
1 6 AUG 2004 WU OOi665~? PCT/SEOOi0083a NEW COMPOUNDS FIELD OF THE
INVENTION *cooooz~ s The present invention relates to novel compounds, and
pharmaceutically acceptable salts  thereof, which inhibit basic
carboxypeptidases, more specifically carboxypeptidase U, and  thus can be
used in the prevention and treatment of diseases wherein ,inhibition of
carboxypeptidase U is beneficial. In further aspects, the invention relates
to compounds of  the invention for rise in therapy; to processes for
preparation of such new compounds; to  ~o pharmaceutical compositions
containing at least one compound of the invention, or a pharmaceutically
acceptable salt thereof, as active ingredient; and to the use of the active
compounds in the manufacture of medicaments for the medical use indicated
above. BACKGROUND OF THE INVENTION Fitirinoiysis is the result of a series
of enzymatic reactions resulting in the degradation of  fibrin by plasmin.
The activation of plasminogen is the central process in fibrinolysis. The
cleavage of plasminogen to produce plasmin is accomplished by the
plasminogen activators, tissue-type plasminogen activator (t-PA) or
urokinase-type plasminogen ~o activator (u-PA). Lnitial plasmin degradation
of fibrin generates carboxy-terminal lysine  residues that serves as high
affinity binding sites for plasminogen. Since plasminogen  bound to fibrin
is much more readily activated to plasmin than free plasminogen this
mechanism provides a positive feedback regulation of fibrinolysis. ~~ One
of the endogenous inhibitors to fibrinolysis is carboxypeptidase U (CPU).
CPU is also  known as plasma carboxypeptidase B, active thrombin
activatable fibrinolysis inhibitor  (TAFIa), carboxypeptidase Rand
inducable carboxypeptidase activity. CPU is formed  during coagulation and
fibrinolysis from its precursor proCPU by the action of proteolytir_
enzymes e.o. thrombin, thrombin-thrombomodulin complex or plasmin. CPU
cleaves basic ,o amino acids at the carboxy-terminal of fibrin fragments.
The loss of carboxy-terminal  lysines and thereby of lysine binding sites
for plasminogen then serves to inhibit  fibrinolysis.  



1 6 AUG 2004 WO 00/bb"7 PCT!S;000l00~34 By inhibiting the loss of lysine
binding sites for plasminogen and thus increase the rate of  plasmin
formation, effective inhibitors of carboxypeptidase U would be expected to
facilitate fibrinolvsis. 5 2-mercaptomethyl-3-guanidinoethylthiopropanoic
acid is reported as a carboxypeptidase N  inhibitor. More recently, this
compound has been shown to inhibit CPU, Hendriks, D. et  nf., Biochimica et
Biophysics Acta, 1034 (1990) 86-92. 'o Guanidinoethylmercaptosuccinic acid
is reported as a carboxypeptidase N inhibitor. Vlore  recently, this
compound has been shown to inhibit CPU. Eaton, D. L.., et al., The Journal
of  Biological Chemistry. 266 (1991) 21833-21838. DISCLOSURE OF THE
INVENTION It has surprisingly been found that compounds of the Formula I
are particularly effective as  inhibitors of carboxypeptidase U and thereby
useful as medicaments for the treatment or prophylaxis of conditions
wherein inhibition of carboxypeptidase U is beneficial. ~o In one aspect,
the invention. thus relates to compounds of the general Formula I, R1  XxR2
Y A3 (I) R4 or a pharmaceutically acceptable salt or solvate thereof, or a
solvate of such a salt,  wherein 



R, represents, ~s C,-Co alkyl, substituted with one or more basic Groups
such as amino; amidino and/or ~uanidino; cycloalkyl, substituted with one
or more basic groups such as amino. amidino and/or  guanidino;  1 ' 6 AUG
2004 WO 00/ti6557 PCT/SE00/0083  3 a heterocyclyf, containing at least one
nitrogen atom: heterocyclyf, containing at least one hetero atom selected
from S or O, and substituted with one or more basic groups such as amino,
amidino and/or  auanidino; s or aryl, substituted with one or more basic
groups such as amino, amidino and/or  auanidino, R~ represents H, acyl,
acylatnino, alkyl, alkylcarbamoyl, alkylthio, alkoxy, aroyl,  aroylamino,
aryloxy, arylthio, amidino, amino, aryl, carbamoyl, carboxy, cyano,
cycloalkyl, formyl, ~uanidino, halogen, heterocyciyl, hydroxy, oxo, nitro,
thiol, Z~I~T io CO-O-, ZO-CO-NZ- or ZgN-CO-NZ- group, R; represents COOR;,
SO(OR;), S03R;, P=O(OR;)~, B(OR;)c, P=OR;(OR;), or tetrazole,  or any
carboxylic acid isostere, 



R., represents SH, S-CO-C,-C6 alkyl or S-CO-aryl,  R; represents H, C,-Cb
alkyl or aryl, is R6 represents H or C,-C5 alkyl, X represents O, 5, SO,
SOS, C(Z},, N(Z), NR6S0~, SO~NR6, NR6C0 or CONRo,  Y represents C(Z)~, Z
represents independently H, C,-C6 alkyl, aryl, cycloalkyl or heterocyclyf.
ao Preferred compounds according to the present invention are those of
Formula Y, or a  ,pharmaceutically acceptable salt or solvate thereof, or a
solvate of such a salt,  wherein R, represents, cycloalkyl, substituted
with one or more basic groups such as amino, amidino and/or  ~; ~uanidino;
. heterocyclyf, containing at least one nitrogen atom; . heterocyclyf,
containing at least one hetero atom selected from S or O, and substituted
with one or more basic groups such as amino, amidino and/or guanidino; or
aryl, substituted with one or more basic ;coups such as amino, amidino
and/or  30 ~uanidino; F.~ represents H, acyl, acylamino, alkyl,
alkylcarbamoyl, alkylthio, alkoxy, aroyl,  1 ~ ,Al1G 1004 WO 00/66557
PCB'/SiE00/00834 4 



arovlamino, aryloxy, arylthio, amidino, amino, aryl, carbamoyl, carboxy.
cyano, cycloalkyl. tiormyl, guanidino, halogen. heterocyclyl, hydroxy, oxo.
nitro. thiol, Z~NCO-O-, ZO-CO-NZ- or ZEN-CO-NZ- group, R3 represents COOR;,
R:; represents SH, S-CO-C,-C6 alkyl or S-CO-aryl, R; represents H, C,-Cti
alkyl or aryl, R6 represents H or C,-C6 alkyl, X represents O, S; SO, SOS,
C(Z)~, N(Z), NR6S0=, SO~NRb or CONR6, Y represents C(Z),, ~o Z represents
independently H, C,-C6 alkyl, aryl, cycloalkyl or heterocyclyl. More
preferred compounds according to the present invention are those of Formula
I, or a .pharmaceutically acceptable salt or solvate thereof, or a solvate
of such a salt, wherein is R, represents, cycloalkyl, substituted with one
or more basic groups such as amino, amidino and/or guanidino; heterocyclyl,
containing at least one nitrogen atom; heterocyclyl, containing at least
one hetero atom selected from S or O, and substituted ~o with one or more
basic groups such as amino, amidino and/or guanidino; R~ represents H,
C,-C~ al]<yl, amino, halogen or hydroxy, R; represents COORS, R:~
represents SH, S-CO-C,-C6 alkyl or S-CO-aryl, R; represents H, C,-C6 alkyl
or aryl, 's X represents C(Z}~, Y represents C(Z}-,, Z represents
independently H o: C,-Co alkyl. 



Even more preferred compounds according to the present invention are those
of Formula I, .o or a pharmaceutically acceptable salt or solvate thereof,
or a solvate of such a salt, wherein R, represents,  1 ' 6 AUG 2004 ~'~~O
00/66557 PCT/SP,00/00834 5 cycloalkyl, substituted with one or more basic
groups such as amino, amidino and/or  guanidino; heterocyclyl, containing
at ]east one nitrogen atom;  R~ represents H, F, or C, alkyl, s R~
represents COOR;, R~ represents SH, S-CO-C,-C6 alkyl or S-CO-aryl,  R;
represents H, C,-C6 alkyl or aryl, X represents C(Z)~,  Y represents C(Z)~,
~o Z represents independently H or C,-C5 alkyl. Most preferred compounds
according to the present invention are those of Formula I or a
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a
salt, wherein  R, represents cyclooentyl, pyridyl, pyrimidinyl, piperidinyl
or thiazolyl, is R~ represents H, F, or C, alkyl,  R3 represents COORS, Ra
represents SH,  R; represents H,  X represents CHZ, 



zo Y" represents CHZ, Z represents independently H or C,-C6 alkyl. The
followinj definitions shall apply throughout the specification and the
appended  claims: The term "basic group" denotes a basic group, wherein the
conjujate acid of said basic  group has a pKa of from about -~ to about 2~,
preferably of fron-i 1 to 15. The term "carboxylic acid isostere" denotes
an acidic Group having a pKa of from about -~  ~o to about 2~, preferably
of from 1 to 15.  1 ~ 6 AUG 2004 CVO 00/6657 YET/SE00/00834 6 The term
"C~-C6 alkyl" denotes a straight or branched, saturated or unsaturated.
substituted or unsubstituted alkyl group having 1 to 6 carbon atoms in the
chain wherein the alkyl group may optional!}~ be interrupted by one or more
heteroatoms selected from O, N or S. Examples of said alley! include, but
is not limited to. methyl, ethyl, ethenyl, ethynyl, n-propyl, iso-propyl,
propenyl, iso-propenyl. propynyl, n-butyl, iso-butyl, secbutyl, t-butyl,
butenyl, iso-butenyl, butynyl and straight- and branched-chain pentyl and
hexyl. The term "C~-C; alkyl" denotes a straight or branched, saturated or
unsaturated, io substituted or unsubstituted alkyl group having 1 to 3
carbon atoms in the chain wherein the alkyl group may optionally be
interrupted by one or more heteroatoms selected from O, Nor S. Examples of
said alkyl include, butt is not limited to, methyl, ethyl, ethenyl,
ethynyl, n-propyl, iso-propyl, propenyl, iso-propenyl, propynyl. i; The
term "C ~ alkyl" denotes a substituted or unsubstituted alkyl group having
1 carbon atom. An example of said alkyl include, but is not limited to,
methyl, The term "C,-C6 allcoxy" denotes an alkyl-O-group, wherein C,-C6
aikyl is as derned above. 'o 



The term "C~-C~ alko;cy" denotes an alkyl-O-group, wherein C,-C3 alkyl is
as defined above. The term "heterocyclyl" denotes a substituted or
unsubstituted, 4- to 10- membered ~; monocyclic or multicyclic ring system
in which one or more of the atoms in the ring or rings is an element other
than carbon, for example nitrogen, oxygen or sulfur, especially 4-, ~- or
6-membered aromatic or alifatic hetorocyclic groups, and includes, but is
not limited to azetidine, furan, thiophene, pyrrole, pyrroline,
pyrrolidine, dioxolane, oxathiolane, oxazolane, oxazole, thiazole,
imidazole, imidazoline, imidazolidine, pyrazole, pyrazoline, 3o
pyrazolidine, isoxazole, isothiazole, oxadiazole, furazan,
triazole,'thiadiazole, pyran, pyridine, piperidine, dioxane, morpholine,
clithiane, oxathiane, thiomorpholine, pyridazine, pyrimidine, pyrazine,
pipe-azine, triazine, t}liadiazine, dithiazine, azaindole. azaindoline,  1
' 6 AUG ?004 w0 00/655; PCT/SE00/0083a indole, indoiine, naphthyridine
croups, and shall be understood to include all isomers of the above
identified groups. The term "azetidinyl" shall for example by understood to
include the ?-, and 3-isomers and the terms "pyridyl" and "piperidinyl"
shall for example by understood to include the ?-, 3-, and 4-isomers. s The
term "cycloalkyl" denotes a saturated or unsaturated, substituted or
unsubstituted. nonaromatic ring composed of 3, 4, ~, 6 or 7 carbon atoms,
and includes, but is not limited to cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclooheptyl, cyclobutenyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl, cyctopentadienyl, cyclohexadienyl and cyclo io heptadienyl
groups, The term "halogen" includes fluoro, chloro, bromo and iodo groups.
The term "a-yl" denotes a substituted or uttsubstituted C6-C~:~ aromatic
hydrocarbon and is includes, but is not limited to, phenyl, naphthyl,
indenyl, antracenyl, fenantrenyl, and f'.uorenvl. The term "arvloxy'-
denotes an aryl-O-group, whe:-ein aryl is as defined above. ao The term
"acyl" denotes an alkyl-CO-Qroup, wherein alkyl is as defined above. The
term "aroyl" denotes an aryl-CO-group, ~herein aryl is as defined above. 



The term "alkylthio" denotes an alkyl-S-group, wherein alkyl is as defined
above. ?5 The term "arylthio" denotes an aryl-S-group, wherein aryl is as
defined above. The term "aroylamino" denotes an aroy]-N(Z;-group, wherein
aroyl and Z is as defined above. The term `'acylamino" denotes an
ac~~l-N(Z)-group, wherein acyl and Z is as defined above.  1 ' 6 ~lU~ 2004
CVO 00/66~~7 FCT/SE00/00534  S The term "carbamoyl" denotes a HEN-CO-group.
The term "alkylcarbarnoyl" denotes a Z,N-CO-group wherein Z is as defined
above. ,The term "substituted" denotes an "Ci alkyl", "C,-C3 alkyl", "C,-C6
alkyl", "cycloalkyl",  `'heterocyclyl" or a "aryl" croup as defined above
which is substituted by one or more acyl,  acylamino, alkyl,
alkylcarbamoyl, allcylthio, alkoxy, ai-oyl. aroylamino, aryloxy, arylthio,
amidino, amino, aryl, carbamoyl, carboxy, cyano, cycloalkyt, forTnyl,
~uanidino, halogen, io heterocyclyl, hydroxy, oxo, nitro, thiol, thio,
ZEN-CO-O-, ZO-CO-Iv'Z-, or Z=N-CO-NZ~roups. Nloreover, the compounds of
Formula I wherein R.a is mercapto may be present in the form  of a dimer
which is bonded via -S-S-bond, which is also included in this invention. I5



Both the pure enantiomers, racemic mixtures and unequal mixtures of two
enantiomers are  within the scope of the present invention. It should also
be understood that all the  diastereomeric forms possible are within the
scope of the invention. Also included in the  invention are derivatives of
the compounds of the Formula I which have the biological zo function of the
compounds of Formula I, such as prodrugs. Depending on the process
conditions the compounds of Formula I are obtained either in  neutral or
sal[ form or as a solvate, e.g. a hydrate, and are all within the scope of
the  present invention. ,; Preparation The present invention also provides
the process A-C for the manufacture of compounds  with the general Formula
7. ,o Process A  CVO 00/bb5~7 0 1 ~ 6 AUG 2004  PCT/SE00/00334 Process A
for manufacture ofcompounds with the general Formula I. wherein R,, R;.
R.~,  and Y are as defined above and R, is H, and X is C(Z),, comprises the
following steps: a) Compounds of the general Formula II, R1 -X-OH (II) 



wherein P,, is as defined for Formula I and X is C(Z)~,which are either
commercially  available or are available using known techniques, can be
converted into a compound of  the general Formula III, R, -x-~ (III) io
wherein L is a suitable leaving group, such as chloro, bromo, iodo,
triflate or tosyl, under  standard conditions using a suitable reagent,
such as PPh,/CBra, TosCl/pyridine or  (CF3S0~)~O/TEA. i; b) Compounds of
the general Formula III can thereafter be reacted with compounds of the
general. Formula IV, R2  HOOC~~R3 (IV) wherein R~ and R3 are as defined for
Formula I, which are either commercially available,  or are available using
known techniques, in the presence of a suitable base, such as K~C03 ~o or
NaH, under standard conditions to give compounds of the general Formula V.
R1  I XxR2  HGOC R3 (V) c) Compounds of the General Formula V wherein R,
and R3 are as defined for Formula I and  u is C(Z)~ and R~ is H can
thereafter be converted to compounds of the general Formula VI,  ~ s ' Aug
zooa 



b~0 OOi66"7 PC?iSE00/003 ~4  !0 X,R1 Y~R3 (VIj by treatment with
formaldehyd in the presence of a suitable base, such.as Et~NH, under s
standard conditions. d) Compounds of the general Formula VI can also be
prepared by treating compounds of  the General Formula VII, (R50),OP^R3
(VII) io wherein R3 and RS are as defined for Formula I, with an alkylating
agent of the general  .Formula III in the presence of a suitable base, such
as LDA or NaH, under standard  conditions to give compounds of the general
Formula VIII, X,R1 (R50)ZOP ~R3 (VIII) is e) Compounds of the general
Formula VIII can thereafter be reacted with an appropriate  aldehyde or
ketone OC(Z)~, in the presence of a suitable base, such as KOtBu, LDA or
NaH, under standard conditions to Give a compound of the general Formula
VI. 



'o f) Compounds of the Genera] Formula VI can be further reacted with
compounds of the  general Formula LX, R5-SH (I:{)  1 6 AlJG 2004 WO
00/66~~7 PCT/SF00/OOS34 wherein R; is a suitable protecting group, such as
Ac, Bz, P~iB or Pin, alone or in the  presence of a suitable base. such as
Na0ivle, I~'aH or triethylamine or alternatively in the  presence of
afree-radical initiator, such as AIBN under standard conditions to give
compounds of the general Formula I. wherein R,, R;, R,~, and Y are as
defined for Formula I and R, is H and X is C(Z)~. Process B Process B for
manufacture of compounds with the general Formula I, wherein R~, R-,, R3,
io and R:~, are as defined in Formula I and Y is CHI, and X is O, S, SO,
SO,, C(Z)~, or N(Z),  comprises the following steps: a) Reacting a compound
of the general Formula X,  Rt-x-t~ (X) wherein R, is as defined for Formula
I and X is O, S, or N(Z), with an alkylating agent of the general Formula
XI, L J~ (~)  R2 R3 



?0 wherein R~ and R~ are as defined for Formula I and L is a suitable
leaving group, such as a  chloro, bromo, iodo, trifiate or tosylate Group,
under standard conditions using suitable  reagents, such as NaH, ,4g,C0;,
or Bu~NHSO:,~NaOH, to give compounds of the general  Formula XII, X,R1  I
R2^R3 (XII) ,;  1 6 AUG 2004 VVO 00/6655? .PCT/SEUO/00834 1? bj Compounds
of the senora! Formula XII can thereafter be reacted with carbon dioxide in
the presence of a suitable base, such as LDA or KHvIDS under standard
conditions to give a compound of the general Formula XIII. R1 I xx R2
(XIII) HOOC R3 5 (c) Compounds of the general Formula XIII can thereafter
be reacted with an alkyl chloroformate, such as CICOONIe in the presence of
a base, such as triethylamine, and 



~ thereafter reducing the formed mixed anhydride with a suitable reducing
agent, such as NaBHq, under standard conditions, to Give a compound of the
general Formula XIV R1 I X R2 ~R3 OH (XIV) to (d) Compounds of the general
Formula ~:IV may thereafter be reacted with a compound of the general
Formula IX R5 -5H (IX) wherein RS is a suitable protecting group, such as
Ac or Bz, in the presence of a suitable is reagent, such as PPh;,~DLaD,
under standard conditions to Give compounds of the general Formula I,
wherein R,, R~, R;, and R.~ are as defined above and Y is CHI and X is 0,
S, C(Z)~, or i~i(Z). e) Compounds of the general Fonlula I, wherein R,, R~,
R;, R~, and Y are as defined above ~o and and X is S may thereafter be
reacted with a suitable oxidizing reagent, such as MCPFiA under standard
conditions to give compounds of the aet~eral Formula I, wherein R,, R~, R3,
R.~ and Y' are as defined above and and X is SO or SOS.  1 ~ 6 AUG 2004 WO
00/bb557 PCT/SEGO/OOS34  l3 Process C 



Process C for manufacture of compounds with the general Formula I, wherein
R,, R,, R;,  P,~, and Y, are as defined above and X is i'JRoCO, CONR~,
SO~NR6 or NRoSO~ comprises  s the following steps: a) Reacting a compound
of the General Formula XV, R6HN~R?  Y R3  I SRS (XV ) wherein R~, R~, R6
and Y are as defined for Formula I and R5 is a suitable protecting  io
croup, such as Ac, Bz, PNIB or Bn, with a compound of the general Formula
XVI, R1-X (XVI) wherein R, is as defined forFormula I and X is COON or
SO~CI in the presence of suitable  coupling reagents, such as PyBOP/DIPEA,
DCC/~IOBt, >/DC~ErJDM.AP or pyridine  under standard conditions to give
compounds of tine General Formula I, wherein R,, R~, R3,  R.:, and Y, are
as defined above and X is NRoCO or I~~R6S0~. b) Reacting a compound of the
general Formula XVI?, i xxg2  ~ R3 (XVTI) SR5 wherein R~, R3, and Y are as
defined for Formula I and X is COON or SO~CI and R; is a  suitable
protecting group, such as Ac, Bz, P1viB or Bn, with a compound of the
general  Formula XVIII, Rs-NHZ (k^VIII)  



1 ~ 6 AUG 2004 1~V0 00/6657 ~'CT/SE00/00333 14 wherein F.6 is as defined
for Formula I in the presence of suitable coupling reagents. such  as
P}'BOP/DI?'EA, DCC/HOBt, EDC/TE:a/DivIAP or pyridine under standard
conditions  to give compounds of the general Formula I, wherein R,, R,. Rj,
Ra and Y are as defined  above and X is CONR6 or SO~NRti. s It will be
appreciated by those skilled in the art that in the processes described
above the  functional groups of intermediate compounds may need to be
protected by suitable  protecting croups. io Functional groups. which it is
desirable to protect. include hydroxy, amino, mercapto and  carboxylic
acid. Suitable protecting groups for hydroxy include trialkylsilyl or
diarylalkylsilyl (e.g. t-butyl.dimethylsilyl, t-butyldipheny[silyl or
trimethylsilyl), tetrahydropyranyl  and benzyl. Suitable protecting groups
for amino, amidino and guanidino include tbutyloxycarbonyl and
benzyloxy-carbonyl. Suitable protecting groups for mercapto is include
CO-C1_6 alkyl, p-methoxybenz;~l and trityl. Suitable protecting Groups for
carboxylic acid include C ~ _6 alkyl and benzyl esters. Protecting groups
may be removed in accordance with techniques, ~.vhich are well known  to
those skilled in the art and as described hereinafter. Certain protected
derivatives of compounds of Formula I, which may be made prior to a  final
deprotection stage to forth compounds of Formula I, are novel. The use of
protecting groups is described in 'Protective Groups in Organic Synthesis',
2nd  as edition, T.W. Greene & P.G.M. `~%utz, Wiley-Interscience (1991).
The protective Group may also be a polymer resin such as Wang resin or a
?-chorotrityl chloride resin. It will also be appreciated by those skilled
in the art, although such protected derivatives of  compounds of FotTnula I
may not possess pharmacological activity as such, they may be ;o
administered parenterally or orally and thereafter metabolised in the body
to form  compounds of the invention which are pharmacologically active.
Such derivatives may 



1'~ AUG 2004 wo ooiboss ~ ><~cTis>EOOioos~:s  is therefore be described as
"prodruQs". ill prodruos of compounds of rormula I are included  within the
scope of the invention. It should also be understood that all polymorphs,
amorphous forms, anhydrates. hydrates,  ; solvates of the compounds of the
present invention are within the scope of the invention. Pharmaceutical
formulations In yet a further aspect., the invention relates to
pharmaceutical compositions containing at  tc> least one compound of the
present invention, or a pharmaceutically acceptable salt thereof,  as
active ingredient. For clinical use, the compounds of the invention are
formulated into pharrr:aceutical  formulations for oral, intravenous,
subcutaneous, tracheal, bronchial, intranasal, i; pulmonary, transdermal,
buccal, rectal, parenteral or other mode of administration. The
phar:~zaceutical formulation contains a compound of the invention in
combination with orie  or more pharmaceutically acceptable ingredients. The
carrier may be in the form of a solid,  Berri-solid or liquid diluent, or a
capsule. These pharmaceutical preparations are a further  object of tine
invention. Usually the amount of active compounds is between 0.1-95% by  ~o
weight of the preparation. In the preparation of pharmaceutical
formulations containing a compound of the present  invention the compound
selected may be mixed with solid, powdered ingredients, such as  lactose,
saccharose, sorbitol, mannitol, starch, amyiopectin, cellulose derivatives,
Gelatin, as or another suitable ingredient, as well as with disintegrating~
agents and lubricating agents  such as magnesium stea.rate, calcium
stearate, sodium stearyl fumarate and polyethylene  glycol waxes. The
mixture may then be processed into granules or pressed into tablets. Soft
gelatine capsules may be prepared with capsules containing a mixture of the
active  ;o compound or compounds of the invention, vegetable oil, fat. or
other suitable vehicle for  soft gelatine capsules. Hard gelatine capsules
may contain granules of the active compound. Hard gelatine capsules may
also contain the active compound in combination  1 ' 6 AUt', 2004 



WO 00/66~~7 i'C'T/SEUO/Odo34 16 s io with solid powdered ingredients such
as lactose, saccharone, sorbitol, mannitol, potato starch, cornstarch.
amylopectin, cellulose derivatives or gelatine. Dosage units for rectal
administration may be prepared (i) in the form of suppositories which
contain the active substance mixed with a neutral fat base; (ii) in the
form of a gelatine rectal capsule which contains the active substance in a
mixture with a vegetable oil, paraffin oil or other suitable vehicle for
gelatine rectal capsules; (iii) in the form of a ready-made micro enema; or
(iv) in the form of a dry micro enema formulation to be . reconstituted in
a suitable solvent just prior to administration. Liquid preparations may be
prepared in the form of syrups or suspensions, e.g. solutions or
suspensions containing the active ingredient and the remainder consisting,
for example, of sugar or sugar alcohols and a mixture of ethanol, water,
glycerol, propylene glycol and polyethylene glycol. If desired, such liquid
preparations may contain colouring agents, is flavouring agents,
preservatives, saccharine and carboxymethyl cellulose or other thickening
agents. Liquid preparations may also be prepared in the forth of a dry
powder to be reconstituted with a suitable solvent prior to use. Solutions
for parenteral administration may be prepared as a solution of a compound
of the ,o invention, in a pharmaceutically acceptable solvent. These
solutions may also contain stabilizing ingredients, preservatives and/or
buffering ingredients. Solutions for parenteral administration may also be
prepared as a dry preparation to by reconstituted with a suitable solvent
before use. ~s The typical daily dose of the active substance varies within
a wide range and will depend on various factors such as for example the
individual requirement of each patient, the route of administration and the
disease. 7n General, oral and parenteral dosages will be in the range of 0.
i to 1000 ma per day of active substance.  ~ ~ ~ our X004 ~vo oor66~s7
PCT/Si00/OOS34 l7 



Medical and pharmaceutical use The compounds of the invention are
inhibitors of carboxypeptidase Ueither as such or, in  the case of
prodrugs. after administration. The compounds of the invention are thus
expected to be useful in those conditions where inhibition of
carboxypeptidase U is  beneficial, such as in the treatment or prophylaxis
of thrombosis and hypercoagulability in  blood and tissues of mammals,
including man. It is known that hypercoa~ulability may lead to
thrombo-embolic diseases. Conditions  ~o associated with hypercoaguiability
and thrombo-embolic diseases which may be mentioned include protein C
resistance and inherited or aquired deficiences in  antithrombin III,
protein. C, protein S and heparin cofactor I1. Other conditions known to be
associated with hyper-coagulability and thrombo-embolic disease include
circulatory and  septic shock, circulating ar.tiphospholipid antibodies,
homocysteinami, heparin induced i5 thrombocytopenia and defects in
fibrinolysis. The compounds of the invention are thus  indicated both in
the therapeutic and/or prophylactic treatment of these conditions. The
compounds of the invention are further indicated in the treatment of
conditions where there  is an undesirable excess of ~roCPU/CPU. ~o
Particular disease states which may be mentioned include the therapeutic
and r`or prophylactic treatment of venous thrombosis and pulmonary
embolism, arterial thrombosis (e.g. in  myocardial infarction. unstable
angina, thrombosis-based stroke and peripheral arterial  thrombosis) and
systemic embolism usually from the atrium during arterial fibrillation or
from the left ventricle after transmural myocardial infarction.. Moreover,
the compounds of the invention are expected to have utility in prophylaxis
of  re-occlusion and restenosis (i. e. thrombosis) after thromboiysis,
percutaneous trans-]uminal  angioplasty (PTA) and coronary bypass
operations; the prevention of re-thrombosis 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 a..^.y other  1 ~ 6
AIIC 2004 WO 00/66557 PCTISE00/00834  IS mechanism, fibrinolytic treatment
when blood is in contact with foreign surfaces in the  body, such as
vascular Drafts, vascular stems; ~asculai~ catheters, mechanical and
biological  prosthetic valves or any other medical device. and tibrinolytic
treatment when blood is in  contact with medical devices outside the body,
such as during cardiovascuiar surgery using  a heart-lung machine or in
haemodialysis. The compounds of the invention may also be combined and/or
coadministered with any  antithrombotic agent with a different mechanism of
action, such as the antiplatelet agents  acetylsalicylic acid ticlopidine,
clopidogrel, thromboxane receptor and/or synthetase io inhibitors.
fibrinogen receptor antagonists, prostacyclin mimetics and
phosphodiesterase  inhibitors and ADP-receptor (PST) antagonists acid
thrombin inhibitors. 



The compounds of the invention may further be combined and/or
coadministered with  thrombolytics such as tissue plasminogen activator
(natural, recombinant or modified), ~s streptokinase, urokinase,
prourokinase, anisoylated plasminogen-streptokinase activator  complex.
(.4PSAC), animal salivary gland plasminogen activators, and the like, in
the treatment of thrombotic diseases, in particular myocardial infarction
and stroke. In vitro experin~cents The inhibiting effect of the compounds
of the present invention was estimated using the  assay described in: Dirk
Hendriks, Simon Scharpe and Marc van Sande, Clinical  Chemistry, 31,
1936-1939 (1985); and Wei Wand, Dirk F. Hendriks, Simon S. Scharpe,  The
Journal of Biological Chemistry, 259, 1 X937-15944 (1994}. EXAMPLES
General Experimental Procedures Mass spectra were recorded on a Finnigan
M.AT TSQ 700 triple quadropole mass  spectrometer equipped with an
electrospray interface (F.4B-MS) and VG Platform II mass  ~o spectrometer
equipped with an electrospray interface (LC-MS). ~H NIv1R and ~'C NMR
measurements v.~ere performed on Varian tiNITY plus 400. X00 and 600
spectrometers.  operating at ~H frequencies of 400, X00 and 600 NII-lz
respectively. Chemical shifts are  1 ~ 6 AUG 2004 CVO 00/6557
:pCTiSE00100834 19 given in ppm with the solvent as internal standard.
Organic extracts were dried using  MgSO~ or va,SO~ as the drying agent.
Chromatography separations were performed using  Merck S ilica Qe] 60
(0.063-0.200 mm). HPLC separations were performed on a  HIGHCRONI
KR100-1OC8 column. 5 Example 1
2-1ylercaDtomethyl-3-piperidin-4-vl-propionic acid 



(a) 3-Piperidin-4-yl propionic acid io .A. solution of
3-pyridin-4-yl-acrylic acid (4.20 g, 28.0 mmol) in water (~0 mL) and
ammonia (aq, 26 %, 4 mL) was hydrogenated at 60 bar in a high pressure
steel autoclave in  presence of ruthenium (~ % on aluruna, 439 m,;). When
hydrogen pressure remained  constant (3 days) the catalyst was removed from
the reaction mixture by filtration. The  catalyst was washed with ethanol
and water, and the ethanol ,vas removed from the i> solution on a rotavapor
and the aqueous solution vvas freeze dried to jive
3-piperidin-^-ylpropionic acid (4.30 g, 100 %). (b)
4-12-carboxy-etl~vli-piperidine-l-carboxylic acid tert-butyl ester A
solution of 3-piperidin-4-yl-propionic acid (4.79 ~, 30.E mmol),
di-tert-butyl ao dicarbonate (6.98 ~, 32.0 mmol) and NaHCOi (2.69 g, 32.0
mmol) in THFiwater (1:1, 50  mL) were stirred at room temperature for 22 h.
Another portion of di-tert-but_yldicarbonate (2.00 g, 9.10 mmol) was added
together with a catalytic amount of DN1AP, the  resulting mixture was
stirred for another four days. THE was removed under reduced  pressure and
the aqueous phase was extracted with CH~CI~. The aqueous was then acidified
~; to pH 2 with 1M HC1 and the acid extracted with CH~Cl,.The combined
organic extracts  were washed with brine, dried and concentrated in vactiro
to yield 4-(2-carboxy-ethyl)piperidine-l-carboxylic acid tert-butyl ester
as a white solid (6.36 g, 81 %). 1 (c)
4-(3-Benzvlsulfanvl-2-carboxy-proovl)-piperidine-l-carboxylic acid
tert-butyl ester ;n BuLi (1.6 M, 1~.3 mL, 24.4 mmol) was added to a
solution of diisopropylamine (3.43 mL, ?4.4 mmo]) in THE (3 mL) at -78C
under argon. After a few min the solution was  allowed to warm up to room
temperature over a period of 1~ min. The resulting LDA  '~1 ~ 6 l~li~ 2004
WO 00/6657 PCT!SE00/00834 20 



solution vas slowly added to a solution of ?-(?-carbo::y-eth;-l
)-piperidine-l-carboxylic acid t~yt-butyl ester (3.07 g. 1 1.9 mmol) in THE
(7 mL) at -7S`'C. The resulting solution was stirred at -78C for I 0 min.,
THE (30 mL) was added during that time in order to dissolve the anion which
had solidified. The dianion vas cooled to -7SC and ~ bromomethyl
thiobenzylether (3.72 g, 12.5 mmol) was added as a solution in T HF (3 mL),
the solution was stirred at -7SC for 30 min, at 0C for 30 min and then
allowed to warm up to room temperature and stirred overnight. The reaction
mixture was acidified with 1 iv1 HCI, diluted with EtOAc and the organic
phase was washed with water and dried. The crude product was puriFied by
flash chromatography (1~IeOH/CHC13,1:9) to yield 4-(3 io
Benzylsulfanyl-2-carboxy-propyl)-piperidine-l-carboxylic acid tent-butyl
ester as a pale yellow oil (3.13 g, 66 %). (d)
4-(?-Carboxy-3-mercaoto-nropvl'~-oiperidine-I~-carbo:.vlic acid tert-butyl
ester Sodium metal (5 i 3 ma, 2?.5 mrnol) vt~as added in portions during 5
min. to a solution of =>i;
(3-Benzylsulfanyl-?-carboxy-propyl)-piperidine-l-carboxylic acid tert-butyl
ester (0.9 ~, 2.29 rnmol) in THE (45 mL) and liquid ammonia (50 mL) at -60C
under argon. After stirring for 15 miP. ammonium chloride (1.7 g, 31.5
mmol) was added in portions. The cooling bath was removed and the ammonia
was evaporated using a stream of arson. 0.5 Ivl NaOH ~va5 added and the
mixture was washed with hzptane. The agL:eeus phase tivas ~o acidified with
2 M HCl and extracted with methylene chloride. The organic phase was washed
with brine, dried and concentrated under reduced pressure to give
4-(?-carboxy-3me~capto-propyl)-piperidine-l-carboxylic acid ter!-butyl
ester (0.7 g, 100 %). (e) '?-iulerca~tomethyl-3-piperidin-4-vl-pro ionic
acid 's To a solution of
4-(2-carboxy-3-mercapto-propyl)-piperidine-l-carboxylic acid ter;-butyl
ester (0.7 g, 3.29 tnmol} in methylene chloride (8 mL) under argon was
added triethylsilane (731 L, 4.58 mmol) followed by TFA (4 mL). The
reaction mixture was stirred for 60 nun. and then concentrated under
reduced pressure. Purittcation by HPLC (10 --j 30 oIo acetonitriie, 0.1 eIo
TFA in water) gave the title compound as the TFA salt (?'17 mg, 61 90). ~o
~H NMR (400 MHz, DSO): S .1.3?-1.50 (m, 2H), 1.54-1.76 (m, 3H}. 1.90-1.99
(m, 1H), 2.0-3.1 (m, 1H), 2.9-3.05 (m, SH), 3.35-3.48 (m, 2H). ;vIS (+) 204
(M+l ).  1 ~ 6 AUG 2004 ~,Y~O 00/6667 PCT/SE00/0034 "' 1 Example 2
3-(1-Acetyl-~ioeridin-4-vll-?-mercar~tomethvl-prooionic acid 



A. solution of 2-Mercaptomethyl-3-Piperidin-4-yl-propionic acid TFA salt
(0.1 g. 0.32 s mmoi) in acetic anhydride (2 mL) was stirred over night
under argon and then concentrated  under reduced pressure. Purification by
HPLC (IO --~ 50 ~o acetonitrile, 0.1 ~o TFA in  water) gave the title
compound (63 m~, 80 %). ' I-i 1~iiV1R (500 NIHz, CD30D): S 1.0-1.22 (m,
2H), ] .46- l . ~~ (m, 1 H), 1.55- I.66 (m, 2 H), ~ 1.67-1.79 (m, 1H),
1.81-1.92 (m, 1H), 2.08 (s, 3H),'?.55-2.73 (m, 4H), 3.03-3.12 (m, IH),
13.~.83-3.94~~(m, 1 H); 4.45-4.63 (m, 1 H). 1~'1S (T) 246 (1~I+ I ).
L-xamole. 3 i~ 3-M~rcapto-~-methyl-?-Diperidin-4-ylmethvl-hexanoic acid (a)
4-Hvdroxvmethvl-piperidine-[-carboxylic acid tert-butyl ester To a solution
of , 4-(hydroxymethyl)piperidine (5.00 ~, 43.41 mmoi THF/ HBO (1:1, 120
r.-iL) was added di-t-butyl dicarbonate (9 ~7 g, 43.41 mmoi). The reaction
mixture was ~o stirred for 16 h at room temperature. The reaction mixture
was then poured into HBO (500  mL) and extracted with ethyl acetate (3 x
250 mL). The organic layers were combined and  washed with water. The
organic layer was dried over sodium sulfate, filtered, and then
concentrated under reduced pressure to ?ive
4-hydroxymethyl-piperidine-l-carboxylic acid  tert-butyl ester (9.O1 g,
96%). ,; (b) 4-Brornornethvl-piperidine-l-carboxylic acid tern-butyl ester
To a solution 4-hydroxymethyl-piperidine-l-carboxylic acid tort-butyl ester
(8.75 g, 40.64  rnmol) in diethyl ether (200 mL) at 0C under nitrogen. were
added triphenyl phosphine  (21.32 g, 81.28 mmoi) and carbon tetrabromide
(26.96 g, S 1.28 mmoi). The mixture was ~o allowed to warn to room
temperature and stirred under nitrogen for 48 h. The reaction  mixture was
filtered through a pad of Celite and the organic filtrate was washed with 5
oIo  i`laS~O;, water, brine, and dried. The mixture was filtered and
concentrated under reduced  



1 6 ~1UG 2004 tiV0 00/66557 PCTrS~00t0033a pressure. The crude product was
purified oy column chromatography (ethyl  acetate/hexane, 1:9) to give
4-brotnomethyl-piperidine-l-carboxylic acid tort-butyl ester s (c)
4-f~-te,-t-Butoxvcarbonvl-2-(diethoxy-nhosphorvl)-ethyl)-oiperidine-l-carbo
xylic acid  tert-butyl ester tert-Butyl diethylphosphonoacetate (7~.0 ~,
297.32 mmol} was added dropwise to a  suspension of sodium hydride (8.03 g,
334.58 mmol) in DMF (4~0 mL) at 0C under  nitrogen. The rnixtu.re vas
stirred at 0C for 0.5 l; and at room temperature for 0.5 h. 4 ~
bromomethyl-piperidine-l-carboxylic acid tert-butyl ester (20.68 ~, 74.34
.mmol) in DMF  (50 rnL) was added dropwise to the reaction mixture and the
reaction was heated to 60C  and stirred for 16 h. 1-he reaction was cooled
to room temperature, poured into HBO and  extracted with ethyl acetate. The
organic layers were combined and washed with water.  The organic layer was
dried, filtered, and concentrated under reduced pressure. The crude ~s
product was purified by column chromatography (ethyl acetate hexane, 3:7)
to give
4-[2tert-Butoxycarbonyl-2-(diethoxy-phosphoryl)-ethyl]-piperidine-l-carboxy
lic acid tertbutyl ester ar~d unreacted t-butyl dieth;~lphosphonoacetate.
The product was 47 Co pure by  HPLC. The product was further purified by
vacuum distillation to give 77 % purity. This  mixture was taken on to the
next reaction. 'o (d)
4-(2-tert-Butoxycarbony)-~-methyl-hex-2-env))-oioeridine-l-carboxvliic acid
tert-butyl  ester
4-[2-tert-Butoxycarbony)-2-(diethoxy-phosphoryl)-ethyl]-piperidine-l-carbox
ylic acid  tert-butyl ester(8.1 g) in 20 mL DME was added dropwise to a
suspension of sodium ~; hydride (1.04 ~, 43.13 rnmol) in DME (20 mL) at 0C
under nitrogen. The mixture was  stir.~ed for 0.7~ h and isovaleraldehyde
(7.76 g, 90.1 mmol) was added dropwise to tine  mixture. The mixture was
allowed to warm to room temperature and stirred for 48 h. The  mixture was
diluted with ether and washed with water. The organic layer was dried,
filtered; and concentrated under reduced pressure to Give 9.=1 g of a
yellow oil. The crude 3o product was purified by column chromatography
(ethyl acetate hexane, 1.:30) to give 4-(?
tert-butoxycarbonyl-~-methyl-hex-2-enyl)-piperidine-l-carboxylic acid
tern-butyl ester  (1.~3 g, 2~ Vic) for two reactions.  1 6 -AUG 200 



CVO 00/60~~7 PCT/SE00/00334  ;,~ (e) 4-(2-re;
~r-)3utoxvcarbonvl-3-f4-methoxv-benzvlsulfanvll-~-methvl-hexvll-Dioeridine-
lcarboxylic acid tort-butvl ester . A solution of
4-(?-tort-butoxycarbonyl-~-methyl-hex-2-enyl)-piperidine-l-carboxylic acid
tort-butyl ester (2.0 Q, 3.?~l mmoll in DiVIF (~ mL) was added to a mixture
of potassium  r_arbonate (0.54 g, 3.93 mmol) and 4-methoxy-cc-toluenethiol
(1.17 ~, 10.48 mmol) in  DMF (~0 mL) under nitrogen. The mixture was re
fluxed for ~ h and allowed to cool to  room temperature. The reaction
mixture was then poured into HBO and extracted with ethyl  acetate. The
organic layers were combined and washed with water. The organic layer was o
dried, filtered and concentrated under reduced pressure to give 3.76 ~ of
crude material.  The crude product was purified by column chromatography
(ethyl acetate/hexane, 1:10) to  give
4-(2-te,-t-butoxycarbonyl-3-(4-methoxy-benzylsulfanyI)-~-methyl-hexyl]-pipe
ridire1-carboxylic acid tort-butyl ester (1.77 ;, 63 %). ~s (f)
?-Z'Ierca~to-~-methvl-2-~i~~eridin-~-vlmethvl-hexanoic acid A mixture of
HBO (2.6 mL) and TFA (26 mL) was frozen and then allowed to warm to  room
temperature under nitrogen.
4-[2-tert-butoxycarbonyl-3-(4-methoxy-benzylsulfanyI)~-methyl-hexyl]-piperi
dine-l-carboxylic acid tort-butyl ester (2.62 g, 4.89 mmol) was added ar,d
the mixture was refluxed for 16 h. The mixture was allowed to cool to room
~o temperature and concentrated under reduced pressure. The crude product
was purified by reverse-phase column chromatosrapFiy (NIeOH/H~O, 3:2) to
give the title compound as the  TFA salt (0.40 g, ?2 %). i 'H NMR (300
NIHz) (CD~OD) S 0.88 (d,), 0.94 (d,), 1.43 (m), 1.70 (br),  ~~ 1.94 (m).
2.48 (m), 2.90 (m), 2.99 (br), 3.34 (m). . MS (+) ?60.2 (lvi-TFA). )/xamnle
4  3-Ivlercauto-4-phenyl-?-oioeridin-4-vlmethvl-butyric acid ~o  ~ s auc
zoo4  WU 00/66557 PCT/SEflO/OQ834 



(a) ~-l2-tent-Butoxvcarhonvl-=~-phenyl-but-2-envl)-Diperidine-l-carbo~ylic
acid tern-butyl  ester A solution of
4-[2-tent-butoxycarbonyl-?-(diethoxy-phosphoryl)-ethyl]-piperidine-lcarboxy
licacid tent-butyl ester 13.0 Q) in DME (8 mL) was added dropwise to a
suspension  s of sodium hydride (0.26 a, .10.51 mmol) in DNIE (8 mL) at 0C
under nitrogen. The mixture was stirred for 0.75 h. Phenyl acetaldehyde
(5.26 m, 43.81 mmol) was added dropwise to the mixture at 0C. The mixture
was allowed to warm to room temperature  and stirred for 16 h. The mixture
was diluted with ether and washed with water. The  organic layer was dried,
filtered, and concentrated under reduced pressure to give 8.6 g of a ~o
yellow oil. The crude product was purified by column, chromatography (ethyl
acetate/hexane, 1:~0 --~ 1:10) to give
4-(2-tent-butoxycarbonyl--~-phenyl-but-2-enyl)piperidine-l-carboxylic acid
tent-butyl ester (].3? ~, 6? % yield) for t~vo reactions. (b)
4-[2-tent-Butoxvcarbonyl-~-(=1-methoxy-benzvlsulfanvll-~--Fhenvl-butyl i
piperidine-ii5 carboxylic acid tort-butyl ester.
4-(2-tent-Butoxycarbonyl-4-phenyl-but-2-enyl)-piperidine-l-carboxylic acid
tent-butyl  ester (0.8 g, 1.93 mrnol) in DNIF (10 mL) was added to a
suspension of potassium.  carbonate (0.20 ~, 1.4~ mmol)) and
4-methoxy-a-toluenethiol (0.54 m,L, 3.85 mrzol) in  DMF (10 mL) under
nitrogen. The mixture was heated to 75C for 24 h and allotived to ao cool
to room temperature. The reaction mixture was then poured into HBO and
extracted  with ethyl acetate. The organic layers were combined and washed
with water. The organic  layer was dried, filtered, and concentrated under
reduced pressure to give 1.8 g crude  material. The crude product was
purified by column chromatography (ethyl acetate/  hexane, 1:10) to give
4-[?-tent-butoxycarbonyl-3-(4-methoxy-benzylsulfanyl)-4-phenyl ~s
butyl]-piperidine-l-carboxyiic acid te,t-butyl ester (0.55 g, 50 %). (c)
3-Nlercapto-4-phenyl-?-pioeridin-4-vlmethyl-butyric acid A mixture of HBO
(0.65 mL) and TFA (6.5 mL) was frozen and then allowed to warm to  room
temperature under nitrogen.
4-[2-tent-butoxycarbonyl-3-(4-methoxy-benzylsulfa.nyl) 30
4-phenyl-butyl]-piperidine-l-carboxylic acid tort-butyl ester (0.65 g,
1.1'1 mmol) vas added and the mixture was reflux~d for 16 h. The mixture
was allowed to cool to room  temperature and concentrated under reduced
pressure. The crude product was purified by  1 6 .AUG 2004 



WO (JO/6b3~7 PCT'/SF,UU/{)0834  ~~ reverse-phase column chromatography
(l~1zOH/HBO; 1:1) to Live the title compound as the  TF,~1salC (0.2i' g, 58
90 ). 'H Nf~1R (300 MHz) (DMSO) S 1.22 (m), 1.49 (m), 1.67 (br), 2.21 (d,),
2.98 (m), 7.25 (m, SH), 8.27 (br), 8.57 (br), 12.59 (br).  s MS (+) 294.3
(M-TF.~.). ExarnDle ~  2-(?-Amino-pyridin-~l-vlmethyl)-3-mercapto-propionic
acid ~o (a) ;V-(~-Ivlethvl-ovridin-?-vll-acetamide
2-Amino-4-rr:ethylpyridine (99.0 g, 91.5 mmol) in acetic anhydride (250 mL)
was warmed  to 70C for two h. The mixture was cooled to room temperature
and diethyl ether (100 mL)  added. 7~he product crystallized as white
needle crystals. Filtering and drying rn vczczro  afforded
N-(?-methyl-pyridin-2-yl)-acetam.ide (130 g, 95 Co). I5 (b)
2-Acetylamino-isonicotinic acid A mi:ttt,re of
1V-('?-methyl-pyridin-2-yl)-acetamide(40.0 g, 0.26 mol) and water (400 mI.)
was heated at 90C until the solution was homogeneous. KI~InO~ (100 g, 0.62
mol) w-as  added carefully in small portions ~Nith vigorous mechanical
stirring over ? h. The reaction ~o mixture was kept at 90-95C for further 3
h before filtering through Celite while still hot.  The filtrate was
concentrated to about l0U mL and concentrated HCl a~as added to adjust
tl:e pH to about 4. Thz reaction flask was cooled in an ice bath and the
white solid filtered  off. The crystals were washed with cold water and
chloroform and dried i~z v,~czzo giving 2acetylarnino-isonicotinic acid
(12.0 g, 25 %). i (c) 2-Amir.o-isonicotinic acid ethvl ester
2-Acetylamino-isonicotinic acid (10.8 ~, 60.0 mmol) was suspended in
ethanol (i~0 mL)  and BF; OEt~ (22 mL. ! 38 t:unol) was added. The mixture
was refluxed overnight, and  after cooling to room temperature 10 % NaHC03
(250 mL) was added. The product was s~ z::tracted with chloroform and the
combined organic extracts were washed with water and  dried. Filtering and
concentration afforded ?-amino-isonicotinic acid ethyl ester (7.'16 a, 79
%) as pale yellow crystals. 



1 ~ AUG 2004 WO 00/56557 PCT/SE00/00834 25 (d) ?-fa`.!~~-bistte~rt-Buto;
,vcarbonvflaminol-isonicotinic acid ethyl ester To a solution of
2-amino-isonicotinic acid ethyl ester (5.00 a, 30 mmol) in t-BuOH (~~ mL)
and acetone (15 mL) vras added DiV1AP (50 mg, G.41 mmol) and di-t-butyl
dicarbonate (15.4 g, 75.0 mmol}. The reaction was stirred at morn
temperature overnight and hexane (60 mL) was added. The reaction mixture
was cooled in a refrigerator for 3 h and filtered to give 2=(.N,;
~,'-bis(tert-butoxycarbonyl)am.ino]-isonicotinic acid ethyl ester (5.71 ~,
79 %). io (e) (4-Hvdroxvmethyl-pvridin-2-vll-carbamic acid te,t-butyl ester
A solution of to 2-[N.N-bis(tert-Butoxycarbonyl)amino]-isonicotinic acid
ethyl ester (35.0 g, 95.5 mmot) in T.HF (350 mL) vvas treated with LiA1Ha
(7.25 d, 191 mmol) and refluxed for 1 h under nitrogen. Tl~ie resctior.
mixture was poured carefully onto crashed ice and the product extracted
several times with CHC1~ and CHC1; : IvieOH (9:1). The combined is organic
extracts were dried, filtered and concentrated under reduced pressure to
give (4hydroxymethyl-pyridin-2-yl)-carbamic acid tern-butyl ester (18.5 g,
S6 %) as a pale yellow solid. (f) (4-Bromomethvl-pvridin-2-vl;-carbamic
acid tent-butyl ester ~o (4-Hydroxymethy]-pyridin-2-y1)-carbamic acid
tert-butyl ester (8.00 g, 35.6 mmoi) was dissolved in CH~C1~ (150 mL) and
treated with PPh; (1 1.2 Q, 42.8 mmol) under nitro;er.. The reaction flask
was cooled in an ice bath and CBr:, (14.2 g, 42.8 mmol) was added in small
portions. Tile ice bath was removed after 30 min and the reaction mixture
was stirred overnight at room temperature. The reaction mixture was
concentrated under reduced ~; pressure and acetonitrile (50 mL) was added.
The reaction flask was placed in a refrigerator for 3 h and the precipitate
filtered and washed with cold acetonitrile. The white solid was dried in
vncaro ,8iving (4-bromomethyl-pyridin-2-yl)-carbamic acid tert-butyl ester
(8.35 g, S2 %). 30 (Q)
2-(2-tert-Butoxycarbonvlamino-ovridin-=~-ylmethyll-ma!onic acid diethyl
ester To a solution of tiaH (80%, 0.17 ~, 4.00 mmol) in THE (~ mL) at 0C
under argon was added diethyl malonate (0.5=~ g, 4.00 mmol). After the mi;
cture was stirred for 15 min the  WO 00/6b"7 



1 6 AUG 2004  ACT/S;C 00/0083~t mixture 4v as added too a ref uxed mi,Y
cure of (~-bremorriethyl-pyridin-?-vl)-carbamic acid  tort-butyl zster (l
.00 ~, 3.~8 mmol) in THE (10 mLj, and the mixture was re fluxed for ? h.
The mixture was concentrated under reduced pressure and the residue was
partitioned  between water and chloroform. The organic layer was washed
with water and brine and  dried. After filtration and evaporation of the
solvent, the crude product was purified by  flash chromatography (I~'IeOH~`
CH~CI~, 1:1G0) to give
2-(?-tert-butoxycarbonylaminopyridin-4-ylmethyl)-malonic acid diethyl ester
(0.80 g, ~5 %). (h)
2-(2-!erl-Butoxrcarbonvlamino-pyridin-4-vlmethvil-malonic acid monoethyl
ester ~o A solution of KOH (0.19 g, 3.43 mmol) in etha:lol (5 m? } ,vas
added to a solution of
?-(?tert-butoxvcarbony!amino-pyridin-4-ylmethyl)-malonic acid diethyl ester
(1.20 g, 3.27  mmol) in ethanol (~ mL) and methylene chloride (~ mL) at 0C.
The mixture was stirred  for 18 h at room temperature. The mixture was
concentrated under reduced pressure and  water was added to the residue.
The aqueous layer was washed with diethyl ether, acidified is to pH 4 by
llvl HC1, and extracted with methylene chloride. The organic layer was
washed  with water, brine and dried. P.fter f ltration and evaporation in
i~aczro, the crude product  was pttrifled by flash chromatography (CH;
OHJC:-~~Cl~, 1:20) to yield
2-(2-te~-!butoxycarbor.ylamino-pyridin-4-vlmethyl)-malonic acid monoethyl
ester (0.90 g, S 1 `7c). ao (i)
?-(2-rerr-Butoxvcarbonvlamino-DVridin-~-vlmethvil-acrylic acid ethyl ester
.q solution of diethylamine (0.26 g. 2.67 mmol) in methylene chloride (4
mL) was added to  a mixture of
2-(2-tert-butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid monoethyl
ester (0.90 g, 2.66 mmol) and 37 % aa. solution of formaldehyde (0.24 g,
3.00 mmol) at  0C. The mixture was stirred for 5 h at room temperature and
the mixture was poured onto ~s ice-~.vater and extracted with methylene
chloride. The organic layer was washed with ~ %  1`TaHCO3 and dried. The
crude product was purified by flash chromatography (1%  methanol in CH~CI~)
to yield 2-(2-rerr-butoxycarbonylamino-pyridin-4-_ylmethyl)-acrylic  acid
ethyl ester (0.58 g, 71 `,"o).   ~ 6 AUG 2004 V~'O OOi6o~~7 28 ; io 



PCT/SE00/00534 (j)
2-Acetvlsulfanvlmethvl-~-(2-tert-butoxvcarbonvlamir.o-c~vridin-?-vl)-propio
nic acid ethyl ester A solution of
?-(2-t~~rt-butoxycarbor:ylamino-pyridin-?-ylmethyl)-acrylic acid ethyl
ester (0.48 Q, I.37 mrnol) and triethylamine (0.17 g, 1.64 mmol) was added
to thioacetic acid (3 mL) at 0C under nitrogen. The mixture was stirred at
room temperature for ? h. The mixture was poured onto ice-water and
extracted with CH~CI~. The organic phase was washed with saturated NaHCO~
(aq) and dried. The crude product was purified by flash chromatography (2.3
% McOH in CH~C1~) to give
2-acetylsulfanylmethyl-3-(?-tertbutoxycarbonylamino-pyridin-4-yl)-propionic
acid ethyl ester (0.60 ~, 100 %). (k) ~
Acetvltiulfanvlmethvl-3-(~-amino-pyridin-4-vll-propionic acid eihvl ester
TFA (0.~ mL) was added to a solution of
2-acetylsulfanylmethyl-3-(2-tertbuto;
:ycarbonylainino-pyridin-4-yl)-propionic acid ethyl ester (30 m~, 0.13
mmol) in methylene chloride under argon. The solution vv-as stirred for 60
min and concentrated i; under reduced pressure to wive crude
2-acetylsulfanylmetlyl-3-(?-amino-pyridin-?-yl)propiunic acid ethyl ester
(~2 m;, 100 %). 'H NMR (~00 MHz, CD3OD;): E 1.13 (C, 3H), 2.32 (s, 3H),
2.73-3.83 (m, 2H:), 2.86-2.93 (m, 1H), 3.01-3.07 (dd, 1 H), 3.12-3.18 (dd,
1 H), 4.03-4.12 (m, 2H), 6.39 {s, 1 H), 6.?3 (d, 1H), 7.77 (d, 1H). (1)
2-(2-,4mino-pvridi:~-4-vlmethvl)-3-mercaoto-propionic acid
2-Acetylsulfanylmethyl-3-(2-amino-pyridin-4-yl)-propionic acid ethyl ester
(~? mg, 0.13 mmol) was dissolved in conc. HC1 (2 mL) under argon. The
solution was heated to reflux for 1 h. Concentration under reduced pressure
gave the title compound as the ~s hydrochloride salt (32 mg, 100 %). 'H NMR
(300 MHz. CD;OD): b 2.70 (bs, 2H), 2.85-3.0 (m, 3H), 6.76 (bs, 1H), 6.81
(bs, 1H), 7.67 (bs, 1H). MS (+} 213 (NIA-1). ~o Example 6
-(6-amino-pyridin-3-vll-2-mercaotomethvl-propionic acid  1 6 AUG 2004  4V0
00/6657 FCTiSL00/0083=t ~g 



(a) 6-amino-nicotinic acid ethyl ester ?-Amino-3-pyridinecarboxylic acid
(-'~.0 g, 181 rnmol) :vas suspended in ethanol (190  mL) and SOC1~ (1~ mL.
?G6 mmol) was added. The mixture was refluxed for 10 hs and  more SOC1~ (16
mL) was added. After 3 days with reflux (ar.d more SOCI~ (l0 mL) added ;
each day), the reaction mixture was cooled to room: temperature and diethyl
ether was  added. After 24 h at - 20C the mixture was filtered. The crude
salt was dissolved in  methanol (214 mL) and a solution of NaOH (40.0 j,
23.E mmol) in methanol (90 mL) was  added. The reaction mixture was stirred
for 1 h and THF (270 mL) was added. The  reaction mixture was filtered
through a plug of silica (THF/MeOH) and concentrated under io reduced
pressure to Dive 6-amino-nicotinic acid ethyl ester (36.2 a, 97 %). (b}
6-tert-1;utoxvcarbo~vlamino-r.~icntinic acid ethv! ester To a solution of
6-amino-nicotinic acid ethyl ester (36.0 g, 217.0 mmol) in t-EuOH (308  mL)
and acetone (103 mL) was added DNIAP (0.~3 g, 4.34 mrnol) and di-t-butyl i;
dicarbonate (72.0 g, 330 mmol). The reaction was stirred at room
temperature for 10 h  followed by addition of more di-t-butyl dicarbonate
(2.60 g). after 10 h stirring at room  ceraperature hexane (470 mL) vas
added. The reaction mixture was cooled to -20C for 2 h  and filtered. The
iiltr2te was ~~~ashed with hexane/dichloromethane (3:1) and and dried it
ti~aczro to a:Ve 6-tort-buto:tyca_rbonylamino-nicotinic acid ethyl ester
(40.~ g, 70 %). ?U (c) (~-Hvdroxvrrmethvl-ovridir.-2-v])-carbamic acid
tort-butyl ester To a stirred solution of
6-tet-t-butoxycarbor.~ylamino-nicotinic acid ethyl ester (3.50 g, 13. i
mmol) in THF (20 mL) under nitrogen was addtid LiA1He (0.91 g, 24.0 mmol)
in THF (20  rnL) over a period of 2 h. The reaction mixture was stirred for
6 h, then NH~C1 (sat.) was ?; added (carefully) until neutral solution. The
mixture was filtered and concentrated under  reduced pressure Co give
(5-hydroxymethyl-pyriditl-2-yl)-carbamic acid tert-butyl ester  (2.00 g, 68
%). (d) (~-Eromomethvl-DVridin-2-vll-carbamic acid tent-butyl ester .;c~
Triphenylphosphine (8.70 g, 33.1 m~rnol) and carbontetr abromide (17.0 g, ~
1.2 mmoi) were  added to a suspension of
(5-hydroxvmethyl-pyridin-2-yl)-carbamic acid fete-butyl ester  (7.00 ~, 31
.? mmol) in CH,C1=(?00 mL) at room ternperatt~re. Stirring was continued.
for  1 6 AUG 2004  CVO OU/665~7 F'C"I'iSE00i0083a 



30 h followed by evaporation of the solvent. Aeetonitrile (300 mL) was
added and the mi;<ture  was cooled to -20C for 2 h. The mixture was then
filtered and the crystalline residue  washed with cold acetonitrile (2 x 10
r.:L). to give (~-bromomethyl-pyridin-?-}~l)-carbamic  acid tort-butyl
ester (6.96 `, 67%). (el
2-(6-tent-Butoxvcarbonvlamino-pyridin:-~-ylmethvl)-malonic acid diethyl
ester  To a suspension of iVaH (0.49 g, 16.3 mmol, 80%) in THE (16 mL) at
0C was added  diethyl malonate (2.61 g, ] 6.3 mmol). The mixture was
stirred for 16 min and tivas then  added dropwise to a refluxed mixture of
(~-bromomethyl-pyridin-2-yl}-carbarnic acid tert io butyl ester (3.90 ~,
13.6 mmol) irr THE (26 mL), and the resulting solution was refluxed for  I
~ min. After evaporation of the solvent, the crude product was purified by
flash  chromatography (methanol/C.H~C1-:, 1:100 -~ 2.6: I00) to give
?-(6-terrbutoxycarbonylamino-pyridin-3-ylmethyl)-malonic acid diethyl ester
(2.I8 g, 44 %). i; (f)
2-(6-tort-Butoxvcarbonvlamino-DVridin-3-ylmethv)~-malonic acid monoethvl
ester A solution of KOH (0.37 g, 6.64 mmol) in ethanol (6 mL) was added to
a solution of 2-(6tert-butoxycarbonylamino-pyridin-3-ylmethyl)-malonic acid
diethyl ester (2.18 g, x.96  rrtmol} in ethanol (26 mL) and methylene
chloride (10 mL} at 0C. The mixture vas stirred  for i8 h at room
temperature. TFie mixture was concentrated under reduced pressure and ~o
the residue dissolved in water. The aqueous layer was washed with ether,
acidified to pH 4  by liv'1 HCI and extracted with methylene chloride. The
organic layer vas washed with  water, brine and dried. After f;ltration and
concentration under reduced pressure, the crude  product was purified by
flash chromatography (methanol/ CH~C1_, 1:20) to yield
2-(6-tertbutoxycarbonylamino-pyridin-3-ylmethyi)-malonic acid monoethyl
ester (I.00 g, 60 % ). ,; (g)
2-(6-tert-Butoxycarbonvlamino-oyridin-3-vlmethvll-acrylic acid ethyl ester
Diethylamine (0.29 g, 3.00 mmol), water (2 mL) and methylene chloride (2
mL) vas added  to a mi;.ture of
2-(6-tent-butoxycarbonylamino-pyridin-3-yimethyl)-malonic acid monoethy]
ester (1.00 g, 2.96 mmol) and 37 % aq. solution of formaldehyde (0.26 g,
3.06 mmol) 3o at 0C. The mi:cture ,vas stirred for 16 h at room temperature
and then poured onto icewaterand extracted with methylene chloride. The
organic layer .vas washed with ~ %  WO GO/b6"7 PCT/SE00/QO8~=1  31 iiaHCO;
and dried. Filtration and concentration under reduced pressure Qave
2-(6-te,-tbuto~ycarbonvlamino-pyridin-3-vlmethyl)-acrylic acid ethyl ester
(0.75 e, 83 %).
(h)?-Acetvlsulfanvimethvl-3-(6-te,t-butoxvcarbonvlamino-pyridin-~-vll-orooi
onic acid  ethyl ester
2-(6-te,t-butoxycarbonylamino-pyridin-3-ylmethyl)-acrylic acid ethyl ester
(0.49 ~, 1.60  mrnol) and triethylamine (0.17 Q, 1.64 mmol) were added to
thioacetic acid (3 mL) at 0C.  The mixture was stirred at room temperature
for 6 h. The mixture was poured onto icewater and extracted. with CH~C1~.
The organic phase was washed with saturated NaHCO3 



~o and dried. The cn:de product was purified by flash chromatojraphy
(MeOH/CH,CI~,  2.5:100) to give
?-acetylsulfanylmethyl-~-(6-tent-butoxycarbon~dlamino-pyridin-~-yl)propioni
c acid ethyl ester (0.36 j. 61 %). (i) ~-Acetylsulfanvlm~
thvl-i-(6-amino-t,vridin-~-vl)-propionic acid ethy! ester  i~ TFA (0.5 mL}
was added to a solution of 2-acetylsulfanylmethyl-3-(6-tert
butoxycarbonylamino-pyridin-3-y])-propionic acid ethyl ester (100 m~, 0.26
mmol) in  methylene chloride (? rnL) under argon. The solution was. stirred
for 60 min and concentrated under reduced pressure to jive crude
2-acetylsulfanylmethyl-3-(6-aminopyridin-3-yl)-propionic acid ethyl ester
(i04 m~, 100 %). ao ~H NNIR (500 NIHz, CD3OD): S 1.21 (t, 3H), 2.33 (~,
3H), 2.7Q-2.97 (m, 3H), 3.05-3.13  (m, 1H), 3.14-3.21 (m, 1H), 4.08-4.15
(m, 2H), 6.99 (d, 1H); 7.69 (s, 1H), 7.85 (d, 1H). (i)
3-i6-~,mino-ovridin-3-v!'~-2-mercaotomethvl-prot~ionic acid
?-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-propioni
c acid ethyl ~~ ester (38 mj, 0.096 mmol) was dissolved in conc. HC1 (2.0
mL) under argon. The solution  was stirred at room temperature for 1 h ar,d
then heated to reflux for 1 h. Concentration  under reduced pressure nave
the title compound (25.7 m~, 100 ~'o) as the hydrochloride  salt. ~H NMP.
(500 MHz, CD;OD): o %.7=~-?.78 (m, 2H), 2.84-2.94 (m, 3H), 7.0? (d, 1H),
7.72  30 (~, 1H), 7.89 (d, 1H). MS (+) 213 (M+l ).  1 6 AUG 2004 VVO
00/66557 PST/SEQO/OOti34 ~2 Example 7
-(6-amino-pvridin--vll-2-mercaotomethvl-?-methyl-prooionic acid (a)
~-(6-tert-Butoxvcarbonvlamino-pvridin-3-vlmethvl)-2-methyl-malonic acid
tert-butyl ester ethyl ester A solution of tent-butyl ethyl methylmalonate
(4~7 ma, 2.26 m~rnol) in D\~TF (4 mL) was added drop vise to a suspension
of NaH (90 mg, 2.26 mmol, 60 lo in oil) in DNIr (4 mL). The reaction
mixture was stirred for 20 min.., solution of
(~-bromomethyl-pyridin-2-yl)carbamic acid tort-butyl ester (~00 rrig, 1.74
mmol) in D1vIF (2.~ mL) was added and the 



~o reaction was stirred for 70 min. EtOAc was added and the mixture was
washed with water and brine, dried and concentrated under reduced pressure.
Chromathography (Heptane/ EtOAc, 3:1 --~ 1:3) gave
2-(6-tert-butoxycarbonylarnino-pvridin-3-ylmethyl)-?-methylmalonic acid
tert-butyl ester ethyl ester (437 mg, 61 % yield). i; (b)
~-(6-text-Butoxvcarbonvlamino-pvridin-3-vlmethv!)-2-merhvl-malonic acid
mono-re~tbutvl ester 1v1 NaOH (2 mL) was added to a solution of
2-(6-tert-butoxycarbonylamino-pyridin-3ylr:ethyl)-2-methyl-malonic acid
tert-butyl ester ethyl ester (0.42g, 1.03 mmol) in THr/EtOH (4 rnL, 1:1)
.The reaction mixture was stirred at ~0C for 16 h. CH~C1~ was 'o added and
the mixture vv~as washed with 0.5 M HCl and brine and dried. Concentration
under reduced pressure gave
2-(6-tert-butoxycarbonylamino-pyridin-3-ylmefhyl)-2methyl-malonic acid
mono-tert-butyl ester (348 mg, 89 %c). i (c)
3-(6-tPrt-Buto~cycarbonylamino-pvridin-3-vll-2-hvdroxvmethvl-?-methyl-propi
onic ~; acid tert-butyl ester . Nlethyl chloroformate (7~ L, 0.92 mmol) was
added dtopwise to a solution of
2-(6-rertbutoxycarbonylamino-pyridin-~-ylmethyl)-2-methyl-malonic acid
mono-tent-butyl ester (348 mg, 0.91 mmol) and Et;N (123 L, 0.92 mmol) in
TIFF (6 ml.:). The reaction mixture was stirred for ?0 min., Ti!tered and
added dropwise to a suspension of NaBH:, (39 ;o ma, 1.04 mmol) in TH.F (6
mL) at 0C. The reaction was stirred for 16 h at room temperature. 0.? M HC1
was added followed by EtO?.c. The organic phase was washed with brine and
dried. Concentration under reduced pressure followed by chro:nathography
WO 00/ti6~7 i ~ s Auc 2004 PCTtSE00/00~3~1 (toluene/EtOAc. 3:1 -T 1:3) have
3-(6-rert-butoxyc~rbon;
~lamino-pyridin-3-yl)-?hydroxymethyl-2-methyl-propionic acid tent-butyl
ester (190 mQ. 57 ~%). (d) ?-.~cetvlsulfanvlmethvl-3-(6-!ert-butoxvcar
bonvlamino-ovridin-3-vll-2-methvl~rooionic acid !ert-butyl ester Diethyl
azodicarboxylate (160 L, 1.01 mmol) was added dropwise to a solution of
3-(6tert-butoxycarbonylamino-pyridin-3-yl)-2-hydroxymethyl-2-methyl-propion
ic acid tertbutyl ester (180 mj, 0.49 mrnol) and triphenylphosphine (266
m~, 1.01 mmol) in THE (6 mL) and the reaction was sti:~ed for a min.
Thiolacetic acid (96 L, 1.34 mmol) was added and the reaction was sti.ned
for 16 h. Concentration under reduced pressure followed by chromathoaraphy
(toluenelEtOAc, 10:1 -y '::1) ?aye
2-acetylsulfanylmethyl-3-(6-tertbutoxycarbonylamino-pyridin-3-yl)-2-methyl-
propionic acid tent-but;/1 ester (1~7 mb, 6~ %). 



I~ {e) 3-(6-Amino-pyridin-3-v!1-?-mercaptomethyl-~-methyl-propionic acid
2-Acetylsuifanylmethyl-3-{6-tert-butox.ycarbonylamine-pyridin-3-yl)-2-methy
l-propionic acid tert-butyl ester (4 m~, 9.4 umol) was dissolved in conc.
HC.I under argon. The solution vas heated to reflex for 1 h. Concentration
under reduced pressure ;Melded the title compound as the hydrochloride salt
(2.5 m~, 100 %). ,o IH NMR (500 i~~IHz, CD;OD): ~ 1.20 (s, 3H), 2.62 (d,
1H), 2.76-2.83 (m, 2H), 2.95 (d. 1H), 6.94 (d, 1H), 7.64 (d, 1H), 7.80 (dd,
1H). 1VIS (+) 227 (NI+1). i Example 8 ~; ~ (6
Amino-pyridin-3-Ylmethyll-2-mercaptomethvl-butyric acid (a) (5 (5 Eth~ ] "'
o dimethvl 4 6-dio~co-(1 3ldioxar-5-ylmethvll-pyridin-2_vll-carbamic acid
ter!-butyl ester (5-Brortlomethyl-pyridin-?-yl)-carbamic acid tert-butyl
ester (1.0: J. 3.48 mmol) vvas added ;~ to a solution of
2.2-dimethy!-5-ethyl-l,3-dioxane-4,6-dione (60G ma, 3.48 mrnol) and
triethylamit~e (0.51 mL, 3.66 mrnol) in dimethyl sulfoxide (40 mL) under
nitrogen. Thz reaction mixture was stirred over night and water (l00 mL)
was added. 1=iltratior, of the  1 6 AUG 2004 '~v0 OUi66~5' PCT/SEOU/U0834
;} precipitate gave
(~-(~-ethyl-2.2-dimethyl=~1,6-dioxo-[1,,3]dioxin-~-ylmethyl)-pyridin-2-yl]c
arbamic acid tort-butyl ester (1. l ~ g, S7 %). (b)
2-(6-tart-Butoxycarbonyiamino-ovridin-3-vlmethvll-?-ethyl-malonic acid
monoethvi ester A solution of sodium metal (140 mg, 6.08 mmol) in ethanol
(20 mL) was added to a solution of
[~-(~-ethyl-%,?-dimethyl-4,6-dioxo-(1,3]dioxan-~-ylmethyl}-pyridin-2-yl] 



carbamic acid tort-butyl ester (1.1 ~ g, 3.04 mmol) in ethanol (10 mL). The
reaction was stirred for 90 min. and methylene chloride was then added. The
mixture was ~.vashed with io ~0.5 ~~I HC1, dried and concentrated under
reduced pressure to gi~~e
2-(6-tert-butoxycarBonylamino-pyridin-3-ylmethyl)-2-ethyl-malonic acid
monoethyl ester (1.0~ ~, 95%). (c)
2-(6-ter[-Butoxvcarbonvlamino-pyridin-3-vlme[hull-2-hydroxymethyl-butyric
acid ethyl ester i; lvlethyl chloroformate (150 L, 1.95 mmol) was added
dropwise to a solution of
?-(6-tertbutoxycarbonylamino-pyridin-3-ylmethyl)-2-ethyl-malonic acid
monoethyl ester (700 mg, 1.91 rnmol) and Et3N (275 L, 1.97 tnmol) in THE
(15 mL) at -20C under nitrogen. The reaction mixture was stirred for 50
min.., filtered and added dropwise to a suspension, of ItiraBH:~ (SO mg,
2.1 rnmol) in THE (15 mL) at -20C. The reaction was stirred for 16 h at ~o
room temperature. 0.2 M HC1 was ~:dded followed by methylene chloride. The
organic phase vas washed with brine and dried. Concentration under reduced
pressure followed by chromathography (toluene/L-tOAc, 3:1 --~ 1:3) gave
2-(6-tent-butoxyc.arbonylarriinopyridin-3-ylmethyl)-2-hydroxymethyl-butyric
acid ethyl ester (300 mg, 45 %). ~; (d)
?-Acetvlsulfanvlmethv]-?-(6-tent-Butoxvcarbonvlamino-pyridin-3-ylmethyl)-bu
tyric acid ethyl ester . Diisopropyl azodicarboxylate (25 uL, 1.53 mmol)
was added dropwise to a solution of triphenylphosphine (402 ma, 1.53 mrnol)
in THE (4 mL) at 0C under argon and the reaction w'as stirred for 30 min.
F, solution of thiolacetic acid (109 L, 1.53 mmol) and 2 so
(6-tent-butoxycarbonvlamino-pyridin-3-ylmethyl)-2-hydroxymethyl-butyric
acid ethyl ester (0.27 ?, 0.77 mmol) in THE (2 mL) was added dropwise
during 10 min. The reaction was stirred for 60 min. at 0C and then for l6 h
at room temperature. Concentration under  1 ' 6 -AUG 2004 1v0 00/66~~7
PC"f/SE00/0083=t ;j reduced pressure followed by chrornathography
(heptane,tEtOAc, 10:1 ~ 1: I ;) gave
?acetylsulfanylmethyl-2-(6-tent-butoxycarbonylamino-pyridin-3-vlmethyl)-but
yric acid ethyl ester (193 mg. 61 io). - (e)
~-(6-Amino-pyridin-3-ylmethvll-?-mercaptomethv]-butvric acid
2-Acetylsulfanylmethyl-2-(6-tort-butoxycarbonylamino-pyridin-3-ylmethyl)-bu
tyric acid ethyl ester (I2.3 mg, 30 mol) was dissolved in conc. HCI (2 mL)
under argon. The solution was heated to ref7u~ for 24 h. Concentration
under reduced pressure gave the title compound as the hydrochloride salt
(3.3 mg. 100 %). 'o ~H NIvIR (500 NIHz, CD30D): S 0.91 (t, 3H), 1.71 (m,
2H), 2.68 (m, 2H), 2.92 (m, 2H), 6.96 (d, 1H), 7.65 (bs, 1H), 7.82 (dd,
1H). MS (-) 239 (iv1.-1). 



i 1/xample 9 i5
3-(6-Amino-5-methvl-DVrid~n-3-vll-2-mercaptomethy]-2-methvl-Dropionic acid
(a)
2-ftv.t~r-bis(tert-Butoxvcarbonv])aminol-3-'y'!ethyl-5-(?.2.5-trimethyl-~.6
-dioxo11 3idioxan-5-vlmethvll-ovridin 2-[lV,N-bis(te;
-t-Butoxycarbonyl)amino]-5-bromomethyl-3-methyl-pyridin (1.6 g, 4.0 ao
mrnol) was added to a solution of 2.?,5-trimethyl-l,3-dioxane-4,6-dione
(630 mg, 4.0 mmol) and triethylamine (0.58 mL, 4.2 mmol) in dimethyl
sulfoxide (40 mL). The reaction mixture was stirred overnight and water
(l00 mL) was added. The mixture was extracted with EtOAc, the combined
organic phases washed with water and brine and dried. Concentration under
reduced pressure gave trade 2-[tV,N-bis(tert-butoxycarbonyl)amino] ~s
3-methyl-5-(2,2,5-trimethyl-4,6-dioxo-[1,3]dioxan-5-ylmethyl)-pyridin (2.06
g) l (b) p-(6-[V'
fit-bis(1ert-Butoxvcarbonv~laminol-5-methvl-ovridin-3-vlmethvl)-2-methvlmal
onic acid monoethvl ester A solution of sodium metal (134 m~, 3.0 rnmol) in
ethanol (20 mL) was added to a ;o solution of crude
?-(1V,!V-bis(tert-butoxycarbonyl)amino]-3-methyl-5-(2,2,5-trimethyl-4,6diox
o-(1,3]dioxan-~-ylmethyl)-pyridin (2.06 ~, --4.0 mmol) in ethanol (20 mL)
under a.~~on. The reaction vas stirred for 60 min. and methylene chloride
was then added. The  ~ ~ s au~ X004 wn oo~6hs~~ PcTis>~.ooioos3a  36
mixture 'was washed will: 0.~ M HCI and brine. dried and contented under
reduced  pressure to give crude 2-(6-[~\-;
:V-bis(te,t-butoxycarbonyl)aminoJ-S-methyl-pyridin-3ylmethyl)-2-methyl-malo
nic acid monoethyl ester (1.9 g) 



(c)
3-(6-(,ti',l~'-bis(ie,-l-Butoxvcarbonvl)aminol-~-methyl-pyridin-3-vll-~-hyd
roxymethyl-~methyl-oropionic acid ethyl ester 1~~Iethyl chloroformate (338
L, 4.4 mmo]) was added dropwise to a solution of crude ?-{6[1V
N-bis(tort-butoxycarbonyl)amino]-~-methyl-pyridin-3-ylmethyl)-?-methyl-malo
nic acid  monoethyl ester (1.9 g) and Et3N (641 uL, 4:6 mmol) in THE (30
mL) at -20C. The io reaction mixture was stirred for 50 min., filtered and
added dropwise to a suspension of  1\iaEHa (182 mg, 4.8 mmol) in THE (3G
mL) at -20C. The reaction was stirred for 16 h at  room temperature. 0.5
lvl HCl was added followed by methylene chloride. The organic  phase was
washed with brine and dried. Concentration under reduced pressure followed
by  chromathography (toluene/EtO.Ac, 10:1 --~ 1:3) ;aye
3-(6-[N,N-bis(tert-butoxyc arbanyl) i; amino]-5-methyl-pyridin-
~-yl)-2-hydroxymethyl-2-methyl-propionic acid ethyl ester (885  m,g, 49 %).
(d) 2-Acetyisulfanvlmethvl-3-(6-f,Lf
N-bis(tent-Butoxvcarbonvl)aminol-~-methyl-uvridin3-v!)-2-methyl-prooionic
acid ethyl ester ~o Diisopropyl azodicarboxylate (7>j L, 3.91 mmol) was
added dropwise to a solution of  triphenylphosphine (1.026 g, 3.91 mmol) in
Ti-iF (10 mL) at 0C and the reaction was  stirred for 30 min, A solution.
of thiolacetic acid (279 uL, 3.91 rnmol) and
3-(6-(N,Nbis(tert-butoxycarbonyl)amino]-~-methyl-pyridin-3-yl)-2-hydroxymet
hyl-2-methyIpropionic acid ethyl ester (88~ rn~, 1.96 mmol) in THE (~ mL)
was added dropwise during as 10 min. The reaction was stirred for 60 min.
at 0C and then for 16 h at room temperature.  Concentration under reduced
pressure followed by chromathography (heptane/EtOAc, 10:1  -1 1:3) gave
impure 2-acetylsulfanylmethyl-3-(6-[N;
:V-bis(tent-butoxycarbonyl)amino]-~methy]-pyridin-3-yl)-2-methyl-propionic
acid ethyl ester (1.46 g)   ~ ~ 6 AUG 1004 WO 00/bb5~' YCT/S~00/00834  37
(e) 2-Acetvlsulfanvlmethvl-3-~
b-amino-~=methyl-ovridin-3-vl)-%-methyl-orooionic acid  ethyl ester Crude
?-acetylsulfanylmethyl-3-(6-[~~'.N-bis(rer~-butoxycarbonyl)amino]-~-methylp
yridin- ~-yl)-2-methyl-propionic acid ethyl ester (l .46g) was dissolved in
TFA (~ mL) and  stirred for 60 min. Concentration under reduced pressure
foilo~ved by chromathography  (toluene/EtOAc, I:1 --y 1::0 -~ 0: I) gave
slightly impure
?-acetylsulfanylmethyl-3-(6amino-6-methyl-pyridin-3-yll-?-methyl-propionic
acid ethyl ester (696 ma, 84%) (f)
3-(6-Amino-5-methyl-ovridin-3-vll-2-mercaotomethvl-2-methyl-propionic acid
io
2-Acetylsulfanylmethyl-3-(6-amino-~-methyl-pyridin-~-yl)-2-methyl-propionic
acid ethyl  ester (17 mg, 40 mol) was disselved in conc. HCl (? mL) under
argon. The solution was  heated to reflux for 160 min. Concentration under
reduced pressure gave the title  compound as the hydrochloride salt (10.7
mg, 96 %). 



~H NMR (~00 iVIHz, CD,OD): S'.20 (s, 3H), 2.23 (s, 3H), 2.6: (d, 1H), 2.79
(2d, 2H),  is 2.94 (d, 1H), 7.55 (m, 1H), 7.b9 (m, 1H). IvIS (+) 241 (M+l).
l F.xamole ]0  3-dlercapto-2-1(uiPe:idine-=~-carbonvll-aminol-propionic
acid . so CH~CI~ (70 mL) was added to 4-methoxytrityl chloride resin (7 g,
L=0.91 mmol/~, 6.37  mmol) under argon and the resin was allowed to s~vel':
for 10 min and 2-amino-3mercapto-propionic acid ethyl ester HC1-salt (5.9
g, 32 mmol) was added. TFA (70 mL)  was then added in small portions over
10 min. The slurry was shaken at room temperature  for 1 h and concentrated
under reduced pressure. When almost dry, toluene (1~0 mL) was ,5 added and
the mixture vas again concentrated under reduced pressure. This procedure
was  repeated twice. The now yellow resin was washed with DNIF (3x60 tnL),
CH~CI, (2x60  mL), TEA:CH~C1~ (1:1, 2x60 mL), CH~C1, (3x60 mi,), 1v1eOH
(2x60 mL) and dried under  vacuum overnight. To calculate the loading of
2-amino-3-mercapto-propionic acid ethyl ester on the resin, ~0  ;o mg of
the product was treated with i0% TFA in CH~CI~ for 1 minute, and this
procedure  was repeated ~ times. The mi;cture was concentrated under
reduced pressure to give 2  1 ~ 6 AUG 2004  CVO 00/fi65fi7 PCT/SE00/00834
3S Amino-3-mercapto-propionic acid ethyl ester (9.8 m~), indicating a
loading of about 0.5  mmol/g. A solution of piperidine-l,4-dicarboxylic
acid mono-tort-butyl ester (28 mg, 0.12 mmol) in  DMF (1 mL) was added to
the resin (100 mj, L=0.6 mmol/~, 0.06 mmol) in a plastic  syringe, followed
by PyBOP (62 mQ, 0.12 mmol) in DMF (0.6 mL) and DIPEA (41 L,  0.24 mmol).
The reaction. was left at room temperature for 2 h with occasional stirring
and  the procedure was repeated once more. The resin was then washed with
DMF (2x2 mL),  CH,CI~ (2xZ mL), IvieO: i (2x2 mL), CH~C1~ (2x2 mL) and THE
(2x2 mL). io THE (800 L) was added to the syrinje and the resin was allowed
to swell for 10 min.  Then water (260 L) and 10 N1 NaOH (60 L) were added.
The reaction was left at room  temperature fer 16 h with occasional
stirring. The resin was then washed with THF:v<~ater  (1:1, 2x2 mL), THE
(2x2 mL), CH=C1~ (2;<? mL), NIeOH (2x2 mL) and CH~CI~ (Zx2 m.I.-). i5 10 9o
TFA in CH~CI~ (1 mL} was added to the syringe and after ~ min the solution
was  collected in a tared vial. This procedure was repeated one more time
and the combined  organic phases were concentrated under reduced pressure
to yield the title compound as the  TFA salt (16.3 m~, 74 %). 'rI NNIR (500
NIHz, CD:,OD): b 1.86-2.10 (m, 4H), 2.66-2.72 (m, 1FI), 2.86-2.92 (m, 1H),
?0 2.96-3.08 (m, 3H), 3.40-3.47 (m, 2H), 4.56-4.60 (m, 1H). 



I Example 11  2-f(Azetidine-2-carbonvll-aminol-3-mercapto-propionic acid
The title compound was prepared from azetidine-l,2-dicarboxylic acid
1-tern-butyl ester by  ?; the method described ir. Example 14. Yield: 13.8
mg (72 %). ~H i~tMR (600 IvIHz, CD30D): S 2.64-2.63 (m, 1H), 2.82-3.06 (m,
3H), 3.93-4.I6 (m, 2H), 4.66-4.71 (m, 1 H), 5.06-5.10 (m, 1 H). Example 1?
30 3-Merca~to-2-f(piperidine-3-carbonvll-arninol-propionic acid The title
compound tivas prepared from piperidine-l.3-dicarboxylic acid 1-ter-t-but;
~l ester  by the method described in L-xample 14. ti'ield: 16.1 mo (73 Io).
1 ~ 6 AUG 2004 CVO 00/6657 PCT/SEOi)/110834 39 ~H Nti1P. (500 IvIHz.
CD,OD): S 1.73-3.10 (m, 4H), 2.54-2.92 (m, ZH), 2.9~-3. I4 (m. ?H),
3.1~-3.29 (m, 3H), 4.~b-4.62 (m, iH). Example 13 s
2-(lA~etidine-3-carbonyl)-aminol-3-mercaoto-propionic acid The title
compound was prepared from azetidine-l,3-dicarboxylic acid mono-rert-butyl
ester by the method described in Example 14. Yield: 13.E m; (71 %). 



~H NMR (500 MHz, CD30D): S 2.86-3.02 (m, 2H), 3.7?-3.80 (m, 1H), 4.20-4.24
(d, 4H), 4.62-4.67 (m, 1H). Examole 14
3-l6-Amino-~-methyl-ovridin-3-vll-^-mercaptomethvl-orooionic acid (a)
5-Bromo-~-(I~I,~'-bis(rert-butoxvc;u-bonvllar-tinol-3-rrtethvl-t,vridin is
2-Amino-5-bromo-3-methylpyridine (16.0 g, 80.2 mmol) in tert-butanol vas
treated with di-tert-butyl dicarbonate (43.6 Q, 200 mmol) and DMAP (0.60 Q,
4.91 mmol). The reaction mixture was left at ambient temperature overnight
and was then concentrated under reduced pressure. Hexane was added and the
product precipitated as a solid. Pilt~ring afforded
~-bromo-2-j~~',1V'-bis(t~,-;-butoxycarbonyl)amino]-3-methyl-pyridin (22.0
;, 71 %). .o I (b) ''-(N 1V-bisltert-Butoxvc~rbonvllarnino;
-~-(te~t-butyl-dii~ethyl-silanvloxvmethyl)-3methvlovridin A solution of
5-bromo-2-[i~;N-bis(rert-butoxycarbonyl)amino]-3-methyl-pyridin (25.0 a,
67.1 mmol), tert-butyl-dimethyl-tributylstannanylmethoxy-silane (47.6 g,
109 mmol), and ~~ bis(triphenylphosphine)palladium(II) dichloride (0.90 b,
1.4? mmol) in 1,2-dichloroethane ($0 mL) was stirred at 90C for. two days.
The mixture was cooled to 0C and diethyl ether (200 mL) was added followed
by saturated aqueous potassium fluoride (40 mL). The mixture was stirred
vigourously for 30 min and filtered. The oi~Qanic phase vas washed with
water: dried and concentrated under reduced pressure. Flash chrcmatoQraphy
~o (hexane/E[OAc, 100:0 -7 95:~) ;aye
2-[N,N-bis(ter-t-butoxycarbonyl)amino]-6-(tert-butyldimethyl-silanyloxymeth
yl)-3-methylpyricin (18.0 a, 59 %).  1 ~ 6 AUG 2004 ~Y'O 00/66" 7
;PC"f/SEQO/00834 40 



(c)
?-f:~.'.~~'-bis(tert-butoxvcarbor.vl~~aminol-5-hydroxymethyl-~-methylpyridi
n Tetrabutylammonium fluoride (25.1 g. 79.6 mmol) was added to a solution
of ?-[:V.;
\~bis(tert-butoxycarbonyl)amino]-5-(tart-butyl-dimethyl-silanyloxymcthyl)-3
-methylpyridin (18.0 g, 39.8 mm~ol) in THE (150 mL). The reaction mixture
was stirred overnisht at room temperature. Concentration under reduced
pressure followed by flash chromatography (hexane/EtOAc, 50:50) Gave
2-(T/,;V-bis(tert-butoxycarbonyl)amino)-5-hydroxymethyl-3methylpyridin (8.0
g, 59 %). (d) 5-Bromomethvl-2-fN.;~'-bis(te~t-butoxvcarbonvllaminol-
3-methylpyridin io Triphenylphosphine (7.43 g, 28.3 mmol) and CBry (9.49 ~,
28.6 mmol~) was added to a solution of
2-[N,.N-bis(tert-butoxycarbonyl)amino)-5-hydroxymethyl-3-methylpyridin
(0.00 ~, 23.6 mmol) in dichloromethane (220 mL) at 0C. The reaction mixture
was stirred for 3 h and was then concentrated under reduced pressure. Flash
chromatography (hexane/EtOAe, 80:20) gave
5-bromomethyl-2-[N,N-bis(tent-butoxycarbonyl)amino]-3 is methylpyridin (8.0
g, 77 %). (el 2-(6-f;
V,N-bis(tert-Butoxvcarbonvl)aminol-5-methyl-pyridin-3-vlmethvll- malonic
acid diethyl ester To a suspension of NaH (0.2=~ g, 6.0 rnrnol, 60%) in DMF
(5 mL) vas added diethyl ao rnalonate (0.91 rnL, 6.0 mrnol) and the mixture
was stirred for 15 mir.. A solution 2-[;
ti~,:Vbis(tert-butoxycarbonyl)amino]-5-bromomethyl-3-methyl-pyridin (2.0 g,
5.0 rnmol) in DivIF (5 mL) was added and the resulting solution stirred for
120 min at 60C. Ethyl acetate was added and the mixture was washed with
water and brine and dried..After evaporation of the solven~, the crude
product was purified by flash chromatography ,5 (CH30I-iJCH~CI_, 1:100 -T
1:20) to dive
2-(6-[N,1V-bis(tert-butoxycarbonyl)amino]-~methyl-pyridin-3-ylmethyl)-malon
ic acid diethyl ester (1.2 Q, 50 %). (fl
2-(6-fNtV-bis(tert-butoxvcarbonvllaminol-~-methy]-pyridin-3-vlmethvll-malon
ic acid monoethvl ester ~o A solution of KOH (15=1 mg, 2.75 mmol) in
ethanol (2 mL) vas added to a solution 2-(6[t~;
;V-bis(tert-butoxycarbonyl)amino]-5-methyl-pyridin-3-ylmethyl)-malonic acid
diethyl ester (1.2 g, 2.50 mmol) in ethanol (10 mL) and methylene chloride
(~: mL) at 0C. The  1 ~ 6 AUG 2004 WO OO/66SS7 PCT/S00/0083 ~' 1 -, mixture
was stirred for 18 h at room temperature. The mixture was concentrated
under reduced pressure and the residue dissolved in v.~ater. Ethyl acetate
was added and the organic laver was washed with 0.~ iV1 HC1, water, brine
and dried. After filtration and concentration under reduced pressure nave
crude ?-(6-[tV.~1~~-bis(tert-butoxy ; carbony
1)amino)-~-methyl-pyridin-3-ylmethyl)-malonic avid monoethyl ester (1.0 ~,
88iv). 



(~) 2-(6-(N.N-bis(tert-b~~o;
:vcarbonvl)aminol-~-methyl-Dyridin-3-vlmethvll-acrylic acid ethyl ester
Diethylamire (0.26 ~, ?.67 mmol) tivas added a mixture of
2-(6-[?~',iV-bis(ter! ~o
butoxycarbonyl)amino]-~-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl
ester (1.0 a ? "~ mlrtol) and 3 i % aq. solution of formaldehyde (0.?4 ~,
3.00 mmol) in methylene ~. _._ chloride (2 mL) at 0 C. The mixture was
stirred for 16 h at room temperature and ethyl acetate was added. The
organic layer was washed with water and 5 co NaHCO3 and dried.
Concentration under reduced pressure followed by flash chromatography
(toluene/ethyl i; acetate, 3:1 -~ 1:2) gave
2-(6-[N,1V-bis(rerr-butoxycarbonyl)amino]-5-methyl-pyridin-::ylmethyl)-acry
lic acid ethyl ester (0.68 g, 73 %). (h)
2-Acetv]sulfanylme[hyl-3-i6-f:y.N-bis(rerr-butoxvcarbonvl~aminol-~-methyl-o
vridin-~v!)-oropionic acid ethyl ester 'o Triethylamine (0.234 mL, 1.65
mmol) vvas added to a solution of
2-(6-[N..N-bis(tertbutoxycarbonyl)aminol-3-methyl-pyridin-3-ylmethy])-acryl
ic acid ethyl ester (0.68 g, 1.61 mmol) in thioacetic acid (3 mL) at 0C.
The mixture was stired at roor:z temperature for 16 h. Ethyl acetate was
added and the organic phase was washed with water, saturated NaHCO3 and
brine and dried. The crude product was purified by flash chrornato`raphy =;
(toluene/ethyl acetate, 3:1 --y 1:2) to give pure
2-acetylsulfanylmethyl-3-(6-[N,N-bis{tertbutoxycarbonyl)amino]-~-methyl-pyr
idin-3-yl)-propionic acid ethyl ester (4S9 mQ, E1%o) and slightly impure
2-acetylsulfanylmethyl-3-(6-[N,N-bis(rerr-butoxycarbonyl)a.~nino]-3methyl-p
yridin-3-yl)-propionic acid ethyl ester (0.3rt g, 43%). ;o (i)
3-16-Amino-3-methyl-ovridin-3-v1)-2-mercarJtomethvl-oropionic acid
2-Acetylsulfanylmethyl-3-(6-[N,N-bis(tent-butoxycarbony])amine]-~-methyl-py
ridin-3-yl)prepionic acid ethyl ester (1 i mg, 0.034 mmol) was dissolved in
conc. HC1 (3.0 mL). The  ~  s au~ 200 WO 00lb6557 PCT/SE00lOU834 solution
was heated to reflux for 1 h. Concentration under reduced pressure have the
title compound (Q.9 ma, 100 90) as the hydrochloride salt. 'H NiVIR (~00
MHz. CD=OD): 0 2.26 (s, 3H), 2.72-2.7~ (m, 2H), 2.S3-'_'.91 (m, 3H), 7.60
(s, 1 H), 7.77 (s, 1 H). 



IvIS (+) 227 (M+1). Example 16
3-(6-Amino-4-methyl-oyridin-3-yll-?-mercaptomethyl-propionic acid io (a)
?-Amino-6-bromo-4-methylpyridine 2-.q.rnino-4-methylpyridine (110 a, 1.02
mol) in hydrobromic acid (1 L, 45%) ,vas stirred at 70C and a solution of
hydrogen peroxide (300 mL, 15 %) was added dropwise over a one h at such a
rate that the temperature of the reaction mixture remained at 70 - 80C. The
mixture was stirred for 90 min at 70C and poured onto crushed ice. The pH
was adjusted is to 4-6 with sodium carbonate and the precipitated solid
(containing mostly dibrominated products) was filtered off and discarded.
The pH vas subsequently raised to 9 and the precipitated product collected
by filtration. Recrystallization from toluene have
2-Amino~-bromo-=:-methylpyridine (76.3 j, 40 %l. ~o (b)
?-fIV.~'-bis(to!!-Butox.vcarbonvl~)aminol-6-bromo-4-methvlovridin
2-Amino-~-bromo-4-methylpyridine (6.70 p, 30.6 mmol) in chloroform was
treated with di-ten-butyl dicarbonate (20.0 g, 91.60 mmol) and DMAP (0.6G
~, 4.91 mmol). The ruction mi;cture was lest at ambient temperature
overnight and vas then concentrated under reduced pressure. Flash
chromatography (hexane/EtOAc, 96:6) gave 2-[rV,~V-bis(tert z;
butoxycarbonyl)amine]-~-bromo-4-methylpyridin (8.02 Q, 6S %). (c)
?-(N.1~--bis(ter!-Butoxycarbonvllaminol-5-(!err-buts]-dimethvl-silanvioxvme
thvll-4methylnvridin ~, solution of
2-[N,r~/-bis(tort-butoxycarbonyl)amino]-6-bromo-4-methylpyridin (16.0 g, ~0
38.70 mmol), tert-butyl-dimethyl-tributylstannanylmethoxy-silane (26.4 g,
68.3 tntnol), and. bis(triphenyiphosphine)palladiurn(IIj dichloride (U.90
a, 1.42 mmolj in 1,2-dichloroetiiane (>0 mT_) was stirred at 90C for two
days. The mixture was cooled to 0C and  1 6 AUG 2004  ~vo ootb~.;,
~crts~ooioo~~a ~. ; diethyl ether (200 mL) vas added followed by saturated
aqueous potassium fluoride (~0  mL). The mixture was stirred vigourously
for 30 min and filtered. The organic phase was  washed with water, dried
and concentrated under reduced pressure. Flash chromatography
(hexanelEtO,ac, 9~:5) Cave
?-[?~r..tv"-bis(rerr-butoxycarbonyl)amino]-~-(terr-butyl-dimethylsilanyloxy
methyl)-=1-methylpyridin (10.0 C, ~7 %). (d)
~-fNN-bis(tert-butoxvcarbonvllaminoi-~-hvdroxymethyl-4-methvlpvridin
Tetrabutylammortium fluoride (13.9 C, 44. L mmol) was added to a solution
of 2-[N,;
rbis(tert-butoxycarbonyl)amino]-6-(tert-butyl-dimethyl-silanyloxym~thyl}-~-
-methylpyridin  (10.0 " 24.3 mmol) in THE (100 mL). The reaction mixture
was stirred for 3 h at room  temperature. Concentration under reduced
pressure followed by flash chromatography  (hexane/EtOAc, 50:0) gave
2-[N.N-bis(ter-t-butoxycarbonyl)amino]-~-hydroxymethyl-~methy!pyridin (5.0
g, 67 %). 4 ~s (e) 5-Bromomethvl-2-f=V.~'-bis(tert-butoxvcarbonv])aminol-
4-methvlpvridin  Triphenylphosphine {4.69 g, 17.9 mmol) and CBr4 (4.89 0,
14.5 mrrmol} was added to a  solution of
2-[tti',tV-bis(lerr-butoxycarbonyl)amino]-5-hydroxymethyl-4-methylpyridin
(5.00 ;, 22.0 tnmol) in dichloromethane (130 mL) at 0C. The reaction
mixture was stirred  for 3 h and was then diluted with dichloromethane. The
organic phase vt~as washed with 



~o w-ater, dried and concentrated under reduced pressure. Flash
chromatography  (hexane/EtOAe, 50:20) gave
5-bromomethyl-2-[:~!N-bis(rent-butoxycarbonyl)anuno]-4methylpyridin (5.35
v, 90 %}. (`1 ~-(6-f~V
N-bis(tort-Buto:tvcarbonvllaminol--*-methvl-pvridin-3-vlmethvl)- malonic
acid  ~s diethvl ester To a suspension of NaH (0.2.4 g, 6.0 mmol, 60%) in
DMF (~ mL) was added diethyl  malonate (0.91 mL, 6.0 mmol) and the mixture
was stirred for 15 min. A solution
2-[~V,N"bis(tert-butoxycarbonyl)amino]-~-bromomethyl-4-methyl-pyridin (2.0
~, 5.0 mmol) in  DNIF (5 mL) was added and the resulting solution stired
for 120 min at 60 C. Ethyl ~o acetate was added and the mixture was washed
with water and brine and dried. After  evaporation of the solvent, the
crude product was purified by flash chromatography  (CH.,OH/CH~CI~, 1:100
-~ 1:20) to give a pure fraction ?-(6-[N;iV-bis(terr-butoxy  1 ~ 6 AUG 2004
CVO 00/6b557 PCT!S~OO;OOS31
carbonyl)aminoJ-=~-methyl-pyridin-3-yimet:yl)-malonic acid diethyl ester
(l.l~ g, 48 cc) and an impure fraction
2-(6-(:~',!V-bis(tart-butoxycarbonyl)arnino]-=?-methyl-pyridin-~ylmethyl)-m
alonic acid diethyl ester (1.1 ~). s (gl
2-(6-(NN-bislterr-butoxvcarbonvl)amino';
-4-methyl-pyridin-3-vlmethvll-malonic acid monoethyl ester A solution of
KOH (141 mg. 2.52 mmol) in ethanol (2 mL) was added to a solution
2-(6[N,N-bis(tart-butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmetfiyl)-malon
ic acid diethyl ester (1.1 ~, 2.29 mmol) in ethanol (10 mL) and methylene
chloride (4 mL) at 0C. The is mixture was stirred for 18 h at room
temperature. The mixture was concentrated under reduced pressure and the
residue dissolved in water. Ethyl acetate was added and the organic layer
was washed with 0.~ M HCI, water; brine and dried. After filtration and
concentration under reduced pressure gave crude
2-(6-[!V,!V-bis(tert-butoxycarbonyl)amino]-=~-methyl-pyridin-3-ylmethyl)-ma
lonic acid monoethyl ester (1.0 g, 97 io ). l5 (h)
2-to-fN.iV-bis(tent-butoxvcarbonvllaminol-?-methyl-pyridin-3-vlmethvll-acry
lic acid ethyl ester Diethylamine (0.26 g, 2.57 mmol) ,vas added a mixture
of
2-(o-[!V,iY-bis(tertbutoxycarbony])amino]-='-methyl-pyridin-3-ylmethyl)-r::
alonic acid monoethyl ester (1.0 ao ~, 2.2 mmol) and 37 9o aq. solution of
`ormaldehyde (0.24 ~, 3.00 mmol) in methylene chloride (2 mL) at 0C. The
mixture was stir-.ed for 1b h at room temperature and ethyl acetate was
added. The organic layer was washed witi`r water and ~ % NaHCO; and dried.
Concentration under reduced pressure followed by r7ash chromato;raphy
(toluene ethyl acetate, 3:1 -a 1:1) gave
2-(6-[N..N-bis(tart-butoxy.csrbonyl)amino]-4-methyl-pyridin-3 



as ylmethyl)-acrylic acid ethyl ester (0.81 g, 88 90). (i}
2-Acetvlsulfanylmethvl-~-(6-f!V,N-bisftert-butoxvcarbonvllaminol-4-methyl-p
yridin-2 vl)-propionic acid ethyl ester Triethylamine (0.279 mL, 2.0 mmol)
was added to a solution of 2-(6-[!V`,!V-bis(tert 3o
butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester
(0.8 g, I.9 mmol) in thioacetic acid (3 mL) at UC. The mixture was stirred
at room temperature for 16 h. Ethyl acetate was added and the organic phase
was ~~ashed with water, saturated  ~~'0 00/60~~7 PCT/SE00/00834  4~ NaHCO.,
and brine and dried. The crude product was purified by flash
chrornatoaraphy  (toluene/ethyl acetate, ~:l --3 l:?) to Give pure
?-acetylsulian,ylmeth;
dl-3-(6-[:y,:~-bis(tertbutoxycarbonyl)amino]-~-methyl-pyridin-3-yl)-propion
ic acid ethvl ester (200 raa, ? I %~  and slightly impure
2-acetylsulfanylmethyl-3-(6-[t~!tV-bis(tent-butoxycarbonyljamino]-4 s
methyl-pyridin-~-yl)-propionic acid ethyl ester (0.68 0). (i)
~-(ti-Amino-=l-methyl-pyridin-3-yl)-?-mercaotomethvl-propionic acid
?-~.cetylsulfanyl:nethyl-3-(6-[N,~ti'-bis(tert-butoxycarbonyl)amino]-~-meth
yl-pyridin-3-yl)rropionic acid ethyl ester (36 mg, 0.072 mmol) was
dissolved in conc. HC1 (3.0 mL). The  solution vas heated to reflex for 1
h. Concentration under reduced pressure have the title  compound (18. i mg,
98 %) as the hydrochloride salt. ~H NNIR (~00 MHz, CD;OD): S 2.42 (s, 3H),
2.72-2.95 (m. ~H), 6.81 (s, 1H), 7.~8 (s, 1H). Iti~1S (+) 227 (N1+1). is
Fxamole 16  ~-Mercaptomethv!-3-pioeridin-~-vl-butyric acid (a)
4-formvl-piperidine- l -carboxylic acid rert-butyl ester Periodinane (26.9
~, 63.5 mmol) ,vas added to a solution of 1-tort-butoxycarbonyI~o
piperidine-4-methanol (10.~ g, 48.8 mmol) in methylene chloride (200 mL)
and the  mixture was stirred for 90 min. Diethyl ether was added and
precipitates were removed by  extraction tivith 10 % Na~S,03/saturated
NaHCO~ (I: I, 300 mL). The organic layer was  washed with 0.~ M NaOH and
brine, dried and concentrated under reduced pressure. Flash  chromatography
(hexane/EtOAc, 8:2) gave ~-formyl-piperidine-l-carboxylic acid tert 



~s butyl ester (8.~ g, 81 %). (b)
~-(1-t~~-t-Butoxvcarbonvl-piperidin-~?-ylmethviene)-malonic acid diethyl
ester  To a solution of diethyl malonate (710L, 4.7 mrnol) and
4-formyl-piperidine-lcarboxylic acid tert-butyl ester (1.0 ~, 4.7 mmol) in
methylene chloride (~ mL) was added ~a piperidine (46 L, 0.47 mmol) and
acetic acid (27 L, 0.47 mmol). The reaction mi;,ture  ,vas stirred for 72 h
at room temperature and then for 16 h at 4~C. LtOAc was added and  the
mixture was washed with water and brine, dried and concentrated tinder
reduced  1 ~ 6 AllG 2004 ~~0 00/66>j7 PCT./SEGO/OO~i34 . 46 pressure. The
cnsde was purified by flash chromatography (heptane/Et0 Ac, 3: 1 -~ 1:3) to
vine 2-(1-tent-butoxycarbonyl-piperidin-4-ylmethylene)-malonic acid diethyl
ester (0.69 a, 40 %). (c) 2-f l
-(1-tent-Butoxvcarbonyl-piperidin-4-vll-ethyll-malonic acid diethyl ester
Nle.Li (5. 34 mL, 8.54 mmol, 1.6 M in diethyl ether) was added dropwise to
a slurry of CuI (0.74 ~, 3.88 mmol) in THE (~ mL) at -78C under argon and
the mixture was stirred for 30 min. A solution of
2-(1-rer-t-butoxycarbonyl-piperidin-4-ylmethylene)-malonic acid diethyl
ester (0.69 g, 1.94 mn.ol) in THE (~ mL) was added dropwise and the
reactors mixture bvac ~o stirred for 120 min at -78`C and was then allowed
to warm to room terriperature during 60 min. Concentrated aqueous 1`11=L,OH
was added and the mixture was then extracted with EtOAc, washed with
concentrated aqueous iV'H:,OH and brine, dried and concentrated under
reduced pressure. The crude was purified by flash chromatography
(heptane/EtOAc, 3:1 -~ 1:6} to give 2-[
1-(l-tert-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid diethyl is
ester (0.39 g, 54 Via). (d) 2-f 1-(1-1ert-Buto;
<vcarbonvl-oiperidin-4-vll-ethyll-malonic acid monoethyl ester A solution
of KOI-i (84 mg, 1.16 mmol) in EtOH (2 mL} ~~,~as added dropwise to a
solution of 2-[1-(1-tert-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid
diethyl ester (0.39 g, ~0 1.01 mmol) in methylene chloride (4 mL) and irtOH
(10 mL) at 0C. The resulting mixture was stirred at room temperature over
night. EtOAc was added and the mixture was washed with 0.5 M HCl and
'urine, dried and concentrated under reduced pressure to give 416 mg of
crude 2-[1-(1-tert-butoxycarbonyl-piperidin=!-yl)-ethyl]-malonic acid
monoethyl ester. ~; (e)
4-(?-Ethoxvcarbonvl-i-methyl-allvll-Diperidine-l-carboxylic acid tert-butyl
ester Formaldehyde (132 mQ, 1.65 mmol, 37 % in water) vas added to a
solution of of crude
?[1-(1-tert-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid monoethyl
ester (416 ma} in methylene chloride (2 mL) at 0C. Diethylamine (153 L,
1.47 mrnol) tvas added dropwise and the mixture was stirred at room
temperature over night. EtO.Ac was added and the ;q mixture vas washed with
water and saturated NaHCO;, dried and concentrated under reduced pressure.
The crude was purified by flash chromatography (toluene,~tOAc, 3:1) to 



1 5 Al1G '1_~0~  WO 00~`66~~7 PCT/SE00/(1083 47 dive
=l-(?-ethoxycarbonyl-I-rlethyl-allyl)-pipzridine-l-carboxylic acid
tert-butyl ester  (0.13 ~, 49 % over two steps).
(r~-.-(3-Acetvlsulfanvi-?-ethoxycarbonyl-l-methyl-oroovl)-piperidine-l-carb
oxylic acid  s tent-butyl ester TE.A (55 uL, 0.617 mmol} was added to a
solution of 4-(2-ethoxycarbonyl-l-methyl-al!yl)piperidine-l-carboxylic acid
tent-butyl ester (0.18 g, 0.~9 tnmol) in thioacetic acid (2 mL)  at 0C.
After stirring for 6 h more thioacetic acid (2 mL) was added and the
mixture was  stirred at 45C over ni?ht. >/tOAc was added and the mi:~ctttre
was washed with water, ~o saturated iv'aHCO3 and brine, dried and
concentrated under reduced pressure.. The crude  was purified by flash
chromatography (toluene/EtOAc, 5:1 --~ 1:1) to slightly unpure
4-(3acetylsulfanyl-2-ethoxycarbonyl-l-methyl-propyl)-piperidine-l-carboxyli
c acid tert-butyl  ester (0.17 ~, 7~ %). is (a)
2-Acetylsulfanvlmethvl-3-nit;eridin-4-vl-butyric acid ethyl ester TFA (2
mL) was added to a solution of
4-(3-acetylsulfanyl-2-ethoxycarbonyl-l-methylpropyl}-piperidine-l-carboxyli
c acid tert-butyl ester (0.17 0, 0.439 minol) in methylene  chloride (10
mL). The reaction .uas stirred for 90 min ar.d concentrated under reduced
pr-cssure. Ti3e crude product was purified using HPLC (J.0 ~ 50 %
acetonitrile in water, ao 0. ]. io TFA) to give
2-acetylsulfanylmethyl-3-piperidin-4-yl-butyric acid ethyl ester (101  ma,
54 ~o) as the TFA salt. c (h) 2-Mercaptometlzyl-~-nioeridin-4-vl-butyric
acid Conc. hydrochloric acid (4 mL) was added to
3-acetyisulfanylmethyl-3-piperidin-4-yl=s butyric acid ethyl ester TFA salt
(0.101 ~, 0.252 mmol) under argon. The reaction was heated to reflux for ~
h and then concentrated under reduced pressure to give a  diastereomeric
mi;ctur~ of the title compound (73.7 mg) as the hydrochloride salt. 'H
N1vIR (~00 MHz, CD:OD) for the major diastereomer: d l.l0 (d, 3H),
1.36-1.58 (m,  2H), 1.71-1.78 (m, 2H1. 1.93-1.99 (m, IH), 2.05-2.11 (m.
1H), 2..50-2.66 (m, 2H), 2.80;0 2.86 (m, 1H), 2.94-3.0? (m, 2H), 3.38-3.45
(M, 2H). 



~1S (+) 218 (M+1).  1 ~;, ~~~ 2004 V~'O 00/065? PCT/Sr.00/00~3a ~~ -~
Examale 17 3-(6-Amino-pyridin-3-v!1-?-merca~tomethvl-butyric acid (a)
(~-fotznvl-pyridin-2-y'I)-carbamic acid te,t-butyl ester 5
(5-hydroxymethyl-pyridin-2-yl)-carbamic acid tern-butyl ester (7.00 g, 31.2
mmolj was dissolved in dry DNISO (SO mL) and the reaction flask immersed in
a waterbath at 1~C. TEA (13.1 ml, 94.0 mrnol) was added, followed by sulfur
trioxide pyridine comply (15.0 ~, 94.0 mmol) in portions. The reaction
mixture was stirred for further 4~ min and poured onto crushed ice. The
product was extracted with diethyl ether and the combined organic io
extracts were washed with brine, dried and concentrated under reduced
pressure. Recrystallisation from hexane/CH,C1~ afforded
(5-formyl-pyridin-2-yl)-carbamic acid tertbutyl ester (d.40 ~, 7S %) as
white crystals. (b)
2-(6-tent-Butoxycarbonvlamino-pyridin-~-vlmethvlenel-malonic acid diethyl
ester i~ To a solution of diethyl malonate (710 uL, 4.7 mmol) and
(5-forrnyl-pyridin-2-yl) carbamic acid tent-butyl ester (1.04 ~, 4.7
rnrnol) in methylene chioride/DMF (1:1, ~ rnL) was added piperidine (46 uL,
0.47 mmol) and acetic acid (27 L, 0.47 mmol). The reaction. nuxture was
stirred for 72 h at room, temperature and then for 16 h at 4~C. I-ieptane
~.va5 added slowly to give 2-(6-rent-buto;
<ycarbonylamino-pyridin.-3-ylmethylene}-malonic acid co diethyl ester (0.69
g, 40 %) as grey crystals. (c) 2-f
1-(6-tent-Butoxvcarbonylamino-~vridin-~-vl)-ethvll-malonic acid diethyl
ester 1`~IeLi (6.5 mL, 10.4 mrnol, 1.6 ivI in diethyl ether) was added
dropwise to a slurry of Cul (0.9 g, 4.73 mmol) in THE (28 mL) at -78C under
argon. The reaction mixture was stirred as for 30 min. A solution of
2-(6-tent-butoxycarbonyla ~ ono-pyridin-3-ylmethylene}-malonic acid diethyl
ester (0.8=1- g, 2.3 mmol) in THE (7 mL) was added dropwise and the
reaction was stirred for 180 min, at -78C. Saturated aqueous NH;OH tivas
added dropwise and the mixture was extracted ~Yvith EtOAc. The organic
phase vas washed with saturated aqueous NH~OH and NaCI, dried and
concentrated under reduced pressure. Flash chromatography ~o
(toluene/EtO,Ac, 3:1 ~ 1:6) gave 2-[
1-(6-tent-butoxycatbony!amino-pyridin-3-yl)-ethylJrnalor.ic acid diethyl
ester (0.723 g, 8?.4 ~o) as a whir solid.  1 fi ~',UC 200 WO OUi66557
PCTISEOUtU083a 



~-9 (d) ?-~ I -!6-!ert-Butoxvcarbonvlamino-pvridin-3-vll-ethvll-malonic
acid rnonoeth~I ester A solution of KOH (1 13.6 mg, 2.0? mmol j in EtOH (2
mL) was added dropwise to a solution of
?-[1-(5-tert-butox}~carbonylamino-pvridin-3-yl)-ethyl]-malonic acid diethyl
ester (0.7 ~, 1.8? mmol) in methylene chloride (? mL) and EtOH (10 mL) at
0C under argon and the reaction mixture was stirred over night. l lvl KOH.
(100 mL) was added and the mixture was washed with methylene chloride. The
aqueous phase was acidified to pH 2 using ? ivI HCI and extracted with
EtOAc. The organic phase was dried and concentrated under reduced pressure
to give the crude
2-(1-(6-t~~rt-butoxycarbony]amino-pvridin-3-yl)ethyl]-malonic acid
monoethyl ester (??~ mg, 65 io). io (e) 2-f
l-(6-ter-t-Butoxvcarbonvlamino-pvridin-3-vl)-ethvll-acrylic acid ethyl
ester Diethvlamine (0.13 mL, 1.?73 mmol) vas added to a solution of
?-[1-(6-tert-butoxyca_~bcnylamino-pvridin-3-yl)-ethyl]-malonic acid
monoethyl ester (423 mg, 1.2 mmol) and formaldehyde (132 mg, 1.626 mmol, 36
% in water) in meth;~!ene chloride (2 m.L) at 0C ~; under argon. The
mixture was stirred at room temperature over night. EtOAc was added and the
solution was washed with water, 1~aHC0; and brine, dried and concentrated
under reduced pressure. Flash chromatography (toluene/EtOAc, 3:1) gave
2-[1-(6-tertbutoxvcarbonyiamino-pvridin-3-yi)-ethyl]-acrylic acid ethyl
ester (15S mg, ?i X70). 'o (f)
?-Acetvlsulfanvlmethv:-3-~6-ter-r-butoxvcarbonvlamino-pvridin-3-vl)-butyric
acid ethy ester TEA (0.076 mL, 0.5?? mmol) was added to a solution of
2-(1-(6-ter-t-butoxycarbony]a::iino-pvridin-3-yl)-ethyl]-acrylic acid ethyl
ester (158 mg, 0.?93 mmol) in thioacetic acid (2 rnL) at 0C under argon.
The mixture was stirred a[ ?5C over nigh[. E[OAc was added ~s and the
solution was washed with iti'aHCO; and brine, dried and concentrated under
reduced pressure. Flash chromatography (toluene/EtO,~c, 5:1 --~ 1:1) gave
slightly unpure
?-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pvridin-3-yl)-butyric
acid ethyl ester (178 mg, 91 Vic). ~o (g)
o-Acetvlsulfanvlmethvl-3-(6-amino-pvridin-3-vl)-butyric acid ethyl ester
TFA (2 rnL) vas added to a solution of
2-acetylsulfanylmethyl-3-(6-ter-t-butoxycarbony!amino-pvridin-3-yl)-butyric
acid ethyl ester (178 mg, 0.T?9 mmol) in meth~;lene chloride  ~ 6 AUG 2004
WO 00/66557 PCT/SE00/OOS34 (? rnL). The mixture ~,vus stirred for 6G min
and concentrated under reduced pressur. Flash chromatography (toluene/
E:OAc, 1:6) gave unpure
2-acetylsulfany!methyl-3-(6-aminopyridin-3-yl}-butyric acid eth;~l ester
((76 mg, 95 %). Further purification by 'r-1PLC (] 0 -: 70 % acetonitrile
in ~.vater, 0.1 %TFA) gave 2-acetylsulfanylmethyl-3-(6-amino-pyridin-.: 



~ yl)-butyric acid ethyl ester (10=1 mg, 66 %) as the TFA salt. (h)
3-(6-Amino-pyridin-3-vll-?-mercaptomethvl-butyric acid Conc. hydrochloric
acid (~ m.L) was added to
2-acetylsulfanylmethyl-3-(6-amino-pyridin3-yl)-butyric acid ethyl ester
(lU4 mg, 0.253 mmol) under argon. The reaction ~y~as heated io to reflux
for ~ h and then concentrated under reduced pressure to give a
diastereomeric mixture of the title compound (61 mg, 92 %) as the
hydrochloride salt. ~H NVIR (~00 IvIHz, D,O) for the major diastereomer: v
1.26 (d, 3H), 2.49-2.53 (m. 2H), 2.0=1-2.7i (m, 1H), ?.95-3.02 lm, 1H),
7.02 (d, 1H), 7.69 (d, 1H), 7.SS (m, 1H). MS (-~-) 227 (iv1+1). Example 1 S
3-(6-Amino-?-methyl-pyridin-3-vI~-2-mercaptomethvl-nropior.ic acid (al
(~-Bromo-6-methyl-pyridin-2-v1)-carbamic acid tert-butyl ester ao
5-Bromo-6-methyl-pyridin-?-ylamine (25.0 ~, 133.7 mmol) in THE/tent-butanol
(1:10, 550 mL) was treated with di-tort-butyl dicarbonate (39.3 g, 150.0
mmol) and DNIAP (2.40 a, 19.6 mmol). The reaction mixture vas stirred for
=~ h at 40C and concentrated under reduced pressure. Flash chromatography
(methylene chloride) gave (~-bromo-6-methylpyridin-2-yl)-carbamic acid
tort-butyl ester (17.0 g, 44 %). (b)
[~-(!ert-Butyl-dimethvl-silanvloxvmethyl)-6-methyl-~pvridin-2-vll-carbamic
acid tertbutvl ester A solution of (~-bromo-6-methyl-pyridin-2-yl)-carbamic
acid ter!-butyl ester (?7.~ ~, 9~.8 mmo!),
tert-butyl-dimethyl-tributylstannanylmethoxy-silane (43.~ ~, 100.2 mmol),
and 3o bis(triphenylphosphine)pailadium(II} dichloride (1.00 g, 1.40 mrnol)
in 1,2-dichloroethzne (3~0 mLl was stirred at reflux for 48 h. Additional
bis(triphenyiphosphine)palladium(II} cichloride (1.00 ~, 1.40 mmolj was
added every 12 h. The mixture was cooled to 0"C and  1 6 AU6 X004  vV0
OU/66557 PCT/S~UU/OU83d ~1 



diethyl ether (300 mL) was added followed by saturated aqueous potassium
fluoride (100  mL). The mixture .vas stirred vigourously for 60 min and
filtered. The organic phase vas  washed with water, dried and concentrated
under reduced pressure. Flash chromatography  (tiIeOIT/CI:~C1~, 1:99) gave
[5-(ter-t-butyl-dimethyl-silanyio;tymethyl)-6-methyl-pyridin-2vl]-carbamic
acid tert-butyl ester (1~ g, 17 %). .o IS (c)
(~-Hvdroxymethvl-6-methyl-ovridin-2-vll-carbamic acid test-butvl ester
Tetrabutylammanium tuoride (i9.6 g, 62.4 mmoi) was added to a solution of
[~-{tertbutyl-dimethyl-silanyloxymethyl)-6-methyl-pyridin-?-yl]-carbamic
acid tent-butyl ester  (10.~ ~, 31.23 mmoi j in THE (I00 mL) and stirred at
room. temperature overnight. `~Vater  was added and the product extracted
with chiorofotri. The organic phase was dried and  concentrated under
reduced pressure. Flash chromatography (iv1eGH/CH~CI~, 2.5:77.5)  gave
(5-hydroxymethyl-6-methyl-pyridin-2-yl)-carbamic acid tert-butyl ester (6.0
g , S I  C~ ) (d)
~-Bromomethvl-2-f_N.1V-bis~tert-butoxycarbonvllaminol-pvrimidin
Triphenylphosphine (9.83 g, 37.E mmoi) and CBra (17.7 ;, X3.5 m..mo]) was
added to a  solution of (~-hydroxvme[l:vl-6-methyl-pyridin-2-yl)-carbamic
acid test-butyl ester (8.~0  ~, 3~.7 mmol) in dichlorome:bane (30 mL) at
0C. The reaction tr~ixcsre was stirred fer 3 h ~o at room temperature and
'.vas then diluted vrirh dichloromethane. The organic phase was  washed
with water, dried and concentrated under reduced pressure. Flash
chromatography  (CH~CI~) gave 5-bromomethyl-2-[:V,:~-bis(te;
-t-butoxycarbonyl)aminoJ-pyrimidin (4.0~ ~,  ~ 8 % ). ~s (e)
2-(6-tey-t-Butoxvcarbony]amino-?-methvl-ovridin-3-vlmethvll-malonic acid
diethyl  ester A solution of diethyl malonate (1.21 mL, 7.97 mmel) in DP/IF
(? mL) was added drop vise  to a suspention of NaH (~48 mg, 7.97 mmoi, " %
in mineral oil) in DMF (~ mL) at 0 C  under argon. The reaction mixture
Lugs stirred for 4~ run and a solution of (~-brorno ;o
methyl-6-methyl-pyridin-2-yl)-carbamic acid tert-but;,~l ester (2.O~g, 6.64
mmoi) in DMF (~  mL) ,vas added dropwise. The mixture was stirred over
night (0C -y 20C). EtOAc ~~vas  added and the solution was washed with
~~vater and brine, dried and concentrated under  bV0 00/66557 >;' 1 '6 AUG
2004 PCT/SE00/00834 reduced pressure. Flash chromatography (heptarie~EtOAc.
~-::l) Qave
?-(6-tort-butoxycarbonylamino-?-methyl-pyridin-3-ylmethyl)-malonic acid
diethyl ester (1.87 Q, /4 ~'c). (f)
2-(6-tart-Butoxvcarbonvlamino-?-methyl-pyridin-3-vlmethvll-malonic acid
monoethyl ester 



A solution of KOH (300 rng, 5.35 rnmol) in EtOH (? mL) was added to a
solution of
2-(6tert-butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid
diethyl ester (1.85 j, 4.86 mmol) in EtOH/methylene chloride (2:1, 21 mL)
at 0C. The mixture was stirred for 40 h at room temperature and Et0?.c was
added. The mixture was washed with 0.5 M io HC1 and brine, dried and
concentrated under i-educed pressure to give crude
2-(6-te,-tbutoxycarbonylarnir.o-?-methyl-pyridin-3-ylmethyl}-malonic acid
monoethyl ester (1.45 f (~)
2-(6-tort-Butoxvcarbonvlamino-2-methyl-Dvridin-3-ylmethyl)-acrylic acid
ethyl ester is Diethylamine (359 m~, 4.90 mmol) was added dropwise to a
solution of 2-(6-tert
butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl
ester (I.-;-~ ~, 4.09 mmol) and formaldehyde (464 m~, 5.72 mrnel, 37 7o in
water) in methylene chloride (35 mL) at 0C under argon. The mixture was
stirred at room temperature over night. Methylene chloride vas added and
the solution was washed with tia~C03 and brine, dried ~o and concentrated
under reduced pressure to dive 2-(6-tent-butox;
/carbonylamino-2-methylpyridin-3-ylmethyl)-acrylic acid ethyl ester (1.03
g, 79 %). (h)
2-?.cetvlsulfanvlmethvl-3-(6-tert-butoxvcarbonvlamino-?-methyl-pyridin-3-vl
)oropionic acid ethyl ester >> TEA (O.SSb mL, 3.99 mmol} was added to a
solution of
2-(6-tert-butoxycarbonylamino-?methyi-pyridin-3-ylmethyl)-acrylic acid
ethyl ester (1.?3 g, 3.84 msnol) in thioacetic acid (10 rnL) at 0 C under
arson. The mi;.ture vvas stirred at room temperature for 64 h. EtOAc was
added and the solution was washed with I~'a;C03 and brine, dried and
concentrated under reduced pressure. Flash chromatography (toluene/Et0 ^~c,
5:1 -=~ l : l) have 2 3o
acetylsulfanylmethyl-3-(6-tert-btttoxycarbonylamino-?-methyl-pyridin-3-yl)-
propionic acid ethyl ester (1..:3 g. 87 %).  1 ~ 6 AU6 2004 vv0 00/66~~ 7 s
PCT/S EOO/OOS34 



(i) 3-(6-.amino-2-methyl-DVridin-3-vll-2-mercaptomethvl-Drooionic acid
Conc. hydrochloric acid (2 mL) was added to
2-acetylsulfanylmethyl-3-(6-!er!butoxycarbonylamino-?-met~yl-pyridin-3-yl}-
propionic acid ethyl ester (77 m~, 0. l9 mmol} under argon. The reaction
was heated to ret7ux for 110 min and was then concentrated under reduced
pressure to give the title compound (39 mg, 76 ~o) as the hydrochloride
salt.. ~I-I NVIR (~00 MHz, DSO): b 2.49 (s, 3H), 2.73-2.92 (m, ~H), 6.81
(d, 1H), 7.77 (d, 1H). MS (+) 227 (M+ 1). ~o Example 19 '?-P
cetvlsulfanylmethvi-3-(2-amino-pvrimidin-~-vl;-propionic acid etl--yl ester
(a) ?-(NN'-bis(rer!-Butoxy~arbonyllarninol-5-bromopvrirnidin
2-Arr~ino-~-bromopyrirnidine (9.00 g, ~ 1.7 mmol) in THE/tert-butanol (1:1,
100 mL) vas i; treated with di-tent-butyl dicarbor,ate (3'1.0 g, 16.0 mmol)
and DMAP (3.00 g, 24.E mL-r:ol). The reaction mixture was left at ambient
temperature overnight and concentrated under reduced pressure. The residue
tivas partitioned ber~veen dichloromethane and water and pH was adjusted to
4 with 1 M HCI. The solution vas extracted with dichloromethane, dried and
concentrated under reduced pressure. The crude product was suspended in ao
hexane and filtered to yield
2-[1V,IV-bis(!er!-butoxycarbonyl)amino]-:~-bromopyrimidin (15.0 g, 77 %).
(b) ~ (!y ~' bi~(tert Butorvcarbonvllarni
.01-6-(!e~t-but~~l-dimethvl-silanvloxvmethvl)p_vrimidin ~s A solution of
2-[IV,lV-bis(tert-butoxycarbonyl)amino]-5-bromopyrimidin (16.0 g, 4~.0
mmol), tert-butyl-dimethyl-tributylstannanylmethoxy-silane (20.~ g, 47.1
mmol), and bis(tripheny]phosphine)palladium(II) dichloride (1.00 g, 1.40
mmol) in 1,2-dichloroethare (~0 mL) was stirred at reflux overnight.
Additional bis(triphenylphosphine)palladium(II) dichloride (1.00 g, 1.40
mmol) was added and the solution tivas refluxed for 8 h. The so mixture was
cooled to 0C and diethyl ether (200 mL} was added` followed by saturated
aqueous potassium fluoride (~0 mL). The mixture was stirred vigourously for
60 min and filtered. The organic phase was washed with water, dried and
concentrated under reduced  ~ s Aug zao4 ~v'O 00/65~~7 PCT/SEOOt00834
pressure. Flash chromstograph;~ (y1eOH/CH=C1,, 1:99) wave 2-[:V.t~;
'-bis(tertbutoxyearbonyl)amino-5-(te;
-t-btit~-1-dimethyl-silanyloxymethyl)-pyrimidin (10.2 ~. 55 9c) . (c)
2-(Nlv'-bisltert-Butoxvcarbonvl)aminol-~-hvdroxvmethvl-oyrimidin
Tetrabutylammonium tluoride (15.3 ~, 48.6 mmol) was added to a solution of
2-[.N.;
l~'bis(tert-butoxycarbonyl)amino]-~-(tert-butyl-dimethyl-silanyloxymethyl)-
pyrimidin (10.0 



g, 24.3 mmol) in THE (100 mL} and stirred at room temperature overnight.
Water was added and the product extracted with chloroform. The organic
phase was dried and io concentrated under reduced pressure. Flash
chromatography (Iv1eOH/CH~C1~, 2.5:77.5) gave
2-[N,N'-bis(tert-butoxycarbonyl)amino]-5-hydroxymethyl-pyrimidin (4.20 ~ ,
53 %). (d)
5-Bromomethyl-?-f:ti~tti'-bis(tert-Butoxvcarbonvl)arninol-ovrimidin
Triphenylphosphine (2.71 g. 10.73 mrnol) and CBr:~ (4.59 g, 14.8 mmol) was
added to a is solution of
2-[N,iV-bis(te,-t-butoxycarbonyl)amino]-5-hydroxymethyl-pyrimidin (3.20 g,
9.83 mmol) in dichloromethane (30 mL) at 0C. The reaction mixture was
stirred for 1 h and tivas then diluted with dichloromethane. The organic
phase tivas washed with water, dried and concentrated under reduced
pressure. Fl::sh chromatography (CH~C1=) have
5bromornethyl-2-[N,N=bis(tort-butoa:ycarbonyl)amino]-pyrimidin (2.55 g, 67
%).. zo (e)
2-(2-(N.N-bis(tert-Butoxvcarbonvllaminol-ovrimidi:-:-5-vlmethvl~)-rnalonic
acid diethvl ester A solution of diethyl malor,ate (0.704 mL, 4.64 mrnol)
in DMF (2 mL) was added dropwise to a suspension of NaH (200 mg, =x.64
mmo1, " % in mineral oil) in DMF (4 ~; mL) at 0 C under argon. The reaction
mixture was stirred for 30 min and a solution of ~bromomethyl-2-[NtV
bis(tert-butoxycarbony'])amino]-pyrimidin (1,5 g, 3.86 mmol) in DMF (4 mL)
was added dropwise. The mi:~ture was stirred at room temperature for 3 h.
EtOAc was added and the solution was washed with tivater and brine, dried
and concentrated under reduced pressure. Flash chromatography
(heptane/L-tOAc, 3:2) have ?~o
(?-[:V,N-bis(tert-butoxycarbonyl}amino]-pyrimidin-S-ylmethyl)-malonic acid
diethyl ester  1 ~ s av~ 2ooa WO 00/66~~7 PC7'/sE04J00834 ~J (tj
~-~`'-[-ti'N-his(rer-r-butcxycarbonvllaminol-ov'rimidin-~-vlmethvl)-malonic
acid monoethvl ester A solution of KOH (106 mg, 1.88 mmol) in EtOH (? mL)
was added to a solution of 2-(?[/V,
lb'-bis(tert-butoxycarbonyl)amino]-pyrimidin-~-ylmethyl)-malonic acid
diethyl ester s (O.SO ~, 1.71 mmol) in EtOH/methylene chloride (~: 1, 12
mL) at 0C. The mixture was stirred Tor 16 h at room temperature and EtOAc
was added. The mixture was washed with 0.5 M HC1 and brine, dried and
concentrated under reduced pressure to give
?-(2-[N.iVbis(tert-butoxycarbonyllamino]-pyrimidin-~-ylmethyl)-malonic acid
monoethvl ester (0.67 ~, ss %). 



(~)
2-(2-fIv'1~~-bis(te,-t-butoxvcarboriyl)aminol-ovrimidin-5-ylmethvl)-acrylic
acid ethyl ester Diechylamine (0.124 mL, 1.69 mmol) was added dropwise to a
solution of 2-(2-[N;
.Nbis(ter~-butoxycarbonyl)amino]-pyrimidin-~-ylmethyl)-malonic acid
monoethvl ester (O.o? i; ~, 1.41 mmol) and formaldehyde (160 m;, 2.0 mmol,
37 ~o in water) in methylene chloride (15 mL) at U C under argon. The
mixture ,vas stirred at room temperature over nicht. EtOAc was added and
the solution was washed with water, Nat=iC03 and 'urine, dried and
concentrated under reduced pressure to give crude ?-(2-[N
!'f-bis(tert-butoxycarbonyl)amino]-pyrimidin-~-ylmethyl)-acrylic acid ethyl
ester (0.5~ ~, 94 co). ao (h)
~-Ace~vlsulfanvlmethvl-3-(?-f!y.f~'~-bisiter!-butoxvcarbonvlla:,~inol-ovrim
idin-~-vllproDionic acid ethyl ester TEA (0.189 mL, 1.35 mmol) was added to
a solution of 2-(2-[Iv;
,-V-bis(rertbutoxycarbonyl)amino]-pyrimidin-5-ylmethyl)-acrylic acid ethyl
ester (O.S3 ~, 1.30 mmol) 's in thioacetic acid (13 mL) at 0C under argon.
The mixture was stirred at room temperature for 40 h. EtOAc was added and
the solution was washed with Na~C03 and brine, dried ar.d concentrated
under reduced pressure. Flash. chromatography (heptane/L-tOAc, 5:1 --j 1:1)
Gave
2-acetylsulfanylmethyl-3-(?-[.~',1'Y-bIS(!e!'!-bLllOxvcarbonyl)aruno]-pyrim
idin-5-yl)propionic acid ethyl ester(G.56 g, 8 %). ~o  1 6 AUG 2004 WO
00/6657 PCT/SE00/001334 56 (i)
?-,~cetv!sulfanvlmethvl-3-(2-amino-DVrimidin-~-vl)-prooionic acid ethyl
ester TFA (1.~ mL) was added to a solution of
2-acetylsulfanylmethyl-3-(2-[N.f'~'-bis(rerlbutoxycarbonyl)amino]-pyrimidin
-~-yl)-propionic acid ethyl ester (225 ma, 0.46 mmol) in methylene chloride
(1.5 mL). The reaction was stirred for 120 min and concentrated under 5
reduced pressure to give the title compound (I72 mQ, 94 %) as the TFA salt.
~H NMR (500 MHz, CD;OD): b 1.22 (t, 3H), 2.35 (s, 3H), 2.80-3.00 (m, 3H),
3.00-3.22 (m, 2H), 4.13 (q, 2H). 8.43 (s, 2H). . 



NIS (+) 284 (M+1). io Example 20
2-(6-Amino-~vridin-3-vlmethvl)-3-mercaoto-butyric acid (=:)
3-(6-tetZ-Btitoxvc:rbonvlamino-ovridin-3-vl)-2-(diethoxv-ohosohorvll-Drooio
nic acid ethyl ester is To a suspension of 1VaH (,1.I7 g, 60% in r:,ireral
oil, 29.3 mmol) in DMF (70 mL.) was added triethy( phosphonoacetate (5.01
g, 26.82 mmol) at 0C. The reaction mixture was allo~ved to stir at 0 C for
0.5 h. To the reaction was added (~-bromomethyl-pyridin-2-yl)carbamic acid
t,ert-butyl ester (7.0 g, 24.38 tnmol) at 0C and the reaction rni;cture was
stirred at room temperature for 16 h. The reaction was quenched with the
slow addition of .o saturated aqueous ammonium chloride (70 mL). The
mixture was extracted with EtOAc, washed with brine and cried. The cn:de
prod;ict was purified by column chromatography (CH=C1~fEtO:Ac, 1:0 --~ 1:1
--~ 0:1) to Give
3-(6-tent-butoxycarbonylamino-pyridin-3-yl)-2(diethoxy-phosphoryl)-propioni
c acid ethyl ester (5.1 g, SOz7a). ~~ (b)
2-(6-tert-Butox`-carbonvlamino-DVridin-3-vlrnethyl)-but-2-enoic acid ethyl
ester To a suspension of NaH (278.8 m~, 609o in mineral oi], 6.97 rnmol) in
THE (25 mL) at 0C was added a solution of 3-(6-tent-butoxycarbonylamino-p;
/ridin-3-yl)-2-(diethoxyphosphory])-propionic acid ethyl ester (2.5 g, 5.81
mmol) in THE (30 mL). Tl:e reaction r,Zixt~~re was allowed to stir at 0C
for 1 h. To the reaction was added acetaldehyde (513 ~o :ng, 11.6 rn.rnol)
drop vise at 0C. The reaction mixture was allowed to warn. to room
temperature and then stir fcr 16 h. Acetaldehyde (2.0 ~) was added to the
reaction vessel  1 fi AUG 2004 bV0 00/66~~7 ~CT,~SE00/00834  57 and the
reaction mi:cture was allowed to stir at room temperature for an additional
l6 h.  The reaction was quencrted with the slow addition of saturated
aqueous ammonium  chloride (0 rnL). The mixture vas extracted with EtOAc,
washed with brine and drtea to  afford the crude product. The crude product
was purified by column chromatography  (EtOAc/hexane, 1:8) to Give ethyl
2-(b-tert-butoxycarbonylamino-pyridin-3-ylmethyl}-but2-enoic acid ethyl
ester as a mixture of isomers (1.1 g, 6G9o). t (c)
~-Acetvlsulfanyl-?-lb-tert-butoxycarbonylamino-~Vridin-3-ylmethyl')-butyric
acid ethyl  ester ie To thiolscetic acid (1 ~ mL) were added Et;.I~l (l.~
j. 1=x.8 mmol} and ethyl
?-(6-tertbutoxycarbonylamino-pyridin-3-ylmethyl)-but-2-enoic acid ethyl
ester (920 ma, 2.9 mmol)  at room temperature. The reaction mixture w'as
stirred at 40 - 45'C for 7 days (additional  thiolacetic acid (1.~ mL} was
added to the ruction mixture every two days). The reaction  mixture w,:5
cooled to room temperature and there diluted with EtOAc (50 rnL). The is
organic layer was separated, Leashed with sat. NaHCO3, brine and dried. The
combined  orDanic layers were concentrated under reduced pressure. The
crude was purified  subsequently by three chromatography columns (CH~CI~,
EtOAc/1texane, '_:~ and  acetone hexane, 1:S) to a{ford
3-acetylsulfanyl-2-(b-tert-butoxycarbonylanuno-p;.~ridin-.3 



ylmethyl)-butyric acid ethyl ester as a diastereometr.ic mixture (780 m~,
08 i'o). ~o The diastereomeric mixture was separated using preparative
chiral chromatography  according to the procedure described beloLV to eive
the four isomers 3-acetylsulfat;
y]-2-(6tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl
ester/A,
3-acetylsu!fanyl2-(b-tef-t-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl esterlB,
3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl  zs ester/C and
3-acetylsulfanyl-?-(6-tent-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/D, 3-acetvlsulfanvi-~-lb-text-butoxycarbonylamino=pvridir-
~-vl.methvll-butyric acid ethyl  ester;D ~0
3-Acetylsulfanyl-?-(b-tent-butoxycarbor.y!amino-pyridin-3-ylmethyl)-butyric
acid ethyl  ester/D was separated from a mixture of
3-acetylsia]fatlyl-?-(b-tert-butoxvcarbonv']aminopyridin-
~-ylmethyl)-butyric ~;cid ethyl ester/A, 3-acct-ylsulfanyl-2-(b-te~r  1 6
AUG X004 WO 00/66~~7 PCT/SE00/00J53~1 ~8
butoxycarbonylamino-pyridin-3-ylmethyl j-butyric acid ethyl estetB,
3-acetylsulfanyl-2e;6-te:t-butoxycarbonylamino-pyridin- ~-ylmethyl)-butyric
acid ethyl ester/C and
3-ac~tylsulfanyl-2-(5-te~t-butoxycarbonylamino-pyridin- ~-ylmethyl)-butyric
acid ethyl ester/D on a chiralcel OJ column eluting with
isohexane:acetonitrile: isopropyl alcohol:diethyl amine s (99; 0.5; 0.~;
0.1). The enantiomeric excess was > 99~% as measured by HPLC using a
chiralpak OJ column eluting ~.vith isohexane: ethanol: diethyl amine (99;
1; 0.5).
3-Acetvlsulfanvl-2-(6-~'err-butoxvcarbonvlamino-ovridin-~-vlmethvll-butyric
acid ethyl ester/A io
3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/.a vas separated from a mixture of
3-acetytsulfanyl-2-(6-tert-butoxycarbonylaminopyridin-3-ylmethyl)-butyric
acid ethyl ester/A,
3-acetylsulfanyl-2-(6-tert-butoxycarbor,ylamino-pyridin-3-ylmethyl)-butyric
acid ethyl esterB and
3-acetylsulfanyl-2-{6-tertbutoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester /C on a chiralcel OJ is column eluting with
isohexane:l-propanol: diethyl amine (98; ^; 0.1). The enantiomeric excess
vas > 99% as measured by HPLC using a chiralpak OJ column eluting with
isohexane: ethanol: diethyl amine (99; 1; 0.~).
3-.~.cetvlsulfanyl-2-{6-te,t-butoxvcarbonvlamino-vvridin-~-ylmethyl)-butyri
c acid ethyl ~o ester/B
3-Acetylsulfanyl-2-(o-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl esterB was separated from a mixture of
3-acetylsul_fanyl-?-(ci-tert-butoxycarbonylamino.
pyridin-3-ylmethyl)-butyric acid ethyl esterB and
3-acetylsulfanyl-2-(6-tent-butoxy 



carbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/C on a chiralcel
AS column ~~ eluting with hexane: ethanol: diethyl amine (99: 1: 0.~). The
enantiomeric excess was > 99Oie as measured by HPLC using a chiralpa'~ AS
column eluting with isohexane: ethanol:diethyl amine (99; 1; 0.~). I
-Acetvlsulfanvl-?-(6-!ert-butoxvcarbonvlamino-ovridin-3-ylmethyl)-butyric
acid ethyl ~o ester/C `
3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/C vas separated from a mixture of
~-acetylsulfanyl-?-(6-te,t-butoxycarbonylamino  1 6 AUG 2004 WO 00/6657
~C1'/SE00/OOS3~t ~9 pyridin-~-ylmethyl}-butvric acid ethyl ester/B and
3-acet~isulfsnyl-2-(6-tertbutoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/C on a chiralcel ,;S column eluting with hexane: ethanol:
diethyl amine (9: l: G.~). The enantiomeric excess was 87 ~Io as measured
by HPLC using a chiraipak AS column eluting with isohexane: ethanol:diethyl
arnine (99; 1; 0.5). (dl 2-(6-Amino-ovridin-3-vlmethvll-3-mercaQto-butvric
acid /A A solution of
3-acetylstilfanyl-?-(6-tert-butoxycarbonylarnino-pyridin-3-ylmethyl)-b',!ty
ric acid ethyl ester/A (=15 mo; 0.1 1 mmol) in concentrated HC1 (? mL) was
re:luxed under .o argon for 1 hour. The reaction mixture was al]owed to
cool to room temperature and concentrated under reduced pressure to afford
28.4 ma of the title compound as the hydrochloride salt. ~1-I NMR (400
NIHz, DSO): b 7.89 (d, 1H), 7.71 (s, 1H), 7.03 (d, 1H), 3.23-3.33 (m, 1H),
3.I-3.2 (m, 1H), 2.7~-2.9 (rr., 2H), I.47 (d, 3H). i; MS(+) 227 (iv1+1). ao
(el ?-(6-Amino-pvridin-~-vlmethvi.l- ~-mercaQto-butvric acid /T3 



A solution of
~-acetylsulfanyl-2-(6-tert-buroxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl esterB (~~ mg; 0.14 mrnol) in concentrated HC1 (? r:-iL) w'as
rer7uxed unde:argon for 1 hour. The reaction mixture was allowed to cool to
room temperature and concentrated under reduced pressure to afford 39.4 mg
of the title compound as the hydrochloride salt. ~H ;\TMR (400 lull-Iz,
DSO): b 7.89 (d, 1H), 7.71 (s, 1H), 7.03 (d, 1H), 3.?3-3.33 (m, 1H).
3.1-3.2 (m, 1H), 2.7~-2.9 (m, 2H), 1.47 (d, 3H). (fl
2-(b-Amino-ovridin-3-vlmethvll-3-mercaQto-butvric acid/C A solution of
3-acetylsulfanyl-2-(6-tert-butoxycarbonylatnino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/C (9 mg: 0.02 mmoi} in concentrated HCL (0.~ mL) was
refluxed under 3o argon for 1 hour. The reaction mixture was allowed to
cool to room temperature and concentrated under reduced Pressure to afford
b.4 mg of the title compound as the hydrochloride salt.  1 6 AUG 2004 WQ
OOr665~7 PST/SE00/OOf3i4 60 ~H N1v1P, (400 MHz, D~~j: c~ 7.8?-7.9 (m. 1H),
7.67 (br s, 1H}. 7.0 (d, 1H), 3.16-3.28 (m, ] H), 2.95-3.04 (m, l H),
2.76-2.86 (m, 2H), 1.47 (d. 3H). iv1S(+) 237 (NI+I ). (~)
2-f6-.amino-ovridin-3-vlrnethvl)-3-mercaoto-butvric acid/D A solution of
3-acetylsulfanyl-3-(6-tern-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/C (9 mg; 0.02 mmol) in concentrated HCL (0.5 mL) was
refluxed under argon for 1 Hour. The reaction mixture was allowed to cool
to room temperature and concentrated under reduced pressure to afford 6.8
mg of the title compound as the io hydrochloride salt. 



~H N1vIR (400 MHz, D,O): 0 7.82-7.9 (m, 1H), 7.67 (br s, 1H), 7.0 (d, 1H),
3.16-3.28 (m, 1H), 2.96-3.04 (m, 1H), 2.76-2.86 (m, 2H), 1.47 (d, 3H). IvIS
(+) 227 (Nl+ 1 }. is Example 21
6-Amino-DVridin-3-vlmethvl)-3-mercat3to-oentanoic acid (a) 2-(6-tert-B
utoxvcarbonvlamino-pSiridin-3-vlmethvll-oen:-?-enoic acid ethyl ester To a
solution of NaH (290.5 m~, 60% in mineral oil, 7.5 mmol) in THE (25 mL) at
0C ~o was added a solution of
3-(6-tent-bu~oxycarbonylamino-pyridin-3-y1)-?-(diethoxyphosphoryl)-propioni
c acid ethyl ester (2.5 g, 5.81 mm.ol) in TH1= (30 mL). The reaction
mixture was allowed to stir at 0C for 1 h. To the reaction was added
propionaldehyde (725 tng, 12.6 mmol} dropwise at 0C. The reaction mixture
was allowed to stir at room temperature for 16 h. propionaldehyde (2.5 g)
was added and the mixture was stirred at ~s roorn temperature for an
additional 15 h. The reaction was quenched with the slow addition of
saturated aqueous NH,,C1 (30 mL). The mixture was extracted with EtOAc,
washed with brine and dried. The cnlde product was purified by column
chromatography (EtOAc/hexane, 1:8) to give
2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pent-2enoic acid ethyl
ester as a rriixture of isomers (1.3 Q, 60%). 30  l 6 AUG 200h W'U OOt665~7
PC7','SE00t0083=~ of (b)
~-Acetdlsulfan~'I-?-(6-tert-butoxvcarbonvlamino-pyridin-3-vimethvll-pentano
ic acid ethyl ester To thiolace~ic acid (1~ mL) were added )rtN (1.8 ~, 17
mmol) and ?-(6-tert-butoxycarbonylamino-pyridin-~-ylmethyl}-pent-2-enoic
acid ethyl ester (l.l ~. 3.3 mmol) at room > temperature. The reaction
mixture was stirred at 65C for 8 days (additional thioacetic acid (1.~ rnL)
was added to the reaction mixture every 2 days}. The reaction mixture was
cooled to room temperature and then diluted with EtOAc. The organic layer
vas separated, ~~vashed with saturated C`1aHC03, brine and dried. The
combined organic layers were concentrated under reduced pressure. The
residure .vas purified subsequently by two ~,; chromatography columns
(CH~CI~ and EtOAc/hexane, 1:~) to afford 3~0 mg of a mi.eture of desired
products and unreacted starting material. The crude product was further
purified by HPLC (EtOH/I-Iexane, 1:9) and then column chromatography
(acetone/hexane, !:~:) to give the title compound as a diastereornetric
mixture (130 mg, 1810). The diastereomeric mixture of
3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoi
c i; acid ethyl ester tivas separated using preaarative chiral
chromatography according to the procedure described below to give the four
isomers
3-acetyisulfanyl-2-(6-rerrbutoxycarbony]amino-pyridin-3-ylmethyl)-pentanoic
acid ethyl ester/,A, 3-acetyisu!fan;
~l2-(6-te,t-butoxycarbonylamino-pyridin-3-ylmethyl)-oentanoic acid ethyl
ester,
3acetylsulfanyL-2-(6-tent-bL<toxyc.arbonylamino-pyridin-3-ylmethyl)-pentano
ic acid ethyl 



~o ester/C and
~-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-~-ylmethyl)-pentanoi
c acid ethyl ester/D. The diastereomeric mixture was separated or, tu~o
chiralcel OJ columns, which were connected to each other, eluting with
isohexane: isopropyl alcohol: methanol (97:1:2}. The enantiomeric excess
was measured by analytical HPLC using two chiralcel OJ columns, which were
connected to each other, eluting with with isohexane: isopropyl ~; alcohol:
methanol (97:1: 2). For
3-acetylsulfanyl-?-(6-reit-butoxycarbonylamino-pyridin3-ylmethyl)-pentanoic
acid ethyl ester A through C the enantiomeric excess was found to be > 99%,
whereas it was found to be 97% for
3-acetylsulfanyl-2-(6-tern-butoxycarbonylamino-pyridin-3-ylmethylj-pentanoi
c acid ethyl ester D. :o (c)
6-Amino-pyridin-3-vlmethvll-3-mercaDto-oentanoic acid/? ~. solution of
3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-
h-ylmethyl)pentanoic acid ethyl ester/A (50.~ m~: U.12 mmol) in
concentrated HCl (? mLj was  1 6 AUG 2004 WO 00/b6~~7 PCT/SE00/00834 62
refiuxed under argon for I .~ hours. The reaction mixture was allo~~~ed to
cool to room temperature and concentrated under reduced pressure to afford
33.9 m; of the title compound as the hydrochloride salt. 'H NIvIR (500
1VIHz, DSO): ~ 7.87 (dd, 1H), 7.67 (d. 1H). 7.0 (d, 1Hj, 3.02-3.16 (m, ZH),
2.79-x.87 (m, ZH), 1.79-1.88 (m, 1H), 1.53-1.64 (m, 1H), 1.07 (t, 3H).
MS(+) 241 (NI+ 1 }.
(dl_2-(6-Arnino-oyridin-3-vlmethvl'~-3-mercapto-pentanoic acid/B A solution
of 3-acetylsulfanyl-'_'-(6-tent-butoxycarbonylamino-pyridin-~-ylmethyl)ic
pentanoic acid ethyl ester/B (~ 1.6 mg: 0.13 mmol) in concentrated HC! (?
mL) was rel~uxed under argon for 1.5 hours. The reaction mixture was
allowed to cool to room temperature and concentrated under reduced aressure
to afford 3=1.7 mg of the title compound as the hydrochloride. salt. 'H
NivIR {500 MHz, DSO): b 7.87 (dd, 1H), 7.67 (d, 1H), 7.0 (d, 1H), 3.02-3.16
(rri, 2H), ~ s 2.79-2.87 (m, 2H), 1.79-1.88 (m, 1 H), i .63-1.64 (m, I H),
1.07 (t, 3H). MS(+) 241 (NI+1). 



(el 2-(6-Amino-pyridin-3-vlme[hv')- ~-mercapto-Der.Canoic aria/C A
soiutior. of 3-acetylsu]fanyl-2-{6-ler;
-outoxycarbonylamino-pyridin-3-vlmethyl) ao pentanoic acid ethyl ester/C
(4.3 m~; 0.01 mmol) in concentrated HCI (?~L) was refluxed under argon for
1.5 hours. The reaction mixture was allowed to cool to room temperature and
concentrated under reduced pressure to afford 2.9 mg of the title compound
as the hydrochloride salt. 'H NMR (500 MHz, DSO): d 7.86 (dd, IH), 7.66 (br
s, 1H), 7.0 (d, IH), 2.94-3.04 (m, ZH), ~s 2.74-2.9 (m, 2H), 1.88-1.97 (m,
1H}, 1.55-1.66 (m, 1H}, 1.05 (t, 3H). MS (+) 241 (M+ 1). (fi
2-(6-Amino-o+vridin-3-vlmethvl)-3-mercapto-pentanoic acid/D A solution of
3-acetylsulfanyl-2-(6-re~-t-buto:cycarhonylatnino-pyridin-3-ylmethyl);o
pentanoic acid ethyl ester/D (19.2 mQ; 0.05 rnmol} in concentrated HC1 (2
mL) v~as refiu;ced under argon for 1.5 hours. The reaction, mixture ~,v:s
allowed to cool to room  ' ~ BUG 2004 bV0 OOi66~~7 P~C-[".!SEOOi00S3=3 63
temperature and concentrated under reduced pressure to afford 1?.9 mg of
tho title compound as the hydrochloride salt. `H NMR (500 MHz, C,O): S 7.56
(dc, 1 H), 7.66 (br s, 1 H). 7.0 (d, 1 H). 2.94-3.04 (m, 2H), 2.74-2.9 (m,
ZH), 1.85-1.97 (m, 1 H), 1.65-1.66 (m, 1 H), 1.0~ (t, 3H). s ivls(+) 2Y1
(M+1). Example 22
3-(6-Artiino-~-chloro-oyridi~-~i-vll-?-mercaotemethvl-orooionic acid ~ (a)
6-Amino-~-chloro-nicotinic acid ethyl ester 



N-Chlorosuccinimide (21.7 ~, 0.162 mol) was added to a suspension of
6-amino-nicotinic acid ethyl ester (15.0 ~, 0.103 mol) in acetonitrile (270
ml) and the mixture vas reflux~d for ? h. Thz reaction mixture was filtered
and concentrated under reduced pressure. The residue was dissolved in
dichioromethane, washed with water ar;d driod. Flash chromato is graphy
(2.5 % iV1eOH in CH~CI~) gave pure 6-amino-~-chloro-nicotinic acid ethyl
ester (17.23 g, 79 %).
(b).6-bis(tert-butoxvcarborr11-amino-5-chloro-nicotinic acid ethyl ester
Dl'VIA.P (0.1 1 g, 0.9 rrL-r~ol) and (Boc)~~O ('? 1.~4 g, 99 mmol) was
added to a solution of 6?o amino-5-chloro-nicotinic acid ethyl ester (9.0
g, 45 mmol) in dichloromethane (250 ml). The reaction mixture was stirred
for 24 h. DIv1AP (0.02 equiv.) and (Boc'}~O (3 x 0.~ equiv.) was added
during the reaction time. The reaction mixture was washed with water and
dried_ The crude product was washed. with hexane [o give pure
6-bis(tertbutoxycarbonyl)-amino-5-chloro-nicotinic acid ethyl ester (1 1.87
g, 66 %). (c) (3-chloro-5-hvdroxvmethvl-ovridin-2-v1)-carbamic acid
tort-butyl ester LiA1H~ (2.4 , 63.2 mmol) was added in portions over a
period of 3.~ h to solution of
6bis(tert-butoxycarbonyl)-amino-~-chloro-nicotinic acid ethyl ester (1 1.6
g, 28.6 mmol) in THE (70 ml) at 0C. "Che reaction mixture was stirred in
room temperature over night, then 3o NH::C1 (sat.) was added carefully
followed by water. The solution was filtered. dried and concentrated under
reduced pressure to yield crude (2-chloro-6-hydrox;
~methyl-pyridin-2yl}-carbamic acid te1r-butyl ester (6.36 g, 79 ~o).  1 ~
AUG 2004 1V~ 00/6655 i PC'J'/SEOd/0033 (d)
(5-brow,omethvl-~-chloro-pvridin-?-vl)-carbamic acid te~-t-butvl ester
Triphenylphosphine (.61 ~, 9.7 mmol) followed by carbontetrabromide (4.~3
~, 13.8 mmol) was added to a suspension of
(3-ch!oro-~-hydroxymethyl-pyridin-2-yl)carbamic s acid tert-butyl ester
(?.33 g, 9.2 mmol) in CH~C1~ (60 ml) at 0C. The mixture was stirred at room
temperature for 5 h and concentrated under reduced pressure. Acetonitrile
(~0 ml) was added and the mixture vvas kepi to -20C overnight. The mixture
was then filterced and the crystalline residue vvashed with cold
acetonitrile. The filtrate was concentrated under reduced pressure and
another crop of bromide was obtained as described above. (:; ie
bromomethyl-3-chloro-pyridin-?-yl)-carbamic acid tert-butyl ester (1.86 g,
63 io) was obtained as whin crystals. (e)
?-(6-tert-butoxvcarbonvlaminc-~-chloro-pvridin-~-vlmethvll-malonic acid
diethv] ester Diethyl malonate (1..37 ml, 1?.31 mmol) vvas added to a
suspension of NaH (0.~4 g, 1?.31 i~ mmol, " %) in dry DMF (15 ml) at -3C.
This mixture was stirred for 1~ min. before is vvas added dropwise to a
solution of (~-bromomethyl-3-chloro-pyridin-?-yl}-carbamic acid tent-butyl
ester (3.30 g, 10.?6 mmol) ir, dry DMF (50 ml) at 0C. The resulting
solution vvas stirred for ?-0 minutes at CC, then NH~,C1 (5 ml, sat.) was
added carefully. Stirring at room temperature oversight and concentration
under reduced pressure Qave a residue, 



?q which vvas dissolved in water/CH,CI,. The aqueous layer was extracted
with CII~CI~ and the combined organic extracts were dried, filtered and
concentrated under reduced pressure. Flash chromatography (1 % IvieOH in
CH~CI~j gave
2-(6-tertbutoxycarbonylarnino-5-chloro-pyridin-3-ylmethyl)-malonic acid
diethyl ester (2.=1~, 60 %) as a stici`y clear oil. (f)
2-(6-tert-butoxvcarbonvlamino-~-chloro-pvridin-3-vlmethvl)-malonic acid
monoethvl ester A solution of KOH (0.~ g, 6.7? rnmol, 8~ 070) in ethanol (S
ml) was added to a solution of
2-(6-tert-butoxycarbonylamino-~-chlorc-pyridin-3-ylmethyl)-malonic acid
diethyl ester :,q (?.45 ?, 6. L 1 mmo]) in ethanol (2~ r~-,l) and methylene
chloride (1D rnl) at 0C. The mixture vvas stirred for 18 h ar room
temperature. The solvent was evaporated in vacz~o and the  1 6 AI1G 200 WCy
00/66557 PCT/SE00/00834  6~ residue dissolved in water. The aqueous layer
was washed with ether, acidified to pH 4 by  1 yI HCl and extracted with
methylene chloride and ethyl acetate. The combined organic lavers were
washed with water and brine and dried. Filtration and concentration under
reduced pressure nave the crude product which was purified by flash
chromatography (10 s % McOH in CH,CI~) giving
2-(6-tert-butoxycarbonylamino-~-chloro-pyridin-3-ylmethyl)malonic acid
monoethyl ester (1.41 g. 62 %) as a yellow-white glassy Foam. (g)
2-(6-tert-butoxvc:trbonvlamino-5-chloro-pyridin-~-ylmethvll-acrviic acid
ethyl ester  Diethylamine (3.67 mI, 3.57 mmol) was added dropwise followed
by water (2.~ ml) and ~ CH~CI~ (?.5 ml) to a mixture of
2-(6-tert-butoxycarborylarrtino-5-chloro-pyridin-3ylmethyl)-maloni.c acid
monoethyl ester (1.40 g, 3.64 mmol) and 37 % aa. solution of formaldehyde
(0.29 m!, 3.75 rnmol) in CH~CI~ (2 ml) at 0C. The mixture was stirred for
20 h at room temperature and then poured onto ice-water and extracted with
methylene  chloride. The organic layer was washed with ~% NaHCU;, dried and
concentrated under ~s reduced pressure. Flash chromatography f, l-2.~%
methanol in CH~Ci~) yielded
2-(6-tertbutoxycarbonylamino-5-chloro-pyridin-3-ylmethyl)-acrylic acid
ethyl ester 0.81 s (6~ %). (h)
2-Acetvlsulfanvlmethvl-3-(5-tert-butoxvcarbonvlamino-~-chloro-~vridin-~-vlm
ethv])t;rooionic acid ethyl ester 



ao Thioacetic acid (4 ml) was added to a suspension of
?-(5-tent-butoxycarbonylamino-5chloro-pyridin-3-ylmethyl)-acrylic acid
ethyl ester (0.732 j, 2. i 6 mmol) and triethylamine  (0.31 ml, 2.23 mmol)
at 0C. The mixture was stirred at room temperature under argon  overnight,
poured onto ice-water and extracted with CH~CI,. The orjanic phase was
washed with saturated NaHCO~ until gas evolution ceased and then dried. The
crude  product was purifed twice with flash chromatography (CH~C1~, 1-2.~ %
Ai1eON: in CH~C1~  and Hexane/EtOAc, 6:2 -~ l:l) to jive pure
?-acetylsulfanylmethyl-3-(6-rert-butoxycarbonylamino-~-chloro-pyridin-3-ylm
ethyl)-propionic acid ethyl ester (0.79 g, 87 %). (i)
3-(6-Amino-5-chloro-pyridin-3-vll-?-mercaptomethyl-propionic acid ;o A
solution of
2-acetylsulfanylmethyl-3-{6-ten-butoxycarbonylamino-5-chloro-pyridin-3vlj-p
ropionic acid ethyl ester ("mQ. 0.132 mmoI) in concentrated 1~iC1 (4 mL)
was  1 6 AUG 2004 WO OU/G6"7 PCTiSE00t00834 66 reflux.ed for 90 min. The
reaction ~tias cooled and concentrated under reduced pressure to Qive the
title compound as the HCl salt (36mg, 96.4 Vic) 'H NMR (400 MH2, DSO): S
2.70-2.97 (m. ~H), 7.73 (s, 1H), 5.09 (s, 1H) MS (+) 248 (M+1) Example 23
3-(6-Amino-~-hvdroxvmethvl-pvridin-3-vll-?-mercantomethyl-prooionic acid
(a) 6-bis(tent-Butoxvcarbonvl)amino-5-vinvl-nicotinic acid ethvl ester io A
mixture of ~-bromo-6-bis(ter-t-butoxycarbonyi)amino-nicotinic acid ethyl
ester (4.50 ~, 10.1 mmol), vinyltributyltin (3.52 a, 1 1.1 mmol) and
tetrakispalladium triphenyphosphin (0.50 ~, 0.=10 mmol) in THE (15 ml) was
stirred at reflux for 24 h. Tetrakispalladium triphenyphosphin (0.50 j) was
added and after 24 h at reflux the reaction mixture was cooled. and diluted
with dichloromethane (100 ml). Saturated aqueous KF (25 ml) vas i; added
and the solution stirred for 1 h. Water was added and the product extracted
with dichloromethane, the organic phase was dried and concentrated under
reduced pressure. F]ash chromatography (1 io iv1eOH in dichloromethane)
gave 6-bis(rert-butoxycarbonyl)amino-~-vinyl=nicotinic acid ethyl ester
3.20 ~, (81 %). t ,o (b) (5-hvdroxvmethvl-~-vinvl-pvridin.-2-vllcarbamic
acid rert-butvl ester D1BAL (25 ml, 1M in hexane) was added dropwise to a
solution of 6-bis(tert-butoxycarbonyl)amino-5-vinyl-nicotinic acid ethyl
ester (2.00 ~, 6.1 mmol) in THE (40 ml) at 0C. The mixture was stirred at
room temperature for 1 h. NHaCI (sat.) was added carefully followed by
water, and the mixture was concentrated under reduced pressure. The residue



~; was suspended in 5% McOH in dichloromethane and filtered through
silica~el. The filtrate was dried and concentrated under reduced pressure
to dive (~-hydroxymethyl-3-vinylpyridin-2-yl)carbamic acid tert-butyl ester
(1.00 ~, 78 %). (c) (~-bromomethvl-3-vinv]-pvridin-2-vllcarbamic acid
tert-butyl ester ;o To a stirred suspension of
(~-hydroxymethy]-3-vinyl-pyridin-2-yl)carbamic acid tent-butyl ester (10.0
g, 40.0 mmol) in CH~CI~ (1~0 ml) and THE (60 ml) was added triphenyl  1 6
AUG 200 '~vU 00/66557 f'CT/SEGO/OUS3~t  67 phosphine (1 1.3 ~; ='.~.0 mmol)
followed by carbontetrabromide (19.9 v. 60.0 mmol) at 0C. The mixture was
stirred at room temperature for 1 h and then concentrated under  reduced
pressure. Acetonitrile (100 ml) was added and the mixture was kept ac -?0C
overnight. The mixture was then filtered and the crystalline residue washed
with cold  acetonitrile. The product was purified by flash-chromatography
(1 ;'o McOH in dichloramethane) to give
(~-bromomethyl-3-chloro-pyridin-2-yl)-carbamic acid rerr-butyl ester (d)
~-(h-tert-Butoxvcarbonvlamino-5-vinyl-pyridin-3-vlrr~ethvll-malonic acid
di.ethvl ester  io Diethyl malonate (?.30 g, 14.3 mmol) was added to a
suspension of NaH (0.6 i g. 14.3 mmol, 5~ %) in dry DNII= (7~ ml) at 0C.
The mixture was stirred for 15 min and then  added dropwise to a solution
of (~-bromomethyl-3-chloro-pyridin-?-yl)-carbamic acid rerrbutyl ester
(4.50 g, 14.3 mmol) in dry DMF (100 ml) at 0C. The resulting solution was
stirred for 40 min at 0C, then NH;CI (30 ml, sat.) was added carefully.
Concentration is under reduced pressure gave a residue, which was dissolved
in water/CH~CI,. The aqueous  layer was e~tiracted with CH~Cl~ and the
combined extracts were dried, filtered and concentrated under reduced
pressure. Flash chromatography (1 % NIeOH in CH~CI~) gave
?(6-rent-Butoxycarboriylamino-~-vinyl-pyridin-3-ylmethyl)-malonic acid
diethyl ester {4.30  ~, 77 ic). ,p (e)
3-(6-rerr-Butoxvcarbonvlamino-~-vinyl-DVridin-3-vlmethvl~-malonic acid
monoethvi  ester A solution of KOH (0.71 ~, 1?.6 mmol, 85 90) in ethanol
(10 ml) was added to a solution  of
?-(6-rerr-butoxycarbonylamino=~-vinyl-pyridin-3-ylmethyl)-malonic acid
diethyl ester  ~s (4.3G g, 11.0 mmol) in ethanol (25 ml) and
dichloramethane (10 ml) at 0C. The mixture was stirred for 6 h at room
temperature. The solvent was evaporated in vacua and the  residue dissolved
in water. The aqueous layer was washed with ether, acidified to pH 4 by  1
M HC1 and extracted with dichloramethane. The organic layer was washed with
water  and brine and dried. Filtration and concentration under reduced
pressure followed by flash 



~o chromatography (10 9o McOH in CH~CI~) Cave
2-(6-tert-butoxycarbonylamino-~=vinylp;~ridin-3-ylmethyl}-malonic acid
monoethyl ester (3.03 g, 76 %).  1 6 AUG 200# WO 00/66567 PCT/5~E00/Oa3~-t
63 (f) 2-(6-tent-Butoxvcarbonv(amino-~-vinyl-pyridin-~-ylmethvl)- acrylic
acid ethyl ester Diethylamine (0.8~ ml, 8.S0 mmol j was added dropwise to a
mixture of ?-(6-tettbutoxycarbonylamino-~-vinyl-pyridin-3-ylmethylj-ma[onic
acid monoethyl ester (3.0~ g, 8.37 mmol) and 37 % aq. solution of
formaldehyde (0.71 g, 8.80 mmol) in CH=Ct~ (2 ml) at 0"C. The mixture was
stirred for 3 h at room temperature and then poured onto ice-water and
extracted with dichloromethane. The organic layer was washed with 5%
NaHCO_; and .dried. Flash chromatography (1 9c methanol in CH~CI~) yielded
2-(6-tertbutoxycarbonylamino-~-vinyl-pyridin-3-ylmethyl)- acrylic acid
ethyl ester (1.70 g, 61 %). io (g)
2-Acetvlsulfanylmethvl-3-l6-tent-butoxvcarbonv[amino-~-vinyl-~vridin-3-vl)n
ro~ionic acid ethv[ ester Thioacetic acid (4 ml) was added to a suspension
of 2-(6-tert-butoxycarbonylamino-5vinyl-pyridin-3-ylmethyl)-acrylic acid
ethyl ester (0.73 g, 2.16 mmol) in triethylamine ~s (0.31 ml, 2.23 mmol) at
0C. The mixture was stirred at room temperature under argon overnight,
poured onto ice-water and extracted with CHcCI~. The flrgaric phase was
washed with saturated NaHCO; until gas evolution ceased and then dried.
Flash chromatography (1 ~7o McOH in CH,C1~) gave
2-acetylsulfanylmet5y1-3-(6-tort-butoxycarbanylamino-~-chloro-pyridin-3-ylm
ethyl)-propionic acid ethyl ester (0.31 g, 70 %). ( (h)
3-(6-tert-butoxvcarbonylamino->-hvdroxvmethvl-pyridin-~-vll-mercantomethvlP
rot3ionic acid ethyl ester C3zone vas bubbled through a solution of
2-acetyisulfanylmethyl-3-(6-tertbutoxycarbonylamino-~-vinyl-pyridin-3-yl)-p
ropionic acid ethyl ester (0.6~ ~, 1.60 mmol) => in ethanol (35 ml) at
-78C. O~ was then bubbled through the mi:tture for ~ min followed by N~
bubbling for l~ min. A mixture of NaBI-i.~ 0.30 g, 8.00 mmol) in water was
carefully added to the mixture at - 7 8C, and the reaction, mixture allowed
to reach 0C. Stirring was continued for 3 h. Acetone (10 ml) vas added and
the reaction mixture evaporated to 1/3 of the initial volume. ~0 % NaCI
(aq) was added and the mixture~was extracted with ~o dichloro-methane,
dried and concentrated under reduced pressure to Give crude 3-(6-tert 



i ~ 6 AUG 2004 wo oor6dss; pcTrs~ooroos3a 69 buto;
:y-carbonylarnino-~-hydroxymethyl-pyridin-3-yl)-mercaptomethyl-propionic
acid ethyl ester (0.38 Q, 6 ~ Rio). (i) 2-Acetvlsulfanvlmethyl-
~-(6-re-~-butoxvcarbonvlamino-~-hydroxymethyl-pvridin-3s vl)- propionic
acid ethyl ester A mixture of crude
3-(6-?er1-butoxycarbonylarnino-~-hydroxymethyl-pyridin-3-yl)mercaptomethyl-
propionic acid ethyl ester 1.0.38 ;, 1.0 rnmol) and KHCO; (0.11 ~, 1.1
mmol) in acetic acid anhydride (1 mL) was stirred at room temperature for ~
h. NHaCI {sat.) and water vas then added. The mixture vas extracted with
dichloromethane, dried io and concentrated under reduced pressure. Flash
chrornato~raphy (CH~CI~, 2.5 % Iv1e0.H in CH~CI~} Qave
?-acetylsulfanyimethyl-3-(6-tort-butox;
rcarbony]amino-~-hydroxymethylpyridin-3-yl)- propionic acid ethyl ester
(0.23 ~, 60 %). (i~ 3-(6-Amino-~-hvdro~cvrrtethvl-pvridin-
~-vl)-2-mercaptomethvl-prooionic acid i; A solution of
3-(6-tent-butgxycarbonylamino-5-hydroxymethyl-pyridin-3-y})-2-mercaptomethy
l-propionic acid etY:yl ester (~0 mg, ! 3~ mmol) in concentrated HCI (? mL)
was ref]uxed for 60 trir.. The reaction. was cooled and concentrated under
reduced pressure to wive the title compound as the HC1 salt (37m~, 98.3 %).
~H iViVIP (400 NIHz, D,O): o ?.70-2.9~ (m, ~H), 4.65 (s, 2H), 7.58 (s, 1H),
7.88 (s. IH) ~o MS (-~-) 244 (M=I ) Example 24
2-Merca~tomethvl-3-pvrroiidin-3-vl-propionic acid ~; (a)
(1-Benzyl-ovrrolidin-~-vll-methanol Red-A] (160 mL of a 3.5 M solution in
toluene, X60 mrnol) was added to a solution of
1benzyl-5-oxo-pyrrolidine-3-carboxylic acid (20 Q, 91 mmol) in dry THE (6~0
mL) under argon. The reaction mixture was refluxed for 2.~ h and then
poured onto a mixture of crushed ice and NaOH (20 %}. The phases were
separated: the aqueous phase was ~o extracted with toluene and the combined
organic phases were dried and concentrated under reduced pressure to 4ive
17.9 0 of the crude product as a yellow oil.  



1 6 AUG 2004 CVO 00/b6~~7 PCT/SE00l00834 70 (bj
~-Hvdroxymeth~~l-~vrrol.idine-l-carboxylic acid rert-butyl ester 1090 Pd-C
(6.1 g) and ammonium formate (10~, 1 ~8 mmol) were added to a solution of
(1Benzyl-pytrolidin-3-yl)-methanol (b.l a, 3 % mmol) in methanol (220 mL)
under ar8an. After reflux for 1~ minutes the reaction mixture vas filtered
while water: through a pad of celite, the celite was further washed with
methanol, and the combined organic phases were concentrated. The residue
was dissolved in THE (3~ mL) and water (3~ mL), the solution was cooled to
0C and K~CO; (22 ~, 1~9 mmol) and di- te,t- butyl dicarbonate (6.95 ~. 32
mmol) were added. The reaction mixture was stirred at room temperature
overnight. The THE was removed under reduced pressure, water added and the
aqueous phase was io extracted with EtOAc. The combined organic phases
~.vere dried and concentrated under reduced pressure Go give 1.6^ ~ of the
crude product. Flash chromatography (HeptanelEtOAc: 1/U --~ 68/32) of the
crude product afforded 3-hydroxymethylpyrrolidine-l-carboxylic acid
tert-butyl ester (3.82 ~, 60%) as a colorless oil. i; (c)
3-Trifluoromethanesulfonvloxvmethvl-nvrrolidine-l-carboxylic acid
ter!-butyl ester ivlethar.esulfonyl chloride (0.4 mL, 5.17 mmol} was added
dropwise to a solution of 3hydroxymethyl-pyrrolidine- l -carboxylic acid
te,t-but}'1 ester (1 ~, 4.97 mmol) and triethyl a,:une (1.04 tnL, 7.^+6
mrnol) i:1 CH~CI~ (15 r.ZL.) at 0C. The reaction mixture was stirred ar
room temperature overnight. After filtrstion CH~CI~ ~-as added, and the
organic phase was washed with l~M HCI, dried and concentrated under reduced
pressure to yield
3trifttioronZethanesulfonyloxymethyl-pyrroiidine-l-carboxylic acid
te,-t-butyl ester (1.4 g, 97%). (d) _~-Bromomethvl-pvrrolidine-l-carboxylic
acid tent-butyl ester zs A mixture of
3-trifluoromethanesulfonyloxymethyl-pyrrolidine-l-carboxylic acid Cert .
butyl ester (3.85 ~, 13.8 mmol) and Liar (3.61 g, 42 mmol) in dry acetone
(30 mL) was refluxed overnight. The reaction mixture was aliowed to cool to
room temperature, filtered and concentrated. The residue vas dissolved in
CH~CI~ and washed with water; dried and concentrated under reduced pressure
to give 6 a of the crude product. Purification by flash ,v chromatojraphy
(Heptane,'EtOAc: 1~`0 ~ 68/32) afforded of
3-bromomethyl-pyrrolidine-lcarboxylic acid tort-butyl ester (2.81 g, 78%)
as a colourless oil.  1 6 Auu 2aa~ 1-+10 00/6c,557 PCTiSE00/00$3:t 7l (e;
?-(1-t~~rl-Butoxvcarbonvl-pyrrolidin-~-vlmethyll-malonic acid diethyl ester



Diethyl malonatc (1.93 mL, 12.7 mmol) vas added drop~'ise to a solution of
tiaH (60`'c; 0.~ 1 g, 12.8 mmol) in dry THE (l~ mL) at 0C. The mixtttre was
stirred at room temperature for 1 h after which it .vas added to a refiuxed
mixture of 3-bromomethylpyr:olidine-l-carboxylic acid rerr-butyl ester (2.8
~. 10.6 mmol) ir. dry THE (30 mL). The reaction mixture was further
refluxed for l9 h, and then concentrated to almost dryness. Water (1 L) was
added. and the product was extracted with CH~CI~. The combined organic
phases were dried and concentrated under reduced pressure to yield 3.3 ~ of
the crude product. Purification by flash chromatography (CH~CI,/EtOAc: 110
--? 68/32) afforded ? ~~
(1-tert-butoxycarbonyl-pyrrolidin-3-ylmethyl)-malonic acid diethyl ester
(1.6~ ~, 46%). (f) 2-(1-tart-Butoxvcar~onvl-pyrrolidin-3-vlmerhvll-malonic
acid monoethyl ester A solution of KOH (0.26 ~; 4.6 mmol) in ethanol (7 mL)
was added to a solution of
2-(1rert-butoxycarbonyl-pyrrolidin-3-ylmethyl)-malonic acid diethyl ester
(1.52 g; 4.4 mmol) is in ethanol (7 mL) at 0C. The reaction mixture was
stirred at room temperature ovetight, concentrated under reduced pressure
and the residue was dissolved in water (~00 mL). The aqueous layer was
washed with diethyl ester, acidified to pH 3 by 0.6 NI HCI, and extracted
with diethyl ether. The organic phase was dried and concentrated under
reduced pressure to yield
2-(1-rerr-butoxycarbonyl-pyrrolidin-3-ylrlethyl)-r^,alonic acid monoethyl
~o ester (1.13 ~, 81 %). (g)
3-(2-Ethoxvcarbenvl-allvl)-DVrrolidine-l-carboxylic acid rerr-butyl ester
Diethyl amine (0.3~ mL; 3.3 mmol) was added. to a mixture of ?-{
1-rerr-butoxycarbonylpyrrolidin-3-ylmethyl)-malonic acid monoethyl ester
(0.69 ~, 2.19 mmol) in 36% aqueous ~s solution of formaldehyde (0.27 mL,
3.5 mmol), CH~CI~ (1.6 mL) and water (I.6 mL) at 0C. The reaction mixture
was stirred at room temperature overnight, poured onto icewater (S00 mL)
and extracted with CH~CI,. The combined organic phases were washed with ~%
NaHC03, dried and concentrated under reduced pressure to yield
3-(2-ethoxYcarbonyl-allyl)-pyrrolidine-l-carboxylic acid rerr-butyl ester
(0.>j g, 87%) as a colourless 30 011.  1 ~ 6 AUG 2004 w~ 00/6655;
PC"3"/SE00/00833 7? (h)
3-(~-,acetvlsulfanvl-?-ethoxvcarbonvl-propvll-avrrolidine-l-carboxylic acid
t~~-r-butyl ester Thioacetic acid (~ mL), which had been cooled to 0C, was
added to a mixture of 3-(?ethoxycarbonyl-ally!)-pyrrolidine-l-carboxylic
acid tert-butyl ester (0.7? ~; 2.5=~ mmol) s and triethyl amine (0.37 mL;
2.67 mmol) at 0C. The reaction mixture vas stirred at 0"C for 30 minutes,
at room temperature for 23 hours and then poured onto ice-water (~00 mL).
The aqueous layer was extracted with CH~CI~. The combined organic phases
were washed with saturated NaHCO~, dried and concentrated under reduced
pressure. The crude product vas purified by flash chromatography
(CH~C1~/EtOAc: 1/0 -~ 68/32) to yield 3-(3 



o acetylsulfanyl-2-ethoxycarbonyl-propyl)-pyrrolidine-l-carboxylic acid
tert-butyl ester (0.72 ~, 79%) as ati oil. (i)
2-Mzrcaatomethvl-3-pvrrolidin-~-vl.-oropionic acid A solution of
3-(3-acetvlsulfanyl-?-ethoxycarbonyl-propyl)-pyrrolidine-i-carboxylic acid
is tent-butyl ester {0.52 ~: 1.~5 mmol) in concentrated HC1 (15 mL) was
refluxed under argon for I h. The reaction mixture was allowed to cool to
room temperature and concentrated under reduced pressure to afford a
diasteromeric mixture of the title compound as the hydrochloride salt (0.33
g; 100%). ~H NMR (500 iVIHz, D,O): c5 1.50-1.92 (rn, 31-I), 2.19-2.32 (m,
1H), 2.32-2.42 (m, 1H), ~0 2.66-2.83 (m, 3H), 2.S'.-2.96 (m, 1H), 3.23-3.32
(m, 1H), 3.40-3.SS (m, ?H). IvIS {+) 190 (M+1). Example 25
3-(Cis-4-amino-cvclooent-2-envll-2-rnercaotomethyl-prooionic acid ?5 (a)
Cis-methane.sulfonic acid 4-tort-butoxvcarbonvlamino-cvclopent-2-envlmethvl
ester Nlethanesuifonyl chloride (0.76 rnL, 9.8 mmol) was added to a
solution of cis-(4hydroxymethyl-cyclopent-2-enyl)-carbamic acid tert-butt'!
ester (2 ?, 9.4 mmol) and triethyl amine (1.96 mL, 14.1 mrnolj in CH,CI~
(30 mL) at 0C. The reaction mixture was ~e stirred at room temperature
overnight. After filtration CH,CI~ was added, and the organic phase was
washed with 1 M HCI. dried and concentrated under reduced pressure to
;-field  1 6 AUG 200 w0 00!66557 FCTlSE00/OOS34 73 of cis- methanesulfonic
acid 4-te,r-butoxycarbonylamino-cyclopent-?-enylmethyl ester (b)
Cis-(s-bromomethyl-cvclooent-?-envll-carbamic acid tert-butrl ester A
mixture of cis-methanesulfonic acid
4-tert-butoxycarbonylamino-cyclopent-2enylmethyl ester (2.~ 1 ~, 8.6 mmo!)
and Liar (2.24 g, 2~.8 mmol) in dry acetone (20 mL) was refluxed oversight.
The reaction mixture was allowed to cool to room temperature, rtltered and
concentrated. The residue was dissolved in CH~C1~ and washed with water,
dried and concentrated .under reduced pressure to give of
cis-(4-brcmomethyl-cyclopent-2 



~ enyl}-carbarruc acid tert-butyl ester (2.23 ~, 94%). l (c)
~-(Cic-4-re~-t-buto~cvcarbonvlamino-cyclopent-~-enylmethyl!-malonic acid
diethyl ester Diethyl malonate (1?9 mL, $.~ mmoll was added to a mixture of
NaH (60%, 0.34 ~; 8.~ mmol) in DMF (10 m.L). After stiring at room
temperature for l~ .ruin a solution of cis-(4 ~;
bromomethyl-cyclopent-2-enyl)-carbamic acid tert-butyl ester (1.9~ ~, 7.1
mmol) in DI~1F (12 ;nL) was added, and the reaction mixture :vas stirred at
60C for 19 h. ~tOAc was added and the organic phase was extracted with
water and brine, dried and concentrated under reduced pressure to give 2.44
g of the crude product. Purification by flash chromatography
(CH,CI~IE.tOAc: 1/0 -= 58/32) afforded of 2-(ClS-4-terf ae
butoxycarhonylamino-cyclopent-2-enylmethyl)-malonic acid diethyl ester
(1.47 g, d8%). (d)
o-(Cis-tert-buto~cvcarbonylamino-cvclooent-?-envlmethvl~-malonic acid
monoethYl ester A solution of KOH (0. l9 ~; 3.4 tnmol) in ethanol (6 rnL)
was added to a solution of 2-(Cis= ?s
~-tert-butoxycarbonylamino-cyclopent-2-enylmethyl)-malonic acid diethyl
ester (1.1~ ~; 3.2 rnmol) in ethanol (6 mL) at 0C. The reaction mixture was
stirred at room temperature overnight, concentrated and ice-water (400 mL)
was added. The aqueous phase was washed with diethyl ether (the emulsion
formed during the extraction was treated with brine in order to het Qood
phase separation), acidified to pH 3 with 0.~ M HCI, and ;o extracted with
diethyl ether. The organic phase was dried and concentrated under reduced
pressure to afford
"?-(cis-4-te,-t~butoxycarbonylamino-cyclopent-2-enylmethyl)-malonic acid
monoethyi_ ester (0,86 ~, 81%n) as white crystals.  1 6 AUG 20U4 WO
f~0ib6~~7 PCT/SE00/00834 7~ (e)
2-(Ci.s-4-rert-butoxrcarbonvlamino-cyclopent-?-envlrneth~~l)-acrylic acid
ethyl ester Diethyl amine (0. ~ 1 mL: 3.0 mmol) was added to a mixture of
2-(cis-4-test-butoxycarbonylamino-cyclopent-?-enylmethyl)-malonic acid
monoethyl ester (0.66 Q, 2.0 mmol) s in 36% aqueous solution of
formaldehyde (0.2~ mL, 3.3 mmol), CH~CI~ (1.6 mL) and . water (1.6 mL) at
0C. The reaction mixture was stirred at room temperature overnight. poured
onto ice-water (400 mL) and extracted with CH~CI_. During the extraction,
phase separation was improved by the addition of brine. The combined
organic phases were washed with 5% NaHCO3, dried at:d concentrated under
reduced pressure to yield 2-(cis-4 ~o
tort-butoxycarbonylamino-cyclopent-?-enylmethyl)-acrylic acid ethyl ester
(0.56 g, 94070) as an oil. (f)
2-Acetvlsulfanylmethv]-3-(cis-4-test-buto,rvcarbonvlamino-cyclopent-2-envll
oropionic acid ethyl ester 



is Thioacetic acid (4 mL), which had been cooled to 0C, was added to a rr>;
xture of ?-(cis-4tert-butoxycarbonylamino-cyclopent-2-enylmethyl)-acrylic
acid ethyl ester (0.56 g, 1.9 mmol) and triethvl amine (0.28 mL, 2.0 mmol)
at 0C. The reaction mixture was stirred at 0C for 30 min, at room
temperature for 19 h and then poured onto ice-water (40U mL). The aqueous
layer was extracted with CH~CI~. The organic phase was washed with ~o
saturated NaHCO3, dried and concentrated under reduced pressure to give 1.7
; of the crude product. Purification by flash chromatography
(CH~CI~/EtO,~c: 1/0 -i 68/32) afforded
2-acetylsulfanylrnethyl-3-(cis-~-tert-butoxycarbonylamino-cyclopent-2-enyl)
p.ropionic acid ethyl ester (0.46 ,~, 66%). ~s (g)
.:-(Cis-4-amino-cyclopent-2-env!~-2-merca~tomethv]-prop,ionic acid .q
solution of
2-acetylsulfanylmethyl-3-(cis-4-tert-butoxycarbonylamino-cyclopent-?enyl)-p
ropionic acid ethyl ester (86 ma, 0.23 mmol) in concentrated HCI (~ mL) was
refluxed under argon for 1 h. The reaction mixture was allowed to cool to
room temperature and concentrated under reduced pressure to afford a
diasteromeric mixture of 3o the title compound as the hydrochloride salt
(6~ mg).  ~ 6 AUG 2004 4'VQ !lato655? PCT,'S);:OU/O(~83~1  7~ ' H NivIR
;x+00 MHz, D,O): 5 1.3~- I.47 (m, ?H), 1.60-1.72 I:m. I H), i .7~1- i .92
(m, ?H).  1.92-2.0=1 (m. 1H), 2.67-2.92 (m, lOH), 4.31-4.~3 (rn, 2H),
x.79-~.8~ (br s, 2H). 6.1? (d,  1 H), 5.18 (d, 1 H). Example 26
2-i\~[ercaptomethvl-3-piperazin-l-vl-propionic acid (al
rt-(2-Ethoxvcarbonvl-alivll-oiperazine-l-carboxvlic acid tent-butyl ester
To a solution of 2-bromomethyl-acrylic acid ethyl ester (1.93 ~, 10 mmol;)
ir. N,N ~ dimethylformamide (2~ mL) was added piperazine-l-carboxylic acid
tert-butyl ester (1.86  o, 1G mmol) and then, drop vise,
ethyl-diisopropyl-amine (1.71 mL, 10 mmol}. After  stirrin; for 15 h at
room temperature the solvent was removed under reduced pressure and
tivater (~0 mL) and dichloromethane (~0 mL) were added. After stirring for
2 min the  layers were separated, the organic was washed with water and
brine, and dried over i; majnesium sulphate. The solvent was removed under
reduced pressure to dive crude
4-(2ethoxycarbonyl-a11y1}-piperazine-l-carboxylic acid tert-butyl ester
(2.46 g, 82%). (b)
4-(3-Acetvlsulfanyl-?-etho}:vcarbor.vl-propel)-oiperazine-l-carboxvlic
ar:id tert-butyl  ester 



zo To crude 4-(2-ethoxycarbonyl-allyl)-piperazine-l-carboxylic acid
tert-butyl ester (2.4~ Q,  8.2 mmol) Leas added thiolacetic acid (7.6 mL)
under arjon. The mititure was cooled to  0C and triethylamine (1.1~ rnL,
8.2 mmol) was added dropwise. The mixture was then  stirred at room
temperature for 2 d and thiolacetic acid (2.~ mL) vas added. stirring was
continued for 1 d, then aqueous saturated sodium hydrogencarbonate solution
was added z5 carefully until neutral reaction and the mixture was extracted
three times with dichloromethane. The combined organic layers were washed
twice with aqueous saturated sodium  hydrogencarbonate solution and once
with brine. After drying over magnesium sulphate  the solvent was removed
under reduced pressure and the residue was purified by column  chromato;
raphy (silica aei, 1.7% methanol in dichloromethane) to Give 4-(3-acetyl ~o
sulfanyl-?-ethoxycarbonyl-propyl)-piperazine-l-carboxylic acid test-butyl
ester (0.29 g,  9.4%).  1 6 AUG 2004 WO 00/6657 PCT/SE00/00834 76 (c)
?-Tylercaptomethvl- ~-piperazin- ]-vl-oroaionic acid To
4-(3-acetylsttlfanyJ-?-ethox}'carbonyl-propyl)-piperazine-l-carboxylic acid
tett-butyl ester (0.095 g, 0.25 mmol) argon saturated hydrochloric acid (3
mL, 37%) a~as added and the mixture was heated under argon to reflex for
2.~ h. The solution was concentrated s under reduced pressure to Give the
title con-pound as the dihydrochloride salt (0.071 ~.. quantitat]v). ~H NMR
(300 MHz, D~U): S 3.86 - 3.49 (m, 10 H), 3.36 - 3.28 (m, l H), 3.01 - 2.88
gym, ? H). MS 205 (M+H). to Example 27
3-(6-Amino-pvridin-3-vl)-2-mercaptomethyl-pentanoic acid {a)
2-(1-(6-rert-Butoxycarbonylamino-pvridin-3-yll-propvJl-malonic acid diethyl
ester 



~s To a stirred suspension of copper iodide (5.71 0, 30 mmo]) in diethyl
ether (120 mL) under argon was added ethylmagnesium bromide {3 M solution
in diethyl ether, 20.mL, 20. mmol) w]thin 10 run at 0C. After ~ min
stirring the mi;:ture was cooled to -78C and a solution of
2-(6-tert-butoxycarbonylan-lino-pyridin-3-ylmethylene)-malonic acid diethyl
ester (5.4'1 g, ].5.0 rnmol) in tetrahydrofurane (60 mL) was added dropwise
v~~ith in 0:~ h. ~o During this period tetrahydrofurane (40 mL) was added.
The mixture ~~as allowed to stir at -40C for 2.5 h. Then a solution of
ammonium chloride (5%) in aqueous ammonia solution (5%) was added with
vigorous stirring, allowing access of air, and the mixture was warmed up to
room temperature. The mixture was extracted twice with ethyl acetate. The
combined organic layers were washed successively with aqueous ammonia
solution (~%) and brine, as and dried over magnesium sulphate. The solvent
was removed under reduced pressure and the residue was recrystallised from
a mixture of diisopropyl ether and tetrahydrofurane (5:1, vol./vol.) to
give 3-[1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-propyl]-malonic acid
diethyl ester {3.23 ~, SS%). sn b) 2-f
1-(6-tert-Butoxvcarbonv]amino-pvridin-3-v]1-propvll-malonic acid monoethvl
ester ?-[1-(6-tort-Butoxycarbonvlamino-pyridin-~-yl)-propy]]-malonic acid
diethyl ester (3.23 ~, 8.I9 mmo]) was dissolved in a mixture of
dichJorornethane (12 mL) and ethanol l24 mL,  1 6 AUG Z00~ WCti 00!56557
?'CT/SE00/00$34 77 5 99.590). To this solution was added dropLVise a
solution of potassium hydroxide (0.5?8 g, 8790. 8.20 mmol) in ethanol (16
mL. 99.5 c) at 0C over 0.6 h. Stirring Leas continued for 16 h while the
mixture was a1loLVed to Lvarrrm up to room temperature. After concentration
under reduced pressure to S - ] 0 mL, water (JO mL) was added and the
resulting emulsion was stirred for O.S h. and then filtered. The filtrate
was washed twice with a mixture of ethyl acetate and diethyl ether {?: ] ,
yol/~-o]). The aqueous layer was acidified by addition of a solution of
citric acid in water (10%) to reach a pH of 4 to 5, and extracted three
times with ethyl acetate. The combined organic )avers were washed with
brine, dried over magnesium sulphate. and the solvent was removed under
reduced pressure to yield
2-j1-(6tert-butoxycarbonylamino-pyridin-3-yl)-propyl]-malonic acid
monoethyl ester (2.47 g, 82%) (c)
2-11-f6-tert-Butoxvcarbonvl-pyridin-3-vll-nropvll-acrylic acid ethyl ester
To a solution of
?-(1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-propy]]-malonic acid is
monoethyl ester (2.45 ~, 6.69 mmol} in dichloromethane (1 1 mL) were added
an aqueous solution of formaldehyde (0.49 mL, 37%) and diethy]amine (0.62
mL, 6.4 mmol) at 0C. After stirring the mixture vi~orous)y for 16 h water
(40 mL) and ethyl acetate (40 mL LL~ere added. After additional ?min
stirring at room temperature the layers were separated and the aqueous was
extracted twice with ethyl acetate. The combined organic layers were ~o
washed with a saturated aqueous solutior, of sodiun: hydrogencarbonate ar.d
brine. Alter drying over sodium sulphate the solvent was removed under
reduced pressure to afford ?[ l
-(6-tent-Butoxycarbonyl-pyridin-~-y])-propyl]-acrylic acid ethv] ester (1.?
1 g; 54%). (d)
o-Acetytsulfanvlmethyl-3-(6-tent-butoxycarbonviamino-DVridin-3-vl~-r,entano
ic acid ~5 ethyl ester
2-[l-(6-rett-Butoxycarbony]-pyridin-3-yl)-propyl]-acrylic acid ethyl ester
(1.20 g, 3.59 mmol) was dissolved in thio]acetic acid (4 mL) under argon
and triethylamine (0.56 mL, ~.0 mmol) was added. The mixture was heated to
60C. After 22 h thiolacetic acid (2 mL) was added. After additional 14 h
the mixture was cooled to room temperature and a 



~o saturated solution of sodium hydrogenacarbonate was added slowly to
obtain a neutral solution. This was exracted three times with ethyl
acetate. The combined organic layers LL~ere washed with aqueous saturated
sodium hydro~.encarbonate solutior, and brine. and  1 6 AUG ZOOM W~O
00l665~7 PCT/500/00834 7S dried over magnesium sulphate. After
concentration under reduced pressure the residue  vas purified by column
chrornato~raphy (silica del, 1.79c methane! in dichloromethane) to  yield
2-acetylsulfanylmethyl-3-(6-ter!-butoxycarbonvlamino-pyridin-3-ylj-pentanoi
c acid  ethyl ester (1.22 j, 83%). 5 The mixture of diastereomers was
separated in preparative scale by chiral chromatosraphy  using a Chiralpak
AD column (250*4.o mm) as stationary phase and hexane (mixture of
isomers)/ethanol mixture 185:15); containing diethvlamine (0.05%) at a flow
rate of 1  mL/min uiith a sample corcentratior, of 5 ma/mL. io The
enatiomeric excess was determined analytically by chiral HPLC on the same
column  with he;cane/ethanol mixture (85:10 as eluent.
2-Acetvlsulfanylmetlivl-3-(6-tert-butoxvcarbonvlamino-oyridiri-3-vl)-pentan
oic acid ethyl  esterlA: is Retention time 10.72 min, ee = 99%.
?-Acetvlsuifanvlmethvl-~-(6-tort-butoxvcarbonvl.amino-pyridin-3-vl)-pentano
ic acid ethyl  esterB Retention time 14.41 min, ee =9890
?-Acetvlsuifanvlmethvl-3-(6-tert-butoxvcarbonvlamino-pyridin-3-vI)-pentanoi
c acid ethyl  ester/C . Retention time 23.01 min, ee = 9890 



?s
?-Acetvlsuifanvlmethvl-3-l6-tert-butoxvcarbonvlamino-DVridin-3-vl)-pentanoi
c acid ethyl  ester/D Retention time 29.83 min, ee = 9790 (e)
3-(6-Amino-pyridin-3-vll-?-mercaptomethvl-pentanoic acid ;~ Hydrochloric
acid (3S9o, 4 mL) was added to
2-acetylsulfanylmethy[-3-(6-tertbutoxycarbonylamino-pyridin-~-yl)-pentanoic
acid ethyl ester (0.041 a, 0.1 rnrnol) under  rson and tt',e mixture wa;
heated to reflux for 4 h. Concentration under reduced pressure  1 ~ ,QUG
2004 ~~~'O 00/ti~5"7 79 PCTiSEO0i0083a and drying (4~C, 0. ~ mbar) afforded
the title compound as the hydrochloride salt (0.027 mP 97ioj.
3-(6-Amino-ovridin-3-vll-2-mercaptomethyl-oentanoic acid /A s This compound
vas obtained from
2-acetylsulfanylmethyl-3-(6-tert-butoxyearbonylaminop-yridin-3-yl)-pentanoi
c acid ethyl ester/A by the method described above. ~ H NMR (300 MHz, D~0):
S 7.79 (dd, I H), 7.69 (d, 1 H), 7.05 (d, 1 H), 2.81 (m, 2 H), 2.51 (m, 2
H), 1.66 (m. 2 H), 0.72 (t, 3 H}. IvIS+ 241 (M+H). 3-(6-Amino-QVridin-
~-vl)-?-merca~tomethvl-oentanoic acid/L 



This compound .vas obtained from
2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylaminopyridin-3-yl)-pentanoic
acid etrtyl esterB by the method described above. ~H iv1V1R (300 MHz, DSO):
cS 7.85 (dd, 1 H), 7.64 (d, i H), 7.01 (d, 1 H), 2.98 - 2.64 (m. 4 Is H),
1.89 (m, 1 H), 1.60 (m, 1 H), 0.74 (t, 3 H). MS+ 241 (M;-H).
3-(6-.amino-r7vridin-3-vll-2-tnercaDtomet'r~vl-oentanoic acid /C This
compound was obtained from.
2-acetylsulfany!methyl-3-(6-tort-butoxycarbonylaminoao
pyridin-3-yl)-pentanoic acid ethyl ester/C by the method described above.
'H I~TMR (300 iv1Hz, D,O): b 7.85 (dd, 1 H), 7.64 (d, ] H), 7.01 (d, 1 H),
2.98 - 2.64 (m, 4 H), 1.89 (m, 1 H), 1.60 (m, 1 H), 0.74 (t, 3 H). NIS+ 241
(M+H). 's 3-16-Amino-ovridin-3-vl)-2-mercaptomethvl-Dentanoic acid/D This
compound was obtained from
2-acetylsulfanylmethy]-3-(6-tent-butoxyCarbonylaminopyridin-3-yl}-pentanoic
acid ethyl ester/D by the method described above. 'H NP~1R (300 MHz, D,0):
d 7.79 (dd, 1 H), 7.69 (d, 1 H), 7.0~ (d, 1 H), 2.8 ] (m, 2 H), 2.51 (m, 2
H), 1.66 (m. 2 H), 0.72 (t, 3 H). ;n MS+ 241 (IvI+I-i).  1 ~ "~~I G 2004
wo oa~bs~s~ PC's'/SEUU/U0a34 SO Example 23
-(6-Amino-pyridin-~-vl}-?-mercaotomethvl-4-methvl-pentanoic acid 



(a) 2-(1-16-text-Sutoxvcarbonvlamino-ovridin-3-vll-?-methvl-Droovll-malonic
acid diethyl  ester To a stirred solution of copper cyanide (3.~8 ~, 40
mmol) in tetrahydrofurane (~0 mL) at 1~C a solution of isopropylmcianesium
bromide (40 mL, 2 M, 80 mmol) in tetrahydrofurane was added under argon
over 1~ min. After additional 1~ min stirring a solution of
2(6-tent-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid diethyl
ester (3.78 ~, ~0 10.4 mmol) in tetrahydrofurane (~0 ml) was added drop
vise over 1~ min..After stining for  to h the mixture was allowed to warm
up to room temperature. Then a solution of  ammonium chloride (~%) in
aqueous ammonia solution (~,'o) was added with vigorous  stirring, allowing
access of air. The mixture was extracted twice with ethyl acetate. The
combined organic layers ~.vere washed successively with aqueous ammonia
solution (~90) i; and brine, and dried over magnesium sulphate. The solvent
was removed under reduced  pressure and the residue was purified by column
chromatography (silica gel; 1.7%  riethanol in dichloromethane} to give
crude 2-(1-(6-tert-butoxycarbonylamino-pyridin-3yll-2~-.methyl-prop;
-l]-rrlalonic acid diethyl ester (2.8~ g, ^~%). ~u (b)
2-(1-(b-tent-Butoxvcarbonvlamino-avridin-~-vll-?-methyl-propvll-malor.ic
acid  monnethvl ester To a solution of 2-[
1-(5-text-butoxycarbonylamino-pyridin-3-yl)-2-methyl-propyl]-malonic  acid
diethyl ester (1.>69 g, x.84 ;rli-nol) in a mixture of dichloromethane (6
mL) and  ethanol (12 mL, 9~%) at GC a solution of potassium hydroxide
(0.272 g, 8~%, 4.2 mmol) as in ethanol (6 mL, 9~9e) was added dropv,~ise
over 40 min. After additional 1 h stirring the  mixture was allowed to warm
up to room temperature and stirring was continued for 18 h.  Then water (30
mL) and dichloromethane (30 mL) were added, and after 3 min stirring the
layers were separated. The organic was extracted once with water and the
combined aqueous were washed once with ether. Then an aqueous solution of
citric acid (10%) was  3u added to adjust the pH to 4, and the solution vas
extracted three times with ethyl acetate.  The combined organic layers were
washed with brine and dried over magnesium sulphate.  ~ s au~ zoo4 CVO
00/66557 PCT/5E00f00~34 SI After evaporation of the solvent crude 2-[
!-(6-tc~rt-butox'~~carbonylamino-pyridin- ~-yl)-?rnethyl-propyl]-malonic
acid monoethyl ester (0.9'1 g. 6s CC) was obtained. (c) ~
(1-(6-tort-Bt.ito~vcarbonvl-ovridin-~-vll-2-methyl-oropvll-acrylic acid
ethyl ester To a solution of 2-[
1-(6-tort-butoxycarbonylamino-pyridin-3-yl)-2-methyl-propy!]-malonic acid
monoethyl ester (0.9=1 g, 2.47 mmol) in dichloromethane (4 mL) were added
an aqueous solution of formaldehyde (0.18 mL, 37%) and diethylamine (0.23
mL, 2.32 mmol) at 0C. After stirring the mixture vigorously for 16 h water
(30 mL) and ethyl acetate (30 mL) were added. After additional 2 min
stirring at room temperature the layers were n separated and the aqueous
vras extracted twice with ethyl acetate. The combined organic layers were
washed with a saturated aqueous solution of sodium hydrogencarbonate and
brine. After drying over sodium sulphate the solvent was removed under
reduced pressure and the residue was purified by column chromatography
(silica ge!, 1.7% methanol in dichloromethane) to give 2-[
1-(6-tert-butoxycarbonyl-pyridin-3-yl}-?-methyl-propyi] 



is acrylic acid ethyl ester (0.24 g, 28`70). (d) ~
AcAtvlsu]fanvlmethvl-3-(6-tort-butoxvc~rbonvlamino-pyridin-3-v!)-=1-methvlp
zntanoic acid ethyl ester
?-[1-(6-tort-Butoxycarbon_yl-pyridin-3-yl)-?-methyl-propyl]-acrylic
acidethy] ester (0.43! zo g, 1.24 mmol) was dissolved in thiolacetic acid
(4 mL) under argon and triethyiamine (0.21 mL, 1.5 mmol) was added. The
mixture was heated to 60C. After 24 h thiolacetic acid (2 mL) .vas added.
After additional 20 h the mixture was cooled to room temperature and a
saturated solution of sodium hydrogenacarbonate was added slowly to obtain
a neutral solution. This ,vas extracted three times with ethyl acetate. The
combined organic layers ~; were washed with aqueous saturated sodium
hydrogencarbonate so!ution and brine, and dried over magnesium sulphate.
After concentration under reduced pressure the residue vas purified by
column chromatography (silica gel, 1.79o methanol in dichloromethane) to
yield
2-acetylsulfanylmethyl-3-(6-tort-butoxycarbonylamino-pyridin-3-yl)-4-methyl
pentanoic acid ethyl ester (0.284 Q, ~4 io) as a mixture of diastereomers
(6:1). 3U  1 6 AUG 2004 WO n0%b6~~7 8 `' PCT/S~00/fl0834 (z)
~-(6-Amino-oyridin-3-vll-?-rnercantomethv!-4-tnethvl-oentanoic acid
Acetylsu;fanylmethyl-
~-(6-te,t-butoxycarbonylamino-pyridin-3-yl)-4-methyl-pentanoic acid eth;~l
ester (O.GB~ ~. 0.20 mmol) was dissolved in argon saturated hydrochloric
acid (3 mL, 37%'0) and heated to reflux under argon for ~.~ h.
Concentration under reduced pressure and drying at 4dC/0.3 mbar gave the
title compound. as the hydrochloride salt (0.038 g, 99%) as a mixture of
diastereomers (6:1). ~H NN~IIZ (3001~1Hz, D,0): 8 7.81 (m, 1 H), 7.62 (m, 1
H), 6.98 (m, 1 H), 3.18 - 3.06 (m, 1 H), 2.93 - 2.40 (m, 3 H). 2.23 - 1.93
(m, 1 i-i), 0.93 - 0.74 (m, 6 H). N1S 2>j {M+H) 0 Example 29
3-(6-Amir.o-pyridin-3-y1~-2-mercaotomethvl-3-phenyl-nropionic acid 



(a) 2-((6-tert-Butoxvcarbonvlamino-pyridin-3-vl)-nhenvl-methy!1-malonic
acid diethyl i; ester To a vigorously stirred suspensin of copper(I)cyanide
(1.71 ~, 19.06 mmol) in dry THE (18 mL) was added a solution of
pl~enylmagnesium bromide (12.7 mL 3 NI in ether, 38.1 I rnmo~l) at 0C under
argon. The mixture vas allowed to warm to room temperature, giving a dark
brown solution. After 150 minutes a solution of
2-(6-tert-butoxycarbonylamino ~o pyridin-3-ylmethylene)-malonic acid
diethyl ester (1.74 g, 4.76 mmol) in dry THE (19 mL) was added at 0C. The
mi;<ture was left stirring for 3 days then aqueous ammonium chloride was
added. The aqueous layer was separated and extracted with ethyl acetate.
The combined organic layers were washed with brine and dried. Removal of
the solvent ir. vacuo gave a residue, which was suspended in hexane.
Filtration of the crystals gave 2-[(6 ~;
tent-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyl]-malonic acid diethyl
ester (1.8~ ~, . 88%). (b1
?-~(6-tent-Butoxvcarbonvlamino-pyridin-3-vl)-phenyl-methyll-malonic acid
tnonoethvl ester 3o A solution of KGH (0.266 g, 4.1 1 rnrnolj in ethanol
(14 mL) was added to a solution of
2((6-tert-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyl]-malonic acid
diethyl ester (1.32 g, 4.11 mmol} in ethanol. (1? mL) and r.-,ethyler.e
chloride (13 mL) at CC. The  1 6 AEG 2004 1'4'O 00/66>j7 PCT/Sf;00iU0S3A
S3 mixture was stirred overnight at room temperature. More KOH (SO ma
dissolved in 3 mL  ethanol] was added at 0C. The reaction mixture ,vas
stirred for additional 1 S h. The  mixture vas concentrated under reduced
pressure and ethvl acetate, and 0.~ ivl HCl were  added to the residue. The
organic layer vas washed with brine and dried. After filtration  and
evaporation in vactro, the residue was suspended in hexane. Filtration of
the crystals  gave
2-[(6-rerr-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyl]-malonic acid
monoethyl ester (1.7 ~, 98io). (c)
~-[(6-rent-Butoxycarbonvlam~no-pvridin-3-vll-phenvl-methvll-acrvlic acid
ethvl ester  o Diethylamine (0.~2 mL, S.G4 mmol) was added to a mixture of
?-[(6-rerr-butoxvcarbonyl amino-pyridin-3-yl)-phenyl-methyl]-malonic acid
monoethyl ester (1.7 ;, 4.1 mmo.l) and  37 ~/o aq. solution of formaldehyde
(0.4? mL, ~.6 mmol) in methylene chloride (6.~ mL) at  0C. The mi;cture was
stirred overnight at room temperature and then diluted with ethyl  acetate.
The organic layer was washed with aqueous saturated sodium bicarbonate and
i; brine and dried. After filtration and evaporation in va~~ro the crude
product Lvas purified by  flash chromatography (CH~CI~) to yield
2-[(6-tert-butoxycarbonylamino-pyridin-3-y])phenyl-methyl]-acrylic acid
ethyl ester (0.36 g, 23Io). (dl~
?-A~eetvl5ulfanvlm.ethvl-3-(6-rerr-butoxvcarbonvlamino-pvridin-~-vl)-3-phen
vl~o prooionic acid ethvl ester Triethylamine (0.10 ;_ 1.0'1- mmol) was
added to a solution of
2-((6-!err-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyl]-acrylic acid
ethyl ester (0.36 g, 0.94 rrli-nol) in  thioacetic acid (4 mL) at 0C under
arson. The mixture was heated at 4~C for 2rt h. )/thyl  acetate was added
and the organic phase was ~,vashed with aqueous saturated sodium 



z; bicarbonate and brine and dried. After filtration and evaporation in
vacuo the crude product  was purified by flash chromatography
(tolueneJethyl acetate, 1:0 ~ ~:1) to give
2acetylsulfanylmethyl-3-(6-rerr-butoxycarbonylamino-pyridin-3-yl)-3-phenyl-
propionic  acid ethyl ester (0.314 g, 73%).  1 ~ ~,IIG 2004 ~~O 00/66~~7
FCC'/SE00/00834 S4
3-(6-Amino-pvridin-~-vll-?-mercartomethvl-3-phe*~vl-prooionic acid
2-Acetylsulfanylmethyl-3-(6-tort-butoxycarbonylamino-pyridin-3-yl)-3-phenyl
-propionic acid ethyl ester (gig mQ, O.1Z5 mmol) was dissolved in conc. HC1
(3.0 mLl. The solution was heated to re flux for 130 min under argon.
Concentration under reduced pressure gave s the title cornpound as the
hydrochloride salt (41 mg, 100 %). ~H 1`iMR (500 MHz, DSO): b 8.03-7.83 (m,
2H), 7.5-7.3 (m, SH), 7.0~-6.95 (m, 1H), 4.274.16 (m, lI-i), 3.6-3.45 (m, 1
H), 2.84-2.SS (m, 2H). MS (T) 2S9 (M+1). ~o Example 30
3-(6-.Amino-Dvridin-3-v1~~-2-mercaotomethvl-4-Dhenvl-butyric acid (al 2-
1-16-tort-B utoxycai-bonvlamir.o-ovridin-3-vl)-~-Dhenvl-ethvl~-rnalonic
acid d~ethvl ester is To a vigorously stirred suspensin of copper(I)cyanide
(0.66 g, 7.32 r~mol) in dry THE (5 mL) was added a solution of
benzylmagnesium bromide (5 mL 2.93 yI in ether, 14.64 rrunol) at 0C under
argon. The mixture was allowed to ~varm to room temperature, giving a dark
brown solution. After +50 minutes a solution of
2-(6-tert-butoxycarbonylaminopyridin-3-ylmethylene)-rnalonic acid diethyl
ester (0.67 g, 1.83 mmol) in dry THE (4 mL) ao vas added at 0C. The mixture
was stirred overnight at room temprature then aqueous ammoniur.-t chloride
vas added. The aqueous layer was separated and extracted with ethyl
acetate. The combined organic layers were washed with brine and dried.
F.emoval of the solvent in vaczro gave a residue which was purified by
flash chromatography (CH~C1=/ ethyl acetate, 1:0 --~ 100:15) to give
?-[1-{6-tent-butoxycarbonylamino-pyridin-3-yl}-2's phenyl-ethyl]-rnalonic
acid diethyl ester (0.4-4 g, 53%). (b1 2-f
1-(6-tort-Butoxvcarbonvlamir.o-ovridin-3-vl;-'~-nhenv]-ethvil-rnalonic acid
monoethvl ester A solution of KOH (0.067 ~, 1.03 mmol) in ethanol (3 rnL)
was added to a solution of ?~o [1-(6-tent-butoxycarbonylamino-pyridin-3-yl
j-2-phenyl-ethyl]-rnalonic acid diethyl ester (0.44 g, 0.96 mmol) in
ethanol (3 mL) and methylen:. chloride (2 mL) at 0C. The mixture 



1 6 AUG 2.004 WO 00/6b~57 PCT/SEQO/0083y  S~ was stirred for 4S h at room
temperature. The mixture vas concentrated under reduced  pressure and ethyl
acetate and 0.~ iv1 HCl were added to the residue. The organic layer vas
washed with brine and dried. Filtration and evaporation in vacero gave
?-(1-(6-tertbutoxycarbonylamino-pyridin-3-yl)-?-phenyl-ethylj-malonic acid
monoethvl ester (0.37, s 90%). (c) "' f 1 (6
tert-Buto~cvcarbonylamino-pyridin-3-vll-2-ahenvl-ethylj-acrvlic acid ethyl
ester  Diethylamine (0.27 mL, 2.~9 mmol) vas added to a mixture of
?-[1-(6-tent-butoxycarbonylamino-pyridin-3-yl)-2-phenyl-ethyl]-malonic acid
monoethyl ester (0.37 g, 0.86 ~ mmol) and 37 % aq. solution of formaldehyde
(0.22 mL, ?.9 rrlimol) in methylene chloride  (3.~ mL) at 0C. The mixture
was stirred overnight at roam temperature. Vlore formaldehyde (0.24 mLl and
diethylamine (0.24 mL) was added. Stirring at room temperature  was
continued for 18 h and ethyl acetate and water vas then added. The organic
layer vvas  washed with aqueous saturated sodium bicarbonate and brine,
dried and concentrated i; under reduced pressure to Qive
2-(1-(6-tort-butoxycarbonylamino-pyridin-3-yl)-2-phenyl ethylj-acrylic acid
ethyl ester (0.34 g, 99%). (d) ~
Ac~rvlsulfanvlmethyl-3-(6-rert-buto~cvcarbonvlamino-nvridin-3-yll-4-phenyl-
butyric  acid ethyl ester  ,u Triethylamine (0.096 g, 0.9~ mmol) was added
to a solution of
?-[1-(6-tern-butoxycarbonylamino-pyridin-3-yl)-2-phenyl-ethyl]-acrylic acid
ethyl ester (0.34 g, 0.86 mmol)  in thioacetic acid (~.~ mL) at 0C under
argon. The mixture was heated at 4~C for 24 h.  Ethyl acetate was added and
the organic phase was washed with aqueous saturated sodium  bicarbonate and
brine and dried. After filtration and evaporation in vaciro the crude
product as was purified by flash chromatography (CH~C1~/ethyl acetate, 1:0
--~ 100:0 to give
2acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-4-phenyl-
butyric acid  ethy] ester (0.264 ~. 6~% ). (~) 3 (6
Amino-~vridin-3-vll-~-mercaotomethvl-=l-phenyl-butvric_acid 30
?-Acetylsu.Ifanylmethyl-3-(6-!ert-butoxycarbonylamino-pyridin-3-yl)-=1-phen
yl-butyric  acid ethyl ester (0. l4 g, 0.3 mmol) was dissolved in conc. HCl
(~.0 mL). The solution was  



1 6 AUG 2004 wo ~o~6os~ ~ ~cr~s~ootous~a S6 heated to reflux for =l.6 h
under argon. Concentration under reduced pressure have the title cornpound
as the hydrochloride salt (] 00 mQ, 98 90). ~H Nti1R (600 y1Hz, D,O): S
7.90-7.83 (m: 1H). 7.43 (d, 1H), 7.34-7.18 (m, 3H), 7.177.06 (m, 2H),
7.01-6.9 (m, 1H), 3.4-2.5 (m, 6H). s IviS (+) 303 (NI=1). )/xamole 31
2-(6-Amino-pvridin-3-vlmethyl)-~-mercaDto-S-yhenyl-oentanoic acid ~o (al
Ethv] IE.Z)-?-(; 6-((tent-butoxvcarbonvllaminol-3-pyridinvl
}methvl)-6-ohenv]-2pentenoate To a suspension of NaH (310 mg, 7.12 mmol,
55% in mineral oil) in THE (?~ mL) at 0C under argon was added a solution
of (ethyl 3-{ 6-[(tent-butoxycarbonyl)amino]-3p;
~ridinyl}-2-(diethoxyphosphoryl)propanoate (2.55 ~, 5.9~ mmol) in THE (?~
mL). After is 1 h, a solution of 3-phenylpropanal (1.59 g, 11.9 mmol) was
added dropwise. The reaction was stirred for 17 h at room. temperature,
then quenched with NHaCI (50 mL, sat, aq). The mixture was extracted with
ethyi acetate, the organic layer was washed with brine, dried (Na~SOa),
filtered and concentrated under reduced pressure. Column chromatography (C
H~C1,/EtOAc 20:1 --3 10.1) gave ethyl (E.~-2-({
6-[(tent-butoxvcarbonyl)aminoJ-3= ~o
pyridinyl}methyl)-~-phenyl-2-pentenoate (2.49 g, 100%). (bl Ethyl
3-(acetvlsulfanvll-2-((~-((ter-t-butoxvcarbonvllaminol-3-uvridinvl l
methyl)-~ohenvl~entanoate Triethylamine (1.22 mL, 0.617 mmol) was added to
a solution of ethyl (E, ~-2-({ 6-((tertas
butoxycarbonyl)amino]-3-pyridinyl}methyl)-5-phenyl-?-pentenoate (400 mg,
0.697 mmol) in thioacetic acid (10 mL) at 40C. After stirring for 90 h.,
the mixture was concentrated under reduced pressure. Coiurr~n
chromatography (CH~Cl~/EtOAc 20:1 -~ 10.1), then (toiuene/EtOAc, 10:1} and
then (heptane/EtOAc 2:1) gave ethyl
3-(acetylsulfanyl}-2-({b[(tert-butoxycarbonyl)amino]-3-pyridinyl}methyl)-~-
phenylpentanoate (126 mtr: 27%}as a ,o diastereomeric mixture 1:1.  ~ s au~
zoo4 



1~V0 00/66~~7 PCT/5~00/00u3d 87 del
2-(6-Amino-o~~ridin-3-vlmethvll-3-mercayto-~-phenyl-pentanoic acid Ethyl
3-(acetylsulfanyl)-?-({ 6-[(tent-butoxycarbonyl Camino]-3-pvridinyl
)methyl)-~phenylpentanoate (9 m~, 18.E mol} was dissolved in cone, HC1 (1
mL) under argon. The solution was heated to reflux for 4.~ h. Concentration
under reduced pressure yielded the title compound as the hydrochloride salt
(6.4 rng, 98 %) as a diastereomeric mixture I : I . ~H NvIR (400 IvIHz,
DSO): S 1.75-2.?0 (m, 2H), 2.70-3.04 (m, 6H), 6.88. 6.92 (2d, 1H),
7.22-7.39 (m, SH), 7.~?.7.~4 (2d,1H), 7.69, 7.75 (2d, 1H). MS (+) 317
(M+1). a Example 32
3-f3-(6-Amino-pvridin-3-vll-?-ethoxvcarbonvl-oroovldisulfanvll-"?-(6-amino-
pvridin-3 vlmethvl)-propionic acid ethyl ester (a)
3-(3-(6-tent-Butoxvcarbonvlamino-pvridin-3-vl)-2-ethoxycarbonyl-propyldisul
i'anyll-2~s (6-tert-butoxvcarbon.ylamino-Dyridin-3-vlmethvll-t~ropionic
acid ethyl ester
3-?.cet_ylsulfanyl-?-(6-tert-butoxycarbonylarnino-pyridin-3-yimethyl}-propi
onic acic ethyl ester (15G m?, 0.392 mmol) was dissolved in ethanol (1~
rnL} saturated with NH3 (g}. After stirring for 160 min., the mixture was
concentrated under reduced pressure. Tire residue was dissolved in EtOH (10
mL) w:iereafter a solution of I~ in EtOH (0.~ NI, 0.784 zo m.L) was added.
The reaction was stirred for 30 min. at roam temperature, then diluted with
CH~C1~, washed with saturated aqueous Na,S~05 and saturated aqueous NaHC03,
dried, filtered and concentrated under reduced pressure to Qive
3-[3-(6-terlbutoxycarbonylamino-pyridin-3-yl)-?-ethoxycarbonyl-propyldisulf
anylJ-2-(6-tertbutoxycarbonylamino-pyridin-3-ylmethyl)-propionic acid ethyl
ester (130 m~, 98%). 25 (b~
3-f3-(6-Amino-DVridin-3-v!)-2-ethoxvcarbonvl-Droavldisulfanvil-?-(6-amino-p
vridin 3-vlmethvl'i-propionic acic ethyl ester Etylacetate saturated with
HCl (~) (l~ mL) was added to a solution of
3-[3-(6-tertbutoxycarbonylamino-pyridin-3-yl)-2-ethoxycarbonyl-propyldisulf
anylJ-2-{6-tert3o butoxycarbonylamino-pyridin-3-ylmethyl)-propionic acid
ethyl ester (130 m~, 0. ] 91 mmol) in ethylacetate (7 mL) at 0C. The
reaction vas allowed to attain room temperature and was stirred for 19 tl,
then evaporated under reduced pressure. The residue was  



1 6 AUK 7004 WO 00/66~~7 i'C3'/SE00/00834  SS dissolved in water, saturated
aqueous \a~CO~ was added and the aqueous phase was  extracted with CH~CI,.
T'he organic layer was dried and concentrated under reduced  pressure to
Give the title compound (90 mg, 93%). ~H NMR (4U0 NIHz, CDC1;): cS 1.i9 (t,
3H), 1.20 (t, 3H). 2.68-2.86 (m, 6H). 2.90-3.O1 (m,  s 4H), 4.07-4.14 (m,
4H). 6.4~ (d, 2H), 7.25 (m, 2H), 7.57 (s, 2H). MS (+) 479 (M+1). Example 33
3-(6-Amino-~yridin-~-vll-?-mercaptomethvl-hexanoic acid io (a)
N-(~-Eutvrvl-ovridin-2-vl1-2.2-dimethvl-oroDionamide A solution of
N-(~-bromopyridin-2-yl)-?,?-dimethyl-propionamide (3.52 g, 13.9 mmol)  in
diethyl ether (36 mL) was cooled to -75C under argon and n-butyllithium
(1.6 M, 19  mL, 30.4 mmol) vas added dropwise within 20 min. ~ min after
complete addition the is mixture vas allowed to warm up to 0C.
N-iVlethoxy-N-methyl butyramide (3.6~ g, 27.8  mmol) was added within less
than ~ min and stirring was continued for 4~ min. The clear  solution was
acidified with 2 N hydrochloric acid to pH 2. After vigorous stirring for
1~  nun the mixture was neutralised with sodium hydrogen carbonate and the
layers were  separated. The aqueous layer vas extracted three times with
diethyl ether. The combined ~a organic layers were washed with brine, dried
and concentrated under reduced pressure. The  resulting oil was .dried in
oil pump vacuum to remove the excess reagent. After flash  chromatography
(dichloromethane /methanol 60:1) crude
N-(~-butyryl-pyridin-?-yl)-2,2dirnethyl-propionamide (2.47 g, 71 Rio) was
obtained as a light orange oil which was not  purified further. (b)
N-~S-(1-Hydroxv-butyl)-pyridin-?-vl1-2.2-dimethvl-propionamide T o a
solution of N-(~-butyryl-pyridin-?-yl)-2,2-dimethyl-propionamide (2.47 g,
9.9~  mrnol) in ethanol {20 mL) sodium borohydride (18~ ma. ~.0 mmol) was
added. After 40  min stirring. at room tzmper~ture the mixture was
acidified with 1 N hydrochloric acid to .n pH 2 and stirred for 10 min.
After neutralisation with sodium hy~drogencarbonate ti e  truxture was
extracted three times with dichloromethane. The combined organic extracts
~,vere washed twice with sodium hydrogen carbonate solution and once with
brine. After  



1 6 AUG 2004 1.'~~ 00/6657 S9 PCTiSEUUlU0334 drying and concentration under
reduced pressure the residue vas purified by flash chromatography
(dichloromethane/methanol 30:1) to give
iv'-(~-(1-hydroxy-butyl)-p}'ridin2-yl]-?.?-dimethyl-propionamide (l.0?~ g.
=1190).. (c) ~ (1 (b (~ ~
DimetSvl-proaionvlami~o)-pyr~din-3-vll-btttvi}-malonic acid monoethvl ester
. To a solution of
N-[~-(1-hydroxy-butyl)-pyridin-?-yl]-2,3-dimethyl-propionamide (1.0?5 ~,
4.09 mmol) in trichloromethane (12 mL), thionvlchloride (6 mL) vas added
and the mixture was heatzd to >j'C for 1 h. Then the solution was
concentrated under reduced o pressure to leave crude
N-[~-(I-chloro-butyl)-pyridin-2-yl]-?,?-dimethyl-propionamide hydrochloride
as a colourless solid. To a solution of diethyl maionate (1.31 g, 8.2 mmol)
in dimethylformamide (20 mL) sodium hydride (60 is dispersion ~in mineral
oil, 3~0 mg, 8.7 mmol) was added and the mixture was stirred at room
temperature for 1~ min. After coolingto 0C the solution of the intermediate
N-[~-(1-chloro-butyl)-pyridin-2-y1]-2,?-dimethyl-propionamide hydrochloride
in dimethylformamide (~ mL) was added. After 1 h stirring the solvent was
concentrated under reduced pressure and ethyl acetate (?~ mL} was added
followed by ammonium chloride solution (half-saturated) for neutralisation.
The layers were separated., the aqueous was extracted with ethv] acetate
and the combined organic la;~ers were washed ~o three times with water and
brine, and dried. After concentrated under reduced pressure the residue was
filtered through silica gel with dichloromethane/methanol mixture (30:1) as
solvent. This crude 2-{
1-[6-(?.?-dimethyl-propionylamino)-pyridin-3-yl]-butyl)-malonic acid
diethyl ester was dissolved in a mixture of dichloromethane (2.5 mL) and
ethanol (~ mL) at ~; 0C and a solution of potassium hydroxide (87%, 1 11
mg, 5.4 mmol) in ethanol (4 mL) was added. The mixture was allowed to warm
up slowly to room temperature and stirring was continued for 24 h. Then
dichloromethane (20 mL), water (20 mL) and brine (3 mL) was added. The
mixture was stirred vigorously for 2 min. Then the layers were separated,
the aqueous was washed with dichloromethane. The combined aqueous layers
were ;o acidified (pH ~) with citric acid, and extracted three times with
dichloromethane. The combined organic layers were washed with brine and
dried. Concentration under reduced  1 6 ~1UG 2004 



tiVO 00/66~~7 PCT/S};00/OOS34 90 pressure nave crude ?-{
1-[6-(?,?-dimethyi-propion}~lamino)-pyridin-3-yl]-butyl)-malonic acid
monoethyl ester (?38 mg. 41 Co). (d) 2-f I;
f6-i2.2-Dimethvl-orooionvlamino~l-pyridin-:~-vl]-butyl)-acrylic acid ethyl
ester To a solution of 2-{
1-(6-(2,2-dimethyl-propionylamino)-pyridin-3-yl]-butyl )-malonic acid
monoethyl ester (7 l 2 mg, 1.9~ mmol) in THE (6.~ mL) at 0C formaldehyde
(37% in water, 0.3 rnL) was added within 5 min. Stirring was continued for
10 min. then piper.idine (0.26 mL, 2.63 mrncl) was added dropwise within 10
min. The mixture was allotived to warm up overnight to room temperature.
After 14 h the mixture was concentrated under io reduced pressure to one
third of its volume, then ether and water were added (1 ~ mL each). After 2
min vigorous stirring the layers were separated, the aqueous was extracted
with ether and the combined organic layers were washed with water, 4 %
citric acid, water and brine. Dryin; and concentration under reduced
pressure gave 2-{
1-[6-(2,2-dimethylpropionylamino)-pyridin-3-y1]-butyl}-acrylic acid ethyl
ester (>j0 mg, S~%) as a ~; colourless solid. (e)
?-Acetvlsulfanvlmethvl-3-f6-(2.2-dimethyl-rJrooionvl~minol-~yridin-3-v11_-h
exanoic acid ethyl ester 2-{
1-[6-(2,2-.Dimethyl-propionylamino)-pyridin-3-yl]-butyl }-acrylic acid
ethyl ester (560 ~o m~, 1.66 mmol) was dissolved under argon in thiolacetic
acid (4 mL), and triethylamine (0.24 mL, 1.7 rnmol'J was added dropwise.
After stirring for 16 h at ~0C thiolacetic acid (? mL) tivas added and
stirring was continued for 14 h. The solution was cooled to room
temperature and neutralised by addition of sodium hydrogen carbonate
solution. The mixture was extracted three times with ethyl acetate, the
combined extracts were washed ~; with sodium hydrogen carbonate solution
and brine. After drying and concentration under reduced pressure the
residue was purified by flash chromatography (dichlorometlzane/ methanol,
60:1) to give
?-acetylsulfanylmethyl-3-[6-(2,2-dimethyl-propionylamino)pyridin-3-yl]-hexa
noic acid ethyl ester (619 mg, 92%) as a viscous oil. 30 (~
3-~6-Amino-ovridin-3-vll-?-mercaptomethvl-hexanoic acid
2-.Acetylsulfanylmethyl-3-[6-(2,2-dimethyl-propionylamino)-pyridin-3-yl)-he
xanoic acid ethyl ester (Y0.4 mg. 99 umol) was dissolved under argon in
aqueous hydrochloric acid  1 G AUG 2004 ~'4'U OOi655~7 91 PCT/SE00l00~34
(37%, ?.? mL) and heated under reflux for 2 h. Concentration under reduced
pressure (0. torn, ?0Cj have the titre compound as the hydrochloride salt
(28 mg, 97%). 



~H NMR (300 MHz. DSO): S 7.86 (d, 1 H), 7.6~ (d. 1H), 7.0'' (t, 1 H),
2.98-2.?2 (m, ? H ). 1.8~-1.5? (m, ? H), 1.19-1.00 (m. ? H), 0.87-0.77 (m,
3H). s 1V1S (+) 255 (M+1). Example 34
3-(2-Amino-thiazol-5-vll-2-mercaotomethyl-pronionic acid o (a)
?-(2-Amino-thiazol-~-ylmethvlene)-malonic acid diethvl ester To a solution
of 2-amino-thiazole-7-carbaldehyde (=17%; 6 Q; 23 mmb.l) in CH~CI, (30 mL)
and Dt`vIF (30 ~;-~L), was added 4A molecular sieves, diethyl rnalon.ate
(3.~ rZL; 23 mmol), piperidine (1.1 m.L; 11.5 mmol) and acetic acid (0.7
mL; 1 l.~ mmol)_ The reaction mixture was stirred at room temperature for
96 hours. Then E[OAc was added, and the reaction t~ mi:mature was filtered
through celite i.n order to remove the precipitate formed. E[OAc (~00 mL)
was added to the filtrate, and the organic phase vvas washed with NaHC03
and'orine. The organic phase was dried and concentrated to yield 4.9 g of
the crude product. Addition of petroleum ether to a solution o:` the crude
product in ethanol followed by Fltration afforded
?-(2-amino-thiazol-~-ylmethylene)-malonic acid diethyl ester (1.13 ~, 18%).
ao (b) 2-C2-Amino-thiazol-~-vlmethvll-malonic acid diethvl ester NaCNEH3
(1.88 g; 29.9 mmol) was added to a stirred solution of
3-(2-amino-thiazol-~ylmethylene)-malonic acid diethyl ester (1.13 ~; ?.2
mmol) in ethanol at 0C. The pH of the solution was monitored by addition of
a small amount of Bromocresol Green to the as solution. Concentrated HCl
was added dropwise until the solution turned yellow. The ice bath was
removed, and the reaction mixture was stirred at room temperature for ~
hours. Water was added and the product was extracted with CH~C1~. The
combined organic phases were dried and concentrated to yield
2-(2-amino-thiazol-~-ylmethyl)-malonic acid diethyl ester (I g, 87.8%). 30
~ s au~ - 2ooa W,Q fl0;665~7 PCT/SEDDlD0334 92 



(c) ?-(?-tent-B utoxycarbonvlamino-thiazol-S-vlmethvll-malonic acid diethyl
ester BOC~O (0.6 g; 27.E mmol j was added to a solution of tciethyl amine
(0.4 mL.; 30.1 mmol:), =1-(dimethylamino)pyridine (0.3=1 C: 27.8 mmol) and
?-(?-amino-thiazol-~-ylmethyl)rnalonic acid diethyl ester (0.7~ e: 27.E
mmol) in CH~CI, (~ mLj at 0C. The reaction > mixture was stirred at room
temperature overnight. Additional BOC,O (0.1~ ~; 0.7 mm.ol) was added at
0C, and the reaction mixture was stirred at room temperature for 1 hour.
CH,CI~ was added, .and the organic phase was extracted with 0.3 1~f KHSO~
and brine). The organic phase was dried and concentrated. to yield 0.78 j
of the crude product. NtiIR indicated that approximately 409c of
2-(?-amino-thiazol-5-ylmethyl)-malonic acid diethyl io ester remained_
BOC~O (0.6 g; ?7.6 mmol) was added to a solution of the crude product (0.78
g), triethyl amine (0.4 mL: 30.1 mmol), ^-(dimethylamino)p;,~ridir:e (0.34
g; 27.5 mmol) in CH~Cl~ (~ mL) at 0C. The reaction mixture was stirred at
room temperature overnight and the work up procedure was repeated. The
crude product (1 g) was puriFed by flash chromatography (Heptane/EtOAc;
l:l) and HPLC to afford 2-(2-tert i s
butoxycarbonylamino-thiazol-S-ylmethyl)-malonic acid diethyl ester (18~ mg,
17.9 ic). (d) 2-(2-re,-t- Butoxvcarbonvlamino-thiazol-~-vlmethvll-malonic
acid monoethyl ester
2-(?-tent-Butoxycarbonylamir.o-thiazol-~-ylrnethyl)-malonic acid diethyl
ester (1~8 rnQ; . 0.^ 3, mmol} was dissolved in ethanol (1 mL) and TIiF
(0.~ rnL), and a solution of KOH (24 ~o ma; 0.43 mmol} in ethanol (0.14 mL)
vas added at 0C. The reaction. mixture vas stirred at room temperature for
96 hours. and then poured onto ice-water. The aqueous phase was extracted
with diethyl ether, acidified to pH 3 by addition of 0.5 Nf HC1, and
extracted with diethyl ether. The combined organic phases were dried and
concentrated to yield
?-(2-tertbutoxycarbonylarnino-thiazol-~-ylmethyl)-malonic acid monoethyl
ester (97 mg, 66.^90}. ,; (e)
2-{2-te,t-Butoxvcarbonviamino-thiazol-~-vlmethvll-acrylic acid ethyl ester
To a mixture of ?-(2-rent- butoxycarbonylamino-thiazol-~-ylmethyl)-malonic
acid monoethyl ester (94 ma; 0.27 mmol), a 36~o aqueous solution of
formaldehyde (36u1; 1.2 mmol), CH,CI, (0.2 mL) and water (0.2 mL) vas added
a[ 0C diethyl amine (30 ul: 0.40 ;e~ mmol). The reaction mixture was
stirred at room temperature overnight, poured onto icewater and extracted
~v~ith CH,CI~. The combined organic phases were washed with ~ io  1 6 AUr,
2004 ~Y'U 00/bb5~7 PCB'/5);QO;Ofl334 9~ NuHCO;, dried and concentrated to
yield ?-(?-tett-butoxycarbonylamino-thiazol-~ylmeth,r])-acrylic acid ethyl
ester (69 mg, S0.99c). (f)
2-Acetvlsulfanvlmethvl-3-(?-tert-butoxvcarbonvlamino-thiazol-i-vl)-propioni
c acid ; ethvl ester 



Triethyl amine (32 ~tl: 0.23 mmol) vas added to a solution of
2-(?-tert-butoxycarbonylamino-thiazol-5-ylniethyi)-acrylic acid ethyl ester
(67 m~; 0.? 1 rnmol) in thioacetic acid (O.a mL) at 0C. The reaction
mixture was stirred at room temperature for 48 hours, and tl-;en poured
onto ice-water. The aqueous layer was extracted with CH~C1~. The combined
organic phases were washed with saturated NaHCO3, dried end concentrated to
yield 190 mg of the crude product. The crude product was purirled by flash
chromatography (I-leptane;'EtO.4c: 1:0 ~ 55:32) to yield
2-acetylsulfanylmethyl-3-(2-te,-t-butoxycarbonylamino-thiazol-~-yl)-propion
ic acid ethyl ester (43 mg, 51.6~i'o). ~; (g)
3-(2-Amino-thiazol-~-vl)-2-me;capt~methvl-propionic acid A solution of
?-acztylsulfanylmetl;
yl-3-(2-tert-butoxycarbonylarnino-thiazol-~~yl)propionic acid ethyl ester
(43 mg; 0.11 mmol) in concentrated HC1 (1.~ mL) was refluxed under argon
for 1.~ hours. The reaction mixture was allowed to cool to room temperature
and concentrated under reduced pressure to yield 30 mg of the crude
product. The crude ~o product was purified by preparative I-IPLC to afford
the title compound (8 mg: 21%) as the hydrochloride salt. ~H NNIR (~00 MHz,
DSO): ~ 2.7~-3.1 (m, ~H), 7.0 (br s, 1H). >Vi5 (+) 219 (Ivl+ 1). =<
Abbreviations Ac =acetate aq =aqueous AIBN = a,a'-azoisobutyronitrile B n =
benzyl ;o Bu =butyl Bz = benzoyl DCC = dicyclohexylcarbodiimide  1 fi AUG
2004 WO 00/66~~7 PC i /SE00/00834 DI,aD = diisopropyl azodicarboxylate
DIPE,~, = diisopropylethylamine DMAP = N,N-dimethyl amino pyridine DME =
1,2-dimethoxyethane 



s DMF = dimethylformamide DMSO = dimethylsulfoxide EDC =
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide ee = enantiomeric excess Et
=ethyl io EtOAc =ethyl acetate EtOH =ethanol h =hour HOAc =acetic acid HOBt
= 1-hydroxybenzotriazol is HPLC = hi;h performance liquid chromatography
KHMDS = potassium bis(trimethylsilyl)amide LDA =lithium diisopropylamide
i~1CPBA = 3-chloroperbenzoic acid VIe =methyl  .o ?v1eOH =methanol min
=minutes PMB = 4-rnethoxybenzyl Ph =phenyl Pr = propyl ,; PyBUP =
(berzotriazol-l-yioxy)tripyrrolidinophosphonium hexafluorophosphate TEA =
trietylamine TFA = trifluoroacetic acid THE = tetrahydrofuran Tos
=toluene-=1-sulfonyl 



1 6 AUG 2004 CLA?~~lS ~, C01111~OU11d Oi tCl'Il1Ula (Ij: G. ~i 1 x~p2 (~~ Y
, ,3 I R~ of a pl~al'111aceuiically acceptable silt or solvate ttlel'eoi,
of a solvaie of suc1~ a salt, ~+.+herein R, is: C;-C~ cycloalk)!I,
subsiituled ~Nitl-~ one OI' Inol'e I~osic groups such os arninC; alr~idino
and/Or guar~idilio; aronlatic heieroc)+clyl; caliainil-~g at least nne
nitrogen atom, and sudstituted v.%ith One Or 1110re IJa51C OrOUps such 2S
amlrlG; 81i11d~1n0 and/or guerlidino; aliioiic 1leieroc)~clyl; containing
of IeGst OnA Nitrogen aiCn`l; Or 1Cte(OC\%CI)+I, c01-liaining ai I85i OI'le
1letel"O ctOn-I se!e Cted irorr~ `~ OI' C). 2nd sL'hSiltUied v~+`~ih one or
more L^cslC gl'CU; s sUCh a5 Grnlno: emidin0 GI'id/or guanidillo; P~ is
}-~, C-,-C: alk~~~l, al~~illo, halogen, I~)+dl'ox)+; F;3 IS CC'~F~S: Ra is
SH, S-CO-C-,-C~ alk)+I OI J'CO'G~~I; P;, is H; C,-Ce a!k)+I Or 2r)+I; is iS
C(L)~; Y is C(%)2; L iS independet-~il)~ H; C,-C, alkyl Or phen)+I(C-,-C~
clk\+I); v,rhereil`I all<)+I, c)~cloalk)~l, Gryl alld 1leiel'oc)+c!)!I
gl'oul~s are ol~iiol~all;% substituted b~+ aCV!, aC\+Ial71ii10; ol~)~I,
al!i)%ICaI'I~al1'10\il, Glk)+Iih~tO; Elko>:)~; crGV!, al'O)+ian11110,
cl')+IC>;)~; ar)/IilliO, oi'111dInO; a1111n0, alyl; cal'I~~Irlo)1!,
Cal'b0:~:)++; C\'2r'~O, CVCIOcII;)+I, 1GI'rl1)+I, OUCn101nG, halOC;ell,
fieiEl'OC)+CI\+I; 



~ 6 au~ zooa I~yd~'or,y; oxo, nit~~o, tlliol, 7_~I~I-CO-O-, ZO-CO-I~Z- o~'
ZzI~J-CO-I~JZ-, vvl~ereii~ Z is as defined above. 2. P, compou~~d according
to clai~~n 1, o~~ a l~l~ar~~~aceuiically acre~~taLle sall or solvate
11~e~~eoT, or a solvate of sucl~ a salt; wf~e~~ein R, is: C3-C; cycloalkyl,
substituted vdi11~ o~~e or' more basic groups such as a~-nlno, amidino a~
~d!or guanidino; aromatic I~~eterocycly!, containing ai least one nitrogen
atom, and substituted vvitl~ one or more basic groups such as a~-nino,
a~r~iclino and/o~~ guanidino; or alifatic heterocyclyl, containing at least
one nitrogen ato~-n; P,2 is H, F, or C, alkyl; R; is COO R;; RG is SH,
S-CO-C-;-Co Glkyl or S-CO-a~'yl; RS is i--i; C-,-C6 ai.<yl or c~'yl; X is
C(Z)2; Y is C(Z)~; Z. r2p~esenis Indepe~~dently H, C,-C~ alkyl or
pl~enyl(C,-C6 alkyl); vvl~erein alk~~l, cyclcalkyl, aryl and I~eteroc~rclyl
groups are optionally su!~stituted Icy acyl, acylamino, alkyl,
all<ylcarba~royl, zlF:ylthio; al!<o>;y, aroyl, aroylamino, aryloxy,
ar~,~lth~io. amidino, amino, aryl, carbamoyl, ca~~bo>:y, c~~ano,
c~~cloalkyl, iermyl, guanidine, I~aloge~~, I~eteroc~rclyl; I~ydrox~r, oxo;
nitro, il~iol,.Z2i~!-CO-O-, 7_O-CO-I~Z- or ZZI~-CO-NZ-, wherein Z is as
de~ined abc~.~e. 3 A coirpound as claimed in claim 7 or 2 wherein R1 is
cyclopentyl, pyridyl (substituted by 2mino ai~d optionally further
substituted by halo ~h  



1 6 ~liG 20Q4 or C,-C, alkyl), pyrilrlidinyl (substituted by amino),
piperidinyl, pyrolyl or  thiazolyl (substituted by amino). 4. A compound
according to claim 1, 2 or 3 wherein: R, is cyclopentyl, pyridyl
(substituted by amino and optionally further  substituted by halo or C;-Ca
alkyl), pyrimidinyl (substituted by amino),  piperidinyl or thiazolyl
(substituted by amino); R2 is' H, F of C, alkyl;  R3 is COORS; P.~ is SH;
RS IS H;  XIS CHZ;  Y is CHZ; Z is independently H, C,-C6 alkyl or
phenyl(C,-C6 alkyl);  wherein alkyl of Z is optionally substituted by acyl,
acylamino,  a!kyicarbamoyl, alkylthio, alkoxy, aroyl, aroylamino, aryloxy,
arylthio,  amidino, amino, aryl, carbamoyl, carboxy, cyano, cycloalkyl,
formyl,  guanidino: halogen, heterocyclyl, hydroxy, oxo, nitro, thiol,
Z2N-CO-O-,  ZO-CO-NZ- or Z2N-CO-NZ-, wherein Z is as defined above. 5. A
compound as claimed in claim 1, 2, 3 or4 wherein aryl is phenyl and  aryl
moieties are phenyl moieties. 6. A compound as claimed in claim 1, 2, 3, 4
or 5 whel'ein heterocyclyl is  azetidine, furan, thiophene, pyrrole,
pyrroline, pyrrolidine, dioxolane,  oxathiolane, oxazolane, oxazote,
thiazole, imidazole, imidazoline,  imidazolidine, pyrazole, pyrazoline,
pyrazolidine, isoxazoie, isothiazole,  oxadiazole, furazan, triazole,
thiadiazole, pyran, pyridine, piperidine,  dioxane, morpholine, dithiane,
oxathiane, thiomorpholine, pyridazine, A~  1 6 AUK 2004 pyrirnidine,
pyrazine, piperazine, triazine, thiadiazine, dithiazine, azaii;dole,
azaindoline, indole, indoline or napl~thyridine. 7. A compound as claimed
in airy one of the preceding claims wherein R, is pyridyl substit~ed by
amino. 8. A compound as Claimed in any one of the preceding claims wherein
Z is H or C1-C6 alkyl. 



9. A compound of formula (I) which is:
2-Mercaptomethyl-3-piperidin-4-yl-propionic acid;
3-(1-Acetyl-piperidin-4-yl)-2-mercaptomethyl-propionic acid;.
3-Mercapto-5-methyl-2-piperidin-4-ylmethyl-hexanoic acid;
3-Mercapto-4-phenyl-2-piperidin-4-ylmethyl-butyric acid;
2-(2-Amino-pyridin-4-ylmethyl)-3-mercapto-propionic acid;
3-(6-Amino-.pyridin-3-yl)-2-mercaptomethyl-propionic acid;
3-(6-Amino-pyridin-3-yl}-2-mercaptomethyl-2-methyl-propionic acid;
2-(6-Amino-pyridin-3-ylmethyl)-2-mercaptomethyl-butyric acid;
3-(6-Amino-5-methyl-pyridin-3=y1)-2-mercaptomethyl-2-methyl-propionic acid;
3-Mercapto-2-[(piperidine-4-carbonyl)-amino]-propionic acid;
2-[(Azetidine-2-carbonyl)-amino]-3-mercapto-propionic acid;
3-Mercapto-2-[(piperidine-3-carbonyl)-amino]-propionic acid;
2-[(Azetidine-3-carbonyl)-amino]-3-mercapto-propionic acid;
3-(6-Amino-5-methyl-pyridin-3-yl)-2-mercaptomethyl-propionic acid;
3-(6-Amino-4-methyl-pyridin-3-yl)-2-mercaptomethyl-propionic acid;
2-Mercaptomethyl-3-piperidin-4-yl-butyric acid;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-butyric acid;
3-(6-Amino-2-methyl-pyridin-3-yl)-2-mercaptomethyl-propionic acid; og  1 6
AUK 2004 2-Acetyls:.ilfanylrnethyl-3-(2-amino-pyrimidin-5-yl)-propionic
acid ethyl ester; 2-(6-Amino-pyridin-3-ylmethyl)-3-mercapto-butyric acid;
3-P,cetyisu!fanyl-2-(6-:ert-butoxycarbonylamino-pyridin-3-ylmethyl)butyric
acid ethyl este;~; 6-Amino-pyridin-3-ylmethyl)-3-mercapto-pentanoic acid;
3-(6-Amino-5-chloro-pyridin-3-yl)-2-mercaptomethyl-propionic acid;
3-(6-Amino-5-hydroxymethyl-pyridin-3-yl)-2-mercaptomethyl-propionic acid;
2-Mercaptomethyl-3-pyrrolidin-3-yl-propionic acid;
3-(Cis-4-amino-:cyclopent-2-enyl)-2-mercaptornethyi-propionic acid;
2-Mercaptomethyl-3-piperazin-l-yl-propionic acid;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-pentanoic acid;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-4-methyl-pentanoic acid;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-3-phenyl-propionic acid;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-4-phenyl-butyric acid;
2-(6-Amino-pyridin-3-ylmethyl)-3-mercapto-5-phenyl-pen~anoic acid;
3-[3-(6-Amino-pyridin-3-yl)-2-ethoxycarbonyl-propyldisulfanyl]-2-(6amino-py
ridin-3-ylmethyl)-propionic acid ethyl ester;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-hexanoic acicl; or,
3-(2-Amino-thiazol-5-yl)-2-mercaptomethyl-propionic acid; or a
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a
salt. 7 0. A process for the preparation of a compound according to any one
of claims 1 to 9, wherein Ry, R3, R4 and Y are as defined in claim 1 and X
is C(Z}2 and R2 is H, comprising the step of: reacting a compound of
formula (VI): 99 



~ s Aug 200 X,R1 Y~R3 wherein R~i, R3 ar,d Y are as defined inc!aim '1 and
): is C(Z)2, with a compound of formula (IX): R7 -SH (]~) wherein R~ is a
suitable protecting group, such as Ac, Bz, PMB or Bn, alone or in the
presence of a suitable base, such as NaOMe, NaH.or triethylamine or
alternatively in the presence of afree-radical initiator, such as AIBN
under standard conditions. 17 . A process for the preparation of a compound
according to any one of claims 1 to 9, wherein R,, R2, R3 and R4 are as
defined in claim 1 and Y is CH2 and X is C(Z)" comprising the step of
reacting a compound of formula (XIV): R1 I X R2 ~R3 OH (XIV) wherein R,,
R2, and R3 are as defined in claim 1 and X is O, S, C(Z)2, or N(Z), with a
compound of formula (IX): P,7 - S H (TX) wherein R, is a suitable
protecting group, such as Ac or Bz, in tl~e presence of a suitable reagent,
such as PPh3/DIAD, under standard conditions. 12. A pharmaceutical
formulation containing a compound according to any one of claims 1 to 9 as
active ingredient in combination with a phar:~naceutically acceptable
adjuvant, diluent or carrier. 
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to 9 in  therapy. 14. The use of a compound according to any one of claims
1 to g fo.r tl~e  manufacture of a medicament for the inhibition of
carboxypeptidase U. 15. A pharmaceutical formulation for use in the
treatment or prophylaxis of  conditions associated with inl~ibition ~of
carboxypeptidase U, comprising  a compound as defined i;~ any of claims 1
to 9 in combination with a  pharmaceutically acceptable .adjuvant, diluent
or carrier. 16: A phannaceutical formulation, comprising: (ij a compound of
formula (I) or a pharmaceutically acceptable salt  or solvate thereof, or a
solvate of such a salt; and, (ii) one or more antithrombotic agent with a
different mechanism of action, such as an antiplatelet agent, thromboxane
receptor  inhibitor, synthetase inhibitor, fibrinogen receptor antagonist,
prostacyclin mimetic, phosphodiesterase inhibitor or ADPreceptor (P2T)
.antagonist; in admixture with a pharmaceutically acceptable adjuvant,
diluent or  carrier'. 17. A kit of parts comprising: (i) a pharmaceutical
formulation containing a compound of formula  (I), or a pharmaceutically
acceptable salt or solvate thereof, or a  solvate of such a salt, in
admixture with a pharmaceutically  acceptable adjuvant, diluent or carrier;
and, (ii) a pharmaceutical formulation containing one or more
antithrombotic agent with a different mechanism of action, such  as an
antiplatelet agent, thromboxane receptor inhibitor, 101 



~ 6 ai ir, 2004 synthetase inhibitor, fibrinogen receptor antagonist,
prostacyclin  mimetic, phosphodiesterase inhibitor or,gD~-receptor (2T)
antagonist; in admixture with a. pharmaceutically acceptable adjuvant,
diluent or  carrier; which compound (i) and agent (ii) are each provided in
a farm  that is suitable for administration in conjunction with the other.
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