concentrated to an oil, suspended in 70 mL of water, made basic with 50% NaOH and washed
with 2 x 70 mL ether. The aqueous layer was acidified with conc. sulfuric acid, extracted into
ethyl acetate and concentrated. The residue was dissolved in ether and adamantaneamine
(10 g, 66 mmol) was added. A white precipitate was filtered, partitioned between 10% HCI
and ethyl acetate. The organic layer was concentrated to provide 4-phenylbutylphosphinic

25 acid (7.2 g).

B. In a similar manner, other compounds of formula (N) are prepared.

PREPARATION 8
Compounds of formula (Q) and formula (S)

30 A A mixture of m-nitrobenzaldehyde (27.0 g, 178.7 mmol) and a 10 % solution of
24 g of sodium bisulfite was placed in a 2 liter flask and 75 mL of ether was added. The
resulting mixture was cooled in an ice-bath to 10°C and potassium cyanide (15.0 g, 230.3
mmol) in a 20% solution was added over a period of 30 minutes. The mixture was stirred for
another 30 minutes after the addition of the potassium cyanide. The ether layer was

35 separated and the aqueous layer was extracted with ether. The combined organic layers



5 bubbled into the solution until it was saturated. The solution changed to
a heterogeneous solution. The solution was cooled to OC and filtered to
collect th® ®oBoad1 The filtrate was extracted w th nethylrmausoBlogasr de,
dried over sodiumsulfate, filtered apgqconcentrated to afford 25.0 g
(76% of 2-hydroxy-2-(3-nitrophenyl)ethanoic acid nethyl ester, a conpound
of formula (S), as a yellowsolid. 10 C. To a solution of

2- hyd 4.55
o) SR SRR e %‘“323"‘5%‘?3‘%%? PR o LR SRR G ey
B

di car bdWgfeyEriitrobenzepeactoniisile, aompoynd af fasnular(Q3casra pale yatavhathol . An
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and com¥hnk &f eider wa%aé@eﬂ methenpl @ mbn1&7y3 8ingl). f Hydrog@o |cbl¢ndq§as was
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nmet hyl i
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t he rea®ffaréaSMik(76le qﬂ/ashydmdz (ﬁa%rmne@yt)emgnmgpcwmezbylreétem,ammmpqtmdmf)

After hyahQ9esbisan el %Bld'at 30 psi hydrogen gas for 4.5 hours, the
reacti on mmx?ufe \A&se Il éred through a pad of celite and concentrated in

vaclfo. Purif@cat |Bha ssUdtlgn ob24hydromy dﬁmﬁpmﬁnﬂ)ﬁhwm@n@gwaﬁtehﬂ11@@00%
ethyl acetats) G%L B 0) ngf\ﬂ s Qdc%é (rﬁé o%o%fpd?c@éro(n)é!d"d& dictbyy

di (t-but oxycar guani roxyet hanoi ¢ aci ester
as a 24c @m%eé 29, 685 nmoh aguarﬁqltalpnmnﬁ(herﬂ. ofdnﬂbanqioﬁ«p@nnq@r@re Oblrlfrul a
(Q an ; r ERRA

| nvent 38%95 elkga@ Pgl %gttﬁggé?&ﬁﬂwa%@ﬁ Xt u-rgtt 01{39 ﬁ%o%g ﬁﬁ? ?@r\fp ¢ I'Bttsbg 'tm
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reaction mixture was filtered through a pad of celite and concentrated in vacuo. Purification

by SiO, flash column chromatography (gradient 10-100% ethyl acetate/hexanes) provided

9.07 g (81%) of

2-(3-(N’, N"-di(t-butoxycarbonyl)guanidino)phenyl)-2-hydroxyethanoic acid methyl ester as a

25  white solid.
E. In a similar manner, other compounds of formula (Q) and formula (S) are
prepared.

PREPARATION 9
30 Compounds of the Invention where R® is tetrazole
A A mixture of a 10% solution of sodium bisulfite (24 g, 230 mmol) and 3-
nitrobenzaldehyde (27 g, 178 mmol) was combined in a 1L flask with 75 mL ether and 100 ml
THF. The resulting reaction mixture was cooled in an ice-water bath to 10°C and a solution of
potassium cyanide (15 g, 130 mmol) in 75 mL water was added over a period of a half-hour
35  while stirring. The reaction mixture was stirred at 15°C for 1 hour. The organic layers were



further purification in the next step. 5 B. To a solution of
(3-nitrophenyl) (hydroxy)acetonitrile (3.5 g, 19.6 mol) in 100 nL tol uene
was addedwsoasiosea3azi de (8 g, 123 mmol ) and Bu3Snd (26 m ,pCABuswoss? The

m xture solution was heated at reflux fggr. 10 hours. The sol vent was renoved
in vacuo, the residue was dissolved in water, acidified wth 1 N HC, and
extracted with 3X100 niL ethyl acetate. The crude product was purified by
flash c
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25 PREPARATION 10
Compounds of formula (V)

A. In a flame dried 2 L three-necked round bottom flask, 40.0 g (476 mmol) of
propynoic acid methyl ester was dissolved in 1 L of THF and cooled in an ice bath. To the
stirred solution, 10.0 g (8.65 mmol) tetrakis(triphenylphosphine)palladium was added. To the

30  resulting mixture, 210 mL (682 mmol) of tributyltin hydride was added dropwise using an
addition funnel over 40-60 minutes. The mixture was allowed to stir overnight at ambient
temperature. The mixture was concentrated in vacuo and loaded directly onto a silica column
(hexane). Hexanes was used as the eluent until the tin byproduct (ISnBus) was removed. A
3:1 (hexane:methylene chloride) solution was then used for elution of desired product.

35  Fractions were combined and concentrated to yield 140 g (78%) of 2-tributyltinpropenoic acid



B. In a simlar manner, other conmpounds of fornula (V) are prepared. 5
PREPARATI ON 11 Conpounds of formula (W A In a flane dried flask, 31.27 g
(94 mmol ) war 03380a3do- (t - but oxy- car bonyl am no) net hyl benzeneeonassodiossol ved i n
DVF (500 nL) and the solution was stirggd. To this stirring solution 70.2
g (187 mmol) of 2-tributyltinpropenoic acid nmethyl ester, 21.6 g 10 (18.7
nmmol ) of tetrakis(triphenyl phosphi ne) palladium (obtained fromStrem and
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t hat WaéutgiﬁgrﬂoﬂyltaR%&%Ehﬁéh%ﬂy%r&B&%ﬁc acid methyl ester as a yellow syrup, which was
found to be pure (= 95%) by HPLC and NMR; NMR (DMSO-d¢: 6 1.38 (S, 9), 3.74 (2, 3), 4.12
(d, J=6.22 Hz, 2), 5.96 (d, J=1.1 Hz, 1), 6.22 (d, J=1.0 Hz, 1), 7.20-7.40 (m, 4) ppm.
B. In a similar manner, other compounds of formula (W) are prepared.
25
PREPARATION 12
Compounds of formula (X)
A. Diphenylmethylamine (34 mL, 0.2 mol) was added dropwise to a solution of
100% hypophosphorous acid (13.2 g, 0.2 mol) in 100 mL of absolute ethanol. The resulting
30  mixture was stirred at ambient temperature for 15 minutes, then diluted with 500 mL of ether.
The precipitated salt (45 g) was collected by filtration. The salt (25 g, 0.1 mol) was dissolved
in 50 mL of absolute ethanol and the isopropanal (9 mL, 0.1 mol) (a compound of formula
(Xb)) was added. The reaction mixture was heated at reflux for 3 hours. On cooling, the
product formed as a precipitate. The product was removed by filtration and washed with
35 ethanol and ether to afford 1-(diphenylmethylamino)-2-methyipropylphosphonous acid (a



further purification. B. 1-(diphenyl nethylan no)-2-nethyl propyl phosphonous
acid (12 g) was suspended in 100 nL of 48% hydrobromc acid, then heated
at 100C fwo ®@/dsests until two 5 distinct phases separat ed.PCIngsoBiosssar e was
evaporated to dryness in vacuo, and thesgesidue taken up in 100 nL of
water. The aqueous sol ution was washed several times with ether to renove
di phenyl met hyl bromi de and then evaporated to give an 80 nL solution of
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03/ 080686btﬁ€'5hﬁ13©6/r@|858€ther dried in vacuo to afford (R)-1-(benzyloxycarbonylamino)-2-
methylpropylphosphonous acid as a white solid (1.1 g) with a rotation [a]p =-10.87° (c =10
25  mg/mL 9:1 DMF-H,0). This material was found to be 93% ee by chiral HPLC.
D. (R)-1-(benzyloxycarbonylamino)-2-methylpropylphosphonous acid (119,28
mmol) was suspended in 20 mL water, basified to pH >10 by 4 N NaOH, and extracted by
ether (3 x 50 mL) to remove (R)-(+)-methylbenzylamine. The aqueous solution was acidified
to pH 1 with concentrated HCI and extracted with ethyl acetate (4 x 50 mL). The organic
30 phase was dried and concentrated to afford (R)-1-(benzyloxycarbonylamino)-2-
methylpropylphosphonous acid as a white solid (0.7 g), '"H NMR DMSO-d; 0.85 (3, d), 0.95 (3,
d), 2.03 (1, m), 3.43 (m, 1), 5.03 (2, s), 6.14 (0.5, 5), 7.32 (5, m), 7.46 (0.5, 8), 7.58 (1, d)
ppm.
E. To a solution of 1-(benzyloxycarbonylamino)-2-methylpropylphosphonous acid
35 (5.8g,21.4 mmol)in 15 mL ethanol and 200 mL CH,Cl, was added EDC (5.0 g, 26 mmol).



-65 The resulting reaction m xture was stirred at anmbient tenperature for
30 mnutes. The m xture was concentrated in vacuo, and the residue was
taken up wo@/8@B1nl ethyl acetate, washed  w th water anddiise/ossshe

sol vent was evaporated in vacuo to aff@gd 1-
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20.7 mmol, 5 96.8% as white solid Wmch was used w thout further
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FiltratP®BW over celite and evaporation of solvents afforded the crude
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aluminum foil. The mixture was poured into water (4L), and extracted with ethyl acetate (5 x

700 mL). The combined organic layers were washed with water, NaHCO; (5%, 1 L), and
brine. Drying (Na,SO,) followed by concentration in vacuo afforded the crude product, which
25  was purified by column chromatography (CH.Cl,) to afford an oil (55g, 89%), NMR (CDCls)
1.92 (q, 2), 2.35 (s, 3), 2.72 (1, 2), 2.88 (1, 2), 7.18 (m, 3), 7.24 (m, 2) ppm.
C. A mixture of H,O, (30% in H20 (320 mL)) and acetic acid (160 mL) was added
to a solution of the thioacetate prepared above (559, 283 mmol) in 320 mL of acetic acid.
After stirring overnight at ambient temperature, 10% Pd/C (2 g) was added to destroy excess
30 of peroxide. Filtration over celite and evaporation of solvents afforded the crude sulfonic acid
(66 g), which was carried to next step without purification, NMR (CDCI;) 2.12 (q, 2), 2.72 (t, 2),
3.08 (t, 2), 7.12 (m, 3), 7.24(m, 2) ppm.
D. To a solution of the sulfonic acid prepared above (66 g, 330 mmol) in 1.2 L of
methylene chloride and 25 mL of DMF cooled to 0°C was added oxalyl chioride (57 mL, 660
35 mmol) dropwise over a period of 1 hour. The reaction mixture was stirred at ambient



WO 03/ 080631 PCT/ US03/08587 -66 tenperature for 3 hours. Solvent was
evaporated in vacuo and a gravity colum on silica gel eluting with

met hyl enewshismsiade af forded a |ight yellow oil, 3-phenyl prapytsasissnyl
chloride (57 g, 81 %9, NWR (CDCI3) 2.88_(q, 2) 2.84 (t, 2), 3.62 (t, 2),
7.18 (m 2) 7.24 (m 1) 7.36(m 2) ppm 5 E. In a simlar manner, other
conpounds of formula (Z) are prepared. PREPARATI ON 14 Conpounds of fornula
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concentrated in vacuo to give 4.41 g (91%) of (1R)-(+)-(1-benzyloxycarbonylamino-2-

methylpropyl)phosphonic acid as a white foam.
20 B. In a similar manner, other compounds of formula (BB) are prepared.

EXAMPLE 1
Compounds of formula (la)
A. To a solution of 2-(4-(benzyloxycarbonylamino)phenyl)-3-(acetylthio)-propanoic
25 acid ethyl ester (0.2 g, 0.54 mmoil) in 5 mL of methylene chloride was added 5 mL of
trifluoroacetic acid. After 0.5 hours, the reaction mixture was concentrated in vacuo. The
compound was purified by flash chromatography through silica gel (1/1 hexanes/ethyl acetate)
to afford 2-(4-aminophenyl)-3-(acetylthio)propanoic acid ethyl ester (0.12 g, 85%).
B. in a similar manner, but after base hydrolysis with ammonium hydroxide as
30 described below in Example 3(D), the following compound was prepared:
2-(3-aminophenyl)-3-mercaptopropanoic acid, NMR (DMSO-ds) 2.32 (t, 1), 2.70 (m, 1), 2.96
(m, 1), 3.63 (m, 1) 6.95 (overlapping peaks, 3) 7.25 (t, 1) ppm.

35



EXAMPLE 2 Conpounds of forrmula (Ib) and (Ic) A Hydrogen chloride gas was
bubbl ed through a sol ution of

2- (4- (N - benmysasycar bonyl - N't ri fl uor onet hyl sul f onyl guani diaTa)S03/68587
phenyl) - 3-(acetyl t hi o) propanoi c acid eghyl ester in degassed ethanol at 0OC
for 5 mnutes. The reaction m xture was warned to anbient tenperature and
stirred for 18 hours. The reaction mxture was concentrated in vacuo to
afford 2-(4-g uanidinophenyl)-S-ne&gagﬁpQ gpanoic acid ethyl ester as an
oil and was used without further puritication in the next step. B. To a
sol ution of 2-(4-guani di noGhmppunds-offornagadly) apdifls)c acid ethyl ester 10

(50 ) 0 LT AR SRR SR Iy gl 2oced L O (120
trifl u&@da}ébénzykndy?amndylﬂ‘mt'riﬂljlcafdmbighylspkfcmybguahid\'rm)HPLC to afford
2\ 8 90 ARSI ABEE BELRATRENP ol el b I ARGRY! 58
]g d?l 1) ,redctiv® nfigtul) was m@ﬂreaﬂtéampiﬁm teﬂr‘@e@tuﬂemr@ifsﬂi’rr}sﬂ rfta'r1|&1tmun| ®r The teaction
i.m . I

oL oo RO AN o R TR A ) B Reb Bl o
acid, tethyi bster asiaebil@ndovas usab withbivRu(tia(uriBicatidn if theX)ext dtep2 (t, 1), 7. 60
(m4) ppm 35 (3 guanicdi nOPRESYL )i 25 RES AR AR 9RARIE: Ak MR PYER; 4°)
2.80 (m 1),>3.089 : SYEQIOPRENY=-BSTCaRioprgpancis e £ 42
(m1 81) [\(If\ig mt%érg $:1 :11%/atep'athan(>llt)etr2h3(omefgmrétW@Msead;dbyi L€t 30apyp prhepanoi ¢

id, , 3.19. /A - 7. 40
(a1 PGbioRys Strdd 371 fours seidtusdfo o 2ty Sullea-tte advang pEano; ¢

aci d, NvEbdrBRe) HPL® 8o aifprdD-(4-guatidifophehyl)-3-rBerdsptopropanoic acidlag a, 2), 7. 40

d, 1),..{.55 . L )

8 o2 ritioRSadeli aft A5 EREY VIR () 2752 B34} 2 983 85 G4 35389, o5

(m 1), @15 719 ©2), 748208, 0ppi), 7.21 (1,d), 7.35 (s, 1), 7.60 (d, 1) ppm
ut i

E LE 3 nmpounds_.of fornul a, (I and (e A. A, spl n. .of,
2 81 por i (a1 el SRl el lovRGedmSdundd sty g Blet oyl of 1. 4
t hi oacebimulacibyland (py apprephredesbose wereprepared24 hours. The reaction m xture
was cQ ntrat.ed.in cuo to, afford the crude pr.oduc
2 (pi ped TapraRiGeanelyl AR 8ierPiePrsranais et HTaRBeRECad st MR Qe 38450l ved
in 2 L of wad,R), 4.1@00HET.60(0E) pplegassed with nitrogen, and 2 nL of
amroni droxi de was ,added., The react.i i tire hour,
S8 concal Y e el s e PR RABER ol MR EErPE3 D G5ty
purzof i ed by h8epangta.aze(m\@) 72O 613,17 RZ{h|U§0 8/18358T) ppm;
(-)-2-(3-guanidinophenyl)-3-mercaptopropanoic acid, NMR (D,0) 2.95 (m, 1), 3.19 (m, 1), 3.90
(t, 1),7.25(d, 2), 7.40 (d, 1), 7.51 (£, 1) ppm;
(+)-2-(3-guanidinophenyl)-3-mercaptopropanoic acid, NMR (D,0) 2.98 (m, 1), 3.20 (m, 1),
3.95(t, 1), 7.30 (d, 2), 7.40 (d, 1), 7.55 (t, 1) ppm; and
25  2-(2-chloro-5-guanidinophenyl)-3-mercaptopropanoic acid; NMR (D;0) 2.95 (m,1), 3.15 (m,1),
4.05 (t,1), 7.21 (1,d), 7.35 (s,1), 7.60 (d, 1) ppm.

EXAMPLE 3
Compounds of formula (ld) and (le)

30 A A solution of 2-(piperidin-4-yl)prop-2-enoic acid (0.30 g, 1.64 mmol) in 6 mL of
1:1 thioacetic acid/isopropanol was stirred for 24 hours. The reaction mixture was
concentrated in vacuo to afford the crude product, 2-(piperidin-4-yl)-3-(acetylthio)propanoic
acid. The product was dissolved in 2 mL of water, cooled to 0°C, degassed with nitrogen, and
2 mL of ammonium hydroxide was added. The reaction mixture was stirred for 1 hour,

35  concentrated in vacuo and the residue was dissolved in 10% HC! and purified by preparative



-68 HPLC to afford 73 ng of pure 2-(piperidin-4-yl)-3-nercaptopropanoic
acid, as a trifluoroacetic acid salt, NWR (D20) 1.30-1.43 (m?2), 1.70-1.90
(m3), 2.8D@/08&k3(m 1), 2.50-2.60 (m1l), 2.63-2.72 (m1),PA/UHIABO (M 2),
3.22-3.34 (m2) ppm B. In a simlar nmagger, the follow ng conpounds were
prepared: 5 2-(piperidin-3-yl)-3-nercaptopropanoi c acid, NVR (DVSO-d6) 1.19
(9, 1) 1.51 (m 1) 1.70 (dod, 2) 1.96 (m 1) 2.33 and 2.39 (overl appi ng m

2) 2.59 R . Sford U3 efd Gmlrég (Bipeﬂdm 43yl)29 n(é?@?pto&rbg%’ncﬁga&gl asta g@u? fé]ag%

d NWVR O d
2'0?2 gﬂ&@ (‘W@e@@a]@? fh%(rz)Z),ﬂ 6@1(%@"4;5) 3.3272.42n(m), 350}2 60((m,1)1) 8.62

(m 1) 288-2.19 (& 1) 2.50l240 Qﬁlzgfg,z?zégwﬁm E1 4-yl)-3-(acetyl thi o) propanoic
acid (0.6 g, 72 mm% ocC- ci ne-'N- hydr oxysucci ni m de ester (0.52
g, 1.9 mol) '%za e HPW”F@WWH’_G &llowmgd;@mw@ww prepared: The reacti on

t
L oot NSO o0 L
but oxycar bongqj 8rﬂ§t¢lﬂll1e\,3r:1§o?\l¢l 3-3p(qyeripeRing m, ?b ?59%3@@(@9"'39%6@)0' c
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hour. The re C%IOI’] m xt ure t hen' ‘concentrate

was di ssol veg 2n("§'/va2t)ér98n@‘ﬂ h1elr?o32 andod Be fovesapinami 2) gedgen 4\)\/31151 (m tly 8gen
gas. Aqueous (WHblepqm, afgsd; and the resulting reaction mxture was
stirred for hour and then concentrated to an oil. Purification by prep
HPLE af f or ded:- 65 I/f\gsolld)tfon of 2-(piperidin-4-yl)-3- (acetylthlo)propanmc acid (0.6 g, 1.72 mmol)

i I’
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2. 90- 3. G@XE"'r‘ﬁ 83105'5‘ (-Fﬁel')eact!prgplxtqrﬁ] Weip, concentrater, Pprtiipned Dstween ethyl
2- (Pi petietate fd/] r Ralis0e el e [9BANGE EoftehflaitAto G890 v@d 11

trifluoroacetic acid he fTeactiron mxture was stirre T or 2 hours. The
sol vent burééyqeé*ﬁw@m'nawﬁw@arbonﬁh@lneadlm‘t-vlhg -(acatythie)propasoidiasig pivhied wias 10
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was added. The m xture was stirre mnutes
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ambi ent te erature, an equal vol une was a

sti rredStiged for A dgur aﬂ%ﬁ‘eé‘cﬂoﬁéﬁlt'éat%?oean eikriyvifigation lnyaprep I-gFél.l(haffardgpl Gﬁlh’@’l aI
still

o StIpPfgﬁﬂg%rglpﬁﬁgtﬂﬂdéﬁ'bﬂrﬁll)yﬁ%éﬂ|n3§gz‘éqﬂer‘capl‘aﬁﬂ}p]@;q&p‘a%ﬂ reve{[g phaig HPLC
to 29 véEn2(Shtid® hahRor?- doﬁmsl)y? $8-3. 11w RIAH-DPR(roand5% (ad),B.83 t wo
parti al ky 2§e4:)Q{ @hl1§ ppMi. ast ereoners. Fractions corresponding to the first

maj or pea wer e co?lpect ed and found to contain 80% of diastereoner A by
HPLC. The seBond refHerigvaikylsSreestnito)ssmaneic agidarasedissnivad iBtriflotdacatic The

di ast er geERng tN@Fecti mvlGhealdsystited s ¥ RGurk N The sBve MBI rer®ed in vacuo.
The resulting material was dissolved in 10 mL CHCI; and 0.48 mL of N-methyl-N-

25  (trimethylsilyl)trifluoroacetamide was added. The mixture was stirred for 30 minutes under
nitrogen gas. Triethylamine (0.5 mL) and di(t-butoxycarbonyl)-guanidine triflate (0.56 mg)
were added and the mixture was refluxed for 3 hours. After cooling to ambient temperature,
an equal volume of TFA was added and the solution was stirred for 1 hour. The solvents were
removed in vacuo (starting material still present). The mixture was dissolved in neat TFA and

30  the mixture was stirred overnight. The crude product was purified by reverse phase HPLC to
give 2-(1-amidinopiperidin-3-yl)-3-(acetylthio)propanoic acid as two partially separable
diastereomers. Fractions corresponding to the first major peak were collected and found to
contain 80% of diastereomer A by HPLC. The second major peak contained 58% of
diastereomer B by HPLC. The diastereomers were individually dissolved in 15 mL water. N,

35  was bubbled through the solution and 4 mL NH,OH was added. The solution was stirred for 1



35 was bubbl ed through the solution and 4 nL NHAOH was added. The sol ution
was stirred for 1 WO 03/080631 PCT/US03/08587 -69 hour. The solvents were
renoved i wovamse3and the reaction mxture was purified by raavesisesssphase
HPLC to give 2-(1-am di nopi peridi n-3-yl.)-3-mnmercaptopropanoi c acid, NWR
(D20) 1.63 (m 1) 1.82 (m 1) 2.02- 2§ “(overlapping m 3) 2.82 (m 1)
3.01 (m 2) 3.28 (m 2) 4.01 (m 2) ppm 5 EXAI\/PLE4 Corrpounds of formul a

R L AR TO W TS S

m., 3. &haselHPLCAftgive 2-(1-hbhidinapiperidin-3-yl)-3- mercaptopropanmc acid, NMR (D,0) 1.63
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tenper agpme. After 5 hours, the reaction was partitioned between nethyl ene
chl qride and saturated NaHCO3 sol ution. The organic |ayer was washed with
0.1 sul furic acid and concentrated in vacuo. The residue was dissolved
in 10 nL 3:1 THF: nret hanol for 18 hoXAMPLEet r eacti on was concentrated to 15
provi de 2-(3-(t-
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reacti Otﬂeﬁ%éﬁtl%ﬂv ﬂﬁ%ﬂ@@Béfm@eﬁ%étﬁyl@ﬁé’Mhlgﬁde and saturated NaH003 solution. The
2- (3-am nopheny 4- ph en)é uty (hydr ox I noyl ) propanoi ¢ aci d,

NVR ( Dme)a@ejayenwsgy\@snsd with Ogh mlfw qqﬁ an cor@eegateﬁqm y3cuog T@z resigluer ) |
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product. Pure product was obtained by preparative reversed- phase HPLC
To tﬁ(SPrQWﬁﬁgp(I%éﬁyl ) - 3- ((4- phenyl but yl ) (hydr oxy) phosphi noyl ) - pr opanoi ¢ aci d

trifl U05&6%%?60%@#“0)ﬁ)@@'@l)@(@%h@l%yl (hydrexﬁﬁhcs@ph%wyrbsé\?ol&s&eHeﬁ'@n was

added DI r| met hyl si 'yl tfifl uoroacetam
m., 1. GGﬁﬁﬂ%ﬁm)ﬁérarﬁVthﬁefoém yl ester 30 in situ. After 1.5 hours, the

reaction mi xgure ¥as.(oBdbegtaMoriBMiAd)bhdnh-JI0Hshen ABM AR and

N, N -di (t-but ox;/car bon 1) trifluoronmethanesu nyl guani dine (260 ng

0. 66 nmBNOSPRESYIRIpRRAPIC a% meéaéﬁﬁf@h(&ﬁégﬂ%ebﬁ éran%li wa@slrmm TV INARH (5. &he
reagd i oML BlHh8)) MBethanol/ THF/H,O for 1.5 hours. The product was concentrated in vacuo.

The residue was dissolved in 10 mL methylene chloride and TFA (10 mL) was added. After
45 minutes, the reaction mixture was concentrated to provide
2-(3-aminophenyl)-3-((4-phenylbutyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-ds)
1.30-1.45 (m, 8), 1.80 (m, 1), 2.35 (m, 1), 3.62 (m, 1), 6.58-6.65 (m, 3), 7.05 (m, 1), 7.15 (m,
25  3),7.23 (m, 2) ppm; as a crude product. Pure product was obtained by preparative reversed-
phase HPLC.
C. To 2-(3-aminophenyl)-3-((4-phenylbutyl)(hydroxy)phosphinoyl)-propanoic acid
trifluoroacetate salt (300 mg, 0.63 mmol) in 25 mL methylene chloride was added DIEA (0.44
mL) and N-methyl-N-trimethylsilyltrifluoroacetamide (0.3 mL, 1.6 mmol) to form the silyl ester
30 in situ. After 1.5 hours, the reaction mixture was heated at 45°C for 1.5 hours, cooled to 0°C
and N,N’-di(t-butoxycarbonyl)-N"-trifluoromethanesulfonylguanidine (260 mg, 0.66 mmol) was
added. The reaction was heated at 40°C for 18 hours. The reaction mixture was
concentrated and purified by prep HPLC to afford 2-(3-(N, N"-di(t-
butoxycarbonyl)guanidino)phenyl)-3-((4-phenylbutyl)(hydroxy)phosphinoyl)propanoic acid (70
35 mg).



concentrated and purified by prep HPLC to afford 2-(3-(N, N -di (t-

but oxycar bonyl ) guani di no) phenyl ) - 3- ((4- phenyl but yl ) (hydr oxy) phosphi noyl ) pro
panoi ¢ acw® (30806385 ng). WO 03/080631 PCT/ US03/ 08587 - 70 HOT/@S0888T8MN,

N -di (t-But oxycarbonyl)guani di no) phenyky- 3- ((4- phenyl butyl) -

(hydr oxy) phosphi noyl ) pr opanoi ¢ aci d was dissolved in 9 nL 2:1 nethyl ene
chloride: TFA. After 1.5 hours, the reaction m xture was concentrated and
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(20(\/20932;“ g'_ @ﬁ@w 2037, 45T ¢k W95 ¥ YA R RHSPBIMOYY, SRR 4 fd, 9y, NWR
7.06-7.12 (dd, 1), 7.14-7.24 (m, 3), 7.24-7.4 (m, 5), 7.48 (m, 3), 9.8 (s, 1) ppm;
25  2-(3-guanidinophenyl)-3-((phenylmethyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-
ds) 2.0 (m, 1), 2.45 (m, 1), 3.1 (dd, 2), 3.9 (m, 1), 7.15-7.4 (m, 6) 7.4-7.6 (m, 4) ppm;
2-(3-guanidinophenyl)-3-((pentyl)(hydroxy)phosphinoyl)propanoic acid methyl ester, NMR
(DMSO-dg) 0.81 (m, 3), 1.2 (m, 4), 1.4 (m, 4), 2.0 (m, 1), 2.4 (m, 1), 3.36 (s, 3), 3.89
(m,1),7.1(d, 1),7.2(m, 2),7.38 (t, 1), 7.45 (m, 3) ppm;
30  2-(3-guanidinophenyl)-3-((ethyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-ds) 0.9 (m,
3), 1.41 (m, 2), 1.98 (m, 1), 2.4 (m, 1), 3.82 (m, 1), 7.0-7.5 (m, 6) ppm;
2-(1-amidinopiperidin-4-yl)-3-mercaptopropanoic acid; NMR (D,0) 1.15-1.23 (m,3), 1.58-1.88
(m,2), 2.30-2.40 (m,1), 2.50-2.58 (m,1), 2.67 (m,1), 2.85-2.99 (m,2), 2.62-2.75 (m,2)

ppm,



3), .41 (m 2), 1.98 (m 1), 2.4 (m 1), 3.82 (m 1), 7.0-7.5 (m 6) ppm
2- (1-am di nopi peridi n-4-yl)-3-nmercaptopropanoi ¢ acid; NVR (D20) 1.15-1.23
(m3), 1. 6® @/o8&3(m 2), 2.30-2.40 (m1l), 2.50-2.58 (m1l), ECTHTS0GM033BY,
2.85-2.99 (m2), 2.62-2.75 (m 2) ppm A0 03/080631 PCT/ US03/ 08587 -71
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produce the product as an 0|I O 9 g. "The product was purified by flash chromatography,

eluting with a gradient of methylene chloride to 10% methanol in methylene chloride.
Fractions were combined and evaporated to give 2-(3-f-butoxycarbonylaminophenyl)-

25  3-di(ethoxy)phosphinoylpropanoic acid ethyl ester, 650 mg, as a clear oil, which was used in
the next step.

G. 2-(3-t-Butoxycarbonylaminophenyl)-3-di(ethoxy)phosphinoyipropanoic acid
ethyl ester (650 mg, 1.5 mmol) and 6N HCI in dioxane were combined in a 25 mL flask and
stirred at ambient temperature for 6 hours. The reaction mixture was evaporated to an oll,

30 dried in vacuo for 48 hours to give a product as an oil, 630 mg. The product was purified in 2
batches by preparative HPLC. Fractions were combined and evaporated to oil, which was
dried under high vacuum overnight to give 2-(3-aminophenyl)-
3-di(ethoxy)phosphinoylpropanoic acid ethyl ester, 350 mg, as an oil, which was used in the

next step.



30 dried in vacuo for 48 hours to give a product as an oil, 630 ng. The
product was purified in 2 batches by preparative HPLC. Fractions were
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overnight to give 2-(3-am nophenyl)- 3<di_(ethoxy)phosphi noyl propanoi ¢ acid
ethyl ester, 350 ng, as an oil, which was used in the next step. WO

03/ 080631 PCT/ US03/ 08587 -72 H.
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to -20 g a dry ice/nethanol bath. To this solution was added thionyl

chloride (0.£1 niln siedanmanperapities compeundatof fadaulag(if) 2% prepareds. Raceni ¢

2- hydr oxy- 2- ( 3- (t - but oxycar bonyl am no) phenyl ) et hanoi ¢ acid nmet hyl ester

(683.4 ngy, 2.43 25 mmvl) was added as a solution in 2 nL of DWF and the
reaction was allowed to warmto anBXKAMPLE&perature. After stirring for 4

days (total reaction t| 87 hr t he had nost gone to
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mmol) in 8 mL of DMF was cooled to -20°C using a dry ice/methanol bath. To this solution
was added thionyl chloride (0.21 mL, 2.88 mmol) and stirred at -5°C for 25 minutes. Racemic
2-hydroxy-2-(3-(f-butoxycarbonylamino)phenyl)ethanoic acid methyl ester (683.4 mg, 2.43

25 mmol) was added as a solution in 2 mL of DMF and the reaction was allowed to warm to
ambient temperature. After stirring for 4 days (total reaction time 87 hrs), the reaction had
almost gone to completion (95%). To this reaction mixture 5 mL of saturated NaHCO; was
added. The solution was washed with ether (2x), acidified to pH 2 with concentrated HCI, and
extracted with ethyl acetate (3x). The combined ethyl acetate extracts were dried over

30 MgSQ,, filtered, and concentrated in vacuo to give a mixture of product and starting material.
Purification via SiO, gel flash column chromatography (CH,Cl,, then methanol) provided
1.1966 g (90%) of 2-(3-(t-butoxycarbonylamino)phenyl)-
2-((1-(benzyloxycarbonyl)amino-2-methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid methyl

ester; as a mixture of diastereomers.



30 MySAHA, filtered, and concentrated in vacuo to give a m xture of product
and starting material. Purification via Si02 gel flash colum

chr omat ogwapisyws¢a3H2Cl 2, t hen net hanol ) provided 1.1966 g KCA0Y803/08587

2- (3-(t-butoxycarbonyl am no) phenyl ) - }

2- ((1- (benzyl oxycar bonyl ) am no- 2- net hy?propyl ) (hydr oxy) phosphi noyl oxy) et han
oic acid nethyl ester; as a mxture of diastereoners. WO 03/080631

ST R0 00581 1S Sl A S oty et
am no- 2miaeRynhethyprapy () thydraxy)yphgshbispiioxogthangis ecidameshy estsrd1.60¢ghyi84est er
(1.01 Gnmbn 11 ﬁgﬁéf)cﬂ &1 ad f &HE%#%F&%@%F?@@ g idf Qdurd B amAlher

stirring era ion° was eencent r at ed
i n vacuemaskktuie cbe isolugonival cmmtmhd vaetithambazedtrope it € HpGhyramdiroéthasola

yﬂ 53/‘(’]" tt8 gkvet{' %Epo%le ésdé fybmv HiPat SSRRRY" %oﬁ %xgés?ﬁ@}/o dlg%vleéther-r%e r%&!dl rlid ng

2- ( 3- amfiiwhiteesnid) 2—23@(rﬂnc(plbwenzlylzdédytbanmwbar@mwmn@@_trhvthwpm@yl)wdwwexy)
phos ph éﬁﬁé@é&fy?&ﬂé’ﬁ ?Ei%i %é?ﬁ);l;& er E{ﬁéseursedvmﬁ'noﬂtsﬁﬂhw M}%&tié ur t her

pur|f| Ion
2- (3-am nopl‘@nyl ) T@a 6lutio ehz-3-amjrmphboyl)y?-Y (d foanzyloxycarbonyl)amino-

or "B AR GO AR NGl TP 2L ST s 2
NN 10bi sAddeld inlbAyt.8mblorby 74 minauandy Npy-bistiebudoxyeddohyljrd;guan@ipynanaule X642A1 mgr
heat | n 817" m %nfﬂer%%tanléiat A8 HEas Fﬁ{ Oa[hev\%gct?ol Wé’%%h&%gﬁ? gé%l t€ gﬁabferrf et hyl

tenper ur e. e solu Was “concen 'n vacuo
acet at éempasierd. Thitsblutiohlwe€lconcehtiatechia,vaduo, eedisschred\ty 8B4/ adatateewashedand

concent it S H AR i ol Er kBl Merblah shnsentrater i vagin o.g¥8 8 ¥y 1

2- (3-(
am no Idl, %(&WNth(tdmydMMdnﬁ)égl)arrndilns)pheMﬂ (ixs(bmzlymmarbawl)dnﬂm hyl

est,@r ,\% m%&fy@?p@i@fo&&gérpﬁgm rj &E%Xfeg’ g;; 'pe{?:g ghypester tha? was usga Wthout

2- ((1 (fhahe]wwmyaimnbonyl ) am no- 2- et hyl pr opyl )(hydroxy) phosphi noyl oxy) et han
(4317 g D% whop syt ered B B e ARSI S it on for 2
hours, 2-{{d-(beaayloxgcarbersyjaniinb-Linesthyipropi) (Bydroky) phodighinkialséthandic excid raethgld
OBy B TP S BB BN PR o
butadxy cstiritay iy Jotpualip iyeliove @by oy Qboo(slir(ebeazt)dnoug&aﬂdhﬂeqlio)m-ﬂrﬂmunchIMmt hyl pro
D)o U ADRBEPRT T BHIRE 1578 BFL AT Bl ik dibabuges voec
2- (3- ( N\VItS Oy, (fite ket amycamdmtmte)dgnaxacm ﬁo@\mmatef(l\) N'-di(t-
2 L Bt AN 2 A B s RISAIBEY 1) o,
hour s a(mya:mhy)ehbsm'ﬁmmxg)ieﬂranonddwd as a yellow oil that was used without further
25  purification.
E. To a solution of 2-(3~(N, N"-di(t-butoxycarbonyl)guanidino)phenyl)-
2-((1-(benzyloxycarbonyl)amino-2-methylpropyi)(hydroxy)phosphinoyloxy)ethanoic acid in 10
mL of CH,Cl, was added 5 mL of TFA. After stirring for 2 hours at ambient temperature, the
solution was concentrated in vacuo and azeotrope with CH,Cl, and MeOH. Purification by
30 preparatory HPLC separated the two diastereomers and provided 72.9 mg (8%) of one
diastereomer and 90.1 mg (10%) of 2-(3-guanidinophenyl)-2-((1-(benzyloxycarbonyl)amino-
2-methylpropyl)(hydroxy)-phosphinoyloxy)ethanoic acid, NMR (DMSO-dg) 0.85 (m, 6), 2.05
(m, 1), 3.70 (m, 1), 4.80 (AB q, 2: doublets at 4.70, 4.90), 5.65 (d, 1), 7.20 (d, 1), 7.25-7.50
(m, 14), 9.85 (s, 1) ppm..
35 F. In a similar manner as described above, the following compounds of formula (lla)
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(100 ny? 2-mgthy-1 -dl(t-butoxycarbonyl)guanldlnophenyl) -1-tetrazolylmethoxy](hydroxy)-
phosphinoylpropylcarbamic acid, benzyl ester (100 mg, 0.14 mmol), which was used in the
next step.

25 H. To a solution of 2-methyl-1-[1-(3-N,N’-di(t—butoxycarbonyl)guanidinophenyl)—

1-tetrazolylmethoxy](hydroxy)phosphinoyl-propylcarbamic acid, benzyl ester (100 mg, 0.14
mmol) in 3 mL methylene chloride was added TFA (0.4 mL) at 0°C. The reaction mixture was
then stirred at 5°C for 3 hours. The crude product was purified by preparative HPLC to afford
2-methyl-1-[1-(3-guanidinophenyl)-1 -tetrazolylmethoxy](hydroxy)phosphinoyl-propylcarbamic

30  acid, benzyl ester, as TFA salt (50 mg) NMR, DMSO-ds 0.84 (m, 6), 2.01 (m, 1), 3.72 (m, 1),
4.70 (m, 1), 4.94 (m, 1), 6.76 (d, 1), 7.20-7.50 (m, 9) ppm.

EXAMPLE 6
Compounds of formula (Ig)

35 A. To a solution of 1-(benzyloxycarbonylamino)-2-methylpropyl-phosphonous acid
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30 (4, 2), 5.01(m, 2), 7.02-7.17 (m, 3), 7.31 (m, 4), 7.40 (9, 1), 9.02 (s, 2) ppm.

EXAMPLE 7
Compounds of formula (lh)
A. To a solution of 2-(3-(t-butoxycarbonylamino)methylphenyl)-
35 3-((1 -(benzyloxycarbonyl)amino-2-methylpropyl)(ethoxy)phosphinoyl)propanoic acid methyl
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20 2),7.10 (m, 3), 7.25 (t, 1), 7.36 (t, 1) ppm.
C. In a similar manner, other compounds of formula (Ih) are prepared.
EXAMPLE 8

Compounds of formula (li) and formula (lj)

25 A. To a solution of 2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-amino-
2-methylpropyl)(ethoxy)phosphinoyl)propanoic acid methyl ester (344 mg, 0.75 mmol) in
methylene chloride (10 mL) was added DIEA (394 L, 2.25 mmol) followed by DMAP (3.4 mg
(cat.)). The reaction mixture was cooled to 0°C and a solution of benzenesulfonyichloride
(200 mg, 1.13 mmol) in methylene chloride was added dropwise over 15 minutes. The

30 reaction mixture was stirred at 0°C for 30 minutes and allowed to warm to ambient
temperature overnight. The reaction was diluted with methylene chloride and washed with 2 N
aq NaHSO,, water, brine and dried over sodium sulfate. Evaporation gave a crude residue
(425 mg) that was dissolved in 2.5 mL of methylene chloride and cooled to 0°C under N.
TMSBr (1 mL) was added dropwise and the reaction was stirred at ambient temperature

35 overnight, quenched with MeOH and evaporated. The resulting residue was dissolved in5 mL



25 A. To a solution of

2- (3-(t-butoxycarbonyl am no) net hyl phenyl ) - 3- ((1- am no-

2- met hyl pwopslo¢ast hoxy) phosphi noyl ) propanoi ¢ aci d nmet hyl exiTewSos8%s47 ny,
0.75 mmol) in methylene chloride (10 4l) was added DI EA (394 pL, 2.25
mml) followed by DVAP (3.4 ng (cat.)). The reaction m xture was cooled to
0C and a solution of benzenesul fonylchloride (200 ng, 1.13 mml) in
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0.25 Mﬁﬁgélélgt—éand 300 ng of LiOH and 10 nL of H2O. The reaction m xture
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was st PIbi ent tenperature overni ght. The solvents were evaporated
and purific@ion iy simiparamney helbloWiyg edndealing%d thegnegntion was prepared:
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i no 10 2-nethyl propyl ) (et hoxy) phosphi noyl ) propanoi c acid, t-butyl ester,

NMR ( DMSO- ddP™-0.90 (d, 6), 1.15 (t, 3), 1.29 (s, 9), 1.35 (s, 9),
1.90-2.10 (3. 4).In2 dinildrmarier, 23(b8dzy(oryc@benylandBo-Bmhehylprapylzalfignyl 1), 3. 90
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> (3. (1 && 1383!%am%thglpg}ﬂyn@yg|??é¥)ﬁﬁ?ﬁlémo¥¥\ﬁ§§5ar?aa gcide‘-bﬁﬂ{l EéﬂeP&oB mg, 0.42
T e .
t he su%iéﬁ‘égg/ﬁ.s Stied ?%L%Ph&mpﬁ{r%wﬁ e em@ﬂ's tTli;l ?rnge)'%tlugﬁ Wﬁgn@ Pgétﬂei%e\glgﬂ%lgfat ure
oveoni HSOh evatérxtind brivésThasiyadicyinabe @bis 20ndenkia@e, inwatwe. , Purifidation be. The
or gani c_ phase wag concentrated in Vﬁcu%g"{?[(bfd_catlon by chromat ograph on

si i ca GEPMAPPERPRAR SIicAg9! lPdsH Agyeliow

but oxy aatdxysatbanylamrtkshypheny)-3-(A-Btphen@-Pplmngylody-( benzyl oxy-
carbonyl)aminopropylsulfonyl)amino-2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid ¢-
butyl ester, 70 mg.

25 D. To a solution of 2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-(3-phenyl-2-
(benzyloxycarbonyl)aminopropylsulfonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid -butyl ester (70 mg) in methylene
chloride (0.5 mL) was added 2 mL TFA, and the reaction mixture was stirred at ambient
temperature for three hours. The reaction mixture was concentrated in vacuo. The residue oil

30  was purified by HPLC to afford a white solid, 2-(3-(amino)methylphenyl)-3-((1-(3-phenyl-2-
(benzyloxycarbonyl)aminopropyisulfonyl)-
amino-2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid, 20 mg, NMR (DMSO-ds) 0.88 (m,
6), 1.88-2.10 (m, 2), 2.58 (m, 1), 2.70 (m, 1), 2.90 (m, 1), 3.20-3.40 (m,3), 3.85 (m, 1), 3.95 (s,
2), 4.13 (m, 1), 4.90 (m, 2), 7.10-7.40 (m, 14) ppm.

35 E. In a similar manner, other compounds of the invention were prepared:



car bonyl ) am nopr opyl sul f onyl ) am no- 2- met hyl pr opyl ) (hydr oxy) phosphi noyl ) pr op
anoic acid t- butyl ester, 70 ng. 25 D. To a solution of

2- (13- (t - bwtoosyseasbony| am no) met hyl phenyl ) - 3- ((1- ( 3- phenyl -FT/US03/08587
(benzyl oxycar bonyl ) am nopr opyl sul f onyl)eam no-

2- nethylpropyl)(hydroxy)phosphlnoyl)propan0|c acid t-butyl ester (70 ng) in
nmet hyl ene chloride (0.5 nL) was added mL TFA, and the reaction m xture
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i %) AR O b T Mg, B2 510 4R 0000 69
3. 58 (2-(33}-butdxparidorilaniind)nBthyighehiyl)B-¢ 0-(3-pher®)prppyisulfonyl)amino-
ohenyl) -5 ( CIE Ry BRI e bRoYPioRARG o ACkL Fagy! ester, NMR (DMSO-c)
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2- net hyl h | d, t hyl t NVR
155 " A R RRRgR ALy o gpaor € e et ester
% 5193 \;’ %ﬁ) (Q*(B ~(@hinofmathylphenyl)-3- -(((BRBB-(§-pherg)progylafopyhantie- 4. 06 (m  2),
2- (3- (ani now‘%ﬁbﬂvmdr?y phespainghntorancis 84 [l 6P i R Ml 7] hyl pr opy
1)- 15 (hydrrﬁétyl)aﬁﬁméﬂ)mMR)(mMﬂﬁﬂ@)i @92, &), ’(9‘R1m23)( 3:064m, i1),1231 (m.e)hy|

henyl ) - 3- Y | f
Dot 1 pr oy P CHPAT ) BROUBR Sy B dpaSt et & ST 998 = o
oL, @S2 (wédnﬁmylhémtpﬁel)yl)NWR)DNEQpH@‘)yI@oﬂBSl(IﬁdnyI&)mInQ- 94 (m 3), 2.06

O 7 1se 7 dsev Pyl RYOraR) s Phoftiproskiof s R i iy T BBy 1 P° (4
R) 1- ( 3- phenyibipangpdatar)f KR (DANSO-aks) 0.90 (dd, 6), 1.90-2.10 (m, 4), 2.65 (m, 3), 2.96-
3.12 (m, 2), 3.26 (m, 1), 3.90 (m, 1), 3.98 (q, 2), 7.15-7.40 (m, 9) ppm;
(2R/S)-2-(3-(amino)methylphenyl)-3-(((1S)-1-(3-phenylpropylsulfonyl)amino-
25 2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-ds) 0.87 (m, 6),
1.90-2.10 (m, 4), 2.58-2.70 (m, 3), 2.93-3.15 (m, 2), 3.25 (M, 1), 3.88 (m, 1), 3.99 (m,
2), 7.15-7.40 (m, 9) ppm;
(2R/S)-2-(3-(amino)methylphenyl)-3-(((1R)-1-(3-phenylpropylsulfonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-de) 0.88 (m, 6),
30 1.91-2.10 (m, 4), 2.63 (m, 3), 2.93-3.12 (m, 2), 3.25 (m, 1), 3.86 (m, 1), 3.98 (m, 2),
7.15-7.40 (m, 9) ppm;
(2R)-2-(3-(amino)methylphenyl)-3-(((1S)-1-(3-phenylpropylsuifonyl)amino-
2-methylpropyi)(hydroxy)phosphinoyl)propanoic acid, [a]p = -23° (¢ = 9 mg/mL, 1:1
methanol/water), NMR (DMSO-dg) 0.89-0.95 (dd, 6), 1.92-2.07 (m, 4), 2.58-2.72 (m,
35 3), 2.98-3.15 (m, 2), 3.24-3.31 (m, 1), 3.87-3.93 (m, 1), 4.00-4.02 (dd, 2), 7.16-7.41



2- met hyl propyl ) (hydr oxy) phosphi noyl ) propanoic acid, [a]D = +27 (¢ = 9

nmg/ M., 1:1 nethanol/water), NVR (DMSO-d6) 0.90 (dd, 6), 1.90-2.10 (m 4),
2.65 (m 8003831 3.12 (m 2), 3.26 (m 1), 3.90 (m 1), KKT950608582) ,
7.15-7.40 (m 9) ppm (2R/S)-2-(3-(ami§o)rrethyl phenyl )-3-(((1
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7. 15740(@“’@) éﬁﬁs 2(3(amno)Erg}[hyl)phenyl)(g]((%l (m 2

R) - 1- ((328)1139(‘351 amnm@mawwmmyl) )33(!(701!3@—1 -(3-phenylpropylsulfonylyamino-
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) - (hydroxy) phosphi noyl ) propanoi ¢ acid, NVR (DMSO-d6) 0.85 (m 6),
1.84-2.10 ( 5"P258(m1)280296(m2)311340(m2)
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2-(3-(amino)methylphenyl)-3-((1-(2-phenylethenylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-dg) 0.88-1.96 (m, 6), 2.58-2.70 (m,
1), 3.21-3.50 (m, 3), 3.82-3.92 (m, 1), 3.94-4.02 (m, 2), 7.16-7.42 (m, 6), 7.58-7.62 (m,
25 3), 8.12-8.20 (m, 2) ppm;
2-(3-(amino)methylphenyl)-3-((1-(naphth-1-ylsulfonyl)amino-2-methylpropyl)(hydroxy)-
phosphinoyl)propanoic acid, NMR (DMSO-dg) 0.32 (d, 3), 0.38 (d, 3), 1.89 (m, 2), 2.50
(m, 1), 3.20-3.37 (m, 1), 3.83-3.86 (m, 1), 4.02-4.03 (m, 2), 7.30-7.41 (m, 3), 7.52-7.66
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2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-ds) 0.55-0.70 (m,
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4.00 (m, 2), 7.10-7.45 (m, 3), 7.70 (m, 1), 7.90 (m, 1), 8.00-8.40 (m, 3) ppm;
2-(3-(amino)methylphenyl)-3-((1-(4-phenylphenylsulfonyl)amino-2-methylpropyl)-
35 (hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-ds) 0.60-0.90 (m, 6), 1.70-2.10 (m,
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25  2-(3-(amino)methylphenyl)-3-((1-(methylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-ds) 0.96 (m, 6), 1.80-2.20 (m, 2),
2.60 (m, 1), 2.95 (m, 3), 3.43 (m, 1), 3.85 (m, 1), 4.00 (m, 2), 7.18-8.30 (m, 5) ppm;
2-(3-(amino)methylphenyl)-3-((1-(methylcarbonyl)amino-2-methylpropyl)(hydroxy)-
phosphinoyl)propanoic acid, NMR (DMSO-d¢) 0.83-0.91 (m, 6), 1.70-1.85 (m, 5), 2.10
30 (m, 1), 3.48 (m, 1), 3.85 (m, 1), 3.99 (m, 2), 7.20-8.20 (m, 4) ppm;
2~(3-(amino)methylphenyl)-3-((1-(thien-2-ylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-ds) 0.6-0.9 (m, 6), 1.21 (m, 1), 1.7
(m, 1), 1.98 (m, 1), 2.2 (m, 1), 3.9 (m, 1), 3.98 (s, 2), 7.0 (q, 1), 7.06 (g, 1), 7.15 (1, 1),
7.3 (m, 1),7.58 (dd, 1), 7.78 (dd, 1), 8.18 (s, 2) ppm;



2- met hyl propyl ) (hydr oxy) phosphi noyl ) propanoi ¢ acid, NVR (DVBO d6) 0.93-1.00
(m 6), 1.92-2.07 (m 2), 2.56-2.69 (m 1), 2.83-3.03 (m 3), 3.11-3.60
(s, 33) 3wnlo3fodo63B), 3.87-3.95 (m 2), 3.99 (s, 2), 6.82-KT13EH0GN$582),
7.12-7.18 (m 2), 7.28-7.39 (m 4), 8.14 20 (s, 3) ppm

2- ( 3- (‘hydr azi nocar bonyl ) phenyl ) - 3- (( 1= Benzyl oxycar bonyl ) am no- 2- net hyl prop
yI) (hydr oxy) phosphi noyl ) propanoi ¢ acid, NVR (DVSO-d6) 0.90 (m 6), 1.86

3. 54 1 90 1 5.00 2),
U6 1) 12 GelBming Mltrileneay S 4 D %ﬁ%mwpﬁw s @ e S AR
o oy pﬁff'lm'mf)ms‘ﬂhﬁ'w‘w’%ﬂygﬂ’?m"gpmw‘w&%'a)"g S'%"R (De0-de) 0.20- 3 20
O D By (i Ph BBk 15 ey 4 Ao 20 o189 6720
;hégyl )30 (rBf%Qr?eapm}OC%r(s;%:]ijmnO)ngEtzhyl t h ] ) (hydr oxy) -
pro B L i RehRreauy e rbe it By cuuises (' &1 70-1. 85 (m
4) pF2)”]102 ?% Mhylb)‘opy@(%rtﬁMPﬁb)sphlaoﬁﬁrérﬁﬁnoib)acmﬁ NMR (DMSD)-ds) 0.820m8.630 (m
e 5 ¢ bR B (5 ) L B 2t ot 33353y P53 48 (M, 2) 3.70-3.80 (m,
(hydroxy)phqzapimemyéz onamoquqme MivR2)| PIRCE. 46) mOQ%DN (m 6), 1.21 (m

., 3.98 2), 7.0 (q,
<3(@m"1%>me§hﬁr§1 fphagft-& bvoggmths)is)ulfovﬁ?%m%rd 5 548 @ 50 e
(s 102) ppm zmaeﬂfw RSOAHy drexty) ph phid 8 fbfopardic acid, NMR (DMSO- d6)084 (m, 6),

am no- 2. ot Y PTS fé"fr%‘ﬁé»é?ﬁ&%%ﬂhéé‘ T BB LA B et o200

0.5-0.8 (m7§4(d11)92(6ﬂ742m fm(s, 2), 3,82 (m 1), 4.0(s. 2), 7.1:7.4

O 51 el IR ?ae‘@gth@wlywﬁgrﬁ%m%ﬂ-g RylaRpRY.

2 met hyI pro Wrﬁ dh@éﬂﬂ ggr@baﬁ@ybhar opan0| c acid, NWR (DVsO d6) 0.84 (m
?%é 23334(m1)336346(m
2) 3 702' '8@'”@9{16“ )y3 (@ @tPhﬁnléJEmeM{SU' gwhamige- (s, 2), 4.46 (m 2), 7.24-7.40
(m 9) ppm Zn{eﬂﬂry{pﬁrﬂbﬁﬂwﬂib*wﬂ)mﬁﬁmbyl &oﬁénhd&m@WRémﬁﬂUH ld‘i'DOXBH)(mm no-
S

Lo 2 ML Y o IO ol PR 388 I, PR
(m 1), 4 021(619527)35rﬁ aihh 7 26 7.42 (m 3) ppm
2t e e LS sneeil oo s onh g 2 oo
i ncmenyl ) - Spdeéhnﬁaylmn@&Houdom@WMal(bwm -HH'0.800.95 (m, 6), 1.85-2.10 (m, 4), 2.58-
2.70 (m, 3), 2.90-3.18 (m, 2), 3.40 (m, 1), 3.84-3.95 (m, 1), 7.08-7.50 (m, 10) ppm.
F. in a similar manner, other compounds of formula (li) and (lj) are prepared.
G. In a similar manner, the following compounds of the invention and compounds
of formula (lll) were prepared:
25  2-(8-guanidinophenyl)-3-((1-(benzyloxycarbonylyamino-3-
methylbutyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-d¢) 0.76-0.91 (m, 6),
1.37 (m, 1), 1.52 (m, 1), 1.95 (m, 1), 2.45 (m, 1), 3.72 (m, 2), 5.01 (m, 2), 7.14 (m, 2),
7.36 (m, 5), 7.44 (m, 2) ppm;
2-(3-guanidinophenyl)-3-(((benzyloxycarbonyl)aminomethyl)(hydroxy)phosphinoyl)-propanoic
30 acid, NMR (DMSO-dg)2.02 (m, 1), 2.46 (m, 1), 3.24 (m, 2), 3.88 (m, 1), 5.01 (s, 2),
7.11-7.45 (m, 9) ppm;
2-(3-guanidinophenyl)-3-((1-(benzyloxycarbonyl)aminoethyl)(hydroxy)phosphinoyl)-propanoic
acid, NMR (DMSO-dg) 1.17 (m, 3), 1.94 (m, 1), 2.42 (m, 1), 3.67 (m, 1), 3.88 (m, 1),
4.98 (m, 2), 7.14 (m, 3), 7.33 (m, 6) ppm;



2- met hyl propyl ) (hydr oxy) phosphi noyl ) propanoi ¢ acid, NVR (DVBO-d6) 0.77-0.81
(m 6), 1.80-2.00 (m 4), 2.42-2.58 (m 3), 2.80-3.00 (m 2), 3.20-3.28
(m 1), 3wmnsBs@B31(m 1), 6.95-7.35 (m 10) ppm and PCT/US03/08587

2- (3- guani di nophenyl ) - 3- ((1- ( 3- phenyl péé)pyl sul f onyl ) am no- 2- et hyl propyl ) (h
ydr oxy) - 20 phosphi noyl)propan0| c aci d*NVR (DVSO-d6) 0.82-0.95 (m 6),
1.85-2.10 (m 4), 2.58- 70(m3)290318(m2)340(m1),

3.84-3.9 5 h
compourde-SRNEbERPaL s Rrb AN BE lartipePandBb Ry RN & nanner

the fol | ow rpg;;%r?gmug?aab.ctd%m Nnmmng)so @ZE gf?gspeu@m (mfz)f@samﬂ)nam 1)
WwWer e prepar uan) Yy enz & 0-

net hyl butyl) ﬁg@pﬁ %@b%p 13 %&@“% @@@G”
(5m016% X %) 3, (9151 n?)1) %)mﬁgm:)%(sﬂﬁ (rib, 353(5314211)1) 323234@1 (1M 5.02 (m32)7 Z.12m, 2)

2- (8- guani di%of %%'ﬁﬁr%(”}z8@@?%%9?\@@@%@%?%(%@9@ P hDaf- R pibs phi no
é' 238p20pa20|2c%0@§>, gs.@g(ml,\/ﬁ%),@i%@@,gg)ao@an(m, 7Zlni])3(m23)46.2(4m.3a1m,®.ﬁ34n;(m 2),
2. (3- g[?a?%‘%ﬁ'q{ep‘h@;' !‘3‘“%3'1’9(‘1'3 ?dihl@ﬂ“&%%@&?%ﬂ@'ﬁ%ﬁ? hoet hyl ) ( hydr oxy) phosphi n
oyl ) - propang- metr@Fﬁr@byl)NMard)@W@sdﬁlho )ptapendic abid, wmomode)mga @2, 8)m 1)
> oy T B adbkin, 17,58 fmmnz)x 6 (i, 682 @ 2,7 35l 1, 754 PBT O

2 (18- g”a”;}d'T)@BhﬁWR(@de&mw BJ YZ.81-2018y(n), 2] 2143 &m[TBY, BYSBIMONY, 142y dr oX
2 38" (m 1) 0 RO RN D) 7 G e 1L b 2 MR BinsCigko B\ O o
NVR ( DMSO- d6).0298 (tin2), ms (n‘h @33(581(ml)1) 228960 (1)) 5.02 (m22¥}2.12@, 13)7.28- 53 (m
1), 3.83 (m 6% 5, 02 7.12(m 5 3), 7.28-7.38 (m 8) ppm and NWR
(DMBO-d6) 0.% %7)639 1 92 (m 1), 2.03 (m 1), 2.40 (m 1), 3.55 (m 1),
3 86 (m-(3llamife)RrtH he&),l,) 37 1-BdenzyBxycarborghdmB8-2A-metHy)preximi hydroxy)-

- Bt byl pr o OR PR IR GHARR AR B PO EER s, ANRAPNERL B0 b 81 (m
6), 2.10 (m.gR2m, B, 2®5((M, 11,)2.58(th61)( 819613, 2)45.26 (£,R), A.)8-754000h, (10) pRoh;

7.11(d, O-d6) 0.90 6 2.01-2.18
(m 2), 2gQL?W%TOPIF”Y%SQM(Qﬁnzﬂ?xycgrpﬂ‘%' 0?%/5 5. oé (m 2§m 7. )11(d 1),
7.24-7.52 ( heﬁ Ie Ubamadylélﬂv{ﬁo('r@tﬁ@( FHdspRmo)propatoltlach, hﬂxt(lfé of2) ,

2. 43 (m 1), dlastere ers ]f\}MRA%DE/I%CS gl) 01&5 (m, 6%21 (7I1nz g(;(m 72) 1588 2. 21%3 (m, 3)4 7.52

(m 7) ppm
2- (4% (am no) zret-3ydonie 2y| 3.78-3(45Lnt, 9Nz 90 exy 2R 7OOH6) @ TH)-phniTet hy|

propyl) é-?:%l-?arn"cl)i?\(g))methylphenyl)-3-((1 -(2-phenylethylcarbonyl)amino-

2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-dg) 0.76-0.86 (m,
6), 1.72 (m, 1), 2.07 (m, 1), 2.38-2.56 (m, 3), 2.74 (m, 2), 3.85 (m, 2), 4.01 (m, 2),
7.11-7.46 (m, 9), 7.93 (d, 1) ppm; and

25  2-(3-guanidinophenyl)-3-(((1-benzyloxycarbonylamino-2-phenylethyl)-
carbonylaminomethyl)(hydroxy)phosphinoyl)propanoic acid, NMR (DMSO-dg) 1.97 (m,
1), 2.38 (m, 1), 2.64 (m, 1), 2.88 (m, 1), 3.33 (m, 2), 3.84 (m, 1), 4.23 (m, 1), 4.82 (m,
2), 7.03-7.46 (m, 14) ppm, and NMR (DMSO-dg) 1.97 (m, 1), 2.38 (m, 1), 2.64 (m, 1),
2.85 (m, 1), 3.31 (m, 2), 3.83 (m, 1), 4.24 (m, 1), 4.82 (m, 2), 7.01-7.48 (m, 14) ppm.

30

EXAMPLE 9
Compounds of formula (llb) and formula (lic)
A. A solution of (1R)-(+)-(1-benzyloxycarbonylamino-2-methylpropyl)phosphonic
35 acid (4.27 g, 14.9 mmol) in 50 mL of DMF was cooled to -20°C using a dry ice/methanol bath.



15 phosphi noyl ) propanoi c acid, m xture of diastereoners, NVR (DVBO d6) 0.93
(m 6), 1.81 (m 1), 2.05(m 1), 2.53 (m 1), 3.96 (s, 2), 5.00 (s, 2),

7. 18- 7. 40WOM3/02@B1 ppm PCT/US03/08587

2- ( 3- guani di nophenyl ) -3- (((1- benzyl oxycar bonyl am no- 2

phenyl et hyl ) car bonyl am nonet hyl ) (hydroxyj phosphi noyl ) pr opanoi ¢ aci d,

m xture of di astereorrers NI\/R (DVMsO-d6) 0.95 (m 6), 1.71-2.30 (m 2),

; 88 ;Tédhlé r\éag]fg% Blsrm)nyl chlorlde (1080 HP 1% )5 mmolg ng the5re(an%ion2t)nixtuAfé E\9/\/0as(sr’cri]rreg )
2- ( 3- (apige)isridwinhenys X3-@N(I(l m«&m@@es{ﬂb@hwu@aﬁb@mﬂe)wamzqqfdroxyethano.c

(meet h%c%irﬁ%yl%efﬁ@ %é%)ég 8%02'(5%1'1050\%%;@@82 Cr@%{::tlogw)mlxyR q% @rﬁoh‘%j}% %g (()m86
2), 4. GdL 6ﬂZDMI2)and tie feactiod rab Mlowed toiwdsh l(ochmﬂléntﬂéﬁbe@ﬂﬁeZWter stirring for 3

2-(3- di 1-b | b | | e
car Bonfui90nG L AN R RS ATy T 1B SOLHOMES Herhes RUFSTER IR do) 1. 97
(m 1)com%|n'éa eﬁ'lﬂﬂcoiabent?at@d’rm(mcué)co give S&mikiiire 39 pro@ué’e%n(ﬁl Btarfg matePial. (The 1)

4.23 O d
b 23 (i o)ty G e BBl SR 97
4.24 (raqloluhe 4o||8alearn9y rAatharfol @d R/e$&)7(g”fl55%1))0ﬂ2p(31(N’RI@dE%A|VPLE 9 Conmpounds of

forrrulag formula ( b

o o eyoPasi oS o e RS hotbamin ¢ 35 acid (4. 27
4. d / met hanol

DB el i ey Bihobiinuaex/e -Sé“ﬂ%’-%“?ﬂ."i&'@'?“eﬂgeﬁ tL.yo' oI chlori de

(1.20 ni, 165 nmiBP)STBIRYS P ORI COMPAINASAT &Y ?f?é’aepaé? 5c for 40

mnutes. 2-(@- (NNa@bmlorbai wwa@hhmwde}aammgoo Bﬁﬂﬂﬁbl) in2t3wd P Xethanoi ¢
acid nmethyl ester s added {he r i |on xkgre as

a sol utWasraddgd fret hﬂﬁméﬂe (%Mﬁ @hd1 { ?\@"'%‘@b%‘?q E'ﬁt'W%a%ﬁ T30 fbi ent

t enper adeiy th@\frééiﬂtln‘gtﬂlééld Q@rri f-brr2§ nﬁnaeysz (32(2)\/ W-"om sat ur at ed NaHCOB was
added. The sol uti on was wash et rrbl ned and concentrat ed

in 1\5acMtQWC@WBY')QUﬁP@iW@%W')ﬁ'QSE@C@ (Qﬁ'az FQFPP@’ YRR al . The product
was purg. fn'eﬁﬂ'lppcyp)fl | m&iaow hmbm@iwémaﬁ@@ayd (eRe T Je@fé‘%(nggl 4 23 mmolz in

acet at e/ net hyl ene | orid net hanol tog g 55% of
2 (3- (NI“N’“Y'GP? phleu@%ﬁ%/@ak waﬁ@riai@%aﬁhw%a FHBRHre wes sfigred at Fambiont
ZR) ( Sh(tlé@@ébﬂttﬁézfﬁ% B%@Ws)ﬁ'ﬂlﬂ%h péhﬁ’tl the reac;ucr)]n was concentrated in vacuo, tollssolved |nI

met hyl pr opy dr oxy) phasphi noyl oxy) et hanoi ¢ ac est er n a
si ni | armeiRAR@yan F?é?d %E%BW@E%W@’T consertiptgd ¢ Y?ﬂ’oz?r“g Rﬁ?“@gd’? éﬂc"o@"emg@
solzg i ag #Péwd@i 734 Qf(ﬂé%) acziate N Jeﬁ(‘f*-b[lﬁ)x &r&ﬂ'g/l)’g@éﬁldlh@)p%nyﬂ-z-@(ﬁ R§H2Cl 2

was added triethyl am 2 1. nmo triethylsilane ((1.80 nmi,
11. 3 rm(are)mlnggq;'zl-rg%lthylpropyl)((hydroxy)phosphlnoyloxy)e?hanmc ac{d metlpl}/ll ester as an impure
white foam.
D. In a similar manner, other compounds of formula (llc) are prepared.
25 EXAMPLE 10

Compounds of formula (lid)
A. To a solution of 2-(3-(N',N"-di(t-butoxycarbonyl)guanidino)phenyl)-

2-((1-amino-2-methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid methyl ester (300 mg,

0.53 mmol) in 8 mL methylene chloride was added DIEA (0.44 mL, 1.06 mmol), which was
30 cooled to 0°C by an ice-water bath. Then a solution of 2-phenylethenylsulfonyl chloride (120

mg, 0.59 mmol) in 1 mL methylene chloride was added dropwise. The resulting mixture was

stirred at ambient temperature for thirty minutes. The mixture was washed with water, 2N

NaHSO,, and brine. The organic phase was dried over sodium sulfate and concentrated to

afford a yellow solid. Purification by chromatc;graph on silica gel afforded a yellow solid,



stirring the resulting black slurry for 25 mnutes, 2-(3-(N,N =di(t 15

but oxycar bonyl ) guani di no) phenyl )-2-((1 R)-(1-(benzyl oxycar bonyl ) am no-

2- met hyl pwopslog¢dsydr oxy) phosphi noyl oxy) et hanoi ¢ aci d net hydCTas0808382. 93 g,
4.23 mol) in nethylene chloride (3 r%‘} was added. The reaction m xture
was stirred at anbient tenperature for*5.5 hours at which point the
reaction was concentrated in vacuo, dissolved in nmethanol, and filtered.
-rl)-? gvT h'g%%%@‘@’%@t-ﬁ%&%?@% gua{nrl]dlr\{o pheny 5@((? (5 enyI&heny(fsu?fonyl arnglllnght 20 to

2-(3- l(;Err?%]tﬁﬁlp(dpybmﬁldmmhbémhdygv?natlﬁhnméﬂ‘tﬂ:myét)\ylks(e(r,l@)ze nfd)- ami no- 2- met hyl
propy ydr ox 0sS a c,_aci t
white foam yhp '%&%@!\P d?)(?h Y:‘i?ﬂ?ﬁmhgéa% A )??F'?HM aa?l : gou;(rae
pr epar ed(1- (:_?-Er&éﬁgMﬁ&r@b t Islifofd )bamnmdanahylbwpm(hgdrbky)@bhoéphﬁﬁaylwys)ahatmoacudf
- - ut oxycar oo
2 (81 Ry esr Rl b R EES ARG RS B k. TEA o The teaction vty
renS_ t erl gr%@QstlFde at QmB%nﬂf&hﬁerg’dﬂregfoermS?tshYHéhrUbnedsrhtmtedim v{meo gcﬂtd@tmri%:Em'(eO 44
wa (0] e e r
061wt N v Sidsoain Bava ol B B sefiien phYicHles0 Faa)th & reio Rtk s ledd
rrft h?/TL eme réQd:t@hlrﬂlﬁttu\“@Wa?@dﬁéd dr é]ﬁwreﬁtetem]ibtatmﬁ:‘noﬂ 2 hagsmmé ld:ﬁﬁiev\tﬁeducs Waﬁr ed
a a I en re (0] I r t
net o PoRfed BB difei et wer u e 2R orns e 4R Y
SEH‘bat eetwams@m%ahﬁr@d zdnétﬁylp@ww@daowiﬁoemﬁq}lm)etﬁ*mo.é hdiatasonwhite
UL hma{‘ r@'ﬁrla'(ﬁﬁs(%ﬁa oD ALLSE 210 En P % Y, 588 & 9EP9RT 60 (m,
2- (13- (N1)Nd. s(gigitﬁ bﬁ,tnoxycar bonyl ) guani di no) phenyl ) - 2- ((1- (2 phenyl et henyl sul
fonyl ) am no-

F A e My S e A S YR ORR0L RO BRE MR, i et !
2 (3-( Norld odhéé oﬁlféfrﬁdm((ﬂdmé)ﬂrérﬂ#@dll di no) phenyl ) -
é&ﬁaﬁi. o) o ARibel o pbtersarepgyeviionsl lsrak YA 8 bl Arey gl
idﬂgﬂriz (H-%erlﬁﬂgé(ﬁbeto??@gg%@ngnamama)@thw) -3 m@daaﬁnmgnﬁlpmmgym@e Ij or
PR AT UL T M R e R S
The reagnidrile wisXdddled thEthyiainine @ 3ahL aarb3 aitolY. emmrsatrmgeat fa@ribieht lhemiperatufdie
(2:r I(Jgegs‘raﬁ%j gﬁ{ﬂy\gz}pﬁ,%gc’;ri %ﬁxﬂ?l)é vgglgchpgleée?ec! }rlv \)'gc ) élvemgryléllgvfi) oﬁ cﬁ &fz I\f’1
et hpgnyl cﬁulbbwwlc)aadsnppgu?amhéwh@wpy {01 Ri-Dy: (bexyis utongipaThin 032- sty kdan oi ¢
(m 13, “Bydshcsprionrylsthasgiana eyl caopihich wes) spHttnett FRNG i i | ar
simlar
manner @gifidssrin BedfoRbRNg stép. Par agr aphs A and B, ot her
E. To a slurry of 2-(3-(N',N"-di(t-butoxycarbonyl)guanidino)phenyl)-2-((1R)-
(1-(benzylsulfonyl)amino-2-methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid methyl ester
25  (0.53 mmol) in 6 mL of methanol and 3 mL of H,O was added LiOH (124.3 mg, 5.3 mmol).
After stirring for 6 hours, the solution was acidified to pH 2 with concentrated HCI and
extracted with methylene chloride (3x). The combined organic layers were dried over MgSO,,
filtered, and concentrated in vacuo to give 2-(3-(N',N"-di(-
butoxycarbonyl)guanidino)phenyl)-2-((1R)-(1-(benzylsulfonyl)amino-
30 2-methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid as a yeilow oil that was used without
further purification in the following step.
F. To a solution of 2-(3-(N', N"-di(t-butoxycarbonyl)guanidino)pheny!)-2-((1R)-
(1-(benzylsulfonyl)amino-2-methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid (0.53 mmol)
in 3 mL of methylene chloride was added TFA (3 mL, 39 mmol). After stirring for 1.5 hours at
35 ambient temperature, the solution was concentrated. Purification by HPLC provided 33.0 mg



conpounds of fornmula (11d) are prepared. 15 D. Alternatively, to a solution
of benzyl sul fonyl chloride (101.4 ng, 0.53 mmol) and 2-(3-(N,

N'-di (t - bwtoosysaasibony! ) guani di no) phenyl ) -2-((1 PCT/US03/08587

R) - (1-ami no- 2- et hyl propyl ) (hydr oxy) p8®sphi noyl oxy) et hanoi ¢ aci d net hyl
ester (301.4 ng, 0.54 mmol) in 4 nL of nethylene chloride was added
triethylamne (0.13 nmL, 0.93 mmol). After stirring at ambient tenperature
for 1. 5(%r%3tep$be0fr25é’aegwanllﬂlmnpﬁeﬂy|¢ was concentrated in vacuo to give a
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urther o ng a slurr
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(1- gbenzyl isuFf onyln amrmlarmambhyh@fouayihb(cbn-?bgm%\],abg}s@yr%pﬁl %)fy) fet Eggm c
aci d ne anol an 0 was
added Ll‘b'kccl-{g(u %@gﬁgphg’%bg gﬁ m‘gnﬂp&gpcgbppyl}%n? grmethilecary)- t he sol uti on
V\Iﬁls ac:]I di 12|3 emm$wm®smunwlmmbmm@aad NIGR (@'ME%@I%()tC(Fj QPErﬁde)V‘Qg?)iHPWW ene
chloride (3x r a re dried over
filtered, ang cozbng%ﬁﬂ@t g?&l (ﬁ' 822{1%0{ yﬁ 38“% 4%00.9)\B.0Qis, t1-) 9.78 (d, 1) ppm.
but oxycar bon@ ) gubma dinnitay pfaangri }héb(lé\&lnﬁiboﬁboﬁm @Mhé%&%\%ﬁ@\ﬁ?@oﬁg
2- g h t d That
PR e A G LR SR e et i ZS o o ]
?il l(.l';)l on Ff 2?((83#1l(rllsiyltﬂ(yi)le(rtanblctemcyNa,{Fbgm\Snisa)g(iqjgS F]Iz@l) ﬁ-ﬁb ty—:-gyh S) @ 4 t'ﬁ%qo
enzyl su a r ox osphi n et'hanoi ¢
acid (0. %3 ’ ?% 4 5’%"}%@2@%% g%“ {f%% éég sppau@@d (wSﬁa_de)39

ol ) . After1§9|(mrBhg58fn¢ml1)5490 B gak), 8% ients sglout i on
was concentr t%%ﬁurl fication byHgiC) prme)s 3:?(%@,37 0%98@02@ 988

PCT/ US03/ 085 (12% 4 steps) of 2-(3-guanidi nophenyl)
2- (161- (%é"hgy&lmdlhCDWY))@?G((rbeﬂZyldsmhybbﬁWWhdrﬁémgﬁ)wu,)ogg osphi noyl oxy) et hanoi ¢

aﬁ]l dz?s \éllmISZ& SE%MHQX@%) gsﬂ?lﬁ al\/ﬁBf\@}@ @\?ge)gie)@ﬂ@éme?) dfgﬁﬁ 6$g2)d(5uﬁ‘5| (é% %)ﬂ 31)5

7.22 (m 1) 7.20 £0-1), AB5{(7rA0 (h4)14),0.88( M ppmh:; 5 F. In a sinmlar nmanner, the
foIIow@

2-(3- gua | nop%ﬁw@fp(%fEne(nﬁg%Wﬁ?ﬂ”W&'m”B@aWSWW?% no- 2- et hyl pr opyI ) -
( hydr oxy) phdbwmmphosgh)mmammanamam INWRR @M@@g’éb g 7(%% . 065 B %%8

1 4.50-4.
13 2578 (d (7"?)1 Bediand 7 Blasdiafo, rf’a‘%é%g)é 65¢{thel)f BRO o Hg7 a&mmgw
the inventi &185\@(6 )p:merpar ed: 10

2-(3- b b I t hyl ) (hyd
phosphi st S SREUY & (R e toRe oo Buroxe) .85 (m 1), 4.90

(AB q, phosphmoyloxy)ethanmc acid; a mixture of diastereomers, NMR (DMSO-ds) 0.90 (m
3), 1.20 (m, 5), 1.30 (m, 1), 1.45 (m, 1), 1.65 (m, 1), 3.60 (m, 1), 4.70-5.00 (m, 2,2 AB
25 quartets overlapping), 5.55 (d, 0.5), 5.60 (d, 0.5), 6.95 (d, 0.5), 7.00 (d, 0.5), 7.15 (d,

1), 7.30 (m, 10), 7.50 (m, 3), 10.10 (s, 0.5), 10.15 (s, 0.5) ppm;
2-(3-aminophenyl)-2-((1 -(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid, a mixture of diastereomers, NMR (DMSO-ds)
0.87 (m, 6), 2.03 (m, 1), 3.75 (m, 1), 4.83-5.02 (m, 2, 2 AB quartets overlapping), 5.46
30 (d, 0.5), 5.48 (d, 0.5), 6.75 (m, 1), 6.86 (m, 2), 7.12 (m, 1), 7.25 (m, 7) ppm;
2-(2-chloro-3-guanidinophenyl)-2-((1 -(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid, NMR (DMSO-d;) 0.85 (m, 6), 2.02 (m, 1), 3.61
(m, 1), 4.80-5.00 (m, 2), 5.81 (m, 1), 7.10-7.43 (m, 8) ppm, and NMR (DMSO-d5) 0.80
(m, 6), 2.00 (m, 1), 3.51 (m, 1), 4.50-4.80 (m, 2), 5.81 (m, 1), 6.95-743 (m, 8) ppm;



2), 5.60 (d, 1), 7.20 (d, 1), 7.25-7.50 (m 14), 9.85 (s, 1) ppm and NWR
(DVMVSO-d6) 1.20 (m 3), 3.85 (m 1), 4.90 (AB g, 2), 5.60 (d, 1), 7.20 (d,
1), 7.25-Wob@/ogea3114), 9.85 (s, 1) ppm 15 PCT/US03/08587

2- (3- guani di nophenyl ) - 2- (((benzyl oxycagbonyl ) am nonet hyl ) (hydr oxy) -

phosphi noyl oxy) et hanoi ¢ acid; NVR (DMBO*d6) 3.40 (m 2), 4.95 (s, 2), 5.65
(d, 1), 7.20 (d, 1), 725750(m 14), 9.80 (s, 1) ppm

(nydr oty et e B R TR P R BS (i 6y 2 05 (im
%) ,203( 50 1)2thdmx@bhos®h8@y(ok§6emanam adiol) bé atrsixiatre df didsterkof®rs, NBIBEDMSO-1) ,

2 (3- guani iR SRBGTy D2t € 3 Bl A1 GRyect o0 Pateadme i3 9 sy
ghgsphl noyI cExQQ ah A rAB qaeartets caertapping) €5.65 (diitas); 8:68dde0.5), 6MERd( OBEG-0H)
1.4

)50 T0.5. 68 $F 1215 17 (AT 8 boeth 181Bke)2 9 1edB @ B bpm e
g 5), 106185 (NMR(DS)SO-6:)0078-4,9901mb B; AB.dlévefidppedivith ) 3807 d, 13.07. 13-7.380(n, m
2) (3-am noéh«?ﬁ&l ?ééd 228’1 ?%gsnzy) %(rélcgrpglonyl ) am no- 2- et hyl pr opyl)
E%g)(%oagﬂm) a qgl?.l-guaty\ichrmp6 hghyl)gﬁq(1c(b§nzsdk?3xyaanbbnyl)amino)ﬂ-rdét_hglpmwb{rers, SINR
quartets ove(PY‘g{B%frshB?gﬁhg'OX%XV)%g:}a('a?C%'%@%@%ébdde’%%(%%g#s&% m% Q) 3'%% 86
(1 22) y 7. 12, 1y, 415% 4@72(5 z)ms 77 (dppyri7.20-7.42 (m, 8) ppm, and NMR (DMSO-ds/D20)

I
) ydr o] BRUSHM Aot By} L GHRI D: derar AR BvatRhe) To BT B B 0
(md ﬁ) 3. 61p8nﬁm 3)8 4. 80- 5600 (m 2), 5.81 (m 1), 7.10-7.43 (m 8) ppm
4. 50-

5 81 ( %{‘5%‘9@%9“?&%8%&% r%}ﬁ'ﬂ%‘yc\i%%@%%slc‘%@%@éﬁ?m%s? e (m 2,
2;1 (3- guani di (ngbeyiphssbirclox| etteamplcoacc, AR (PMEDG) 6- -8 iy Bt hsyn o 1),
DU AE"SEBRIAH TR0 IS PR £ 4 sSino 188 . S SPRTBLR R
g- 28 (m 1), 55 52?@;%56 go(cﬂmg, ZDGZ%A@ mgﬂtfﬁt(gn (&)?Tﬁgmn 8)9)10.33 (851 Xgbm. 5),
7 50 (- ety aiankiopefh-aiaBetySycatpSiainga anbonls ag)
z71. gg- ?6992§ nihy@roxyPiBhos shireoylcaxp etithnoid dcidINME (DMSCdds) D)0 (f, B3-2.088m( 1), 2.168) ,

2- (2-fluoro- (§ ahér#%qnﬁl'éhgﬁgjls)osz@t (zi E(%%H?y )0 )78 %%Hm E})aQHnH&“QBﬁBM%ﬁ'propy

| ) -20( hydr oxydgp D@9pim, 8)y2.0& yhetharéi(s, Hc8.65 (MVR), AlaED0d g, 2), 8078((m, 16,)7.12. 03
|(0|ronm . 8o g%ﬁ;@(ﬂj 1M§7IR8(%M4S Dl1sSlue) 0,88 tn,‘6), 04 (K 1), 2.7 313,641, &)
1), 4.84 (dd, 2), 5.60 (d, 1), 7.26 (m, 8), 9.42 (t, 1) ppm; and NMR (DMSO-ds) 0.88 (d,
6), 2.06 (m, 1), 2.18 (s, 3), 3.64 (m, 1), 4.90 (dd, 2), 5.56 (d, 1), 7.38 (m, 8), 9.36 (s, 1)
ppm;
25 2-(3-guanidinophenyl)-2-((1-(benzyloxycarbonyl)amino-3-methylbutyl)-
(hydroxy)phosphinoyloxy)ethanoic acid; NMR (DMSO-ds) 0.74 (d, 3), 0.82 (d, 3), 1.37
(m, 1), 1.51 (m, 2), 3.73 (m, 1), 4.85 (AB q, 2: doublets at 4.76, 4.95), 5.60 (d, 1), 7.15
(d, 1), 7.25-7.43 (m, 14), 9.86 (s, 1) ppm;
2-(3-(amino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-methylpropyl)-
30 (hydroxy)phosphinoyloxy)ethanoic acid, NMR (DMSO-ds) 0.86 (m, 6), 2.06 (m, 1), 3.64
(m, 2), 3.92 (s, 2), 4.90 (m, 2), 5.60 (q, 1), 7.34 (m, 8), 7.50 (s, 1), 8.46 (bs, 2) ppm;
2-(3-(guanidinomethyl)phenyl)-2-((1-(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid, NMR (DMSO-dg) 0.88 (m, 6), 2.06 (m, 1),
3.70 (m, 1), 4.36 (d, 2), 4.96 (dd, 2), 5.60 (d, 1), 7.30 (m, 9), 7.94 (t, 1) ppm, and NMR



0.8 (m 6), 2.02 (m 1), 3.46 (m 1), 4.55-4.83 (q, 2), 5.78 (d, 1),
7.17-7.37 (m 8) ppm

2- ( 3- guanwdi esppbiBny | ) - 2- ((1- (benzyl oxycar bonyl ) am no- 1- cy clcaimesoghossst hyl ) -
(hydr oxy) phosphi noyl oxy) et hanoi ¢ aci d, J]\II\/R (DVMSO-d6) 0.96-1.09 (m 5), 1.51
(d, 1), 15 1.57 (m 2), 1.68 (m 2), 3780 (d, 1), 3.55 (m 1), 4.86 (AB q,
2: doublets at 4.78, 4.93), 5.52 (d, 1), 6.60 (d, 1), 7.06 (d, 1),

5 T 0 T e e S

(hydroxy)phdsml(m@l 8.08)etihapmi ¢ aci d, NVR ( DMSO- d6) 0 80 (m 6), 2.04 (m

2 e o e b ey nflag e ygting 1275 (m

3)8 (r9n3 2) QﬁyfﬂmXY)ﬁb‘cspﬁlnwlo@!’f}ﬁthhmwhcwNMR G2VE0r-ds3)0.8H (m, WWOE?MNDNS(? d6)
§7 26 (m2 %9 ®'3 ?25% %*?Birﬂsgoﬁé %Nﬁgéé'ﬁ?g@ Jao'EJﬂ%g“A”( @O%"é)g”dz"‘r"ﬂ%

1) 2.18 (s, (DMSO-&S)GMSQW 8)) 2.00.(80 1},d0i30 &) 3),B.@B(nf,di), 4. 80-420E, (271530(m9 36

1 n .2 .
(2-8( 3- )guamodi“ozﬁgﬂyﬁ gr%’-Ei)('of-"'l’benzyl oxycar bonyl ) am no- 3- net hyl but yl)

(hydrowqaaumtq)dycarbymmhe)meth;alpberadjl-ﬁ(mm:(ylbbmkiﬁ“)yl)@mm 2d, 3), 0.82 (d,

4 76, 4. os) ehyprapyithy e heschiidRlenidnicsds S BusS-ofUB D) o

2- (18- (am no)nesé w|9mh9@ﬁl(m 2)(3(212 (nbet)z4.108xXmc 2), Bdy(n), i BAOR ), 15y36 (n.ohy| )
30 (hydroxy) Q q npgé than0| c acid, NWV\R (DVsO-d6) 0.86 (m 6), 2.06
(m 1), 3 60K D) 750" (m 2) . 560 (h, 1), 734 {m B).

7.50 (Q-(ﬁhthﬁydﬁbémammb)mﬁhhivlph@?yﬂ)az ((@-(bemeylotycarbomydiaiyrid-2-phenyl ) - 2- ((|

;af:PS?Z%:\/EX{%%E%%?@%B@%@QXWWQ?P Q&yé%&ilef# r%‘é’ 9&@%&*@@% Hgﬁ,‘ %%(% gjl)hanm c

4.96 (dd, 2)1.26(t68), (2104 Ih, 1){ 338 (bm1),9).08 T, 24, 4.20 (s] 2),p180 (g, BNIR(WO1),
03/1%80631 P(;;I’é];ﬁog %%’%8%1137 (DVBO-d6) 0.92 (m 6), 2.12 (m 1), 3.85 (m

4.46 (d 5.68 (d, 1), 7.40 (m 9), 8.06 (t, 1) ppm
2 (3 (E(Bﬂlmbmdyearbumpdammp éth?lphéﬁyl)(:be(nz(bérmy;axymdrbmﬂl)}aaﬂﬁm@- 2- et hyl prop

[ 1§ 8 S ARETS IS SRS T et RS By el . &) 202
7 20-7.43 (m. 1@det)m2®4n(d1 NW7ZDWISOGB22& ay) 4 918) 1), 2.880m 1), 496 (2,30, (s,
2- (33(?0bfj{n ?(é%étr @B%S?I'Oa%' n1o1)) ?ﬁbfnhyl pﬁeESI §m2 ((1)1 (Eeﬁgyrojicgp]bogill I)oglrr]n1 no- 2-
netoy | p2-(pia, 2-dinyethyipsoppleaohyiamjiamegihyiphany)-2-(EefbdnzyidvircdrbbidDadtno-2- 88 (m
6). methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid, NMR (DMSO-ds) 0.92 (m, 6),
0.96 (s, 9), 2.02 (s, 2), 2.08 (m, 1), 3.73 (m, 2), 4.26 (m, 2), 4.91 (m, 1), 5.04 (m, 1),
5.58 (dd, 1), 7.23-7.37 (m, 10), 8.27 (m, 1) ppm;
2-(3-guanidinophenyl)-2-((1-(2-phenylethylcarbonyl)amino-2-methylpropyl)-
25 (hydroxy)phosphinoyloxy)ethanoic acid, NMR (DMSO-dg) 0.85 (m, 6), 2.00 (m, 1), 2.40
(m, 2), 2.80 (m, 2), 5.00 (m, 1), 5.40 (m, 1), 7.25-7.50 (m, 11), 7.60 (d, 1), 8.40 (s, 3),
9.75 (s, 1) ppm, and NMR (DMSO-dg) 0.85 (m, 6), 2.00 (m, 1), 2.40 (m, 2), 2.80 (m, 2),
5.00 (m, 1), 5.40 (m, 1), 7.25-7.50 (m, 12), 8.40 (s, 3), 9.75(s, 1) ppm;
2-(3-guanidinophenyl)-2-((1-(2-phenylethenylcarbonyl)amino-2-methylpropyl)-
30 (hydroxy)phosphinoyloxy)ethanoic acid, mixture of diastereomers, NMR (DMSO-ds)
0.90 (m, 6), 2.10 (m, 1), 4.10 (m, 1), 5.00 (m, 2), 5.65 (m, 1), 6.60 (m, 1), 7.05-7.60
(m, 14), 9.70 (s, 0.5), 9.75 (s, 0.5) ppm;
2-(3-guanidinophenyl)-2-[(1-(1-benzyloxycarbonylamino-2-(4-
hydroxyphenyl)ethylcarbonyl)amino-2-methylpropyl)-(hydroxy)phosphinoyloxylethanoic
35 acid, NMR (DMSO-dg) 0.83 (d, 3), 0.90 (d, 3), 2.05 (m, 1), 4.00 (m, 1), 4.15 (m, 1),



10 1.36 (s, 9), 2.04 (m 1), 3.72 (m 1), 4.08 (m 2), 4.88 (m 1), 5.00(

m 1), 556 (m 1), 5.68 (d, 1), 7.30 (m 11) ppm 2-(3-(eth oxycarbonyl am
i no) rn wwdwnsloseizenyl )-2-( (1 -(benzyl oxycar bonyl ) am no- 2- PCT/US03/08587

met hyl propyl ) (hydr oxy) phosphi noyl oxy) ggganoi ¢ acid, NVR (DVBO-d6) 0.92 (m
6), 1.20 (t, 3), 2.04 (m 1), 3.76 (m 1), 4.08 (q, 2), 4.20 (s, 2), 4.90
(m 1), 5.08( m 1), 15 5.62 (t 1), 7.30 (m 11) ppm

> et LSFBiS‘*’? %é?oxm Al et i el del e R N
Elm866) 1.1 (a)1)2pr04(m 1) 3.72 (m 1), 4.22 (s, 2), 4.74 9m 1),
2-(3- EZra &31-%%1&”@? ?Yl{éﬁg%]zll[g ’gbé-?ﬁyfo}%/ca}%o Y%n%ﬁo-%e%nhﬂn %%g@x’b%&amﬁg g/car bony
| ) am onges)z On@gﬂw mngbmyﬂ(qumh@am mmlﬁthﬁqu NMB B C&dcl)d)S 73 0.92 ».
(B oy, BaobBotin 122 85 k8, ) 0 b 6F hnagin. § WBo@ader . 15

8 27 (m 1) @prd), 725 (m, 10) 7.37 (m 5), 7.83 (d, 1), 9.70 (s, 1) ppm, and NMR (DMSO de)

§5<?h33?2;3;@ﬁ@ Edog1d ) 481 o?i’yzﬁﬁ’zmbﬁaﬁ%ﬁ%@”@”@g%@w@%@pz 5

(m 1), 5@@ 1)6.52 (f801X ﬁ’ﬂ"fZ()TI 45, 025 ( rf’n"Q)) .38 (ep04), |7]511()d;1)77 86(%.130 (m
1), 7. 60 (dg k. §91 9.75 (s, 1) ppm and NVR (DVBO- d6) 0.85 (m
6, 2.00 (m>1 R '2.80 (m 2), 5.00 (m 1), 5.40 (m 1),

7.8 7.5 (Imro{izguarmlqmﬂ*(egyl) 3)[1 -0 -7szyloxycaripgiyjamino-2-phenylethylcar onyl)amlno-
2-(3- d I
30" (hydr oxy) SheRoR bRl PR AS) Bio BREh GE e KIrE TS0 s1 [E T PO S Ry )

(DVBO-d6)  06)98.08rtm. 8),,2.52 (ro, - 72)(m, 4), BR4 @M, 12)4.28 (001X h832Am, 25.%561 (M 1),

660(m1)7 ( ), 9.70 (s, 0.5), 9.75 (s, 0.5) ppm
2- ( 3- guani di nbpﬂz’?]gﬁ@qﬁn 1 p%@ benzyl oxycar bonyl am no- 2- ( 4-

hydr oxy%iﬁ@rgyal)lémhmwf)%ﬁﬁw) -ahenyicarbonytanyingr2dgienylethiicarooryl) 3o Zhi noyI oxy) e

(m )" 4 15t erRROAR T B atoatiols dad nidlne  ggeiplEonigt- 2 % 0
1), 6. 62 (d, NMR(DMSEndg)d.O®§m, 6), 1.957t, 85 20R (m.3), 2.80 6% )n3.8Q)\m, 2), 3H5((&. 1),
2" (3- guani i RORRSIT2 37 (34 2 S35 T FA0T SR Mtk 52 SRty PEPUEY e bony
) am no- 2- nmePPiyl propyl ) (hydr oxy) phosphi noyl oxy] et hanoi ¢ aci d, NIVR DMVSO- d6)
0m86 (da. ﬁé”-ggar?dl%gahe%ygd{sg?% eﬁrfggca%%nﬂa%-mngg) ei;yﬁgg-@r a?c)oms?arﬁ@ -%n 1) 4 28
7.8 (d 1) , mettpipropy) (ydrppinhospbinRyiEMVBDICagid, MixBBe pﬂdlaslﬁreomg NMR 3)
2.01 (m 1), u88-dB 90 (nh), 124, 52.08)m, 1), 2%d @8, 2} 3804 nBS) ($05 th; 1),
4.20 (m, 1), 4.85 (dd, 2), 5.55 (m, 1), 7.10-7.45 (m, 13), 7.60 (m, 1), 9.85 (m, 1) ppm;
2-(3-guanidinophenyl)-2-[(1-(1-benzyloxycarbonylamino-3-phenylpropylcarbonyl)-amino-2-
methylpropyl)(hydroxy)phosphinoyloxylethanoic acid, NMR (DMSO-dg) 0.87 (m, 6),
25 1.51 (m, 1), 1.65 (m, 1), 2.03 (m, 1), 3.85 (m, 2), 4.05 (m, 1), 4.20 (m, 1), 5.00 (m, 2),
5.46 (d, 1), 7.00 (m, 1), 7.07 (m, 1), 7.15-7.46 (m, 21), 9.64 (s, 1) ppm, and NMR
(DMSO-dg) 0.87 (m, 6), 1.51 (m, 1), 1.65 (m, 1), 2.03 (m, 1), 3.85 (m, 2), 4.05 (m, 1),
4.20 (m, 1), 5.00 (m, 2), 5.46 (d, 1), 7.00 (m, 1), 7.07 (m, 1), 7.15-7.46 (m, 21), 9.64 (s,
1) ppm; and
30  2-(3-(amino)methylphenyl)-2-[(1-(1-benzyloxycarbonylamino-3-phenylpropylcarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxylethanoic acid, mixture of diastereomers, NMR
(CD;0D) 0.98 (m, 6), 1.75 (m, 1), 1.92 (m, 1), 2.18 (m, 1), 2.63 (m, 2), 4.04 (m, 3),
4.15 (m, 1), 5.13 (m, 2), 5.73 (dd, 1), 7.11-7.36 (m, 12), 7.45 (m, 1), 7.53 (s, 1) ppm.

35



5.56 (d, 1), 6.52 (m 1), 7.14 (m 4), 7.25 (m 10), 7.37 (m 4), 7.51
(d,1), 7.60 (d, 1), 9.69 (s, 1) ppm 10

2- (2-f 1 uowo B/guani di nophenyl )-2-[ (1- (1- benzyl oxycar bonyl amdmeso2/0gdsenyl et hy
| car bonyl ) am no- 2-nmet hyl propyl ) (hydr (_)_;i Lphos phi noyl oxy] et hanoi ¢ aci d, NWR
(DVMBO-d6) 0.77-0.88 (m 6), 2.05 (m ? 2.52 (m 1), 2.79 (m 1), 3.94
(m 1), 4.23 (m 1), 4.83 (m 2), 572 (m 1), 7.09-7.48 (m 13) ppm

2- ( 3- guani di nophenyl )-2-[(1-(1-phe gd% | am no- 2- phenyl et hyl car bonyl ) am
i no-2- 15 net hyl propyl ) (hydr oxy) phosphi noyl oxy] et hanoi ¢ aci d, m xture of

di ast er eonerBhis shdR(DM/EIOs igles thedprepanatién of lepdesentativg phartnagduliog) campostia®®s (d,

7 10- 78@%5;(;]”] ‘?rﬁ'é’ Sﬁagg)’bé‘gﬂta'“%)a é@%"‘?‘“% Inf}erﬁ%n(&ﬂa pRdrmadedRaly® 1)

2- ( 3- gumnceplablesat tlydrpef2- [ ( 1- ( 1- et hoxycar bonyl am no- 2- phenyl et hyl car bonyl ) am

i noz2- 20 net hyl ydr oxy) phosphi noyl oxy] et hangj id, mxture of

di as5tereomeré H dé) 0.90 (m 6), 1.05 (t, %‘@—@&05 (m 1), 2.80
(d, 2), 3.80 (m Qdmpaurgkof(the inentiond. 20 (m 1), 4. 52(3@6@ 2), 5.55 (m 1),
7.10-7.45 (m 13), ZSQO(m 1), 9.85 (m 1) ppm

2- (3-guani di nophen 3 2-[(1-(1-benzyl oxycar bonyl am no- T? phenyl propyl car bony
| ) - ami no- 2- net hylipgrgsiun steadatexy) phosphi noyl oxy] et hah®¥%c aci d, NVR

(Z?NB? gg) ( %% éﬂgz(eg%gr?d%ﬁtf)]aré é’u %@ ?ril& dlﬁ%nggdﬁ{gb Fépd’-il‘feﬂ%% agg]cgé%uli 8? g;n

(m101) , contaifing 1@@5n(gm;ac211))ne pallg would apppximatec thiRdailyDidsapei6) 0.87 (m 6),

1.51 (m 1),51.65 2.03 (m 1), 3.85 (m 2), 4,05, m 1), 4.20 (m
1), 5.00 (m2), > 1), 7.00 (m 1), 7.07 (m , 7.15-7.46 (m 21),
9.64 (s, 1) pmealmdo@tid of the invention 20.0%

2- (3-(am no) net hyygggéy&% %a%% (1- benzyl oxycar bonyl 16@?20 3- phenyl propyl car

bonyl ) am no- 2- I'propy ydr oxy) phos phi noyl oxy] €t hanoi ¢ acid, m xture
of diastereoners,SfdkR (CD3OD) 0.98 (m 6), 1.75 (m &5% 1 92 (m 1) 2.18
(m1 ), 2.63 (m Q od 04 (m 3) 4.15 (m 1), 5. 136%‘7 5.73 (dd, 1),
710736 (m 12)2%9%5 (m 7.53 (s, 1) ppm B3/ 080631

PCT/ US03/ 08587 -BVPEW\W)E}DWGOHME}S exanple illustrat@8% he preparation of
represent atl c

Cont ai ning. af S RRSaBgiSH e HERAREMCR tnd i 3aiab s Bihiileg )
sal t t hamdegrinulated. usinggwatdr es b graouitingiouid. threﬁorlnmdatwn i$ ﬂEﬂd‘ﬂﬁdnﬂﬂl)@d v@ﬂn 0%

the magnesium stearate and formed into tablets with an appropriate tableting machine.
20 C. Ingredients

Compound of the invention 0.1g
Propylene glycol 200g
Polyethylene glycol 400 20.0g
Polysorbate 80 109

25 Water g.s. 100 mL

The compound of the invention is dissolved in propylene glycol, polyethylene glycol
400 and polysorbate 80. A sufficient quantity of water is then added with stirring to provide
100 mL of the solution which is filtered and bottled.



Lactose 79.5% Magnesium stearate 0.5% The above ingredients are m xed and
di spensed into hard-shell gelatin capsules 10 containing 100 ng each, one
capsul e wowl a/oamBroxi mate a total daily dosage. B. | ngredirammgso3nsas7/ wt .
Compound of the invention 20.0% I\/agne%i um stearate 0.9% Starch 8.6% 15
Lactose 69.6% PVP (pol yvinyl pyrrolidi 8) 0. 9% The -above ingredients with
the exception of the magnesium stearate are conbined and granul ated using
wat er as a granul at i jquid. The fornmulation is theg j.ed, mxed with
t he magnesi ul:% ste@#@%d formed into tablets with a-)ngll"g'#ﬁt'fopri ate
t abl eti ng machi neCo@@oGhd bithe édlieatiors Conpound of the20B%&ntion 0.1 ¢
Propyl ene gl ycol égar}(?}‘lz%l%%l yet hyl ene gl ycol 400 20. 98%% Pol ysorbate 80 1.0
1 :

g 25 Water q.s. e conmpound of the invention 1'§°dissolved in
propyl ene gl ycol , Spar §@t hyl ene gl ycol 400 and pol yso2.b% e 80. A sufficient

ol i1 on whi Le peole bBEBARERE udley iAo e BuB o bS8 BBs57 ' To0 b
| ngredi ents Bo wt . Ingtedier@snpound of the invention 20. GgwtRetanut G| 78. 0%
Span 60 2.0% 5 Theo%lag\ﬁﬁ%%gﬁlregﬂ\i{eg%ﬁ are nelted, m xeq (?}Jd filled into soft

el astic capsul es. w./wt. Conpound 01" the invention 1.0%
Met hyl or car boxyMetHyybr cabbxynwetieyl 2elldos®. 9% sal i ne q. 2.0%400 nL 10 The

conpound of the ipygntion is dissolved in the cellul ogg/ i ne sol ution,
filtered and bot 51\5433?'8%9 use. 8%. ’F(?d k!

10 The compound of the invention is dissolved in the cellulose/saline solution, filtered and
bottled for use.

EXAMPLE 12
This example illustrates the preparation of a representative pharmaceutical formulation
15  for parenteral administration containing a compound of the invention, or a pharmaceutically
acceptable salt thereof:

Ingredients
Compound of the invention 0.02¢g
Propylene glycol 20.0¢

20 Polyethylene glycol 400 20049
Polysorbate 80 1.0¢g
0.9% Saline solution g.s. 100 mL

The compound of the invention is dissolved in propylene glycol, polyethylene glycol
400 and polysorbate 80. A sufficient quantity of 0.9% saline solution is then added with
25  stirring to provide 100 mL of the L.V. solution which is filtered through a 0.2 m membrane filter

and packaged under sterile conditions.

EXAMPLE 13
This example illustrates the preparation of a representative pharmaceutical
30 composition in suppository form containing a compound of the invention, or a

pharmaceutically acceptable salt thereof:

Ingredients % wi./wt.
Compound of the invention 1.0%
Polyethylene glycol 1000 74.5%

35 Polyethylene glycol 4000 24.5%



EXAMPLE 12 This exanple illustrates the preparation of a representative
phar maceutical formulation 15 for parenteral adm nistration containing a
conpound w0 @3hsod3mventi on, or a pharnaceutically acceptalla/saBosisher eof :
I ngredi ents Conpound of the invention % 02 g Propylene glycol 20.0 g 20
Pol yet hyl ene gl ycol 400 20.0 g Pol ysor 1afe 80 1.0 g 0.9% Sal i ne sol ution
g.s. 100 nL The conpound of the invention is dissolved in propyl ene glycol,

pol yet hyl ene . 400 I rbate 80. A sufficient antity of 0.9%
sal i ne sol ut i@%xﬁéﬁgwﬁﬁ% ag%ﬁﬁe&t@@mtgie?% %‘?i@'?‘?%@n ?c?ftepﬂnbb?tﬁea'%geo‘ffﬁdé?mt he

| . V. solmglidsoconidiniop 2.5 gftotat weight. t hr ough a 0.2 m nenbrane filter and
packaged under sterile conditions. EXAMPLE 13 This exanple illustrates the
preparation of a representative pharmaceutical 30 conposition in

suppository formcontaining a conpoBKAMPLE ¥ i nvention, or a

phar gaceuticagl | cC able salt thereof: Ingredients %w./w. _Conpound
of tlF%nEel i nventatjihbsyne)%%ﬁ)g th%@@? Fgﬁgaraﬁ%gﬁa T%fﬁ?e'? tikg phampaceyligah jareylation

gl ycol 4&00sZHatictcont=0B1d 8 @63boRed 616 HveBEH&Y or a%aﬁh&éuﬂ%l@ﬁc@?ﬁtéblé%ﬁlt

mel t ed togefher and m xed on a steam bath, and poured into nolds
containing 2.5 g total weight. EXAVPLE 14 5 This exanple illustrates the
preparation of a rnegedeeatst ati ve pharmaceuti cal formul @gtwig@t. f or

i nsufflation contai.nin conmpound. of .t he_.i nvention, or pharmaceutical ly
acceptabl e salt t 8?08%?8(’9% g 8‘?1‘8? WSRO we . M cr oflnio%d conpound of the
i nvédtion 1.0% 10Mibfonizedilaotskd act ose 99. 0% The i ngreddeoyws are mll ed,

m xed, and palfﬁléqrggergdiieﬂtsaar}e imr}l?eléf, Hi)?é , rang 85&&%%9 ir§M alitn |¢1saffla’%orSeiqlr}i%pgéI Wﬁh a
dosing pump.

EXAMPLE 15
15 This example illustrates the preparation of a representative pharmaceutical formulation

in nebulized form containing a compound of the invention, or a pharmaceutically acceptable
salt thereof:

Ingredients % wt./wt.

‘ Compound of the invention 0.005%

20 Water 89.995%
Ethanol 10.000%

The compound of the invention is dissolved in ethanol and blended with water. The
formulation is then packaged in a nebulizer equipped with a dosing pump.

25 EXAMPLE 16
This example illustrates the preparation of a representative pharmaceutical formulation
in aerosol form containing a compound of the invention, or a pharmaceutically acceptable salt

thereof:
Ingredients % wt./wt.
30 Compound of the invention 0.10%
Propellant 11/12 98.90%
Oleic acid 1.00%

The compound of the invention is dispersed in oleic acid and the propeliants. The
resulting mixture is then poured into an aerosol container fitted with a metering valve.
35



EXAMPLE 15 15 This exanple illustrates the preparation of a representative
phar maceutical formulation in nebulized formcontaining a conpound of the

i nvent i onwoous/@og3nar maceuti cal ly acceptabl e salt thereof :Pdimggoedssnt s %
wt./wt. Conpound of the invention 0.00g% 20 Water 89.995% Et hanol 10.000%
The conpound of the invention is dissolved in ethanol and bl ended with
water. The fornulation is then packaged in a nebulizer equipped with a

dosi ng punp. 25 EXAMPLE 16 This exaFRI{\(imngé yptrates the preparation of a
representative pharmaceutical formulation i1n aerosol formcontaining a
conpound of the invention, or a phélin¥itrelAssag) | y acceptable salt thereof:

| ngredi ents t i,nvention 0.10% Prope)]lant 11/12
08.90% O of ?chﬁdﬂmf”&?fi&gfrﬁg%ﬁggﬁﬁ’fﬁreo'ggﬁeﬁé“ Pﬂ%ﬂ??@ﬁswsa%%cﬁ&@ €in

ol ei ¢ adnetheghdesdibeq irPendrikstes al.,T0olorinesitid dssag fori oarwwpéﬁidajlaggoigglfr@ﬁi',i nto
an aero ; Al Ne ' i th-a rj valve. 35 )

PCT/ %soif?”%%é@*ﬁ’?%z‘“%ﬁé%ﬂémiﬁ?( PRt 1‘%599@@%0 @Fr?z’ X\g‘ﬁﬁ GRLRD ¢ he

i nvent i ¢haigstasizatan ¢fdwiothrambimactivetablesfitsinyglyais dratilsitan dsofsrmisheThrombhademost,

describ i) VBNgl iksSogé ok . "Colorimetric assay for carboxypeptidase N in
serum',?qj%g% [ nigtgidéhlggnéggbﬁ\cta (1986), Vol. 157, pp. 103-108 and Zhao et
i - nCedb otVE

al ., "I ded '-iam S | geplitageiBzat i on of two thronbin-activatable
L o3I b LR gL ST )y (et
wer 80ni xed t Gfdilhglasrag carbtoay@dptivadeuB¥1 ofg/06r p6.671MM)20 pL HhaAEY uM
Chronbi (0. 203t s RaEbpib 23Rl PR e " onbonbdul i ne 189MN £ nal
50 nM 5.3 UL human thrombomodulin (1.89 uM) final 50 nM
165 pL activation buffer (20 mM HEPES, pH 7.8/150 mM NaCl/5 mM CaCl,)
The above mixture was incubated for 15 minutes at ambient temperature. The activation
15 process was stopped by the addition of 2 pl of PPACK , D-Phe-Pro-Arg chloromethylketone
(100 uM, final 1.0 uM). The mixture was then diluted 1:36 with the activation buffer containing
0.1% BSA. The resulting diluted mixture was kept on ice.
Assay for activated plasma carboxypeptidase activity:

The following were mixed:

20 36 WL of a compound of the invention (1.67 x 10 pM in 33 mM HEPES, pH 7.8)

12 pL of the activated plasma carboxypeptidase B mixture prepared above (final 33
ng/assay or 15.7 nM)

[35 UM (ICs0) GEMSA was used as a positive standard]

[DMSO/buffer (final 1%) was used as a blank]

25  The resulting sample mixture was incubated for 2 minutes at ambient temperature. To the
sample mixture was added 12 pL of 5 mM hippuryl-Arg (final 1 mM (=Km)). The resulting
sample mixture was incubated at ambient temperature for 30 minutes. At the end of the
reaction, the product, hippuric acid, in the sample mixture was converted to a chromogen by
adding the following to the mixture:

30 80 pL of 0.2 M sodium phosphate buffer, pH 8.3

60 WL of 3% cyanuric chloride in dioxane (w/v).
The samples were mixed well and then 150 ul. aliquots were transferred to a new well.
Optical density of the samples was measured at 382 nm.

The compounds of the invention, when tested in this assay, demonstrated the ability to

35 inhibit the activity of activated plasma carboxypeptidase B.



165 pL activation buffer (20 mM HEPES, pH 7.8/ 150 mM NaCl/5 mM Cad 2) The
above m xture was incubated for 15 mnutes at anbient tenperature. The
activati owo @Hspisocess was stopped by the addition of 2 plpcaiuseBee&y

D- Phe-Pro-Arg chl oronet hyl ketone (100.psL final 1.0 pM. The m xture was
then diluted 1:36 with the activation buffer containing 0.1 %BSA. The
resulting diluted m xture was kept on ice. Assay for activated plasm

car boxvpepti dase activity: The followi ng were m xed: 20 36 pL of a
conmpound of the invention (1.67 x 10 gM in 33 mM HEPES, pH 7.8) 12 pL of
the activated plasma carboxypepti da REB{&re prepared above (final 33

ng/ assay or 15.7 nM [35 pM (1 C50) IﬁEWE% sed as a positive standard]
[ DVBQ buf f er T&yfgi nal 1% was used aé a IanEiy)ZJS The resulting sanple

m xture was iHESBERERG Movitre plasmatales veis assal avats copdpaediicaceding to tithodsanpl e
m Xt gr e siiafar 3 #Rde 4ésbedfin ﬁlaﬁ%ﬁfhg% A "Ig‘[ﬁrhgwéilidr%?la{:%vﬁgéﬁ t&{:ctlfyn%%-i%ﬂ-vha%ple

resultin%_ sanpl e m xture was I ncubated al ent T . . .
ni nut es.fofRolyieingikifoppoteniiates tisstiettppe plasminogen activatdriipguced thramibdlysistn &he

I L i : nC j t | 1 ow o the
i ur e 0 Tgg Bl ARUBbLGRS ey PRRRRESR ke R RIS BB prr 83545,
cyanuri c chl &R erralbiprigtrlet(ngor plasmaevasaohibtiosd hyscer)tniwgagomeﬂ c{itraie?i b{oEen
150 pL abi t : . | ensi e
sanpl 65 et SeRCR ERRLE W St IS0 R ehliss P RITbER TETIHURRA (est e
i n 1Ri s 9Ruelymiceptitreiiate al @l pheitratsdiplasya was Biixeidntittosa nﬁghlaro&ﬂioo g«;:dwn afd

i vat QgrifiASTR RPE i.dase B > _

E;:(EA\:\/\I;{EEQ,%%&L (I'n ?fﬁﬁto_ %Egﬁﬂl@ﬂ%ﬁélm%%gﬁfﬁr\gﬁf%@%ﬁgeg nc‘ ngaéﬁ’assay
was condY¥EEY & clhednixtyre wagdmmediatay sdded taranother et eontaining ?&grlmbin (final
Nagashi its/ml Idihienl ivat -act.j va e
rbr nolyap ! Pspl poActE el £ milh st -60e PUATRARAEHFB! @Raifh a range
act i vat etWaen @3- bRBILY & seranate aliqudibi The tajallvatumesofithe inixtoiokys 120 L.

nmodeb”, THRrpEh®ahse ﬁem&mis%ﬁg%%ec}/gﬂ 37°8 Vegg?in§§33%?4§ﬁ Humen _or rabbi t

pl at el et - poor plasma was obtai ne y centritu OHH?"&%IabI ood (9:1
wi th 3. SresisaMimn260iMigtoplate SpgcteaphoBoteter (Mulecliar MeavicedSorporation)iStmnyvale,

1 vaiB i 5 |, TS EQL . pl Ccit | asma was
o WL 58 e Berhey asthé itk'd: W 416 ShasiBalte s SihBt STIHR] b5 v <
in 20 niifigres behvpen thewdlathay Beashvedattir dettin®andBibbase-line value achieved at

complete lysis.
20 In order to test the stability of inhibitors in plasma, inhibitors were pre-incubated
with plasma in some assays for various times before being tested in the assay.
The compounds of the invention, when tested in this assay, demonstrated the ability to

enhance clot lysis induced by tissue~type plasminogen activator both with and without pre-
incubation with plasma.

25
EXAMPLE 19
(In Vivo Assay)
The following in vivo assay was conducted according to methods similar to those
described in Nagashima ef al., "An inhibitor of activated thrombin-activatable fibrinolysis
30 inhibitor potentiates tisse-type plasminogen activator-induced thrombolysis in a rabbit jugular
vein thrombolysis model", Thrombosis Research (2000), Vol. 98, pp. 333-342.
A rabbit jugular vein thrombolysis model was set up as described in Nagashima et al.
New Zealand white rabbits (~2.5 kg body weight) were anaesthetized with a mixture of 5 to
8% isofluorane in oxygen and were maintained under 0.5 to 2.5% isofluorane in oxygen. The
35  facial vein, the right and the left marginal ear vein were cannulated for delivery of citrated



TWEEN 80. The m xture was i mmedi ately added to anot her well containing
thrombin (final 2.5 NIHunits/nL), CaCl2 (final 17 mM and tissue-type
pl asm nogwo @asiesat or (final in a range between 0.03 - O.FEA/yPs08B7i N
separate aliquots. The total volunme of_¢gpe m xture was 120 pL. 15 The
absor bance at 405 nm was neasured at 37C every mnute for 1 hour using a
SpectraMAX 250 M cropl ate Spectrophot oneter (Mol ecul ar Devi ce Cor por ati on,
Sunnyvahgple lﬁé\)d inteleRolid BUsTEMSof EBHpBERULSF th sor bance
was one-half of the difference betvlc\;eensalﬁf ¢ v%g%%% fc{fg)#oaogl otting
and t he SBREIES| fs5eectiyelye Admombetic a@cluwa%tnéroﬂy@obby lmcilrng anmiduret o 308st
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While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and

25  scope of the invention. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective,
spirit and scope of the present invention. All such modifications are intended to be within the
scope of the claims appended hereto.



10 I evel of the conpound. Conpounds and vehicles were adm nistered as a
bolus injection followed by constant infusion for 90 m nutes. At the end
of 90 m nwtoems/osedse t hr onbus was renoved for wet wei ght neaquuses®sts7 The
animals were divided into 4 groups. Animals in Goup 1 received saline
only. Animals in Goup 2 received tisgﬁe-type pl asm nogen activator (t-PA)
only. Animals in Goup 15 3 received t-PA and a conpound of the invention.
Animal s in Goup 4 received t-PA and a positive control (a small protein

i nhi bi t¥hatds claimed)ishent | dase). Statistical analysis of the results was
performed using the non-paranetric Kruskal -Wallis one-way anal ysis of
variance followed by the Mann-Witney U-test. The conpounds of the

i nvention, vihen theseragoynd effpnyadly, denonstrated the ability to 20 allow
the lysis of the thronbus. Wile the pﬁgsent i nvention has been descri bed
with reference to the specific enbodifents thereof, it should be
understood by those skilled in_the art |that _various changes nay be made
and equi val ents nay be subst|Rﬁte§err60UrRaepadD|ng fromthe true spirit
and 25 scope of the invention. In additfion, many nodifications may be nade
to adapt a particular situation, mate hal, conposition of matter, process,
process step or steps, to the objective, spirit and scope of the present

i nvent iY¥¥ereip] | such nodifications are intended to be within the scope of

the cl q:wr;g hwggg@eéﬂ(weén@rm amﬁegrggg@gw PCT/ USOB/ 08587 - 95 What is

cl ai med gg &Lk s CH2- C R3 ( I R

wher ei iR 'RlSHs"Sﬁ(}(P enP((%)K(R§I)2, (R)ég ) a'Pé(PKQR)Br'Né'?*ziﬁbkenyl R2 is -SH,
-S- (O -R8, _p (R@Bﬁ)@i'( )—R€ )QF36R7 8R’ N( R6) 2,

-P(O(OR5)-R

H SR RGN R IR i aricertn . «

-P(O)(CRS) Rﬁgbg ﬁ(ﬁ)( dB)-Ri |stetrazole -C(O OR6
OOR CQK )
B R s bl GO} Qowg e A ore S SR, 01

sel ected fr om«t;ﬂg@mﬂggr _g(@gs)g,tl ng

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl, cycloalkyl, nitro, cyano,
-OR®, -N(R®),, -R7-N(R®),, -N(R®)-C(O)OR?, -R"-N(R®)-C(0O)OR®, -N(R®%-C(0)-R®,
-R’-N(R®)-C(0)-R?®, -C(0)-N(R®%),, -C(0)-R"-N(R®%),, -N(R®*)-C(NR®)-N(R®),,
-N(R%)-C(O)-N(R®), and -N(R®)-C(0)-R"-N(R%);

or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R"-N(R®),, -N(R®)-C(O)OR®,
-R’-N(R%-C(O)OR?, -N(R%-C(0)-R®, -R™-N(R%)-C(0)-R®, -C(0)-N(R®),,
-C(0)-R"-N(R%), -N(R%)-C(NR®)-N(R®)z, -N(R)-C(O)-N(R®); or -N(R")-C(0)-R"-N(R%,),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R?),, -C(NR®)-R®, -C(0)-N(R®), or -C(0O)-R™-N(R®%;;

each R® is independently hydrogen, alkyl or aralkyl;

each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R’ is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,
-N(R%),, -C(O)OR®, or -C(O)N(R®),), or a straight or branched alkenylene chain
(optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R%),,
-C(O)OR®, or -C(O)N(R%),);

each R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl; and

R® is -R'N(R®)C(O)OR?®, haloalkyl, alkyl (optionally substituted by hydroxy, alkoxy, aralkoxy,



of al kyl, hal o, hal oal kyl, hal oal koxy, nercapto, alkylthio, phenyl,

cycloal kyl, nitro, cyano, -OR6, -N(R6)2, -R7-N(R6)2, -N(R6)-C(O OR6,

- R7- N(R6) WO(@3)o8881 - N(R6) - C(O) - R6, -R -N(R6)-C(O-R6, - C(BCINIRG)ESS7
-C(O - R7-N(R6) 2, - N(R5) - C(NR5) - N(R5) 2, N(R5)-C(O-N(R6)2 and
-N(R5)-C(O-R7-N(R62); or R4 is N—hetePchcIyI wherein a carbon atomin the
N- het er ocycl yl may be optionally substituted by alkyl, halo, nitro, cyano,
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(optionally ub¥Ri By 'by hydroxy, al koxy, hal oal koxy, cyano, nitro,
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hydr oxy, alkog ano, nitro, halo, haloalkox
rs’terp&/

-C(O N( *’F@B? 5ing ingmey eypisire of rsa?rﬁ@ﬁwer(smeﬁseq 'Ff‘chﬁ?é? ’QP‘EH"G §f(%%rﬁ°'ﬁemers
opt i onabﬂa/pwma&wuuémdadwptabmbn thepéofl , aral kyl, hydroxy, al koxy, cyano,
nitro, halo, hal oal koxy, -NR6)2, C(O)CRG -C(O)N(R6)2 or -N(R6) C(O R6),
or N-heterocyclyl (optionally substituted by al kyl, aryl, aralkyl,

hydroxy, al kexy, Th@Bempbird & Clbid @wheali®al koxy, -N(R6)2, -C(O) ORs,
- )N(Rﬁeszh or -N(R6)C(O R6); provided that when R3 is -C(O OH or when R4
is a suBs G’Eo&? aryl or substituted N-heterocyclyl, R2 can not be

- P(O) ( ORS-BA-N-E)c@)@R°OR8 or - P(O (OR5) - R7-N(H) - O) R7- N(R5) - C( O) OR8;

R? is tetrazole, -C(O)OR® or -C(0)0-R’-OC(O)R?;

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®),, -R™-N(R®),, -N(R®)-C(O)OR?, -R"-N(R®%)-C(O)OR?,
-N(R®)-C(O)-R?, -R"-N(R%-C(0)-R®, -C(0)-N(R®),, -C(O)-R"-N(R°®),,
-N(R%)-C(NR®-N(R®),, -N(R%-C(0)-N(R%), and -N(R%)-C(0)-R"-N(R%,);

or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R”-N(R®),, -N(R%)-C(0)OR?,
-R’-N(R%-C(0)OR?, -N(R%-C(0)-R®, -R’-N(R°)-C(0)-R®, -C(0)-N(R®;,
-C(0)-R"-N(R%)z, -N(R®)-C(NR®)-N(R®),, -N(R%)-C(0)-N(R®), or -N(R®)-C(O)-R"-N(R%),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R%),, -C(NR®)-R®, -C(0)-N(R®), or -C(O)-R"-N(R®);

each R® is independently hydrogen, alkyl or aralkyl;

each R°® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkeny!;

each R’ is independently a straight or branched alkylene chain optionally substituted by
hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),, -C(O)OR®, or -C(O)N(R®),; and



as a single stereoisoner, a mxture of stereoisoners, or as a racemc

m xture of stereoisoners; or a pharnmaceutically acceptable salt thereof.
2. The cowwmowsrdoadi Claim 1l wherein: Rl is hydrogen; R2 i PCTAF$0008587
-S-C(O-R8; R3 is tetrazole, -C(O)O?G_g.;_-C(O)OR‘-OC(O)RS; R4 is aryl
optionally substituted by one or nore sSubstituents selected fromthe group
consisting of alkyl, halo, nitro, cyano, -N(R6)2i -R7-N R6)2i

4 5 AP BT e MG 018 T,
and -N(R3) -C( O - R7-N(R62); or R4 is N-heterocyclyl wherein a carbon atomin
cyano, NCReL D Eo Rt IR el U ey G e,

- N( R6) -Ri(iOhy®6gen;R7- N(R6) - C(O) - R6, - (O -N(R6)2, -C(O-R -N(R6) 2,
-N( R5) Fg(y@ Nﬁ§@(8? rEN(RB) - C(O - N(R6) 2 or -N(R5)-C(O-R7-N(R62), or

rein nit rogen-a omin the N-heterocyclyl nmay be optionally substituted
by C(R@FB}GM)R@Z -C(NR5)-R6, -C(O-N(R6)2 or -C(O-R7-N(R6)2; each R5 is
d | | -
e b e sl pPIHRSba R by o 8 Ry biofRTodcted FIRRROBRbicknsioign
i ndependent | of halos hitai, gRER hr-R?FMIR?h@ndaN@ﬁ)@ﬁN Y(RT):0pt i onal |y substituted

% o%?%%ﬁ% SRAEOB B ubu kOBt arbiEa7 " o7 sach Re 15 i ndopendent |y
al kyl , edchdRiyi$ ;ndapgﬂ\denﬂyaymgemrallew a@ryengralkyl;3. The conpound of C aim 2
V\/nerel Y .&étéﬁm %ﬂ h?ﬁ%lk%léne gl\_élﬁrands C(O-R8; R3is -C(OOCR6; R4 is

aryl optl on u one oOr nore substituents selected fromthe
group cRtisiatkyl, atkenylf antyalanalkyhoracalkeny( R6) 2, -R7-N(R6)2 and

-N(R5) - C(NR5) - N(R5) 2; each R5 is independently hydrogen, alkyl or aralkyl;
each R6 is independently hydrogen, alkyl, aryl or aralkyl; R7 is a

strai ght or 4r anchezlcarhpgureing Qlaiai diselactdd R®M thearayd cormisking pf thedolidwing:

ar al _kyI @%’ﬁé ﬁwgwg ml&%pfb@ﬂ%ﬂ%}w% a% Claim 3 selected fromthe group

con5|st| guanldlnophenyl) 3- mer capt opr opanoi c
acid;, 2- (3—guanld|nophenyl) -3-mercaptopropanoic acid;

2-(3-aminophenyl)-3-mercaptopropanoic acid; and
2-(2-chloro-5-guanidinophenyl)-3-mercaptopropanoic acid.

5. The compound of Claim 2 wherein:

R is hydrogen;

R?is -SH, or -S-C(0)-R%;

R®is -C(O)OR®%;

R*is 3(4)-piperidinyl wherein the nitrogen atom in the piperidinyl radical is optionally
substituted by -C(NR®)-N(R%),, -C(NR®)-R®, -C(0)-N(R®), or -C(0)-R™-N(R%);

each R’ is independently hydrogen, alky! or aralkyl;

each R® is independently hydrogen, alkyl, aryl or aralkyl;

R’ is a straight or branched alkylene chain optionally substituted by hydroxy, mercapto,
alkylthio, aryl, cycloalkyl, -N(R®),, -C(O)OR®, or -C(O)N(R®),; and

R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl.

6. The compound of Claim 5 selected from the group consisting of the following:
2-(piperidin-4-yl)-3-mercaptopropanoic acid,;
2-(1-amidinopiperidin-4-yl)-3-mercaptopropanoic acid;
2-(1-(1-iminoethyl)piperidin-4-yl)-3-mercaptopropanoic acid;



( 3- guani di nophenyl ) - 3- mer capt opr opanoi ¢ aci d;
(3-am nophenyl ) - 3- mer capt opr opanoi ¢ aci d; and
( 2- chl owm B/guamni di nophenyl ) - 3- ner capt opr opanoi ¢ aci d. 2CTTbs®3/0gspound of
aim2 wherein: Rl is hydrogen; R2 i% -SH, or -S-C(O-R8;, R3is
-C(OOR6; R4 is 3(4)-piperidinyl wherei 8t he nitrogen atomin the
pi peridinyl radical is optionally substituted by -C(NR5)-N R5) 2i
- C(NR5) ; -GN 2 0or. -CLO)-R -N(R6)2: each R5 is independently
hydr oge%'?\?&?fﬂ&m%P“ygﬁaRﬁ‘%WﬁE"p%@'ﬁ%‘%@'?‘&*%’%@?ﬁ%ﬂﬁ%}?ﬁ 34y drogen, al kyl, aryl
or ar al Rypiperidiin-Bsy/)eB3-atercdptiddropandic ackd;leed al kyl ene chain optionally
substit d by hydro capt o al kylthip, aryl, cycloal kyl, -N(R6) 2i
-C(O OR%‘R?SW'&{@%@?{K%%?? “HNE G2BIPLORARIS ently al kyl, alkenyl, aryl,
aral kyl or aral kenyl. 6. The conmpound of Caimb5 selected fromthe group
consisting of the_follow ng: -(piperidin-4-yl)-3-mercaptopropanoi c acid,
2-(1-am di nojz)'i periTIa? 89%99?'%?-‘???@'&£$§?‘8[)‘?’%pan0i c acid; 2-(1 -(1
- i m noeRhiglRydiqgen; di n- 4- yl ) - 3- mer capt opr opanoi ¢ aci d; WO 03/ 080631
PCT/ US034 08 =598 6 8.
2-(1-( a%i ﬁd%ﬁ?ﬁc) 'rﬁéﬂiﬂﬂ"ﬁ}Rpe‘%fi‘%$99£(2'3§)r‘§7:%(%$capt opr opanoi ¢ aci d;
2- (pi peR? Bitetr&zoj, }€ AR apiCIMORIROCOWRS] d; and
2- (1- anm,gi nopi peri di n-3-yl)-3-nercapt opropanoi ¢ agid. ,Z. The conpound.. of
G 5 m 1Rl cpibhaly Sugsifink IR FBGHE SRR ris Bsisfled fom ek R agm eting
- P(O) ( IOR5) - Rgt atniylﬂ))hama;mtrmyimo,t-mmﬁaz SRBN(RX @)(G%C(@ORscmmﬁQﬂe%@]}%; R4
is aryl opti ubst Lt e S tit s selecte rom
t he group coﬁ\én(%s)f%h@‘igof' héﬁbgﬂ'&éﬁig 'CR{)?S@H&%EIYQE@"&'NI 2i -R7-N(R6) 2a
- gg g?) N X O; SFR@(R5)-%?(NR@MRQ%(—?XIﬁiﬁ&l\l(o)gm%hgﬂﬂﬁlég(ormmgﬂ%ﬁ) - O N (RGRé) ,
and - N( %@'&W%ﬁ%ﬁaﬂ(%m%cﬁ Cﬁ-’?ﬁorig gohw_ ﬁé@l%%@ﬁéﬁoﬂgmyﬁ%gpﬁ%%ybon at om
in the N ?et )emtmﬁ;mécyby gyl bﬁ!loprm’trb,Od:}ahby-N(R'f)Qst-N(R?Q -RR°pk@JORNal o, nitro,
cyano, -N(R6)Z, .,~J&7- 21, > <t O e < R(- < OR8,
-N(R6) - (O - :N(@%S’%g@%d & RO Rt N 81 Sy N ) 2
- N(R5) - C( NR5)G (R)REINR")NNRBS ;- CINB)-N(IRB), 2N(R®)-OYORBIRTY 6)-NGZ2) MBI N(R®,),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R®),, -C(NR®)-R®, -C(0)-N(R®), or -C(O)-R™-N(R®)z;
each R’ is independently hydrogen, alkyl or aralkyl;

2.
2.
2.
d

each R’ is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R’ is independently a straight or branched alkylene chain optionally substituted by
hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),, -C(O)OR®, or -C(O)N(R®).; and

each R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl.

8. The compound of Claim 7 wherein:

R' is hydrogen:

R? is -P(O)(OR®),, -P(0)(OR%R® or -P(0)(OR®)-R’-C(O)-R%:

R®is -C(O)OR®;

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of halo, nitro, -N(R%),, -R"-N(R%), and -N(R®)-C(NR®)-N(R®),;

each R’ is independently hydrogen, alkyl or aralky!;

each R is independently hydrogen, alkyl, aryl or aralkyl;

each R’ is independently a straight or branched alkylene chain optionally substituted by aryl,
-N(R%); or -C(O)OR®; and

R®is alkyl, alkenyl, aryl, aralkyl or aralkenyl.



or wherein a nitrogen atomin the N-heterocyclyl nmay be optionally
substituted by -C(NR5)-N(R5)2, -C(NR5)-R6, -C(O-NR6)2 or

-C( O - R7-WN@ORB)Ro63each R5 is independently hydrogen, al kyl rorT/@svab$3gl; each
R6 is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or
aral kenyl; each R7 is independently a“Strai ght or branched al kyl ene chain
optionally substituted by hydroxy, nercapto, alkylthio, aryl, cycloalkyl,
-N(R6) 2, -C(O OR6, or -C(ON(R6)2i and each R8 is independently alkyl,

al kenyl, aryl, aralkyl or aralkenyl. 8. The conpound of Caim7 wherein:
Rl i s hydrogen; RIhesomB()@)dM)aiﬁq 8 sBleClet@m) e Poup E{HIdtiFRF tha folldwihg:R3;

R3 | | b db
cubsti 1 ELEP e e PRRA I SRATEISHT st | ng” of hal'o, ni tro. - N(R6) 2i
:?Z :\I( %X&-aamwphhhﬂﬁ;s—(@blﬁ?ﬂ)(hwra@)ﬁhosgamblylﬁﬁﬁp@dlcnmcpenldEnt |y hyldr ogen,

r ndent 1y hydr r r
:r al>/kyl % ‘%3?%‘%““35‘@% ?ﬁ@e&gw&f%ﬁ#ﬂ@"@?@&y p&oagnm g‘%’%ﬂé'ﬁ%&"%l ky?e%e ghai n
QPL;‘;S”*‘%“%W‘ e%i%q;fgty?%dg&maﬁ%%@}p%oeg’)ia%/ 0803/ 08557 - 95 9
The conbaRteirReRis s~ lermniidioum RIPPEBRISIES f the |
f2 OEEOSM”.E@ gﬁ@aldllaemmys 1)eB- «eruenybotymhmspbmmﬁopm;@ggdg _de
-(3-a enyl ) - 3- n opanoi ¢ aci d;
2-(3- a%‘2@'@H%ﬂéff‘}‘-’@%%@ﬂ%ﬁ%@ﬁr %‘%ﬂ‘%ﬁ’%lﬂ@ §’i§ﬁ ﬂ@@l ) pr opanoi ¢ aci d;
> (3 guame it ﬁﬂ“"ﬁﬁpﬁ?r‘“’@““wm”@""‘“X‘”"’b"ﬁ pmmﬁ?%'wr@pé'r“’o‘“ S aci d:
2-(3-8@‘2\*"&%‘%’8 iﬂg%r&yl)%'é(% ﬁ?ﬁ#’%ﬁﬁ"f@%ﬁwﬁ '%Qé %%?‘F 'pr opanoi ¢
gg! g; 2-(3~§U€N55hbﬂﬁmpkﬁeﬂ34p}\eBylf’l(op@qéwI)XNWWbepﬂﬂﬁﬁﬁmwbkwmano' c

i d; . . o

_ (3~ guanT graAYARaRREYD - ((Phenvimefy aYroxy PRSRNIYY RS RRRNIG AL ) pr opanoi ¢
2

acid;, 2- -(3-guanidinophenyl)-3-((pentyl)(hydroxy)phosphinoyl)propanoic acid methyl ester;
2 (2 0u30, G BRI B (B R R B G SR8 GaPN! nov!) propanci ¢

aci d;
2-(3- guams@uamaulnep}yér)y+)33~((2:phahﬁay.ylmhwozy)gnaéph(rimymmpaam@aemrmoyI ) propanoi

c aci

2-(3- gu%ﬁ?’ QHAIBRERYEID SRR IR D P HYBYSR ) PRRSEBIROHSPRHIUDEFT ¢ aci d;

2- ( 3- guani di nophenyl ) - 3- ((pentyl) (hydroxy) phosphi noyl ) propanoi ¢ aci d net hyl

:(S;;[ gr 2- (318uan1rge rggl%ggmq gf gla% ?t %rgr(.hydr oxy) phosphi noyl ) propanoi c

2- (13- gurhisdiyaeggeany! ) - 3- ((2- phenyl et hyl ) (hydr oxy) phosphi noyl ) pr opanoi ¢

acidi ape b0)(OR)-R-NR)-C(O)OR":

R’ is -C(O)OR® (where R® is alkyl, aryl or aralkyl);

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®),, -R™-N(R%),, -N(R%)-C(O)OR?, -R"-N(R%)-C(O)OR®,
-N(R%-C(0)-R?, -R"-N(R%)-C(0)-R®, -C(0)-N(R®%),, -C(O)-R'-N(R").,
N(R%)-C(NR®)-N(R®),, -N(R%)-C(0)-N(R®), and -N(R?)-C(O)-R"-N(R%,) where each R®is
independently hydrogen, alkyl, aryl or aralkyl;

each R’ is independently hydrogen, alky! or aralkyl;

each R’ is a straight or branched alkylene chain optionally substituted by aryl, -N(R®), or
-C(0)OR?®; and

each R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl.

11. The compound of Claim 10 selected from the group consisting of the following:
2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-(benzyloxycarbonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyi)propanoic acid t-butyl ester; and



2- (3- guani di nophenyl ) - 3- ((2- (net hyl car bonyl ) et hyl ) (hydr oxy) phosphi noyl ) prop
anoi c acid. 10. The conpound of Claim1l wherein: Rl is hydrogen; R2 is

- P( O ( OR5WORB/BIRD) - C(O OR8; R3 is -C(O OR6 (where R6 is adaywso3msigl or
aralkyl); R4 is aryl optionally substi ed by one or nore substituents

sel ected fromthe group consisting of alkyl, halo, mtro cyano, - N(R6) 2i
-R7-N(R6) 2i -N(R6)-C(O OR8, -R7-N(R®6)- C(O)CRS - N(R6) - -

- R7- N( ( NR5) N( R5) 2,

- N(R5) R% W@?ﬁmﬁﬂ%w@%@ﬁ&&% Ml(? é@%mvd%é?aerb‘é’l‘;@ﬁﬁ%”

i ndependent | 3-nefldrgeyl) (ethioky)bhosphiroyhpropamdik atid +-batyhedter.i s i ndependent ly
hydr ogen, al kyl or aralkyl; each R7 is a straight or branched al kyl ene
chain optionally substituted by aryl, -N(R6)2 or -C(OOR6; and each R8 is
i ndependent | 12.al ke cahpeumd of Glaiy 1 wheedikkyl or aral kenyl . 11. The conpound
of Clal |%Q1§ gﬁted fromthe group consisting of the follow ng:
2-(3-(t-but ¢ 6’8 ’bonyl am no) net hyl phenyl ) -3-((1- (benzyl oxycar bonyl ) am no-

2- met hthseB@)X@Rﬁbd%eNﬁ phors PHOYOR’)HRT-N(RIMG(8)-BER%L; t - butyl ester; and WO
03/ 080 31.
2-(3- (?‘gbutt% ar b‘f’)@?&%ﬂ% )?:grg yﬁ p%%?@l% 3-((1- (benzyl oxycar bonyl ) am no-

2- met hyRb lscauyloptnmdﬂ;osybahmsptwmplo) prare sniostituemts skléctddifrgn ths gesup cotsistimee

"0 (GRS - 1 g N WENBEE s EheC 0O g oo™ * ©f
CE) o% ot R - tOG(N@?E 5(;(034%‘1 sR Nty:k )mobmmd(@) BI(RY1, -C(D)eRY - N}(R ()hneholr nor et

substituents e S alo, nitro,
cyano, -N(R6 F( W%@? N&%%&g é N@N?{@X%C%B
- mg Sgg €4dBR mdeBéHdM( h&ﬂ(@nlo%kylfﬁ(a@) key( R6) 2, )C(O) R7R§( EG) 2, -
- eac
is | nde%ﬁj? 'f’l Hé'?ﬁ%lér(#' 589%1 ! aj? kﬁq(ynglaérﬁp%a%y?%r ﬂr@&? ent |y
hydr pgﬁeachaa%yla stnﬁlgc?eolyiranahétyalwlen@crydm opﬂclailalivlsulmsht@ecabygy%rbxyﬁa&ﬁrbaﬂw is a
strai ght or ched a n a Litute r oxy,
mer cagt 0, a%@ gyapy! arefaa ﬁy@&gzﬂ' k@(?)t)bﬁi\! %@%R%()@aa% o)r/ - )C/:( 0 N)(/R6) 2i
and eackadiRi s mdeqderpmﬂlgramw aidekyl, aryglskalkyllor araikenyl. ar al kyl or aral kenyl .
13. The conpound of Claim 12 selected fromthe group consisting of the
fol | owi ng:

13. The compound of Claim 12 selected from the group consisting of the following:

2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-amino-2-methylpropyl)(hydroxy)-
phosphinoyl)propanoic acid t-butyl ester; and

2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-amino-2-methyipropyl)(ethoxy)-
phosphinoyl)propanoic acid -butyl ester.

14. The compound of Claim 1 wherein:

R'is hydrogen:

R? is -P(O)(OR%-R"-N(R%)-S(0).-R®;

R? is tetrazole, -C(O)OR®, or -C(0)O-R’-OC(O)R®

R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R%),, -R"-N(R®),, -N(R®)-C(O)OR?, -R"-N(R®)-C(O)OR®,
N(R®-C(0)-R?, -R"-N(R®)-C(0)-R®, -C(O)-N(R®)z, -C(O)-R"-N(R®),,
-N(R%)-C(NR®)-N(R®),, -N(R%)-C(0)-N(R®), and -N(R%)-C(0)-R"-N(R®%,);

or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R"-N(R®),, -N(R%)-C(0)OR?,
-R™-N(R%-C(O)OR?, -N(R®)-C(0)-R®, -R"-N(R%-C(0)-R®, -C(O)-N(R®),,
-C(O)-R™-N(R®),, -N(R%-C(NR®)-N(R®),, -N(R%)-C(O)-N(R®), or -N(R®)-C(0)-R"-N(R%),



2-(3-(t-butoxycarbonylamin o) methyl phenyl)-3-((l

-am no- 2- net hyl propyl ) (hydroxy) - phosphi noyl ) propanoic acid t-butyl ester;
and WO 03/080631 PCT/US03/08587
2-(3-(t-butoxycarbonyl am no) met hyl phen i 3-((1-am no- 2- net hyl propyl ) (et hox
y) - phosphi noyl ) propanoi ¢ acid t-butyl ter. 14. The conpound of Caim1l
wherein: R is hydrogen; R2 is -P(O (OR5)-R7- N(R5) S(O2-R9; R3is

tet |
sﬁb;?iZ?UtGed g&/%%ﬁ%)? n%qg%s%%’gfq {h&ﬁ}(tl%teg%qygg 'Bay S? émuﬁ%y éP%ﬁjbﬁﬁ%H& sting
ofR 7aIN I(<yl hakO(NRI)-N(R):, %%@NBs) RNGR@)W(R%BB%(R@%N@QKZR&C( 8§ QN??E) ,

-0 - R?)aﬁlcgasﬁépﬁﬂéﬁéﬂy ‘&%@% Rﬁ%‘irzara' R5) - C(O) - N(R6) 2 and ’

NN& 5?23 ; fggo) £$@|%wge$ T;@@@%ﬁhkegﬁﬂkww@rf%zlaogmmm t; om .;é:,a tn ge

“N(R6) 2. ( pghde option ﬂ?zﬁg e&%ﬁ ), a @j"

R R X Syt ool Bty Wdr“‘ﬁ%’%‘%‘;‘p‘“é%“@"“’é‘ U 0657
-101 or V\he%@%a'(%qp%%e#’g&%(@ 2) ﬁg @PE?U@?E&W %ﬁp onal I y
s s ey s, o et
R6 is i ndepen%é??tm? ?ﬁ&éj@ﬁiﬁg I Eyl , al kgny%/, a?kyhyl , gr yl, aral kg;l ’or
gr a;rﬁglﬁbch Rétshnd%?per?enmydﬁlfgnﬁlamyl wrwya‘amﬁledq%dﬁanen(l gmdl 82:: ly :3BSt it 3% :g
oy hyd e FRIRIGRIOR] kgleaRvo sty GrtsrelierumiRur by Ridrig) aibbadkess; o
- CE) O N(R6) 3) hatmall@xyitdyanq,h‘tltr@r-NKR%)gFE@)()&Hiek-@‘(wblem@)ztﬂﬁallN(R l)(Em)RF)oambhw
substitute r a t i 0 ¢l oal

UC( O OR6, or ?g'iﬁt"é?'hr( ?&éﬁsﬁﬁ Cﬁ@ﬁﬁyjfe%"y & E’ﬁ%ﬁ |°3Ya§ %%%&é?ﬁﬁ
Copt 1 onal 1y Subett ot ed By o r o ey o Ko i cyano
o N R ero Sk S bR el el ety IO R, &7 2"
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-C(O N(R6) 2 C(O)N(Rs)z or - N(RG)C(O)R ), or N-heterocyclyl (optionally substituted by alkyl, aryl,

aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?®, -C(O)N(R®),

or -N(R®)C(O)R®).

15. The compound of Claim 14 wherein:

R'is hydrogen:;

R? is -P(O)(OR®%-R"-N(R%)-S(0),-R%

R? is tetrazole, -C(O)OR®, or -C(O)O-R’-OC(O)R*;

R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R%),, -R™-N(R®),, -N(R®%)-C(O)OR?; -R"-N(R®)-C(O)OR?,
and -N(R%)-C(NR®)-N(R®,;

each R’ is independently hydrogen, alkyl or aralky!;

each R°® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R’ is independently a straight or branched alkylene chain (optionally substituted by
hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),, -C(O)OR?®, or -C(O)N(R®),),

each R® is independently alkyl, alkenyl, aryl, aralky! or aralkenyl; and



or -N(R6)C(O R6), aral kenyl (wherein the aryl group is optionally
substituted by alkyl, aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo,
hal oal koxyw0 63M8688) 2, -C(O OR6, -C(ONR6)2 or -N R6) C(O R&T/USHB/08587
N-heterocyclyl (optionally substitutedqgg _alkyl, aryl, aralkyl, hydroxy,
al koxy, cyano, nitro, halo, haloal koxy, -N(R6)2, -C(OOR6, -C(ONR6)2 or
-N(R6) C(O)R6). 15. The conpound of Claim 14 wherein: R is hydrogen; R2 is
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optional |y sﬁ'bs‘}lﬁ)ﬁ y al kyl aryl aral kyl , hydroxy, al koxy, cyano,
nitro, halo, hal oal koxy, -N(R6)2i C(O)CR6 C(O)N(R6)2 or -N(R6) C(O Re6),
ar al kenyl (mhereln the aryl group is optionally substituted by al kyl,

aryl, aral kyl'® hya-PG)@PmP&PR@B?i/C'eﬁ?éﬁthemlﬂro hal 0, hal oal koxy, - N(R6)2,
-C(O)O?@gﬂ,shﬁ(r@é}{RG)Z or -N(R6)C(O R6), or N-heterocyclyl (optionally
substitgz(ed b aI I%I aryl argl kyl, hydroxy, alkoxy, cyano, nitro, halo,
hal oal k6% I8 -PARVRE +REC(O N(R6) 2 or -N(R6) C(O)R6). 16. The

3
e Y
(0 O R7 |w|(§ gnally substltuted by one or more substituents selected from the group consisting

of alkyl, halo, nitro, cyano, -N(R®),, -R"-N(R®),, -N(R®)-C(0)OR?®; -R™-N(R%)-C(0)OR?,
and -N(R%)-C(NR%-N(R%).;

each R%is independently hydrogen, alkyl or aralkyl;

each R% is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyt;

each R' is independently a straight or branched alkylene chain optionally substituted by
hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),, -C(O)OR®, or -C(O)N(R®),,

each R%is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl; and

R® is alkyl (optionally substituted by hydroxy, alkoxy, aralkoxy, haloalkoxy, cyano, nitro,
-N(R®)z, -C(O)OR®, -C(O)N(R®), or -N(R®)C(O)R®), alkeny! (optionally substituted by
hydroxy, alkoxy, haloalkoxy, cyano, nitro, -N(R®),, -C(O)OR®, -C(O)N(R®), or
-N(R%)C(O)RY), aralkyl (wherein the aryl group is optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -C(O)N(R®),
or -N(R®)C(O)R®), or aralkenyl (wherein the aryl group is optionally substituted by alkyl,
aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®,
-C(O)N(R®), or -N(R®)C(O)R?).



R4 is aryl optionally substituted by one or nore substituents selected from

the group consisting of alkyl, halo, nitro, cyano, -N(R6)2, -R7-N(R6)2,

- N(R6) - C(®00R38063R7- N(R6) - C(O) OR8, and - N(R5) - C( NR5) - N( RB)27/Ua0$58R5 i S

i ndependent |y hydrogen, al kyl or aralkyl each i s i ndependently

hydr ogen, al kyl, al kenyl, al kynyl, ary 3'aralkyl or aral kenyl; each R7 is

I ndependently a straight or branched al kyl ene chain optlonally substltuted
by hydroxy, nercapto al kylthi o, aryl cloal kyl, -N(R6 or
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16 selected fromthe group consisting | ow ng 2-'("3- (am no) net hyl
phenyl ) - 3- ( (QWEPXPIRBAFPIHRIPIARFNPERFIY ani no- 2- net hyl pr opy! )
(hydr oxmfp@qlamwmemmn@ 8- (@@Rsh (mewm@?plgulfonynammo-

2- (3-(t-butoxycar bonyl am no 3- phenyl propyl sul f onyl ) am

no- 2-net hyI%‘I“%ﬁi@/)ﬂPr@ﬁy”b(m@(@‘?)(ﬁﬁb%%ﬂh‘iWMWTPB?QR&%WB@c aci d;
2- (3-(t my(aafrgz?méh@mwéﬁyl I(UYPPW%@-bhénﬁpr%le&l%hW@rﬁMlopr opyl sul fonyl ) ani

no 2-net hyl propyl drox hi noyl ) propanoi ¢ acid, nethyl ester;

2- (3- (am no) Ay Y'BWBMWYdVQXX)P;hLoipﬁUWQHWPW%%9‘P‘§vuI f onyl ) ani no- 2- et hyl pr opy
1)- (hygy syim ||ﬁbﬂﬁé(th%19ﬁ&%@((?1 $0i. g.pr(&?bm%y{s_%rfémamdn et hyl
phenyl ) - 3-( opy! sul am no
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(28)-2-(3-(amino)methylphenyl)-3-(((1S)-1-(3-phenylpropylsulfonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-(t-butoxycarbonylamino)methylphenyl)-3-((1-(3-phenylpropylsulfonyl)amino-
2-methylpropyl)(ethoxy)phosphinoyl)propanoic acid, t-butyl ester;
2-(3-(amino)methylphenyl)-3-((1-(2-phenylethylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid;
2-(3-(amino)methylphenyl)-3-((1-(benzylsulfonylyamino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid;
2-(3-(amino)methylphenyl)-3-((1-(2-(naphth-1-yl)ethylsulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid;
2-(3-(amino)methylphenyl)-3-((1-(3-(4-methoxyphenyl)propylsulfonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-(amino)methylphenyl)-3-((1-(2-(4-methoxyphenyl)ethylsulfonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-(amino)methylphenyl)-3-((1-(methylsulfonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid;



(2R) - 2- (3- (am no) met hyl phenyl )-3-(((1 S)-1-(3-phenyl propyl sul fonyl)an no
2- et hyl propyl ) (hydr oxy) phosphi noyl ) propanoi ¢ acid; (2S)-2-(3-(amno)m
et hyl phewd 03/08063( (1 S) - 1- ( 3- phenyl propyl sul fonyl ) am no- PCT/US03/08587

2- met hyl propyl ) (hydr oxy) phosphi noyl ) pr B noi ¢ aci d; _
2-(3-(t-butoxycarbony|anino)nethylphen3 ? 3-((1-(3-phenyl propyl sul fonyl ) am
no- 2-net hyl propyl ) (et hoxy) phosphi noyl ) propanoic acid, t- butyl ester;
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2- ( 3- am noph¢nygtgxyfbhoéphihdylpresanbieraeiy | sul f onyl ) am no- 2- net hyl propyl ) -

(hydr oxy) phosphi noyl ) pr opanoi ¢ aci d;

2- (3- guani di nophenyl ) - 3- ((1- ( 3- phenyl propyl sul f onyl ) am no- 2- et hyl propyl ) (h
ydr oxy) - phosahi NOYiE cpmppand bECiambh 45 wherein:

2-(3- (a | phenyl) - 3- ((1- (4- phenyl but yl sul f onyl') ami no- 2- net hyl pr opyl
)- (hydFo 15% Hﬁ@%hl noyl ) propanoi ¢ acid, and

2- (3 (aRt BoPEOKOR PRENYR))-FO)4RY, ( 2- phenyl et henyl sul f onyl ) ami no- 2- net hyl pr op
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R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®),, -R"-N(R®%),, -N(R%)-C(O)OR?; -R™-N(R®)-C(O)OR?,
and -N(R%)-C(NR®)-N(R%).;

each R’ is independently hydrogen, alkyl or aralkyl;

each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R’ is independently a straight or branched alkylene chain optionally substituted by
hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®%),, -C(O)OR®, or -C(O)N(R®),,

each R? is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl; and

R’ is aryl (optionally substituted by alkyl, aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo,
haloalkoxy, -N(R®),, -C(O)OR®, -C(O)N(R®), or -N(R®)C(O)R?).

19. The compound of Claim 18 selected from the group consisting of the following:
2-(3-(amino)methylphenyl)-3-((1-(naphth-1-ylsulfonyl)amino-2-methylpropyl)(hydroxy)-
phosphinoyl)propanoic acid;
2-(3-(amino)methylphenyl)-3-((1-(3-trifluoromethylphenylsulfonyl)amino-2-methyl-
propyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3-(amino)methylphenyl)-3~((1-(4-pentylphenylsulfonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid;



R3 is tetrazole, -C(OOR6, or -C(OOR7/-OCC(OR5; R4 is aryl optionally
substituted by one or nore substituents selected fromthe group consisting
of al kyl , wia3wgoasiit ro, cyano, -N(R6)2, -R7-N(R6)2i -N(R6)-KI(I)S0R8s587
-R7-N(R6)-C(O) OR8, and -N(R5)-C(NR5) - N$R5)2 each R5 is independently
hydr ogen, al kyl or aral kyl; each R6 i g1 thependently hydrogen, al kyl,

al kenyl , al kynyl aryl, aral kyl or aral kenyl; each R7 is |ndependently a

straigh r br en hai n opti onal | substituted by hydroxy,

mer capt%‘géﬁw Eﬂp'é\?% S 63&5@&?@?91' oph ﬂ(‘ﬁetylény Depipors, or - C(O) N(R6) 2,
each R8 is lZ@ﬁﬂﬁﬁﬁ%ﬁpldw@bkwbhoﬁﬂm Mbnpaﬁdbamafa|ky| or aral kenyl; and RO
is aryl aryl, aral kyl, hydroxy, alkoxy

cyano, %%’)?%‘I“?‘Eal l Xylph%ﬂyﬁ)aq &8)@ phewlmrglsulf@)@?w-z-n@@) RORE)-2" or
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2- (3- (‘ani no) phosphinoyl)propanoic acid.
met hyl phenyl 5) 3-((2-(3-trifluoronethyl phenyl sul fonyl )am no- 2- net hyl -

propyl ) (hydr oxy) phosphi noyl ) pr opanoi ¢ aci d;

2- (3- (ani no) gt hytrR&eBpbart 6 diald-®MMiRheny! sul fonyl ) ani no

2-met hyl p hydr oxy) phosphi noyl ) propanoi ¢ aci d; WO 03/ 080631
PCT/ USO%/ 53%7;9%”105 2- (3- (ami no) net hyl
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xy) - phosphi AGRIKY! p'?%‘bafﬂ%‘i’ c,CYaB‘P dN |§ %h@(%émp%h h‘Cé(P)Qﬁ ar'?n N

i's hydrogen; NgR®)- @&5)36{0).@(]3@( J@7d)|ﬁ:355 SNRE-BNRRRI(RY,;t etrazol e, -C(O CR6

or -C(OOR; is ary tlonallys stltuted by one or nore
subst i t BaTHR° '§é‘l‘C&PPEﬁeWthW\df99§“g?'5¥I|@r@Eﬁ”§i isting of alkyl, halo, nitro,

cyano, eé\Kiﬁ@%'lndegzn%rg%)l'@dm&%%my'qlg S%g'"wam%al\f@%)z Dhin RS is
al

-N( R6 @)
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hydrogen, al kydroxyInk&Bipto, akyithidy laryl, ayiloalk§ll aNI(RY),, G(ORORY, IR OY(O)N(R®).),

each R® is independently alkyl, alkenyl, aryl, aralky! or aralkenyl; and
R®is -R"-N(R°)-C(O)OR®.

21. The compound of Claim 20, i.e., 2-(3-(amino)methylphenyl)-3-((1-(3-phenyl-2-
(benzyloxycarbonyl)aminopropylsulfonyl)-
amino-2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid.

22. The compound of Claim 15 wherein:

R'is hydrogen;

R?is -P(O)(OR®)-R’-N(R%-S(0),-R’

R® is tetrazole, -C(O)OR®, or -C(0)O-R’-OC(O)R?;

R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®%),, -R"-N(R%),, -N(R®)-C(O)OR?: -R’-N(R®)-C(O)OR?,
-N(R®)-C(0)-R®, -R™-N(R%)-C(0)-R®, and -N(R®)-C(NR®)-N(R®);;

each R® is independently hydrogen, alkyl or aralkyl;

each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R’ is independently a straight or branched alkylene chain (optionally substituted by



each R7 is independently a straight or branched al kyl ene chain (optionally
substituted by hydroxy, nercapto, alkylthio, aryl, cycloal kyl, -NR6)2,

- C( O OR6, war 0308463 N( R6) 2), each R8 is independently al kylpCTaidosnsds; aryl ,
aral kyl or aralkenyl; and RO is -R7-N R&% C(O OR8. 21. The corrpound of
Claim?20, i.e., 2-(3- (amno)rrethylphen} 3-((1-(3-phenyl -

(benzyl oxycar bonyl ) am nopropyl sul fonyl) ) 4
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-N(R5) - C(NR5) - N(R5) 2; each R5 is independently hydrogen, alkyl or aralkyl;
each R6 is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aral kyl

OL ar al( kenyl 23I eatThe E&mbsuridwfememﬁzmggmgtgdg@gﬂg& /o %%%gg@eﬂth%ggwh
chain i, ona - T OXY,
mer capt g% éﬁrRVPir%‘?tEﬁpi?W)% §qéwyisu for\g) ey 2-mefRep®Y)-or - o O) N( R6) 2),
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is Nh cl tio ubs al k ara r oxy,
Pt T KR L DL TR s 2
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yaroxy)p 0240 IHW SrinpP@itPofaCIaen dliwha
2-(3-(a ng{ I phenylp) 3-((1- (ber‘:vzot h? adi azol yl sul f onyl ) am no- 2- net hyl pr
opyl ) - g‘h 8FBhosphi noyl ) propanoi ¢ acid. 24. The compound of Claim1
wher ei nR? isRE(OKORYERONERF)-FD)OR®:- P(O) (OR5) - R7-N(R5) -C(O ORB; R3 i's

-C(O R substi t ut ed phenyl or unsubstituted N-heterocyclyl; each
R5 |sqﬁdl§pg§r«amy hydr ogen, al kyl or aral kyl; each R6 is mdependently

hydr ogeR? isalrisubstitatbl gRghyl o&l.lkwb‘,é{itutéubﬂhete%@lclylﬂ or aral kenyl ;
each R’ is independently hydrogen, alkyl or aralkyl;
each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;
each R’ is a straight or branched alkylene chain optionally substituted by aryl, -N(R®), or
-C(O)OR?; and
R® is alkyl, alkenyl, aryl, aralkyl or aralkenyl.

25. The compound of Claim 24 selected from the group consisting of the following:
2-phenyl-3-((1-(benzyloxycarbonyl)amino-2-methylpropyl)(hydroxy)phosphinoyl)-propanoic
acid;
2-tetrahydroisoquinolinyl-3-((1-(benzyloxycarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid.

26, A compound of formula (I1):

R*—0 R® 1)

A—0O—2A

wherein:
R'is hydrogen, alkyl, alkenyl, aryl or aralkenyl;



each R7 is a straight or branched al kyl ene chain optionally substituted by
aryl, -N(R6)2 or -C(OOR6; and R8 is al kyl, alkenyl, aryl, aral kyl or

ar al kenyl wa2B/08ddse conpound of Cl aim 24 sel ected from t he RITOURY308A831 St i ng
of the follow ng:

2- phenyl - 3- ((1- (benzyl oxycar bonyl ) am h9%: net hyl propyl ) (hydr oxy) phosphi noyl
) - propanoi ¢ acid;

Chydr ox %’%L%@ﬁ%i} B el BORY PR OB RO Ry P oPyl) -
O -C R3 | (LPORORWRENERP-CRYORS, IP(ON(OFRERR-N(RSLC(CHREaRE)-C DR 0T

500 ( Ok} Re“%ﬁ/@%?r%a%sﬁ%éh e

- P(O) ( ORSis+&Fa2 RS0 (OR ORI 0) O CERR’: RIONRS )-S@)DRRZPNIOR®)G( O OR8,
-P(O) (OR5) - R7- (Q%R%( %or “P( O (OR5) - R7- N( R5) - C('S) - N(R6)2 R3 is
tetrazole, - % ) @%(25( 2 0C(O RS, -S(OOR5, -S(0 20R5, -P(O (OR5)2,

- PE) 3 I( fﬁgﬂ;{%ﬁ;yl optiondh( gafsétaute%yloﬁegz yﬂoggﬁgtlbssntménltsfsaé&téd frorttne gMﬂr@f,th;T |
ﬁ&( oal koxy ﬁ%&aﬁo an?%%m ﬁsmEmrcaetgcwﬁﬁnh%phewﬁqyaloa@y?cg%m cVaRG,
-N(R6) 2, -R7 @&%),: MTRHR®( DEREC(0)BRNFRA) SRR®, NRREE R6,

R RS Qe 9&5)0% RO RIS peeqqr(%m&é% %(ﬁ&“&@%ﬁé%"i%c%f? >

wherein a carmRﬁ) @(@mqﬁﬁ)ztahﬂ E{) ORI NRP,)may be optionally substituted
A

Tt N R R e ro e e 'N%N@%PC@W% bres,

- O - R7 N( Fﬁ)b’éﬂtm&( Rpatik A NERB) nifdy, RyhAo, -NIRTD)-RTNMRR®) Nﬁ@e OR?,
mmy be opt) oMM BB we b OBy RENR P, 'é%g&s%?R%% )
or -C(O-R7- M(Rﬁ)li NE@ELN-NRR® L@(NR?WR?)QGN(R? dowN@m;por N(R%lc:(w) Fdrra(lpkl Ik |
R A konyl O A %E%%ﬁlliéggﬁa@agw&%ﬂ LS AT N T
subst i tuted byNEKM{R®),, CMNRIHRINC(0)-NERBRENEIO)-R'-N(R";
each R%is independéntly hydrogen, alkyl or aralkyl;
each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkeny];
each R’ is independently cycloalkylene (optionally substituted by alky!), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,
-N(R®)2, -C(O)OR®, or -C(O)N(R®),), or a straight or branched alkenylene chain
(optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, N(R®),,
-C(O)OR®, or -C(O)N(R®)y);
each R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl; and
R is -R"N(R®)C(0)OR?, haloalkyl, alkyl (optionally substituted by hydroxy, alkoxy, aralkoxy,
haloalkoxy, cyano, nitro, -N(R®),, -C(O)OR®, -C(O)N(R®), or -N(R®)C(O)R®), alkeny!
(optionally substituted by hydroxy, alkoxy, haloalkoxy, cyano, nitro, -N(R°®),, -C(O)OR?®,
-C(O)N(R®), or -N(R®)C(O)R®), aryl (optionally substituted by alkyl, aryl, aralkyl,
hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -C(O)N(R®), or -
N(R®)C(O)R®), aralkyl (wherein the aryl group is optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R%),, -C(O)OR®, -C(O)N(R®),
or -N(R%)C(O)R?), aralkenyl (wherein the aryl group is optionally substituted by alkyl,
aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R%),, -C(O)OR®, -
C(O)N(R®), or -N(R*)C(O)R?), or N-heterocyclyl (optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -C(O)N(R®),



al kyl ene chain (optionally substituted by hydroxy, mercapto, alkylthio,
aryl, cycloalkyl, -NR6)2i -C(OOR6, or —-C(ONR6)2), or a straight or
branched wicksrgosne chain (optionally substituted by hydrreayysoamsssapt o,

al kylthio, aryl, cycloal kyl, -N(R6)2, C(OOR6, or -C(ON(R6)2); each R8

i s independently al kyl, alkenyl, aryl? 1%a| kyl or aral kenyl; and RO is
-R7N(R6) C(O OR6, hal oal kyl, al kyI (opt| onal ly substituted by hydr oxy,

al koxy, aral ko R6 @@ﬁ I koxy, cyano, nitro, -N(R6)2, -C(OOR6, -C(ONRG)2
or -N(R6) () )G( ?/ (optional Iy substituted by hydroxy, alkoxy,

hal loal( kp];oylde@l}iwﬂWheEIRsr@TC(dng@dr%henCR@ @?jﬁlbstitul@lﬂk (oR@%lllgséﬁ)tﬁted N( R|6%<C( O Re),
ary option su i e r ra ydr oxy, al koxy,
cyano, nit roﬁl ﬁ?@?ycmu% ﬁ?d%g% k@é@&) & @)ji RCPOH) N(R6) 2 or -

N( R6) C( O) R6),P(ay(wRéy.RQN/(hy;@oprmRar@r(b)gRéup is opt| onal |y substituted by
al kyl , g/ ara g %I rOX\ée fa ano nitro, hal o, hal oal koxy
N6 275 3 BB GO enes) RITASE ofHeroRpHRsE, € e Tacaia Rahys o SipiePEPHetshe
aryl gr@tﬁ)ph@m@@éun@alwléc)teptublétslattméiébfby al kyl, —aryl, aralkyl, hydroxy,

al koxy, cyano, nitro, halo, haloal koxy, -N R6)2, -C(O)O?G, - C(O)N( R6) 2 or
-N(R6) C(O R6), or N-heterocyclyl (optionally substituted by al kyl, aryl,
aral kyl , hydenxy, Tie kensgourtyeCaini26 Wherdil 0, hal oal koxy, -N(R6) 2i

C(O)C]?% %?ﬂﬁé%)z V\003/080631 PCT/ US03/ 08587 -108- or -N(R6)C(O Re6);
provi de lsﬁ’é( n RBis -CCOOH or when R4 is a substituted aryl or

substi t Rt gdP(DV(ORE Oh(OR®)-RE-NIRf),, LT (O 7 -CEE-MRY O OR8 or

-P(O)( ?s R?% I—D)ﬂegjay 10 )(Siamg?zg ?gésﬁa@sl(rﬁagﬂﬁza g?);aremzsg(rrez a

mi xt ur eNof® 1€¥A0KI S % OFOP ] ¢ mxture of stereoisoners; or a

mar rracaﬂtslwldpﬁom@%nbahh@dmldnetd?eﬁ&@fsubs&ﬁuenﬂéeelé&g@wnpkh@fgr&l dﬁs%ﬁng
erein

@)
"BCOy (C5) - Rt ARSI s IR Nt Y SOOI RN GEICISIOR”,
CE)O%%R? tOC(r@RIS cb'iiR‘} SRéNgﬂ;fwno)waJd(@)M{aszlcmﬁﬁ PﬁRweho{ moret
substituents seke ro e copsi stin a alo, nitro,
cyano, -N( RG)’;( WW\IQ'&K?&% - %{é:) E] CK'@
- N(R6) - 64A RS, mcregén ddenRBlk m%@ww(% 2 C(O) R7- N(R6) 2,
- N(R5) NR5) 2 %99%% %ﬂ -NR) C(0O-R7-N(R62); each R5
NS A1 B?F‘d?j'él | 2y SRRk AKY R REAIRY o AERSSent | y
hydr ogegactaRkigla, st@hdﬁ?@y bFan@h&Y BikYlen@ciin (@b’t@hléw subktitatedl BSﬂ?}bﬁl’oxye%FbaBto is a
strai ght or branched | ene chal n ((I%Jtl qnal substitut hydr oxy,
mer capt o, alkylthio, aryl, cchoaIkyI -N(R"),, -C(O)OR C¥O)N(R )2); and

each R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl.

28. The compound of Claim 27 selected from the group consisting of the following:
2-(3-guanidinophenyl)-2-((1-(2-phenylethyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid,;
2-(3-aminophenyl)-2-((phenyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-guanidinophenyl)-2-((1-amino-2-methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
and
2-(3-guanidinophenyl)-2-((1-(benzylaminothiocarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid.

29. The compound of Claim 26 wherein:
R'is hydrogen;
R? is -P(0)(OR®)-R’-N(R%-S(0),-R®;
R® is tetrazole, -C(O)OR® or -C(0)0-R’-OC(O)R®;
R* is aryl optionally substituted by one or more substituents selected from the group consisting



al kylthio, aryl, cycloalkyl, -N(R6)2i -C(OOR6, or -C(ON(R6)2); and each
R8 is independently al kyl, alkenyl, aryl, aral kyl or aral kenyl. 28. The
conmpound w0 @lwaoast 27 sel ected fromthe group consisting ofpdimesoBosisow ng:
2- (3- guani di nophenyl )-2-((1-(2- phenylethyl)anlno 2-met hyl propyl) -

(hydr oxy) phosphi noyl oxy) et hanoi ¢ aci d;

2- (3-am nophenyl ) - 2- ((phenyl)(hydroxy)phosphlnoyloxy)ethan0|c aci d;

2- (3-guani din '

) - 2- ” S& 7 6 6 8 6 8
et hyl propyl) f’ﬁ%gﬁn%}% ﬂﬁ%é ﬁ?ﬁ&&g&@ g%{hgﬂ%l)% N& WO)% R7 -N(R")-C(O)OR",
(nyar oxe) phosohemat o Rﬁ#&ﬁ*’@@t“;fmﬁ‘ J“‘(R?%‘“@S@‘*éﬁ o Gamas T
wnorein: RIS RS E R MR- E RN E s P N &@@(wm R i s
tet r azokgch R%@d@ﬁ@naénﬂﬁy@}@@?a c@)a%kyl R4 is aryl optionally substituted

one or ge substituents sel ec rom -t roup consi sti ng V\D 03/ 080631
PCT/ USOSAgBBgiE In %@dﬁ?tﬁ&‘mgef‘ha‘ﬁ% a'h?'ﬂyr' c?'ky@ygﬁfyl arplkydey aralkguyli N Re) 2,

CN:ESE) N(QéRggrﬁastgd’ H‘ﬂ(;ﬂR%)an@h@l I,enecP%l t@(ﬂﬁn Rgos’%tufgd ngil\'r 6(@0) T )2
and - N(R5) - C@HS}" EN(’RR%??%V&CN(&QZ s Q) ‘é')rf@één @Qh&drogen al kyl or

ar al kyl ea@ﬁRﬁlsR@ddp‘éndélﬁt@p@m&é]kédyl ;dré?rar&ﬂ or%'ré%(ényl angenyl, al kynyl, aryl,
each R7 is a straj branched al kyI ene_chai n

| kyl | k
‘E‘LSt i gn!% r%ﬂa}@ﬁ@%a@veﬂdb&yt%%&xﬂm%a@gﬁt @ralkoaqykw?ﬂwy §¥ano, NPct oal kyl |
-N(R6) 2i - C( Q(RRY. cqo)o@( Q)M)N@R?,} or R@R?)c R°§ almﬂqepﬁiﬁﬁw ¥ul§§tu&){éd by
alkenyl aryl, aral kyl or aral kenyl tional

substituted Bydfﬁwradwy halRYkQy, &Y%‘Pk%'i(? “KBD@&P(@%R ey Ehbi( Rﬁa ‘Prro

N(R6) 2, -( Q\%C(@ﬁ(‘;@d}%lﬁ?)(&héﬁem B@?I@(ﬂpﬁ@bptl&{dﬂ? QMtBstinﬁB fkgI' iryl
substltuted by dr ox hal oal kox
-C(O) OR6, - CREYINY, FEUFEO’% alkoxy; R@f@( @)’er@?alOafﬁaAwgqu( YM{&)QI 1‘»?(9 rSOMBUp i s

optional l'y s@bsm(lR@}G(@jR%)yo@éHéhkbnylqwuérem tﬁé%hkg(ouphy @ﬁéily alb<tted gamgé)

nitro, halo, hal oal koxy

o o al Ransl Dty hydfexsa%ho)xgrcaaao TRl AP OB SR DR e kyl

aryl, aral kyIG( ?NI\WI;% 6)cyano nitro, hal o, hal oal koxy, -N(R6) 2,
C(O)CRG - )2 or )C(O)R6) 30. The conpound of C aim 29

sel ected fromthe group COI’ISI sting of the foll ow ng:

2- (3- guani di nephenyke)codtdduhd ob Erm 2D Welcrid ftatROgroupRbASIHGT the flywingXy) -
2-(3-guanidinophenyl)-2-((1-(benzylsulfonyl)amino-2-methylpropyl)(hydroxy)-
phosphinoyloxy)ethanoic acid; and ‘
2-(3-guanidinophenyl)-2-((1-(2-phenylethenyisulfonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyloxy)ethanoic acid.

31. The compound of Claim 26 wherein:

R' is hydrogen;

RZis -P(O)(OR®),, -P(O)(OR%R®, -P(0)(OR®)-R-N(R®),, -P(O)(OR%-R’-C(0O)-R®,
-P(0)(OR%)-R"-N(R®%)-C(O)OR?, -P(O)(OR®)-R"-N(R%)-C(0)-R"-N(R®)-C(O)OR?,
-P(0)(OR®-R"-N(R%-S(0),-R?, or -P(O)(OR%)-R’-N(R%)-C(S)-N(R%);

R® is tetrazole;

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R%)z, -R™-N(R®),, -N(R®)-C(O)OR?®, -R’-N(R®)-C(O)OR?®,
-N(R®)-C(0)-R®, -R"-N(R®)-C(O)-R®, -C(0)-N(R®),, -C(O)-R"-N(R%;,
-N(R®)-C(NR®)-N(R®),, -N(R®)-C(0)-N(R®), and -N(R°)-C(O)-R"-N(R%);

or R*is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R%),, -R"-N(R®),, -N(R%)-C(O)OR?,



phosphi noyl oxy) et hanoi ¢ aci d; and

2- (3- guani di nophenyl ) -2-((1-(2-phenyl et henyl sul f onyl ) am no- 2- net hyl propyl ) -
(hydr oxy) ptloosplsiasoy| oxy) et hanoi ¢ acid. 31. The conpound ofPCal/Es8080EB7
wherein: Rl is hydrogen; R2 is -P(O( )2, -P(O (OR5) R,
-P(O(OR5)-R7-N(R6) 2, -P(O (OR5)-R - C(%:\}OIS -P(O) (OR5) - R7-N(R5) - C(O) COR8,
-P(O(OR5)-R -N(R5)-C(O - R N(R5)-C(OOR8, -P(O(OR5)-R7-N(R5)-S(0O 2-R9,

or -P(O (OR5 €. R4 aryl optionall
substl(tajg ed ) ﬁggﬁ g?e) @&%E@(éhgntg Z\'éﬁgcé@ﬁ%% &ﬁa)ﬁkﬁg)ﬁoﬁp cgn3| sti né
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50 R NCF) gﬁg"e%ﬁ@'fgé?%ﬁ% iR Beterdiy g reychs ofomaliysthsiiuied 6
N heter &?@5"““‘5”@2 ’%‘é‘ﬁ%ﬁfggﬁ?ﬁ Ei?%“%?‘ﬁf(ﬁi’? e o, ni tro cyano.

~N(Rs6) 2° ("%%/F’S“ e ¥4/ 080631 PCT/ USD3/ 08587 - 110

-R - N( Rééctﬂ(%ﬁ)sﬁﬂepenﬂlénﬂ@)hy@f ddenRaikyl; &keny &lyt, Bpalkyl Gt Salkdnip) 2,

O -R7-

CN:ER)S) @f RZF fl\?{ﬁﬁ@%?e'%t'yg“rg"\ﬁﬁ@s ﬁ?iv%ﬁn?'%g%’ﬂﬁegmy. aﬁma s&aw@t%egmeﬂ
may be opti oaklleye sbhint(d tui'ne titufeldNB30N hiBbaryt, IRYI,R6) 2
ory-c(o)PR7- ver (b wmsﬂmﬁenden}ﬂmﬁﬁmmaﬂ M%)t | Ia?),r eg.ﬁallﬁi(l :
onch 16 i o 1 Ik naBERe 1 b BobRRERT REE Shaibu e e Vieas hah ar af ky)
or bar al kenél (omaﬁéllyl%bbsﬁtutemd@peﬂhebm rhﬁrdé}éﬁdh@akin??T?I (:;cuniarlllqmaNERS)z Conal |
substitute t or rancne a ene chailn (optiona
substituted b (Cﬂ@% g’{' C?Qé\ﬁ@%@}? al kyl thio, aryl ,ycycl oal kyl , E)N( R6) 2, Y
(CC):( tOI) CO)Ir?G?cmRB s@ﬁ@;ﬂ%ﬁ’ébtﬁj)alkpranaergt @, girhlkworlammmiéﬁglokenyl ene chfuo gl 1

ey 2R I E RO, Ceskilraidortons ssrdledbinichomnnioon pighod. '
T oot S A @fggggmig%;;ﬁ“zﬁ°§%@m‘;; e

I d yRé a Y! 2 ,1
cyano, nitro FRAFPXY. QYRR IR 21N
(ﬁ?tRie ;Jgal ly sO®NRYL 60-NIR )bx@lymyaryla(b;’smmly élﬂdsﬂmké’d)Walkﬂyfﬂypardmw ro,
| a
substit ut ed %g{i}'«ﬁ'k"% %Maﬂ’o é? khﬁlo gm ﬁ?%l)%oéﬁ)ﬁprfg% 'ﬂFHzOOf “hal o,
hal oal koxy, NKRBBIG)RY Q(erWhere@(l@)sW@}cﬂJp% optidWP s Gh<BIREA by alkgl, ki,
(wherein the aiyh {aosl bRoP oy ninh, RABSEAARSS, NrY),E0)8kY coNR?),
or -N(R®)C(O)R®), aralkenyl (wherein the aryl group is optionally substituted by alkyl,
aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -
C(O)N(R®), or -N(R®)C(O)R®), or N-heterocyclyl (optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?, -C(O)N(R®),
or -N(R®C(O)R®).

32. The compound of Claim 31, i.e.,
2-methyl-1-[1-(3-guanidinophenyl)-1-tetrazolylmethoxy](hydroxy)phosphinoyl-propylcarbamic

acid, benzyl ester.

33. A compound of formula (lll):

R® an

RZ——X

A—0O——A

wherein:



aral kyl, hydroxy, al koxy, cyano, nitro, hal o, hal oal koxy, -N(R6)2,
-C(OO0R6, -C(ON(RB)2 or -N(R6)C(O R6), aral kenyl (wherein the aryl group
i s optionaidos/sussti tuted by al kyl, aryl, aral kyl, hydrox®CT/@d0B08387 cyano,
nitro, halo, hal oal koxy, -N(R6)2, -C(O% , - CCONR6)2 or -N(R6) C(O R6),
or N-heterocyclyl (optionally substituted by al kyl, aryl, aralkyl,
hydr oxy, al koxy, cyano, nitro, halo, hal oal koxy, -N(R6)2, -C(O) OR6,
C(O)N( % or - (R6)C(O)R6) 32. The conpound of Cla|m31 i.e.

-nmeth - "% juani di nophenyl ) - 1-t etrazol yl met hoxy] ( hydr oxy) phOSphI noyl -
propyl cahbaiyumgeacauayl dIRE1AY, lar@ sk @Falkehgl;, A conpound of fornula (I I1): R4 R2

" bRl e SRR TR O ot e

-P(O)(O?5) RP(O)BR-K( N(RO-COUFOMERPL(EORY R5) - C(O) OR8 or _
-F>(0)(c§z5{§ EMRS) C(O) R7-N(R5)-C(O OR5, R3 is -C(OOH R4 is aryl
a

option Kt ut ed by one or nore substituents selected fromthe group

consi stRhig arpfopabrl@{w subs&ttgted fbaloaaldﬁydore Babsliﬁhéfm(é!eledﬁf@d aofithe gPdUfyddnBisting

phenyl, cyclo nitro

-N(R6) - O(O) me&a‘k@féfbﬂﬁmxv e300, S, Phel Ak Bfrongyano
0 Somrn o gt PR A
t he N het er ot C’T‘Sﬁ) 9) Be’ Qb@ Wrﬁ;\bﬂ’ QbR é%(R@yméé‘;&b'lN(Rﬁal o, nitro,
cyano, - N( R6)b?(R5 B{;O)N(I@%Z?dnd' NQ%?C(@@@@R&G - R7-N(R6) - (( O) ORB,

N Re) - B RHS iRV Wi Ascponeiaty b the N-'ﬁ%ﬁ@ﬂ%‘@%%@e R o

wherein a ni &mwame@bpalk hélbenlﬁb A6 0pyRHY I-RMYRYE -RR%-ore)dx® substi t ut ed
b NR5 "NCRB) 2 h RS
i %depg]denzl 8&&9)0%| R'WR 89(9%,; K(ﬁ ééc@(%é? (Q)i(wﬁé)ﬁdént | ;ac 'S

hyaroger, al 1@ (0)-RILNIY, ,N(R*”)kamﬂ% NERS, NERIOD)-NER) A6AINRMGO) RGNS, | S
IOP gfgﬂcﬁgg gr \?v eCrle% ani roggr? a oom ;[nl tﬁg ?\I—hgteliso%?glyllngalij; ged optYonaIly zub)shtutedslgyr al ght
-C(NR®)-N(R®%),, -C(NR%)-R®, -C(O)-N(R%), or -C(O)-R"-N(R®),;
each R®is independently hydrogen, alkyl or aralkyl;
each R% is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;
each R’ is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,
-N(R®),, -C(O)OR?, or -C(O)N(R®),), or a straight or branched alkenylene chain
(optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),,
-C(O)OR®, or -C(O)N(R%),); and
each R? is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl;
as a single stereoisomer, a mixture of stereoisomers, or as a racemic mixture of stereoisomers;

or a pharmaceutically acceptable salt thereof.

34. The compound of Claim 33 wherein:

Xis -O-;

R? is -P(O)(OR®%-R’-N(R%)-C(O)OR?; and

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®),, -R7-N(R®),, -N(R%)-C(O)OR?, -R"-N(R®)-C(O)OR?,
-N(R%)-C(0)-R®, -R"-N(R%)-C(0)-R®, -C(0)-N(R®),, -C(O)-N(R®)-N(R°),,
-C(0)-R7-N(R%),, -N(R®)-C(NR®)-N(R%), -N(R%)-C(0)-N(R®) and -N(R%)-C(0)-R"-N(R").



al kyl ene chain (optionally substituted by hydroxy, mercapto, alkylthio,
aryl, cycloalkyl, -NR6)2, -C(OOR6, or —-C(ONR6)2), or a straight or
branched wicksrgosne chain (optionally substituted by hydrreayysoamsssapt o,

al kylthio, aryl, cycloal kyl, -N(R6)2, gxc»CRG or -C(ON(R6)2); and each
R8 is independently al kyl, alkenyl, arﬂ1 aral kyl or aral kenyl; as a single
stereoi sonmer, a m xture of stereoisoners or as a racem c m xture of

st er eoi soner oL, a &ﬁarm& eL&I caéclg accept a Ie salt thereof. 34. The
conmpound of %15a| B cymepwrdof C Jecteqomine giogp cepsistingf erdsianing) ors:
and R4 zs{sgwhudmbbh@n@m-wS(u@’iztyldxywdorkw)aﬁnﬁ:eﬂﬁylwdeo@ybstI tuents sel ected
fromthe grou nsi sting of alJ( hal o, nitro, cyano, -N(R6)2i

-R - N(R6) 2i Rﬁ'fi’%}%@’ )®%§”°'°F?P' ‘N(R6) - C(O) OR6, - N(R6)-C(O) -R6,

(D) - Gl NN B3 R N R 2 M) D Rr- N R62) . W

- - an

03/ 080631 PC%’V"E?%’@%@§W'" NPEACKE The conpound of O aim 34 selected from

t he gromsig@uaﬁlumbpn@wtz hqbémﬂyldméraonyl)ammo 2-

ghggpﬂrﬁglyldlo ‘lq%_( y &yaéhospﬁ% I)é}éﬁg{hgggl%la)c%m noet hyl) (hydroxy)-
2-(3- guaqsxyuaﬁam@ Ményi)22- (ﬁ((b@rﬁ@ld@wﬁaﬁmwﬂmar@aymonet hyl) (hydroxy) -

anol c

hosph |
g ?Zpghgg?/d?%m% SE“(’@P’(%@H%W'B%?‘@M bonyl ) ami no- 2
rret hyl pQC{Bédrﬁlﬁé'b{'@h?I?% EyIB@Gaﬂ@@hWérhﬁhaﬂz c acid;

yl)

2- (3-guani di nophen enzyl oxycar bonyl ) am nohexyl ) -

(hydr oxy) pho hWQPHXW mﬂlaﬁs(phgpy@xy)ethanmc acid;

2-(3- a”thg@u@ﬁhdh%pﬁer(ml:?-((bE(BéNiM@&bBﬂﬂ)\éh’)n@drB“0 2-
met hyl propyl ) (hyd phos noyl oxy) et hanoj ¢ aci d;

2- (13- guani di A& 3/ reprb%ﬁ %’%@8 fepeisyacidani no- 3

met hyl bqt(zldq(olwiérmbdm@mm@-x 1%)5)1%6}@6&%%%%%0-2-

2- (2- chl or o- 3- guani di hop - 2- enzyl oxycar bonyl ) am no- 2--
met hyl pr opyl N%WI?@RXJ (Bmgb\fyiP'%‘Riﬂh&wPéY)ﬁﬁﬁaP@ agid d;

2-(3- gugqecquﬂﬁ@h@ﬁﬁéawﬂzk(@J(bémlwl:@rwﬁmamﬂdh)am no- 1-

phenyl et hy roxy& hi noyl oxy) et hanoi ¢ aci d;
2- (2-f1 uor o- :§’ @%’ﬁ?ﬂﬁy @yﬂwy)pﬁow("eqvlwlﬁmﬂ%@%r bonyl ) ani no- 2

met hyl ppapyubtd3GuaidiheprsNL QY L BExRixhedrBbsy)asiith-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-guanidinophenyl)-2-((1-(benzyloxycarbonyl)amino-1-
cyclohexylmethyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(2-methyl-3-guanidinophenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(amino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(guanidinomethyl)phenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(1-iminoethylaminophenyl))-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(t-butoxycarbonylamino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(ethoxycarbonylamino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxy)ethanoic acid;
2-(3-(isopropoxycarbonylamino)methylphenyl)-2-((1-(benzyloxycarbonyl)amino-2-
methylpropyl) (hydroxy)phosphinoyloxy)ethanoic acid;



2- (3- guani di nophenyl )-2-((1-(benzyl oxycar bonyl ) am no- 1-

cycl ohexyl nmet hyl ) (hydr oxy) phosphi noyl oxy) et hanoi ¢ aci d;

2- ( 2- met hwlo @/guani di nophenyl ) - 2- ((1- (benzyl oxycar bonyl ) arRaToBS)3/08587
nethylpropyl)(hydroxy)phosphinoyloxy)eiginoic aci d;

2- (3- (am no) net hyl phenyl ) -2-((1- (benzy ycar bonyl ) am no- 2
nethylpropyl)(hydroxy)phosphlnoyloxy)ethan0|c aci d;

ot hy| RSBV CRTRIP PR ROGRRY ABY T Rs reERarUEE GBI i 2

2-(3-(1-im nm@fWWr@vl)mmydl"bbplﬂné)(ldxyﬁé}ﬁéﬁ(yd; @mucar bonyl ) am no- 2-

rZTEE gyl(FE'zgéﬂéé)@é?‘B'% Mi‘@h@?%tﬁlﬁé{% '“i':'eé} Tbenzyl oxycar bonyl ) ami no- 2

met hyl pr opy! m(ehwwr@w) RieSHIiHeephiasd éiﬁ@@dl@aa@i &hd

RO AL Aol 2o o am -2

2-(3- (1 Sopr o fERoByLY e INBBRINYIGReeNai2aéif L- ( benzyl oxycar bonyl ) ani no-
2- nmethyl pr opyI )(h r oxy) phosphi noyl oxy) et hanoi ¢ aci d; WO 03/ 080631
PCT/ USO3/ 08587 -113

2-(3- (2, 2- di g8t hyirié eapybéichaARETMBRNY | pheny| ) - 2- ((1-( benzyl oxycar bony
| ) am no-2- m et hyl propy ) (hydr oxy) phosphi noyl oxy) et hanoi ¢ aci d;
2- (3- guén¥ ®-nophenyl ) - 2- ((1- ( 2- phenyl et hyl car bonyl ) ani no- 2

net hyl pra@&ybkéﬂmﬁﬁpmm m JP@;N Rﬁ)ycb@)woars‘d aci d; and
2-( -guanldlnophen (1 hen Iethenylcarbonyl

met hy| pRosaTy! (qwgwwysﬁ%ﬁ@ cgnpcsafw%r? ﬁah%ﬂtkter&%ﬁ%lecfséfrom@e@mwm'ssm

G ai m 33 whepehiRyi ha?(o'rﬁtro Q&%&Nmﬁ) EK{QJ(F@B?)N@G) C(O)ORB R’- N(R6) C(O)OR®,
7-N(R5) - C( O R?R’N Ta d b
/A R S G AN >@0qu>>smy*<%§z Slkyl hats, o
nitro, cyano.g 6
-N(R6) - (O - RG(d)lEFEF@ﬁ\I BGRY( F\%mﬂ N(%(’()%GM% @mi(cz 0 - N( )-ﬁ%)Z (
-C(0O-R -N(R6) 2, -N(R5) C(NR5) N(R5)2 “N(R5)-C(O -N(R6) 2 and

-N(R5) - (O - Bf- N( Rﬁ@l:omp%@nd €129 BB QEReteaffrorh BHeBrétp s61shftihg @f fHecrBldWRY:

group consisting of the f
2- (3- guar(muaalﬂﬁl@ﬁwr)yl)SZ {((@)ijv(of%g??%?@@?%a%’@rﬁj (Aahykiexyebenathhy dr oxyphenyl ) -
et hyl car bonykjg I?E‘a%h%r)émfnﬁ)d -REYr Oyl ary; %M&@?tﬂh@ watldRd Aadoi ¢ aci d;

2- (3-guani di nophenx 1- benzyl oXycarbonyl am no- 2- hen){l et hyI car bonyl
) ami no- 2-(3-guanidinophenyl)- 2 enzyloxycarbonylamlno -phenylethylcarbonyl)aming-2-

methylpropyl)(hydroxy)phosphmoyloxy]ethanmc acid;
2-(2-fluoro-3-guanidinophenyl)-2-[(1-(1-benzyloxycarbonylamino-2-phenylethylcarbonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyloxylethanoic acid,
2-(3-guanidinophenyl)-2-[(1-(1-phenylcarbonylamino-2-phenylethylcarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxylethanoic acid;
2-(3-guanidinophenyl)-2-[(1-(1-ethoxycarbonylamino-2-phenylethylcarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxylethanoic acid,
2-(3-guanidinophenyl)-2-[(1-(1-benzyloxycarbonylamino-3-phenylpropylcarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxylethanoic acid; and
2-(3-(amino)methylphenyl)-2-{(1-(1-benzyloxycarbonylamino-3-phenylpropylcarbonyl)amino-2-
methylpropyl)(hydroxy)phosphinoyloxylethanoic acid.

38. The compound of Claim 33 wherein:
Xis -CH,-;
R is -P(0)(OR%-R7-N(R%)-C(O)R® or -P(O)(OR®%)-R’-N(R®)-C(O)OR®; and



met hyl propyl ) (hydr oxy) phosphi noyl oxy] et hanoi ¢ aci d;

2- (2-fluoro-3-guani di nophenyl )-2-[(1-(1-benzyl oxycar bonyl am no- 2- phenyl et hy
| car bony| Wani3rse632- met hyl pr opyl ) (hydr oxy) phosphi noyl oxy] etrcaniasos/osssr d;

2- (3- guani di nophenyl ) - 2- [ (1- (1- phenyl c: 1 onyl am no- 2- phenyl et hyl car bonyl ) am
i no-2- net hyl propyl ) (hydr oxy) phosphi noyl'dxy] et hanoi ¢ aci d;

2- (3- guani di nophenyl )-2-[(1-(1- ethoxycarbonylanlno 2- phenylethylcarbonyl)an1

2" (3 gudei PRl Y B R O R A B RTP arfesbdtisn i Bk 9 Stingony
: %ngngt ﬁ | rrﬁif lawnohelpyhl)ir@hmxw(aﬁ)@swww%h ONRBCIDNORE, -RENIR®)0h)BRE 3- (am
-(1- benzy?/ogycg:ydg)or@ E{sn rﬁ) N:’(%%@I'%r o%@g)c'&%knﬁ(?&m(lﬁa ’%—RG)Z

met hyl pr opy| -CtOERGNYX DA oN(RI-ENRONYRE)NATRFEC @)HUR38nd TH WPRM(RM
Caim33 wherein: Xis -CH2-; R2is -P(O (OR5)-R7-N(R5) - CjRO
-P(O (OR5) - R7- N(R5) - C( O OR8; and WO 03/ 080631 PCT/ US03/ 08587 -114 R 4 is

aryl optionaldgy smb@taonmoeﬁdbycwm %rsém@jwhsﬁé Plcdnsist fQﬁ'edeIQ\mnbhe

f

IR - G G Imifre) - ek ey ﬁww'vwmwncc» Ro.

ﬁg%) N( R6) 2,phoSioyNoRpanbicRei?, - (O - R7- N(Rgga2 hN(R 5) - C(ld\|R5]2 IC\IJ(R5) 238

e conpound o aim
sel ect eg( 8)Q?W&rf"ﬁ'é0%'6%')@81?1%3('%&&9@8?23‘39%@? PIBIRTHRP- zﬁnitbgg@ﬁvlbro) met hyl
pEenth )-3-(( J(hjdmiﬂ)wﬁdsiphbﬂywrbpéﬁdwa@d et hyl propyl ) (hydroxy) -
osphi anoi c

A <P AR ————" A ——"
yl') - (hydr oxygchosphi noyl ) pr opanoi ¢ aci d;

2- ( 3- I I hyl ) (h h hi
oyl(f gr@@dl no%wen 21y|)3(f1 L ngg)&carboﬁﬁ)ra%% )am noet hyl ) (hydr oxy) phosphi n

ﬁe Eﬁ Iggam di nﬁahggmwﬂ@d(&gmgwaﬁmgh&egzglb) am no- 3-
X | | |
o (3 g AR A GBI o B NS AEER)BPBKPIBROE o

yl) - propanoi acrgi d;
SR S s L e T
(_benzyl 0XY C gghiasphihdyitdpamork-dBicet hyl propyl ) (hydr oxy) phosphi noyl ) pr opanoi c
aci d; 2-(2-chloro-5-guanidinophenyl)-3-((1-(benzyloxycarbonyl)amino-
2-methylpropyl)(hydroxy)phosphinoyl)propanoic acid;
2-(3~(amino)methylphenyl)-3-((1-(benzyloxycarbonyl)amino-2-methylpropyl)(hydroxy)-
phosphinoyl)propanoic acid; and
2-(3-(amino)methylphenyl)-3-((1-(2-phenylethylcarbonyl)amino-2-methylpropyl)-
(hydroxy)phosphinoyl)propanoic acid.

40. The compound of Claim 33 wherein:

Xis -CHy-;

R?is -P(0)(OR%-R’-N(R®)-C(0)-R’-N(R%)-C(O)OR®; and

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, nitro, cyano, -N(R®),, -R’-N(R®),, -N(R®)-C(O)OR?, -R"-N(R®)-C(O)OR?,
-N(R%)-C(0)-R®, -R"-N(R®)-C(O)-R®, -C(O)-N(R®),, -C(O)-N(R®)-N(R®),,
-C(0)-R™-N(R®),, -N(R%-C(NR®)-N(R?),, -N(R®%)-C(0)-N(R®), and -N(R?)-C(0)-R’-N(R%,).

41, The compound of Claim 40 selected from the group consisting of the following:



2- (3- (am no) met hyl phenyl ) - 3- ((1- (benzyl oxycar bonyl ) am no- 2- met hyl propyl ) (hy
droxy) - phosphi noyl ) propanoi ¢ acid; and 2-(3-(am no) net hyl

phenyl ) - 3WQ(B/8&3phenyl et hyl car bonyl ) am no- 2- net hyl pr opyl )RCT/US03/08587

(hydr oxy) phosphi noyl ) propanoi ¢ acid. 4Q, _The conpound of C aim 33 wherein:
Xis -CH2-; R2is -P(O(OR5)-R7-N(R5) - )-R7-N(R5)-C(O) OR8; and R4 is aryl
optionally substituted by one or nore substituents selected fromthe group

consi st of. .al kyl I nitro. cyano, -N(R6)2i -R7-N(R6)2i
"N re) - cpoptanoleng i CpRyodacE R inery | Rs, - Ny RB) - O O - R,
- ﬁg % ) N( RGg 2 ther@ﬂé?yl)ﬂ(aﬂﬁ)nyl‘d(rﬁ@érﬂ%hyl)(@ﬁb%l;&{dﬂgﬁf%%rﬁbérﬁﬁd a&ﬂj\ldRS) ]: N(CI R5) 2, 20
- - - N(. and : - - R7- : . e conmpound o aim
sel ect eg'( (%98ﬁﬁg'ﬁﬁ)8pa?wﬁ’p3"§@ﬁ§%%%cyﬁ%€°§g°?%IPBT%-owi ng: WO 03/080631
PCT/ US03/ 0858fenyiethd)carbonylaminomethyl)(hydroxy)phosphinoyl)propanoic acid.
2- ( 3- guani di nophenyl ) -3-(((1- benzyl oxycar bonyl am no- 2-
phenyl et hyl ) car bonyl am nonet hyl ) (hydr oxy) phosphi noyl ) pr opanoi ¢ aci d;
2;1 (3-|9Uf[’:1Ei Fi ﬂQpheerbﬁaT@\aéélﬁtEbﬁb@jl iﬂ%ﬂsﬁé?@h%éﬁﬁﬁweﬁﬁhﬁgl‘rﬁammal having a 4 a2 A
phenyl e car bonyl anm none dr oxy) phosphi no pr.opanoi ¢ aci d. :
phar macglﬁg?%%? a%n%&%‘?t?ri'ﬁﬁ’ t?.)’stéfcgﬂg'b%ﬁ achiv tWh'ﬁﬁeﬁ’hﬂﬂ%ﬁ‘F&Pt'??A\‘PPWB%{t'on
di seasecempiisescdplidtfizRelfcly BycspuTBRIipiSntaHd &/¢drpouiof forffidd (pceut i cal
conposition conprises a pharnaceuti Cag%é accept abl e exci pient and a
conmpound of forrmula (I): R4 R2- 1 3 -CR(lI) 11 R wherein: RL is
hydr ogen, al kyl, al kenyl, aralkyl, or afalkenyl; R2is -SH -S-C(O-RS,
-P(O (OR5) 2, -P(O (OR5) R6, -P(FQ)—(—CB@_P%- -—NLR6)2,§ -P(Q (OR5)-R -(O) - R8,
-P(O(ORS)-R 7-N(R5)-C(O OR8, -P(O(ORB)-R -NR l}-C(C))-R7-N(R5)-C(C))CR8,
-P(O(OR5)-R7-N(R5)-S(O) 2-R9, or -P(OLPR5)-R7-N(R5)-C(S)-N(R6)2; R3 is
tetrazole, -C(OOR6, -C(OOR-OC(OR5,™-S(0OOR5, -S(0)20R5, -P(O (OR5) 2,
- P(O) (ORbpfdin: or -B(OR5)2; R4 is aryl optionally substituted by one or nore
SUbSU Tt Bt Rdere Lidh, IO Bnd OBt ot 1 o
R%is -SH, -S-C(0)-R®, -P(0)(0OR®),, -P(O)(OR®R?, -P(O)(OR®)-R-N(R®),,
-P(O)(OR®)-R’-C(0)-R?, -P(0)(OR®)-R’-N(R%)-C(O)OR?,
-P(0)(OR%-R’-N(R®%-C(0)-R’-N(R°)-C(O)OR?, -P(0)(OR®)-R"-N(R%-S(0)»-R®, or
-P(O)(OR)-R-N(R’)-C(S)-N(R’):;
R? is tetrazole, -C(O)OR®, -C(0)O-R™-OC(0O)R?, -S(O)OR?, -S(0),OR®, -P(0)(OR®),,
-P(O)(OR®R®, or -B(OR%);
R* is aryl optionally substituted by one or more substituents selected from the group consisting

of alkyl, halo, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl, cycloalkyl, nitro, cyano,
-OR®%, -N(R®),, -R"-N(R%),, -N(R%)-C(O)OR?, -R"-N(R°)-C(O)OR?, -N(R%)-C(0)-R®,
-R"-N(R%-C(0)-R?, ~C(0)-N(R®%),, -C(O)-R’-N(R?®),, -N(R%)-C(NR®)-N(R®),,
-N(R®)-C(0)-N(R%), and -N(R%-C(0)-R"-N(R%,);

or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R%),, -R"-N(R®),, -N(R®)-C(O)OR®,
R"-N(R®)-C(O)OR®, -N(R%)-C(0)-R?, -R"-N(R%)-C(0)-R®, -C(O)-N(R%.,
-C(0)-R™-N(R%)z, -N(R%)-C(NR)-N(R®)z, -N(R*)-C(0)-N(R%); or -N(R’)-C(0)-R™-N(R%),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R?),, -C(NR®-R®, -C(0)-N(R®), or -C(O)-R"-N(R®);;

each R’ is independently hydrogen, alkyl or aralkyl;

each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,



of al kyl, hal o, hal oal kyl, hal oal koxy, nercapto, alkylthio, phenyl,

cycloal kyl, nitro, cyano, -OR6, -N(R6)2, -R7-N(R6)2, -N(R6)-C(0O OR8,

- R - N(R6) wo(@3)o8881 - N(R6) - C(O) - R6, -R7-N(R6)-C(O -R6, - C( BCINIRG)ESS7
-C(O-R7-N(R6) 2, -N(R5)-C(NR5)-N(R5) 2, N(R5)-C(O-N(R6)2 and
-N(R5)-C(O-R7-N(R62); or R4 is N—hetef'a@yclyl wherein a carbon atomin the
N- het erocyclyl nmay be optionally substituted by alkyl, halo, nitro, cyano,

- N( R6) 2i R6
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cyetonl B RNiRncRhER GAGak, 2R «SrpeRiuepi edbiddnakep: Bralikerd
al klyl ene lchahaloétkpky ,@panhd, wtsa;meRCszb d)g),%aegggomﬁ%rwm SO)R? k%k 8%
ar cycl oal g OF
"0 N o) 2 (Criohall bR sy ABoa B BAPRh SRR 2%% ?20534 R’
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aral kyl or aPf¥ e aRe: ! 'ﬁ‘m;iﬂ%’)aﬂio C&gg)ha? ﬁ% o)
(0|tot| onaINI >F/Q6 NZQRSC((D}R ?Cbrélkyli'(wdér@métge@ p p i8o indﬁr@mysubdmlt@@byapkyh agy,ano,
o N R N e O e o
NE) R?)tZ t g(?CW(F%;)C(OQ(RW)éi(a%hﬂl((gherehd(ﬂﬂééaﬁﬁ@}&@))lisE@fﬁallﬁ@@bétmﬂé& byalkylh |
supstitute a ra ro al KO no al 0,
hal oal koxy, a I}ZIW h‘(ﬁ{ é})@g@(oxy (%’@Jj“?&l("li\‘é ha'°ﬂ¥%¥(ﬁ‘®égﬁ)0(
g V\gerel n trﬁcnow(mrgwpmw)@@m@na} Nmewb@tdw Wpﬁdnél sabktitlited | a%dlk l, aaylal kyl,
ydroxy, a ox

tro, halo, | oal kox 6
PN Reno Skt SRRBS s Spiy cvain Piion DS, DRIGALHR: THEC ﬁ(ogﬁgBupC@N(R )
optional Iy sgbsy RG}G(@R y al kyl, aryl, aralkyl, hydroxy, alkoxy, cyano,

t hal o O N R6) C( O R6
bbb B PSR 5 GRS B 2 B pehe] SR il 5] X0 7O
hydroxy, al kokheteratgelgl, RAChH fot MNO)(bmsPRFMHyC(OMFR@rZI - (O OR6,

O N(R6) 2 isd wh O CH wh R4
i SC( a) sfjbszl tu?@(%ﬁf&%ﬁéyﬁdﬁéﬁ Sﬂ@ er ocsgl yl, R2 (E(an) not O[)e o
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or a pharmaceutically acceptable salt thereof.

43. A pharmaceutical composition useful in treating a mammal having a
disease-state characterized by thrombotic activity, which pharmaceutical composition
comprises a pharmaceutically acceptable excipient and a compound of formula (11):

R4
R?—0——C—~R® ()

R1

wherein:

R' is hydrogen, alkyl, alkenyl, aryl or aralkenyl;

R%is -P(O)(OR®),, -P(O)(OR%R®, -P(0)(OR®%-R"-N(R®),, -P(0)(OR®)-R’-C(0)-R®,
-P(0)(OR%-R™-N(R%)-C(0)OR?, -P(0)(OR®)-R"-N(R%)-C(0)-R"-N(R")-C(0)OR?,
-P(0)(OR%)-R’-N(R%)-S(0),-R’, or -P(0)(OR®)-R’-N(R%-C(S)-N(R%),;

R’ is tetrazole, -C(O)OR®, -C(0)0O-R™-OC(O)R®, -S(O)OR?, -S(0),0R®, -P(0)(OR®),,



as a single stereoisoner, a mxture of stereoisoners, or as a racemc

m xture of stereoisoners; or a pharnmaceutically acceptable salt thereof.
43. A phawoasasodscal conposition useful in treating a nmammT/vs808537 a

di sease-state characterized by thronbo i,ﬁ _activity, which pharnaceuti cal
conposition conprises a pharmaceutically acceptabl e excipient and a
conpound of forrmula (11): R4 R2 Ol R3 (11) Rl wherein: Rl is hydrogen,

| kyl | k § | R2 i -P(O(OR5)2, -P(O (0OR5) R6,
"b(D) ey - RVERSOR BB & "5 R () (OR) R Ny (O OB,

- P(O) ( ORb)s @yt oytiRBRNCHLDstRtedN)RS)e G(rapERBIbstituOsEIBBEH-ffom MeRipuStE)shting,
%o - o AR b h B on o Bk RO ] e gt o
PCT/ US03/ 0858®R6,-—MR6)2,-R(—NXI({?)RSI)IR@)—CQ@)OFBS(, NER®)-RAC)BRE-M(R'HBHOPRE] |y
of al kyl - hart Sy S R Mg S OB NER D N BT HRE by o o
cycl oal kyl, ANRD-C(O)-HiR}), ardORER’-CIARER2N(R°B7 - N( R6) 2, - N( R6) - C( O) OR8,
oot SRl e i) e s ety R
- N(R5) - C( O) - Rubstitiea py athyl, Rala, sitiy; byener ¢ LR \M(BP )i -N(R°)a(YOR® at om i n t he
R B SRRSO MR Rt (B
R oy S R R N 1 1
he 1 het o ocy P foiha roeR e Nt Bhy By Shlcciglaosdheg By
- C(NR5) - R6, -C(MB)N(RE),2CGNR)E&OHC RI-NYRRG 0B : C(@)eRT-I&R®),s i ndependent | y
Y ong el R SEa BB sl ST oo L o Paempencint y
cycl oal legble Re is( inpepemaahilyhydntigen, tilkyk dikbyyl aalkyry), arg, artikgl ghdralkenyiyr anched
el CoRaFLE B haB AR 4 I RS YR SITTER Srah Y e
branched al keaflylemeechamajoptioraip sulostitutéy by bixdrbky, merdagly, diidihivg gryl,reycloalrylo,
al kyl thio, ar—NkRe)z?yééCﬂaR}é}lér -C_(&KNQQS)ZZ), or _a%{rg)?g%r’ brgﬁcﬁe%(a%e%g/%%ézc}wéin
(optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),,
-C(O)OR®, or -C(O)N(R®),):;
each R? is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl; and
R® is -R"N(R®)C(O)OR?®, haloalkyl, alky! (optionally substituted by hydroxy, alkoxy, aralkoxy,
haloalkoxy, cyano, nitro, -N(R®), -C(O)OR®, -C(O)N(R®), or -N(R®)C(O)R®), alkenyl
(optionally substituted by hydroxy, alkoxy, haloalkoxy, cyano, nitro, -N(R®),, -C(O)OR®,
-C(O)N(R®) or -N(R%)C(O)R®), aryl (optionally substituted by alkyl, aryl, aralkyl,
hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?, -C(O)N(R®), or
-N(R%)C(O)R®), aralkyl (wherein the aryl group is optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?, -C(O)N(R®),
or -N(R%)C(O)R®), aralkenyl (wherein the aryl group is optionally substituted by alkyl,
aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®,
-C(O)N(R®); or -N(R*)C(O)R®), or N-heterocyclyl (optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR?®, -C(O)N(R®),
or -N(R®C(O)R%;
provided that when R® is -C(O)OH or when R* is a substituted aryl or substituted
N-heterocyclyl, R? can not be -P(0)(OR®)-R’-N(H)-C(O)OR® or
-P(0)(OR%)-R’-N(H)-C(0)-R"-N(R®)-C(O)OR®;



each R8 is independently alkyl, alkenyl, aryl, aralkyl or aral kenyl; and RO
is -R7TN(R6) C(O) OR8, hal oal kyl, al kyl (optionally substituted by hydroxy,

al koxy, awa dsagg631 hal oal koxy, cyano, nitro, -N(R6)2, -C(®CR&K3HAGEO) N( R6) 2
or -N(R6)C(O R6), alkenyl (optionally s‘ggzti tuted by hydroxy, al koxy,

hal oal koxy, cyano, nitro, -N(R6)2, C((s) , -C(ONR6)2 or -N(R6) C(O R6),
aryl (optionally substituted by al kyl, aryl, aral kyl, hydroxy, alkoxy,

cyano, nj.tr . :N(RG) 2. -C(OOR6, -C(OLN(R6)L2 or .

X ey by ol Sefbolg e P of He8lSmei b ps pescsine ShAMESY SIS by

al kyl , @& qlpharnzacautically atoegtainleysaltthéresfy, cyano, nitro, hal o, hal oal koxy,

-N(R6) 2, -C(OOR6, -C(ON(R6)2 or -N(R6)C(O R6), aral kenyl (wherein the

aryl group is optionally substituted by alkyl, aryl, aral kyl, hydroxy,

al koxy, cyandd4. ni tA pharimaceyticabtarapdsition, usefl| Rayehting G(rehkRRl havifd &) N( R6) 2 or
"

- N(R6) het er ocycl vl ptional ly. substituted by alkyl, aryl,
ar al ky %@?%‘85?% C%@%ﬁ %edgl%)l’athgqméﬁ%f% Ia(?,g')v'&a]”g'?ﬁ ﬁ’g?%?%'ﬁfﬁ,' C-¥NPR§§{‘Z",'

- C( O) OR@pmp(R$es) ApRENRcenticalNaREPR{R Bipieptr andi aleshpdiaid Mﬁmd@ililﬁ -C(O H
or when R4 is a substituted aryl or subgtituted Nheterocyclyl, R2 can not
be -P(O (OR5)-R7-N(H) -C(O OR8 or -P(OR(OR5)-R7-N(H)-C(O) -R7-N(R5) - C(O) OR8;
WO 03/080631 PCT/ US03/08587 -118 as single stereoisoner, a mxture of
stereoi soners, or as a racem Rzmxgme(pi—q:z%reoi(mpners; or a
pharmaceutically acceptable salt theredf. 44. A pharmaceutical conposition
useful in treating a mammal having a jisease-state characterized by
thronmbotic activity, which pharmaceuti cal conposition conprises a

phar macadneraial | y accept abl e exci pi ent and a conpound of formula (I111): R4
R2 X i I%&ls(_é'lll_)or_gl_. wherein: Xis -CH2- or -0-; Rl is hydrogen, alkyl,

al kenyl [~ aryl™?or "aral kenyl; R2 is -P(O (OR5)-R7- N(R5) - C(O) R6,

- P(O) ( ORB)s RRIrdgRE pikgY, GHERS, atyl or-aIRBGIRS) - R7- N( R5) - C( O) - R7- N( R5) - C( O) CRS,

S ni i S P B0, CRYETBONORSER NBSIOIROBE o7 1oTE
hal oal koxy, RB(QEPRY;RENE)-CHOPR -DIRHYC(O)OREI oal kyl , nitro, cyano, -OR6,
'N(R6)2’R3"15-7C(B§89|),2’ -N(R6)-C(O OR6, -R7-N(R6)-C(O ORS, -N(R6)-C(O) -Re,
R*is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl, cycloalkyl, nitro, cyano,
-OR®, -N(R®), -R"-N(R®%),, -N(R®)-C(O)OR?®, -R’-N(R°®)-C(O)OR®, -N(R®)-C(0O)-R®,
-R’-N(R%-C(0)-R®, -C(0)-N(R®),, -C(O)-R7-N(R®),, -N(R®)-C(NR®)-N(R®),,
-N(R%)-C(0)-N(R®), and -N(R%)-C(0)-R"-N(R%):
or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R™-N(R®),, -N(R®)-C(O)OR?,
-R"-N(R%-C(O)OR?, -N(R%-C(0)-R®, -R™-N(R%)-C(0)-R®, -C(0)-N(R®),,
-C(0)-R"-N(R%)z, -N(R?)-C(NR?)-N(R®)z, -N(R%)-C(0)-N(R®); or -N(R®)-C(0)-R"-N(R"),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
~C(NR®-N(R®),, -C(NR®)-R®, -C(0)-N(R%), or -C(0)-R"-N(R%),;
each R°® is independently hydrogen, alkyl or aralkyl;
each R’ is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;
each R’ is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,
-N(R®)z, -C(O)OR®, or -C(O)N(R®),), or a straight or branched alkenylene chain
(optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),,
-C(O)OR®, or -C(O)N(R%),); and
each R® is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl;



-R7-N(R6)-C(O -R6, -C(O-N(R6)2, -C(O-R7-N(R6)2, -N(R5)-C(NR5)-N(R5)?2,
-N(R5)-C(O-N(R6)2 and -N(R5)-C(O-R7-N(R62); or R4 is N heterocyclyl
wher ei n awoansmsos3at om i n t he N-heterocyclyl may be opti onadTyusosugsri t ut ed
by al kyl, halo, nitro, cyano, -N(R6)2,1 7- N(R6) 2i - N(R6) - C( O) ORS,
-R7-N(R6) -C(Q) ORS, -N(R6)-C(O)-R6, -R7-N(R6)-C(O)-R6, -C(O)-N(R6)2,
-C(O)-R7-N(R6) 2, -N(R5)-C(NR5)-N(R5)2, -N(R5)-C(O-N(R6)2 or

-N(R5) - r_wher 'nanltroge atom.in terocycl

my be St BRETYCOabeer AR o RoRpe A prass e gfircel S BB MR -
or - C( Opr&phaniabeiticabeadtefablesaittttepefndent | y hydr ogen, al kyl or aral kyl ;
each R6 is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl
or aral kenyl; each R7 is independently cycl oal kyl ene (optionally
substituted #y. al Ryhgthoa oﬁtreatlngha dleeaslmr-statehflﬂdracﬁrlzpd bymrohibbtnc éctpvttjl owvtatH y

substityted b 0X al k R6) 2i
>t oy oot BoalR L KL R U rBira halRo aioenedtele BN OHtized B

(opt i ontirombetichsdtivityua deerayyeutipallyostigctiveearoapitaf aadokngotihd of foernylla (hcycl oal kyl
-N(R6) 2, -C(OOR6, or -C(O)N(R6)2); and, each R 8 is independently alkyl,

al kenyl, aryl, aral kyl or aral kenyl; 03/ 080631 PCT/ US03/08587 _119 as a
single stereoisoner, a mxture of sterepisoners, or as a racenc m xt ure of
stereoi soners; or a pharnacetp{zi—eallﬂy—erceepmébl-eayalt t hereof. 45. A net hod
of treating a disease-state characterizpd by thronbotic activity, which

met hod conprises admnistering to a nma | having a di sease-state
characterized by thronbotic acti vity a therapeutically effective anount of
aconpowhelreu'n‘ formula (1): R4 R2-CH2-C R3 (1) I I R wherein: Rl is

TR Al B e, 80
-P(O) (ORS)s RH NG-REPD)-B OROREOR®)P(ROD) (ORS) R R7P (D EBRB D (RR- N( R5) - C( O) OR8,
Lot rheole, - GOYRIN QR A B SELRIONS) L0 N 59 (0%5)
-P(O)(OR%)-R"-N(R%)-C(0)-R'- N(R5) C(O)OR8 -P(O) (OR5) R’-N(R%-S(0),-R
-P(0)(OR®)-R™-N(R%)-C(S)-N(R)z;
R® is tetrazole, -C(O)OR®, -C(0)0-R™-OC(O)R?, -S(O)OR?®, -S(0),0R®, -P(0)(OR®),,
-P(O)(OR®R®, or -B(OR’),;
R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl, cycloalkyl, nitro, cyano,
-OR®, -N(R%),, -R"-N(R%),, -N(R%)-C(O)OR?, -R"-N(R%)-C(O)OR?, -N(R%)-C(0)-R®,
-R7-N(R®)-C(0)-R®, -C(0)-N(R®)z, -C(0)-R-N(R")2, -N(R’)-C(NR)-N(R°),
-N(R%-C(0)-N(R®%), and -N(R®%-C(0)-R"-N(R®%);
or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®),, -R’-N(R®), -N(R%)-C(O)OR?,
-R7-N(R%)-C(O)OR?®, -N(R%-C(0)-R?, -R"-N(R®)-C(O)-R®, -C(0)-N(R®),,
-C(0)-R"-N(R®)z, -N(R®)-C(NR®)-N(R®)2, -N(R®)-C(O)-N(R®), or -N(R*)-C(0)-R"-N(R"),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R®),, -C(NR®)-R®, -C(0)-N(R%), or -C(0)-R"-N(R®);;
each R’ is independently hydrogen, alky! or aralkyl;
each R® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyi;
each R’ is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,
“N(R®)., -C(O)OR?, or -C(O)N(R®),), or a straight or branched alkenylene chain
(optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -N(R®),,



-P(O(OR5)R6, or -B(OR5)2; R4 is aryl optionally substituted by one or nore
substituents selected fromthe group consisting of alkyl, halo, haloalkyl,
hal oal koxwo osmseapt o, al kyl t hi o, phenyl, cycl oal kyl, nitr®CTcys0$587- OR6,
-N(R6) 2, -R7-N(R6)2, -N(R6)-C(O) OR8, -RgpN(R6)-C(OQ OR8, -N(R6)-(O)-R6,
-R7-N(R6) - (O -R6, -C(O-N(R6)2, -C(O-R7-N(R6)2, -N(R5)-C(NR5)-N(RS) 2,
-N(R5)-C(O-N(R6)2 and -N(R5)-C(O-R7-N(R62); or R4 is N heterocyclyl
wherein a cat@@oﬁﬁomJ le@;ﬁjél) het erocyclyl nmay be optionally substituted
by al kyl, halo, nitro, N(R6) 2, -R7-N(R6)2, -N(R6)-C(O ORS,

-R7-N( R@?C*@quaﬂ@epwﬂema'b('@'kw ey I ivkend. O ) - N( R6) 2,

- O - RT-‘{BN(J?@N?R Rgﬁ ﬁ%ﬁlb‘ﬁ@l SkiRdtionaN Sstifutdd byNeyFaxs, Qikoxy aralkoxy
-N(R5)-C( O - ﬁ( wherein ‘a nitragen atom’in the N egerocycl

nray be opti oﬁalqa OXY, ¥ 8Ne, U't'téfd HﬁR )2 CIROR NCL)HR )20 NG YHEO)R ) calkgpayy( R6) 2
-C(O - R7- 8l &ﬂaﬁ,thufé‘ij byShydﬂ&@zpsmGﬁWh%bbah%%f %Eﬁb rﬁlrdwN(F@;z ﬁli‘(@i)brfzb

each R6 is in gnt , al ken nyl', aryl, aral
or aral kenyl —C@MRWOW(M@&@%M@WH (9Pf¢<y“@l|b§l|'b§§ﬁtué¢$bb3( @ibvh amhiarakyl,

substituted lhydr%kiﬂye{moxyacy%%ahn%thé?é r@i@d\@%?d-N R¢)k¥b®3@)@h%(@)ﬁ€r@% é}nal ly
substituted b&@& oxy, nercapto, al kyl'thio, aryl

_C(O) OR6, or (QRO) 25alkyd>kwi?fr§m tag gyl ooup tis aptionaly %IbﬁﬁﬁﬂiﬂdebVeal&ﬁaﬁl’MR ’

L

R8 is i ndepeﬁﬂéﬂ&ﬂ Y @IRy) aratiferghipherein fre, arﬂr@@%&/'ﬁ O@Flowlwskwwte QM@"‘R@ is

a:qzl(;lgqs) Céro)alda’g;;(l é}ﬂikglahifd%xy BRI, &y@ﬁ&'rﬁﬂ?@'HaYo %HB%NO%W ﬂ@ C( ) N(R6) 2

or -N R6) C OrREINGE )ﬁeﬁ%m%gw%?éfwe@mpm@pwaﬂysmﬁ@a@bv )
hal oal koxy, GyaRg hy&‘ré)(yoalko%}( '392"% nitfd, HaeRRaloalk yO)WL%é%ORN(-B@%@)

aryl (optional lﬂi %u bstirfute al'kyl, aryl, aral r oxy,
cyano, nitro.°"ha(Ro) C(IQéRdal koxy “N(R6) 2, C(O)CRG -C(O N( R6) 2 or

- N( R6) Cl3Vdd thamhéwhs (svs/@@@m of Wﬁeﬁhﬂs 5Kt g@t broﬂ.fi%ﬁtﬁ eyubstituted by

al kyl aryl ar al dr oxy ni aloalkox
ANRE) 2 o rero eyl kcra gt b OMARS S O HEEOIOR] danv (whorei o Lhe

aryl group | SPRW(DRF)@W' M F@L@?)Lpﬁmﬁg) Yo )’tbl.’(fyl aryl, aral kyl, hydroxy,
al koxy, cyano, nitro, | oal NR62 -C(O)O?G C(O)N(R6)2 or
- N( R6) CrepFEdle atﬁrqmcwmeé rEEdre|of @f@ma@ﬁm \Pr ga Bacarie Bt of Bleyeoisameys:

ar al kyl o BB RvAbeufbaif %Y p@a@@Qautnéﬁeep hal o, hal oal koxy, -N(R6)?2i
(0 ORB. )Hé( s e S B . " o ovi ded that when K3 1 s - (O OH
or when R4 is a substituted aryl or substituted

46. A method of treating a disease-state characterized by thrombotic activity, which
method comprises administering to a mammal having a disease-state characterized by
thrombotic activity a therapeutically effective amount of a compound of formula (l1):

R® 1)

X
N
@)
A—QOQ—2

wherein:

R" is hydrogen, alkyl, alkenyl, ary! or aralkenyl;

R?is -P(O)(OR?),, -P(O)(OR®)R®, -P(O)(OR%-R’-N(R%),, -P(0)(OR%-R’-C(0)-R?,
-P(0)(OR®-R’-N(R%)-C(O)OR?, -P(0)(OR%)-R’-N(R%)-C(0)-R"-N(R%)-C(0)OR?,
-P(0)(OR%)-R’-N(R%)-S(0)»-R®, or -P(0)(OR®%)-R’-N(R%)-C(S)-N(R®).;

R® is tetrazole, -C(O)OR®, -C(0)O-R™-OC(0)R?®, -S(O)OR?, -S(0),0R?, -P(0)(OR?),,
-P(O)OR®R®, or -B(OR),;



N- het erocyclyl, R2 can not be -P(O (OR5)-R7-N(H)-C(O OR8 or

-P(O (OR5) - R7- N(H) GO -R7-N(R5)-C(O OR8; as a single stereoisoner, a

m xt ure oWosi3@sesisoners, or as a racem c m xture of steremlmmmmssw or a
pharmaceutically accept abI e salt there 1- 46. A nethod of treating a

di sease-state characterized by thronbot?'c activity, which nethod conprises
admnistering to a mammal having a di sease-state characterl zed by

t hronb 40 a(ftIVIt

t hy ticall f
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- 7 £(O) OR8,
-P(O) (OR5) - RP RI)&S NR) &5?'\5\%% 0 2- R9,
o T N o Ty, o ey acoet a1
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s;}bs]c lktdlgﬁRfﬂs lWhél@ﬁ)c%I lrmwl"eeelﬁlah%trl t{)cr(mabtrﬂnsmé Ndmoéyotylmtdyk e)egjpnopaltyonm sting
or a , a ) al Q OX
C;I%:I KI??I;Q” C(QOHSF'W? dc%%'%yl hg tao ‘N@gf%’) 7&%{{5 ﬁk‘g}@mwgg% ORS,
- ¥ )-860)-RE, RRI-N(RBIG(0§-6 ; REO)-NIRD),- N( R6) 2,
-C(O - R7-N(R6 N 5 R5 N
“N(R5)-C(O) - %ﬁﬁqé‘& 20&%4) ‘%M E’)é%é% o@&%@@%@éﬁ{@(éa%ﬁ RiNBPn t he
NN?% )e r2 ocycl wi wmmrmnbaemcrpge@at@lrd@gn the !Ablséteﬂouy@yi gy = mionalw@gmmg(% %ano
N R @@%ﬁé}%ﬁ? N&:@a»iog@ﬁ&%ﬁ% ﬁﬁ% WRFZ b i) Wiz
- nt or ereln a nitrogen t
t he N—he rlgé: oy @eny Ptlon Lly ubst i tuted by -&NRES%-B&_%)Z,EI omin
_C(NR5) © é('@/epﬁ(‘%’f dragep skt 2 'EE’FYZ)aﬂ‘Vné'aé'P( gk oF AERlks: ﬁently
glyg re ?3leea%rfﬂ;kml:ndypeaﬂahtiyxdyclogmylbnaeopmnilryc&pemtdanﬁiywmwacsgetght at tryphched
e eac
cycl oal kyl endl z;'SB? F%%ﬁl@@'%‘ﬁ@%‘f%i%h@%’r 5“”%395 Péhyﬁ %&F %%"%‘éd
al kyl ene chat REHPIO( RFyorsct(sm(Rm)edr@ytrﬂgm@wancmeaeaqehylenabkqihth| 0,

aryl, cycloajk lp@ﬂh{ g?thtzed byc%yg}oxy mercapto%%Mo r;z/l) byc?orall%/lsf\l(ﬁd)ght or

branched al k
-C(O)OR?, or -C(O)N(R®),);

each R? is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl; and

R® is -R"N(R®%)C(O)OR®, haloalkyl, alkyl (optionally substituted by hydroxy, alkoxy, aralkoxy,
haloalkoxy, cyano, nitro, -N(R®),, -C(O)OR®, -C(O)N(R®), or -N(R®)C(O)R®), alkenyl
(optionally substituted by hydroxy, alkoxy, haloalkoxy, cyano, nitro, -N(R%),, -C(O)OR?,
-C(O)N(R%), or -N(R®)C(O)R®), aryl (optionally substituted by alkyl, aryl, aralkyl,
hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®)s, -C(O)OR®, -C(O)N(R®), or
-N(R®)C(O)R®), aralkyl (wherein the aryl group is optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -C(O)N(R°®),
or -N(R%)C(O)R®), aralkenyl (wherein the aryl group is optionally substituted by alkyl,
aryl, aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®,
-C(ON(R®), or -N(R®C(O)R®), or N-heterocyclyl (optionally substituted by alkyl, aryl,
aralkyl, hydroxy, alkoxy, cyano, nitro, halo, haloalkoxy, -N(R®),, -C(O)OR®, -C(O)N(R®),
or -N(R®C(O)R);

provided that when R® is -C(Q)OH or when R* is a substituted aryl or substituted
N-heterocyclyl, R? can not be -P(0)(OR®)-R’-N(H)-C(O)OR® or
-P(O)(OR®)-R’-N(H)-C(O)-R"-N(R%)-C(O)OR?,



(optionally substituted by hydroxy, nercapto, alkylthio, aryl, cycloal kyl,
-N(R6)2, -C(OOR6, or —-C(ONR6)2); each R8 is independently alkyl,

al kenyl , woyd3joseasal kyl or aral kenyl; and R9 is -R7N(R6) C( ®IR8&03ksdsoal kyl ,
al kyl (optionally substituted by hydro al koxy, aral koxy, hal oal koxy,
cyano, nitro, -N(R6)2i -C(O) ORG, -C(O)ﬁ%:&s)z or -N(R6)C(O R6), alkenyl
(optionally substituted by hydroxy, al koxy, hal oal koxy, cyano, nitro,

-N(R6) 2i _ - . -C(O N(. 2 or -N(R6 O R6 aryl (optionall.
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hydr oxy, al koxy, cyano, nitro, halo, haloal koxy, -N(R6)2i -C(O OR6,
-C(ON(R6)2 or -N(R6)C(O R6); provideg that when R3 is -C(O OH or when R4
is a substituted aryl or substituted het erocyclyl, R2 can not be

- P(OQ) (OR5) - R7-N(H) - ¢(O) OR8 org2-P( S)1=R?- N(HINC( O - R7- N(R5) - C(O) OR8; WO
03/ 080631 PCT/ US03/08587 -122 as a si rlmgl e stereoi sonmer, a m xture of
stereoi soners, or as a racemc m xturelef stereoisoners; or a

phar maceutical |y acceptable salt thereBf. 47. A nethod of treati ng a

di seasewhtmire characterized by thrombotic activity, which nethod conprises
admi ni steri to a mamual having a di sease-state characterized by

t hr onbo i'%‘@gzri%r(?y a therapeutically effective anmount of a conpound of
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R®is -C(O)OH;

R* is aryl optionally substituted by one or more substituents selected from the group consisting
of alkyl, halo, haloalkyl, haloalkoxy, mercapto, alkylthio, phenyl, cycloalkyl, nitro, cyano,
-OR®, -N(R®),, -R’-N(R®),, -N(R%)-C(O)OR®, -R’-N(R%)-C(O)OR®, -N(R®-C(0)-R’,
-R7-N(R®)-C(0)-R®, -C(O)-N(R%), -C(0)-R’-N(R®),, -N(R®)-C(NR®-N(R®),,
-N(R®%)-C(O)-N(R®), and -N(R®)-C(0)-R"-N(R%));

or R* is N-heterocyclyl wherein a carbon atom in the N-heterocyclyl may be optionally
substituted by alkyl, halo, nitro, cyano, -N(R®%),, -R"-N(R®%),, -N(R®)-C(O)OR?®,
-R7-N(R%-C(O)OR?, -N(R®)-C(0)-R®, -R"-N(R%)-C(0)-R®, -C(0)-N(R®),
-C(0)-R™-N(R®)2, -N(R®)-C(NR®)-N(R®)2, -N(R%)-C(0)-N(R%); or -N(R)-C(0)-R™-N(R"),
or wherein a nitrogen atom in the N-heterocyclyl may be optionally substituted by
-C(NR®)-N(R®),, -C(NR®)-R®, -C(0)-N(R®), or -C(O)-R’-N(R®);;

each R’ is independently hydrogen, alkyl or aralkyl;

each R°® is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl or aralkenyl;

each R’ is independently cycloalkylene (optionally substituted by alkyl), a straight or branched
alkylene chain (optionally substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl,
-N(R®),, -C(0)OR?, or -C(O)N(R®),), or a straight or branched alkenylene chain
(optionally’substituted by hydroxy, mercapto, alkylthio, aryl, cycloalkyl, -NR®),,
-C(O)OR?, or -C(O)N(R%)y); and

each R? is independently alkyl, alkenyl, aryl, aralkyl or aralkenyl;



R4 is aryl optionally substituted by one or nore substituents selected from
the group consisting of alkyl, halo, haloal kyl, hal oal koxy, nercapto,

al kyl t hi owqpisesydsr cycl oal kyI ni tro, cyano - CR6, - N( R6)P,T/6983/0848R6) 2,
-N(R6) - C(O OR6, -R7-N(R6)-C( - NC - -R7-N(R6) - C( O - R6,
-C(O-NRB)2, -C(O-R - N(R6)2 -N(R5) R5) N(R5)2 -N(R5)-C(O -N(R6) 2
and -N(R5)-C(O-R7-N(R62); or R4 is Nheterocyclyl wherein a carbon atomin

the N-h r [ ed_by .al kyl itro,
cyano, %E((aa W&E%@Wﬂm‘f@%&é@@%@é of g%%‘a "R ?“‘E%Ef)edgﬁ erdoisomers;

- N( R6) - ©f @phasnaceriically Regerti®) sdtthere6{ O) - N(R6) 2, - C( O - R7- N(R6) 2,

- N(R5) - C( NR5) - N(R5)2 -N(R5) C(O-NR6)2 or -N(R5)-C(O-R -N(R62), or
wherein a nitrogen atomin the N-heterocyclyl nay be optionally substituted
by -C(NR5)-N(R5)2, -C(NR5)-R6, -C(O-N(R6)2 or -C(O-R7-N(R6)2; each R5 is
i ndependently hydrogen, al kyl or aral kyl; each R6 is independently

hydr ogen, al kyl, al kenyl, al kynyl, aryl, aral kyl or aral kenyl; each R7 is

i ndependently cycl oal kyl ene (optionally substituted by alkyl), a straight
or branched al kylene chain (optionally substituted by hydroxy, mercapto,

al kylthio, aryl, cycloalkyl, -NR6)2, -C(OOR6, or -C(ONR6)2), or a
strai ght or branched al kenyl ene chain (optionally substituted by hydroxy,
mercapt o, al kylthio, aryl, cycloal kyl, -N(R6)2, -C(OOR6, or -C(ONR6)2);
and each R8 is independently al kyl, alkenyl, aryl, aral kyl or aral kenyl; WO
03/ 080631 PCT/ US03/08587 -123 as a single stereoisoner, a m xture of
stereoi soners, or as a racemc mxture of stereoisoners; or a
pharmaceutically acceptable salt thereof.




