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5 The present invention relates to novel conmpounds, and phar maceut i cANIQLT 2003
acceptabl e salts thereof, which inhibit basic carboxypeptidases, nore
speC|f|céY‘P?W@é%oxypeptldase U, and thus can be used in mm/@nemmaxi on
and treatnment of diseases wherein inhibition of carboxypeptidase Uis
beneficial. In further aspects, the invention relates to conpounds of the
invention for use in therapy; to processes for preparation of such new
conpounds; to to pharnmaceutical conpositions containing at |east one
conpound of the invention, or aNERharOBEERGLNG® |y acceptable salt thereof,
as active ingredient; and to the use of the active conpounds in the

manuf acture of medi canents for the nedical use indicated above. BACKGROUND
OF THE | NVENTI ON 15 Fi bri nol FEIsD QIS THEINEENITIONf a series of enzymatic
reactions resulting in the degradation of fibrin by plasmn . The
activation of plasmnogen is the central process i n fibrinolysis. The

cl eayag?h@bm‘ab;ﬁ%maﬁ%@elﬁes%HM%OHJF?%EHM‘ h& l;'gs ?‘zjlﬁ%fﬂ}j © Hits

pl asmi nogen activators, tissue-type pl asm nogen ac
ur oki nadereof pehioh ashibin bggac@Borytepridtas, fureRdrcifib Ml taboRRBOEAAEGRAdat i ON

of fibrin rates car boxgl term nal lysine residues that serves as high
af fini tS;‘“Bfg' E hyseg;ip die pray %1%5"#??&?@‘&%“@1%‘@@%a\éwfnogld'nbltlbomﬁd to fibrin
IS much d | asm nogen

ms\chanlCsdr}fng(;g)’trey {desleg{J %%&P%’f%g %nt egtsufhgtl?%e '8?” PP Fhe? E‘?"E‘dsfg One

of the w@rdmganon $onushiibiteopy; t@ﬁth{sbﬂﬁir}pﬂ@:ﬁﬁm@%b&ﬂ&@Iébir@@ﬁx?ds%d CPU) .
CPU is al so knoi\ﬂlr}l as plasma carboxypepti dase B, active thronbin activatab

fi b9 nof RAETPECTURRA OPEPPSIUP*?%??WHI%%%@ paDEPmpRnd gf thwvr-nmmame
car bOXYﬁlﬁ%h%%EalﬁPidc}!%&Mc st thdreof %g%ﬁg/e xﬁWeHx@g ﬁgg%#he u|§ ot e eyatcPEe

fibrinolysis from’its precursor pro tie ac on o

enzy nmescogmppuntihinohb menufaamuoabf metimaamhcsrfodtﬂelmedxmmpé mmMedOAbmej n. CPU
cl eaves basic 30 ami no acids at the carboxy-termnal of fibrin fragnents.
The | oss of carboxy-termnal |ysines and thereby of |ysine binding sites

for plasminogen then serpgeKCROUNDIGF THEONWOVYRSR: 31 COCT 2003

15
Fibrinolysis 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

20 activator (u-PA). Initial 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.

35 One of the endogenous inhibitors to fibrinolysis is carboxypeptidase U (CPU). CPU is also
known as plasma carboxypeptidase B, active thrombin activatable fibrinolysis inhibitor
(TAFla), carboxypeptidase R and inducable carboxypeptidase activity. CPU is formed
during coagulation and fibrinolysis from its precursor proCPU by the action of proteclytic
enzymes e.g. thrombin, thrombin-thrombomodulin complex or plasmin. CPU cleaves basic

30 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.



WO 00/ 66557 PCT/ SEOQ' 00834 1) By inhibiting the | oss of |ysine binding
sites for plasm nogen and thus increase the rate of plasmn formatiolln T 7003
effective inhibitors of carboxypeptidase U would be expected to fa(,3i Pgaze
fibrinol y§¢$poegsdy Mer capt onet hyl - 3- guani di noet hyl t hi opr Opan?'if-ﬁ( cid is

reported as a carboxypeptidase N inhibitor. Mre recently, OWBQ‘Fﬁ‘E)und
has been shown to inhibit CPU Hendriks D. et al.. Biochimca et

Bi ophysi ca Acta, 1034 (1990) 86-92. to Guani di noet hyl nercapt osucci nic acid
is reported as a carboxypeptidase N inhibitor. More recently, this
conpound has been shown to inhibit CPU Eaton, D. L.,,, et al., The Journal
of Biological Chemstry. 266 (1991) 21833-21838. DI SCLOSURE OF THE

| NVENTI GRY imipiingdbe &asf of Iysinadlinding sitesffou pismivatzes anphus discredse tierakogmul a |

are partj r effective as,..inhibitars of carboxypepti dase U and thereby
ser o St tolmBio SRRl QR st Bensfion  Heild beexzasie © ons
wher ei n fosifitdt FibBiRoRkiscar boxypepti dase U is beneficial 20 In one aspect,

the invention thus relates to conpounds of the general Fornmula I, RL XXR2
Y R35 R4 (I) or a pharmaceutically acceptable salt or solvate thereof, or a

sol vat e such a I £, erein R represents, ,, Cl-C6 al kyl, substituted
with onezc')}})]F3 rctégpoén%azli'%‘gﬁw\ﬁﬂlﬂge@%ﬁoﬁ?éﬁ?‘ﬁ&c‘da}ﬁif‘%ﬂ%d&Flﬂ/"-‘é'fbf-’%@jlz@ﬁiid&ﬂrﬁ ;

cycl oal Kihibitst dabretreéayWhidt 8 HAPbEPIRWe Q] AU A0,
am di no and/ or = guani di r){o; 31 T 2003 VWO 00?@6@&%@%@38&?19 ¢
al., Biochimica et Biophysica Acta, 1034 (1990) 86-92.

10 Guanidinoethylmercaptosuccinic acid is reported as a carboxypeptidase N inhibitor. More
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
mhibitors of carboxypeptidase U and thereby useful as medicaments for the treatment or

prophylaxis of conditions wherein inhibition of carboxypeptidase U is beneficial.

20 In one aspect, the invention thus relates to compounds of the general Formula L,

Y~ “R3 D

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt,

wherein
R) represents,
25 Ci-Cs alkyl, substituted with one or more basic groups such as amino, amidino and/or
guanidino;
cycloalkyl, substiruted with one or more basic groups such as amino. amidino and/or

guanidino;



" al kyl carbanoyl, al kylthio , al koxy, aro

3 heterocycly], containing at |east one nitrogen atom heterocyclyl,
containing at |east one hetero atomselected fromS. or 0, and subst §fU3dd003
wi th one or nore basic groups such as am no, am dino and/or guanidino; 5

or aryl, Wbewdssst ed with one or nore basic groups such as parRpsodRs4l NO
and/or guanidino, R represents H, acyé. acylam no , al kyl,

|, aroylamno, aryloxy, arylthio,
am di no, am no, aryl, carbanoyl, carboxy, cyano, cycloal kyl, fornyl,
guani di no. hal ogen, het er.o.c&lczzl Yl , hydroxy, oxo, nitro, thiol, Z2N 1 o

CO O, 7O COSIGOCYSH! ZANIABIRAL legh TS nirgtanai@sent s COOR5, SO{OR5), SOBRs,
P=Q(OR5) 2, B P= : r n r baxylic acid

| sost ere, Rf%%%%lgyé,ﬂcgoéﬁ%&@%@ }&é{&k%&%%}ﬁy %Fe%g-d%@’ax?i& R5 represents
H Ci-C6 al kyd sastiautyd withonRer nepe dsgo gtous ichGs1688n&| devilinoand®Rr esent s 0,
S, SO S, UCéééZ, N(Z), NR6SQOL, SO ,NR6, NR6CO or CONRG6, Y represents
c(2),, Zrepk ¥Ps independently H, C1-C6 al kyl, aryl, cycloal kyl or

het erpcycl yhy ' o_the present invention are
t hose of FOIb rruajlgg)' Sﬁ?ﬁgﬁ{eg%ﬂb g@%ﬁ%ﬁ.ﬁ%&yﬂgg le‘%ol} %gbef"émga?rfmg?o et e

t hereof , or gearsdimvat e of such a salt, wherein R represents, cycloal kyl,

substituged W th e Ol|r nﬁre_basi c_groups such as am no, am dino and/or 35
guani di n ffﬁ?é?SéPB?!‘i}acwc BRing Aikyg adyicashamoyd ratkyithip dleox ey,

het er ocycl Yhroy@flhé 24189y Mryvi§ia Sim Ao, AG; t cted fromS or 0, and
‘substituted oith o’n@ory’m?’gﬁghgsl clgr'gﬁ%)@gﬁgh&gﬁsﬁ%ﬁ?h%fg%'ﬁym’ and/ or
guani di no; @cleallyl, fosmiph ganitan, hilbper hetemcyot, yBRXiyCofH, RlDS, 1Bl 7,85

Ayl Ay BRSNS Mgy B oyl 31 GoT s003
Rs represents COORs, SO(ORs), SO3Rs, P=0O(0R5)s, B(ORs)-, P=0ORs(ORs), or tetrazole
or any carboxylic acid isostere,
R, represents SH, S-CO-C;-Cg alkyl or S-CO-aryl,
R;s represents H, C;-C;, alkyl or aryl,

r

t5  Rg represents H or C,-Cg alkyl,
X represents O, S, SO, SO, C(Z)1, N(Z), NRsS0,, SO.NRg, NR¢CO or CONRy,
Y represents C(Z),, _
Z represents independently H, C;-Cs alkyl, aryl, cycloalky! or heterocyclyl.

20 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,
cycloalkyl, substituted with one or more basic groups such as amino, amidino and/or
25 guanidino;
heterocyclyl, containing at least one nitrogen atom;
heterocyclyl, 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 groups such as amino, amidino and/or
30 guanidino;

R. represents H, acyl. acylamino, alkyl, alkylcarbamoyl, alkylthio, alkoxy, aroyl,



WO 00/ 66557 PCT/ SE04/ 40834 4 arovl am no, aryl oxy, arylthio, am dino,

aryl, carbampyl. carboxv. cyano, cycloalkyl. fornyl, guanidino, hal 5deﬂm 20[13
het erocycl yl, hydroxy, oxo. nitro. thiol, Z, N COO, ZO CO NZ- or

Z, N- CO- NZW Q00466557 R3 represents COORS, s R represents SH. SCcEREGo/eés04 al Kyl
or S-COaryl, R5 represents H CJ -C64al kyl or aryl, R6 represents Hor C
i -C6 alkyl, X represents 0, S, SO SO, C(2),, N(Z), NR6SO . SO NR6 or
CONR6, Y represents C(Z)2 io Z represents i ndependently H, Cl-C6 al kyl,

aryl, cyclo r r ef erred onpounds according to the
pr)esent yl nvg}({w%ﬂ%ai‘ gr%i %'xg[*’)ﬁ:ﬂﬁr% ‘“BTaré ¢ MEéﬁfqoéaJQ)gﬁnaccept abl e
salt or sol \t?zfl@alkf,llelf@ﬂfyl @Ianﬁi:%'h‘é%to‘én ereSrH&rblﬁ ”gdrbx el gl é_’] ?g}éh

represents, cloal kyl, substituted with one or badite grou
am no, ani d§6C0an@PdrO-Niaari ZiNEO-N&-erapycl yl , cont ai ni ng, at | east one

ni trogenpa yclyl, containing at |east one hetero atom sel ected
fromsS 05 E)‘%%SC ﬁ%@g‘tut ed 20 with one or nore basic groups such as

ani no, aRj eipieseARFHrS-gaagi ¢6Q9«y1825f@®ra§§1€nt5 H Cl-C3 al kyl . ami no,
hal ogen or hydroxy, R3 represents COOR5,” R4 represents SH, S-CO-C,-C6

al kyl or SEQB@S&WIH CiFEs albprassent s H, C1-06 alkyl or aryl, _s X represents
A7) _, ﬁp%sg&grﬁgrg(_ %) 1?%5 represents independently Hor C -0C6 alkyl.
B

Even nore preferied co according to the present invention are those

of For miXaegresen®0008, SO @Y, @\AEUN'(EPNH@@@@LI@Q% & EBANROr sol vate thereof,
or a solyate of such a salt erein R reépreSents
Y represents C(Z)-,

10 Zrepresents independently H, C;-Cg alkyl, aryl, cycloalkyl or heterocyclyl.

More preferred compounds according to the present invention are those of Formula Lora
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt,
wherein
ts 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
20 with one or more basic groups such as amino, amidino and/or guanidino;
R: represents H, C,-C; alkyl, amino, halogen or hydroxy,
R; represents COOR3,
R4 represents SH, §-CO-C;-Cg alkyl or S-CO-aryl,
Rs represents H, C,-Cs alkyl or aryl,
35 X represents C(Z)a,
Y represents C(Z),
Z represents independently H or C;-C; alkyl.

Even more preferred compounds according to the present invention are those of Formuia I,
50 or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt,
wherein

R, represents,
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or nore basic Croups such as am no, am dino and/or guani di no; 1 2003
heterocy%l, containing at | east one nitrogen atom R2 represents H, F,

0/66,

or Cla $R3 represents COORS, R4 represents SH, S-C®II/SEDS/00834y|l or
S-COaryl, R5 represents H Cl-C6 alkyl or aryl, X represents C(2)2, Y
represents C(2)2, is Z represents independently H or Cl-C6 al kyl. Most
preferred conpounds according to the present invention are those of Fornul a

| or a ph [ - I Lt .or solvate thereof, or a solvate
of “such 8 4 Pergh ePd e SO T bR e B PR o iy RiniGP RRGAT ryl
pi peri di nylguaridinbt azol yl, 15 R2 represents H, F, or C, alkyl, R3
represents, COOR5, R4 represents SH, RS represents H X represents CHZ, 20
Y represenP&eEGrClys GOBRIBERE At k525t 9ae pirasientatymH or O - C6 al kyl . The

foll ow p\grﬂ?ggemstlj{g@sofﬁga:{lglappl y throughout the specification and the

appended” al ns: m "basi c group" denotes a basic group, wherein
t he conRuggtreseasi @OORssai d basic group has a pKa of from about -5 to about
25, pre&grably of froml| to 15. 30 The term "carboxylic acid isostere”
denot esMaFFPREERISE Byr ol -Fankiormdfvh opRaLQfaryh, om about -5 to about 25,

pref er apl Yeplsehts AN ¢,-EQatkyt oy © C T 2003

X represents C(Z)a,
Y represents C(Z),
lo Zrepresents independently H or C,-Cs alkyl.

Most preferred compounds according to the present invention are those of Formula [ or a
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, wherein
R, represents cyclopentyl, pyridyl, pyrimidinyl, piperidinyi or thiazolyl,
15 Rarepresents H, F, or C, alkyl,
R; represents COOR;,
R. represents SH,
Rs represents H,
X represents CHZ,
20 Y represents CHZ,
Z represents independently H or C;-Cg alkyl.

The following definitions shall apply throughout the specification and the appended

claims:

The term “basic group” denotes a basic group, wherein the conjugate acid of said basic

group has a pKa of from about -5 to about 25, preferably of from 1 to 15.

The term “carboxylic acid isostere” denotes an acidic group having a pKa of from about ~5

30  to about 23, preferably of from | to 15.



WO 00/ 66557 PCT/ SEGOD 00834 6 The term"Cl -C6 al kyl" denotes a strai Et cfr
branched, saturated or unsaturated. substituted or unsubstituted al I.UC 2003

group havismgpooiestsy 6 carbon atons in the chain wherein the may
B PR

optionally be interrupted by one or nore heteroatons sel ect N or
S. Exanpl es of said alkyl include, but s not limted to. methyl, ethyl,

et henyl, ethynyl, n-propyl, iso-propyl, propenyl, iso-propenyl. propynyl,
n-butyl, iso-butyl, sec- butyl, t-butyl, butenyl, iso-butenyl, butynyl and
st r ai ght TherrdmbiGrélzedk yhdenotpenstydigtamd brivekyd..sarurdiBé of fsaturhd C3 al kyl "
denot es ? st.raj%dght or branﬁgﬁg satyrated or unsaturated, 10 substituted or
unsubst i LB RMISYPEURIAAP §TOMPG VIR bbb RATRE® RO MSHN tirechalmivhesirer ei n
t he al kytheGQllioHR ( i r het er.oat Qns
Sel cot et T B e R R b e o et Blau R S A B O

I'i mited Neor SmEixhyiplesetfisyid alleyllingiyde, bueishyonyimited-tpraesiyl, ethgnemeapy! .

pr openyl ¢ isg-{pro‘gﬁgyl Eqro yngl. FS The term"C3 al kyl" denotes a

subst] t UTBEGr TRARTLSISPPIRRYY BIPRSYT (S BIPPRAY: PRPPYDEaPthul]. i5e-Griyl Aecexanpl e
of sai d gk t-bLig ! Bidsh -bi L7 1 The.term " C3-

al koxy" de%hc/)% glsl@g’n al ky;,:%_% obgﬁﬁé’gg?’“%’g]r%ﬁ“%“&%ﬁ%{‘ Cf}eg_cggslmd)eef’fyﬁﬂgabove.
20 The thexmi." C3- C3 al koxy" denotes an al kyl - O-group, wherein C3-C3 alkyl is

as defined above. The term "heterocyclyl" denotes a substituted or
unsubstituted, 4- to 10- nenbered 25 nonocyclic or nulticyclic ring system

| n Wi CITHeON CRIC Lafth! {difiof @Wkaight M6rahtild, Sfraldd 1 Snludfqe! et ot her
t han carbon, for exanple nitrogen, “oxygen or su ?ur, especrally 4-, 5- or

6- mebersebstirieder upsuhstinited alikycgrivep baxdoydltb ¢ grismpsoma fithhe RBhiddetfereiguUt i S
not lim Bce%k {9 azet i di ne II]u?Jan t hi ogigene, pyrrol e, pyrroline,

pyrrol i dihE Y HFTOYB PR P RALY, PR SR e BY §P% AEMOgs hetetoalomsthelestsddrom O,

i m dazolreor §NEGaESEL BEsaid BikgRRRIE BIR i 1€

pyrazolidine, i so@azgl e, | ggt hi azol e, 15(.)13%{&1?31‘25’% l’eo,' %E%?éw ethen?ﬂ’

triazoi &yl adprapyl, &so-prppaln propeyyli Bporreppgivbarepymyd. di oxane, nor phol i ne,

di t hi ane, oxathi ane, thionorpholine, pyridazine. pyrimdine, pyrazine,

,pi perazine, triazine, thiadiazine, dithiazine, azaindole. azaindoiine. 31 O
C T12003he 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;-Cs alkoxy” denotes an alkyl-O-group, wherein C,-Cg alkyl is as defined

above.

The term “C i-C3 alkoxy” denotes an alkyl-O-group, wherein C,-C; alkyl is as defined

above.

The term “heterocyclyl” denotes a substituted or unsubstituted, 4- to 10- membered

33 monocyclic or multicyclic ring system in which one or more of the atoms in the ring or
fings is an elemeant other than carbon, for example nitrogen, oxygen or sulfur, especially 4-,
5- 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,

30 pyrazolidine, isoxazole, isothiazole, oxadiazole, furazan, triazole, thiadiazole, pyran,
pyridine, piperidine. dioxane, morpholine, dithiane, oxathiane, thiomorpholine, pyridazine.

pyrimidine, pyrazine, piperazine, triazine, thiadiazine, dithiazine, azaindole. azaindoline.



WO 00/ 66557 PCT/ SE00/ 00834 7 indol e, indoline. naphthyridine groups,_and
shall be understood to include all isoners of the above identified @ﬂ(ﬂﬁﬂiﬂm
The termy, i nyl" shall for exanple by understood to include the 2-,
and 3-i ?yn‘g?@dg%}d the terms "pyridyl" and "piperidinyl" shdGT/SEP08R 4l e
by understood to include the 2-, 3-, ard 4-isoners. 5 The term "cycl oal kyl "
denotes a saturated or unsaturated, substituted or unsubstituted, non-
aromatic ring conposed of 3, 4, 5, 6 or 7 carbon atoms, and includes, but
i's not lindoleeddélone. GYSHBREARY broupy CArRMhHM lbe uﬁM&Lr@Bﬁ'EH Yt d8%F; (fl-ﬁ%?é o
cycl oohegtyl , cyclobutenyl, cyclo- pentenyl, cyclo exenyﬁ , cyclo ep{enyl ,
cycl operibadpeifytentified sshepsadhe ry Zadiidipgl child fdrephmagicaryindgrseibic The term
"hal ogen. i des_fluoro, chloro, bramo and iodo groups The term™"aryl"”
denot es q%dlsl@%lsh[%n u%“é‘ajj 8?“’6%%‘2‘%‘? £3FSd p@@-g%l&"%r greidieyhyphrlbérasemplend i s
i ncl udesy Understdodnglindlidd thed- 1R, afheRmehapht hyl , indenyl, antracenyl,
fenantrenyl, and fluorenyl. The term"aryl oxy" denotes an aryl -0O group,
wheréin aryl is as defined above. 20 The term "acyl" denotes an

is as defined above. The term "aroyl" denotes

al kyl - r.oup.. er.ei.n al kyl _

an ar ylc? ‘ﬁ@uﬁ%‘bﬂgﬂ efi“r{“’é‘}r/‘y’r saturated of dnsyetedn pipsti traseotuns pbstiautke o 0"
denot esamﬂ@]clqydg%dg r€| i fi Ve, 5.The term
"aryl t hi o" denotes an gg;f%gﬁg&éd ﬁﬂéorde?%&%ra%ﬁ l+ég§cge§?9eflfﬁ ¢ ”358%5’. The
t er m " aF¥sIPRIOPHO tydebsyle sydopantply by Exydirayuloohetgll ejdlotanenyl, @aeh-Z is as

" defined erﬁgmﬁe. ﬁ% The term ' acw am no" denotes an acvl-N(Z)-group,

wher ei nPECTTY aH§ PeredCygighepicny! syciorentadienyd; cyclohgxadicqyl @od speis7
PCT/uSEOQéﬁQﬁQAyl%Ta'm'term "carbanoyl " denotes a H2N-CO group. The term
"al kyl carbanmoyl ™ denotes a Z2N-CO-group wherein Z is as defined above.

The term “halogen” includes fluoro, chloro, bromo and iodo groups.

The term “aryl” denotes a substituted or unsubstituted Cg-C 4 aromatic hydrocarbon and

15 includes, but is not limited to, phenyl, naphthyl, indenyl, antracenyl, fenantrenyl, and

fluorenyl.
The term “aryloxy™ denotes an aryl-O-group, wherein aryl is as defined above.
20 The term “acyl” denotes an alkyl-CO-group, wherein alkyl is as defined above.
The term “aroyl” denotes an aryl-CO-group, wherein aryl is as defined above.
The term “alkylthio™ denotes an alkyl-S-group, wherein alkyl is as defined above.
The term “arylthio™ denotes an aryl-S-group, wherein aryl is as defined above.
The term “aroylamino” denotes an aroyl-N(Z)-group, wherein aroyt and Z is as defined
above.
30

The term “acylamino” denotes an acvl-N(Z)-group, wherein acyl and Z is as defined

above.



L
The term "substl tuted" denotes an "CI al kyI ", "Cl-C3 alkyl", "C1-C5 al knyl "
"cycl oal kyl " heterocycl yl" or a "aryl" group as defined above whi & GCd 2003

substi tutqg B% % £ or nore acyl , acyl am no, al kyl, al kyl carbanoyl,
al kyl t hi o, Q%8 5 ar oyl . aroyl anmino, aryl oxy, aryl t hi o, arﬂfaiﬁﬁﬂplﬂw no,

aryl, carbanoyl, carboxy, cyano, cycl oakkyl, forinyl, guanidino, hal ogen,
10 heterocyclyl, hydr oxy, oxo, nitro, thiol, thio, Z2NCO O, ZO CO NzZ-, or
Z, N-CO NZ- groups_ Moreover, the conmpounds of Fornmula | wherein R4 is
mercapto may be present in the form of a diner which is bonded via
-S-S-bond, which is also included in this invention. 15 Both the pure
enant i onef &g terrac emibemmiyKt demees arthNaGOqgr@lip i xt ures of two enantiomers are
wi thin the scope of the present invention. It should al so be understood
that all the di astereorreric forms possible are within the scope of the

i nvent i onprALSR “hf ]Cldgﬁqn% ‘?ﬂ‘%mﬁ‘ "%"Qﬂbbog'ro%%fhe% l%la\é%sp of the conpounds

of the Formula | |ch ha ‘ogl caf unc ounds of
Formulsa 1, such as prodrugs. Dependi ng on the process conditi ons t he
corrpound of For w re obtained either in neutral or salt formor as a

sol vat e, edemé d&ﬁﬂleélﬂ% ‘@l flkil s NCn-Gark o e -Gf iy, “measada\t}tl
i nventi OfyedpRychk P%raﬁ i Jf"TJ?gu E&?ﬂgd 'a&%/\%%fﬁgﬂ 1859 %li?:tqfi/ #ﬂgﬁeagrht%o cy FSS

A-C for the nanufacture oun ener

Process Acslaﬁm@:ﬂl@l,aalmcmmﬁsﬁlsﬂkmﬁ/osa@@e)@@w arSyIBhﬁﬁ@Sa?ylﬁx?Oz[r lth:o
manuf acture of corrpoung general Formula |I. wherein l¥e
and Y ar &THAINQATIRG cﬁ?\égaam Rﬂrh%myaawmlqaé}w@(fzmyl @gwprimebalpg@

A T SR SG R St A v s NN

conmmer ci grdups.

Moreover, the compounds of Formula I wherein Ry 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.

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 [ which have the biological

20 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 salt 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 L
30

Process A



avai l abl e or are avail abl e usi ng known techni ques, can be converted kqt
conpound of the general Formula I1l, R1-X-L (Ill) 10 wherein L is a UETZW3

sui tabl e l‘ﬁ@%% group, such as chloro, brono, iodo, triflate or tosyl,
under condi tions using a suitable reagent, such &% ﬁﬁﬁ'yﬂ@8¢4

TosCI/pyrl dine or (CF3SO ), TEA. is Iy Conpounds of the general Fornmula
1l can thereafter be reacted with conpounds of the general Formula IV,

HOOC R3 (1V) wherein R2 and R3 are as defined for Formula |, which are
knomn techni ques, in

ei ther cgmmerc e%l r are.avail able usin

the pres W&%SSO#‘ ar %lﬁf"f é‘f)tluée %fea‘?@poé‘ﬂgﬁwﬁg the ggn3rd dosmuindHwhensireR . RiaRdar d
d t d , g F la V. RL f X R HOOC<R3

o0 ey o e S RARERnnER: BF AR v or GPMARisese o veing seps ot | nod

for Forrrula | and X is C(Z)2 and R> is H can thereafter be converted to
conpounds of the general Formula VI, R2 31 OCT 2003 WD 00/ 66557

PCT/ SEG@)3083poundd oX theRdenel Forming Iby treatment with formal dehyd in the
presence of a suitable base, such as Et?NH, under 5 standard conditions.
d) Conpounds of the general Fornula VI can al so be prepared by treating
compounds of the general Formula VII, (R50)20P "R3 (VII)

R1—X—OH (ID
wherein R, is as defined for Formula I and X is C(Z)2,which are either commercially

available or are available using known techniques, can be converted into a compound of

the general Formula III,

R1—X—L (IID)

wherein L is a suitable leaving group, such as chloro, bromo, iodo, triflate or tosyl, under
standard conditions using a suitable reagent, such as PPhs/CBr,, TosCl/pyridine or
(CF350,),0/TEA.

15 b) Compounds of the general Formula III can thereafter be reacted with compounds of the

general Formula IV,

X
HOOC™ "R3 (Iv)

wherein R and R 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,CO4
20 or NaH, under standard conditions to give compounds of the general Formula V.

B

l
R2
HC)OCJ>‘< V)
¢) Compounds of the general Formula V wherein R; and R; are as defined for Formula I and
X 1s C(Z)> and R; is H can thereafter be converted to compounds of the general Formuia
VI,



io wherein R3 and R5 are as defined for Formula I, with an al kyl atin? dﬁfnt

of the general Formula Ill in the presence of a suitable base, such

or NaH, under standard conditions to give conpounds of the general Fornula -
VITI, X RVOQR®BS720P |i, R3 (VII1) 15 e) Conmpounds of the gpgekgbedogidul a
VIIl can thereafter be reacted wth an propriate al dehyde or ketone

OC(Z2)2, in the presence of a suitable baSe, such as KO Bu, LDA or NaH.
under standard conditions to give a conpound of the general Forrmula VI. X
Rl YR3 20 f) Conpounds of the general Fornula VI can be further reacted
with conpounds of the general Forrmula IX, R5 -SH (IX) 31 OC T 2003 WO
00/ 66557 PCT/ SE00/ 00834 11 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
NaOve, NaH or triethylamne or alt{emnatively in the presence of a
free-radical initiator, such as AFBN under standard conditions to gi ve
conpounds of the general Fornul 41\ erefvil)R. R3, R4, and Y are as defined
for Formula 51 and R, is Hand X is C(Z)2. Process B Process B for

manuf act ure of corrpounds with the general Formula I, wherein Rl, R2, R3,

30 and I8 and is O S SO
SO 2, C(%’ Rt grpel}i'(vgﬁa %" Hf)'?y Béguﬂ'gs?rtﬂﬁlog\ﬁsﬂgjﬂblspéﬁsSUCéi)aSF@aNH gder
conpound Formula X, Rl---X--H (X) t5 wherein R, is as

defi ngd %&d o%r?lgj&é%f'?and Xis 0, S or N(2), with an al kyl ati ng agent of

t he general Formula X,

d) Compounds of the general Formula VI can also be prepared by treating compounds of
the general Formula VII,

(R50),0P” ™R3 (VI

10 wherein R3 and R; are as defined for Formula I, with an alkylating agent of the general
Formula I in the presence of a suitable base, such as LDA or NaH, under standard

conditions to give compounds of the general Formula VIII,

X,RT

)\HS (VI

(RS0),0P

¢) 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 VL

~A1
X

A (VD)

Y~ R3

20 f) Compounds of the general Formula VI can be further reacted with compounds of the

general Formula IX,

R5 —SH (IX)



R2hR3 20 wherein R2 and R3 are as defined for Formula | and L is a ihgglﬂﬁm
| eaving group, such as a chloro, brono, iodo, triflate or tosylat es‘g k

under st%@g _%)nditi ons using suitable reagents, such as NaH, A&, C33, or
Bu4NHSO4 465¢% gi ve conpounds of the general Formul a XFEISROgR083 %Ry
R3 (XIl) 25 31 OCT 2003 WO 00/ 66557 PCT/|SE00/ 00834 1 b) Conpounds of the
general Fornula Xl can thereafter be reacted with carbon dioxide in the
presence of a suitable base, such as LDA or KHMDS under standard conditions

10 gi Ve whe@RTRORNSRhbleMoldEfy ﬁbuﬁ)srugh”a?tﬁ{]cq BL.pNh orleﬂM@&ﬁ gl 1) 5 (c)

Conpounds of the general "Fornul7a Xi can ereafter be ‘reacted wth an
al kyl  cpresanot of nategbls bose, sush @ CAONMe | NaH ke tritiedemor @fal@matisely iswWgh as.
triethyl am ne after reducing the formed m xed anhydride with a

, an t her |
sui t abl eUFF%ed'ﬁEPﬁ@?%éﬁ 'FfﬁéﬁlélﬁmésmmaB BN yrfsr siandangd spadiomdiotgivshs, to give
a conpound of the.qeneral. For myl |V Rt ~ OH (XLV) 10 (d)
mmounﬁn&ouﬁﬁéoﬁgﬁéﬂ%m CPYH{THY‘&PXY reigyRip ﬁégaﬁf“gr%’ #ré 25 dgbpedifaxifopmula
conpound of _the general Fornmula IX
52 land R,is Hand X is C(Z).

Process B

Process B for manufacture of compounds with the general Formula I, wherein Ry, R», R3,

1o and Ry, are as defined in FormulaIand Y is CH», and X is O, S, SO, SO, C(Z)s, or N(Z),

comprises the following steps:
a) Reacting a compound of the general Formula X,

R1—X—H (X)
L5

wherein R, is as defined for Formula I and X is O, S, or N(Z), with an alkylating agent of

the general Formula X1,

L

PY (XI)’

R2” "R3

wherein R> and R; are as defined for Formula I and L is a suitable leaving group, such as a

chloro, bromo, iode, triflate or tosylate group, under standard conditions using suitable
reagents. such as NaH, Ag.CO;, or BuyNHSO,/NaCH, to give compounds of the general

Formula XI1,

X
A (XIT)



the presence of a suitable 15 reagent, such as PPh3/ Dl AD, under

conditio e conmpounds of the general Fornula |, whergj , R3
and R4 a:\goggmgs}!’l ned above and Y is CH7 and X is O, S C(z é’?/sgiﬁw :
Compounds of the general Fornmula I. wherléin Rl, R, R3, R4 and Y are as
defined above 20 and and X is S may thereafter be reacted with a suitable
oxi di zing reagent, such as MCPBA under standard conditions to give
conpounds of the general Formula I, wherein R, R2, R3, R4 and Y are as
defined abave and and X is SO or SO2. 31 OC T 2003 WO 00/ 66557

PCT/ SE00/9 oupds pi hegsacral Pparida SKIEctpiherrafiaf berearied ofithoampaudidsideiin h-

t he gener as .defined above
and X 1o e o es I R st e ok R SenBh Prafitny ferpe.

a) React argnpoandpdtiedzeatrat Ferg@ae{dl, Formula XV, R6HN)<R2 Y R3 | SR5
(XV) wherein R2, R3, R6 and Y are as defined for Fornula | and R5 is a

suitable protecting io group, such as Ac, Bz, PMB or Bn, with a conpound
of the general Fornula XV, le X (Xvl) 15 wherel n RL is as defined for

R5 -SH (1 X) wherein R5 is a suitable protecting group, such as Ac or ol ,
st ahded 1

Formula | and X is COOH or S Ra the pr ce of suitable coupling
reagents, such as PyBOP/ Dl RB#&c HOBt, E EA/ DMAP or pyridine under
standard conditions to give conpounds of the general Formula I, wherein Ri,

R, R3, R4, and Y. are as defined above and X is NR6CO or NR6802 b)
React i ng(@ (bmmmnddobﬂ)etg&aergeﬁermhlal?ﬁﬂmhahéﬁv:hﬂter béxeadéd with an alkyl

chloroformate, such as CICOOMe in the presence of a base, such as triethylamine, and

thereafter reducing the formed mixed anhydride with a suitable reducing agent, such as

NaBHy, under standard conditions, to give a compound of the general Formula XIV

ITH

XR<R2 (XIV)
R3

OH

(d) Compounds of the general Formula XIV may thereafter be reacted with a compound of

the general Formula IX
RS —SH (IX)

wherein Rs is a suitable protecting group, such as Ac or Bz, in the presence of a suitable

15 reagent, such as PPh3/DIAD, under standard conditions to give compounds of the general
Formula I, wherein R;, R, R3, and Ry are as defined above and Y is CHyand X i5s O, S,

C(Z)7, or N(Z).

e) Compounds of the general Formula I, wherein R;. Ra, R;, Ry and Y are as defined above
20 and and X is S may thereafter be reacted with a suitable oxidizing reagent, such as
MCPBA under standard conditions to give compounds of the general Formula I, wherein

Ri.Rs, R3, Ry and Y are as defined above and and X is SO or SO-.



| R3 (XVII) SRS 20 wherein R,,, R3, and Y are as defined for Fornul azh (7303
Xis COOH or SO?ClI and R5 is a suitable protecting group, such as Ac, Bz,

PMB or conpound of the general Formula XVIII1, R6-NH2 (XVII1l) 31
oCT 2003%9@33%/526557 PCT/ SEGO 00834 14 wherein R6 is as ddfGTAEd ‘ﬁ’
Formula | in the presence of suitable cigupling reagents. such as

PYBOP/ DI PEA, DCC/ HOBt, EDC/ TEA/ DMAP or pyridi ne under standard conditions
to give conpounds of the general Formula 1. wherein Rl, R,. R, R4 and Y
are as dpfdcegdc above and X is CONR6 or SO2NR6. 5 It will be appreciated by
those skilled in the art that in the processes- descri bed above the :
functional groups of internediate conpounds nay need to be protected by

suitable rotectin u LU Functional groups. which jt is desirable to
pr ot ect, |°§ @gorhlg)g?'%é '% HBlpOH%‘&SCEHE &%QWCTZB}PBB%I?II' Y:‘h%(Ei“oRh SgiRabl e

pr ot ectl 286 r2B% Ve IRl (96, | yl
(e.g. t- %gt yl gila%sé? Eﬁ?i%la%te %ﬁjﬁgﬁﬁ]g% si| 5 %jr N?{rclo(r#re F*{p)nséé

t et r ahy dihe f9iemwing stepsd benzyl . Suitabl e protecting groups for am no,
am di no and guani di no include t- butyl oxycarbonyl and benzyl oxy-carbonyl .
Sui tabl e protecting groups for nmercapto is include CO Cl-6 al kyl,

p- met hO%ﬂ@%&th @BanbbhﬁcYbfth@@hﬁ&B'?orﬁfu%W' ng groups for car boxyl ic acid
i ncl ude -6 al kyl "and benzyl esters Prot'ecting groups may be renoved in

accordance Wi th techni ques,g Pm Are well known to those skilled in the
art and as described hereinaf {,ex< 0 Certain protected derivatives of
conpounds of Fornula 1, whi ch;nm}:i e made{¥M)or to a final deprotection
stage to form conpounds of Fosmala |, are novel. The use of protecting
groups is described in Protective Groups in Organic Synthesis', 2nd 25
edition, GM Witz, Wley-Interscience (1991). The

G
pr ot ect |Wrﬂf’cﬁf—pﬁmrgﬁ ﬁ}cgg aﬁeasdie&&F@ frrFarasda andclRs 159 swiplje peaiegtingr a
- chgr otgrdity lsu@PAORE A8z FAIB Br Bn, with a compound of the general Formula XV,

R1—X (XVI)

wherein R, is as defined for Formula I and X is COOH or SO;Cl in the presence of suitable
coupling reagents, such as PyBOP/DIPEA, DCC/HOBt, EDC/TEA/DMAP or pyridine
under standard conditions to give compounds of the general Formula I, wherein R, Ra, R3,

15 Ra, and Y. are as defined above and X is NRgCO or NR¢SOs.

b) Reacting a compound of the general Formula XVII,

X R2

><

T R3 (XVID
S

R5

20 wherein Ra, R3, and Y are as defined for Formula I and X is COOH or SO-Cl and Rs is a
suitable protecting group, such as Ac, Bz, PMB or Bn. with a compound of the general
Formula XVIII,

RE—NH, (XVII)



It will also be appreciated by those skilled in the art, although such
protected derivatives of conpounds of Fornula | may not possess 31 0CT 2003
phar nacol‘@gjog?%lﬁéctl vity as such, they nay be 30 adm nistered parenterally

or orally reafter netabolised in the body to form #9839 t he
i nvention which are pharmacol ogically agctive. Such derivatives may 31 OCT
2003 WD 00/ 66557 PCT/ SEQCQ 00834 15 therefore be described as "prodrugs".
Al'l prodrugs of conmpounds of Fornmula | are included wthin the scope of

t he i nveriHeedn Rl tis sh@4ldd i r ....amor phous
forms. anhydr a{Rgs. hydr at g@sr%rgﬁéd;{“@gtﬁ ié&g%ct%@ts%@ndﬁ%gﬁgﬁgfr Q{]gﬁ%g[sp?%gent

i nvent i ofs By BORWDHEA IXECEtORe FICATER/ DM & Rtor @Rridinb ahBBrCeatdhEBEonditions

f or mul at'&ocr}s I n yet ffu therbﬁ?pect, the invention relates to

phar macetR FYSCOTRAPYS A ilmEene i EarRkiad: whereirdR ). asRi.dheandohrpeasdiedined he
present hpkRMndO0is CONRRR8DIRREUt i cal Iy acceptable salt thereof, as
active ingredient. For clinical use, the conpounds of the invention are
formd ated into pharmaceutical fornu-lations for oral, intravenous,

subcut an Ouf’éﬁ tracheal , bronchi intranasal, is pulnmonary, transdermal,

al . :
buccal , Fe&¥ e,apﬁéﬁ%’rﬁ?del?%ﬁh"&t‘rs%ﬁ?f&w The 8 UR 1 thei pipesseestdeseribetitbove the
phar mac efifnicG8hal laPbuPd ot thea i A:H LS. QY ENLLoR, 1 N
combi nation wth odr?go or m?re pﬁéar o@ggtl (e){félgg t%é%@%%%%‘f&e/%( ﬂ’d}ag’&ﬁ ents. The
carrier pmtechagigrouphe formof a solid, semi-solid or liquid diluent, or a
capsul e. These pharmaceutical preparations are a further object of the
invention. Usually the anmount of active conpounds is between 0.1-95% by 20

formul ati ons containing a conpoun the presen venti dn

sel ect ecraneaxybie apidx Suitabile protegtingl grupeder tedrangineldide nt Akyisiigorasarylagigi ose,
sacchar Qs sorhital. nmannitol, starch, | opectin, cellul ose derivatives,
gel at i n,Sllgg(eOﬂ" L%Hbﬁﬂ'é?et@a?lly 'HF%J[YWW@WI@%?“&@%WS‘%@'W“'tah}"éfpﬁb’mébr ating
agents amnd betbyll S@itdbdprageiths sroup§ %r%iﬁ&gﬂﬁ%idb%ﬁtgﬁaﬁﬁﬁfo infRigE UM
stearate, sodiumstearyl fumarate and pol yet hyl ene gl ycol waxes. The

i xt ur e DEKIoxYrarbasyl gxleyyicatbengk Snitdtds potequingsgyeupsi fot met@ptet s.  Sof t
gel ati ne capsules may be prepared with capsul es containing a mxture of the
actiVe BuHRPotng aﬁ?ﬂ@b@ﬁ@@ﬁu@wl aerityly Switabbmprovesgeg @boupsdot , fat, or
other suitable vehicle for soft gelatine capsules. Hard gel ati ne capsul es
may contaibexghaaitesclude € heakkgt andebenzyl esters.

Protecting groups may be removed in accordance with techniques, which 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 form compounds of Formula I, are novel.

The use of protecting groups is described in Protective Groups in Organic Synthesis’, 2nd
35 edition, T.W. Greene & P.G.M. Wutz, Wiley-Interscience (1991). The protective group

may also be a polymer resin such as Wang resin or a 2-chorotrityl chloride resin.

It will also be apprectated by those skilled in the art, although such protected derivatives of
compounds of Formula I may not possess pharmacological activity as such, they may be
30 administered parenterally or orally and thereafter metabolised in the body to form

compounds of the invention which are pharmacologically active. Such derivatives may



conpound. Hard gel ati ne capsules may al so contain the active conpound in
conbination 31 O C T 1003 WO 00/ 66557 PCT/ SEOQ' 00834 16 s io with sbiildT 2003
pOV\deredv{“gﬁ@ﬁﬁdg.}ents such as | actose, saccharose, sorbitol. nmannitol.
potato s Stornstarch. anyl opectin, cellul ose derivat P¢dSESPOYRS at i ne.
Dosage units for rectal adm nistration pry be prepared (i) in the form of
suppositories which contain the active substance m xed with a neutral fat
base; (ii) inthe formof a gelatine rectal capsule which contains the
active suRsdBpCe: ddicdhddl %t i - i - LWn-Qil. or of her
sui tabl e vehi cl % (%ég(r:@%éea:dgt Pf\cglrér{%c't%? F)ég%glﬁﬁglé&)r?[?(?L!n)db ?ﬁf:%ul? cI)r%Fﬁ 18flu8e‘}

r eady- mathethim de ocepranfabe mvefion. in the formof a dry micro enema
formulation to be reconstituted in a suitable solvent just prior to

adm nistration. Liquid preparations nay be prepared in the form of syrups
or suspepsi 12l & H- I r Sl i ning the active

i ngr edi egt% hgﬂg atlsﬁetgruéﬁg}lsn e?ﬂﬁgglsqogf#%gﬁﬂ f%@g@gg%pﬁog#s‘o “%Yéi?gﬂér E‘écim Ygar

al cohol ssawvaiesoiha tempowdds ef kienpresennériventiog hieoeitiih thdscopy ber idbatirh. and
pol yet hyl ene glycol. If desired, such |iquid preparations may contain
colouring agents, is flavouring agents, preservatives, saccharine and

car boxy : ther thickening agents. Liquid preparations
may al S?@%ﬂgfgﬁyfgjgﬁlﬁzﬁla?ongorm of a dry powder to be reconstituted with
a suitable solvent prior to use. Solutions for parenteral adm nistration
may be %e ar?.d as a solution of a conpound of the 20 invention in a

phar mac ettt AT1TRes aRsst L5 BVeiandsiatestRpbarmanents s Aempasitians epréainingiah

st abjyl i Z ' St ) j e ' '

R B A R

pr epar atds@ntivoinggedientonstituted with a suitable solvent before use. S The
typical daily dose of the active substance varies within a wi de range and
wi |l depend on various factors such as for exanple the individual

requi r ermiklificaPiRethPebinBbilindstdiehd RvERtioPire3dNLSE (AbiMAANd LG di sease.
In general, oral and parenteral dosages will be in the” range of 0.1 to
1000 ny fperu-dpiipne forasali ingrasenssts asubeutaddoudTacteal3 biddcbixl 666avasECT/ SE00/ 00834

ts  pulmonary, ransdermal, buccal, rectal, parenteral or other mode of administration. The
pharmaceutical formulation contains a compound of the invention in combination with one
or more pharmaceutically acceptable ingredients. The carrier may be in the form of a solid,
semi-solid or liquid diluent, or a capsule. These pharmaceutical preparations are a further
object of the invention. Usually the amount of active compounds is between 0.1-95% by

20  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, amylopectin, cellulose derivatives, gelatin,
25 or another suitable ingredient, as well as with disintegrating agents and lubricating agents
such as magnesium stearate, calcium stearate, sodium stearyl fumarate and polyethylene

glycol waxes. The mixture may then be processed into granules or pressed into tabiets.

Soft gelatine capsules may be prepared with capsules containing a mixture of the active
30 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



17 Medi cal and pharmaceutical use The conpounds of the invention are

i nhi bitors of carboxypeptidase U either as such or. in the case of 310C72003 -
prodr ugs. m nistration. The conpounds of the invention are thus 5
expect ed tvgéh@&&:s?‘gf ul in those conditions where inhibition J¥T/SE00/00834

car boxypeptidase Uis beneficial, suchjgs in the treatnent or prophyl axis
of thronbosis and hypercoaaul ability in blood and tissues of nmamal s,
including man. It is known that hypercoagulability nay lead to

t hr onbo- entiiokéltd S seRsemeréhaml LiaNS 1ackds2350RLRALE Lol Lability
and t hronbo-enbol i c di seases whi ch may be rrent':'lone’ Owﬁ&"u‘ﬂ%’ﬁ‘g{%?@?aﬁ" C

r esi st anceVahEOrIHEE D taeey lopectigudellotbsd eeiiviteres @s gelatinant i t hronbin HI,
protein C, protein S and heparin cofactor Il. O her conditions known to be
associated with hyper-coagul ability and thronbo-enbolic disease include

ci rcul at Mysa@hdnitSRP réctal HRBGHKstrfiJnCHh *bé P rAR P thRodi es,
honocyst ei nam , heparin induced 1§ thy?o Ogy%&@ﬁ?}ﬂ%ﬁﬂ%ﬂg? ossu?Hes

fibri Aol y¥lish conandbhpasivedsbssince mixied watht 4 neucen Eacttlasis (ii) mcthe &drefofot h i n

t he ther Yol el Exi cec?r]d[ or {’{yﬁf’hyl actic treatnment of these conditions. The
conpounds G UT AEH STRING BRICHSON RIS tHe ACH YrAUOSEREE NP TREULe weish Awegetaifle

condi ti oRs, phrefiR: i Sthek SuitdlANISAL Fabls LOGRY T 29

Particul ar di sease states which may be ??ezﬁtﬁfégrﬁgtal gﬁé@ﬁ%ﬁ%ﬁ?%@@ﬁéﬂti c
and for pr@ptmadd micr¢ enamaar fwhin e fommofis dir b @ak S1a Fognyl bt SRy

enbolis rial. thr osi.s (e.g. in ocardial infarction. unstable
angi na, n%%r%gétnggéglgs'q ézi%‘g%rlsq%f?lﬁ?{é}'é%éfnﬁ’éﬁ #radPRerial  t hronmbosis) and
systag c enbolismusually fromthe atriumduring arterial fibrillation or
fromthe left ventricle after transmural nyocardial infarction. 25

Mor eover LQUEbPregasaE ontmap be prepatedvanhs fommarfe yaxsarsespensiohs ear. sblutibisyori n

pr ophyl axi fond SRS Usion .and rest enosi i.e. thronbosis) after

t hr onbol %jlssﬁglg_l%nes r%aﬁgﬁlébﬁ? atcpgﬁglplr?fﬁ?rﬁé‘lna téﬁéﬁ“&?ﬂ?%t‘:ﬁn-‘(‘ﬁ% _f%frﬁ}a’é’@ffe@ﬁ%r y
bypass opnigmabi amar alcbigolpaed £ HikaR: @ffetﬁﬁrtil,m_ﬁ)c@g%ﬂc%rcﬁfﬁ%Pyl Hl&ﬁ&éﬁhﬁery and
vascul ar_surgery in general. 30 Further indications inc tide the t erapeutic
and/ or pPQJ%ﬁ%Y%B% Blycpk dAdasied. sueh Huwid omerasatenhs magt eomvais coloaring aggus,at i on

tori oL i ntoxicati ther 31 OC T
gggg ed V\%ﬂﬁ%ﬁ%ﬁg%%\%@%&[ﬁié@%@%ﬁ%ég&%né P& EExymiethy! celllosS or other

thickening agents. Liquid preparations may also be prepared in the form 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
20 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.

25 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. In general, oral and parenteral dosages will be in the

range of 0.1 to 1000 mg per day of active substance.



s mechanism fibrinolytic treatment when blood is in contact with ;ﬁtﬁh?%
surfaces in the body, such as vascular grafts, vascular stents. va 03
cat het er i cal and bi ol ogical prosthetic valves or_any other

medi cal g’&‘f@%,&gnd fibrinolytic treatment when blood is iﬁCT}éSW@é%“V\/ith
medi cal devi ces outside the body. suchas during cardi ovascul ar surgery
using s a heart-lung nmachine or in haenodialysis. The conpounds of the

i nvention may al so be conbi ned and/ or coadm ni stered with any

ant i t hr onbhCa RO mifebBlicas it f erent mechani sm of action, such as the
antiplatelet agents acetylsalicylic acid ticlopidine, clopidogrel,

t hr onboxane receptor and/or synthetase 10 inhibitors, fibrinogen receptor

ant agoni.sts, prostacycli.n m.netics, and phosphodi esterase inhibitors and
ADP- r ecé’é’?oﬁﬁ HosR{ls améd%‘fﬁ“gf’% a%?ﬁahﬁﬁom Girhampertdsss U cither asowpbands of
the i nvepd b ; I l%r]_cy L D . Wi.I h

t hr onbol {i/%‘::%g dsﬂr?g%&lg‘g"?iﬁ érsﬁgmglggg%&ﬁgrgen a (ﬁu\%gggfr?h?Hg‘{cﬁ{“g'??mrté‘ésonbi nant or
nodi §i edxpectéd st beptetliingdwse conditionsashereinitibitiokioiasdox ApEaydeal ad

pl asm ng’gg%. st.reptoki.nase activator conplex (APSAC). aninmal salivary gland

pl asmi n 1cialy FURR A58 the rrpimprt qripkephylxis pkthrembesisnng: hyprrcong b io

di S€asesloddrdAlshélTharhaRafl] Blnd Mbgr Ct I on and stroke. in vitro
experiments 20 The inhibiting effeét of the conpounds of the present

_invention was estimated using the assay described in. Dirk Hendriks, Sinon
Schar pe,and_Narc, van Sandoga,l lg'i ni caJ Chﬁ}rp's ry, .31, 1936-1939 (1985); and
vei wang, 'S BbrPRR Ehaiperepigiabgivyipaidlead ty Brpmbo-embeliy disemsss. Camdiiiensogi cal
Cherb St b3bocABY with APgerde3Athbill9 34 thré b MRS Eé? | ment al
Procedures Mass s ezgra wer e _chor ded on a F‘#n%lsgeg%&ﬁ/ﬁ\@:q' %0 triple
quadr upmeétlﬁmmcgade@rmemﬁ easistagat ppe chheritdd araqelired defo@ncay in nt er f ace

FAB- M5 d MG Rlatformdl S spect r onet egui d with an
(el ect ro%npuﬁglilorﬁ\éwgﬁg’@ém? E‘JCPWE‘%“% ﬁ%&ﬁﬂpaﬂﬂ&"%é@r tﬂ%ré"g’gg'é‘ﬁﬁﬁ ROV poebe
per f or nedooiatedavitia Ry pdNcbYzulhBig tyARM, :hﬁﬂﬂb@a%@ﬁ)@dﬁeﬁeEﬁ:@&ﬂ‘ét&fcﬁiatoﬁaﬁa ating
)

at 'H frequenci es of 400, 500 and 600 MHz respectively. Chem cal Ifts are
31 O C sPrigaboskpcoouletnssmiprhpspimdigidagipdies, homocysteinami, heparin induced

1s  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

1s an undesirable excess of proCPU/CPU.

20 Particular disease states which may be mentioned include the therapeutic and /or prophy-
lactic 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 thrombolysis, percutaneous trans-luminal
angioplasty (PTA) and coronary bypass operations; the prevention of re-thrombosis after
microsurgery and vascular surgery in general.

30
Further indications include the therapeutic and/or prophylactic treatment of disseminated

intravascular coagulation cansed by bacteria, multiple trauma. intoxication or any other



19 given in ppmw th the solvent as internal standard. Organic extr fﬁCT 00
were dried using MSO4 or Na3S04 as the drying agent. Chromat ograp?fﬁ

separatio perforned using Merck Silica gel 60 (0.063-0.200 nm.

HPLC sepaw;}fyhg‘{?gs were perfornmed on a H GHCROM KR100- 10C8 cB?’D’ﬁﬁﬂU/@sE(arrpl e
1 2-Merca torneth |-3- i eridin-4-vl- ragionic acid (a) 3-Pi eridin-4- |-
roionic acid io A solution of 3-pyridin-4-yl-acrylic acid (4.20 g, 28.0
mml) in water (50 nL) and ammonia (aq, 25 % 4 L) was hydrogenat ed at 60
bar in a meghnpne ToHHSBcefhiReH eea\oddlis 19'&91?(5&3%&9?0&1% Qv?r?éclég] ﬁ}%on

al um na, 439 ng) _ Wen hydrogen pressure remar ne const ant

cat al yst Bo43. $l&hﬁ¥edSCfUdmgr%ﬂtﬁeVnsafal}mmrntmx:tcuhecmyetérsl trieahirien] afmelol@ﬂ&@ yst
was wash nd t he hanol was renoved fromthe 15

th eth |
sol uti onepgnméﬂr]‘ t %Bograné efﬁée é‘{fﬁ bl %pﬁb%rldﬁlyﬂﬁémﬁ%‘ié”dﬁlb@dtlé“gl ve

3- pi per i diohradt V/'th AR ABVicePGitéldé theIhad. sukBO ¢ ¢
2- car boxv- et hyl )l yi peri di nlee 1-carboxvlic ?am ds'gjg%l? B?thdil Vascutlar SUR er%fjﬂpgon

of 3- pi parhegrinluag machineor onhasmadiddygid. 79 g, 30.5 ol ), di-tert-butyl 20
di carbonate (6.98 g, 32.0 mvl) and NaHCO3 (2.69 g, 32.0 nrnol) in
THE/ water (1:1, 50 nlL) were stirred at roomtenperature for 22 h. Anot her

portion the(ibn{p%ﬁhd@él‘tt}ié invehG&d Hﬁ?%ls% Eﬁ:?co%nged ahd/d? c%}m%@ﬁd %\qﬂqe.%

together with a catal ytic anount oOf resulting mXxtur
stirred fl@ﬁdthawabmagecumtuayhffertnEnmdmnnmf/mnmundmh asemhme@la[a&es@mse and
The aqueous, was then acidified

th t t h
25 1o pred TR R G ARh ol abidasiek RiRins s R RGO HELNGEATS | ned
organs C entibiess Sfibrivgen ?&%P@E‘ aH\'aBJSmEIE'ﬁﬁsta@&dhﬁ%x%c?%ﬁms?ﬁ&ﬁg tle{%s acua

to yield 4-(2-carboxy-ethyl)- piperidine-I-carboxylic ac ert ester

as a whi trhilsiodrk dnd B.[¥6regeptSd (P4T) ahﬁkoﬂzsts%nBQﬁ}éHbﬁﬂinB?d?Wrs2 carbox - ro I)-
i eridine-1l-carboxvlic acid tort-butyl ester ¢ BuLi (1.6 M 15.3 niL, 24.4

nmol ) was added to a sol utlon of d||sopropyl am ne (3. 43 m., 24.4 mmol) in
THE (3 er, on. r a fewmn the solution was all owed

-78C u
to war mmaﬁ f%mPB‘ﬁﬂﬂst éi? ‘B%lé ‘H’ebB? Ferabiged and/pr eoadmyaistesedivithng LDA
31 O C Tind®aBolyME AhGE wredherdminb 83 4tor (natural, recombinant or modified),

1s  streptokinase, urokinase, prourokinase, anisoylated plasminogen-streptokinase activator
complex (APSAC), animal salivary gland plasminogen activators, and the like, in the

treatment of thrombotic diseases, in particular myocardial infarction and stroke.
In vitro experiments

The inhibiting effect of the compounds of the present invention was estimated using the
assay described in: Dirk Hendriks, Simon Scharpé and Marc van Sande, Clinical
Chemuistry, 31, 1936-1939 (1985); and Wei Wang, Dirk F. Hendriks, Simon S. Scharpg,
The Journal of Biological Chemistry, 269, 15937-15944 (1994).

EXAMPLES

General Experimental Procedures

Mass spectra were recorded on a Finnigan MAT TSQ 700 triple quadropole mass

spectrometer equipped with an electrospray interface (FAB-MS) and VG Platform II mass
30 spectrometer equipped with an electrospray interface (LC-MS). '"H NMR and >C NMR

measurements were performed on Varian UNITY plus 400, 500 and 600 spectrometers.

operating at 'H frequencies of 400, 500 and 600 MHz respectively. Chemical shifts are



20 solution was slowy added to a sol ution of 10CT 2003
4- (2-carboxy-ethyl)-piperidine-I-carboxylic acid iert-butyl ester (33. 89 6
11.9 rrm)l‘% iOEQ@EE (7 m) at -75C. The resulting solution was stirred at
-78C for 1G> THE (20 nL) was added during that tine i FCOVeRA0/0pE4

di ssol ve the anion which had solidifiedig The di anion was cooled to -78C and
s brononet hyl thiobenzylether (2.72 g, 12.5 nmmol) was added as a sol ution
in THE (3 mL.), the solution was stirred at -78C for 30 mn, at OC for 30
mn and tghen ialph@veh i AR adiedrRall )8 tddeq&gd Qver ni ght .
The reaction m'p>|12ture was acidified wfﬁ{qﬂkﬁﬂ@ﬂ%ﬁ& gﬁ?ﬁggév&lr[cﬁq%f@c and

t he or gaMES Pheilalad analurvisgting agenuitheomamdraphy echardihves were perfpmadusingnas

Doyl ouMieteh S50 P EG TR IR MY CEeabicions haroptisd i) Lor t - but
ester asHIGPRIEOM/ER100L10CR bRirde 9. 66 (d)

4- ( 2- Car boxy- 3- mer capt o- pr opyl Zpi peri di ne-1-carboxylic acid tert butyi
ester’ Sodium netal (513 ng, 22.5 mmol) was added in portions during 5 mn.

to a sol n.of 4- Es

(3- BenzyE;s(-%-rﬁF%Srlyl - 2- car boxy- propyl ) -pi peridine-1-carboxylic acid tert-butyl
ester (02MeércaptdméthylIiperidin-BHR-frdpiotd acgd | i quid ammnia (50 ni) at -60C
under argon. After stirring for m n. ammoniumchloride (1.7 g, 31.5
mmol ) was added in portions. The cooling bath was renoved and the anmoni a
was evap t US| a stream of argon. 0.5 M NaOH was added and the

m xture FLipeadih Wihrpiont J The aqueous phase was 20 acidified with 2

M HClo and seiitioaaif Scpytiditiayetabiieneicl 1 & 8.0 M Phafdtb (sBRAE SRS  Washed
with brine, dried and concentrated under reduced pressure to give

4- ( 2- Car HBRyna.-(agetx %pt lprashydregepaicddk 68 bar ipartbglx pressurasied! awotiatriny |

t _ : byl 2. oioeridn Ao gl pdlay 4
55 To & bréydhee SbRullnuin3 FoRBLEARL MR AN Widh RSl bt iAo ar bosyl | c
aci d t erconbtaty(3 days) whe célyst gas EndSetfRin) thdtedRionthik ife 6D kst (Be L)

under argon was added trjethyl- silane (731 .tL, 4.58 mmol) foll owed by TFA
(4 ). "%f?gysrté%?ét"r”éﬁ%’r"%lﬂ GHanglandayter @ad tisyethang! wian remenedifrem tkoncent r at ed

unders r eQUARA B £RMVaBor A thi hGol ed3B 0. bigije 0.1
% TFA in water) gave a?%re titt'li'e corrg(g)%lﬁgOgsalzgﬁrégé%lg,&wgagﬁ%&g&%ﬁ&al '&yEO). 30
'H NVR (romoMezcid)430 g.8300.%8%-1.50 (m 2H), 1.54-1.76 (m 3H), 1.90-1.99
(m 1H), 2.0-2.1 (m IH), 2.9-3.05 (m 5H), 3.38-3.48 (m 2H). M5 (+) 204
(MH1). 31 OC T 2003

(b) 4-(2-carboxy-ethyl)-piperidine-1-carboxvlic acid rert-buty] ester

A solution of 3-piperidin-4-yl-propionic acid (4.79 g, 30.5 mmol), di-fert-butyl-

20  dicarbonate (6.98 g, 32.0 mmol) and NaHCO; (2.69 g, 32.0 mmol) in THF/water (1:1, 50
mL) were stirred at room temperature for 22 h. Another portion of di-tert-butyl-
dicarbonate (2.00 g, 9.10 mmol) was added together with a catalytic amount of DMAP, the
resulting mixture was stirred for another four days. THF was removed under reduced
pressure and the aqueous phase was extracted with CH,Cl,. The aqueous was then acidified

25 to pH 2 with 1M HCI and the acid extracted with CH»Cls The combined organic extracts
were washed with brine, dried and concentrated in vacuo to yield 4-(2-carboxy-ethyl)-

piperidine-1-carboxylic acid tert-butyl ester as a white solid (6.36 g, 81 %).

(c) 4-(3-Benzyvisulfanvi-2-carboxy-propyl)-piperidine- 1 -carboxvlic acid tert-butv! ester

30 BuLi(l.6 M, 15.3 mL, 24.4 mmol) was added to a soiution of diiéopropylamine {3.43 mL,
24.4 mmol) in THF (3 mL) at ~78°C under argon. After a few min the solution was

atllowed to warm up to room temperature over a period of 13 min. The resulting LDA
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3-(1-Acetyl -piiperidin-4-vl)-2-nercaptonethvl-prooionic acid A sol ut? (If

2- Mer capt oiedorigks73- pi peridin-4-yl-propionic acid TFA salt (Q :l.,s(% ‘ﬁ@lﬁi rrm)l )
in acetic anhydride (2 nL) was stirred over night under argon ana th
concentrated wunder reduced pressure. P@fification by HPLC (10 -- 50 %
acetonitrile, 0.1 % TFA in water) gave the title conmpound (63 ng, 80 9.
"H NWR (500 MHz, CD30D): 5 1.0-1.22 (m 2H), 1.46-1.55 (m 1H), 1.55-1.66
(m 2H), sp@tmn@ﬁas]sl@@ly(mdedilﬂ)gsdluﬂdm bf 922 {carbokiath ?)-BibefiginetRarbex - 2. 73

4 85-3.94 H, 4.45-4.53 1H)". M5
(22]6 (m| fjc‘é)’éﬁfatﬂ-]j}%eeg?rislaé %?@d}i{n@i)gnﬂé'ir%](/ml, at -78°C. The resglmno slc_>?uuon )

1- 2- pi pery.gi Ol
4- Hvdr oxyngtsﬂjylédéll gzgro%‘tOﬁgg@@a?%%fiywqj’E‘LZg“ agded dysing patdipe in aigetos o ut i on

of , 4- (hyldssokagree dmyibd pitpelr hati :rwld(f‘ﬁed)ﬂ'hgdmﬁ@orﬂ&aﬂﬁ@d]e&”ﬁﬂ?@“@@né1 1, 120 )
was added di t&y”&x di c bonate (9. 47 43.41 nmrnol). The reactlon -
m xt ure WASM9HC thfS hag }-oéerF@lr)rﬁ@ﬁaﬁdd?-féﬂS Trdutiemist TSR (rimktur e

was then (RoH &shn 910 5600 ) d; dwthethyl acetate (3 x
250 ni). tThéemo?)élanlﬁcht%#ge?e%tsggecr EGT conbi ge&égp r wa{g'ﬁeatﬁ'd&bet%al o VAR

or gani ;: Iuayﬁ roammrmarndrmmrstmlawmt gtlm‘ ah@rejf:ub% efiRkre ?Eﬁjzl'l(.tl(mﬁ@d wng 1M |

concentr ced pressure to give r oxynet hyl - pi peri di ne-

-car boxyﬁcs %ﬁf‘ﬁ%@?%%ﬁ (8¢ PEFAn{cphse yyas %@&lﬁ@wltzb‘f)ﬁﬁr 2Bd dniodeThe | - i
eridi ne- @nﬁgrpp&fg, o

- 4- hydr oxynet hyl - \S% {E)Vgsr ?gﬁlﬁ%& % ?agﬁ%l?({-é?ﬁg} génhgqﬁecﬁﬁ}&{ltfq gs)ttgryle(l%zg'i?)

40. 640  mBehyylsuifadileZeptbosy fpeopy! RPbentine- htarBEx vIidsid Pirt-bOGEEsterVig rae‘paif’edded

tr| henyl phos n 32 g, 81.28 nmmol) and carbon tetrabrom de (26.96
g, gl 28”7 A‘F?D‘T R?ﬁrﬁg"réég%ﬂre was 30 allowed to warmto roomtenperature and
stirred under nitrogen for 48 h. The reaction mxture was filtered through

a pad of Celite and the organlc f||trate was washed with 5 % NaS, G3,
wat er . bt de(2-Ga il winef i-tarbordicndd cenbeni easred under

reduced §Jd:8n9n 11289§ m@ﬁ%’ 665?)7‘”&5 aédsgqgﬁgg?o%g during 5 min. to a solution of 4-
15 {3-Benzylsulfanyl-2-carboxy-propyl)-piperidine-1-carboxylic acid tert-butyl ester (0.9 g,

2.29 mmol) in THF (45 mL) and liquid ammonia (50 mL) at -60°C under argon. After

stirring for 15 min. 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 argon. 0.5
M NaOH was added and the mixture was washed with heptane. The aqueous phase was

20 acidified with 2 M HCI and extracted with methylene chioride. The organic phase was
washed with brine, dried and concentrated under reduced pressure to give 4-(2-Carboxy-3-

metcapto-propyl)-piperidine-1-carboxylic acid tert-butyl ester (0.7 g, 100 %).

(e) 2-Mercaptomethyl-3-piperidin-4-vl-propionic acid

25 To a solution of 4-(2-Carboxy-3-mercapto-propyl)-piperidine-1-carboxylic acid tert-butyl
ester (0.7 g, 2.29 mmol) in methylene chioride (8 mL) under argon was added triethyl-
silane (731 ul., 4.58 mmol) followed by TFA (4 mL). The reaction mixture was stirred for
60 min. and then concentrated under reduced pressure. Purification by HPLC (10 — 30 %
acetonitrile, 0.1 % TFA in water) gave the title compound as the TFA salt (447 mg, 61 %).

3 'HNMR (400 MHz, D;,0): § 1.34-1.50 (m, 2H), 1.54-1.76 (m, 3H), 1.90-1.9%9 (m, IH),
2.0-2.1 (m, 1H), 2.9-3.05 (m, 5H), 3.38-3.48 (m, 2H).

MS (+) 204 (M+1).



pressure. The crude product was purified by colum chromat ography (gstcrgh 003
acet at e/ hexane, 1:9) to give 4-brononethyl -pi peridine-1-carboxylic
ter[-butyl ester (8.26 g, 73 %9. s (c)

4-f 2-t er NBUVGRYcar bonvl - 2- (di et hoxy- phosphorvi) - et hvl | - pi BETISENN@NSs4 car box
ylic acid tert-butyl ester tert-Butyl ﬁii et hyl phosphonoacetate (75.0 g,

297. 32 mmol ) was added dropwi se to a Suspension of sodium hydride (8.03 g,
334.58 mmmol ) in DMF (450 nL) at OC under nitrogen. The m xture was stirred
at OCfor 0.5 h and at roomtenperature for 0.5 h. 4 1o

br ononet hyl - pi peri di ne-1-carboxylic acid tert-butyl ester (20.68 g, 74.34
mol ) 1 ExMple £50 L) was added dropwi se to the reaction m xture and the
reacti on was ﬁeated to GOC and stl rred for 16 h. The reaction was cool ed

Aetiat-p ) thmldnroemucam:ﬁ@d with ethyl acetate. The
organic er.s i ne th wat er The organic | ayer was
dri ed, ﬁf%@?% efemeaﬁﬁwg?’éﬂp?f éefeex@alcp%%é'ﬁﬁesdltf&éccpl}ae 15
Fgoggste Gl Eu':e{t![ce:%lhpﬂru@é) AT GhE 9@@&@9&&%% (Yo B S AhEA DEXARGared 7)
ut oxy caubderyred@:efidiredshrex Pupfics pndryHPLE (b - -50i P acéidhitet| 6.C 3% TeRyihi ¢ aci d
tert- butyl ester and unreacted t- but¥ di et hyl phosphonoacet ate. The
pr oduct ﬂ?”eoﬂ‘ﬁwlécﬂwpol-‘ﬂ@3 mEe3bhdduct was further purified by vacuum
distillation to give 77 % opurity. This m xture was taken on to the next
reaction. ,Q (d) 4-(2-tert-Butoxvcarbonyl -5-nethyl - hex-2-enyl). pi peri di ne-
| -car bﬂHNM(Ra(GDd MHe} €DyDR): 5 £6tIER2 (m, ’7H) 1.46-1.55 (m, 1H), 1.55-1.66 (m, 2H

2-tert-But bonyl - 2- (di et h horyl)-eth " carb
V11 65 ach 7165 Koo BRIL Skt G2(: 1152 P 28T VR T At OB G 00 2

suspens d d 1.04 g, 43 13 rrrml) in DME (20 nL) at 0OC
under n??r@ogg?]aﬂ LHS“42455,[-%§2(%2H§S“ rred for 0.75 h and i soval eral dehyde
(7.76 gM®BO)R48idMYiwas added dropwi se to the mxture. The m xture was
allowed to warmto roomtenperature and stirred for 48 h. The mxture was
diluted with ether and washed with water. The organic layer was dried,

fil teregxarﬂﬂg:;,concentrat ed under reduced pressure to give 9.4 g of a yeI | ow
oil. The Tru 30 product was purlfl ed by col utm chr omat ogr aphy (et hyl
acetat e sthyl X : ggcar bonyl - 5- met hyl - hex
-2-enyl) - pi peridine- I-carboxyllc acid tert-butyl ester (1.53 g, 24 % for
two reactions. 31 OC T 2003

(a) 4-Hydroxvmethyl-piperidine- [ -carboxvlic acid tert-butvl ester
To a solution of , 4-(hydroxymethyl)piperidine (5.00 g, 43.41 mmol THF/ H,O (1:1, 120

(MRS AT

mL) was added di-f-butyl dicarbonate (9.47 g, 43.41 mmol). The reaction mixture was

20 stirred for 16 h at room temperature. The reaction mixture was then poured into H,Q (500
mlL) 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 give 4-hydroxymethyl-piperidine-1-carboxylic acid

tert-butyl ester (9.01 g, 96%).

(b) 4-Bromomethvl-piperidine-1-carboxvlic ac.id tert-butyl ester

To a solution 4-hydroxymethyi-piperidine-1-carboxylic acid fert-butyl ester (8.75 g, 40.64
mmol) in diethy! ether (200 mL) at 0°C under nitrogen. were added triphenyl phosphine
(21.32 g, 81.28 mmeol) and carbon tetrabromide (26.96 g, 81.28 rnmol) The mixture was

30 allowed to warm to room temperature and stirred under nitrogen for 48 h. The reaction
muxture was filtered through a pad of Celite and the organic filtrate was washed with 5 %

NaS-0s, water, brine, and dried. The mixture was filtered and concentrated under reduced
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4J2-t ent - But oxvcar bonyl - 3- (4- met hoxv- benzvl sul fanvl 1| - 5-met hvl - hexvl | - pi per
i di ne- W(ﬁa{&?éil ic acid tert-butyl ester A solution of

4-(2-tert / ar bonyl - 5- et hyl - hex- 2- enyl ) - pi peri di ne- | PEESEI%0I83¢ aci d
5 tert-butyl ester (2.0 g, 5.24 nmol) inpn DM (5 nL) was added to a m xture
of potassium carbonate (0.54 g, 3.93 mmol) and 4-net hoxy-ct-t ol uenet hi ol
(.17 g, 10.48 mmol) in DM (50 nL) under nitrogen. The m xture was

ref | uxed,fQy angy d, 2Q (=] The reaction

m xture vf/as tr%g?lepou eggc[b?%o P Flan bé’)%to} ﬁgﬂdgﬁqﬁly%%ﬁﬁm}%cet ate. The

or gani ¢ dcanaes/Be e el : epwuxlmed-bamdomemthmﬂmewatﬁboxﬂhexcmQamm layer was
e} drled8 filtered and concentrated under reduced pressure to glve 3.76 ¢
of crudd®m&%rFal) The crude product was purified by columm chromat ography
(ethyl acetate/hexane. 1:10) to give 4-]

2-tert-butoxycarbonyl - 3- (4- met hoxy- benzyl sul fanyl ) - 5- met hyl - hexyl ] - pi peri di
ne- 3%- Cacbbz_ﬁ&-lt‘é -Bacodchhiohvib2H dikthes v ethofdhorvh)-gth vB3piBRridihe 1 {daybox vlic acid

3- Mer capt 0- 5- et hyl - 2- pi peri di n- 4- vl net hyl - hexanoic acid A m xture of H,O
(2.6 nLYEHEPYEAlel o6 nl) was frozen and then allowed to warmto room

t enper atuy & pdREH Bg}ﬁa%fﬂ 750 g,

4-12-tert- butglxyczapwh O?Cftar[ree(hoxy 9e7n322y{nsu0|l ﬁdEd dropwise (o 2

5- met hylsumxlyllo]-l-qmspmmrm;wdnﬁel(s Gargba&fylSS caracl) ¢h DMR (50tyl) m0’€rundar 62 g,
4.89 muol added and the m | uxed for 16 h, The m xture
was al | BHERETo TREBHARE Pooiisg %Z’ng S el 1 PO ARG RSP, Feduced
pressur @mxﬁbﬁcmﬁ&ﬂam&m&ﬂ@mm&dﬂ 1RAbRYI esi&\ (80 88 o PPASE nﬁ%lt)'rWDMF

chr omat ogr aphy to give the'title corrpound as the TF sal t
(0.40 gf (22119)’()W35' added/Rrop3AE VY repODBOMyxt8re(andghg thajtiorwesihgaged to 60°@3 (n')
%6(7)02( ?@q.ﬁ%re&' B{Alé( mTQF rea%xoﬂ’nn&as &oteh [()q%bm tempergturg poure?c’l ml(or% Oa% (+)

3- Mer capmacrtccphecmd:hﬂaaatmr MHE Br ganid RHERYWerd bdmbined afd dradied3ditkXvhie?003 VO

00/ 6655, PCT/ SE00/ 00834 24 () 4-(2-Pert - Buf oxvcar bonyl - 4-
_henvl - blibe oreapiq hayes was drigds Slteredganshsgpceriraied andes peduged pressure. The crude

15 product was purified by column chromatography (ethyl acetate/hexane, 3:7) to give 4-[2-

terr-Butoxycarbonyl-2-(diethoxy-phosphoryl)-ethyl]-piperidine- 1-carboxylic acid ters-
butyl ester and unreacted s-butyl diethylphosphonoacetate. The product was 47 % pure by
HPLC. The product was further purified by vacuum distillation to givé 77 % purity. This

- muxture was taken on to the next reaction.

{d) 4-(2-tert-Butoxvcarbonvl-3-methvyl-hex-2-enyl)-piperidine- 1 -carboxvlic acid terr-butyl

ester
4-[2-tert-Butoxycarbonyi-2-(diethoxy-phosphoryi)-ethyl]-piperidine-1-carbox ylic acid
terr-butyl ester(8.1 g) in 20 mL DME was added dropwise to a suspension of sodium

25 hydride (1.04 g, 43.13 mmol) in DME (20 mL) at 0°C under nitrogen. The mixture was
stirred for 0.75 h and isovaleraldehyde (7.76 g, 90.1 mmol) was added dropwise to the
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 9.4 ¢ of a yellow oil. The crude

30 product was purified by column chromatography (ethyl acetate/hcfxane, 1:50) to give 4-(2-
tert-butoxycarbonyl-5-methyl-hex-2-enyl)-piperidine-1-carboxylic acid rerr-butyl ester

(1.53 g, 24 %) for two reacuons.



ester A solution of

4-[2-tert-butoxycarbonyl - 2- (di et hoxy- phosphoryl )-ethyl ] - pi peridine-1310CT 2003
carboxylic acid tert-butyl ester (3.0 g) in DVE (8 nL) was added dropw se
to a susYéné6ss7 5 of sodi um hydride (0.26 g, 10.51 mmol ) PAT/BEE/00834n1) at
OC under nitrogen. The m xture was sti r:,l:ed for 0.75 h. Phenyl acetal dehyde
(5.26 g. 43.81 mmol ) was added dropw 58 to the mixture at OC. The nixture
was allowed to warmto roomtenperature and stirred for 16 h. The m xture
was diluted with ether and washed with water. The organic |ayer was dried,
filtered, and concentrated under reduced pressure to give 8.6 g of ato

Vel | oW Qi 4-[ThE Fiey RARAVCE - IR IR br2d 1B 6.0l SR E AR 0g b aRNe G et hY!
acet at e/ hexane, 1:50 -9 1. 10) to Qi Ve

4-(2- ter@mﬁzﬂﬂ%ﬂﬂhenyl but 2-enyl)- piperidine-1-carboxylic acid

tert-but est er for t reaction

25 er - B ERRDRR BT e DK - S-SR B pl&e%@ﬁeﬂ-w?owhc apid
ridine ' T RRERPYYDIC5 aG intinbi§ T DL (3

4-(2- terrfr[Bu%)gxyca?boﬁyl - 4- phenyl - but - 2”%2;"&55-389%%?0. ad?’hxemrlc %aPolgagilf/IF] Ic acid
t er t - butcytbonemt(8154(g) 38 3gmmbl )% d ArmEhox p- oDM¥ue(n]aﬂudsIr(u) 1 W@S Oad@dﬁdmoﬁ)an a
suspensi gn_of paotassium carhonate (0.20 r nnol )

4- met hoXWMELSP Flgeidennigiogem e %mrs“@srﬁf{!mqe)i fprnb hsmt (lweﬂﬁq cepider

ni troge | to
B s P e e e N S R e L S S
extract ecetawi tTheetrgadic bxyeﬂsateec cdinbined gad washaly eits wassre "mﬁrdn'gzrmdlaqzaldwmﬁs hed

w th water ni c d, filtered, oncentrat ed under
reduéed dﬁF%sé‘.r red &?%ﬂtia%f @ngga t’ng‘ e Biestis f0 SRS ﬁ]&a cide Midtiadhas

purifie I e J/ ive
e ey

butyl] - gme#—[lirqnebmtoawmnwl Bd4an¢tuox3ebenMWm;dMSemct(n@l-ﬁ&q@] -pipe@ridine- ( c)
3I\/brca o4caip§11‘ % (?I‘Idlnff? %ﬂ -but vric acid A m xture of H20
(0. 65 m.)c Y ‘(16“?’3 3’5e d then allowed to warmto room

t enper at ure under nitrogen.

4-[2-tert-butoxycarbonyl - 3- (4- met hoxy benzyl sul fanyl) -
4- pheny(DH : o-premetil Pepipenidinhvimathylhexaneip e¢idput y| ester (0.65 g, 1.14

nmol ) S X X f el The was
al | owewit %l%gg%l to T {)zhﬁlmﬁq) élﬁ rr%gr%g‘tv\ﬁr%emgﬁ‘agscgrg% entr a?%%l alllj?]‘ﬁ%dr %1’%(':%
pr essur eoond angsaratdee wideslhitio gwm st- nzurerﬁblﬁdxgktw%hyﬂﬂaﬁﬁahoﬁpbeﬁmayl)-

PCT/ SEGQ 00834 25
5-methyl-hexyl]-piperidine-1-carboxylic acid rert-butyl ester (2.62 g, 4.89 mmol) was

added and the mixture was refluxed for 16 h. The mixture was allowed to cool to room

0 temperature and concentrated under reduced pressure. The crude product was purified by
reverse-phase column chromatography (MeOH/H,0, 3:2) to give the title compound as the
TFA salt (0.40 g, 22 %).

'H NMR (300 MHz) (CD;0D) § 0.88 (d,), 0.94 (d,), 1.43 (m), 1.70 (br),
25 1.94 (m). 2.48 (m), 2.90 (m), 2.99 (br), 3.34 (m).
MS (+) 260.2 M-TFA).

Example 4
3-Mercapto-4-phenvl-2-pipenidin-4-vimethvl-butvric acid




rever se- phase col um chromat ography (MeOH/ H2O 1:1) to Gve the title

corrpound as the TFA salt (0.27 g. 58 Flo). 'H NMR (300 MHz) (DMSO) £ 9Cp30)
1.4 én& 67 (br), 2.21 (d,), 2.98 (m. 7.25 (m 5H). 8.27 (br),

8 57 (br WO 4966587 (br) . "5 NS (+) 294.3 (M TFA). Exanpl e 5 PCT/SE00/00834

2- (2- Am no-oyri di n-4-vl net hyl ) - 3- mer capf,0- oropi oni ¢ acid 10 (a) N

4- Met hyl - pyri di n-2-yl)-acetam de 2- Am no-4-net hyl pyridine (99.0 g, 91.5

mmol) in acetic anhydride (250 nL) was warmed to 70C for two h. The

m xture 60, \ eth r (100 m.) added
The prod}(,ﬁ‘ir [QJLI

A ‘ Q3 Cigh ter
50 caladi'a g |n
vacuo aéqfteﬁrded N-(4 rret hyI pyridin-2- yI) acet am de (130 g, 95 9. 15 (b)
2- Acetyl am no- isonicotinic acid A m xture of

N- ( 4- met ﬁ)ﬁpl%ly?ﬁi0(§i4r{°2f3§ll'9m@26@ﬂdmndb24®ieﬂmgy -phogfhonyl) e ttamdpipatigine (1400 nl)
heat t.h t KMhQ4 (100 g, 0.62
nos ) Meat b BRGNS 2t DT AT ER SOH S e bR an

sti rrd ngofaveiun?hidride ewsegqblgqqng{g; X 2C further 3
h before filteri Jjnd tﬁr ordg lite V\}Ell-l| e Sftﬂ?@)hég%@& Lﬁ’ﬁelg%trl%t%]at—lg{ewas

concent rlﬁtxé‘éret“@séﬁﬂeti fargd75rh. Rhdnydoneelichyiesd. 26, 4383 meddfwboadddiust t he

pHto a ct| k_was cool an ice bath and the white
solid fib‘ﬂ’l%"r“’fe%% 0 H]%flﬁl s &étgﬁ miglpEs Vﬁsﬁig&e\aﬁ? KB 18 TR magigture
chl or of amthired dor Fsh,| Th/ ASARrOw B8ed SBMATHE Vb RANLEALIAYC 361 0 (120

g, 25 9. 251( C) 2-Am no-isonicotinic acid ethyl ester
2- Acet y|%AEANolaysoy e dgdifidtess, and Q@icsnfgatelﬁigndrrmcydmsmspgndeﬁm igrof 2

t hapol Th t
el £330 o e A RERCEL2 Ay B IR BR By T2 e
(250 i )acevas/hedied1:5The pnoﬂwwmﬁ&r%wx%&rsdnmah&m Q,rugﬁsynﬂ)and the

conbi ned . organi c extracts were washed with water "and” dried. Fiftering and
concent PiRergeal-caPasdioacidtanobuybesterdliddigs 63¢% grisdd gk tes rawcti¢ds. 46 g, 79
% as pale yellow crystals. 31 OCT 2003 WO 00/66557 PCT/ SEO0/ 00834

(b) 4-[2-tert-Butoxvcarbonyl-3-(4-methoxv-benzylsulfanvl)-4-phenyl-butvl)-piperidine- I -

ts  carboxylic acid tert-butv! ester.

4-(2-tert-Butoxycarbonyl-4-phenyl-but-2-enyl)-piperidine- [ -carboxylic acid tert-butyl
ester (0.8 g, 1.93 mmol) in DMF (10 mL) was added to a suspension of potassium
carbonate (0.20 g, 1.44 mmol) ) and 4-methoxy-a-toluenethiol (0.54 mL, 3.85 mmol) in
DMF (10 mL.) under- nitrogen.' The mixture was heated to 75°C for 24 h and allowed to

20 cool to room temperature. The reaction mixture was then poured into H»,O 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-[2-tert-butoxycarbonyl-3-(4-methox y-benzylsulfanyl)-4-phenyl-

25 butyl]-piperidine-1-carboxylic acid rert-butyl ester (0.55 g, 50 %).

(¢) 3-Mercapto-4-phenvl-2-piperidin-4-vimethyl-butyric acid
A mixture of H,O (0.65 mL) and TFA (6.5 mL) was frozen and then allowed to warm to

room temperature under nitrogen. 4-(2-terr-butoxycarbonyl-3-(4-methoxy-benzylsuifanyl)-
30 4-phenyl-butyl]-piperidine-1-carboxylic acid rert-butyl ester (0.65 g, 1.14 mmol) was
added and the mixture was refluxed for 16 h. The mixture was allowed to cool to room

temperature and concentrated under reduced pressure. The crude product was purified by



26 (d) 2-f.1N . %-bis(tert-Butoxvcarbonvl)an no]-isonicotinic acid et%
ester To a solution of 2-amno-isonicotinic acid ethyl ester (5.00 g31 T 2003
ol ) |na§,%§h|/g—:18g45 m.) and acetone (15 nL) was added DVAP (50 m . 0.41

mol ) an utyl 5 dicarbonate (16.4 g, 75.0 mml). Thd SEO0BF s
stirred at roomtenperature overnight mzmnd hexane (60 nlL) was added. The
reaction mxture was cooled in a refrigerator for 3 h and filtered to give
2-[ N, N-bi s(tert-butoxycarbonyl)am no]-isonicotinic acid ethyl ester (8 71
g, 79 N reveRelfhhsd Hﬁqrcﬁiﬁfﬁﬁ% ter Ly
ester A solution otfgmto 2- I\é“g}{g?}fg{%é&?f& cart(éaurl‘!'oﬁla a?ﬁt%o ﬁqébq\ ni c
acid et h?FA@gttéBZ(KﬁDG%)g 95 5 mml) in THE (350 rrL) was treat ed With

Li AlHA (g refluxed for 1 h under nitrogen. The
react i on%@gﬂé&wwbgﬁ e‘fzdlm)y L4Ate) ch-08 fstl 2-2k(dnd. dBHe). pRodoct
extract [ 4 13 and CHC13 : MeOH (9:1). The conbined 15
or gani c%f?ﬁ@r)wtesrjﬁ P:A%dggﬁ_ll'tered and concentrated under reduced.
pr essur eMSq+yR294.3((M-TRadr oxynet hyl - pyri di n-2-yl)-carbam c acid tert-butyl
ester (18.5 g, 86 %9 as a pale yellow solid. (f) (4-B rononethvl -
vridin-2- |)-carbamc acid tert-but |I ester 20
(4- Hydr gamehidy! - pyridin-2-yl)-carbamc acid tert-butyl ester (8.00 g, 35.6
nmol ) was issolved in CH2CI 7 (150 nmL) and treated with PPh3 (11.2 a, 42.8
.ol ) uderAmitoeyedin-Theeth @agt indreaploasispivat eapl ed in an ice bath and
CBr4 (14.2 42.8 mmol) was added in small portions. The ice bath was
renoved after 30 mn and the reaction m xture was stirred overnight at
roomny t erpeyAkING ac ure was concentrated under reduced 25
pressure an acgtholnl élﬁ lhg&tgﬁgﬁas added. The reaction flask was pl aced
in a réfmrgm—&tmcthylpwnamh (@Eha gt Bk Spnmol)pn hedtie %h&ame@semﬂms@a%ﬂd h
cold acetonytrile. . The white s dried in vacuo g
(4 br oy forsi it e P wir taisch Corep® opeiaBlE gnd Al eihes (199 BL) 82
% . 30 Gd@dedRThd pr&diicr Byban ¥l RN he ic acid
di et hyl ester Tgtra solaa}tl Oﬁﬁ%}?@%ﬁbﬂH&d’chB)ﬁ{aH?sdg,ﬂte%m (fmdwlhj’ "?rgé E (5 n)
at 0C uAderdedr¥éirmesyl-padidiee?-ofJetckiamidel ey, #5(%).64 g, 4.00 mmol ). After
the mxture was stirred for 15 min the 31 O C T 2003 WO 00/ 66557
PCT/’SE00/ 00834 27

(b) 2-Acetylamino-isonicotinic acid

A mixture of N-(4-methyl-pyridin-2-yl)-acetamide(40.0 g, 0.26 mol) and water (400 mL)
was heated at 90°C until the solution was homogeneous. KMnO, (100 g, 0.62 mol) was
added carefully in small portions with vigorous mechanical stirring over 2 h. The reaction
20 mixture was kept at 90-95°C for further 3 h before filtering through Celite while still hot.
The filtrate was concentrated to about 100 mL and concenrtrated HC| was added to adjust
the pH to about 4. The 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 in vacuo giving 2-

acetylamino-isonicotinic acid (12.0 g, 25 %).

(¢} 2-Amino-isonicotinic acid ethyl ester

2-Acetylamino-isonicotinic acid (10.8 g, 60.0 mmo}) was suspended in ethano! (150 mL)
and BFyOEt; (22 mL. 138 mmol) was added. The mixture was refluxed overnight, and
after cooling to room temperature 10 % NaHCO; (250 mL) was added. The product was
30  extracted with chloroform and the combined organic extracts were washed with water and
dried. Filtering and concentration afforded 2-amino-isonicotinic acid ethyl ester (7.46 g, 79

%) as pale yellow crystals.



m xture was added to a refluxed m xture of

(4- bronmonet hyl -pyridin-2-vl)-carbamc acid tert-butyl ester (I.00 93139.[2{@"03'
nol ) in m.), and the m xture was refluxed for 2 h. ture
was conceml{{%gyunder reduced pressure and the residue mspﬁiﬁi‘)ﬂﬂéﬁ%d

bet ween wat er and chloroform The organiX® | ayer was washed with water and
brine and dried. After filtration and evaporation of the solvent, the
crude product was purified by flash chromatography (MeOH CH2C2, 1:100) to
give 2-(2-tert- butox ycC arbon yl ami no- pyridin-4-ylnethyl)-malonic acid

di et hyl e . 0 2-tert Butox carbonvlanlno- vridin-4-

| meth 1) -(RFga ' gtacid e (0.19 g, 3.43
mol ) in t f

tert. but o‘i“‘v?i?‘%&%@?zm“aﬂﬁisfﬁ%%”&@e&%‘ %%ér A% éoﬁ?’al)d O 451 o
(1.20 g, BLRInd mewne (|151rrd.t)hmaiddéc5DM)ﬁxPa(r50 mgtty] mlpdﬂ-ldodﬂ-[dﬁuﬁﬁ n) at OC.
The m'_xtg{‘e g/as sé rzgeg7 e(gor S_lh roomtenperature- The m xture was :
concerit r SO Sre@UOSMBAL ﬂi‘reé'c%\‘ﬁﬂm VRSt BHTeReS repia émpasatureoYessgiue. :
The aque | Wasethe fle s to by 1M
HCl , andcglcll'-i!l?(thre gﬁﬁgwﬁ%)h met hyi!\lle.fr-lﬂé5 ori hlﬁu%heaso’?o%am ¢d gfr T "%\Ra

with wat and fieradao ek Z}Wéélbls@xt:trémtdxycwmwm&mj iSnadqeIned 4 edhl ws@é}ua, the
crude pr?gﬁ t g/%s) purl f ed by flash chromatography (CH3OHICH, C 2, 1:20)
to yield ?jb? but oxycar bonyl am no- pyri di n-4-yl net hyl )-nmal onic acid
nonoet hyl ester (0.90 g, 81 % . 20 (i)

2-(2-rert-But oxycar honV| am no- pyr| d| n 4-yl methvl)-acrylic acid ethyl ester
A soliati 6 (@fHyldre £ -butvleetehy| ene chl oride (4 nli)
was adde

> (2- ter‘é‘k P%%‘ggaf’b'o[:@‘ﬂ?ﬁ(FF6"E>'7‘F‘?"6’|C?|’WP“§H)ﬁ‘B{WﬁOW“BFﬁ sickethyl sAT6RE Ay
ester (0g9959mmol§n THIH (B5@RM )3WasKeited &%%AH@ @25 origel doBydgd (Hhsadq 9-
3.00 mmi:) at O0C The mixture was stirred f bR at roomtenperature an
“the m xt ffrel Madqsmwnoﬁbfbrczgu¢rbréumwewaamhre&taraﬁxlbrobnm tihushe oy hedehe

chl ori de i d dried. The
crude prglg-@?? ¢ &:&%gﬁf¥eﬁé}%§a¥1:%ﬁﬁgﬁg$5@? am% RECRTRMHET n .
CHO .15 ) mgamcelx&aas(»&re ariéd, ifilteeoty il dopayhiedit endey rédlicBd Areés Ul td) v):}@-cryl ic
acid et hg ester (0.58 g, 71 %). 31 OCT 2003 WD 00/ 66557 PCT/ SEO0/ 00834
28 0) 2 ydroxyrnethyl -pyridin-2-yl)-carbamic acid fert- -butyl ester (18.5 g, 86 %) as a pale yellow
_Acet vl Séﬁl{] anvl rnethvl - 3-(?-tert-butoxvcarbonyl am no-pvridi n-4-v9) - propi oni
c acid ester A solution of

2-(2-tert- but oxycar bonyl am no-pyridin-4-ylmethyl)-acrylic acid ethyl ester

(f) (4-Bromomethvl-pvridin-2-yl}-carbamic acid tert-butyl ester

20  {(4-Hydroxymethyl-pyridin-2-yI)-carbamic acid rert-buty) ester (8.00 g, 35.6 mmol) was
dissolved in CHaCl; (150 mL) and treated with PPh; (11.2 g, 42.8 mmol) under nitrogen.
The reaction flask was cooled in an ice bath and CBr4(14.2 g, 42.8 mmol) was added in
small portions. The ice bath was removed after 30 min and the reaction mixture was stirred
overnight at room temperature. The reaction mixture was concentrated under reduced

35 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 vacuo giving (4-bromomethyl-pyridin-2-y!)-carbamic acid fert-butyl
ester (8.38 g, 82 %).

3 (g)2-( 2-rert-Butoxvcm_-bonvlamino-Dvridin-4—v1methv1)—malonic acid diethvl ester

To a solution of NaH (80%, 0.17 g, 4.00 mmol) in THF (5 mL) at 0°C under argon was

added diethyl malonate (0.64 g, 4.00 mmol). After the mixture was stirred for 15 min the



(0.48 g. 1.57 mmol) and triethylamne (0.17 g, 1.64 mmol) was added q U'rmm
t hi oacetic acid (3 5 nL) at OC under nitrogen. The m xture was stir Ca
roomte for 4 h. The m xture was poured onto ice-

extracte V\n@tdgg%—QClZ The organi ¢ phase was washed with ﬁﬁﬁ%@ags‘NaHCOB
(ag) and dried. The crude product was purified by flash chronatography

(2.5 % MeOH in CH2CI 2) to give 2-acetylsul fanyl nethyl-3-(2-tert-

but oxycar bonyl am no- pyridin-4-yl)-propionic acid ethyl ester (0.60 g, 100

10 (k) 2niAoes »dasutlcﬂe&imlmﬂbxe‘ti-r&itxtﬁreafﬁ(m{broMbmleéyndm- 2-KD-daflingic agd et hyl

ester TFA ( m_z was added to a sol ution of
2- acet y|f§"u1bflé\’ﬁ>¢§tﬁé 14 3,33 1ommgl} in THE (10 mL) and the mixture was refluxed for 2 h.

but Oxycaffhg(?ﬁ'iXLtﬂ'mg B 8'11951 d%néf%x) el OD(?gEb eaa%ldqu %Jyaueeé&bepéft f}%@gf O0 60

nmmol) in orleunera e So i"on

m n and beoveee rw;nataeﬂ chﬁoruimdmr Thedtmd: lﬁ?ﬁ&ﬁasr\ﬁash@d GliMew Ste HEM brine and
2- acetyl sul fanyl met hyl - 3- (2- am no- pyri di n- 4- ?1( propionic acid ethyl ester
(52 frg, GEgH Aier ﬁlﬂawaq%wpwm veng the 1151detprocmq) wag pardfigdshy 3H)

Ty a oith Sty nEdy Clchbod G Ao i fpubloytidiny (50 1)
2 (2 Arrpmdxpw-ydﬁmhﬁlwxhamtihy&i)id&thﬁr@&pmsorgpﬁj eic acid

2- Acet yl sul fanyl net hyl - 3- (2-am no-pyridi n-4-yl)-propionic acid ethyl ester
.(52 ng, 0.13 mmol) was dissolved in conc. HCl (2 rnL) under argon. The

sol ut | otk RPabER ) Crb&lvidtinol fUridin-BoyiFRAGBNNEANIOLbid AftRberh Ff%i“gg‘?d

pressure ‘gave nmg, 100

:yo mg J;ll;dah(t&&(bﬂ%ﬁﬂ (CDB@DB: 436nﬂloDOn@:ﬁm?oQﬂ5)2mIé,22~8M§a3dﬁ tor soairboncﬁﬂ(ﬁ (bs,
+

3- (6 An{eﬁf'&tf%}"ﬁ‘%‘i;?@l”?}?°?§ﬁéwc%\Ea‘Bﬁ‘E‘ﬁ’Hx}Pz‘lBPIGﬁF&#'Ethé{&F%CTS@. @@32’603 o)

00/ 66554 InSERHROB34.) 2R n{ea%yiéxe%ﬂl&@dévs%f_} £H 69@%9 nfik ¥ wadlled

2- Am no- 5- pyri di necarboxylic acid (25.0 g, mol ) was suspende
et hanol fof 1§& at room temperature. The mixture was concenr.ra[ed under reduced pressure and

water was added to the residue. The aqueous layer was washed with diethyl ether, acidified

15 to pH 4 by IM HCI, and extracted with methylene chloride. The organic layer was washed
with water, brine and dried. After filtration and evaporation in vacuo, the crude product
was purified by flash chromatography (CH;OH/CH,Cl,, 1:20) to yield 2-(2-tert-

butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid monoethyl ester (0.90 g, 81 %).

lic acid ethvl ester

20 (1) 2-(2-rert-Butoxycarbonviamino-pvridin-4-ylmethvl)-ac

_A solution of diethylamine (0.26 g, 2.67 mmol) in methylene chloride (4 mL) was added to
a mixture of 2-(2-zerr-butoxycarbonylamino-pyridin-4-yimethyl)-malonic acid monoethyl
ester (0.90 g, 2.66 mmol) and 37 % aq. solution of formaldehyde (0.24 g, 3.00 mmol) at
0°C. The mixture was stirred for 5 h at room temperature and the mixture was poured onto

25 1ce-water and extracted with methylene chloride. The organic layer was washed with 5 %
NaHCO; and dried. The crude product was purified by flash chromartography (1%
methanol in CH;Cl») to yield 2-(2-¢err-butoxycarbonylamino-pyridin-4-ylmethyl)-acrvlic
acid ethyl ester (0.58 g, 71 %).



m.) and SOCl2 (15 nlL. 206 mmmol) was added. The m xture was refl uxed rﬂﬁ%ﬂl
hs and nore SOCI2 (16 nL) was added. After 3 days with reflux (and

SOC12 (10wH-4p/@dged s each day), the reaction mxture was ¢ to room
tenperature anﬁﬁqdl ethyl ether was added. After 24 h at - %lr‘%%g 0834 ur e

was Filtered. The crude salt was dissol ¥&d in nmethanol (214 m.) and a
solution of NaOH (40.0 g, 23.5 mmal) in nethanol (90 nL) was added. The
reaction mxture was stirred for i h and THE (270 nL) was added. The
reacti on (i 3dAceevIndfaniirhdtby|edt(1-hr-obgbx ecap diglBhinsigviiga -4 THE BB #qd
concentrate under is reduced pressure to give 6-amno-nicotinic acird ethyl
ester (3 7 % . (b) 6-tert-Butoxvcarbonvlarnino-nicotinic acid ethyl

ester To 1.eh_of,., > e ter 6. 217.0

oSt er 10 A g Ol hAR BRI oAt £ Il AEAEL 3800 21O,

mol ) andOdi8-g, -Ibik mimdi bardi wiatytmahe (€. 72¢ olmnﬁﬁ&)mhmdedﬁbemroe@&ﬁclaem (#as
erature for 10 h foIIovved by addition of nore

stirred at te
di -t - But WLB?L(,@FHB@{T gitpogeg "&)mxﬁcfr?é?'fﬂsm“?ﬂ A [OPRY tn@patamrgém-i behper at ur e

hexane (4dj t r ooled .to, -20C for 2 h
and fil terg&m? The I (rjcg?ce1C\-}E\/ah)ga[&‘ea%%i éél( t%%@xgﬁe di o SEHEPRATE 3: 1) and
and dri edvashed “anmsaturme@ Na# (B34 (@} arkiudrindy The bady lppsduaowai ?@:‘Eﬂ"éﬂ By Aigdnd et hyl

ester (40 0 dr oxynet hyl vr|d|n 2-vi)-carbam c acid
Cor s but ghrcuticadropld 2 S Meort Sfbe@lticging 2-abetyisulfany metiyl 3-(2-rerv-

6-tert-b 3 1 mol
in THE (‘é’%‘”ﬁ?ﬁ'&ﬁﬁﬂ“ nit grécgh % S@ég'g& E?‘Q\}CM' Fg'.é’gqjﬁd 2@%0@ in THE)
(20 wl) over a period of 2 h. The reaction m xture was stirred for 6 h,

t hen NFLC] ) unt|I neutral soI ution. The

mi xt ure AR ST 2 acidedulester t o give

( 5- hydr oxyagtohy Vb cya ter (2.00 g, 68
%9. (d) (5- Bronohﬂnet hd\fl d p?/%ltoé%%Glgﬁﬁ%gcﬁqgﬁlmg&ngﬁﬁﬂhﬁgiﬂ £ﬁ"?yl ester to

Tri F?enyb‘ﬁﬂ%%‘bﬁfbwlélslﬁpﬂ?)gldl%ﬂ) prepionicanid etiuybesniergDalng, @ Ymn(olyin0 g, 51. 2
mmol ) we e S nsi.Qn o

(5- hydroﬁlg Cqﬂéﬂd%" rfP Eggf Sr LLF‘HD(P vigs; sgreg fpr %QJFW a’é%'f%‘}cen?ai‘eﬁ)o g,

31. 215mm|hﬁddrmerﬁfd3 Zeskurd Qo gis): cRldel DA HATRAY Bhéth9l-3-5t afdih 19y M@a-40Nn! | nued
for 531 OCT 200? WD 00/ 66557 PCT/ SE%O/ OOZ gl o P w
propionic acid ethyl ester (52 mg, 100 %).

'H NMR (500 MHz. CD;0D3): § 1.15 (t, 3H), 2.32 (s, 3H), 2.73-2.83 (m, 2H), 2.86-2.93
(m, 1H), 3.01-3.07 (dd, 1H), 3.12-3.18 (dd, 1H), 4.03-4.12 (m, 2H), 6.39 (s, 1H), 6.43 (d,
1H), 7.77 (d, IH).

(1} 2-(2- Amino-pyridin-4-vimethvl)-3-mercapto-propionic acid

2-Acetylsulfanylmethyl-3-(2-amino-pyridin-4-yl)-propionic acid ethy! ester (52 mg, 0.13
mmol) was dissolved in conc. HCI (2 mL) under argon. The solution was heated to reflux
for 1 h. Concentration under reduced pressure gave the title compound as the

25 hydrochloride salt (32 mg, 100 %).
'"H NMR (500 MHz. CD;0D): § 2.70 (bs, 2H), 2.85-3.0 (m, 3H), 6.76 (bs, 1H), 6.81 (bs,
1H), 7.67 (bs, 1H).
MS (+) 213 (M+1).

30 Example 6

3-{6-Amino-pyridin-3-v1)-2-mercaptomethvl-propionic acid




and the m xture was cooled to -20C for 2 h. The m xture was then fi

and the fi)glgakds ne residue washed with cold acetonitrile &’?/S%foojftﬁ ), t

G ve (5-brononet hyl -pyridin-2-yl)-carbamc acid tert-butyr ester .96 g,
67% . (e) 2-(6-tert-Butoxvcarbonylam nd2t)yridin-3-ylnethvl)-malonic acid

diethyl ester To a suspension of NaH (0.49 g, 16.3 mmol, 80% in THE (15

m.) at OC was added diethyl nalonate (2.61 g, 16.3 mmol). The m xture was

sti rred (f)d-AbSingimcaipde vad ethiybesteradded dropwi se to a refluxed mi xture of
(5-bro t hyl -pyridin-2-yl)-ca 1.C idtert to butyl ester (3.90 g,
13.6 mn"rg{?mi“}nlo'ﬁ%“@f?c %?,XW%&]‘"&“{ 223 é’sigﬂﬂmo%‘ia&ﬁl%n inegfangk 6f0f or 15
mn.  Af (a0 vMaReCalE 9mIobos Ben Pl e Rided i Lo ified by
flash chr)omat ogr a'tr()hy (met hanoc?/s():l—IZCh,deld: %B%H%?%gﬁ%)%%%&\gtﬁv@%j{ng-tert-
but 22 yocawbpﬁﬁ]?m kzﬁ)mgy l[wasi ?dﬂéa; VA fraret dayks )\Tlmaqeﬁnk Qarﬂﬁg_drc(ﬁs @Ch_lx o i&ﬁ_t)?;ddéa?l. 18
g, . - (6-ter.t - But oxycar bonvl am no- pyri di n- 3 met hvl ) - mal oni ¢
2ci & mohisdFul B FEAEAR SURH P HPOIRGED (T8 P per Ut S A s YRanol (&
M) was@ided rfep 28 hSRLW0PO theOhjxtare Gras ﬁlteﬁ?ﬁl.)'l‘_hﬁac{udc salt was ddi%slogvteﬁ ;11 ost er

tert - but oxycar bonyl am no- pyri di n- 3-yl net oni c acl
(2. 18 t methagsl (Aivohl.) dnd etdhatival of (PBOFH(F0.Argl 288t thinloBbrie nedthanol (20 fLlPwak) at

0C. Th ] Xt ti. d f h. at t t . Th i xt
concont 1B bE AR SR Bt R rstitsPdonh B asg T (F0ERh Sy Suaddest T8 | n et o
The aqueaHsod AYRLr®Ss MRGEEthridih SLBRT silRGIFHENEOLY aﬂh*cénceﬁbeféé%uﬁ%r and

extracted with nethylene chloride. TRe organic | ayer ’was was

wat & , 1gdvers prashbude (oegive Afamano-hicotinigtacohetapbescwid@ty 87 i%on under reduced
pressure, the crude product was purified by flash chronmat ography

(et hanol/ CH2ClI 2, 1:20) to yield 2-(6-tert-

but oxyc@n Bapyil BufoR Qcapdr vilintingnydoiaidudid =iml &éc aci d nonoet hyl ester (1.00
g, 50 % ). 25 (g) 2-(6-tert-Butox car50nvi amno-p ridin-3-ylnethyl)-acrylic
aci d et Hyp selytigp of Braspinginigetini aco! sthykestey (36012181 7.0 mmpbrin (-BuH (38

met hyl ' ) 1 % tur e .

2-(6-'[2‘??2%#%%%%@%%3/ %&dgg‘?%ﬁ?gﬁﬁ%?ﬁélT{“ﬁg*‘é‘ﬁid&%’ fyd nono- et hyl

ester (dicfiBogate 726 gn?il hrol)d TAE rédcdon wad stifred i robmf empetaebyeeldp. 25 g,
The m xture s stirred for 16 h at roomtenperature

and h Hh%)‘dgg b 6K ORRANEPUBH dicashanata @O AftsE L B sEREHITePPde. The
g"lg ani chhﬁé’l%’iur%éx%ﬁs(aw iy s Add8 B THR racliof MR PR0L88RE (o Pt 53700834

and filtered. The filtrate was washed with hexane/dichloromethane (3:1) and and dried in

h foll owed by evaporation of the solvent. Acetonitrile (200 m -) Wasﬁa}g@gmgg
0

vacuo to give 6-fert-butoxycarbonylamino-nicotinic acid ethyl ester (40.5 g, 70 %).

(c) (5-Hydrox ymethyl-pvridin-2-v1)-carbamic acid rert-butyl ester

To a stirred solution of 6-tert-butoxycarbonylamino-nicotinic acid ethyl ester (3.50 g, 13.1
mmol) in THF (20 mL) under nitrogen was added LiAlH, (0.91 g, 24.0 mmol} in THF (20
mL) over a period of 2 h. The reaction mixture was stirred for 6 h, then NH4Cl (sat.) was
25 added (carefully) until neutral solution. The mixture was filtered and conc;entrated under
reduced pressure to give (5-hydroxymethyl-pyridin-2-yl)-carbamic acid rert-butyl ester

(2.00 g, 68 %).

(d) (5-Bromomethvl-pvridin-2-v)-carbamic acid tert-butyl ester

3o Triphenylphosphine (8.70 g, 33.1 mmol) and carbontetrabromide (17.0 g, 51.2 mmol) were
added to a suspension of (3-hydroxymethyl-pyridin-2-yl)-carbamic acid tert-butyl ester

(7.00 g, 31.2 mmol) in CH.Cl> (200 mL) at room temperature. Stirring was continued for 5



NaHCO8 and dried. Filtration and concentration under reduced pressur¥l ayey]
2-(6-tert- butoxycarbonyl am no-pyridin-3-vinethyl)-acrylic acid ethyl ester
(0.75 g. @608@35‘57('1 PC SEQ0(0083

2- Acet vl sul fanvl net hyl - 3- (6-tert-but oxvcar bonvl am no-gvri di n- q05 pr opi oni
c acid s ethyl ester 30

2- (6-tert-butoxycarbonyl am no-pyridin-3-ylmethyl)-acrylic acid ethyl ester
(0.49 g, 1.60 mmol) and triethylamne (0.17 g, 1.64 nmol) were added to

t hi oacet hdolever §Bevippration@Cthe sPirerti Atalomitria$260 ink ) edhs atidedad the meiuad ur e

for 6 h. The Xt ury ed onto ice: ter and extracted, with CH2C ,
The organie® ?)‘%1 vv@s&\%%]ég‘f %Tﬁ[‘érﬁtvmsép%‘ﬂm?ﬁﬁrﬁé?}@df@ ciygtating sesiduhe cr ude
pr oduct Wﬁ%eﬁ%'ﬁéﬁg Botohit A8 12 *NIDARRS Q8 ARIYY. 3.
give 2-ac etyl slttJI fanf/ll mgtlhy f@3 (6 te?t but oxy%rgﬁbonwﬁ%yﬁgfnpy gﬂ'%%“yl)
pr opi om@:iémrdbemyhys:ere@t%re ©8736 g, 61 %9. (i) 2-Aces Isulfan Irreth | - 3-
6-am no- din-3- ! - roionic acid ethyl ester is TFA (0.5 nlL) was added to
a solUtion of 2-acetylsul fanyl nethyl-3-(6-tert

{4 eHLES (100 Y, 0. 26

but oxyca(rebgrml@mmﬁop%mu% raﬁua{d, 989193 nh&h@ﬁ'rﬂal
mmol) in e ene chlori stirred

for 60 nT maampenmomo’éNnHa(ﬂéla g,uridérmnmduﬁmbl) mr‘EHE Uremil) ag0@Ewas udded
et P, A SR S e R S B! S
2.78-2. 9a?id€dﬂir ise - DrefldxdBmixtive &Wﬁ-br&n&ﬂleﬁrﬂ %yﬁfﬂn By et BBicheiPrekm

2H), 6.99 (d, , 7.69 (s, 1H),
3- ( 610AM heylgpier .90 3, 13.6 oamoR rmiﬁﬁfdﬁém] am thei renilin@saldtion was refluxed for

2- Acet yl fany et h bonyl am no | y1) - pr opi oni
o 0 ecniT e B e e S SRR WA G e GeBee B ke e (2.0
i) und%r@ﬁﬂ@ﬂrapf[ @n@tﬂhxwumamsx(ﬁIungHo@ id SEML@RALat ure for 1 h and
then heated to reflux for 1 h. Concentration under reduced pressure gave

t he ti t |batexyrpdandam@s-Fymdn- 31ﬂme%yl)armaﬂm hgid déathyl@sied €2.18 &l 44 %)H NVR (500
MHz, CD3OD): 5 2.74-2.78 (m 2H), 2.84-2.94 (m 3H), 7.02 (d. 1H), 7.72 30
(s, | H, 7.89 (d, 1H). Ms (+) 213 (M+1l). 31 O C T 2003 WD 00166557

PCT/ SEOCQ) Q034 r SButoX ¢pbéh viamino-pyridin-3-ylmethv])-malonic acid monoethy] ester
A solution of KOH (0.37 g, 6.54 mmol) in ethanol (5 mL) was added to a solution of 2-(6-

tert-butoxycarbonylamino-pyridin-3-ylmethyl)-malonic acid diethyl ester (2.18 g, 5.95
mmol) in ethanol (25 mL) and methylene chloride (10 mL) at 0°C. The mixture was stirred
for 18 h at room temperature. The mixture was concentrated under reduced pressure and

20  the residue dissolved in water. The aqueous layer was washed with ether, acidified to pH 4
by 1M HCI and extracted with methylene chloride. The organic layer was washed with
water, brine and dried. After filtration and concentration under reduced pressure, the crude
product was purified by flash chromatography (methanol/ CH.Cl, 1:20) to yield 2-(6-tert-
butoxycarbonylamino-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.00 g, 50 % ).

(g) 2-(6-rerr-Butoxycarbonviamino-pyridin-3-vlmethvi)-acrylic acid ethyl ester
Diethylamine (0.29 g, 3.00 mmol), water (2 mL) and methylene chloride (2 mL) was added

1o a mixture of 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-malonic acid mono-
ethyl ester (1.00 g, 2.96 mmol) and 37 % aq. solution of formaldehyde (0.25 g, 3.05 mmol)
30 at 0°C. The mixture was stirred for 16 h at room temperature and then poured onto ice-

water and extracted with methylene chioride. The organic layer was washed with 5 %



3-16- Am no-nvridin-3-vll-2-nmercaptonet hvl -2-met hvl -propionic acid gﬂa? CT 2003
2-(6_tert-Butoxvcarbonvl am no-pyridin-3-yl met hvl) - 2-net hvl - mal oni ¢ g
tert-butyl 5 ester ethyl ester A solution of tert-butyl ethyl

met hyl malA8VES6U57 ny, 2.26 mmol) in DVF (4 nl) was addedP@WSHEMNGAS4t 0 a
suspensi on of NaH (90 ng, 2.26 mmol, 6Q%in oil) in DVF (4 n). The
reaction mxture was stirred for 20 mn. A solution of (5-brononethy]
-pyridin-2-yl)- carbamic acid tert-butyl ester (500 ma, 1.74 mmol) in DV
(2.5 ), d 0] Wwas tlrredfor 70 mn t OAc was
added anaw?lﬁzg %qggi 6?2 5/2[%'0% I-lrddc% %E%rﬁ&“o{’ é'P SSRGS RS SUR § % ﬁa{gde’ t-

concent r aitedydansteryl areid o qBeid-8 sstie ey )G Ameidio ethgPhe ((eBt ARG /7y Et OAc, 371
-~ 1:3) gave 2-(6-tert-butoxycarbon yl am no-pyridin-3-yl ne“thyl) 2- rrethyl

mal onic acid tert-butyl ester ethyl ester (437 ng, 61 %y| eld). :5 (b)
2-(6-tergyBu 2. rralonlc acid
nono- ter(:? 9& e ] 4 S g id

2- (6-4 erdthudsaxycar bonyI am no- pyrl di n-3- yl et hyI ) 2 rret hyI rral onic acid
tert- butyl ester ethyl ester (0.42g, 1.03 mol) in THFIEtOH (4 n, 1:1) .
The 'r ea:cf@ Eﬁ’i’ Riter yedEbedarsinpr pYsid ins - B mettybracrplihaciCethgl asteva©.49Q, added and
e XSS HBRORHIA ()1 P21 b Hihof WP IS 800 Leli@Geia BIEN bR O

.2-(6- ter'[hehubmmycfalstmnydamm rtyrrpeehtﬁreffoyb HEThY mixtdre WB pylredBh@NéL aci d
(c) 3- 6-tert-Butox carbon | am no-

nmono-tert-butyl ester 4
vri di n- 3Y3Fr2 W&F‘SQ\Y%@’(%HH&Z F@%W“PmCer@%W?‘%W%damfdsaﬁwtedWOest er

Met hyl sol ution
of 25 6oy U THERCA S Pioct s ple Bk AR RUIBEO0Y BRRORICHACE: Ot ¢ aci
mono- t erd5:bo@nb vé&tbncetflsuﬂsanmnemyl)i556mm4b)1tcmydarEijNaﬁﬂr233pjcndxﬁ~39ﬁ) mmol ) in
THE (6 nL). There ctlon E@?% sstlrredfor 20 mn., filtered and
added dPSRRIPYS g el @Gétﬁé AN (39 30 my, 1.04 mol) in THE (6
m.) at OC. The reaction was stirred for 16 h at room tenperature. 0.2 M
HCl was added foI I owed by Et OAc. The or ganl C phase was washed w th brine
and dri éd2-fepvisulfanyimg ‘ ROHPYE opdvettt vbesterhr omat hogr aphy

S R A oz 0

butoxycarbonylamino-pyridin-3-yl)-propionic acid ethyl ester (100 mg, 0.26 mmol) in

methylene chloride (2 mL) under argon. The solution was stirred for 60 min and
concentrated under reduced pressure to give crude 2-acetylsulfanylmethyl-3-(6-amino-
pyridin-3-yl)-propionic acid ethyl ester (104 mg, 100 %). |
20 'HNMR (500 MHz, CD;0D): § 1.21 (1, 3H), 2.33 (s, 3H), 2.78-2.97 (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).

(J) 3-{6-Amino-pyridin-3-yD-2-mercaptomethyl-propionic acid

2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-propionic acid ethyl
25 ester (38 mg, 0.096 mmol) was dissolved in conc. HCI (2.0 mL) under argon. The solution

was stirred at room temperature for | h and then heated to reflux for 1 h. Concentration

under reduced pressure gave the title compound (25.7 mg, 100 %) as the hydrochloride

salt.

'H NMR (500 MHz, CDs0D): § 2.74-2.78 (m, 2H), 2.84-2.94 (m, 3H), 7.02 (d. 1H), 7.72
o (s, 1H), 7.89 (d, 1H).

MS (+) 213 (M+1).



hvdr oxynet hyl - 2-met hyl - propionic acid teri-butyl ester (190 ng, 57 %1 g¢T003
2- Acet vi sul fanvl net hvl - 3-(6-tert-butoxvcarbon vl am no-vridi n- 3-
["i-2-me | - ionic acid tert-butyl ester Diethyl azodicarboxylate

WO il

(160.tL, ) was added dr OpWI se to a solution of 3-F&T/SE0/00834

t ert-but oxycar bonyl am no- pyri di n- 3-yl ) -3- hydr oxynet hyl - 2- met hyl - pr opi oni c
acid tert- butyl ester (180 ng, 0.49 mmol) and tri phetzyl phosphi ne (266 ng,
1.01 mol ) in THE (6 nl) and the reaction was stirred for 5 nin.

Thi ol acegigmaeid (96 p.L, 1.34 mmol) was added io and the reaction was
stirred or Cbncentratlon under reduced pressure followed by -

chr ot hixgf-gphinofnaldiedey!E? GAercagtBmethyvt-2lmdsh vigpeéRionic acid

2-acetyl sul fanyl net hyl -3-(6-tert-

but oxycar bonyl am no- pyridi n-3-yl)-2-nethyl-propionic acid tert-butyl ester
(137 g, (a65. g§er(rgﬁutoxvcarbonvlammo- i '
3-(6- Am no-pyTidin- “Ter ca

2- Acetylﬁtﬂ_mu_mgrhyl 3-(6-tert-but oxycar bonyI anmi no- pyridin-3-yl) - 2- met hyl
4.tnmol) was dissolved in conc.

-pro onc acid ter es 4
B P ok SanBen O stk bl by 82 Woég§lﬁ@%fféﬁp%@=f%26mm¢1@pn PME (4o sisr at | on

d | d
ant (o BUET RSO EsbRITRLITEL 00 s ARTRET 8% i B PRI BEL°
1H), 2. heZe83ionmix2efe wid s@fred (ﬂor '»’O ). ﬁﬁscﬂducﬁrdof (LSHbrmenﬁ‘ﬂh)(lchynklhDQ yh- 80

(00, ! ool a2l it BEATBLE, 90 2005 LB . Srily 0l e 1L
r 5- (13- Erbatkiod vzascyumaw& 76Hmér. (Et%% Wk asilied Qe@nmﬁm& JFERJH sk | F!h QyaferV| ' -ca

rbamc acid tert-but ester (5-Brononethyl-pyridin-2-yl)-car amc acid
t ert - bu@fdl bege egriqdia @ncmmatdmmﬂey reflucechprdssuire. (Ghiromatogmiphy i Heptatie/

2, 2-di eth 1, 3-4joxa one (.600 a

triet h;%t[ %e ( ilIBPTﬁfM: t%t Fr[rr%ft?k* %ﬂ P’pé’ﬁgi‘"di‘lyg@e%'ifﬁ‘fﬂlﬁder

ni trOgeEhalJrheachQ@FttbLﬁﬂ c@iei‘&t%%ﬁe%%?lgﬁ? hfér 8d ®yfiqyni ght and water (100 ni)
was added. Filtration of the 2003 WO 00/ 66557 PCT/ SEQQ 00834 34
precipitate gave [ 5- (5-ethyl-2.2-di net hyl - 46d|oxo [

;— 3Jé 17@@ fé Yennﬁ p&’)év):é.r%rruldgﬁpnozv er 3-\% vl) ’?%%t \A'Itr%r onic acYA m%r%-?errr- 15

2-(6- tabﬁwBus:e;xycar bonvl am no- pyri di n- 3-yl net hyl ) - 2- et hyl - mal oni ¢ aci d

nonoet hyl ]
IM NaOH (2 mL) was added to a solution of 2-(6-ferr-butoxycarbonylamino-pyridin-3-

ylmethyl)-2-methyl-malonic acid rerz-butyl ester ethyl ester (0.42g, 1.03 mmol) in

THF/EtOH (4 mL, 1:1) . The reaction mixture was stirred at 50°C for 16 h. CH>Cl, was
20 added and the mixture was washed with 0.5 M HCI and brine and dried. Concentration

under reduced pressure gave 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-2-

methyl-malonic acid mono-ferr-butyl ester (348 mg, 89 %).

(¢) 3-(6-terr-Butoxvcarbonylamino-pyridin-3-yl)-2-hydrox vmethyvl-2-methyi-propionic

23 acid fert-buryl ester

Methyl chloroformate (75 pL, 0.92 mmotl) was added dropwise to a solution of 2-(6-tert-
butoxycarbonylamino-pyridin-3-ylmethyl)-2-methyl-malonic acid mono-tert-butyl ester
(348 mg, 0.915 mmol) and EtaN (123 uL. 0.92 mmol) in THF (6 mL). The reaction
mixture was stirred for 20 min., filtered and added dropwise to a guspension of NaBH, (39
3¢ mg, 1.04 mmol) in THF (6 mL) at 0°C. The reaction was stirred for 16 h at room
temperature, 0.2 M HCI was added followed by EtOAc. The organic phase was washed

with brine and dried. Concentration under reduced pressure followed by chromathography



5 ester A solution of sodiumnmetal (140 ng, 6.08 mmol) in ethanol (2?1rﬂf)T 2003
was added to a solution of [5-(5-ethyl-2,2-dinethyl-4,6-di oxo-|

1,3]dio -5 thyl)-pyridin-2-yl]- carbamc acid tort- b‘ii’}‘y (1.15
g, 3.04%?’)’;&5?& hanol (10 nL). The reaction was stirre éEu‘a@B m n. and
met hyl ene chl ori de was then added. The3dn xture was washed with io -0.5 M
HC1l, dried and concentrated under reduced pressure to give
2-(6-tert-butoxy- carbonyl am no-pyridi n-3-ylnmethyl)-2-ethyl-nmalonic acid
monoet hy et ok, 83 VB {w)3-%- (e@r—bﬁbkvcﬁ%&?&lammo -pyridin-3-yl})-2-

car bonyl am no- pyr i di n- 3- vl net hyl) - 2- hvdr oxviet hyl -but'yric acid ethyl ester
. s Met hyivdohily oredfydZrmeth vi-pB@idnic 4¢18%evoly) evas(1&8ded dr%pwi se to a sol ution
of 2-(6-tert- butoxycarbonyl am no-pyridin-3-yl methyl)-2-ethyl-mal onic acid
nonoet hyl ester (700 ng, 1.91 mmol) and Et3N (275 L, 1.97 mmol) in THE (15

n) at zéoﬂaeengmﬁhwn%ﬁn 3-(H@rr- ma@\taa%mmx%%maﬁl %‘w Sehudgr 50 min.,
filtered 'and ad FOpW SE {0 a suspension o ng, 2.1 mol) in

THE £ 15pnipjowt aci@0€x-bhind esenct i on was stlrred for 16 h at 20 room
t enperatyure. HC |, wa ollo | ene chl r| de...Th
organi cP ‘%Hé’s@%ﬂ%ﬁ‘é’ﬁéﬂ?@ﬂﬂ' g [{ IBmg dWEFr Entdr&tq B%O%ﬂfd?e gr educed

pressur %WH' 10 )] ]H‘?ﬂ@ﬁj{ ave
2- (6- ter?etr uto ycb laﬁ]mo no- Qﬁ?d%ﬁgﬁgﬂ I met N @Ag'ylh d e?;/icn%%l%le’g'butyri c

-aci d et bydy! eqeefl 8030 (h@ maelgnd @ifh¢rgipidsphiee ﬂ@ﬁmgahOIl methbly lin ZHF (6

6-tert-butoxvcarbon | am no- i n-3-1 qet hvl - but v id eth este

Di i sopr By (andAbrirecaiion ¥t %&fé"d(fgég mpin. Jeecmmld\kééu&dﬁga W%%gaaééﬁft‘%f a

sol yri og, Py rE%Ju?RQO&g RERIARY 1eh (AR eABari djjn ﬁemlu):ed &eg-slﬂge fotioWelt Rt 0C
under argon an reaction was stirre sol ution of

t hi ol acelirofmatitd gdafhbORolbenelEtRRaNi0i 1) —ahd) ga\&OZ acctylsulfanylmethyl -3-(6-rert-
(6-tert-butoxycarbonyl am no- gyrl di n- 3-yl net hyl ) - ‘ydroxymet héd(j but r| C
acid et hylxygisbenylpptnprpygidip37)-rieath ylrmomqem(%l%ter L exrtdd

during mn. The reaction was stirred for 60 mn. at 0C and then for 16
h at roo1 itenperature. Concentration under 3 1 OC T 2093 5 WD 00166557
PCTI SEO0/ 00834 35 reduced pressure foll owed by chronmat hoar aphy

(hept ane/ Et QAc,

acetyl s(R 2xéyhminey ; )
ric acig Acetylsulfanylrnethyl-3 -(6- rerr-butoxycarbonylamno~pyr1d1n -3-yl)-2-methyl-propionic

acid tert-butyl ester (4 mg, 9.4 pmol) was dissolved in conc. HCl under argon. The
solution was heated to reflux for | h. Concentration under reduced pressure yielded the
title compound as the hydrochlonde salt (2.5 mg, 100 %).

o 'HNMR (500 MHz, CD:0D): 8 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).
MS (+) 227 (M+1).

Example 8
25 2-(6- Amino-pyridin-3-vimethy-2-mercaptomethvl-butvric acid

(a) [5-(5-Ethvl-2.2-dimethvi-4 6-dioxo-[1.31dioxan-5-ylmethy])-pyridin-2-yl |-carbamic

acid tert-burvi ester

(5-Bromomethyl-pyridin-2-yl)-carbamic acid rers-butyl ester (1.0 g. 3.48 mmol) was added
30 to asolution of 2,2-dimethyl-3-ethyl-1,3-dioxane-4,6-dione (600 mg, 3.48 mmol) and
triethylamine (0.51 mL, 3.66 mmol) in dimethy! sulfoxide (40 mL) under nitrogen. The

reaction mixture was stirred over night and water (100 mL) was added. Filtration of the



ethyl ester (193 ng. 61 %9. (e) 31 0CT 2007 -
2- (6- Am no- pyridi n-3-yl rnethvl) - 2-nmercapt onet hvl -butvric acid

2- Acet yl f t hyl -2- (6-tert-butoxycarbonyl am no-pyridin | met hyl ) - bu
tyric acﬁg’b@{&ﬁ ester (12.3 ng. 30 p.nol) was dissol ved |HCE/§§%°’°UP@ (2 :
mL) under argon. The solution was heatad to reflux for 24 h. Concentration
under reduced pressure gave the title conpound as the hydrochloride salt
(8.3 my, 100 %9. 10 'H NWMR (500 MHz, CD30D): S 0.91 (t, 3H), 1.71 (m 2H)
2.68 (m predipitdte Qavd [B-(32thyl-2. 8- d¥Behd-4 BBlioxd-| . M5
() 239 (M1). Ex rrp[rrﬂé( 9 15 3- 6- A no- 5- m?hﬁg]c{'g’&”g%"eﬁwﬁ%’&%" ‘
torneth tCQQQUﬁ'EFHC@fe’rf'(bUiY(bﬂliler@cid(5'87) %2- N.N-bis tert-Butox car bonvI )am no
-3-Meth | -5- 2 2,5-trimeth 1-4.6-dioxo- 1 3 dioxan-5- nmeth 1)- ridin

2-[ N, N-bi s(tert-Butoxycarbonyl)am no] -5-brononet hyl -3-nmethyl -pyridin (1.6 A
g, 4.0 20) 2aBldrBatoxadstBen ommoSevrilih ByiHethvl-2-ethvl-malonic acid monoethvl
2.2,5-trinethyl-1, 3-di oxane-4, 6-dione (630 my,” 4.0 mﬁl‘)_an'd—[‘n—e%ﬁ'y'l am ne-
(0.58°nmL&%&L2 mmol) in di rrethyl sulfoxrde (40 nL). The reaction m xture was

stirred qv t dde ture was extracted
with Et O%‘c%m%%hé%%g?ur?\e\%eﬁl gaive %Q% é"h% ant(ﬁo\K%]:)eWa%r?@cSrtP de and
dried. Golndemnbf fi-{Bahnzlerdimenytad- @ms UBRIISAMES S e ]

2-[ N.. N-bi %(tert but oxs;llcar bon Slam noj %5 i ety D)-pyridin-2-y1)-

3- met hy| S¥bamicraaid feri- P#!VWFUAYGJG& &d-nmod)|idietheant Glﬂyrhh@t'ﬁ;d fea@iomi wasn (2. 06

b) 2= I
8), (P Bstuped (RIS, At ey X ARHAO WA AN Mdea PRt wes washed it
sodi um nesau I@@Bdnn@ anchcﬁchrm’ﬂtéd inndeztrbduted pfedfurild gvas2 -pslaae bhiRxg- 30

solution of crude 2 >H§r‘fb gt ert - but oxycar, bonyl ) ami noj

- 3- met hyfArBORYaBIng-p rY;'/’i“ thyg:-2 “arhdkala[lqmeperlmmeswﬁm hlPF gp95% i n
(2.06g9, -4.0 mml ) in ethanol (20 nL) under argon. The reaction was
stirred for 60 m n. and net hyI ene chloride was then added. The 31 OCT 2003

= ’:. ‘, e D N b aaimd br I ne

WO 00/ 6665 2-(oagm
dried ang, concerted under reduced pressure to gi ve crude
I s(tent -%térplg%?%éar bonyl ) am no] - 5- met hyl - pyri di n- 3-

yl metshy | MedryehiByd foldtO 01 5 1AC1 D IRARHAT By anﬁﬁ:ﬁ%ﬁoﬁ»@isg t&h solution of 2-(6-tert-
butoxycarbonylamino-pyridin-3-ylmethyl)-2-ethyl-malonic acid monoethyl ester (700 mg,
1.91 mmol) and Et3N (275 pL, 1.97 mmol) in THF (15 mL) at -20°C under nitrogen. The
reaction mixture was stirred for 50 min., filtered and added dropwise to a suspension of
NaBH, (80 mg, 2.1 mmol) in THF (15 mL) at -20°C. The reaction was stirred for 16 h at

20 rodm temperature. 0.2 M HC] was added followed by methylene chioride. The organic

phase was washed with brine and dried. Concentration under reduced pressure followed by
chromathography (toluene/EtOAc, 3:1 ~ 1:3) gave 2-(6-tert-butoxycarbonylamino-

pyridin-3-ylmethyl)-2-hydroxymethyl-butyric acid ethyl ester (300 mg, 45 %).

s {(d) 2-Acetvisuifanylmethvl-2-(6-tert-butoxvearbonylamino-pyridin-3-vimethvl)-butvric

acid ethv! ester

Diisopropyl azodicarboxylate (296 (L, 1.53 mmol) was added dropwise to a solution of
triphenylphosphine (402 mg, 1.53 mmol) in THF (4 mL) Va-t 0°C under argon and the
reaction was stirred for 30 min. A solution of thiolacetic acid (109 L, 1.53 mmol) and 2-
30 (6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-2-hydroxymethyl-butyric acid ethyl
ester (0.27 g, 0.77 mmol) in THF (2 mL) was added dropwise during 10 min. The reaction

was stirred for 60 min. at 0°C and then for 16 h at room temperature. Concentration under



(c) 3-(6-rNN. bis(rert-Butoxycarbonyl)am nol -5-net hvl - pvri di n- 3- vl )-25
.hydrox nmethvl 2 neth |- ro ionic acid ethyl ester Methyl chl or of ornaB & 2003
(338 L, 4 was added dropwi se to a solution of crude 2-(6- [N,

N- bi s(to?"tq??ggg ycar bonyl ) ani no] - 5- met hyl - pyri di n- 3-yl net h{ FY’S% ‘H@{"%I -mal o
nic acid nonoethyl ester (1.9 g) and E§3N (641 p.L, 4.6 mmol) in THE (30
m.) at -20C. The so reaction m xture was stirred for 50 mn., filtered and
added dropwi se to a suspension of NaBEL (182 ng, 4.8 nmol) in THE (30 nL)
at -20Credited filearB11¥@8d BY khiogthe ratune,, 025 M HC
was added f ol Ipﬁﬂe;\sgd by met hyl ene chl dcl){r?pm mqﬁ%negg%% ?Wgﬁégl Wa?\sfgwashed

W t h br|an@y@mtfadylnwd'tvlce(nﬁerem-lmaoxmarbmdmmm@dyneld 33lvhﬁsct1m Huoyricosedl by
chromat h ha %ol ue tOAc 10:1 -+ 1:3) gave 3:(6-[A

N- bi s(téq'g' 5%{%&1& 15 ami no]

-5-nmet hyl -pyridin-3-yl)- 2 hydr oxynet hyl - 2- met hyl - propi oni ¢ acid ethyl ester
(885 ng, 49 %9. (d) 2-Ace tvlsulfanvineth |-3- 6- N N-bis tert-Butox

car boen (§)ad &@mxﬁom 1dn-3-virgethyl) 3-miercaBromettivi butyrix acddi ¢ aci d et hyl ester

20 Diisgpro Fg Iat 755 L, 3.91 mml ). was added dropw se to

a sol ut i d‘% ‘t%{ Su gﬁﬁ‘%ﬁ’y ﬁgéfﬁﬁ *yg1§opy gming-pyridinsrylmeshyjpuiyng aﬁlﬁ) at 0C

and t he o o bi |.a ic acid

e tLefhgﬁegtem %an%ld %ﬁl%gfiﬁﬁ%séﬂeﬁunco& BRS ) Aaet B RL2PRL

bi s(ter Belbubmmsaettedljd feélak ot 260 nBdreyhtrajoniuhider 2dytdd grebyids exvenmé hid - 2- net
PreBy(dE @

hyl - oni c, ac et hy] ester (885 96 nrnol) in THE (5 nL) was
added dF%B %@WLPH@ roRhlFde st gBﬁ]gl;ggng Jon was stirred for 60 nin. at OC

L e A T S L

i mpur e 896¢df YHE dlaSaby, YHEY, MBR-(3d,(KH). | N-bi s(tert-butoxycarbonyl)am no] - 5-
nmet hy yl)-2-methyl -propionic acid ethyl ester (1.46 g) 31 OCT
2003 v@%%&ség%éwm SEOQ 00834 37 (e)

2- Acet vl sul f anvl net hvl - 3- (6- am no- 5- et hv] - pyri di n- 3-vl ) -2-net hvl -t pr opi oni
c acid ethyl ester Crude

2- acet y&iﬂnﬂi@l rret hyl - 3- (6-[ 1V. N-bi s((ert-but oxycarbonyl ) ani no] - 5- net hyl -
pyrl di n; | - pr. . 46Q9) . was, di ssol ved in
TFAY5 # L% Zars it eliy duced pressure
fol | oned by chromat hography (toI uene/ Et OAC l:1 - 1 10 -) 0:1) gave

slightly inpure 2-acetyl sul fanyl net hyl - 3- (6-
(y a) 2-[ M N-bis(tert-Butoxycarbonvlaminol-3-Methyl-5-(2 2 .5-trimethy] -4 .6-dioxo-

[1.31dioxan-5-ylmethyD-pyridin
2-[N,N-bis(tert-Butoxycarbonyl)amino}-5-bromomethyl-3-methyl-pyridin (1.6 g, 4.0

s

20 mmol) was added to a solution of 2,2,5-trimethyl-,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 (100 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 crude 2-[V, N-bis(terr-butox ycarbonylamino}-

25 3~methyl-5-(2.2,5?trimethy1-4,6-dioxo-[1,3]dioxan-S-ylmethyl)-pyridin (2.06 g)

(b) 2-(6-IN N-bis(tert-Butoxvcarbonvamino]-5-methvl-pvridin-3-vimethvh)-2-methvl-

malonic acid monoethvl ester

A solution of sodium metal (184 mg, 8.0 mmol) in ethanol (20 mL) was added tc a
3 sclution of crude 2-{V, N-bis(terr-butox ycarbonyl)amino]-3- rnethyl -5-(2,2,5-trimethyl4 6-
dioxo-[1,3]dioxan-3-ylmethyl)-pyridin (2.06 g, ~4.0 mmol) in ethanol (20 mL) under

argon. The reaction was stirred for 60 min. and methylene chloride was then added. The



am no-5-net hyl - pyridin-3-yl)-2-methyl -propionic acid ethyl ester (69@ NBET 2003

849 (f) 3 o
I§6A,§\ren No-Wo'Mlekdgr- Pyri di n-3-.1)-2-nmer caat onet hyl - 2- et hvi - plg&qrgfor&'/o%sﬁm d 10

tyl sul fanyl met hyl - 3- (6- ami no- 5- net hyl - pyéi di n- 3-yl ) - 2- met hyl - pr opi oni ¢ aci d
ethyl ester (17 ng, 40 p.nol) was dissolved in conc. HClI (2 nL) under
argon. The solution was heated to reflux for 150 m n. Concentration under
r educed mléggamsm'imed wid G5 M HCl(aDﬂirbOUﬂdirﬁﬂ anB @omedredainler fedecegal t (10. 7

my, 96 'H NVR (500 2.23 (s 2.61 (d, 1H),
2.79 (2dPTORYEIOE "%‘:“ﬁﬁe ?gg?_‘)kb bl*’fl“’s% L(tigri‘v‘:frll)omiﬁmegmdﬁrmﬁnh;? pmxo—ﬁ) 241
(M) E&ﬁﬂ&hgl)lﬂnﬁtmfrﬁﬂ%ﬂéa&dfm&:l?éﬁ%ﬂ'gri] Logycarbonyl ) -am nol - pro- pi oni ¢
acid 20 CHd m’) was added to 4-nethoxy tyl chloride resin (7 g,

L=0.91 nmol / o, 6 37 mml) under argon and the resin was allowed to swell
for 10 m ester HCI-saIt (5.9
g, 32"%‘{33 l ;

10 mi n. rHaehg! .ysnmlcsé}ﬁ ;eég[@t roomterrperatu e for 1 h and concentrat ed
under reduced gressure en al'nost dry, toluene (150 nlL) was 25 added and

the m xt Meghyle lcag&:irmacﬁdﬁa&uu amedmmdeas adeld i deshwsee®INoutiohhd fenifeor gglur e
rep é)eéi ¢l& The no el | resin was washed with DMF (3x60 i),
CHZCI 2 (g‘§l S “1%&%’12? o 3"‘25‘(‘6(251 Prlf}dlnéklﬁmemyé)zmtmltryalomcaeﬁd( 2X60

L d

o ki no- %%ﬁ%‘;%ﬁ%ﬁ?ﬁ??ﬂ??ﬁfdﬁﬂ@‘h -6 Shufidh BULAFT0 BLOR REEOT, 1y of

bro "’B°dm"‘m‘mmm""e’dmm“wﬁ'ri.&e?”"ra?ﬁ%"fd‘)i’t%%‘éfﬁ{"‘?’ o D P e duce
r ocedur epea Xt u s u u

Br essur «ﬁi‘%ﬁgflﬁé ’g‘= ‘%E &‘g%%;f o&@‘%bﬁ%@@?ﬁ Peresticayvwrsssredgor 16 h at

Am no- 3- Iﬁ@ﬁp@ﬂip@rd@ﬁ&pﬂ@%@{@% mﬁ?{'foxﬁﬁ&é‘d r# r%eﬁxg é’ch]o’?? °f'ﬁd=' fc}g%lgxyl .

Ioadlng, of about 0.6 ) ution pIp ine-
aci d norihaseres pasied wgb érmc a@d drjed. (!thchrtrmio)-n under radiidd p(rassaie)fouamwfied to

by PyBas feRiageReny SRR AR iR 3 15 eaby 'B%SAEvﬁéfée?aé&kﬁcqﬁmfzﬁ' iy
;23 fs€ aCimiap)-9aFeth ol f)yr?éanO}QmZtWﬁﬁéﬂﬁﬁ 3 Hleutyl Broibilc Q6aATR2L, &5l 1 NO:
mg, 49 %).

(d) 2-Acetylsulfanvimethyl-3-(6-[V. N-bis( tert-Butoxycarbonylaminol-5-methyl-pyridin-

3-vD-2-methvl-propionic acid ethvyl ester

20 Diisopropyl azodicarboxylate (755 uL, 3.91 mmol) was added dropwise to a solution of
triphenylphosphine (1.026 g, 3.91 mmol) in THF (10 mL) at 0°C and the reaction was
stirred for 30 min. A solution of thiolacetic acid (279 ul., 391 mmol) and 3-(6-[V, N-
bis(rert~butoxycarbonyl)amino]-5-methyl-pyridin-3-yl)—2-hydroxymcthyl-Z-rnethyl-
propionic acid ethyl ester (885 mg, 1.96 mmol) in THF (5 mL) was added dropwise during

25 10 min. The reaction was stirred for 60 min. at 0°C and then for 16 h at room temperature.
Concentration under reduced pressure followed by chromathography (heptane/EtOAc, 10:1
— 1:3) gave impure 2-acetylsulfanylmethyl-3-(6-[ N, N-bis(tert-butoxycarbonyl)amino}-5-

methyl-pyridin-3-yl)-2-methyl-propionic acid ethyl ester (1.46 )



the procedure was repeated once nore. The resin was then washed wt m 003
(2x2 m), CH A2 (2x2 nL), MeOH (2x2 nmL), CH2A (2x2 mL) and THE (2X :
10 THE (®W0WoiskdsTwas added to the syringe and the resin wasp@i/sKuywesiso swel |
for 10 mn. Then water (250 p.L) and M NaOH (50.tL) were added. The
reaction was left at room tenperature’for 16 h with occasional stirring.
The resin was then washed with THF. water (1:1, 2x2 nL), THE (2x2 ni),

CH2Cl 2 (12X nd ( X2 .15109VWA|nGﬂ02
(1 m) \eke-dwgbdsulignylmet P -mellud-pyriging 3 his2 gnathylrpsepigaic acido] | ect ed
in a tar I\é%@r- Thr S procedure was repeat ed one rmre tinme and t he conbi ned
organi c were concentrated under reduced pressure to yield the title
conpoundrage EheetyIEEﬁamrried(le (3 mrg?\/-b'lstre‘)@ butokilevﬂFbr()[bﬁﬂnMﬂZJ- ): 6
1.85-2.10 2.65-2 2.85-2 , 20 2.95-3.08 (m

3H), 3. 400 m4sr>' )n%’ meghyl- proesnx& aedlf(f 7l esiay (1. e&e) 1a.sphz=d in TFA (5 mL) and
Azei L di r tlce onpound
wos. br epar ey (A, CoRhration uiRk SRl A PrABLETY QP By SRSrtiestunly by "2
t he net othedeAOiket: 1i-H 1E1<campbe1)g4ve Mi gllg: mlbareS”-ﬁ&tngQIf&ﬁ lmcﬂﬂyNM:@é( 500 Mz,
CDBOD)5254263£§1:,D H, 2.82-3.05 (m 3H g
4. 66- 4. FRIGQTY-Meshyl-pyrphn-g-yip?2 rﬁrthzrgmpmmmeeml &ter (696 mcr 84%)
3- Mer capt o- 2- 1( pi peri di ne- 3-carbonvl ) - am nol - propi oni c acid The title
. conpound was prepared from piperidine-1I,3-dicarboxylic acr dIl-tert-butyl
ester [y3t cid 7b). 31 O
C T 2003 WO 00/ 66557 PCT/ SEOQ! 00834 39 ' H NVR (500 MHz. CD-, OD):

730 2. 3chqeRylsuifanylmethyl- >-(gramigo-> ppethyl-pymidin-Bayiy- %mﬂhyl-p@pweaq@e@m 3H),

4564 O4cr (7 it g FATNE alBofbedid SHEPHER P R 1BRLORAan. The solusionwas ¢ o,

yl)-amn I'oni c acl ouﬁ
az eti di hexdd r:andﬂaﬁlfmwlmm &en@bmﬂon hm&:féuuc)tﬂ preesﬁzeroabertﬂchﬁlermt hod
described in Exanple 14. Yield: r’rg%( 9% .
compound as the hydrochloride salt ( 10 7 mg, 96 %).

'H NMR (500 MHz, CD;0D): 6 1.20 (s, 3H), 2.23 (s, 3H), 2.61 (d, 1H), 2.79 (2d, 2H),
15 2.94(d, 1H), 7.55 (m, 1H), 7.69 (m, 1H).
MS (+) 241 (M+1).

3-Mercapto-2-{(piperidine-4-carbonyl)-aminol-propionic acid

20  CH)Cl; (70 mL) was added to 4-methoxytrityl chloride resin (7 g, L=0.91 mmoV/ g,6.37

mmol) under argon and the resin was allowed to swell for 10 min and 2-amino-3-
mercapto-propionic acid ethyl ester HCl-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 I h and concentrated under reduced pressure. When almost dry, toluene {150 mL) was
25 added and the mixture was again concentrated under reduced pressure. This procedure was
repeated twice. The now yellow resin was washed with DMF (3x60 mL), CH.Cl, (2x60
mL), TEA:CH>Cl> (1:1, 2x60 mL}, CH>CI; (2x60 mlL), MeOH (2x60 mL) and dried under
vacuum overnight.
To calculate the loading of 2-amino-3-mercapto-propionic acid ethyl ester on the resin, 50
50 mg of the product was treated with 10% TFA in CH,Cl; for 1 minute, and this procedure

was repeated 4 times. The mixture was concentrated under reduced pressure to give 2-



"H NWVR (500 MHz. CD3OD): 5 2.86-3.02 (m 2H), 3.72-3.80 (m IH, 4. 20 4,
(d, 4H, 462467(m 1H). 10 Exanple 14 310
3- (6- Am -pyridin-3-vi)-2-mercaptonethyi-propionic _acid

5- Br ono- EQPI\‘M%% (tert-butoxycarbon. 1 am no!-3-net hyl -pyn%@ﬂsﬁ@’(ﬁ’sg“
2- Am no- 5- br ono- 3- net hyl pyridine (15.0 g3 80.2 mmol) in tert-butanol was
treated with di-tert-butyl dicarbonate (43.6 g, 200 nmol) and DVAP (0. 60
g, 4.91 nmmol ). The reaction mxture was |eft at anbient tenperature

over ni ghtAafish-BafertARA pEPRGRO RSBl RH1 URELlD 3 BTUGed B £ S
added and the pr odué{:tg pr eci pi ta{t ed“as a sol Pﬁ’q F?ll %[2?1 ?\ﬁﬁdﬁﬁége%%g%\éa

5- br ono- 20{tR/8- bi s(t ert - but oxycar bony!) ami no] - 3-net hyl -pyridin (22.0 g, 71
%9. 20 (b) 2- N.N-bis(tert-B utoxvcarbonvl amno -5- tert-but I-dinmeth

| -silanvl oxvneth I)-3- nethylpvridin A solution of

5- br omo- 2 kNuboRios bipefid pqt@w% Rony Loiamdiel r: B 163

67.1 mmol ), tert-b gtpyl-ml met h 1 6? ut%}?@@%ﬁﬁy I[}#&gﬁs aneljrg?%é)qg
109 myol )PMa(d mRswhi si(dtdrcquthemymphmmvnbe:@alrmdi/grdms nneois i #piadec (0. 90 g,
1.42 mol di chl oroeth ne was stirred at 90C for two days.

The ni xt B“v\?aif ‘i‘b kY FP@) ( dodl-é{uﬁyl) inOAF (0-f 700 3nd) DIREEA 4ditiBd,

fol | owed 40. Th t
Stirred o pon sk € feaPAUEOME IR 55k bt 8 0 Bifickeaidtl fibeirdned
with wat elre pmblcedmle anslrapemed Dhdearhort. Theesin adytrRd wisRES Wi®. DMRER2 mL),

chromat o exanet Et QAc, 100:0 --4 :
2- (N, Mb%@‘? 32 gdfglo&x |r)l%dn%:]¢15£?(&-emumﬁﬂlz(2x2 mL).

di met hyl C.T 2003 WO
00/ 6655 %@@Eé@*ﬁ%@ﬁé‘“ G e Bl Pty Riysde s8R Bt no

-5- hvdr oTveR tawdr{2 SefLbNAndVID MIMaOﬁe{SO%%UWr@ﬁHH&H' TH Fc:'ale'ﬁ’&': Uas (JParlrom 79- 6
nmmol ) was added to a sol ution of 2-

bi s(tertIW%@(‘}‘@aﬁobéﬂiﬂWlmWé&]lo@(Stle'm?n Bbe yesindivas then washed mit ok Fethed ) - 3- m

it ed Bt L G BB D Cap L hitu ez b7 b Bl diedat . © "

pressure followed by flash chronat ography (hexane/ Et OAC 50: 50) gave

2-[ N, N- bi sgyt ert - but oxycar bonyl ) am no] - 5- hydr oxynet hyl -
15 10 % TFA in CH,Cly (1 mL) was added to the syringe and after 5 mm the solution was

24
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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 (15.3 mg, 74 %).

'"H NMR (500 MHz, CD;OD): § 1.85-2.10 (m, 4H), 2.65-2.72 (m, 1H), 2.85-2.92 (m, 1H),
20 2.95-3.08 (m, 3H), 3.40-3.47 (m, 2H), 4.55-4.60 (m, 1H).

Example 11

2-[(Azetidine-2-carbonvyl)-amino]-3-mercapto-propionic acid

The title compound was prepared from azetidine-1,2-dicarboxylic acid 1-fert-butyl ester by
25 the method described in Example 14. Yield: 13.8 mg (72 %).

'H NMR (500 MHz, CD;0D): § 2.54-2.63 (m, [H), 2.82-3.05 (m, 3H), 3.93-4.15 (m, 2H),

4.66-4.71 (m, 1H), 5.05-5.10 (m, 1H).

Example 12

30  3-Mercapto-2-[(piperidine-3-carbonvi)-aminol-propionic acid

The title compound was prepared from piperidine-1.3-dicarboxylic acid 1-tert-butyi ester

by the method described in Example 14. Yield: 15.1 mg (73 %).



met hyl pyridin (8.0 g, 59 %. (d)

5- Br ononet hvl - 2-f N. N- bi s(t ert - but oxycar bonyl ) ani nol - 3- et hvl pyri di n3 1@CT 2003
Tri phenyl phosphine (7.43 g, 28.3 mmol) and CBr4 (9.49 a, 28.6 muol-) was
added t oW® 0046331t i on of PCT/SE00/00834

2-[ N, N-bi s(tert-butoxycarbonyl)am no] - 3g hydr oxymet hy1- 3- met hyl pyri di n

(8.00 g, 23.6 mml) in dichloronethane (220 nmL.) at O0C. The reaction m xture
was stirred for 3 h and was then concentrated under reduced pressure.

Fl ash chr, ek Et 0: c
5- br omm}t)wﬁggmu Qfﬁﬂ Eﬁt@f‘i 8 )lgﬁﬁx‘/ o1& r%”ne?ﬁfl et (8.0
g, 77 (e3.123(% 3;[\I3H)I\L;13551 $2irh - Byt 0X car bon 1 amno -5-neth 1-n
ridin-3-vl et hyI) - malonic acid diethvl ester To a suspension of NaH
(0.24 g, 6.0 rnnol, 60% in.DVF (5 nL) was added diethyl 20 nalonate (0.91
m., 6.0é‘mD g agd the mxture was stirred for 15 nin. A sol ution 2-[ N, NV

[ i di 5.0

bi s(tert= ar bonyl ) am no] - 5- br ononet hyl - 3-nmet hyl -pyridin (2.0 -,

mol )s i m-eg%i&éemﬁrmlﬁﬂ'ﬂﬁl@ @Qﬂcrrcﬁoffﬁé%t)ﬁic%ldso' ution stirred for 120
m n at t hy acetate was added an € mxture was washed with water

and bri ndedrte Qﬂmmnd Afas @repaeaﬁbﬁwnatzctcﬂm@ﬂ 3-theashokybn tgid thmoerecremtyir oduct

\S?\S/ep;rl(%tlc?ﬁl}'@/ %Pg chr fﬁ&%ﬁ?ﬁﬁ?ﬁgﬁ% 9127)1 100 -~ 1:20) to

met hy! - PyridIR0 SHoWIFB! trm%.aamvs 9353 GLiH, ﬁq)etshzb'-s @ﬁty@r 118, £2684, F 3? N1

- (f)_2-(6- [NN-bls(tert buf oxvcar bonvl) ami nol - 5- gyfidrn- rrethvl) ma
| oni ¢ adit-4.68rimeiHY.] ester 30 A solution of KO—| (154 nmg, 2.75 mrnol) in

et hanol (2 nmL) was added to a solution 2-(6-

[ NV. 'R bi s(tert-butoxycarbonyl ) ani no] - 5- net hyl - pyri di n-3-vl nethyl)-nal onic
aci d di g¢ixhynle pster (1.2 g, 2.50 mmol ) in ethanol (10 nL) and nethyl ene
chlori deT'Zl"p'r?E)_ at OC The 31 OCT 2003 V\D 00166557 PCT/ SE00100834 41

m Xt ur e 3wA anthy Riity3e])-2 0y “ zedi Xt ure was
concentrated under reduced pressure and the reS|due di ssolved in water.
Ethyl acetate was added and the organic |ayer was washed with 0.5 M HCI,

water, lpd)i ABr@fel2dN, Bbis(Ari-Blitokydak byl @i idat i on under reduced
pressure gave crude 2-(6-[ N V-bis(tert-butoxy

car bony ByAmintoi-bemettmethpipyriding-(35 9|grﬁ@ﬁyn;mhhmdmtrbumhwmﬁe@@wnhest er
( 1.0 g, ng ?e@ b%&%:g&b%éﬂ% hj‘%"’acr /) ca?lél I\//ﬁﬁ!’ P(?@éf l,) 3511 r?ﬁ’xjnc?l). The reaction

-met hvl™- pvri
mixture was left at ambient temperature overnight and was then concentrated under

reduced pressure. Hexane was added and the product precipitated as a solid. Filtering

afforded 5-bromo-2-[N, N-bis(rerr-butoxycarbonyl)amino]-3-methyl-pyridin (22.0 g, 71 %).

{b) 2-[M N-bis(terr-Butoxycarbonvlaminol-5-(tert-butyl-dimethyl-silanvioxvmethyl)-3-

methvipvridin
A solution of 5-bromo-2-[N. N-bis(tert-butoxycarbonyl)amino]-3-methyl-pyridin (26.0 g,
67.1 mmol), tert-butyl-dimethyl-tributylstannanylmethoxy-silane (47.6 g, 109 mmol), and
25 bis(triphenylphosphine)palladium(Il) dichloride (0.90 g, 1.42 mmol) in 1,2-dichloroethane
(80 mL) was stirred at 90°C for two days. The mixture was cooled to 0°C and diethy! ether
(200 mL) was added followed by saturated aqueous potassium fluoride (40 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
30 (hexane/EtQAc, 100:0 — 95:5) gave 2-[N,N-bis(ters-butoxycarbonyl)amino]-5-(tert-butyl-
dimethyi-silanyloxymethyi)-3-methylpyridin (18.0 g, 59 %).



ethyl ester Diethylamne (0.26 g, 2.67 mmol) was added a m xture of 310CT 2003
2-(6-[NN-bis(tert 1o

but oxycar Ky noj - 5- met hyl - pyri di n- 3-yl met hyl ) - mal oni c | hyl
ester (1.0 2d@26§§n2ml) and 37 % aq. solution of formal dehyde%%ggfwgﬂ%%.oo
mml) in nethylene chloride (2 nL) at @0C. The m xture was stirred for 16

h at roomtenperature and ethyl acetate was added. The organic | ayer was
washed with water and 5 % NaHCO3 and dried. Concentration under reduced
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was pur i meenlylpyriding810 g 139c&nt ogr aphy 25 (tol uene/ethyl acetate, 3:1 -3 1:2)
to give pure 2-acetylsul fany! methyl-3-(6-[N N-bis(tert-

but oxycar bonyl ) am nol - 5- met hyI pyridin-3-yl)-propionic acid ethyl ester
(489 0. (O12Bomafiusty -

2-acetyl sul'tany
met hyd - pyi npbtwlahqsppnpr@f}B@BM amndl)eﬂnuﬂBxe@ @p g( 08 34n@ol)4adaddeédro(al)

3-(6-A t hv d
2 hcet vi SUPRERGA RIS o R ireayDar Rt BijearBeRyt S da hapycine 1 - py

di n- 3- o d
nconc. 10 203, 6 ) “%‘-ﬁ“égé’?“l‘ﬁ*o‘é‘i‘r’%%og W 807 Soabs el Rl Boukaay e

sol ut i onfaraish archwasithen cpeganyrtet sinddr teducsinpressura thlash chrcdnatog:aplhlya ed pressure
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. 6015 ( smethytpyridin 780 gs77 %)H). 5 M5 (+) 227 (M+ 1). Exanple

{e) 2-(6-[N N-bis(tert-Butoxycarbonyi}amino]-S-methyl-ovridin-3-vlmethvl)- malonic acid

diethvl ester
To a suspension of NaH (0.24 g, 6.0 mmol, 60%) in DMF (5 mL) was added diethyl

2o malonate (0.91 mL, 6.0 mmol) and the mixture was stirred for 15 min. A solution 2-[NV V-
bis(terr-butoxycarbonyi)amino]-5-bromomelhyl—3-mcthyl-pyridin (2.0 g, 5.0 mmol) in
DMF (5 mL) was added and the resulting solution stirred for 120 min at 60°C. Ethyl
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

s (CH3OH/CH,Cl,, 1:100 — 1:20) to give 2-(6-[N, N-bis(tert-butoxycarbonyl)amino]-5-
methyl-pyridin-3-ylmethyl)-malonic acid diethy! ester (1.2 g, 50 %).

(f) 2-(6-[ V. N-bis(tert-butoxvearbonvhaminol-5-methvl-pvridin-3-vimethvh-malonic acid

monoethyvl ester

0 A solution of KOH (154 mg, 2.75 mmol) in ethanol (2 mL) was added to a solution 2-(6-
[N.N-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 chioride (4 mL) at 0°C. The



3- 6-Am no-4-nme( hyl-vridin-3- 1)-2-nercy tonethvl-prop ionic acid tg,‘g@)[ 2003
2- Am no- 5-brono-4-nmeth | yri dine 2-Am no-4, -nethyl pyridine (110 g,

nmol) in c acid (I L, 48% was stirred at 7OCan n of
hydr ogen%‘gpéggﬁ{g{en (300 nL. 15 %9 was added dropw se over a Cgrﬁ%ébﬁ}dgé‘q’gsuch a
rate that the tenperature of the react#bn m xture remained at 70 - 80C. The
m xture was stirred for 90 mn at 70C and poured onto crushed ice. The pH
was adjusted 15 to 4-5 with sodium carbonate and the precipitated solid
(cont ai mhingurewassIsiirrdd boroisi natredmpe ogetay. TWSmidtklear 8t onténtaine eiceear ded.

The p %; subsequently raised to 9 and the Erem pitated product collected
by flltrr ysH pr%é%rrewfléfrq fesigie 8iselvemin wrgedehyagetare wad adsled and the
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g, 4591cpspenybarmine] -Srra%ﬁévflawc%wﬁrwmetmz-maéwc agid amariosHtyl exsepid g 585%).
overni ght and was then concentrated under reduced pressure. Flash

chr omat ogr aphy (hexane/ Et OAc, 95:5) gave 2-[N. N-bis(tert 25

but oxy ¢ &) rsLLN Alvbid ok rr-Bubyx@barbdn Vikinhivib DS rheth tl-g i ddR- 30y neShd-acrvBd add NN-bi s
tert-But ox carbonvl)anm no -5-(tert-butyl-dinethvi-siianviox nmethvl)-4-

.met hvl vESR &SI sol ution of 2-[N, N-bi s(tert-butoxycarbonyl)ani no
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(40 tnL). The mxture was stirred vigourous n an t'ered. The
or gani caqehaie evapaddedrdbd exganict Inyasaw asrwastied sdthamte:cm«b@ﬁ’i NaH€Dumdeiriededuced

pressurg. Fl ash chr h Et 5 aye 2-[.N

R b s GPpessiielivg Had s Rrtko SRR S pienteibephy (oldenclethyl
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2-fN. N-bi s(tert-but 3xvcar lgo%yl )am(nog0 50 hygfb(z)))?@am&@ 54mr?‘tehtyh\l/)f'tgslrn|%il n

Tet r abuylydeshytpadylic adidothiydest¢rd(®.68 g,7344).1 nmol ) was added to a sol ution of
2-[N, N

(h) 2-Acetylsulfanyimethyl-3-(6-[N. N-bis(tert-butoxvcarbonyllamino]-5-methyl-pvridin-3-

yl)-propionic acid ethyl ester
20 Triethylamine (0.234 mL, 1.68 mmol) was added to a solution of 2-(6-[N, N-bis(tert-

butoxycarbonyl}amino}-5-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.68 g, 1.61
mmol) in thioacetic acid (3 mL) at 0°C. The mixture was stirred at room temperature for 16
h. Ethyl acetate was added and the organic phase was washed with water, saturated
NaHCO; and brine and dried. The crude product was purified by flash chromatography

25 (toluene/ethyl acetate, 3:1 — 1:2) to give pure 2-acetylsulfanylmethyl-3-(6-[N N-bis(rers-
butoxycarbonyl)amino]-3-methyl-pyridin-3-yl}-propionic acid ethyl ester (489 mg, 61 %)
and slightly impure 2-acetylsulfanylmethyl-3-(6-[N, N-bis(zert-butoxycarbonyl)amino}-3-

methyl-pyridin-3-yl)-propionic acid ethyl ester (0.34 g, 43%).

30 ()3 6-Amino-5-methyl-pyridin-3-vD)-2-mercaptomethvi-propionic acid

2-Acetylsulfanylmethyl-3-(6-[ N, N-bis(tert-butox ycarbonyl)amino}-3-methyl-pyridin-3-y])-
propionic acid ethyl ester (17 mg, 0.034 mmol}) was dissolved in conc. HCI (3.0 mL). The



bi s(tert-butoxycarbonyl)am noj
-5-(tent-butyl -di net hyl -sil anyl oxynet hyl ) -4-net hyl pyridin 10 (10.0 é1 QQT @03
nol ) in %o m.). The reaction m xture was stirred for h_at room
tenperature. Concentration under reduced pressure fol | owed ByT/PFUOA834
chromat ography (hexane/ Et CAc, 50:50) g&ve

2-[N.N-bi s(tert-but oxycar bonyl ) am no] - 5- hydr oxynet hyl -4- nmethyl pyridin (5.0
g, 67 %9. is (e) 5-B rononeth |-2- N N, bis(tert-butox carbon | artuno -

4-meth | soludbn waFthiepledy kaphR<ph1 AeCoAchiabion dde? rélERLY pARELEBEA h81f2 9.
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phase wag, WBShEW7 W4, t1l)20 water, dried and concentrated under reduced
pressure. Flash chromatography (hexane/ Et QAc, 80: 20) gave

5- br oot -227[(Mbbi s(t er t - but oxycar bonyl )am no]-4- methyl pyridin (5.35
g, 90 %9. (f) 2-(6-fTN.N-bis(tert-B

ut oxycar bonyl ) am nol-4-net hyl -pyridin-3-ylnmethyl) _ malonic acid 25 diethvl
ester ToE;aa;ﬁ#ggnm on of NaH (0.24 g, 6.0 nnrnol, 60% in DVF (5 nL) was
added di et hy mal onate (0.91 nl, 6.0 mmol) and the mixture was stirred for
15 min. idin-3-y1)-2-mercaptomethyl-propionic acid

bi s(tert-but oxycarbonyl)am no]-5-brononet hyl -4-nethyl -pyridin (2.0 g, 5.0
nmmol) in DWW (5 nL) was added and the resulting solution stirred for 120
mn at @) Q-ARi5-EOmceiatirIMaidiadded and the m xture was washed with
wat er and brine and drie ter evaporation of the solvent, the crude
product ArAsniperdrmedyinyyidinesd 0 ghl SRmealy nai;mgrobr@mw CHLO#8%) whs ifiGed 41, 20)
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car bonylonani achelfa rat ek theyteigennge YF R Y on AR1AE kémarkdadicel vk, €54 er
(1.15 g. 48 %9 and an inpure fraction 2-

6-[i
11i - bi s ERiEFYre b‘(i"?é%?é‘éf‘ﬂ'(ﬂqwaﬂa%?ﬁoq: and pevteg onpyeritied ice. Tiemdt wys jdjusedni c
gc'( gs ?:\I‘?J)S €¥ﬂb\|w§t :Sg‘?lt“ ﬁz{r%;)?(rg%e gl)p{ec n?natid solid (containing mostly dibrominated

- 4- met hypkodugts) ohas {Btevddeft yd drsmﬁaml'lmeqﬂ{ d.ras sEb3e@icnyly reisé®lo Pakdthet i on of
was added to a solution 2-(6-

KOH (141 ny.. 2.52 1) i | .
[N N b TR RTE RGBS P Gjons Regisbpliiyen Hom 9 lueRa et P Aminboni ¢
aci d di 8tdigno-4-methylpyridine (76.3 g, 40 %).

20 (b) 2-[M.N-bis(rert-Butoxycarbonyllamino]-5-bromo-4-methvlpyridin

2-Amino-3-bromo-4-methylpyridine (5.70 g, 30.5 mmol) in chloroform was treated with

di-tert-butyl dicarbonate (20.0 g, 91.60 mmol) and DMAP (0.60 g, 4.91 mmol). The

reaction mixture was left at ambient temperature overnight and was then concentrated

under reduced pressure. Flash chromatography (hexane/EtOAc, 95:5) gave 2-[N. N-bis(tert-
25 butoxycarbonyl)amino]-5-bromo-4-methylpyridin (8.02 g, 68 %).

(c) 2-[N.A-bis(rerr-Butoxycarbonvllamino]-5-(terr-butvl-dimethvl-silanvioxymethyl)-4-

methvlpyridin
A solution of 2-[N, N-bis(ters-butox ycarbonyl)amino]-5-bromo-4-methytpyridin (15.0 g,

s 38.70 mmoi), rert-butyl-dimethyl-tributylstannanylmethoxy-silane (25.4 g, 58.3 mmol),
and bis(triphenyiphosphine)palladium(II) dichioride (0.90 g, 1.42 mmol) in 1.2-dichloro-

ethane (50 mL) was stirred at 90°C for two days. The mixture was cooled to 0°C and



ester (1.1 g, 2.29 mml) in ethanol (10 nl) and methylene chloride (%10c7n
at 0OC. The io mxture was stirred for 18 h at roomtenperature. The m xture
was concqiyderlssst under reduced pressure and the residue dp&sRENMARgIN
wat er. Ethyl acetate was added and the organic |ayer was washed wth 0.5 M
HCl, water, brine and dried. After fil4¥ation and concentration under
reduced pressure gave crude 2-(6-[N, N-bis(tert-butoxycarbonyl) -
am no] - 4- met hyl - pyri di n-3-yl met hyl )-nmal oni ¢ aci d nonoet hyl ester (1.0 g, 97
% ). 15 didihyl2tie-(RO) L) was added followed by saturated aqueous potassium fluoride (40
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16 h’at 5#%5’#?’9%8%5\%&?8‘%5]&&“@{%9&% gb)ezt%l-e was added. The organic |ayer
was washed with water and 5 % NaHCO3 and dried. Concentration under
reduced pressure followed by flash chromatography (tol uene/ethyl acetate,
3:1 -4 (4YR2-1akkis(tert-butoxycarbonyl)aminol-3-hydroxymethyl-4-methvipvridin
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give pure 2-acetyl sulfanylnethy] -3-(6-[: ;1V-bis(tert-
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(5.00 g, 22.0 mmol) in dichloromethane (130 mL) at 0°C. The reaction mixture was stirred

for 3 h and was then diluted with dichloromethane. The organic phase was washed with

20  water, dried and concentrated under reduced pressure. Flash chromatography
(hexane/EtOAc, 80:20) gave S-bromomethyl-2-[V, N-bis(terr-butoxycarbonyl)amino]-4-
methylpyndin (5.35 g, 90 %).

(£) 2-(6-IN.N-bis(rert-ButoxvcarbonyDamino}-4-methvl-pvridin-3-yvlmethyD- malonic acid

25 diethyl ester
To a suspension of NaH (0.24 g, 6.0 mmol, 60%) in DMF (5 mL) was added diethyl
malonate (0.91 mL, 6.0 mmol) and the mixture was stirred for 15 min. A solution 2-[V, V-
bis(terr-butoxycarbonyl)amino]}-5-bromomethy!-4-methyl-pyridin (2.0 g, 5.0 mmol) in
DMF (5 mL) was added and the resulting solution stirred for 120 min at 60 °C. Ethyl

30  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;Cl., 1:100 —1:20) to give a pure fraction 2-(6-[ V. NV-bis{rert-butoxy-



2- Ace tylsulfanyl methyl-3-(6-[ N, N-bis(tert-butoxycarbon yl 1.0CT 2003
)am no] - 4-nmet hyl -pyridin-3-yl)- propionic acid ethyl ester (36 ng. é 0% _
mol ) wawglo@sgbved in conc. HC (3.0 nl). The 10 sol uti opchageheahed to
reflux for I h. Concentration under reduced pressure gave the title
conpound (18.7 ny, 98 % as the hydrochforide salt. “H NVR (500 MHz,

CD3OD): S 2.42 (s, 3H), 2.72-2.95 (m 5H), 6.81 (s, 1H), 7.58 (s, 1H. M5
(+) 227 (Mrl). 15 Exanple 16 2- Mercaptonet hvl - 3- pi peridi n-4-vl _buryric

aci d (a)canberndﬁ)raﬁyma]p&-p@rhyéﬁpmedllnd:amgyﬂ)irnalauicdlctdeaiiembuwér (@éday, 48 %)

Peri odi nane (.26.9 63. wh), .was added to a sol utjon of .

Totert - pUbaR BB R A Pt i B ey TRgo b3S mridws®) 1 n

net hyl engmeyorind®n{c2 dkdhybededhe gy xture was stirred for 90 mn.

D ethyl ether was added and precipitates were renoved by extraction with
10 % Na2S2Q03/ saturated NaHCO3 (1:1, 300 nmL). The organic |ayer was washed

with_ 0.5 acd .and brine, dried and concentrated under reduced pressure.
Flash o 5L N NG -4vMe : sthylimalonic acid

ri di ne- Ingeh@rgic acid tert 25 butyl ester (8.5 g, 81 %. (b)
2-(1-tert-Butoxvcarbonyl - pi peridin-4-yl net hvl ene) - mal oni ¢ aci d-di et hyl
ester Tosyusen of K& 0f | ditg 2kYA mmwil binatleanol (DmL,) whsadded &l § schutibn 2-(6-

4- f o0l peri dine-] - 1i i t:b t 1.0 g, 4.7 |
o et VY B e BB e 43y b B TR P hesic ol sl o
acetic agkel(1(2¢, 1.2 mrolh TR0l (10TRE ) hRAGIUPAME X1 (ARE) std°T ¢fl.TOr 72 h

at roomtenperature and then for 16 h at 45C. Et OAc was added and the
mi xt'er e "MERIG3hetTed for 1 dtae rocam tempparaiare. ik enixsurd waegoreentrated dinderder

reduced 0466557 L SE0Q/ 00834 46 pressure. The crude was
puri fi e(rf?atqnjfl% E%s%ugg r%}rﬁn?tr%é‘é‘gcp%%o{‘fﬁég;; ant 7%?%& acqap was afﬂ%‘fa‘?%thegi ve

2- ( 1- t entgahiet layeroadshoniibd pithers B HOA-whisE bk @ne drieB! AfkCfiaaiion giet hy!

ester (0.69 g.. 40%. (c) 2-11 -(1-tert-Butoxvcarbon i- i eridin-4-

1) - et hvFORSRAFarcunger Frdursst Brpssuessave onde 2-(& [ 84V-his(reg-Broxiyesrbony}6 M i n

di et hyl I R - i .S5€ -4r 0, 3. 88 mmol)
i (BRI L ARREA BRI ot B ddninitier (00 SRS 30 i .
A sof ution of 2-(1-tert-butoxycarbonyl.-piperidin-4-ylmethyl ene)-malonic

acid di ) : .
ﬁ'lt) rP-Q‘S—E’NN-Itns(nrzirﬂr‘-bl.uoxvczu'bonVl)zm‘uno]--'-1--mt-:thyl-pvridin-3—v]meths,rl)-acwlic acid

ethvl ester
Diethylamine (0.26 g. 2.67 mmol) was added a mixture of 2-(6-[V, N-bis(tert-
butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.0
20 g, 2.2 mmol) and 37 % aq. solution of formaldehyde (0.24 g, 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 % NaHCO; and dried.
Concentration under reduced pressure followed by flash chromatography (toluene/ethyl
acetate, 3:1 — 1:1) gave 2-(6-[ V. N-bis(terr-butoxycarbonylyamino]-4-methyi-pyridin-3-
25 ylmethyl)-acrylic acid ethyl ester (0.81 g, 88 %).

(1) 2-Acetvisulfanylmethvl-3-(6-[N. N-bis(terr-butox vearbonvamino]-4-methyl-pyridin-3-

y!)-propionic acid ethvi ester

Triethylamine (0.279 mL., 2.0 mmol) was added to a solution of 2-{6-[V, N-bis(tert-

310 butoxycarbonyllamino]-4-methyl-pyndin-3-ylmethyl)-acrylic acid ethyl ester (0.8 g, 1.9
mmol) in thioacetic acid (3 mL) at 0°C. The mixture was stirred at room temperature for 16

h. Ethyl acetate was added and the organic phase was washed with water, saturated



ester (0.69 g, 1.94 mmol) in THE (5 nL) was added dropw se and the {Aga}rcﬁ[ﬁ(r}b
m xture was 10 stirred for 120 mn at -78C and was then allowed to r 003
roomte r during 60 mn. Concentrated aqueous NH40 dded and
the m xtr%?)en%&/géﬁt hen extracted with EtOAc, washed with co@gﬁ‘?@'@gﬁ
aqueous NHAOH and brine, dried and com@gentrated wunder reduced pressure.

The crude was purified by flash chromat ography (heptane/ EtQAc, 3:1 - 1:6)
to give 2-[1-(I-tert-butoxycarbonyl -piperidin-4-yl)-ethyl]-mlonic acid

di et hyl NaHC @SR br{f- 238 died SPhe?8rudé Plodaddwas gurd dd 5 PHARCHEGH BB rabny |
eridin-4-vi -eth 1 -malonic acid nonoeth 1 ester A’solution o 'K&-I"(84 ny,

1. 16 nmido)uene/etityDhtefle.f) -nd<s?)added piropwicsty|sutfaaylsekiwli36i-[MN-bis(rert-
2-[I-(l-tert-butoxycarhonyl - pi peridin-4-yl)-ethyl]-malonic acid diethyl

ester (BUGSYearbonylpmIRCmrIciIvlRYREt b ropipneT fid el eatgr BAQ MR AH%N0 i)

at 0C. .1 Tl | kI RC -1k 3 ver night-

i onc v SipTY e Fadel A R A R R B BRI %G e
and coneoertiyiyadindhgbrprogidnicedidetagisaste (068g)ve 416 ng of crude
2-[1-(1-tert-butoxycarbonyl -pi peridin-4-yl)-ethyl]-malonic acid nonoet hyl
ester. 25 (e) 4-(2-Ethoxvcarbonvl-I-nethyl-allyi)-piperidine-I-carboxylic
aci d ters 308 A3 lein JFBUNBILONIR et dMehdt-froolBiR acid ! %11 Water) vas
_ - t ert - b2rAmeydan raplmetioy] defa-OV, V-Bis{réry-betdxykdrbomy ipamiao hd Htethplrpeidiyi3-g5t er

416 i .net hyl h id mL t 0C. Diethyl i 153 p.L, 1.47
G MO, IR R R DI S I €N
ovel, ni %tioﬁ%a%ﬁogﬂﬂﬂdfo?@qm. ARcdfirdlion linbér ABSC drevi AR tﬂ@ﬁﬁf‘_{]eand

saturated NaHCO3, dried and concentrated under reduced pressure. crude
was purédopeindy(18.7 asd 98k pasetho ydgshilofidelsalene/ Et OAc, 3:1) to 31 OCT 1003 WD

o 5o ks AR T Chaoi 82143 ) 3801 302207 4 S BAG D638 F- put v/

ester (185 oover two steps). (f)

4- ( 3- Acl(e@v(llkgt]?? ggl\gl-lliyz- et hoxycarbonyl - | -nethyl-propvl)-piperidine- |
-carboxylic acid 5 tert-butyl ester TEA (86 L, 0.617 mml) was added to a
sol uti ﬁ of ]4- EZ- et hoxycarbonyl -1 -nmethyl -al lyl)- piperidine-1-carboxylic
aci ¥ t a ester (0.18 g, 0.59 mmmol ) in thioacetic acid (2 nL) at OC.

After stMdtipothhyEshithn-4 i Baeidsiaci d (2 nl) vas added and the
m xture was stirred at over night. Et OAc was added and the m xture was

washed with water,

(a) 4-formyl-piperidine-1-carboxvlic acid terr-butyl ester

Periodinane (26.9 g, 63.5 mmol) was added to a solution of 1-rers-butoxycarbonyl-

20 piperidine-4-methanol (10.5 g, 48.8 mmol) in methylene chioride (200 mL) and the
mixture was stirred for 90 min. Diethyl ether was added and precipitates were removed by
extraction with 10 % Na,S-Os/saturated NaHCO; (1:1, 300 mL). The organic layer was
washed with 0.5 M NaOH and brine, dried and concentrated under reduced pressure. Flash
chromatography (hexane/EtOAc, 8:2) gave 4-f0rmyl-piperidine-l-cgrboxylic acid tert-

25 butyl ester (8.5 g, 81 %).

(b) 2-(1-rert-Butoxvcarbonyl-piperidin-4-yimethviene }-malonic acid diethvl ester

To a solution of diethyl malonate (710 pL., 4.7 mmol) and 4-formyl-piperidine-1-

carboxylic acid tert-butyl ester (1.0 g, 4.7 mmol) in methylene chloride (5 mL) was added
30 piperidine (46 pL, 0.47 mmol) and acetic acid (27 pL, 0.47 mmolj. The reaction mixiure

was stirred for 72 h at room temperature and then for 16 h at 45°C. EtOAc was added and

the mixture was washed with water and brine, dried and concentrated under reduced



I 0 saturated NaHCO3 and brine, dried and concentrated under reduced
pressure . The crude was purified by flash chromat ography (tol uene%é&g&éﬂua
5:1 --- 1:1) to slightly unpure 4-(3-

acet yl suI‘f’Qrﬂ?’l“s?"et hoxycar bonyl - I - et hyl - propyl ) - pi peri di neBCT/SEW&883dxy!| i c
acid tert-butyl ester (0.17 g, 75 % . 15 (9) 2-Acetvlsulfanylmethyl-3-Rip
eridin-4-yl-butyric acid ethyl ester TFA (2 nlL) was added to a sol ution of
4-(3-acetyl sul fanyl 2- et hoxycar bonyl -1 - et hyl -

yl b ' | d b 17 0. 439 |
et hy PO HPEE e g oSt EBfatmatneniety Bermediddr b iivan.
concent ra;;@dv gn@f.bﬁ@u&ﬁgon)mpep%ﬂ&ﬁﬁ.d, ﬁﬁﬁ[h@géh%ﬂr&ﬁé%g&?&?‘ﬁ?e?hﬂ%ﬂep {£8 ¥si ng

HPLC (10°- % acetohitril’e i'n water

2-acetyl §Ql%hnyl met hyl - 3- pi peridin-4-yl-butyric acid ethyl ester (101 ng,
54 % as the TFA salt. (h) 2-Mercaptonethyl-3-pip eridin-4-yl-butyric acid
Conc. hydrochloric acid (4 nL) was added to 2-acetyl sul fanyl net hyl- 3-pi pe

ri di ns 4- ydy2-R5 bub¥BLGxCiHof] {b%ﬁerﬁﬁﬁﬁt%ll%vﬁ%slgﬁﬁ-%&}gigempeﬁ«? mol )
under argon. e reactli on was eal e

concent r ¥Madd (d3denl..r 8 ouwablpt .69 un éidﬂwlgthee) &as shidad despedsero siniry b Ca] of
the titl as. t he hloride salt. "H NVR (500 Mz,
CDVOD) RiRE gL ﬁgf‘ﬁmlﬁ ‘%Eﬁg) (@SR at %Q"yffj Yiyler greogiand the Wt&resgas(wrcﬁ#pr 30

% ; é 35&516 m sé’lh‘hon b9 err?—%u(d?i‘gcﬁr%nglz_s@é-écﬁ%%l H@th)} H)e) ﬁlmwéc@% ét%l 2H),

(Mr1). 3aste (@ 80 mc@mmvs ﬁ@‘:ﬂ/@ﬁca@ﬂéxnaaa@wwb&nﬂxmmaetoﬁmxmm was

R a5 W e SARRE o B0 b i
(5- hydr Omymdh)tkmmtéd Qd;tﬂ:nas NH, Ot Bl dedamtGhd B ftuRULW m@é&&&ac@d \Qﬁ?h g, 31.2
nmmol ) was dissolved in dry DMSO (50 nl) and the reaction flask imersed in

a wat er bai®Aatwashed withmangéntratedrgqueous, nﬁaﬁ@nd\m@ea@wcandr@mmmuedoy sul fur

t d t1 Th t
i xeur e Sk e BRORLE e khode wls pitnc BP B ol BBt PhY tushipel 0oy
product 3vas-exty gk ed2 i 4 hréH-Bhfdxlc2bORN-ERiding.- ﬂP@ﬂﬂbﬂ&Hal@ﬁﬁ%i@dlethyl

15 ester (0.39 g, 54 %).

(d) 2-[1-(1-tert-Butox ycarbonyl-piperidin-4-yi)-ethyl]-malonic acid monoethy! ester
A solution of KOH (84 mg, 1.16 mmol) in EtOH (2 mL) was added dropwise to a solution

of 2-[1-(1-rerr-butoxycarbonyl—piperidin-4-yl)-ethyl]-malonic acid diethyl ester (0.39 g,

20 1.01 mmol) in methylene chloride (4 mL) and EtOH (10 mL) at 0°C. The resulting mixture
was stirred at room temperature over night. EtOA¢ was added and the mixture was washed
with 0.5 M HCI and brine, dried and concentrated under reduced pressure to give 416 mg

of crude 2-{1-(1-rert-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid monoethyl ester.

25 (e) 4-(2-Ethoxvcarbonvl-1-methyl-allvD)-piperidine- 1 -carbox vlic acid tert-butvl ester

Formaldehyde (132 mg, 1.65 mmol, 37 % in water) was added to a solution of of crude 2-
{1-(1-tert-butoxycarbonyl-piperidin-4-yl)-ethyl}-malonic acid monoethyl ester (416 mg) in
methylene chloride (2 mL) at 0°C. Diethylamine (153 uL, 1.47 mmol) was added dropwise
and the mixture was stirred at room temperature over night. EtOAc was added and the

30 mixture was washed with water and saturated NaHCO;, dried ana concentrated under

reduced pressure. The crude was purified by flash chromatography (toluene/EtOAc, 3:1) to



|

10 extracts were washed with brine, dried and concentrated under redgc‘eﬁjm 2003
pressure. Recrystallisation from hexane/ CH2Cl 2 aff orded

(5-forny 2-yl)-carbamc acid tert- butyl ester (5, 78. 9%
white cr?(fﬁ}gggg-ﬁ(‘lb) 2-(6-tert-B pCTsRoodotss

ut oxycar bonvl am no- pvri di n- 3-yl net hyl ea®) -mal onic acid diethvl ester 15 To
a solution of diethyl nmalonate (710 L, 4.7 mol) and
(5-fornyl-pyridin-2-yl) carbarnic acid tert-butyl ester (1.04 g, 4.7 mmol)

i n et hytene (ThihokieebdIE- 1Chethyl 211plpipstaBnatdedboRl RELd i diHRbhdPedidy 0. 47
mmol ) and acetic acid (27 L, 0.47 rrrmg The reaction mxturé was stirred
for 72 Noéﬁaré%r%%fﬁﬁepéﬁnsé and then for 16 h at 45C. Heptane was added
slowy to give 2-(6-tert-butoxycarbonyl am no-pvridi n-3-yl met hyl ene) - mal oni ¢
acid 20 diethyl ester (0.69 g, 40 %9 as grey crystals. (c) 2- 1-

6-t er t - BYi40pv s ahRANARIT Netho ¥¥dadhdiryB-] Vihe thok Brobvh b Hi e -2 h S oddi B )k eSter
MeLi (6.5 niL, 10.4 mmol, 1.6 Min diethyl ether) vvasladded_g'r‘opwv]&ﬁ to
slurfy garr-butylester 9 g, 4.73 mol) in THE (28 m_) at -78C under argon. The

26t o E LAy SRR R amo B ety ot ket ny/

ester (Qipdfidthe- lzcﬁbmlc)achd]re-'r_)'gut@?eﬂér) OW%? @Wﬁ)ﬁ%ﬁce@l@%@g@ ction

was stirred for 180 mn at -78C. ~Saturated aqueous ropw se
.and t heat GﬁCxMweSMm efmﬁéanrelu tmmtﬁtEta@tbC" fhe was gddedcandhhs mixvas was hed

th safura ri ed and concentrat ed under
\rMeducedE lsl?e& %q‘lﬁae °I¥Fa lhhtclﬁfﬁ]@ﬁt 69 Bﬁ%ﬁ‘ﬁg‘h&‘aﬁﬂ%é’/ﬂ& EJ‘%‘“}W&{J"’I 6) gave
2- [ 1o ( 6sdr@ratedIVAIOR DG AR D BANKE, TR D RYAtRikrAred uhlidr REHYE] &_erﬁﬁieo NTRe &Gké

di ethyl ester (0.723 g, 82.4 %9 as a white solid. 31 003 WD 00/ 66557
PCT/ SEma@gmﬂemgy flagh ¢hromatography (toluene/EtOAc, 5:1 — 1:1) to slightly unpure 4-(3-

f-(6-tert- onvl a vridin 3 vI I oni CaCl m)no t hvl

est er i?c ﬁ&}{%‘ ?ﬂg'g%hyl?r M‘H?F 10405 lEfZEéEP’E@CrﬁE FHPUYded

dr opwi sestérqoa'; cSQBL%] on of

2-[I-(6-tert- but oxycar bonyl am no-pyridin-3-yl)-ethyl]-nalonic acid diethyl

ester (0.7 a, 1.84 mmol) in rrethylene chloride (4 nL) and EtOH (10 ni) at
de 0)5 ) Sed over night. I M KCH

(10 § I et hyl ene chloride. The

aqueousTPA43 mmgasam:idddta edomnop Idf l-(MﬁqusﬁfaMyt@etm@cﬂbbﬂiﬁClt fEthy-t h

E[ CAc. The organl ¢ phase was dri and concentrated wunder reduced pressure

to gi vePPRE)EHRFGHEIME: | -FaPOXY s it mrbsbyefar:ﬁer@r 158, Qe 39y nmerin Jusfhylene
et hyl ] -smBbQad Qoasl f THRRORBY w8 $hifkd 64238 M a0 entrated under reduced

pressure. The crude product was purified using HPLC (10 — 50 % acetonitrile in water,

20 0.1 % TFA) to give 2-acetylsulfanylmethyl-3-piperidin-4-yl-butyric acid ethyl ester (101
mg, 54 %) as the TFA salt.

(h) 2-Mercaptomethyl-3-piperidin-4-vl-butyric acid

Conc. hydrochloric acid (4 mL) was added to 2-acetyisulfanylmethyl-3-piperidin-4-yi-
25 butyric acid ethyl ester TFA salt (0.10! g, 0.252 mmol) under argon. The reaction was

heated to reflux for 5 h and then concentrated under reduced pressure to give a

diastereomeric mixture of the title compound (73.7 mg) as the hydrochloride salt.

'H NMR (500 MHz, CD10OD) for the major diastereomer: 8 1.10 (d, 3H), 1.36-1.58 {m,

2H), 1.71-1.78 (m, 2H). 1.93-1.99 (m, 1H), 2.05-2.11 (m. 1H), 2.60-2.66 {m, 2H), 2.80-
s 2.86 (m, [H), 2.94-3.02 (m, 2H), 3.38-3.45 (M, 2H). "

S (+) 218 (M=+1).



10 (e) 241 - 6-tern-Butoxvcarbon lamno- ridin-3- 1 -eth 1 -ac lic %c1| gcT 20m
ethyl ester D ethylamne (0.153 nL, 1.473 mmol) was added to a solution o
2-[ 1-(6-tert-butoxy- carbonylam no-pyridin-3-yl)-ethyl]-malonic acid
monoet hyY@8P&55( 423 ny, 1.2 nmmol) and formal dehyde (132 M§ET/SE0GRES3AMDI
36 %in water) in nethylene chloride (2gnL) at OC 15 under argon. The

m xture was stirred at roomtenperature over night. Et OAc was added and

t he solution was washed with water, NaHCO3 and brine, dried and
concentrg;@q pnger reduced pressure. Flash chromatography (tol uene/Et OAc,
3:1) gave -(6-tert- butoxycarbonyl am no-pyridin-3-yl)-ethyl]-acrylic
aci d et hyd(6-esmaro-viraBn3en])-2dméfrapt@de(hl)-barvAeakid sul fan

| ynet hyl - 3- (6-t ert - but oxycar bonvl anmi no-pvridi n-3-vl)-butyric acid ethyl
ester TEA (0.076 nL., 0.542 mmol) was added to a solution of

2-(l-(6- NQ- j 3-yl)-ethyl]-acrylic acid ethyl
es'g er((l 25 IE%CWM‘I%UQVI'CY %2 rrLgl !at OCyulnder :irgon g

The mi xt (Fleydsasymethyr-pytidis- 24ACcabamin agtt rer BT evas (Rdded 252 anglohNRas
sol uti on.was washed wi th NaHCO3 and brine, dried and concentrat ed under

reduced Preodesdt @ g RMSQ 00mbd ard ashiragticn flaskememersed isa waterbathiyt 1§3Ge
slightl
- acet yl Sal TaPyl e PEoPe e fodiomed s trioride pyriding complex (150, ¢

acid et hyl94. Qasmml) (rﬁﬁ&ungs Thé r%cnoﬂ@n(xg)re Evaﬁtsama!%f furmed a8 trhivi land-pofredm No-
ridin-3- 1 &}é‘ﬁ |d e({ugester TFA was added to a soluti on of 2-
acet yl sUif ﬁf?'} } ¥2p GEBERS P"f.’)%" ipthyh gihep apd) thegraintingd prasaicyri c
aci dget t , 48 ndmakidg i C 003
Wo 00/ G%E%&%c%%%ﬁé‘é‘%g‘zﬁh G TBtid | dha b e nlk Heautha Dpteschf D
and condtasrysaalésktiondeom mmgﬂ-hﬁlesﬁurded (Hfasty!-wyhidomat e aphyid 4o wene/

Et CAc. u -ac | sul fanyl net hyl - 3- (6- am no-
pyri di n]bﬁl%{, “’?‘%E@@EJ@Z&&S FOR4A%r " (176 ng, 95 % . Further purification
by HPLC (10 - 70 % acetonitriie in water, 0.1 % TFA) gave

2- acetylsulfanyl rrethyl 3 (6-am no- pg/rldln 3 5yl)-butyric acid ethyl ester
(104 n‘g( 2 (Onversd 2 An v At in-3-yimethvlene)-maloni¢ acid diethvl ester

et o (4 10 SRS na‘é&*@’%‘“é”&%‘&ﬁﬁiﬂﬂ%%%ﬁﬁé SrRe R e

3-yl % b'éhbbhhﬁcr:] a&%ide%th et @704(L Q47 Mol PinZAShYTERL khINHERIDAFAQY, 5 HE)
reacti on was heated
was added piperidine (46 pul, 0.47 mmol) and acetic acid (27 uL, 0.47 mmol). The reaction

mixture was stirred for 72 h at room temperature and then for 16 h at 45°C. Heptane was
added slowly to give 2-(6-ters-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid

20 diethyl ester (0.69 g, 40 %) as grey crystals.

(c) 2-[1-(6-tert-Butoxvcarbonvlamino-pvridin-3-vD)-ethvll-malonic acid diethvl ester

MelLi (6.5 ml., 10.4 mmol, 1.6 M in diethyl ether) was added dropwise to a slurry of Cul

(0.9 g, 4.73 mmol) in THF (28 mL) at -78°C under argon. The reaction mixture was stirred
25 ‘for 30 min. A solution of 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic
acid diethyl ester (0.84 g, 2.3 mmol) in THF (7 mL) was added dropwise and the reaction
was stirred for 180 min at -78°C. Saturated aqueous NH,OH was added dropwise and the
mixture was extracted with EtOAc. The organic phase was washed with saturated aqueous
NH.OH and NaCl, dried and concentrated under reduced pressure. Flash chromatography
30 (toluene/EtOAc, 3:1 — 1:6) gave 2-[1—(6—rerr-bmoxycarbonylami‘no-pyridin-B-yl)—cthyl]-

malonic acid diethyl ester (0.723 g, 82.4 %) as a white solid.



totoreflux for 5 h and then concentrated under reduced pressure t%P'ﬂ}f?Z@
di astereoneric mxture of the title conpound (61 ng, 92 % as the

hydrochl wodmssssd t. ' H NVR (500 MHz, D20) for the najor di gpereEeeiRts S
1.26 (d, 3H), 2.49-2.53 (m 2H), 2.64-2.77 (m IH, 2.95-3.02 (m 1H),
7.02 (d, IH, 7.69 (d, IH, 7.88 (m IHA. M5 (+) 227 (M+l). 15 Exanple 18
3-(6- Am no- 2- net hyl - pyri di n-3-vl)-2-nercapt onet hvl -propionic acid (a)

( 5- Br ono- 6- rrethyl pvr|d|n 2 yI) carbamc acid tert- butyI ester 20

5- Br ono- 6 melt!nieree ol lymiAe-pyvoiding3vy])-ethal -made g esteput anol

1:10, 5 - 39 3 , 180.0
grm)l) an‘gqﬂ\%gh 5\@%{5[@613%6\6”% %Ob‘llﬁrétp %ﬁ‘lu%aé‘?q%aéj[r% 1S§f?f‘?ed for 4
h at 4ocsoand3rcmmgnmzatzemwytafbon@muﬁe@vﬂaﬁssyneahﬁh@fsnhbrﬁbﬁ@iﬂ&ﬁ&lﬂaphy
(et hyl ene chl orlde) gave (5-brono-6-nethyl- pyridin-2-yl)-carbamtT acid

tert- butf’ﬂerégt & I(Bf.-m@oa 1n mth@len&g@l?%ﬁ (4 mL) and EtOH (10 mL) at 0°C under _
r S (Ler Lokt ¥ha SETBLAY kb ANVhOXIIE Vi uidhi "RIROARYBS Gl Fis ddae§ GhpaM ©

(5-br omhﬁmmi’qhapwmtﬁt{mﬁr ybdrylatle RAMGrRie AThdadu@bls Prisy a8 bR fiddeh-
95.8 mo| tert-butyl-di methyl -tributyl stannanyl net hoxy-sil ane (43 5 g,
100. 2 m¥sine 2 NhHChandetpacisdghish GrOA6s bid orapmis phasei was(dried zmdmnmtmeec( 1. 00

i Bt Epchyd oo G B AR (RO Mo S L R byp Lo 48
1. 40 mmethylivesianiidadd enoengthyPesier (F22 oy, 65 @%)e was cool ed to 0C and 31 OCT

2003 WD 00/ 66557 PCT/ SE00/ 00834 51 diethyl ether (300 nL) was added
f ol |'8wed by saturated aqueous potassiumfluoride (100 mnL). The m xture was

stirred ) BPIIQKS] Bufo@lﬁrca@godrglﬁh’x ggirldﬁltl %rﬁg—ethg!!%c%ﬁl&azﬂ:' &etﬂg %Sf’\’as washed
wth water, rne conce ed under

chr omat @ﬁ@yhﬂum{ {03 ©H, C423 nimelg wag added to a soluuon of 2-[1- (6-.rert-butoxy-

5-(tert di met h
£/| ]- ' car bR g @%@%ﬂrﬁ%ﬂ%&fﬁ 0@1%3’@3 mppoe ylye(%#y@fmg, 2 mmol) and
( 5- Hvdr exymeddhyte GrITeh8Yl.6 18/ finthl B3 %Vin) wAéY) hamegly@é;ﬂecéh;&me d(bthtﬂz agPter

Tetrabu tyl ammoni umffuorlde (19.6 g, 62.4 mmol) was added to a sol ution
of [15- (uB¢grargon. The mixture was stirred at room temperature ovcr night. EtOAc was added

and the solution was washed with water, NaHCO; and brine, dried and concentrated under
reduced pressure. Flash chromatography (toluene/EtOAc, 3:1) gave 2-[1-(6-terz-
butoxycarbonylamino-pyridin-3-yl)-ethyl}-acrylic acid ethyl ester (158 mg, 41 %).

0 (f) 2-Acetvisulfanylmethyl-3-(6-terr-butoxycarbonviamino-pyridin-3-vl)-butyric acid ethvi

ester
TEA (0.076 mL, 0.542 mmol) was added to a solution of 2-[1-(6-tert-butoxycarbonyl-
amino-pyridin-3-yl)-ethyl}-acrylic acid ethyl ester (158 mg, 0.493 mmol) in thioacetic acid
(2 mL) at 0°C under argon. The mixture was stirred at 45°C over night. EtOAc was added
»s  and the solution was washed with NaHCO; and brine, dried and concentrated under
reduced pressure. Flash chromatography (toluene/EtOAc, 5:1 — 1:1) gave slightly unpure
2-acetylsulfanylmethyl-3-(6-terr-butoxycarbonylamino-pyridin-3-yl)-butyric acid ethyl
ester (178 mg, 91 %).

30 (g) 2-Acetvisulfanyimethyl-3-(6-amino-pyridin-3-yD)-butvric acid ethyl ester

TFA (2 mL) was added to a solution of 2-acetylsulfanylmethyl-3-{6-ter-butoxycarbonyi-

amino-pyridin-3-yl)-butyric acid ethyl ester (178 mg, 0.449 mmol) in methyiene chloride



but yl - di et hyl - si | anyl oxynet hyl ) - 6- met hyl - pyri di n-2-yl]-carbam c aci 31 o7 2003
tert-butyl ester io (10.5 g, 31.23 nmmol) in THE (100 nL) and stirre aq
roomte J overni ght. Water was added and t he product d with
chl or of or 6(Sf'é:gég.’or gani ¢ phase was dried and concentrated Lﬁ?ﬁﬁéﬂ%@s‘&ed
pressure. Flash chromat ography (MeOH CHO0C12, 2.5:77.5) gave

(5- hydr oxynet hyl - 6- net hyl - pyri di n-2-yi)-carbamc acid tert-butyl ester (6.0
g, 81 9%. 15 (d) 5-Brornonethyl -2-f

N. N- bi s(toemts. buiequ@émﬂxsh}ramfdodse il bid EdrRediraBd hﬁ&r&é@l&%?&wﬁe (FasB3 9

37.5 mmol) and CBr4 (17.7 mmol ) was added to a solution of
( 5- hydr oyfeERtpgrapsy r(‘i:itlllﬂﬁﬂef gﬁfi\@h h52°%€)urxpard3%rm&ty}auhf@hyﬂrectﬁwbuﬂ(Wmnmi er

s Pl TS S RETLIPER PO Bl el FEBLLT
di chl or oypEhaRGMiTEin AV SBN 00 RIPSK) ¥a% 2.4 ﬂe&hf mgt gr(a aw&f@@ggm

concentrated under reduced pressure: chro

5- br cnomdi-bytyriz-abid, i es(er €134 imgt m&%)asbhm’ijl%auhno] pyrimdin (4.05 g, 38
% . 25 (e) 2-(6-tert-Butoxvcarbonyl am no-2-nethyl
pyridin-3-vimethvl)_malonic acid diethyl ester A solution of diethyl

mal onat gp 3. gg-’lﬁ\rm-no-l‘;:vrﬂ:lznfﬁﬂt p- ﬁxgrcg%rr(e%’n#!y; (WRS;adlded dropwise to a
suspention 0 orn mneral oil) in DVF (5 nL) at
0 C undeencahydmchlvtie aclde(émld)rwm aiddsndeoﬁme@ﬂsmﬂﬁaeylniamhyl%(ﬁmmma@ndm-

| ut f (5-bro t t din-2-y b
Cort- buryTVRRER TR gy S QI0d i P A THRRD B0 AT BRI B JARES. The
M Xt yYr e waghsd for 58ardMaén Eblﬁlaﬁzrét%und&o@auceﬁtp%ﬁu&% giR00@dsidRdmt he

sol uti on was washed with water and brine, dried and doncentrated under 31
Ocr 2003.miymre of 6838 eamosEd (¢ Dogs3 22 %mﬂbdbmcwpads salk. Fl ash

car bony SRR SRIRHGT Bt 6Tee S ARGt p e baHS LRty (1. 87

9. 74 Y%.64-5)77 (m, 1H), 2.95-3.02 (m, 1H), 702 (d, 1H), 7.69 (d, 1H), 7.8 (m, 1H),
2- (6-tert-But oxycar bonyl am no- 2- et hvl - pvrTdi n-3: vl met hv )-mal oni ¢ acid

nmonoet hyNIS (5) @4+N. sol ution of KOH (300 ng, 5.35 mol) in EtOH (4 nL) was
added to a solution of 2-(6-
tert?but oxycar bonyl am no- 2- net hyl - pyri di n- 3-yl met hyl ) - mal oni ¢ aci d di et hyl

ester (Ex@mple 18

3-(6-Amino-2-methyl-pyridin-3-vl)-2-mercaptomethvl-propionic acid

(a) (5-Bromo-6-methvl-pyridin-2-yD-carbamic acid terr-butyl ester

20 3-Bromo-6-methyl-pyridin-2-ylamine (25.0 g, 133.7 mmol) in THF/tert-butanol {1:10, 550
ml) was treated with di-tert-butyl dicarbonate (39.3 g, 180.0 mmol) and DMAP (2.40 g,
19.6 mmol). The reaction mixture was stirred for 4 h at 40°C and concentrated under
reduced pressure. Flash chromatography (methylene chloride) gave (5-bromo-6-methyl-

pyridin-2-yl)-carbamic acid ters-butyl ester (17.0 g, 44 %).

(b) [5-(tert-Butyl-dimethvl-silanvloxymethy)-6-methvl-pyridin-2-vi]-carbamic acid rert-

buty] ester
A solution of (5-bromo-6-methyl-pyridin-2-yl)-carbamic acid sert-butyl ester (27.5 g, 95.8
mmol), rerr-butyl-dimethyl—tributy}stannanylmethoxy silane (43.5 g, 100.2 mmol), and

30 bis(tnphenylphosphine)palladium(II) dichloride {1.00 g, 1.40 mmol) in 1,2-dichloroethane
(350 mL} was stured at reflux for 48 h. Additional bis(triphenylphosphine)palladium(Il)

dichlonde (1.00 g, 1.40 mmol) was added every 12 h. The mixture was cooled to 0°C and
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g, 4.86 mol) in EtOH nethylene chloride (2:1, 21 nL) at 0C. The mﬁttpg 00
was stirred for 40 h at roomtenperature and Et OAc was added. The Ha
was wash | 5 Mio HCl and brine, dried and concentr
reduced g&%@%ﬁ?épto give crude 2-(6-tert- gE?gE&B8ﬁ£4

| but oxycar bonyl am no- 2- met hyl - pyri di n- 33yl net hyl ) - mal oni ¢ aci d nonoet hyl

| ester (1.45 4) (g} 2-(6-tert-Butoxycarbonvlam no-2-nmethyl-pvridin-3 ; |y
met hyl )-acrvlic acid ethyl ester L5 Diethylamne (359 ma, 4.90 mml) was
added drdxaywisehérq360 sell )W asomidedt f@Hdveed B daturated aqueous potassium fluoride (100
but oxycar bonyl ani no- 2- net hyl - pyri di n- 3-yl net hyl ) - mal oni ¢ aci d nonoet hyl
ester ( TlghIge miztgy WanSHICANEORHRYTH f@éﬁwan(anézﬂiiqerged Fhey organas| phags7wes i n
water) in i 0C. un m_xt ur

. SHEd QYJhQDﬁeP QL ?& agc?cor(c%ﬁtr%%tu%erwg?%ce é:ﬁess (%I E‘Fffh&rﬁﬁ@[ S‘H and

stirred at room re over

t he sol mmmmsm@s#wj gdové [5-Marr tﬁ@a camezmrusmﬁwl@l{yn@ahﬂ%aﬁahgl%ﬁ&mmt ed
under reduced pressure to give 2- (6-tert-but oxycarbonyl ani no- 2- et hyl -

pyri di nY3-Sarparmigyacyd ger-butytessi(ds &t hifelester (1.03 g, 79 % . (h) 2-Ace
tvisulfan I nmeth yl-3 (6-tert-butoxvcarbonvl am no-2-nethyl- ridin-3-vl -
prapionic acid ethyl ester 25 TEA (0.556 niL, 3.99 mmvl) was added to a

sol ut i onc)gf- Hvdrﬁx?ﬁémvbﬂtm‘zﬁﬁﬂﬁhﬁhtﬂ?am B&rbadmic acid fers-butyl estcr

met hyl - pyri di n- 3-yl met hyl ) - acr lic acid ethyl ester (1.23 g, 3.84 nmml) in
.t hi oacetleFabytylamrpagupy fucgided 6&1& # BRghrvaspded o ﬁ?léﬂ‘whgf Btisrted at

roomtepp . ﬂ%&# shed
W th Na?(:%%aljg%l&l {%&F}ag?fbﬁl}me?@ﬁg cé(/){?if:l trat eémd Hggm&%c%%:eg};b E%S\é\%re.
FI ash chibigt bgﬁaph'yolo anHEr(éﬂEhﬂﬁ&mndSUﬂred abrobrrﬂ.bengm;'aurﬁ o’ir@rnwht Water
acetylsulfa th 6-tert xygcar ho m no- t hyl - pvridin-3-yl)-p
opt ont 875 A0ie BATpr pihes cicisd i ouon 1S Cae Bhney B GFeE 959
PCT/ SEO@érQ@ﬁ@ﬂted RAdér r):dud%d‘ﬁ’rés%fé‘ ?nmh l:nr%n{moquﬂ)pcméd‘imcm@p 2.9my ) acid
Conc. hydrochloric acid was ad
2- acet vEavd (ﬁgpﬁﬂrmmhy -(T@lhl)éfm/ndm-z-yl) ca:bamlc actd rers-butyl ester (6.0 g, 81
butoxycg;bonylanlno 2-met hyl -pyridin-3-yl)-propionic acid ethyl ester (77

. ng, 0.1 'mml) under argon. The reaction was heated to reflux for 110 mn

andsas then 5 concentrated under reduced pressure to give the title
conpound (39 ny, hydrochlorlde salt. IHNW (500 MHz, D20): S

Tnpheny]phosphmc (9 83 g, 37.5 mmol) and CBr4 (17.7 g, 53.5 mmol) was added to a
solution of (5-hydroxymethyl-6-methyl-pyridin-2-yl)-carbamic acid tert-butyl ester (8.50
g, 35.7 mmol) in dichloromethane (30 mL) at 0°C. The reaction mixture was stirred for 3 h

20 at room temperature and was then diluted with dichloromethane. The organic phase was
washed with water, dried and concentrated under reduced pressure. Flash chromatography
(CH2Cl.) gave 5-bromomethyl-2-[N, N-bis(tert-butoxycarbonyl)amino]-pyrimidin (4.05 g,
38 %).

25 {(e) 2-(6-tert-Butoxvcarbonylamino-2-methyl-pyridin-3-vimethvl}-malonic acid diethyi

ester
A solution of diethyl malonate (1.21 mL, 7.97 mmeol) in DMF (2 mL) was added dropwise
to a suspention of NaH (348 mg, 7.97 mmol, 55 % in mineral oil) in DMF (5 mL) at 0 °C
under argon. The reaction mixture was stirred for 45 min and a solution of (5-bromo-

30 methyl-6-methyl-pyridin-2-yl)-carbamic acid rert-butyl ester (2.0'g, 6.64 mmol) in DMF (5
mL) was added dropwise. The mixture was stirred over night (0°C — 20°C). EtOAc was

added and the solution was washed with water and brine, dried and concentrated under



M5 (+) 227 (Mtl). to Exanple 19 2-Aces Isulfan Inmeth 1-3- 2-am no-
rimdin-5- 1)- roionic acid ethyl ester (a)

2-fN. N bilﬁét gf -_gut oxycar bonyl ) am nol - 5- bronmopvri m di n

2- Ani no- 5°BP8EEHYri mi dine (9.00 g, 51.7 mmol) in THE tert - RATAFSM08341 100
m) was 15 treated with di-tert-butyl dxarbonate (34.0 g, 156.0 mmol) and
DVAP (3.00 g, 24.5 mmol). The reaction mxture was |left at anbient

t enperature overni ght and concentrated under reduced pressure. The residue

was part kdduene grddqinuemas e o oBh AFEH LY. 3. P YBS vadiysted to 4
with 1 M HCLEI. f\e srol ut?on was Eiﬁﬁrgg@é W t[h'ddlechﬁ)?rqgerret( gﬁz,bgwé‘rai ed and
concent r aarédn ylacheno- guetb pep ypides § tyi methibemalondeaqgid d@ttod esers(IS8Fspaadey in 20
hexane and filtered to yield

2-[N. N-bi s(tert-butoxycarbonyl)am no]-5-bromopyrimdin (15.0 g, 77%). (b)

2- N.N-bis ztg%men%[e%z&l%&gqm%in@mraemviipvﬁ&mx.bh&ﬁefhmiméd?c beid 'l SHRERX

met hvl - ovrimdin solfutron o :
2- [ NN bi &stg¢rer t - but oxycar bonyl ) am no] - 5- bronopyrimdin (16.0 g, 45.0 nmol),
tert-butyl -di -trib |st th - si | 20.5 g, 47.1

o DU o R B X BRI OO Yo L RE, 20,88 4

1.40 mmﬂe}z-woiy{e%rpdr@mn%egtﬁaeﬂnﬂ-g&é&nrﬁ-}lrr\f@@l?-hﬁdiérﬁﬂ flﬁﬁ.dﬁ&ﬁﬂ{l%tggyggg' ght..

Addi ti onal bis(triphényl phosphi ne)pal | adi un(l di chl ori de , 1.40
mol ) was 4edflaunelho Bt lswthénsrehiersder @f 1, 3% eullf @1r0°€. Bhe MivauB0was stirteide was
cool ed t and di et hyl ether 00 nL ded fol |l owed by saturated
aqueous %Btg{@j&sﬁtﬁﬂ?qllt%%?rﬂ%m(gﬁl I%féAc ‘Yﬁ%a‘ﬁie;t ﬁg%%tgres‘f'?w’éﬁw i“@&l#-é@gl y for
60 mon @A akd biife, Fied hRE cOHc@ARAEd ﬁméierem%@&@@;@ Wighi Ml (6-8}-€d and
concentrated under reduced 3 1 O C T 2003 00/ 66557 PCTI SE00100834 54
pr essur Ut yearbanlylagrae Gonetb iy pYTBER irray |)-mel@dg agjd veomefhidl esvert(il Sict er t -
but oxycaJ)bonyI )am no] -5-(tei-t-butyl-dinmethyl-silanyl oxynethyl)-pyrimdin
(10.2 a.*55 5 (c) 2_IN 1V-bis(tert-Butoxvcarbonvl)am nol 55-lamr}

droxvnet hyl -pyrim din Tetrabutyl anmoni um fluoride (15.3 g, 48.6 mml) was
added to a_solution of 2-[. N ,ti'- ) )
bi s(t er {gbdu{bxgrdhuersabonylapinesg methyl-py st gt : o$tRy/ | ) - pyr
imdi.n (@ . ' : tL gL t4_f0om tenperature
over fi g%&k&%@;ﬂ e&/assg’gmé’dm%% n{aancéﬁtUEse%&%d%pg%wgsgs P giéc'%) fe”lgil%\{/?vio?l h2 gﬁ (;)r'lr oform The
or gani ¢ bohasearvesylrmise 2 andhyl-pyridin-3-yimethyl)-malonic acid monoethy! ester (1.44 g,

510CT 2003.

5

4.09 mmol) and formaldehyde (464 mg, 5.72 mmol, 37 % in water) in methylene chioride

(35 mL) at 0°C under argon. The mixture was stirred at room temperature over night.

Methylene chioride was added and the solution was washed with Na>CQO3 and brine, dried
20 and concentrated under reduced pressure to give 2-(6-fert-butoxycarbonylamino-2-methyl-

pyridin-3-ylmethyl)-acrylic acid ethyl ester (1.03 g, 79 %).

(h) 2-Acetvisulfanylmethyl-3-(6-fert-butox yvcarbonylamino-2-methvl-pyridin-3-vl)-

propionic acid ethvl ester
s TEA (0.556 mL, 3.99 mmol) was added to a solution of 2-(6-tert-butoxycarbonylamino-2-

methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (1.23 g, 3.84 mmol) in thioacetic acid
{10 mL) at 0 °C under argon. The mixture was stirred at room temperature for 64 h. EtOAc
was added and the solution was washed with Na,CO; and brine, dried and concentrated
under reduced pressure. Flash chromatography (toluene/EtOAc, 5.1 — 1:1) gave 2-

30 acetylsulfanylmethyl-3-(6-rers-butoxycarbonylamino-2-methyl-pyridin-3-yl)-propionic

acid ethyl ester (1.33 g. 87 %).



i 0o concentrated under reduced pressure- Flash chromat ography (MeOH I
2.5:77.5) gave %%CT 003
2-[ N, N-bi s(tert-butoxycarbonyl)am no] -5-hydroxynet hyl -pyrimdin (4.20 g ,
53 9% . (WPssEESsionometh |-2- N . N-bis tert-butoxvcarbon | HHREWREH| n
Tri phenyl phosphine (2.71 g. 10.73 nmmolgz and CBr4 (4.89 g, 14.8 mmol) was
added to a is solution of

2-[ N, N-bi s(tert-butoxycar bonyI ) am no] - 5- hydr oxynet hyl -pyrim din (3.20 g,
9.83 mqup)3 f@k%lﬁ@"oﬂi&ﬂ?f 160630) e RhpBfteh VIS IRAGE bGR M Xt ure was
stirred T and ETT grTuted Wt drchnt or onet nane. The organic
phase m@omﬁftﬁdcminhamtkmb uﬁsiaﬁde@t@ﬂ-ﬁﬁﬁﬁl&ﬂfm@dme&hyhﬁle{ﬁ rereduced
pressure. Flash chromatography (CH 2Cl2) gave 5-

bronnrreter‘WLYEa‘[bRPNaB‘l”sc(%‘é‘??‘h)ﬂtﬂb’é%ybaﬂﬁbWP)%!#ﬁ?F(b‘flew} PSR M. 05%9 g, 67 9.
20 (e) Vex:1 Y,

- mai oni %ﬂégll)gl Qkpﬁé’f g ?‘Mlgi solhgﬁggr[]o %m g%r hfq ﬁwi‘ﬁ%g'?se&.(e 704 niL,

4. 64 smMmibopcdniratdifunder H&Hﬁce\dq&eﬁdfd:ad givdly thpvitls eompoandsﬁ@pemﬂ&)%)(aﬁ thdaH (200
ng, 4.64 mmoi, 55 %in mneral oil) in DMF (4 25 nL) at 0O C under argon.
The read¥Reshiariéesrls was stirred for 30 min and a sol ution of 5-

br ononet: ter QX oY b n 3. 86
nmol ) inﬁ% %S%O%ﬁ?%mb I%sgged d%ﬁg W Se’ 5 ‘Eﬁ' ?ﬁi dagfe C{V\T)e{gl)sz??r@dl %t oom
t enper atws e+ 717 3M-h1). Et OAc was added and the sol uti on was washed vvlth
"water and brine, dried and concentrated under reduced pressure. Fl ash
chromat ogr aphy (heptane/ Et OAc, 3:2) crave 2- 30 (2-[N, N

b| s(tertE—xQ xygar bonyl ) am no] -pyrimdin-5-ylnmethyl) -rhalonic acid
‘E‘S‘téér_(O 87*g, 40 %. 3 1 OCT 2003 WO 00/ 66557 PCT/ SECQ 00834 55

(f) 2 (2 AdWIstfdnvirhettyt- 32 ovine aydimidih-Hayth-poopionic aorddithyl Sstet mer hvl

-mal onic acid nonoethvl ester A solution of KOH (106 ma, 1.88 mmi) in
EtOH (2 nL) was added to a solution of 2-(2-

[- N '\Fb'@(i v KBRS OEba n'i‘i% -5¥b¥6:h Hithide y! met hyl ) - mal omc aci d
di et hyl g, M| met hyl ene chl ori de 1, 12 nl)
at OC. ’Eh@mmoeﬁibrcanommmjdmcr(?@@g‘éﬂ 71rﬁmhi)anTrI'Hﬁmlwﬁpmle£ﬂUr, 208 )Ef@é\c was

Concent FARER UL CHDL Bl ARt % Ok 19F Qumop 3B RUIA® (80 £12430C

bi s(t er kst OrneCRadiRA thikalrk Rk 147y 4 dimdeményérmwwe)mrcnahmlconemxdted
nonoet hyl ester (0.67
under reduced pressure. The residue was partitioned between dichloromethane and water

and pH was adjusted to 4 with 1 M HCI. The solution was extracted with dichloromethane,
dried and concentrated under reduced pressure. The crude product was suspended in
20 hexane and filtered to yield 2-[N. N-bis{terr-butoxycarbonyl)amino]-5-bromopyrimidin

(15.0 g, 77 %).

(b) 2-[N.N-bis(tert-Butoxycarbonyl)amino]-5-(tert-butvl-dimethyl-silanyloxymethyl)-

pyrimidin

»s A solution of 2-[N,N-bis(tert-butoxycarbonyl)amine]-5-bromopyrimidin (16.0 g, 45.0
mmol), ters-butyl-dimethyl-tributylstannanylmethoxy-silane (20.5 g, 47.1 mmol), and
bis(triphenylphosphine)palladium(Il) dichloride (1.00 g, 1.40 mmol} in 1,2-dichloroethane
(50 mL) was stirred at reflux overight. Additional bis(iriphenylphosphine)palladium(II)
dichioride (1.00 g, 1.40 mmol) was added and the solution was refluxed for 8 h. The

30 mixture was cooled to 0°C and diethyl ether (200 -rnL) was added followed by saturated
aqueous potassium fluoride (50 mL). The mixture was stirred vigourously for 60 min and

filtered. The organic phase was washed with water, dried and concentrated under reduced



89 % . 10 (g)

g,
2-(2-fN. N--bis(tert-butoxvcarbonyl)am nol -pvrim di n-5-yl met hvl )-acryﬁ 1 8CT 2003

acid et h%oo&rﬁ%‘% D ethylamne (0.124 ni, 1.69 mmoi) was added dropw se to
a solution o -EZ-[N, N- bis(tert-butoxycarbonyl) am no] - pY¥T/SHIES 5_y|
met hyl )-mal onic acid nonoethyl ester (462 is g, 1.41 rnnol) and

for mal dehyde (160 ng, 2.0 nmmol. 37 %in water) in nethylene chloride (15

m.) at O C under argon. The m xture was stirred at roomtenperature over

ni ght. pte@ArevBlssiacdehaadagtys MadMICRITIVAsSoYashed- (W Albigaler . NaHCO8 and
brine, dried and concentrated under reduced pressure to give crude

2- (2- [ N, Rk ggareenyl Bimiagl &4tenobyiy-diregih Yleflapylok pineliby!)Spyyi migltch§10)2- @SSy | i ¢
acid ethyly ester (0.54 g, 94 20 (h) 2-Acet |sulfan |nethvi-3424N,

N- bi st ert -but oxvcarbonvi amno - vrimdin-5-vl - propionic acid ethyl ester
TEA (0.189 niL, 1.35 mml) was added to a solution of 2-(2-[N,N-bis(tert-

" but oxycar bonyl ) am no] - pyri m di n-5-ylmethyl)-acrylic acid ethyl ester (0.53-
cr, 15 30(ChdeiMN-bysirer Bupgxyaarbpnyl)aming ydndxvegth ¥ Pwrivgidin ar gon. The

HRENA h
i xt ' for 40 h. FtOA dd dth
o ut 1 ont SebebtEn el FRREEEPE L Fmsh 519 adterio 2 SRR SORA. Under
reduced lﬁs(ee?smntbxyEir&GhyI%i@ﬁP-SQﬂirﬁBﬁWl-ﬁﬂﬁ&h?lnﬁfaﬁﬁf@%mc ﬁ’?ﬁ?”ﬁi i) ( 1097V €

2-acetyl sul fanyl net Q_Iy!é 3-(2-[h" N-bis(tert-butoxycarbonyl o] -pyrimdin-5
-yl) - propfonignching BE K40 edy and etimed gt rogm 9fnpeBONE oveDight TWARD S/ a¥\O

o S5 LARILE IS M S LIRS

vri m di n-5-vl ro-1onic ac et h
sol uti orroaterraamieindes rdduasd bressuy.| Flash chrdmarogtaghi(MeCHACH,Cl,, 2.5:77.,

5
but oxycar bony. 1. no] -pyrimdin-5-yi)-propionic acid ethyl ester (2)25 ny,
0.46 mméd)© 'rg-'ffj\)’&S‘g54’%3Eéwém”é?‘i’fd’é)aﬂ?@%rb)’@mw@cFl‘é/ér@b’rlahdmdé-?-ﬁtgi,156@)1 or
120 m n and concentrated under 5 reduced pressure to give the title
conmpound (172 ng, 94 % as the TFA salt. '"H NWR (500 MHz, CD3CD): 5 1.22

(t, 3H) (dP5-Boemefi-2-[N Bebigr@0 bl yBidbonB)dMindl-githiin 2H) , 4. 13 (q, 2H).

8.43 (s .2H).. .
( ’I‘nplf'}}enylphosphmc (2.71 g, 10.73 mmol) and CBr, (4.89 g, 14.8 mmol) was added to a

15 solution of 2-[N, N-bis(trert-butoxycarbonyl)amino]-5-hydroxymethyl-pyrimidin (3.20 g,
9.33 mmol) in dichloromethane (30 mL) at 0°C. The reaction mixture was stirred for 1 h
and was then diluted with dichloromethane. The organic phase was washed with water,
dried and concentrated under reduced pressure. Flash chromatography (CH,Cl,) gave 3-

bromorncthyl-2-[N,N-bis(rert-butoxycarbonyl)amino]-pyrimidin (2.55 g, 67 %).

(e) 2-(2-[MN N-bis(ters-Butox vcarbonylaminol-pyrimidin-5S-vimethyb-malonic acid diethvi

ester
A solution of diethyl malonate (0.704 mL, 4.64 mmol) in DMF (2 mL) was added
dropwise to a suspention of NaH (200 mg, 4.64 mmol, 55 % in mineral oil) in DMF (4

33 mL) at 0 °C under argon. The reaction mixture was stirred for 30 min and a solution of 5-
bromomethyl-2-[N, N-bis(ters-butoxycarbonyl)amino]-pyrimidin (1.5 g, 3.86 mmol) in
DMF (4 mL) was added dropwise. The mixture was stirred at room temperature for 3 h.
EtOAc was added and the solution was washed with water and brine, dried and
concentrated under reduced pressure. Flash chromatography (heptane/EtOAc, 3:2) gave 2-

3o (2-[N,N-bis(tert-butoxycarbonyl)amino]-pyrimidin-5-ylmethyl)-malonic acid diethyl ester
(0.87'g, 40 %).



M5 (+) 284 (Mtl). 30 Exanple 20 2- 6-Am no- din-3-vimeth 1 -3- mercazq oe7 2003
to-butyric acid (a) 3-

6-tert Larbonvl am no- pvridi n-3-yl)-2-(di et hoxy- phoslqplg opi oni ¢
acid e?ﬁé%ég Zr 13 To a suspension of NaH (1.17 g, 60%in Qndé’z"g 40|I

29.3 mmol) in DMF (70 nL) was added tdiethyl phosphonoacetate (6.01 g,
26.82 mmoi) at O0C. The reaction mxture was allowed to stir at 0 Cfor 0.5
h. To the reaction was added (5-brononethyl-pyridin-2-yl)- carbam c acid

t ert - butyl2-@ste - tig.r&rdutod4cB8ominininal-p GCmadid- I Nenet At hia0ihidthd ur e was
stirred at roomtenperature for 16 h. The reaction was quenched with the

sl ow ad@QUuOsHIYAEstoD sat ur at ed aqueous anmoni um chl oride (70 rrL) The

m xt ure t t S dr| T rude
or oduct e} bPROEF (W i3 Bl PRI WL R8T B S 5 A

0:1) to{y I.fW—Bxs@re(ra:dt@i\tcal‘lmhﬁmmﬂfol]l@@y;hamn@wnﬁéthﬂl)ﬁneﬁofﬁb)acﬁ dlethyl ester

(diet hoa%/ @hosphoryl on| c acid ethyl ester g (g 50% . 21 (b)
2-165te &t bV ERIPB Y ﬁeﬁtbwpembedmﬂrét ey - Bup° Bwarl@maemsa hyl
ester n 1) in
THE ( 251{?{1‘5?!1 gci"f'sl%g'gﬁ‘( 130 mQ(%raE%'_‘tu(rgZ clIJ tﬁt(gﬁc Wﬁ.lg h@d pf'he?n&hm? as\\gsl?edm
3-(6- teOI&MQKM@bﬁmyﬁlaﬁaﬂ@emnﬂntﬁd3n§lér)re2uc(edlpe&§30kyto give 2-(2-[N,N-
phosphoryl) - propl onic acid ethyl ester f c); 81 rrm)l) in THE (30 nm)
_The r eabis(8r{-buspxycarhonyhaminc] GuEgIdis-2v niaetaiff G@I%‘F apidymongsthyl esteetteq on
was addgds g gt al dehyde (512 30 ng, 11.6 mml) dropwi se at 0OC. The reaction
m xture®was allowed to warmto room tenperature and then stir for 16 h.
Aceti@l dehyde (2.0 g) was added to the reaction vessel 3 1 OCT 2003 WO

00/ 66557 PCT/ 00 Oved to stir at
room t el e80! T : ' aedicacidetivl it h
t he sl oggtg,ddltl on of saturat ed aqueous ammnl um chI ori de (30 m.). The

m xture was extracted with Et OAc. washed with brine and dried to afford

t he cr uBéethyloniret (0. I2dentr LG mpnoldwas added gnopivisead alsplwivhiaf3-@HMoMat ogr aphy
5 (Et / hexane

> (6 t ST sUETSoEEEAy RGP PR Smrh A AFid monasEl esg @6 )

est e/ as P4 [Mmthdlh Qn@fortniﬂiéﬂ% &e (160 mhg,®.0 &8I 31 9 in water) in methyiene chioride
3=Acet v'sul f anyl - 2- tert-but oxvcar bonyl am no- pyri di n-3-yl net hvl ) - but .
rigid etldynl) e & under argon. The mixture was stirred at room temperature over night.

EtQOAc was added and the solution was washed with water, NaHCO; and brine, dried and
concentrated under reduced pressure to give crude 2-(2-[N, N-bis(fert-butoxycarbonyl})-

amino]-pyrimidin-5-ylmethyl)-acrylic acid ethyl ester (0.54 g, 94 %).

(h) 2-Acetylsulfanyimethvi-3-(2-[N. N-bis(tert-burox vearbonvlamino]-pvrimidin-3-vl)-

propionic acid ethyl ester

TEA (0.189 mL, 1.35 mmol) was added to a solution of 2-(2-[N, N-bis(ters-

‘butoxycarbonyl)amino}-pyrimidin-5-ylmethyl)-acrylic acid ethyl ester (0.53 g, 1.30 mmol)

25 in thioacetic acid (13 mL) at 0°C under argon. The mixture was stirred at room temperature
for 40 h. EtQAc was added and the solution was washed with Na-CO5 and brine, dried and
concentrated under reduced pressure. Flash chromatography (heptane/EtOAc, 5:1 = 1:1)
gave 2-acetylsulfanylmethyl-3-(2-[N, N-bis(teri-butox ycarbonyl)amino]-pyrimidin-3-yl)-
propionic acid ethyl ester(0.56 g, 89 %).

30



to To thiolacetic acid (15 nL) were added Et3N (L5 g, 14.8 nmol) andﬁ?;ﬂm
2-(6-tert- butoxycarbonylarrtino-pyridin-3-ylnethyl)-but-2-enoic aci 32
ester (920 ng, 2.9 nmmol) at roomtenperature. The reaction m xture was
stirred aWQ@pesSE5C for 7 days (additional thiolacetic aci HCT/SEB/008}4 Was
added to the reaction m xture every two gays). The reaction mxture was
cooled to roomtenperature and then dildted with EtQAc (50 nlL). The 15
organic layer was separated, washed with sat. NaHCG3, brine and dried. The
conbi ned % ] r,,e ,)concentrat ed uner reduced pressure. The
crude was ‘ eRtyBY R e —EGNUBRE (CH2CL2,
Et OAc/ hexprg, 15 R t 9. "

3-acetyl sul fe(myl _%?{(%gs ?cgﬁﬁ [ggsg%ﬁ/ég??onélceg\)r#ﬂ%ng%?éﬂ é [)”V ]ﬁufzsr butyric
aci d et hytutesicerbcaghamiiogsys medinet- -yi)gropirtiareid(erB0 esgr (m%)]:,, @06 Hiifol) in

di aster eone eparated usin arative chiral

chr omat odl'd EHG“‘*&@?&F&{&W@ ?ﬁ%rﬁf%{éﬁﬁ? gurggg@.r i g@d‘“ﬁé?%ﬁf"i‘@“fj?\?é unger f our -
i sonens Jed@@redhiean sivedné fr d (172 mg, 94 %

tert- l;ut oiycar %J(gnyl gm no‘iepy ([JllC EO?P?/{IIH ( hylni ~but y)r?scthggll:dA Se"“%thyl ester/ A,

3-acetyl sHi NM&[SOOZMQ—H C&;O&)US mmc{aﬁlﬁbn&Bam 36F p¥.80-3L00 @n, \WHmE B JOpL3.2but yri c
acid et hy
3-acetyl o ggfhy‘{ gi‘( e f‘hﬁ%t@ycar bonyl am no- pyri di n-3-yl net hyl ) -butyric

acid et hys ¢ 2}573115% 46)C and
3-acetyl sul fanyl tert-but oxycar bonyl am no-pyri di n-3-yl net hyl )-butyric
acid ethyl ester/D. 3-Aces Isulfan I-2- 6-tert-butoxvcarbonvl arni no-

vridin-3- Irre hyl)-butvric acid ethyl ester ID 30 3-Ace
B SEEi ester 1D

tylsuffa tert - but oxycarbonyl am no-pyridin-3-ylnmethyl)-butyric acid

et hyl eatguﬁalwgéﬁw ﬂh&%%){lj—@fﬂnéc%t@bﬂfﬁlcchfmd o _
3-acetyl sultanyl-2- utoxycar bonyl am no- pyridin-3-yl nmethyl)-butyric

acid ethyl ester/A 3-acetylsulfanyl-2-(6-tert 31 OCT 2003 WO 00/ 66557

(Fa)tc-fll-g/ FEﬁagojg, %I égg u;%gogrxglyﬁcg*ar!%b%oq?%lfp%rrrlldpnOB F\)rY)r-J?-?éh hox?// h¥>n}l) g‘r’c} 61%18 agigll d
(.6-tert m extscar bonyl am no- pyri di n- 3-yl net hyl ) - butyr| c acid ethyl ester/C
and 3-acety

sul f ahyl TQ a(S@S?%ﬁthmftI*b%@@a%aréﬂ?arﬁ ménsslraill 2R 33nmiohdn IBMF(Bomyly)i wasaci d

t hyl h I | | ut

" sohexantisdapi8hs) BrRhoRabine 18 0T 2Rz PbhAROl Fheeeasiopgaintyregiaso. 5,
0.1). Theienanio ¥Rt ) eCIICESS, "N@$he>re9alo¥1°wﬁsad3i€@?%ﬁﬂn&)ﬂct'ﬂ?l-syﬁ'&h@ B
chiral pak QJ colum eluting with i sohexane: ethanol: diethyl am ne ( 9;

0.5). 3-subumicsadid gerybutgl e(s&rt(éﬂt BGLBSlema]D hoDRQ amnd theractiodinmix8ire was

| met hvi ufyric acid et
y gurr cf " ro6m temperaturé/ l‘or 16 h. The reaction was quenched with the slow addition of

20 saturated aqueous ammonium chloride (70 mL). The mixture was extracted with EtOAc,
washed with brine and dried. The crude product was purified by column chromatography
(CH2Cl/EtOAc, 1:0 — 1:1 — 0:1) to give 3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-
(diethoxy-phosphoryl}-propionic acid ethyl ester (5.1 g, 50%).

23 (b) 2- (6 -tert-Butoxvearbonviamino-pvridin-3- vlmethgl] but-2-enocic acid ethvl ester

To a suspension of NaH (278.8 mg, 60% in mineral oil, 6.97 mmol) in THF (25 mL) at

0°C was added a solution of 3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-(diethoxy-

phosphoryl)-propionic acid ethyl ester (2.5 g, 5.81 mmol) in THF (30 mL). The reaction

mixture was allowed to stir at 0°C for 1 h. To the reaction was added acetaldehyde (512
30  mg, 11.6 mmol) dropwise at 0°C. The reaction mixture was allowed to warm to room

temperature and then stir for 16 h. Acetaldehyde (2.0 g) was added to the reaction vessel



ester/A 10 31007 20m
3-Acetyl sul fanyl -2-(6-tert-butoxycarbonyl am no-pyridi n-3-yl nethyl)-butyric
acid eth / A was separated froma m xture of

3-acetyl ?uq ?02%3%/5 2- (6-tert-butoxycarbonyl am no- pyridin-3- §F1&'§F%%//qo)g§4but yric
acid ethyl ester/A 3-acetylsulfanyl-2-§6-teri-butoxycarbonyl -

am no-pyridin-3-ylnethyl)-butyric acid ethyl ester/B and
3-acetyl sul fanyl -2-(6-tert- butoxycarbonyl am no-pyridi n-3-yl nmethyl)-butyric
aci d et hyhd eetredctiof noiRwre 6k hAbOed 1dXtirias raxvh toifpeehiutel fdg amvbdditional 16 h.

| sohexane; 1- propanol : diethyl amne (98; 2; 0.1). The enantioneric excess
was > 999he & arueR Wik guasghepbivahiBe plgwarddiiqediFairagd aevath ABMANiyy wit h

I sohexane; y Ghet ' T N € -\ IO P - 7 2=

o-tort oo ol e ERBnky MRS PR R e iy iy, Wl Y Moo

est er/ B afford the crude product. The crude product was purified by column chromatograph

3- Acet yl sul f anyl - 2- 6-tert-butoxycarbonylanino-perdin-3-y|nethy|§-butyric
aci d et hiftOAcdiczansy 4o gosatayledi( ¢ kanbioryceEipnglagpino-pyridin-3-ylméthyl)-but-
3-acetyl s -tert- | .ani yridin-3-ylnethyl)-butyric
acid eth?#kéggé#gﬁﬁggﬁ&gég%§#§ﬁ§%§€§§§@¥é??ggggr - but oxy-

car bonyl am no-pyridin-3-yl nethyl)-butyric acid ethyl ester/C on a chiralcel
AS colum 25 eluting with hexane: ethanol: diethyl amne (99: 1: 0.5). The
enantlor@a _‘ -‘ i ‘__-‘,,;:- QL o & Aol id] ai? I C '5—_-‘.‘ 5'3;J S
“colum e ing with i sohexane: ethanol:diethyl amne (99; 1: 0.5).
3- Acetvl8Urfanvl -2- 6-tert-butoxvcarbon |am no-vridin-3-vineth 1)-butvric
aci dwet hyb thid@cartaeid @5 mL) were added EtsN (1.5 g, 14.8 mmol) and ethyl 2-(6-tert-

O R S b B 5 AT
tyl sul fg%g%@érﬁg%&{) el E%ﬁ&i%ﬁ%ﬂﬂr?iﬂ@%S:il?rc&athﬁ Is%?ﬁy;eﬁvé!eagg’@e{dﬁﬁﬁﬂl

PCT/ 5EQ yridin-3-yl met hy tyric acid et ter/B and

3- acet yl thidliceriy lacid-({ 6-thEy tvas bddedp el fzactydromm noreyeryoive-Bryy). it makliebut yri c
acid ethvi ester/C on a chiralcel AS ¢ |UHQ el ut.i mﬁtp_ggéaggz et hanol :
di et hyl BHSTHE Y3FO0lEd 1g repm teppReraNEn) uteg EOEIQAL 8 mb) 18¢ rpasur ed
by HELC 4ghdig ifef Wial pafdfed) S SRR SR NaBEWY, bRnd 30081 T'he Rombined

et hanol : difret hyl” amine (99; 1, 0.5). (d) 2t

- Ami no- pyrgemic hay8rsvivere chydehiratadaindapteduadt pressuraadind chydeAvasqugifiedn of

3-acet yl SuLIanMh: 2; (8 S1b U ROSAI RN R R%; RABAIAT: G LY ) -butyric

acetone/hexane, 1:8) to afford 3-acetylsulfany!-2-(6-tert-butoxycarbonylamino-pyridin-3-

2%\ Ch

ylmethyl)-butyric acid ethyl ester as a diastereometric mixture (780 mg. 68%).

20 The diastereomeric mixture was separated using preparative chiral chromatography
according to the procedure described below to give the four isomers 3-acetylsulfanyl-2-(6-
fert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/A, 3-acetylsulfanyl-
2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/B,
3-acetylsulfanyl-2-(6-rert-butoxycarbonylamino-pyridin-3-yimethyl)-butyric acid ethyl

15 ester/C and 3-acetylsulfanyl-2-(6-terr-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric

acid ethyl ester/D.

3-Acetylsulfanyl-2-(6-rerr-butox vearbonvlamino-pvridin-3-ylmethvl)-butyric acid ethyl

gster /D
3 3-Acetylsulfanyl-2-(6-¢tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butync acid ethyl
ester/D was separated from a mixture of 3-acetylsulfanyi-2-(6-tert-butoxycarbonylamino-

pyridin-3-ylmethyl)-butyric acid ethy] ester/A, 3-acetylsulfanyl-2-(6-rert-



acid ethyl ester/A (45 ng; 0.11 mmol) in concentrated HCl (2 nil.) V\@q gnggg

refl uxed under to argon for 1 hour. The reaction m xture was all owed

cool to erature and concentrated under reduced pr to afford
28.4 ny o‘?B{ah}G%}Ptle corrpound as the hydrochloride salt. %ﬁ@ﬁﬁd VHz,
D20): b 7.89 (d, I H, 7.71 (s, | H, 7803 (d, IH, 3.23-3.33 (m | H,
3.1-3.2 (m IH), 2.75-2.9(m 2H), 1.47 (d, 3H). 15 M5 (+) 227 (M+l).
LelL2-(6- Ami no. pyridin-3-vlnmethyl)-3-nercapto-butvric acid /B A solution of
3-acetyl Sudoﬁ(adfmborz?y](uﬁtrtoepﬁﬁrrdﬁuﬁqﬁm&mﬁrbw}r@dm&@eﬂw bgtbfrBB?,;hkgfershmaﬂbut yric

acid et h?/ ester/B 55 ng;. 0.14 mmol ) in concentrated HCl (2 m_) vas
r ef | uxed Qffde&pP UE%V%WWBWOTPYW@‘U}A Yhnethv@am}rmamﬂxtw @swe€ aal Bengeyl o

|t t d d fford
5600 g SHEEL OB Al SR an SRR BB R BOER Rl SRR s
DO: 6 4 c&9al(:d OJ H)lum?r ehkingswitil H)Jhex?mgacc(t&mrilﬁ) bsogroégr Bc ool dBthyiHhmine

3. 1-3. | H),_ 2 m 2H), 1.47 (d, 3H). +) 227 f
2- ( 6-%Am ‘E?c? B\;srl_?ocﬁ Q. 8. W‘n@%ﬂ%w}rﬁg@ wmeéwﬂi(m?af?ws mca%ir@é b})’NPé& émmgm org )

2ma(ngt %;?@%Jléﬁg@%gm&ﬁ Elt@grﬁr ‘?}#rl If’séﬁ@%@?ﬁ&ﬁ{ Q dlet IFE‘ e((é’ghﬁ;o'@: 02 mmol) in

concentrated HCL (0.5 nL) was refl uxed under 30 argon for 1 hour. The
reaction, n xt re. wa a(ISIO\}ved to cooI 1to roomterrpe}rature and concentrated

hydrochléggérg@ Salt. 31 OCT 2003 WO 00/ 66557 PCT/ SEOQ 00834 60 i H NVR (400
Mz. DO 87.82-7.9 (m IH, 7.67 (br s. IH. 7.0 (d, | H), 3.16-3.28
(m ol I-D ACEL)'%H@D9147-((6Hf€rf-bﬁ)3?iy®rﬁ’cﬁ1-y2arﬁiﬁo(pryridﬂﬁﬁ sylthedhfl-buryB88EDid e +) 227

M| - At no apto-hutvric acid/ D A
g0| u% i ort gﬂ]IfA was separate@ %rom a rnxxturem?TB act:23rrls'.tllf"r1z1ylr ‘S g terr-butoxycarbonylam;no-

3-acetyl idﬁxﬁ-By)hm%t (y@r—&ﬂ?ﬁc bud Qﬁwpésrt&@ﬂ}’i 3EE AR RNy H ﬁ? ?érﬂbﬁfﬁkﬁé%ﬁo Pt yric
acid et hyI ester/ in concentrated
refl ux eonnam@lmyrxdarétyﬂmﬁ wl)ﬂbummaadmaymmm ad Paagenyisalfangl-2(6-ened t o cool
tor Oombtu?d’g}%mao %&Exrrﬁggpyndm 3-ylmethyl)-butyric acid ethy! ester /C on a chiralcel OJ
15 column eluting with isohexane: | -propanol: diethyl amine (98; 2; 0.1). The enantiomeric
excess was > 99% as measured by HPL.C using a chiralpak OJ column eluting with

isohexane: ethanol: diethyl amine (99; 1; 0.5).

3-Acetvisulfanyl-2-(6-tert-butoxvearbonviamino-

0 ester/B
3-Acetylsulfanyl-2-(6-rert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl
ester/B was separated from a mixture of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-
pyridin-3-ylmethyl)-butyric acid ethy! ester/B and 3-acetylsulfanyl-2-(6-tert-butoxy-
carbonylamino-pyridin-3-ylmethyl)-butyric acid ethy! ester/C on a chiralcel AS column
35 eluting with hexane: ethanol: diethyl amine (99: 1: 0.5). The enantiomeric excess was
> 99% as measured by HPLC using a chiralpak AS column eluting with isohexane:

ethanol:diethyl amine (99; 1: 0.5).

3-Acetvisulfanv]-2-(6-rert-butoxvecarbonylamino-pvridin-3-vimethvy)-butvric acid ethy!

30 ester/C
3-Acetylsulfanyl-2-(6-reri-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl

ester/C was separated from a mixture of 3-acetylsulfanyl-2-(6-rers-butoxycarbonylamine-



concentrated under reduced pressure to afford 6.8 ng of the title cgnpgeng
as the is hydrochloride salt. "H NVR (400 MHz, DO) 57.82-7.9 (m IH,

7.67 (b 7.0 (d, IH. 3.16-3.28 | H), 2.96-3.0
2.76-(2.£5 “d’g%ﬂ) 1 217 (d,H) 3H).  NB(+) (2r2n7 (|v++1) is Exané?é@id’@si\‘%n no-

vridin-3- Inmethvl -3-nmercy to- -entanoiz®acid (a) 2-

6-t ent - But oxycar bonyl am no-pyridin-3- Jnethvi) .pent-2-enoic acid ethyl
ester To a solution of NaH (290.5 ng, 60%in mneral oil, 7.5 mmol) in THE
(25 nl) @indaG320meas])adaeit &idethyl tSDEﬂ'/B)hnd 3-acetylsulfanyl-2-(6-rer:-

3-(6-tert-butoxycarbonyl am no-pyridin-3-yl)-2-(di eth%
phosphorwwp‘ﬂ@anbh%ﬂ%yraﬂ@ﬁmg}mewfblaur(yzlcecgi ethyl@steffoin) a thiraieg AS0 nl) :

vas naasd prnsTuRE i MR S ety btnElas b e ednat S kB AT on

m xt ur e WS 7atil aswmhsmxed 8y IHPLAI using mchireippl A8 ¢olemh @lunkG with Roagtpeal dehyde
(2.5 was added _and the mixture was stirred at zs roomtenperature for an
addi fi or?éﬂa“%d’r‘?‘hﬁﬁ@"’ree@%’ti &vwas quenched with the slow addition of
saturated agqueous NHACL (30 nmL). The mixture was extracted w th EtOAc,
washed with brine and dried. The crude product was purified by col um

chr omat odr 246nAmin Et@'di’nhbxbnmhyllﬁmetcapm_wmmc acid /A
2-(6-tent- ut oxgg rbon Irret hyl ) - pent - 2- enoi c_acid et hyl

_ester a$¥f Hi‘?(‘i “5FLY 55 %v# {fréléfd%‘g%y E?P’B’iaf@“@:wr@@b%y\‘/@e@d} EBHER
PCT/ SEOQLQQ834 sy AR n’r)b AcatMeyl 1B%Bﬂéer§ra(c@' 8el {2 mL) was re under

d
but oxvcar bonvl am no_pyridi n- 3-v[ met hv] 1- pent anol ¢ aci the ester To
t hi ob acetdon facil dogd Thertdacter mixtdetedasaliowed(d.c@obo rﬂzamm:mpbl)auandnd

st or ( Rresg SRt yip ety By PSR 1TSSl PERER A s i e was

sti rredhyam@ﬁl@n‘h@rsals days (additional thioacetic acid (1.5 nL) was added to
the reaction m xture every 2 days). The reaction mxture was cooled to

room t enkd SR 460 Mdz. tPréh: éi’?lsat(édlm 71 1B Qrd), 7109 do il Hawrd. 23 -Bapeim. vidd).

separ at brine and dried. The conbi ned

or gani cgﬂa§/3v@ \?}gﬂeiﬂ‘] }z’;ﬁi %mgﬁreduced pressure. The residure was
purif i eMuhsenaemt).y by tvvo

{e) 2-(6-Amino-pyridin-3-vimethvl}-3-mercapto-butvric acid /B

A solution of 3-acetylsulfanyl-2-(6-fert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/B (55 mg; 0.14 mmol) in concentrated HCI (2 mL) was refluxed under

20 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 NMR (400 MHz, D-0): § 7.89 (d, 1H), 7.71 (s, 1H), 7.03 (d, 1H), 3.23-3.33 (m, 1H),
3.1-3.2 (m, 1H), 2.75-2.9 (m, 2H), 1.47 (d, 3H).

25 MS(+) 227 (M+1).

(f) 2-(6-Amino-pvridin-3-vimethvl)-3-mercapto-butyric acid/C

A solution of 3-acetyisulfanyl-2-(6-rert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric
acid ethyl ester/C (9 mg; 0.02 mmol) in concentrated HCL (0.5 mL) was refiuxed under

30 argon for 1 hour. The reaction mixture was allowed 1o cool 1o room temperature and
concentrated under reduced pressure to afford 6.4 mg of the title compound as the

hydrochlioride salt.



[—|

i s chromat ography colums (CH 2Cl 2 and Et OAc/ hexane, 1:5) to afford ii(ﬁ ria%
of a mxture of desired products and unreacted starting material. T C [l[]3
crude pr further purified by HPLC (Et OH Hexane, 1:9) and then

col um cﬁvrq’oﬁ'itgfﬁﬁ%r%aphy (acet one/ hexane, 1:8:) to give the tfd"@":@&?f)’dund as
a diastereonetric mxture (180 ng, 18%60 The di astereoneric m xture of
3-acetyl sul fanyl - 2- (6-tert-butoxycarbonyl am no- pyridi n- 3-yl met hyl ) - pent anoi
c 15 acid ethyl ester was separated using preparative chiral chromatography
accor di NgHIMHIEI00MEI EOLD R S0RST.idhed 198! PW7YBr 4ii¥8, 1.064! A4, 31150918 fn,
3-acetyl sul fanyl -2-(6-tert-

but oxycar Eﬁn%ﬁém%ﬂpylﬁ)dz A53-86 ret Yl ATt 3Hvi ¢ acid ethyl ester/A,
3-acetyl

2-(6-ter ﬁ{f%{?()'il{/éar anw am no-pyri di n-3-yl met hyl ) - pent anoi ¢ aci d et hyl
ester/B, 3- acetylsul fanyl-2-(6-tern-butoxycarbonylam no-pyri din -3 -yl

nmet hyl ) - pent anoic acid et hy| 20 ester/C and -
3 acetyl stla-ghpl 1D0-PRLigig - ' Y idildli n- 3- yl et hyl ) - pent anoi

aci d athyl. eoNner c ‘L evva epar on two
Chl r a: cefe'\ %}{u“ eI:llséfeﬁ ElCIctyl\/\/}lnhl‘%a _6,S_¢6g[ec o%‘ﬁ%ﬁ é%g %E'EH PS’{ ‘?}EF 3 YS'PEI‘gVHd’“Wr{Ch
I sohexanacidiesopeapyC (90 002 miRliarohcentBedIHCR)(0.5THE) %@@F\Jﬂu@l@@ﬁh excess

was neasur ed by anal ytical HPLC using two chiral cel OJ col ums, |ch wer e
‘connect e#3PB f¥ak oust Ths reaghiqn miwguig was allowedite sheki@rreomi tswpempyt a5 al cohol

met hanol date@dnder 9L o

T acety| SUFabar P indoE duced prossurs to afford 6.8 me of the st cqmpound as the

3-yl met hyydrogdotidensaitc acid ethyl ester A through C the enantioneric excess

was foung_b}\ﬁ\g be > 99Y% éeas it was found to be 97%for

3-acetyl F»ﬁooz%%?e% €8xy §RpBAY(7-67 (br s, 1H), 7.0 (d, 1H), 3.16-3.28 (m,

am no- py | t C ester D. 30 (c)

6- Am no- {Efl HFHQ%‘LV[ I -gkﬁgréa of %eﬁcg @H ic acid/ A A solution of

3- acetylMSI(ﬂaIW]l(Mﬂ)G tert - but oxycar bonyl am no- pyri di n- 3-yl net hyl ) -
pentanoic acid ethyl ester/A (50.4 ng: 0.12 mmol ) in concentrated HCl (2
m) was 3 1 OCT 2003 WD 00/ 66557 PCT/ SE00100834 62 refl uxed under argon
for L. 5 fpoiMsie 2The reaction mxture was allowed to cool to room
terrperature an concentrat ed under reduced pressure to afford 33.9 m of
the titl®A -3y imethyibnseime wrpegdenneal 4cid sH NVR (500 MHz, D20); S
7.87 (dd, IH), 767(d | H), 70(d |H) 3.02-3.16 (m 2H), 279287(m
2H), 1.79-1.88 (m IH), 1.53-1.64 (m IH), 1.07 (t, 3H). MS(+) 241 (MW1).
(d")  2- ((6) Atsen-BytoxStRbSMhmBIOYIndis-30ReaR) LpOR LNk GeiB Gl Bster

To a solution of NaH (290.5 mg, 60% in mineral oil, 7.5 mmol) in THF (25 mkL) at 0°C

20 was added a solution of 3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-(diethoxy-
phosphoryl)-propionic acid ethyl ester (2.5 g, 5.81 mmol) in THF (30 mL). The reaction
mixture was allowed to stir at 0°C for 1 h. To the reaction was added propionaldehyde
(725 mg, 12.5 mmol) dropwise at 0°C. 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

25 room temperature for an additional 16 h. The reaction was quenched with the slow addition
of saturated aqueous NH,Cl (30 mL). The mixture was extracted with EtQAc, washed with
brine and dried. The crude product was purified by column chromatography
(EtOAc/hexane, 1:8) to give 2-(6-tert-butoxycarbonylamino-pyridin-3-yimethyl)-pent-2-
enoic acid ethyl ester as a mixture of isomers (1.2 g, 60%).

30



A sol ution of 31 0CT 200
3-acetyl sul fanyl - 2- (6-tert-butoxycarbonyl arruno-pyridin-3-yl nethyl) - 1(9

pent anoi thyI ester/B (51.6 ng; 0.13 nmol) in conce HCI
rnL) vvasﬁ/ fﬁquxed under argon for 1.5 hours. The reactionpﬁgkﬁ(?@

allowed to cool to roomtenperature andlconcentrated under reduced pressure
to afford 34.7 ng of the title conpound as the hydrochl oride salt. "H NWR
(500 MHz, 020): S 7.87 (dd, 1 H), 7.67 (d, I H, 7.0 (d, 1 H, 3.02-3.16
(m 2H),(b) m@m@ummvémteakﬁmmcz&oawﬁ&;ﬁdsnpva;&mz:urﬁesnah%émﬁmlc ik, 1.07
(t, 3H. M(+) 241 (Mrl). (e)

2- (6-Am L di n- 3-yl net hyl ) - 3- ner cal 2t o- pentan0|c aC|d/CAsqut|on of

pent anoi = Segeee PUSL T ReER TR A8 PP SRt TR 2
was ref IddMylamﬁldwpvalrdgGBl—yﬂméthlj,(l)5pdﬁ0-@l$§101c-rit€d élﬁ??éstd}rﬂl mtu ﬂnﬁﬁﬁat%érﬁv‘Bd

to cool to roomtenperature and concentrated under reduced pressure to
affoPd JEYPRIGLUSE- Th@fﬁqttqn@@@wmdt@sdtﬂh@“%wr8c;b1m:s Gdditionghthioace¢ MR (500

Do Oys ALY o plothd tpaluSPrmiBliiven(d naly SpldreadiOvmAis whs Coaleq
3H). Mﬁﬁ o dnpdvithts andOihéh Wildrel G it TEDA & VitHeWr Bandc WlyBBW Y debardted,

mer caot o_pentanoi ¢ acid/ D A solution of 3-ace

. tyl sul f afighedwith spiwrated abkfeapriphgnd dried. .Thn@opgbmcduqngeguqflarmswwry
pent aN0icin i £SHELY Boldhf 31 Q0% heA BbORRSAL1STed O (2

nm.) was under he Feal VU8 was

al | aned chmmmmgrapby talonmns {CH,Cl, knd BIC AWBeRH G 6 9 fo MEIYdSIF0GhH 088 hibdre
terrperat re.a ﬂ‘ﬁﬂ:centrat ed under reduced _Fressure to afford 12.9 ng of
the titP de%ﬁﬁ oA e aaet %Wéﬂ’i‘-’d%ﬂzﬂa he crufie RpAUEEYES fopher IS S

7.86 (ddy Hp) y Hifle &]i 5n§,1 . hd tHerPed; gﬁogﬁ%@ %%etgg%h%twbgl 42219

(m 2H), 7’1.55°1. 66
(M¥1). Ewartbft atle Qomgdt@zdﬁm ndiaSechheii: qmmunh (183 myg, 1 8 %) riEhrecdipdtergembnt - pr op
ionic aci.d

miXture of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-yimethyl)- pentanoxc

ts  acid ethyl ester was separated using preparative chiral chromatography according to the
procedure described below to give the four isomers 3-acetylsulfanyl-2-(6-teri-
butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoic acid ethyl ester/A, 3-acetylsuifanyl-
2-(6-rert-butoxycarbonylamino-pyridin-3-yimethyl)-pentanoic acid ethyi ester/B, 3-
acetylsulfanyl-2-(6-tert-butox ycarbonylamino-pyridin-3-ylmethyl)-pentanoic acid ethyl

20  ester/C and 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoic
acid ethyl ester/D. The diastereomeric mixture was separated on two 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

25 alcohol: methanol (97:1: 2). For 3-acetylsulfanyl-2-(6-rert-butoxycarbonylamino-pyridin-
3-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-terr-butoxycarbony!-

amino-pyridin-3-ylmethyl)-pentanoic acid ethyl ester D.

30 (¢) 6-Amino-pyridin-3-ylmethv]}-3-mercapto-pentanoic acid/A

A solution of 3-acetylsulfanyl-2-(6-rerr-butox vcarbonylamino-pyridin-3-yimethyl)-

pentanoic acid ethyl ester/A (50.4 mg: 0.12 mmol) in concentrated HC! (2 mL) was



10 (a) 6-Am no-5-chloro-nicotinic acid ethyl ester N Chlorosuccini m_de

(21.7 g, 0.162 nol) was added to a suspension of 6-am no-nicotinic Sk DT 2003
et hyl ester (018.0 g, 0.108 nol) in acetonitrile (270 mM) and the m xture -
was ref | uY&PY668Y 2 h. The reaction mxture was filtered anBCTERaRMBI4at ed
under reduced pressure. The residue wag, di ssolved in dichloronethane,

washed with water and dried. Flash chromato 15 graphy (2.5 % MeQH in

CH2Cl 2) gave pure 6-am no-5-chloro-nicotinic acid ethyl ester (17.23 g, 79

%9. (b) 6:4, - - am.ho-5-chl oro-nj cotinic acid ethyl
ester DI\/&'T:;{HJ(){‘)Q1"‘&1(35It arggg?%ﬁlggﬁd—}?%%g%tﬁ PofuEe o5 allgyefia £l 48 L0%Rded to a
sol uti on wfipdatupdaaniomRedrabd Ofider PdiREd Bictsiae idla@biVd3 SlqlF thrife 9. 45
mrol ) in dichloromethane (250 m). The reaction mxture“was stirred for 24

h. DVAP (ompouids i hvarpghiopdeyad (3 x 0.5 equiv.) was added during the

reactionigi LEacti on s re i er _and dried. The
crude pr O%ﬁRéQS%gge%*%néﬁﬁ@gnéﬂ??%?@Q?&)&bgd\&%( $ &2 16 (m, 2H),

but oxycaplyomy ) ¢an2HR-157% N8 Ar. MHEOL 53 G4as] d st h.}zsgé{?%mf (11.87 g, 66 %.
25 (c) (3-chl oro-5-hvdroxvmet hvl -pvridin-2-Xl')-carbamc acid tert-butyl
ester Li M34) 2% Mg1).63.2 mol) was added in portions over a period of 3.5
h to solution of 6- bis(tert-butoxycarbonyl)-am no-5-chloro-nicotinic acid
ethyl ester (11.5 g, 28.6 mvl) in THE (70 m) at Oct. The reaction

M xture WAS-@LAmMiRsipy ndim.nmnﬁa@zsahe&egq@@htaﬂb&mcwﬁhen 30 NH4Cl (sat.)
was added carefully foll owed by water. e solution was filtered. dried and
concent r AtS@teRdE B- (st Bnpl- 24 6vare baigxytasbon damite-pyridin-3-ylmethyl)-

(3-chl org:-5: - i di n-2-,.yl)-carbam c aci t-butyl ester
(5. 56 g, Permpf Bl b ] Gl B oo Pt e s

( 5- br onomBtiked uiitiet Atgoarfor 1.§rHotts1TRe vdaktiomkbRmtEwae hithb W&l do-dowt i roBat er

Tri phenyl phosphine (2.61 g, 9.7 nmml) foll owed by carbontetrabrom de (4.58
g, 13.8 ‘e&%ﬁﬁP?“fﬁ/&gd SerRsaLrRigd ¥nderdpdtrsr presstre to afford 34.7 mg of the title

(3-chl or@nasdavgr: M}Fd?é(éhl dd digh- 2-yl)carbamc 5 acid tert-butyl ester
(2.38 g, 5%32 mma'F) in CH2d, (6['n1) at OC. The mixture was stirred at

room t enmpENMRI 00 MiHz5 DhORrEN7 8D 0dd NN 1.6 (Andey, 709U cHY 302233618, 2H),
Acet oni t,)rjgd'e%v%é40 m was added and the m xture was kept to -20C overnight.
The Ki xtuft=Rd<m kER: F-/PtiiSdandit. 1-Hpd €4 (it B, ilHY (Ledue washed with col d

acet oni tyjkt-8.241R1 {1l trate was concentrated under

(e) 2-(6-Amino-pyridin-3-ylmethyl)-3-mercapto-pentanoic acid/C

A solution of 3-acetylsulfanyl-2-(6-rert-butoxycarbonylamino-pyridin-3-ylmethy!)-

20 pentanoic¢ acid ethyl ester/C (4.3 mg; 0.01 mmol) in concentrated HCI (2 mL) 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, D,0): & 7.86 (dd, 1H), 7.66 (br s, 1H), 7.0 (d, 1H), 2.94-3.04 (m, 2H),

13 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).

(D) 2-{6-Amino-pvridin-3-vimethvl)-3-mercapto-pentanocic acid/D

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-
30  pentanoic acid ethyl ester/D (15.2 mg; 0.05 mmol) in concentrated HC1 (2 mL) was

refluxed under argon for 1.5 hours. The reaction mixture was allowed to cool to room



reduced pressure and another crop of brom de was obtai ned as descri WUFT 003

above. (5 10 brononet hyl -3-chl oro-pyridin-2-yl)-carbamc acid tert-buty

ester (1,86 63 %9 was obtained as white crystals. (e) 2-

6-tert- b‘(?'t%%%ﬁf’bon vl ani no-5-chloro-p ry idin-3_ vlnmethyl FCHEEBHPAE34ci d

di ethyl ester Diethyl malonate (1.87 g3, 12.31 nmol) was added to a

suspension of NaH (0.54 g, 12.31 Is mml, 55 % in dry DVF (15 m) at -8C

This m xture was stirred for 15 min. before it was added dropwi se to a

solutio als b= B - (e (s PRp7 FRVE A ) k. tert-butyl

ester (%@%e%@r?gﬁ%&?g@?ﬁ%te@g&?g 36%\%&?&5%%%6)%}&@6&%&2&{6@ (?fe[gg:“g icng sol ution

was sti rooetpoliad ad thenhvdudobsoraie sOiC, t hen NHLCI (5 ml, sat.) was added

careful ly. Stirrin m ter’g)erat ure overni %; concentration under
érlﬁ ( i

I at _ro ht and
reduced PridbER€0  R2PE S el (A2 dBhh] -6k (Ries L HiskB(dddl)i A 9at 4 Iriid). 2.
The aqueoys,| ! Xt A R - conbi ned organic
extracts were r’izﬂ?%'fglgﬁf%f@%qgﬂ\éw'%gnlge-gn%aﬁggngr?afté‘%)éduced pressure.
Fl ash ctvispgtzagr@aphy. (I % MeOH in CH, Cl,) gave 2-(6-tert-
but oxycar bonyi am no- 5-chl oro-pyridin-3-yl nmethyl)-malonic acid diethyl ester
(2.45, 60 9% as a sticky clear oil. 25 (f) 2-
6-tert- bonvl am no-5-chl oro- vridin-3-vlnethvi)-malonic acid
nonoethq-:rita—g@\sf%c-g A solution of KOH (0.44 g. 6.72 nrnol, 85 % in ethanol (5
m ) was 3a@dachih® Sachiarbipyrigim-Dy1)-2-mercaptomethvl-propionic acid
“2-(6-tert-but oxycarbonyl am no-5-chl oro-pyridin-3-yl methyl)-malonic acid
diethyl ester 30 (2.45 g, 6.11 mmol) in ethanol (25 m) and nethyl ene

chl ori de_ (& ) - - 1] stirred for 18 h at room
terrp'éra a) 619\ &R0 il ol U1 e in vacuo and the 31 0CT2003 WO
00/ 6655 N-Ehloroa0iinRR421.8F, 0462 ched) dhs sdledad ai saspeatien.of bhanagrecnimit ayer
was washed with ether. acidified to pH 4 I M and extracted wth
ot hy eAERthesis (et i mad o atubuile (LTINS r GariEE vRa e eder o
washed Whthm Walefe 2 25kh AIxne wal ¢ididdefd ohbddiatd ChRP RO gREAAL AR under
reduced pressure gave the crude product which was purified by flash

chr omat ogsidyehwas diSsobvetbinvidChlcdromaHags Myashed/imirg water and dried. Flash chromato-
2-(6-tert-but bony! anj po< 5-chl - pyridi n-3-yl nethyl ) - | .onj id
2 (6 LB UL, LS TS BRI o

2- (6- t etz Py OoXY gAr bonvl am no- 5- chl or o- pyri di n-3-vi methvl ) -acrvlic acid
et hyl ester

(b) 6-bis(tert-butoxycarbonyl)-amino-3-chloro-nicotinic acid ethyl ester

DMAP (0.11 g, 0.9 mmol) and (Boc)-0 (21.54 g, 99 mmol) was added to a solution of 6-

20 amino-5-chloro-nicotinic acid ethyl ester (9.0 g, 45 mmol) in dichloromethane (250 ml).
The reaction mixture was stirred for 24 h. DMAP (0.02 equiv.) and (Boc)20 (3 x 0.5
equiv.) was added during the reaction time. The reaction mixture was washed with water
and dried. The crude product was washed with hexane to give pure 6-bis(fer:-

butoxycarbonyl)-amino-5-chloro-nicotinic acid ethyl ester (11.87 g, 66 %).

{c) (3-chloro-5-hvdroxvmethyl-pyridin-2-vi)-carbamic acid ters-butyl ester

LiAlH. (2.4 g, 63.2 mmol) was added in portions over a period of 3.5 h to solution of 6-

bis(tert-butoxycarbonyl)-amino-3-chloro-nicotinic acid ethyl ester (11.5 g, 28.6 mmol) in

THF (70 ml) at 0°C. The reaction mixture was stirred in room temperature over night, then
30 NH,CI (sat.) was added carefully followed by water. The solution was filtered. dried and

concentrated under reduced pressure to yield crude (3-chloro-3-hydroxymethyl-pyridin-2-

yl)-carbamic acid ferz-butyl ester (5.86 g, 79 %).



Diethylamne (3.67 m, 3.67 mmol) was added dropw se fol |l owed by watse{ 0@?2@3
m) and to CH2C12 (2.5 m) to a m xture of

2- (6-ter rypuyfpryassar bonyl am no- 5-chl oro- pyri di n-3- yl net hyl )l-,%gw cid
nonoet hyl ester (1.40 -,3.64 mmol) and 37 % aqg. sol ution of hyde
(0.29 M, 3.75 mol) in CH2C -, (2 mM) & O0C. The m xture was stirred for
20 h at roomtenperature and then poured onto ice-water and extracted with
nmet hyl ene chloride- The organic | ayer was washed with 5% NaHCO3, dried and
concentrated under 15 reduced pressure. Flash chromatography (1-2.5%

met hanol in CH2Cl2) yielded 2-(6-rert- :

but oxycarBbhiPemanetby 3 - g siggi d et hyl ester
rert- but ox

0.81 g (68:%.,.. - Acat, an_l.oeth | -3-f6- c

car bonvl gﬁ'ml prf%p %@g%ﬁp@r‘@-(“v@i%i@n{ @-Wﬁlgg‘)t[%wled?byrc(?f%%[%tr CP A5 A8 Rdfdr 20

Thi oacet immat)iwhs(Aided Jo yaspatieof G-¢hlsresPEASHRPmRthyI-pyridin-2-yl)carbamic

2- (6-tert-butoxycarbonyl am no-5- chl oro-pyridin-3-yl metyhyl )-acrylic acid :
et hyl Sestid feq-bugy egter £2.3% gnPrImmahdn GHEEHpD anl) ab0°Q. OTHe Imxtyre a2 3tumeb| )  at
r@erature under arg rni ght,

00 o T SrlBra 181 RS GLa) MS AeL 3 900 st )

poured ol I'ce- er and” ex { : \
washed wivids addédisms B8 rIRIHEOR bl REpi to JB COMRMMEROThE A% Rle %Q:Hemnte?e’&ﬁﬁ- The
crude a product was purified twice with flash chromatography (CH,Ch, 1-2.5
% MeOH i thecratpbine serddusexaphed mtidyeold sceponitrile. The filoragd wes pencentrated under

2-acetyl f -(B-tern- QX - . i

car bonyl zénq%g@é{egﬁrg%q %@é?ﬁic'%@%?g?}r?&‘ﬁ%r”f? BPtgmegrﬁsgeégib&dé‘PﬂW' (st er (0.79
g, 870 % brdrhgmeh§B3-Shlord-peri@imchlyDrartiiiic Abid BrribhkyiZestR (€ 8B0B® %) was

t hyl -uropjonic acid 30 A solution of

2- acet y| ShiainghAs vehitg\arystals.6- t er t - but oxycar bonyl ani no- 5- chl or o- pyri di n- 3-
yl)-propionic acid ethyl ester (55ng, 0.132 mmol) in concentrated HC (4
m.) was 31 OCT 2003 WO 00/ 66557 PCT/ SEQQ 00834 66 5 refluxed for 90 mn.
;I-Eg {Ie?féel)(?)_ l‘—?)l( ecd gd C?- D(.;[hr eg rljéd§ Imet ,‘ .e eccli |_. OVI -n‘. Ve

2. 70- 2. 9Didthyl. m&bhate ?I.§3nﬂ§12.3m<§) 0s hade 4

feh)
. =

| ) 0s bédedlibla suberdston GxA8at W53 ), BX8D! e
23 3-(6- Am no- 5- hydr oxvt net hyl - pyri di n- 3-vl | - 2- mer capt onmet hyi - propi oni ¢
aci d'{ a) M&ed)i 33 fad i dpyPME/darBoat 18 &ni his-teixwcp Wasstiged ifen 5 met. dbefortipl  est er

was added dropwise to a solution of (5-bromomethyl-3-chloro-pyridin-2-yl)-carbamic acid

tert-butyl ester (3.30 g, 10.26 mmol) in dry DMF (50 mi) at 0°C. The resulting solution

was stirred for 40 minutes at 0°C, then NH,Cl1 (5 ml, sat.) was added carefully. Stirring at

room temperature overnight and concentration under reduced pressure gave a residue,

20 which was dissolved in water/CH.Cl,. The aqueous layer was extracted with CH,Cl and

the combined organic extracts were dried, filtered and concentrated under reduced

pressure. Flash chromatography (1 % MeOH in CH,Cl,) gave 2-(6-tert-

butoxycarbonylamino-5-chloro-pyridin-3-ylmethyl)-malonic acid diethy!l ester (2.45, 60

%) as a sticky clear oil.

(£) 2-(6-tert-butoxycarbonvlamino-3-chloro-pyridin-3-vimethvl)-malonic acid monocethyl!

ester
A solution of KOH (0.44 g. 6.72 mmol, 85 %) in ethanol (5 ml) was added to a solution of
2-(6-tert-butoxycarbonylamino-5-chloro-pyridin-3-yimethyl)-malonic acid diethyi ester

30 (245 g, 6.11 mmol) in ethanol (25 m!) and methylene chloride (10 ml) at 0°C. The mixture

was stirred for 18 h at room temperature. The solvent was evaporated in vacuo and the



to A mxture of 5-bronp-6-bis(tert-butoxycarbonyl)am no-nicotini cmalc})"
et hyl ester (4.50 g, 10.1 mmol), vinyltributyltin (3.52 g, 11.1 fﬂ%%ﬂm
tetraki spal ?#.}mtrl phenyphosphin (0.50 g, 0.40 nmmol) in %ﬁgﬁ&’?@sg) was
stirred at ux for 24 h. Tetrakispalladium triphenyphos 0

was added and after 24 h at reflux thebfeaction mixture was cool ed and
diluted with dichloronethane (100 m ). Saturated aqueous KF (25 m) was 15
added and the solution stirred for 1 h. Water was added and the product

ext r act gesidig issdvehinorsereilhanguedisdayer ganiveashbhsahweser dicidifledicbH 4 by

concentr nd red ce s ure. Flash chromatography (1% MeCH in
di chl or d?%fﬁgﬁé'}faﬁ q'é%te ert?tﬁhé%ﬁt’:‘a‘i’r’éioenw yacetgig fge SO‘FEW% OFgagist i ni c
acid et h‘Wer?ﬁzEFerw%th ugth \«(ﬁg:r b %n %ﬂ)c ried. Flltratton% ?onkc):entr tion utnder Dl BAL

- hydr oxy-"net hvi - 3-vi nyl -yyridin-2-y ar bani ¢ acrd
(25 nl, rddvced phessamepvevds cattbeptoduapvilisie wiag parified by iflagh @tiromatocraphy (10

T o e S et o 8 ST DL (2.0
L enper atknit g mbhoci Eied G311 2. d’ﬁ@)aggﬁgu%rﬁlt@ Sisy'Bhmoved by water.

and the m xture was concentrat ed” under ced pressur e residue was
suspended in 5% McCH i n dichl oronet hane and fil tered t hrough silicagel. The
filtrate was dried and concentrated under reduced pressure to give

_(5- hydr oxyavd-feyl-b@oxydaybon viuin 8i e odd-) Gadi BTy enedigd 16l ab S tit nbidtel v egter (1. 00
g, 78 ¢ (5-hrononet hvl -3-vinvl - ridin-2-vl)carbam c aci ert-butvl

est er 1qf£3y 3mdng @I‘@dmél}sge‘ﬁ‘ﬂ%hwé# added dropwise followed by water (2.5 ml) and

5-h d X! det -b . est 0 0.0
o M o mlll pifhepd B 282 R e s R shery 9100
fC ;I'l 2003111&@1}21@-31&6&;53 aﬂﬁiﬂcﬁﬁeg{yﬂ)??BA(l g Qh@$ ﬂhmﬂﬁaxﬁcﬂ.il? gEC@q. _?ﬁ]fhuen B?[TDI )

ol | owe e e a : e mxture was
stirr edgoif’%tld(c?gw?‘? &rﬁ?e?"g mFTtﬂl) mn q:lHa(tgl]G (3 ﬁ'éna‘&)ﬁc fe FraxeEF Wﬁﬂ%imdrf@ﬂuced
pressur gg h%@e&o@m&rﬁgéfﬁu&m{% (i) pd¥Ed 8&‘33 %g.@er 8 emrééttétf ﬁleﬁ%&ﬁ% -20C

overni ght. The m xture was then filtere the cryst ne residue washed
vm t h cotidofdeddeongamd lager Whewpshedueith §&sN ald CiOhj drikdmndfdoastnicedanstogr aphy
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9. 36 %Buroxycarbonylamino-5-chloro-pyridin-3-ylmethyl)-acrylic acid ethyl ester 0.81 g (65 %).

(h) 2-Acetylsulfanylmethyl-3-(6-rert-butoxycarbonvlamino-5-chloro-pvridin-3-vimethyl)-

ropionic acid ethvl ester

20 Thioacetic acid (4 ml) was added to a suspension of 2-(6-tert-butoxycarbonylamino-5-
chloro-pyridin-3-ylmethy!)-acrylic acid ethyl ester (0.732 g, 2.16 mmol) and triethylamine
(0.31 ml, 2.23 mmol) at 0°C. The mixture was stirred at room temperature under argon
overmight, poured onto ice-water and extracted with CH,Cl,. The organic phase was
washed with saturated NaHCO5 until gas evolution ceased and then dried. The crude

product was purified twice with flash chromatography (CH.Cl,, 1-2.5 % MeOH in CH.Cl;

i

and Hexane/EtOAc, 5:2 — 1:1) to give pure 2-acetylsulfanylmethyl-3-(6-tert-butoxy-

carbonylamino-5-chloro-pyridin-3-ylmethyl)-propionic acid ethy! ester (0.79 g, 87 %).

(1)_3-(6-Amino-3-chloro-pyridin-3-y1)-2-mercaptomethvl-propionic acid
30 A solution of 2-acetylsulfanylmethyl-3-(6-tert-butox ycarbonylamino-5-chloro-pyridin-3-

vi)-propionic acid ethyl ester (53mg, 0.132 mmol) in concentrated HCI (4 mL) was



(d) 2-(6-tert-Butoxycarbonylani no-5-vinvl-pvridin-3 ylmethvll-malonic

aci ddiethvl ester 10 Diethyl malonate (2.30 g, 14.3 mmol) was added 1t&100}
suspensi offoebeds (0.61 or, 14.3 mol, 55 9% in dry DVF (75 gt%@% C. The -
m xture was stirred for 15 nin and then added dropwi se to FQR{90

(5- brononet hyl - 3-chl oro-pyridin-2-yl)-c& banic acid tert- butyl ester (4. 50
g, 14.3 mol) in dry DMF (100 m) at OC_ The resulting solution was

stirred for 40 nin at 0C, then NH4Cl (30 m, sat.) was added carefully.
Concent r atfluxedifsr hoeén. Tredaoabnps sssuid agaeencent@skduer wauek pRSuf Bsol ved
in water/CH Cl The aqueou | ayer was extracted with CH Cl7 and the

conbi nedcévfttp’é@f[%c%Pgumi’-Sefg H&I@éﬁgﬂn%r%‘b%ﬁ centrated under reduced

H t 0 2
Egef;}[ eBuﬁ)x;%ggrgg nvi alrgngt?ﬁ(@%ﬂ%:’ r?z/l ME)&# :Fg ﬂ{ﬁé ﬁ% lﬁél onic acid
di et hyl @43 ef) 248.(B0-1)1, 77% . 20 (e)

2- (6-tert-But oxycarbonvl am no-5-vinyl -pvridin-3-vlnmethyl)-malonic acid :
monoet hvl ester A solution of KOH (0.71 g, 12.6 mml, 85 % in ethanol (10

m) was ggggg tQ a solution of
2-(6-tert- car bonyl am no- 5-vi nyl - pyri di n-3-yl net hyl )-mal onic acid

di et hyl 2g60(mind%-h¥dr3Qy@hethylpOridA-))i20metchaRale ;bm’r&'agld

di chl oronet hane (10 m) at OC. The m xture was s |rre at room
tenperature. The solvent was evaporated in vacua and the resi due di ssol ved
in water. The aqueous | aver was washed wth ether, acidified to pH 4 by 1
M HCl an@) éﬂm_gmrmmnmﬁﬂlhalnmcoﬁmeao;rdceahml@sdeayer was washed with
wat er d bFI ne nd dr ﬁ Filtratio oncentration under reduced

d c

pressur e fnéllx udwg OIPPas ISEE PRI %‘?Yg n?i’ﬁc%“ﬂ?eﬁlﬂ EHyEesren hS0gmve
2- (6- t ento. buirpxly,Gan e ALTh 955'0Vlﬂ)’h b
monoet hyl  est ery( 3. }35 g, ﬂ76r00/ a) mwzgggﬁrv\% o #‘E@‘l/yg%%}%gsm 68
(f) 2- (6%, Dﬁ&@mpéhmﬁﬂﬁﬁ(hﬁﬂnﬂou@ stirmed at xafiugi for 24 hl Ferdispaliadieny| i ¢ aci d
rent Q%’Lr g%@ﬁﬁ?@g{pﬂ}’d ?5%(5‘ 9) \gvgs %Sdem ahd gfter024 h atI )eﬂ\ll.\llgsthg geggtgondﬁg:RMesweast °a
“but oxycarobmdydndmikln&dﬁvith ﬂkh}cwmbuﬂhrﬁb Q0P Rt rhredBlqRE0E RE(ES AP0 hy!
ester (3.05:a,. s 8. and 37 % aq. solution of f or mal dehyde (0.71 g,
8. 80'5mm”| drleq andho @91““(32 5H1"7d fogtl lp WV arghwageddedrandihs psfldilﬂr@@raf:wﬂ Wit at room
t enper at Ie xtracted. wt
di chl or o%@%%%%tﬁ#ﬁgt hg(r?’g‘a“ﬁ?“c agg)rag ﬁ%é@%d;%onﬁeaﬁr?ﬁ 4t %ﬁf&&dé’ﬁﬁ’sure

Flash chromatography (1% MeOH in dichloromethane) gave 6- bls(tert-butoxycarbonyl)-

amino-5-vinyl-nicotinic acid ethyl ester 3.20 g, (81%).

20 (b) (5-hydroxymethvi-3-vinyl- 2-ylcarbamic acid tert-butyl ester

DIBAL (25 ml, IM in hexane) was added dropwise to a solution of 6-bis(tert-butoxy-
carbonyl)amino-5-vinyl-nicotinic acid ethyl ester (2.00 g, 5.1 mmol) in THF (40 ml) at
0°C. The mixture was stirred at room temperature for 1 h. NH,CI (sat.) was added carefully
followed by water, and the mixture was concentrated under reduced pressure. The residue

25 was suspended in 5% MeOH in dichloromethane and filtered through silicagel. The fiitrate
was dried and concentrated under reduced pressure to give (5-hydroxymethyl-3-vinyl-

pyridin-2-yl)carbamic acid ferr-butyl ester (1.00 g. 78 %).

{c) (5-bromomethvi-3-vinvl-pyridin-2-yDcarbamic acid rerr-butvl ester

50 To astirred suspension of (5-hydroxymethyl-3-vinyl-pyridin-2-y!)carbamic acid tert-butyl

ester (10.0 g, 40.0 mmel) in CH2Cl> (150 ml) and THF (60 ml) was added triphenyl-



dried. Flash chromatography (1 % nmethanol in CH2C12) vyi el ded 2-(6-t%

but oxycar bonyl am no-5-vinyl -pyridin-3-ylnethyl)- acrylic acid ethyl els f & 2003
(1.70 g, 61 %. 10 (g) 2-Acetvlsulfan nethy 1-3- -346-tert-bu ycarbo yl |-
vri di n- 3WQ00663% opi oni ¢ acid ethyl ester Thioacetic aci d RGI/AEQV/0#834 added
to a suspension of 2-(6-tert-butoxycarpgenyl am no-5-

vinyl -pyridin-3-ylnmethyl)-acrylic acid ethyl ester (0.73 g, 2.16 nmmol) in
triethylamne 15 (0.31 nm, 2.23 mml) at OC. The m xture was stirred at

weh cransehdRd EREk 8RRt SEL Al saﬁgoﬁn*ﬂ?%xg@ém é&é%@ W1 Gas
evol utio sed._and then dc{’l ed. Fl ash rYBI;[ c{% % MeOH in CH2C12)
gave 2- a@gt ﬁg@@%@pﬁéfwe q;r?%mttgpPerBw%f&y then concentrated under

car bonyl r, i I ter (0.51
20 S0 T pe BT RALLE (oS Rt Ml oBURRE A EreBlls Lt 00T ¢

- mer ca tomet:ibhl. Thpmplumwas then diltetedydndebd enysi@imeeesidise Wudhed ed dvldugh a
sol ution of 2-ac f anyl nmet -3-(6-tert- o

but oXy c ABGRF ﬁlh% JB:‘CQ/Y"%%/PUT iﬁ?’/ﬂi]ﬁ‘ Wgsg fb'ir?mfb‘toéfﬁpdﬁ (£ aMe@Thimgichieeq-er
(0.65 g-m%ih%’c) k\)e Zfﬁoﬂnemﬂh @C&Ihio(rgg)ygnh rNQ‘tyé) %agﬁrmg Yé@z%rrtﬂﬁ ngé bl ed

t hrough t 5 mn oIIowe m xture
of NaBH4403.§(36(%). 8.00 mmol) in water was carefully added to the m xt ure
at -78C, and the reaction mxture allowed to reach OC. Stirring was
-continued for 3 h. Acetone (10 m) was added and the reaction m xture
evaporated to 1/3 of the initial volune. 50 % NaC (aq) was added and the

m Xt ur e (Was.(£xbk ARkSH cMibbRyISMird- ﬂlm%yﬂeinbﬁgﬁnetﬁlwhsﬁm@m aEHﬂﬁ@tﬂWéEé’rd
under reduced préssure to give crude err

PcrligEcmxgaﬁmea&glatc (2.30 g, 14.3 mmol) was added to a suspension of NaH (0.61 g, 14.3

DL, SRR AT LS N RISl RPASAEA P 0P on

fanvl metladéd aro(pﬁn;eetata-sbukmwas Bﬁﬂr\/drﬂéfhﬂoi'}-'éhi@h‘@ib?ﬁi&m byl cafbbini€inbidIerss Y1) -
propionic acid eth ester A mxture _of cru

3- (6- t ePUIHEEER (L th‘ﬁ mﬂb@rmmﬁimmz}tﬂp% Thg fesgitipg polution was
Ter capt %Hﬁ%ﬁj%r & 901 A€, dch Vo SBLEL) & el carbrfliy EBhdeAfRHCB

(0.11
15 under reduced pressure gave a residue, which was dissolved in water/CH:Cla. The aqueous

layer was extracted with CH.Cl» and the combined extracts were dried, filtered and con-
centrated under reduced preseure. Flash chromatography (1 % MeQOH in CH.Cl,) gave 2-
(6-rert-Butoxycarbonylamino-5-vinyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (4.30
g, 77 9%).

(e)_2-(6-tert-Butoxvcarbonvlamino-5-vinyl-pvridin-3-vlmethvl)-malonic acid monoethyl

ester
A solution of KOH (0.71 g, 12.6 mmol, 85 %) in ethanol (10 ml) was added to a solution
of 2-(6-terr-butoxycarbonylamino-5-vinyl-pyridin-3-ylmethyl)-malonic acid diethyl ester
25 {(4.30 g, 11.0 mmol) in ethanol (25 ml) and dichloromethane (10 ml) at 0°C. The mixture
was stirred for 6 h at room temperature. The solvent was evaporated in vacuo and the
residue dissolved in water. The aqueous layer was washed with ether, acidified to pH 4 by
1 M HCI and extracted with dichloromethane. The organic layer was washed with water
and brine and dried. Filtration and concentration under reduced pressure followed by flash
30  chromatography (10 % MeOH in CH:Cl;) gave 2-(6-tert-butoxycarbonylamino-3-vinyl-

pyridin-3-ylmethyi)-malonic acid monoethyl ester (3.05 g. 76 %).



mmol) in acetic acid anhydride (I nL) was stirred at roomterrperatu é@r
h. NHAC (sat.) and water was then added. The m xture was extract ed 2003
di chl oronet hane, dried 10 and concentrated under reduced pressure. Flash
chr ormat ogPAbMFSE2C T, 2.5 % MOH in  CH2Ch) gave 2-ac PCT/SE00/00834
etyl sul fanyl net hyl - 3- (6-tert-but oxycar bggyl am no- 5- hydr oxynet hyl -
pyridin-3-yl)- propionic acid ethyl ester (0.23 g, 60 % . 3-
6- Am no-5-hvdrox nmethyl- ridin-3-vl -2-nmercy toneth 1- ro ionic acid 15 A
sol ution of
3-(6-tert-butoxycar bonyl am no- 5 hydroxyrret hyI pyri di n-3-yl)-2-nercapt o-

] 5

nmet hyl - pr(p)pj_ |n conce trated HQ (2
m.) was Xed T Or- o0 T Tre—react d RSy esterng
under redmee@mm@@anwnnos S@m@oma@shu&écﬁd&ﬁmqaq ﬁ%z&@%fb*% zé@'t (37”91
9830 H NVR (400 MHz, D?0O): 5 2.70-2.95 5H), 2H) , 68(5

I , 7. @gthgrca:porp.j)lamg@ $\7'BH’(W PYQIZMI %-Mimgthﬂaamjbe:czmd rnonoethyl ester (3 05¢
2- I\/E
pvrr g??gltgﬁj‘?ﬂé&\% ?) a%d ano %é@l% % ffg'a ﬁfg%c}‘i (Qaé ﬁ%ﬁs%%r%ﬂ' ltfﬂ Yﬁ@ne

560 ol at Ok T&édﬁdtdr@w&s S@rdd foen fpit tbom tem eraturc and th d
benzyl - 5- oxo- pyrrolidi ne-3-carboxylic acid r%rz'rr%()mLlrc orgo Vi T—EG(GSO

nL) undegtd grinsied mdwém@mﬁam ihgrasganis laryef mx Msmrwans%maﬂa:m heo

poured o The phases were
separ at e'glllgﬁtI %:égg)%}é%ﬁ%tg%rh 5 ag%lpg%ﬁll\gg_{)\é'%‘a ‘{%ﬂ(ﬁé?fé and the conbi ned
or gani ¢ bh@smmmbédw@pldpﬁﬁlﬁanﬂnﬁmﬁ Uieic adi@&%gpés:&r @SR 81 lp) gi ve
17.9 g of the crude product as a yellow 0| . 31 OC T 2003 WO 00766557

PCT/ QGO 00834 70 (b) 3-Hvdroxvnethvl- vrrolidine-I|-carboxvlic acid
reri-butyl ester 10%Pd-C (6.1 g) and ammoni um formate (log 158 rrrml) wer e
h 6.

BBy v Rhibdh Nadnd

reactlonmmmmyjmered whi | e warmthrough a pad of 5 celite, the
celite further sh dw net hanol , and the conbi ned or an| ¢ phases

were co gﬁ‘feruﬁta%’&( ‘fﬁléwraééfl O\BaRISPFTISIN fet(G-rerrPitoxzearhenylam ter (35

m), thevigglsiridens- 04, CrRNEsel @ £ 2 m.ﬁvq di -
tert- butly? %?rcar bo:')gglt%terﬁ,Q &glé&l@ gStR wer® %h@ )?he r eé’c@qgﬁ m xture
was stirided mi F@m@mér@tﬁmmmgﬁmmﬂm room temperature under argon

overnight, poured onto ice-water and extracted with CH,Cl,. The organic phase was
washed with saturated NaHCO; until gas evolution ceased and then dried. Flash
chromatography (1 % MeOH in CH.Cl,) gave 2-acetylsulfanylmethyl-3-(6-tert-butoxy-
carbonylamino-5-chloro-pyridin-3-ylmethyl)-propionic acid ethyi ester (0.51 g, 70 %).

(h)_3-(6-tert-butoxycarbonvlamino-3-hydroxvmethvl-pyridin-3-vl)-mercaptomethyl-

propionic acid ethvl ester

Ozone was bubbled through a solution of 2-acetylsulfanylmethyl-3-(6-tert-
butoxycarbonylamino-5-vinyl-pyridin-3-yl)-propionic acid ethyl ester (0.65 g, 1.60 mmol)

25 in ethanol (25 mli) at -78°C. O, was then bubbled through the mixture for 5 min followed
by N bubbling for 15 min. A mixture of NaBH; 0.30 g, 8.00 mmol) in water was carefully
added to the mixture at -78°C, and the reaction mixture allowed to reach 0°C. Stirring was
continued for 3 h. Acetone (10 ml) was added and the reaction mixture evaporated to 1/3
of the initial volume. 50 % NaCl (aq) was added and the mixture was extracted with

30 dichloro-methane, dried and concentrated under reduced pressure to give crude 3-(6-tert-



THE was renoved under reduced pressure, water added and the aqueous phase
was 10 extracted with Et OAc. The combi ned organi ¢ phases were dried gﬁcﬂCT 2003
concentrated under reduced pressure to give 4.64 g of the_crude product.

Fl ash chP&%8taphy (Heptane/ EtQAc: 1/0 -+ 68/32) of thePEFFERIWBHduct

af forded 3-hydroxynethyl - pyrrolidine-g9carboxylic acid tert-butyl ester
(3.82 g, 60%9 as a colorless oil. 15 (c) 3-Trifluoronethanesul fonvl oxvneth
| - vrrolidine-l-carbox lic acid tert-butyl ester Methanesul fonyl chloride
(0.4 m, L1 5% ranianic ac

hydr oxyrlr?el?)hxyl C pyr r%?%?n’e‘g?@gé%g@yl ?gn é@.%”?%&%@??ﬁt“&p&?p‘?%c afld4. 97
mol ) arthy estet {38 e e (1.04 nl, 7.46 mol) in CHC, (15 nL) at OC. The
reaction mxture was stirred at roomtenperature overnight. After
filtration CH Cl _7 was added, and the organic phase was ao washed with I M

HOl, dr igd. ABd, aRESIiEaked-Bngen kadused DA o ey Svridin.3,

trlfluorone anesul TonyT oXyne -P

est es (12249@9 o7 agid eftd) e8eBr oromet hvl - rrol i di ne-1-carboxvlic acid
tert-but t 25 t f . .-

St 11 ORGSR AR O bR Hyboq iRy S tyaathybeyidie-ebd ter -
putyl  esieRiaptcin@hyOprobibnft EMPLthy P03 & 3. Py 48 KRS, (o (A ¥ acet one

(30 mL) was refl uxed overni ght. The reaction m xture was allowe to cool
to roonmimelpar ateur egidfanhydnided( 1 rahliwamsmem aaberh tefiperatesifdu® hweH,di ssol ved

in CH Cl 2 and washed dried and conc¢entrated under reduced
pr essur &3} ga'?ﬁ VE i e“tﬁ‘il\éya‘%%émﬁf‘ﬂ'ad‘@ﬁ EXpaetEd Wik dighiommethapsydres

chr qpat g adti¥ndited LANS 1Bl (08 préséls}e maﬁﬁéﬁ%ha?éofr @E@}?f 11, 2.5 % Me
3-brbnonet hyl -pyrrolidine-1- carboxylic acid tert ester (2. g, 78%

as a cofduf 2egBVEo?-Iacet?;»liul@@mg@ylﬂ@}(Oﬂﬁfﬁﬂﬁm}f@@’lﬁbsmmmﬁ}ﬁawdrmn(ed)yl-
2-(1-tert . But car honvl vI) mal oni ¢ acid diethvl ester
Di et hyl P#ﬁf&%ﬂé erpﬁ’gmnq_cpyi{éy‘f %{39%3 ed dropwi se to a solution of
NaH (60% 0.51 g, 12.8 nmmol) in dry THE (15 nL) at OC. The m xture was

stirred at room terrperature for 1 h after V\/mch it was added to a refluxed
m xt ur ellod J sk gradaptopng priof1oney 3 utyI ester

2.8 10 L on :
(2,5, 10yt b&*@ﬁ%@ﬁ@@@m‘?gc{wﬂlﬁ&ﬁn' B b At 1)
was addmdthy&pﬁb;ﬁdirﬁc pEid @t esvers(SOxh ¢, AGEatdmel )R CGHE’ﬁtﬁltedThel comib) hag or ganl c

phases re dried and_concentrated under reduced pressure to yield 3.3 g of
t he cr ugduxed for 60 min. The reaction was cooled and concentrated under reduced pressure to

- but yl

give the title compound as the HCI salt (37mg, 98.3 %).
'"H NMR (400 MHz, D,0): § 2.70-2.95 (m, SH), 4.65 (s, 2H), 7.68 (s, 1H), 7.88 (s, 1H)
0 MS (+) 244 (M+1)

Example 24

2-Mercaptomethvl-3-pvrrolidin-3-vl-propionic acid

25 {2) (1-Benzyl-pvrrolidin-3-vl)-methanol

Red-Al (160 mL of a 3.5 M solution in toluene, 560 mmol) was added to a solution of -
benzyl-5-oxo-pyrrohdine-3-carboxylic acid (20 g, 91 mmol) in dry THF (650 mL) under
argon. The reaction mixture was refluxed for 2.5 h and then poured onto a mixture of
crushed ice and NaOH (20 %). The phases were separated, the aqueous phase was

w  extracted with toluene and the combined organic phases were dried and concentrated under

reduced pressure to give 17.9 g of the crude product as a yellow oil.



product. Purification by flash chromatography (CH C,/EtOAc: 1/0 -473 8{5@122003
afforded 2 io (1-tert-butoxycarbony!-pyrrolidin-3-yl met hyl ) - mal oni c aC|

di ethyl esbaieésks64 9, 45% . (f) 2-(
1-tert-Butoxy_carbonyl-pyrrolidin-3-vlnethvl)-malonic acid P%A%Feotoﬂyquest er
A solution of KOH (0.26 g; 4.6 mol) i n”’&t hanol (7 nmL) was added to a
solution of 2-(1- tert-butoxycarbonyi-pyrrolidin-3-ylnethyl)-malonic acid

di et hyl es_ter (1.52 g; 4.4 mmol) 15 in ethanol (7 nL) at O0C. The reaction
m xt ure aneahvirpyoelif maplee s cat rirghityl esoarcent rat ed under

reduced e resi.due. was sol ed in water (500 niL). The
aqueous gy?ﬁ@ém WEW?WUH\ I&FH?;‘F%@%&P %@Phlwqreac{@% BA 531%1300@%1 ‘M
Hel, _andBesxipgondin Lin-diabiivl s atdon mihe ArAaRl: PRASRLYERILIgGH. and
concentrate under reduced pressure to yie -
2- (| -ter «:\ft@ufqﬂwcfar lbﬁ)nynutpymcataccipn-lmxylrmhﬁllt):fdda.i/mm wamc thdowgnogddod 20
ester, e}%eq ]I/% (5%%}? (W Eeépox car | -ally)-pyrrolidine .| :
-car boxy e 2he g1t & ]W' Asped Wi ey o ni“ﬁéhf(@f’re ingq Organig phAHAS VRS
added t occhcBhordred. erHRf

pyrrolidin- c3 tyltrret h Ir)chlrggi ggfgkgdg%@%@gg??fﬂ%{‘grwa%(%%mu [éw Blu%%l ) in
36% aqueyasconst @&Oﬁandri( 2610+(82 gul Hetnymtd) 4:01 @7 rart- buBylFmd‘mimin)ate @195, 32(1. 6

m.) and I)ﬁ/ate)r“;e dd%b)T QC. The reaction xture was stirred at room
tenper at P ovEFnE E%W‘etborbﬁ’ﬁuﬁec‘?éas 2 (eR9P [GPRDCT3HEE Qvermgllt EBe wi t h
CH2Cl_. THE vReinoesh @ﬁ&@ﬁ&céﬁ‘ﬁ%@@rﬁﬁeﬂ’@ﬁl@ﬁq?dm& uéo@smas dried and

concentrated under reduced pressure to yield
car b¥nyl e}%qar:vd)mﬁyEiQM &M@Ombumdtiwé}mc ohaes d/eredmed)nndydone&ttmted&d%

879 | 003 00/ 66557 PCT/ SEQO 00834 72
(h)/() Sa? %\'gée%t 31%45 '%Stﬁ\ﬂwez é‘% ﬁé’g %WO%”?[ Flf'\/% chromalegraiiiye- | - car boxyl i c
aci d t Or(HepUn¥EIOASt &) —'Eh%gy?eiflu% @t pfodubidrfortbd $hyRRf yhay 1 c00l ed to OC,

was added to a m xture of

et hoxy c ®YBehineal-carbpx i aced fedd-brsyl estear(BER\d, 66%a@s d cobrlesdoeil.yl ester (0.72
g; 2.54 mol) s and triethyl amne (0.37 nm; 2.67 mol) at O0C. The
reaction mxture was stirred at 0C for 30 mnutes at roomtenperature for

23 heur gcaBdr :ﬁﬂ[tﬁﬂo@x@tﬂaﬁ@kuﬁﬂhﬂokﬁﬁeﬂhﬁi—ﬁﬁn&lﬁﬂge—mc)arbox%@ aBRYSbR)| ]YEf Was
extracted with CH2CI 2. The. conbl ned organi c phaSés were washed W 1h

sat ur at edetangsuidony chicgidg (@4 dalck hi manel) wasddded drdpwisd tqaaeelgune of ¥he crude
product gyg?o?(gmém)jl InStoR¥ink 2SR GARQRLL rgrt%[myl e:(:ster%FI 2/. mmol) g tnethyq8132)

to yiel
amine (1.04 mL, 7.46 mmol) in CH>Cl» (15 mL) at 0°C. The reaction mixture was stirred at

room temperature overnight. After filtration CH»Cl> was added, and the organic phase was
20  washed with 1. M HC], dried and concentrated under reduced pressure to yield 3-

trifluoromethanesulfonyloxymethyl-pyrrolidine-1-carboxylic acid terr-butyl ester (1.4 g,
97%).

(d) 3-Bromomethvl-pyrrolidine-1-carboxvlic acid ters-butvl ester

35 A mixture of 3-trifluoromethanesulfonyloxymethyl-pyrrolidine- 1 -carboxylic acid rert-
butyl ester (3.85 g, 13.8 mmol) and LiBr (3.61 g, 42 mmol) in dry acetone (30 mL) was
refluxed overnight. The reaction mixture was allowed to cool to room temperature, filtered
and concentrated. The residue was dissolved in CH»Cl- and washed with water, dried and
concentrated under reduced pressure to give 6 g of the crude product. Purification by flash

30  chromatography (Heptane/EtOAc: 1/0 — 68/32) efforded of 3-bromomethyl-pyrrolidine- |-

carboxylic acid rerr-butyl ester (2.84 g, 78%) as a colourless oil.



10 acetyl sul fanyl - 2- et hoxycar bonyl - propyl ) -pyrrolidine - -1 -car boxyj 5%1%03
tert-butyl ester (0.72 g, 79% as an oil. (i) 2-Merca tonethvl-
rrolidin-3-vl- ro ionic acid A solution of

3- ( 3- ace™® 8u665ahy| - 2- et hoxycar bonyl - propyl ) - pyrrol i di ne- | PCasBoxguszL aci d
Is tert-butyl ester (0.52 a: 1.45 rnnol-), in concentrated HCI (15 mL) was
refl uxed under argon for | h. The reaction m xture was allowed to cool to
roomtenperature and concentrated wunder reduced pressure to afford a

di astero ure of th tit. conmpou as the hydrochloride salt
(0.33 g; \ '... [I n: rTP qu geig Hetiypested 19-2.32 (m

IH), 2. 3@I€21}')43n£l8hat|(=w 93 41, > %9%%&}%&%@%&%@% i§64 O%I %@%[&{HSOH ‘L_QH (@DCZ?’ 3.32

(m IH 190
Ci s- 4-anf- nd)bc\l'%BGnmnt)-LQden'DHf(izs nﬂr)craOf’Gn"émdmlx{um@vasenrred acnodmZS (a)
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sol utsi orp@folm&(zﬁzuﬂgxsﬂmwm h&shgﬁxﬁépmt 1%@%&Uﬁ(acf{93'ghﬁ_3%crh}g) The

tert-butyl ester triethyl am ne
i n CH2CIFegQ@nmmixtare \@@fumm rc@\acddl fon 1 frhx and hemasnc8itrabd ro dchaat diyaesy

t t filtration CH C’ d d th
phase neelathEd i erese wrdioe proficl S Ra et A &E‘Hégg'tbéﬁég’égf{“?‘? "
Pr essur ehagesyeredrizd QETARRRNQ QRAGER I BEHSER 9Q¥§§ 3 /Gt ¢

"met hanesul fonic acid 4-ter t-butoxycarbonyl am no-cycl operit - 2- enH“ met hyl
ester (PRoduetgPurgfgmgion pb)‘hsh @;r@mamgmme(mmwramem —26&@9) at)‘ord@d bami c
acid terﬁj gtvl est ¥sh ée of |l t hanesul f oni ¢ aci d _

4-t &Pt - BLTES 3}’&1&?’%?:%05 RY5E0L H}' Slmethy ) malopicackldiedyl ester .82 45%. 6 moi )
and LiBr (2.24 g, 25.8 nmol) in dry acetone (20 nL) was refl uxed

overni ght. The reactlon mxture was aI I ovved to cool to room tenperature,
filteredDaidlde ‘ S pRdresend washed

Z“.éh(ﬁatﬂ?%%%%%ﬁy%@?@ﬁ Geeabifls ﬁ'ﬂder;;? B £ i fobfedp! Eefer

(2. 23 grer?4UWoxycarbonyl-pyrrolidin-3- ylmethyl)-malomc acid diethyl ester (1.52 g; 4.4 mmol)

15 in ethanol (7 mL) at 0°C. The reaction mixture was stirred at room temperature overnight,
concentrated under reduced pressure and the residue was dissolved in water (500 mL). The
aqueous layer was washed with diethyl ether, acidified to pH 3 by 0.5 M HCI, and
extracted with diethyl ether. The organic phase was dried and concentrated under reduced
pressure to yield 2-(1-rert-butoxyczirbonyl—pyrrolidin-S-ylmethyl)-malonic acid monoethyl

20 ester (1.13 g, 81%).

(g) 3-(2-Ethoxycarbonvl-allyl)-pvrrolidine-1-carboxylic acid rere-butyl ester

Diethyl amine (0.34 mL; 3.3 mmol) was added to a mixture of 2-(1-zert-butoxycarbonyl-
pyrrolidin-3-ylmethyl)-malonic acid monoethy! ester (0.69 g, 2.19 mmol) in 36% aqueous
25 solution of formaldehyde (0.27 mL, 3.5 mmol), CH-Cl; (1.6 mL) and water (1.6 mL) at
0°C. The reaction mixture was stirred at room temperature overnight, poured onto ice-
water (500 mL) and extracted with CH>Cl.. The combined organic phases were washed
with 5% NaHCO;, dried and concentrated under reduced pressure to yield 3-(2-ethoxy-
carbonyl-allyl)-pyrrolidine- | -carboxylic acid rerr-butyl ester (0.55 g. 87%) as a colourless

36 Oil



(c) 2-(C,c-4-tert-butoxvcarbonyl am no-cycl ot) ent-2-envl net hyl | - mal oni ¢

acid diethyl ester Diethyl malonate (1.29 nL, 8.5 mmi) was added tdo! BCT 2003
m xture of NaH (60%0.34 8.5 mol) in DMF (10 nmL.). After stirring at room
t enper at Ww@06/68557L5 min a solution of cis-(4 15 PCT/SE00/00834

‘ br ononet hyl - cycl opent - 2- enyl ) - carbam ¢ a%ci d tert-butyl ester (1.95 g, 7.1
nmmol) in DMV (12 nL) was added, and tHe reaction mixture was stirred at
60C for 19 h. Et OAc was added and the organi c phase was extracted with
wat er ana1 dried and concentrated under reduced pressure to give
2.44 g oft Gigubianydgceth ony gprapwDigyvrfdlisisie- [ chibonptiogeidpi
(CH2C1 - 2[ £t OAc: 1/0 -), 68132) afforded of 2-(cis-4-tert 20
but oxyca nyl am no- cycl opent - 2- enyl et hyl ) - masoni.c acid di ethyl ester
(1. 47 g, Thi®¥etic(adid (5 mL). which had been cooled to 0°C, was added to a mixture of 3-(2-
2-(Cis-4-tert-butoxvcarbonyl am no-cycl opent - 2-enyl net hyl ' -mal oni ¢ aci d
monoet hyfthosgaehond-aibylirpyanlidine kexarpaxylig agid Rrabutylmsieri® 73tgharfel mméhnl) was

added. t o : j 2- (O $%-25 4t = byt oxycarbon yl am_ .no-c yc | ope
nt - Z%e nytfr%lettﬁ%’l% @%egfgi% rglg %65 .g“er{‘ﬁ]ﬁ“?@&s‘% grbl’e(r i.cfgnd?m‘é'? ansfyd ia'ngg} hanol
(6 ral) fat30Gindibe at e tedipdthaiteUfor 29@sustanttBéh Furk® BRfoliBARREALUOEmL ).
overni ght, concentrated and ice-water (400 rnL) was added. The aqueous

phase wakhe asawesdaygrWwosxaapigl withheH:ChnEhepambinet of ganivephades werg wasbed

extractiQi el rine in order, to get, good se separation),
aci difi gt %ﬁ%ﬁwél W tﬁ%’.“&%ﬁ&c?g‘é‘:ﬁ alpd Rt tedpieg 'ef%’ffgih‘g‘tﬁrﬁ%?g‘g?fﬁ Bt The
or gani ¢ \phasaeiisadydldsk dhanthieaaseNCRIGIEMDAST 1/0edusEesh) pyRIgHElE-t o af ford
2-(cis-4-tert-butoxycarbonyl am no-cycl opent - 2-enyl net hyl) -“mal onic acid
nonokét hyicewsufpnyle-gdogycagiony-pjopad)-mialiding- ysheios yli8 acidEar 2003 ever 00/ 66557
PCTI SE 993,34}9%54315 %nﬁb'lz' (G ,r-4-tert-but oxycarbonvl am no;

evvcl opent = Z=envl ime v'I)-acryI ic acid ethyl ester D ethyl amne (0.31 ni.
3.0 mol) was added to a mixture of 2-(cis-4-tert-butoxy-

car bonyl ami no-cycl opent - 2- enyl net hyl ) - mal oni ¢ aci d nonoet hyl ester (0.66 g,
2.0 mmoly ZsMepapwmethldopwrelidindrdprg d dehyde (0.25 mL. 3.2 mol),

M, (1.Bed1ha 7 ~~Jhe reaction m xtur stirred
A T ooy ot (MICElIsbifar1 ok By o i bR e b e i e
ext ract earr-htyh etA0152. g: AT menal e ceXtdraetddoHC] PIRBE.) wae Pefl dlddahdéPsrgon

addj ti on of brine. The conbi ned organi c phases were washed

i by, t
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et hyl ester (0.56
hydrochioride salt (0.33 g; 100%).

'H NMR (500 MHz, D-O): 8 1.60-1.92 (m, 3H), 2.19-2.32 (m. 1H), 2.32-2.42 (m, 1H),
20 2.66-2.83 (m, 3H), 2.84-2.96 (m, 1H), 3.23-3.32 (m, 1H), 3.40-3.58 (m, 2H).
MS (+) 190 (M+1).

Examnpie 23

3-(Cis-4-amino-cvelopenti-2-env])-2-mercaptomethyl-propionic acid

(a) Cis-methanesulfonic acid 4-fert-butoxycarbonviamino-cvclopent-2-envimethvl ester

Methanesulfony! chloride (0.76 mL, 9.8 mmeol) was added to a solution of cis-(4-

hydroxymethyl-cyclopent-2-enyl)-carbamic acid ferr-butyl ester (2 g, 9.4 mmol) and

triethyl amine (1.96 mL, 14.1 mmol) in CH2Cl» (30 mL) at 0°C. The reaction mixture was
30  stirred at room temperature overnight. After filtration CH,Cl, was added. and the organic

phase was washed with I M HCl. dried and concentrated under reduced pressure to yield



as an oil. (f) 2-Acetvisulfanylmethvl-3 .(cis-4-tert-butoxycarbonyl CT
am no-cvcl opent-2-enyl)- roionic acid ethyl ester 15 Thi oacetic aci é (gf 2003

m),

whi ch had been cooled to 0C, was added to a m xture of 2-(cis-4-

t ert - butWRWeE6I53ny| ani no- cycl opent - 2- enyl net hyl ) -acryl i c RGTSEOHY834est er
(0.56 g, 1.9 mmol) and triethyl amne;{0.28 n, 2.0 nmmol) at 0C. The
reaction mxture was stirred at OC for 30 mn, at roomtenperature for 19
h and then poured onto ice wat er (400 nlL). The aqueous | ayer was extracted

ith CH2CI 2 )
ot condEhe: meaGah R C b ase MR IRERES M i los it St e N

dried

product (2 Byl b6gation by flash chromatography (CH2C12I Et QAc: 1/0 -4 68/32)

af f or ded

2- acetyl sul fanyl met hyl - 3- (ci s-4-tert-butoxycarbonyl am no-cycl opent - 2-enyl ) -
_ | :

¥6Hi ¢ acid A sol ution

of 23 aC%t r‘xﬁli)&u}efcﬁrbd-ﬁﬁtﬂ”a%ﬂ@foﬁfél ﬁr&&@f%u@ﬂ&@i&ﬁ@@ﬂ@tﬁﬁw cyRfdpeat-gycl opent - 2-
enyl)-propionic acid ethyl ester (86 ng, 0.23 mmol) in concentrated HCl (5
m.) wasenylgfethidesteutiiel gaf-§armeioand LiBr ‘mé g.dack mm@l)mmrm reetorss(28Imbed t o

cool

d d fford
2 i ast SPOAPECRRar. T SRR D E R bo SRS AR g sl t

(65 ) filSred a@d@oﬁcc@ﬁ@&dmgﬁysﬁi@55ﬂas RGEASER D 0P8 anZl5vashH:l Wthe(t&OO MHz,

- D20) :

5 1.35- 7 (m 2H). 1.60-1.72tm | H, 1.74-1.92 ( 192204

( m | H) dried gryd Qorg:gnr(ﬁpd puigy redyced presyle (qgive qf c:.s5(47tg‘ogmggt}pgrcyg 0pgpq)7- 6. 12
I
2- I\/E'? cap?y&fg?"#g?’s%acﬁé |6Je;2 3‘%‘?’%%@3? zgr"ogﬁ@n c acid (a)

4- (2- Et hoxvcar bonvl -al | yl ) - pi perazi ne-1-carboxylic acid tert-butyl ester To
a solution of. 2- brormrreth I-alcryllc EIB.CId ethyl st%r (1 93 g 10 mml) I n

N.N Jo &ee
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30

(12 mL) was added, and the reaction mixture was stirred at 60°C for 19 h. EtOAc 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:Cl./EtOAc: 1/0 — 68/32) afforded of 2-(cis-4-tert-

butoxycarbonylamino-cyclopent-2-enylmethyl)-malonic acid diethyl ester (1.47 g, 38%).

(d) 2-(Cis-4-tert-butoxvearbonylamino-cyclopent-2-enylmethvl)-malenic acid monoethy!

ester

A solution of KOH (0.19 g; 3.4 mmol) in ethanol (6 mL) was added to a solution of 2-{Cis-
4-rert-butoxycarbonylamino-cyclopent-2-enylmethyl)-malonic acid diethyl ester (1.15 g;
3.2 mmol) in ethanol (6 mL) at 0°C. The reaction mixture was stirred at room temperature
overnight, concentrated and ice-warter (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 get good phase separation), acidified to pH 3 with 0.5 M HCl, and
extracted with diethyl ether. The organic phase was dried and concentrated under reduced
pressure to afford 2-(cis-4-tert-butoxycarbonylamino-cyciopent-2-enylmethyl)-malonic

acid monoethyli ester (0.86 g, 81%) as white crystals.



| ayers were separated, the organic was washed with water and brine, .and
dried over 1s magnesi um sul phate. The sol vent was renoved under r eduk BACT 2003
pressure to give _crude 4-(2- ethoxycarbonyl-allyl)-piperazine-|-carboxylic
aci d tertWOUXFPSEster (2.456 g, 82%. (b) PCT/SE00/00834

4- (3- Acet vl sul fanyl - 2- et hoxycar bonyl - prepyl ) - pi perazi ne-1-carboxylic_acid
tern-butyl ester 20 To crude

4- (2- et hoxycarbonyl -al I yl) - pi perazi ne-I-carboxylic acid rert-butyl ester
(2.45 g, 8.2 mmol) was added thiolacetic acid (7.5 nL) under argon. The

m xture was cooled to OC and triethylamne (1.14 n, 8.2 mml) was added

dr opwi se.(eThéCiridtent-putameratioen] anstbravelbpatt- T-e0vivice PRIV i 8cifl @hvRedeand

t hi ol acetd.c acid. 5 was added. Stirring was continued Tor I d, then
agqueous FW&%’BH‘%Q&#W%&%@A WaSHERhiost Sbt tuke o 2 Veis-4adtieit®Ey-car ef ul | y
until neyhfhvi: | It ] r : thre L nes W t h
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aqueots smB6fagecowsadiuivn of fehtaddshyds V008N S0} Hind) GMEIPNCE miiytgbr i ne.
After drx}n ?ver naqﬁ si.um sul phate the solvent was renoved under reduced
pressure a?ﬁ%( Renb-Ldihe THbEaphion FddreyacBirAdRt redm smapagepeentight.i ca
gel, 1. 7%aRH J [ f . g - (®B;.acetyl 30 .

sul f anyl I% et %gi}%ear“g%%ﬁ(mp%gy ‘?Q %?%)e{?%g’ftﬁe@ﬁ%@ér ORW t%‘g ST O PRaSh y t v |
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2- Mer capt onet hvvi - }Qégéraz'n-I-vI-pronionic acid To )

4- ( 3- acef”;?f*éﬂdt‘flf%ﬁ% V3 EOplrird AnE SRPFeFatsshindep radupesznragsure wayitlddrdindaci d
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2.5 h. Theassol.uti on was concentrated 5 under reduced pressure to give the
title conpound as the di hydrochloride salt (0.071 g. quantitativ). '"H NWR
(300 Mz, D,O: 5 3.86 - 3.49 (m 10 H, 3.36 -- 3.28 (m 1 H), 3.01 --
2.88 (M (f) 2-AdetvidMbiagd DlndiMit H)-(cis-0-r 5% MR & c frborviaRi ki MPspent SLdvp. 1) - 2-nerca

tonmeth |- entanoic acid
propicnic acid ethyl ester

5 Thioacetic acid (4 mL), which had been cooled to 0°C, was added to a mixture of 2-(cis-4-
tert-butoxycarbonylamino-cyclopent-2-enylmethyl)-acrylic acid ethyl ester (0.56 g 1.9
mmol) and triethyl amine (0.28 mL, 2.0 mmol) at 0°C. The reaction mixture was stirred at
0°C for 30 min, at room temperature for 19 h and then poured onto ice-water (400 mL).
The aqueous layer was extracted with CH,Cls. The organic phase was washed with

20 saturated NaHCOs3, dried and concentrated under reduced pressure to give 1.7 g of the
crude preduct. Purification by flash chromatography (CH,Cl./EtOAc: 1/0 — 68/32)
afforded 2-acetylsulfanylméthyl-3-{cis#zert-butoxycarbonylanﬁno-cyclopent—2-enyl)-

propionic acid ethy] ester (0.46 g, 65%).

s (g) 3-(Cis-4-amino-cvclopent-2-envl)-2-mercaptomethyl-propionic acid

A solution of 2-acetylsulfanylmethyl-3-(cis-4-tert-butoxycarbonylamino-cyclopent-2-
enyl)-propionic acid ethyl ester (86 mg, 0.23 mmol) in concentrated HC! (5 mL) was
refluxed under argon for | h. The reaction mixture was allowed to cool to room
temperature and concentrated under reduced pressure to afford a diasteromeric mixture of

30 the title compound as the hydrochloride salt (65 mg).



IS
(a) 2-11-(6-tert-Butoxycarbonylanino-pyridin-3-yi)-prop_y-|I-nalonig,ﬁﬁhﬂ
diethyl ester 15 To a stirred suspension of copper iodide (5.71 g, 30 ZW3
in diethyl ether (120 nlL) under argon was added ethyl magnesi um brom de (3
M sol uti%’r?‘?ol‘ﬁﬁa?-”et hyl ether, 20 mL, 20 nmmol) within 10 mi RCACERIBHM ter 5
mn stirring the mxture was cooled to7578C and a solution of
2- (6-tert-butoxycarbonyl am no-pyridin-3-yl met hyl ene) - mal oni ¢ aci d di et hyl
ester (5.47 g, 15.0 mmol) in tetrahydrofurane (60 nmL) was added dropw se
with in Q& i hi ef | t hydr efurang, (A9, | wasadded.

The i xt o SR (400 P AL 3 3BE1 4 Pin), BE0 A0 904218 L074 Tok MR 3HA 6
amoni um.ehl2qud @, (IBYR.670. QO UROLTH RETEINE a3 $@ oH) F179-6 3% bmasradeded (i t h
vigorous stirring, allow ng access of air, and the m xture was warnmed up
to room tRkpelaldud H)- The mi xture was extracted twice with ethyl acetate.
The conbi ned organic |ayers were washed successively wth agueous amoni a
solution (5% and brine, 25 and dried over nagnesi um sul phate. The sol vent
was rsenieenpleder reduced pressure and the residue was recrystallised from
a mxture of diisopropyl ether and tetrahydrofurane (5:1, volivol.) to

gi ve 2- [d-Meacapsomelnyi-dopiperzdipml il aopienacidi n- 3-yl ) - propyl | -nmalonic acid
diethyl ester (3.23 g, 55%. 30 b) 2- | -(6-(ert-Butoxvcarbonvl am no-
vridin-3-vl)- ro vl -malonic acid nonoet hvl ester

2- [ 1- ( 6-(hps42 Bukereramohorallvanpiperapitet D irb3x yild add epyblry@dieni ¢ aci d di et hyl
- ester (3.23(3,“ 8.19 rnnmol) was dissolved in a mxture of dichloronethane

3

(12 ni) Terisdunemef 2-bpememethghaqoyic agd3thybester Globsy. IBanmstooNMdB34 77

99. 5510);: LS. Y . j_$ . uf i ) [

v et goibeifedsy Ay 55 SUER Stk EEaBor Hichai0 R huBRtAERIHE, o,
0.5 h. @t 10mmgl)was tleantiiopwes, ényl-dilSorhoplidnting 7 himlt, UDenmwad. Afikowed to
warmup to.roomtenperature. After concentration under reduced pressure to
5 - 10 SHTIRG08 6058 roam GmReray e sAtyephwas waved Hgdensiugedpressiigandt i rred

for 0.5hyed8d rﬁ]bﬁd}ldfdi%;ih&foﬁ{!ﬁthaﬂé?sé Hﬂz)_fx?ér@ 24fie v‘gff)ﬁ:@%ﬂﬁid’& fof 2%hihfind M xture

of ethyl acetate and ethyl ether (Z:1, vo The "aqueous | ayer was

aci di fi éayeywadtdicparated, it oaganad whs enasked with miateracd drine, andtdrred(ck®89 to reach .
a pHof 4 to.5, and extracted three tinmes with ethyl acetate. The conbi ned
or b ¢ THEPERE ol THe LT B P ROveREPet] TEEE MASHOE O S IR and
the sol vapky¥aBoh BN Ehipidahe 10O 1RBRSMF o ebtepk8laBs %.lsioﬁ;. 1o

1
tert - but oxycar bonyl am no- pyri di n-3-yl)-propyl ]-nal oni c aci d nonoet hyl ester
(2.47 g, 82%

(b} 4-(3-Acetvilsulfanyl-2-ethoxycarbonvyl-propyl)-piperazine-1-carboxvlic acid rert-buty]

ester

20 To crude 4-(2-ethoxycarbonyl-allyl)-piperazine-1-carboxylic acid tert-butyl ester (2.45 g,
8.2 mmol) was added thiolacetic acid (7.5 mL) under argon. The mixture was cooled to
0°C and triethylamine (1.14 ml, 8.2 mmol) was added dropwise. The mixture was then
stirred at room temperature for 2 d and thiolacetic acid (2.5 mL) was added. Stirring was
continued for 1 d, then aqueous saturated sodium hydrogencarbonate solution was added

25 carefully until neutral reaction and the mixture was extracted three times with dichloro-
methane. 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
chromatography (silica gel, 1.7% methanol in dichloromethane) to give 4-(3-acetyl-

30 sulfanyl-2-ethoxycarbonyl-propyl)-piperazine-1-carboxylic acid fert-buty! ester (0.29 g.

9.4%).



(c) 2-f I-(6-tert-Butoxvcarbonyi-pyridin-3-y_i)-propyll-acrylic acid, et h)fl
ester To a solution of 31 0CT 2003
2-[1-( 6-t&r& -O%L._o,xycar bonyl am no- pyri di n-3-yi)-propyl]-malonic acid 15
nmonoet hyl SSJoRf 2. 45 g, 6.69 mmol) in dichloronethane (11 RET/SHRYE8Hdded
an aqueous solution of fornal dehyde (0749 nmL, 37% and diethyl am ne (0.62
m., 6.4 mmol) at 0C. After stirring the mxture vigorously for 16 h water
(40 nmL) and ethyl acetate (40 nL) were added. After additional 2 mn

stirring @f2MOBALISRBARVABLIBeh G- - QY EIDiNE! £ jgeparated and the aqueous was
extracted twce w etnyl acetarte. 1ed organic |ayers were 20
washed witdh-43-seatpisalfety] dgerboxs asmingt-paspydf pip@drinen | e G aaidhenaig, and

brine. After i over sodium sul phate the sol vent was renpved urider
r educed ﬁftgg g%&%%lggfg 23 %l? 3rZOR saturatgd hydrochioric acid (3 mL, 37%) was added and

1-(6-tert @ eTols] | dioRs 3= - I Lyl i cid ethyl ester
(121 g gy GPa RS SHE! el o YerhptoP B e TRE ¥l 35 CafosBitoreln mo
- pyri di nusder rpdyredtpagsoire tai thasitetchyipoasd v the dilylrodhforid¥ dattBoat o¥yC
arbonyl -p yri _din-3-yl)-propyl]-acrylic acid ethyl ester (1.20 g, 3.59
nmol ) wa@”%é’f”s[%tb‘f}ved in thiolacetic acid (4 nL) under argon and

triethyl § LOf Dh) ed.q, T i, Xt ur, eated to
600 ATt o Do PR AR L AT O H N e T2 een S LD BT R4
the m xt drH®. was cooled to roomtenperature and a 30 saturated sol ution of
sodi um hx&(g@i@ac? bonate was added slowy to obtain a neutral solution.
Thi s was g three times with et hyl acetate. The conbi ned organic

| ayerns were washed wi th aqueous saturated sodi um hydrogencar bonat e
solution and brine, and 31 00 2003 WO 00/ 66557 PCT/ SEOQ 00834 78 dried over
magnesi ubkamplel?2dt e. After concentration under reduced pressure the residue
was purigi ) fsilica_ gel, 1.7%c nethanol in

di chl or - -pentanoic acid

2-acetyl sul fanyl net hyl - 3- (6-tert-but oxycar bonyl am no- pyri di n-3-yl ) - pent anoi
c acid ethyl ester (1.22 g, 83%. 5 The m xture of diastereoners was

separ at e@® 2dldpeter W arhgo-ehiida-3-vhrpopylbowaetiy acidsiiatfvlaestehi r al pak

AD 4 6 m tati ph d i xt f
ot o) Te b 8t s Ro iR 31 Bt ORI S S o D e Atiet bl D) sades 11 ow
rate of drgomrishsaddedictilylmagadsilt beGRRRNE MEbRAoR N Siet Binkr, 260nTNR)

enationeric_excess was determ ned analytically by chiral HPLC on the sane
col unm mmol) within 10 min at 0°C. After 5 min stirring the mixture was cooled to -78°C and a

1

solution of 2-(6-rert-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid diethyl
ester (5.47 g, 15.0 mmol) in tetrahydrofurane (60 mL) was added dropwise with in 0.5 h.

20 During this period tetrahydrofurane (40 mL) was added. The mixture was allowed to stir at
-40°C 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 acetaté. The combined
organic layers were washed successively with agueous ammonia solution (5%) and brine,

25 and dned over magnesium sulphate. The solvent was removed under reduced pressure and
the residue was recrystallised from a mixture of diisopropyl ether and tetrahydrofurane
(3:1, vol./vol.) to give 2-[1-(6-terr-butoxycarbonylamino-pyridin-3-yl)-propyl]-malonic
acid diethyl ester (3.23 g, 55%).

30 b) 2-[1-(6-ter-Butoxvcarbonvlamino-pvridin-3-v1)-propyl]-maionic acid monoethy! ester

2-[1-(6-rert-Butoxycarbonylamino-pyridin-3-yl)-propyl}-malonic acid diethyl ester (3.23 g,

8.19 mmol) was dissolved in a mixture of dichloromethane {12 mL) and ethanol (24 mL,
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wi t h hexane/ et hanol m xture (85:15) as eluent. 2-Acet |sulfan Ineth é ﬁ
- 6-tern-butox carbonvlam no- o-pyri d il -entanoic acid ethyl ester/ 1 OLE 2003
Retention tinme 10.72 mn, ee = 99% 2-Acet |Isulfan I nmethvl-3- (6-tert-butox

car bonvl w537 i di n-3- | )-entanoic acid ethyl ester/B ReCESEIRIISI4 e
14.41 mn, ee =98% 20 7

2- Acet vl sul fanvl net hvl -3-(6-tert-but ox§/car bonvl am no- pyri di n- 3-vl) - pent anoi
c acid ethyl ester/C Retention tine 23.01 min, ee = 98% 25 2- Aces | sul fan

| met hvl - 3-_ 6-terr-butoxvcarbaon | arnino-vridin-3-vi -entanoic acid ethyl
est er / D Ret%htlioghistseiopgr g @dpeddrogeise mspdgiiam of potassium hydroxide (0.328 g.

3- (6- Ami vid di ~v]) - D t hyhePent anoj c.aci d 30 Hydroghloric.
nci d (aghed i Pl B SELASTR &Y b Eth Tt hyp A5 pfme Tof

but oxy c ablpwylietheandyre vdis Atlidw¥d o Rerh @E@d Foof tethRidtite. @FHe® Eof@nPstion0- 1
mol ) under argon and the m xture was heated to reflux for 4 h.

Concent rad¢oRdued@ressentiedd- B eds waeerdi0 olg vas20ded wei 06/r6858% emulsion

PCT! SEOY00R3M, 1 SR, MLARUAI T OrBfB1) AL RE R Lk Gpround
- (6- A B@ryP Yediate And diehyl 2tHEB (B APEQTBLNThe RARLAORIVEr W64 Skilfed bTRugiepMPOUNd
was obtai ned from 2-acetyl sul fanyl met hyl -3-(6-terft-butoxycarbonyl am no-
pyri di noBaypiutipeaf eitns acigé waer hid%kotrescha py of Hdo Featbekithetedrthise dmesove.

"H NMR (300 D,.Ox 7.0 id, .| . 1.69 (d,. 1. . 7.05.(d, I H, 2:81
(m 2 H)_(’“,I‘Q’ ﬁyﬁ‘t‘ftﬁ%"%“ﬁ?‘?m?“g%%?rr%m“zlait%‘,s WGFWE%T’,“ ‘?tg&’f‘“@{eégiéf( MrH) . 10
3- 6- AMifd@neditinRuiphiie, aikt e 56 eRONRS @Mlove ® DA 9t duce iptdsBurkhb §ietdrppUHd Was
obt ai ned from 2-acetyl sul f anyl net hyl - 3- (JG-tert- but oxycar bonyl . ar ni no-

10 tert-butoxycarbonylamino-pyridin-3-yl)-propyl}-malonic acid monoethyl ester (2.47 g,

82%)

{(c) 2-[1-(6-tert-Butoxvcarbonyl-pyridin-3-yl)-propyl]-acrylic acid ethyl ester

To a solution of 2-[1-(6-tert-butoxycarbonylamino-pyridin-3-yi)-propylj-malonic acid

15 monoethyl ester (2.45 g, 6.69 mmol) in dichloromethane (11 mL) were added an aqueous
solution of formaldehyde (0.49 mL, 37%) and diethylamine (0.62 mL, 6.4 mmol) at 0°C.
After stiming the mixture vigorously for 16 h water (40 mL) and ethyl acetate (40 mL)
were added. After additional 2 min stirring at room temperature the layers were separated
and the agueous was extracted twice with ethyl acetate. The combined organic layers were

20 washed with a sarurated aqueous solution of sodium hydrogencarbonate and brine. After
drying over sodium sulphate the solvent was removed under reduced pressure to afford 2-

[1-(6-tert-Butoxycarbonyl-pyridin-3-yl)-propyl}-acrylic acid ethyl ester (1.21 g, 54%).

(d) 2-Acetylsulfanvimethyl-3-(6-rert-butoxycarbonvlamino-pvridin-3-vl)-pentanoic acid

25 ethyl ester
2-[1-(6-tert-Butoxycarbonyl-pyridin-3-yi)-propyl]-acrylic acid ethyl ester (1.20 g, 3.59
mmol) was dissolved in thiolacetic acid (4 mL) under argon and triethylamine (0.56 mL,
4.0 mmol) was added. The mixture was heated to 60°C. After 22 h thiolacetic acid (2 mL)
was added. After additional 14 h the mixture was cooled to room temperature and a

1 saturated solution of sodium hydrogenacarbonate was added slowly to obtain a neutral
solution. This was extracted three times with ethyl acetate. The combined organic layers

were washed with aqueous saturated sodium hydrogencarbonate solution and brine, and



"H NVR (300 Mz, D,O: 8 7.85 (dd, 1 H), 7.64 (d, | H), 7.01 (d, | H ] 0ET38]3
-- 264 (m 4 15H, 1.89 (m I H, 1.60 (m 1 H, 0.74 (t. 3 H. M+ 241
(MrH) . 3-Wo-obnsssa- p yri di n-3-vl) - 2-nmer capt onmet hyl _pent anoi cpagjsgod/fasii S
conpound was obtained from

2-acetyl sul fanyl net hyl -3-(6-tert-but oxygﬁr bonyl am no- 20
pyridin-3-yl)-pentanoic acid ethyl ester/C by the nmethod descri bed above.

"H NMR (300 MHz, DSO): 8 7.85 (dd, 1 H, 7.64 (d, | H, 7.01 (d, 1 H, 2.98
- 2. 64 (rAried oyqy magnggumspiphate) Aftgr mcenrationHndedredgcdd preSsurd theNBsidizd 1
E:(I\)/H-ml;?)un(zjﬁvvé Spgug' f@g} bnﬁ/g«i?[f%%hgbr%m%tgérgphzy (51 {c%ie},tl(.)%tn?exkan%??r} girg:gllocrorg(e:tlhg:le[)) IC-JI_ hi's
2- acet yl suditi @nydetBiNFHny BndiBy It RI4-rdPUb O6) oMW ridin-3-vi)- o aci
pyri di n- 3-yl )-peﬁanoig acli% eg hyl este?%%y%ﬁgo;@trﬁg}jj é}sgﬁlg%odc ?%gve.
"H NVR ( 38tviwster (ID22g:83%7.79 (dd, | H), 7.69 (d, | H), 7.05 (d, | H, 2.81
(m 2H, 251 (m 2H, 1.66 (m 2H, 0.72(t, 3 H. 30 M5+ 241 (MH). 3
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3- (6- Am Morepiixidt B dra¥leleodied®w | s pd Rt Wi el ' -

| - (6-tert-Butoxvcarbonvl am no- \ﬁ/srai i n- 3d11\\£1lIfré%ﬁﬁ&eﬁgcla&?{};?ﬂ&%%?%ﬁago%g@hf

di et hvl usingsx EhirafpakaAbx qolymar (391416 om) @b stwippay physnimdehekand nixturd @f Mol )

in tetrak ne, (50 m ~)k. - 15C a solution of i sopropyl maenesi um

br oni de %g&e%i)?g@aw {Tgﬁm'%%I%it”ncof’g'f‘?lﬁﬁ%?%‘-ﬂa a@?&i@s"é&g%ﬂ 1¥xakt argon
over 15 mIDmiAktigra q@eblé tertshirdfon BB SjhLi Ng a sol ution of 2-
(6-tert-butoxycarbonylam no-chri di n- 3-yl net hyl ene) - mal oni ¢ acid di et hyl

est er'® ( 3Thg egatiqrperiqexgessins)deferminady anadsicafly b nbirdSIPLE )onvhs sade esluthnopwi se
over 15 gm. 1L [ < the mxture was allowed to warmup to
room terrgﬁét?lal%dl%%%g&?%@r% nlialk{s&g? L@i’%’r%]agfpuegtr;’rmni umchloride (5% in agueous
anmoni a solution (5% was added with vigorous stirring, allow ng access of

air. The m'XtLil‘? was extracted twice with ethyl acetate. The
2-Acetylsulfanylmethyl-3-(6-ferr-butoxyearbonvlamino-pyridin-3-vl)-pentanoic acid ethvi

| pyridin-3-yl)-pentanoic acid ethyl ester/B by the nethod descri bed ab(1)ve.

ester/A:

15 Retention time 10.72 min, ee = 99%.

2-Acetylsulfanylmethvl-3-(6-terr-butoxycarbonvlamino-pyridin-3-yl)-pentanoic acid ethvl

ester/B

Retention time 14.41 min, ee =98%

Z-Acetvlsulfanvlmcthv1—3—(6-rerr-butoxycarbonviami'no-pvridin-}vl)—pcntanoic acid ethv]

ester/C

Retention time 23.01 min, ec = 98%

25 2-Acetylsulfanylmethvl-3-(6-rert-butox yearbonylamino-pvridin-3-vl)-pentanoic acid ethvl

gster/D

Retention time 29.83 min, ee = 97%

(e) 3-{6-Amino-pvridin-3-vl)-2-mercaptomethvi-pentanoic acid

v Hydrochloric acid (38%, 4 mL) was added to 2-acetylsulfanylrnéthy!-3-(6-zerr-
butoxycarbonylamino-pyridin-3-yl)-pentanoic acid ethyl ester (0.041 g, 0.1 rnmbl) under

argon and the mixture was heated to reflux for 4 h. Concentration under reduced pressure



conbi ned organic |ayers were washed successively wth agueous ammni£] 00]
solution (5% 15 and brine, and dried over nagnesi um sul phate. The \%M
was renoved under reduced pressure and the residue was purified by col um
chromat o§PPE>(silica gel, 1.7% nethanol in dichl or onet hBRESERH0EI4, e
crude 2-[1-(6-tert-butoxycarbonyl am nozpyri di n- 3-

yl)-2-methyl -propyl]-malonic acid diethyl ester (2.85 g, 25%. 20 (b) 2- 1-
6-tert-Butoxvcarbon lamno- ridin-3- | -2-neth |- ra 1 -malonic acid

nonoet h or e S i £ 12 - - but IgTeRFo\VAg

i e 5 yiipd SHHEE (P C03anRe) Btpfieatid 210 oo i LK O PRBR PO PY ot
in a m xig)ve%f dichloronethane (6 n.) and ethanol (12 nL, 95% at 0C a
sol uti on of potassium hydroxide (0.272 g, 85% 4.2 mmmol) 25 in ethanol (6
m., 951% was added dropwi se over 40 min. After additional 1 h stirring the
m xt ur e ;v . 0 ; aatC/;\and stirring was

cont i NUE T8 1T: et 30~ T s i or onet hane (30 nL) were
added, Thit awhipeund wisobainedrirory 2tdvetylidfaynskyle3-separ-dhes ycakbén o4 gmol ¢ was
extracted once with water and the copbi ned agueous_were washed once with

et her. FHadrzhYRpsaGaeicasidathyfstsr/ A by Hhecmeibpd descodrrd @heve. 30 added to

adj ust t h | ki tract r igJres. wi.th et hyl
acet ate.}qﬁrﬂg(?gon@fﬂngggg)ggrzis@ (?igyfe)?{g}"aé? ga(m%a%ﬁggﬁv&#ﬁ%@r rlhgreménn\g%)ri ed over
magnesi DR g, RHAY, €.663 . OF), 2323, 80100/ 66557 PCT/ SE00/ 00834 81 After
“evaporation of the solvent crude 2-]

1- (6- | eMS 0t otNEH)-bonyl ami no- pyri di n-3-yl)-2- nethyl -propyl ]-nal onic acid
m)ngdst hyl ester (0.94 g. 64was obtained. (c) 2- 1- 6-tent-Butoxvcarbonvl -
vridin-3-vl)-2-nethyl- ro vl -acrvlic acid ethyl ester 3 To a solution of
2-[ 1- (BA{6-erhmbiiyoiiyearieRyheartamanpivl-gemadeiy heidZB met hyl - propyl ] - mal oni ¢

aci d nopoet hyl ester é0.94 . 2,47 n’[}glﬁ) in dichl oronethane (4 nL) were
added ahPisSQUPEHRI W35 PRGRd Sromt SrRety ratfpad meduf g -(Rrer Shupx oAb Ry EHYPaz ni ne
(0.23 ricﬁnQZyW-gPAx)anoi@taciQmei\feELEHB%y the Inft@ndd'GesBlitdd/Sigovii gorously for 16 h
water (30 nL) and ethyl acetate (30 “nL) were added. After additional 2 mn
stirringl MMR@300 Mitn &-0):uF 286 iiéd,| lakiprksemet, ¢ H)79epdr aibo2.88d 2.fe(maqieous
was extract twce w et hyl t . The conbi ned organic |ayers were
was Fed '*tlhgegg(%\gftﬁ?’altw*%cfugi&%g& %&ﬁon of sodi um hydr ogencar bonat e and
brine. ¥fstiesqidhyipgg over sodium sul phate the sol vent was renpved under

reduced pressure and the residue was purified by columm chromat ography
(silica Bel, 1.7% nethanol in

3-(6-Amino-pyridin-3-v])-2-mercaptomethvl-pentanoic acid /C

This compound was obtained from 2-acetylsulfanylmethyl-3-(6-tert-butox ycarbonylamino-
20  pyndin-3-yh)-pentanoic acid ethyl ester/C by the method described above.

'H NMR (300 MHz, D-0): & 7.85 (dd, | H), 7.64 (d, 1 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). '

MS+ 241 (M+H).

25 3-(6-Amino-pvridin-3-vi}-2-mercaptomethvl-pentanoic acid/D

This compound was obtained from 2-acetylsuifanyimethyl-3-(6-rers-butoxycarbonylamino-
pyridin-3-yl)-pentanoic acid ethyl ester/D by the method described above.
'H NMR (300 MHz, D:0): § 7.79 (dd, 1 H), 7.69 (d, 1 H), 7.05 (d, ! H), 2.81 (m, 2 H),
2.51 (m, 2 H), 1.66 (m.2 H), 0.72 (1, 3 H).

50 MS+ 241 (M+H).



di chl oronet hane) to give 2-[
1-(6-tert-butoxycarbonyl -pyridin-3-yl)-2-nethyl-propyl] 15 acrylic ach 8CT 2003
ethyl ester (0.24 g, 28%. (d) .
2- Acet vl S¥PPA§HSHet hyl- 3- (6-tert - but oxycar bony] ami no- pyr i diRGI3SEA0/0)834

4- et hy! - pentanoic acid ethyl ester Z-é

| - (6-tert-Butoxycarbonyl -pyridin-3-yl )02 nmet hyl -prop yl]-acrylic acid
ethyl ester (0.431 20 g, 1.24 mmol) was dissolved in thiolacetic acid (4

nm.) unde nnand triethylamne (0.21 nl, 1.5 nmmol) was added. The
m xture Exdingte gﬂd to 60C. After 24 h thiolacetic acid (2 tnL) was added.

After addiblomalo-2@idintne) Tl kbt BoNRsh AO0HRN I Qe fi @O Leyperature and a
saturated sol ution of sodi um hydrogenacarbonatie was added slowy to obtain
a neutral solution. This was extracted three tinmes with ethyl acetate. The
conbi ned agr,, nieC, Layers, 2., were washed, wi.t ueous saturated sodi um
hydrogen&’ € SOt A Ra B AR LIV 2 TREIN WORIPD i diienig acid disthy
Afters coag@ntrati on under reduced pressure the residue was purified b

col utm chr omat ogr aphy (silica gel, 1.7% nmethanol in dichloronethane) to

yi el d  Toastrred solution of copper cyanide (3.58 g, 40 mmol) in tetrahydrofurane (50 mL) at -
2-acetyl anyl net hyl - 3- (6-t ert-butoxycarbanyl am no-pyridi n-3-yl)-4-net hy!
- pent anf)‘%l‘ggf 4391504 f So%rgg’}élrmzfc'ﬂ??gﬁ] lﬂ?xﬁ‘ﬁ%d'%a@La? M. RPRmoRin (e &eeoner s
(6:1). 3Qirshk €YsTaddP@3n P LU HER3 1 sHEH. in stirring i -

3- (6- Am no- pyri di n- 3- \r}l) -2 ner capt or ne&ﬁgﬁggﬁgﬁ\}ﬁﬁéﬁgﬁ% %S%{Etll% of 2

Acet y| sulttarybutetsteptbody(atuihepyridut-dyjroehpleny)- majonic eyd didityd 3styd (3.78 ¢,
)-4-net hyl - pentanoic . acid et hyl ester . 085 0.20 mm|) was_dissolved in
ar golt sa%/du‘} ETI%%SHS/'&%‘E’F&BS‘\" %“ea(t?lod“‘ﬁ g asﬁi(é,ge WP VAR &P GUN A LFIIAE (Rider
ar gon f or6 Bt Mixtre WAL VeH 5 WARRRHD th 86bHH 85 SerRiutsS THER 23BRiBRYENg at

45C/ 0. 3 nbar gave the title conpound as the hydrochloride salt (0.058 g,
99% as WRPRUDY ehlofideliifst araguaeyssanireorip soEHONST| B0 adddd, wil2 @gordhis7. 81 (m
I H, 7.62.(m .98 c(F n3.18 - 3.06 1. ,:2.93 -_2.40 (m
3 H. 2.Sg§1 I_Sc"f.”égﬁg;ﬁc(é?%l%f,(amo?é‘é'%lkﬁl.mﬂa‘? H“%?%t&%wﬁgngmﬁ)@%ﬂ&arrpl e
29  3- ( GoAnbimet qryanidildyens Wene-vwashed Sadet SR WithInlbQRWmAsARseMtien 85,¢l ()
2- (6-tert-Butoxvcarbon |Iamno- din-3- | - henvl-neth | -rnalonic acid

di et Hyl 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%
methanol in dichloromethane) to give crude 2-[1-(6-rert-butoxycarbonylamino-pyridin-3-

y1)-2-methyl-propyl]-malonic acid diethy! ester (2.85 g, 25%).

20 (b) 2-[1-{6-rert-Butoxvcarbonylamino-pyridin-3-vD)-2-methyl-propyvli-malonic acid

monoethyl ester _
To a solution of 2-[1-(6-fert-butoxycarbonylamino-pyridin-3-yl)-2-methyl-propyl)-malonic

acid diethyl ester (1.569 g, 3.84 mmol) in a mixture of dichloromethane (6 mL) and
ethanol (12 mL, 95%) at 0°C a solution of potassium hydroxide (0.272 g, 85%. 4.2 mmol)
25 inethanol (6 mL, 95%) was added dropwise 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 string the
layers were separated. The organic was extracted once with water and the combined
agueous were washed once with ether. Then an aqueous solution of citric acid (10%) was
30 added to adjust the pH to 4, and the solution was extracted three times with ethyl acetaté.

The combined organic layers were washed with brine and dried over magnesium sulphate.
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15 ester To a vigorously stirred suspensin of copper(l)cyanide (1.713¢ 90T 2000
19.06 mml ) in dry THE (18 nlL) was added a sol ution of phenyl magnesi um
bromde (12.7 nL 3 Min ether, 38.11 mmol) at OC under argon. The m xture
was al | oWeow@ssar mt o room terrper ature, giving a dark br &ail/SE80/¢M8360nN.
After 150 mnutes a solution of 2-(6-tent-butoxycarbonylam no 20
pyridin-3-yl methyl ene)-malonic acid diethyl ester (1.74 g, 4.76 nmol ) in
dry THE (19 nL) was added at OC. The mixture was left stirring for 3 days

t hen aquepus ammoni um.chl o- ride was, added., The aqueous .| aye par at ed
and ext  S0FeE MPERoBRhe Seerhee et B et SRR p Y ety & s e
with brlﬁ@mgngﬁ; ieftal RN @ncRbeth s8R W 6Dt bitr) UAG WP GRYE a residue,

whi ch was s ge i'n hexane. Filtration of the crystals gave 2-[(6 25

tert - but oxycarbonyl am no- pyri di n-3-yl) - phenyl -nmet hyl ] -mal oni ¢ aci d di et hyl
ester (1. 8§ b &rt-toxvabonv am o r'd|n13 vl)-hen

| - et hvl (€14 Db -2smethvi-pgopy caggenixiosies o 411
mol ); i nreh banabn 6E4-{k- wa&: e&%ﬁlrbbevla S-S R 3041)3=
[(6-tert- bu?@xyl@gr%bon[gl(ar% no-upyrl di n-3-y m fs'l‘\LrenyI o)Fm)st hme{hylﬁ (‘)'lr]urréalgrgfd

di et hyl st mlonoétﬂzy%t&t (@24 ra8l4)/ mmOQtlhdmblloerethnne) (4amdl.) mhydcmdemchl ori de

13 nl) t OC QOCT ,2003 0 S 00 008 4
S Mo et soition ofgamaidens D8 A SR A i raemats 2By 22 el s
et hanol ), wae RAgediRhe Afe mXtbre\8AGHLAY (80 M6 KGSeVes0 Sl ) Lh@diH gpﬁce%ggtjd onal

18 h. The nixture wa8 concentrated under reduced pressure nd et
acet at e, mBnetefd. duidet HOftenvetditormd @ @nin tsorridgent rrmn chneperdines dmegayurs:wl:myer was

washed with brine and dried. After f||trat and por ti i n vacuo,
44 ity i

the PesiQB¥RELNEJROIIHTEUS PAS FEHATHE 159 P FiPapacsHate i OrggRiG e

r2m L f_., 2t L 3}&%{3&;&5@%{9&%9%&% @%tﬁﬂ}d‘dﬂq‘u%ﬁ sdtitioh-dpRsMht Wﬁr@yérﬂcaﬂmhaa lhgd aci d
2-f(6- tebrrmBaftoxg’txyémg)@rwIsaqhmnosmtqjﬁhnsevanqwghemwedrsnwlrbdtac@dybrqssurac| d

et hyl ester hyl a 5 04 .m xture of
o 6.+ e v teSice S gpried by s836 Fpmi T onilisd B8 v MetRaf ol & act o
nonoet h}dxctﬁasﬁo&[etﬁalxd tcdgivé 21 1 EQkL - b@ﬂﬁyc&?,o YiagridspBullj-onnéhvE sroppf-dehyde
(0.42 mL, 5.6 nmol) in methylene chloride (6.5 nL) at O0C. The m xture was
stirred aé%ﬁrﬂcmthaltesi%&grﬁf‘&ﬁ%%éture and then diluted wth ethyl

(d) 2-Acetvlsulfanyimethyl-3-{6-tert-butox ycarbonylamino-pvridin-3-vi)-4-methyi-

pentanoic acid ethvl ester

2-[1-(6-rert-Butoxycarbonyl-pyridin-3-yl}-2-methyl-propyl]-acrylic acid ethyl ester (0.431

20 g, 1.24 mmol) was dissolved in thiolacetic acid (4 mL) under argon and triethylamine (0.21
mL, 1.5 rﬁmol) was added. The mixture was heated to 60°C. After 24 h thiolacetic acid (2
mL) was added. After additional 20 h the mixture was cooled to room temperature and a
saturated solution of sodium hydrogenacarbonate was added slowly 1o obtain a neutral
solution. This was extracted three times with ethyl acetate. The combined organic layers

x5 were washed with aqueous saturated sodium hydrogencarbonate solution and brine, and
dried over magnesium sulphate. After concentration under reduced pressure the residue
was purified by column chromatography (silica gel, 1.7% methanol in dichloromethane) to
yield 2-acetylsulfanylmethyl-3-(6-ters-butoxycarbonylamino-pyridin-3-yi)-4-methyi-
pentanoic acid ethyl ester (0.284 g, 54%) as a mixture of diastereomers (6:1).

30
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acetate. The organic | ayer was washed with aqueous saturated sodi um
bi carbonate and 15 brine and dried. After filtration and evaporati o i BCT 2003
vacuo the_crude 5product was purified by flash chromatography (CH2Cl2) to
yield 2-[V6-4&27but oxycar bonyl am no- pyri di n-3-yl )- phenyl - Mek/sEd010083r y| i c
acid ethyl ester (0.36 g. 23%. (d) 2-Ages Isulfan Inmeth |-3-
6-tert-butoxvcarbon |am no- vridin-3-vi -3- henvl- 20 propionic acid ethyl
ester Triethylam ne (0.105 g, 1.04 nmmpl) was added to a solution of
2-[(6-tertirhut. j j |-rret yl]-acrylic acid
et hyl est(ée)r' i cPat 0C under

ar gon. Th&emlsﬂi&h@lmsvlt@a&&d taltoﬁﬁﬁrb‘dmlylﬁﬂmb*pﬁidmf- 1ALl B-phamngdded and
the organi ¢ phase was washed wi th aqueous saturated SOdI um 25 "bi car bonat e

and bri néc‘grﬁﬂhidreﬁféél (0.9§% 20.30 mmoky vendiasrdves mpseen saraied hydmeblarsecat (ide
roSluee s gh) diatilald o LR ABETBEPRIAREY, EbRLARRSL I, ARt e 1O
acet y4 subfeamyrk AR dyyinBal S°CH 3 nibut GaeanE hﬂ@)ﬁbﬁfp&hﬁwwﬂﬁé 'hg\o cl?rroylldL s§n phenyl -
propionic acid ethyl ester (0. 314" g, 73%. OCT 2003 00/ 665

PCT/ SEOOGB%Ra. ¥ Ras(smintita @f giastectomeas {6:)). 2 rrer caot ot net hvl - 3- pheny] ]
_groni onige

2- Acet yl supﬁgwp%wzf D% 8 7.8 (M D 7 S ok Hf Ry HYidnl83= J106.(31. dheny |

- pr opi ongg, 2.93L.6 fﬂi@ﬂlsﬁﬁbemiﬁﬁagag1@{)16@3@@*7);(;\9@%}{# ssolved in conc. HCl
(3.0 nL). The sol ution heated to refi’ux for m n under argon.

Concent r ¥tS 21 GvidH? reduced pressure gave 5 the title conpound as the
hydrochl ori de salt (41 ng, 100 'H NWR (500 MHz, D-,0: 5 8.03-7.83 (m 2H),
7.5- 7.3 (m 5H), 7.05-6.95 (m 1H), 4.27- 4.15 (m 1H), 3.6-3.45 (m IH),
2.84-2. SBxdriple2d) . M5 (+) 289 (M+l). 10 Exanple 30 3- 6-Am no-2
yridin-3-vl1l) 2- rrercaptorrethyl 4 Wnen 1-butvric aC|d a 2- 1- 6-tert-Butox
car bon ]<h§-Adny 1-34yl)-2 mepgag H-3-phemyl 1|ethyl ester is To
a vigorously stlrred suspensi n of copper(l)cyanlde (0.66 g, 7.32 nmol) in
dry THE (5 nlL) was added a solution of benzyl magnesi um brom' de (5 nm 2.93
Min et HekZ2-[(64c64BurvDtArbatyldhinangeidinB gdnphete-nist ki PR iotAs acill Idewee t 0 war m

to roomtenperature gl vi ng

To a vigorously stirred suspensin of copper(I)cyanide (1.71 g, 19.06 mmol) in dry THF
(18 mL) was added a solution of phenylmagnesium bromide (12.7 mL 3 M in ether, 38.11
mmol) at 0°C under argon. The mixture was allowed to warm to room temperature, giving
a dark brown solution. After 150 minutes a solution of 2-(6-tert-butoxycarbonylamino-

20 pyridin-3-ylmethylene)-malonic acid diethyl ester (1.74 g, 4.76 mmol) in dry THF (19 mL)
was added at 0°C. The mixtre was left stirring for 3 days then aqueous ammonium chlo-
ride 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 in

vacuo gave a residue, which was suspended in hexane. Filtration of the crystals gave 2-[(6-

I
w

tert-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyli]-malonic acid diethyl ester (1.85 g,
88%).

(b} 2-[(6-tert-Butoxvecarbonvlamino-pyridin-3-y)-phenyl-methyi}-malonic acid monoethvl

gster

36 A solution of KOH (0.266 g, 4.11 mmel) in ethanol (14 mL) was added to a solution of 2-
[(6-rert-butox ycarbonylamino-pyridin-3-yl)-phenyl-methyl]-malonic acid diethyl ester
(1.82 g. 4.11 mmol) in ethanol (12 mL) and methylene chloride (13 mL) at 0°C. The



a dark brown solution. After 60 m nutes a solution of

2- (6-tent-but oxycarbonyl anii no- pyridin-3-yl net hyl ene)-nmal onic acid i (Qlcﬂuwm
ester (0.67 g, 1.83 mmol) in dry THE (4 nL) 20 was added at OC. The m xture
was stir MBS i ght at room tenprature then aqueous amBRITHERIYMES i de
was added. The aqueous |ayer was separated and extracted with ethyl

acetate. The conbi ned organic |ayers were washed with brine and dri ed.
Renoval of the solvent in vacuo gave a residue which was purified by flash

h t h |
o1 o BB e o RS Bosrig: b K00 280 St Bet e Bt omi
aci d di e¢thyhol pehLidde o46°Q Tl‘é?r%cno('lbﬁﬂa.rrfz whas GBrré@ Fdr-dddicpadr 88 RO am no

p.ri din- 3-vl) _2-phenyl-ethvl1l malonic acid nonoethvl ester A solution of
KOH (0. O®Fxtyre \1aso:9nﬁ¢ﬁ§na}ed| ynder regrerd mssm;g angaethplogethtg. @nd OsoMukiCowerst 2- 30

[1-(6-ter bo n eth nlc acid
di et hyl el e 589408 %S%B%M& Bt | K pstiS %“}'(2%9 i g dnélf{*? PR o1 e
(2 nby) aindo.@aga- GolVinidere, tB&r@:d@leTwi’soﬂ'?) N0 ﬁ&éﬁé ﬁWitﬁEQﬁ/tﬁ)Q&%gtals85 was
stirred for 48 hat room tenperature. The m xture was concentrated under

reduced oﬁmeés&@nf@fﬁh@xé‘%%Wﬂ}é@ét”@rléyfmfﬂflﬁpMﬂﬂdﬁm%ﬂéﬂaﬁi@mé agig t he

resi due. n washed with brine and dried. Filtration and
evaporat?gﬁgeltﬁ l\%/gtct@Jia\/%r% [1 (6-tert-

but oxycar bonyl am no- pyri di n-3-yl) - 2- phenyl -ethyl ]-mal onic acid nonoet hyl
ester (0.37, 5 90% (c) 24
1- ( 6-t erlEL Butol 15 2 Vg8l et hyl
este 2 ]g'rm

2- [I{O(G t%&pﬂbut ogyﬁg%‘réony gg‘ﬁlﬁ% pyr| ?‘Qﬁ'?ggf sﬁllg/é;}-él%[ﬁ%ﬁﬁo"lyom C
acid WDI’HM&hb-}plynéﬁlt—Blyl)([ihﬂﬁﬂ Jg;et}@l]&ﬁalomcmml jnoandhﬂ?es%raq .7 sdl lumiman) afd

f ormal dehyde (0. 22 ene,chl or 0C. The
m xt ur e Y& a§§ fiptRp %fvfefrﬂ?lsmy t(O oﬁtgﬁw% ) it aletfmd&?@ ?@?wﬂc @rsd@
(0. 24 mepcapde giahRW AR d(NedtfshTlal rdtS ddesturedd thk R dilddkd WA Bthyl

tenperature was continued for 18 h and ethyl acetate and water was t hen
added. Taetater §hnpxgahimyiayer wes washsth mhqumtaqa@wsd sediumabieatbemaié emd

bi b aI trate t
Lot AT Ity A SO e WST LT s 1o
ethyl] - Q%H khionf€d daptiyOH, €31 @6 yield 34(@ierAQ¥dxydathonylamino- yndm- -yl)

2- Acet vl sul f anvl rreth I'-3-(6-tert-butoxvcarbonyl am no-pyri yl') - 4- phenvl
- but yr i @henyl-methyl]- acryhc acid ethyl ester (0.36 g, 23%).

{d) 2-Acetvisulfanylmethyl-3-(6-serr-butoxvearbonvlamino-pvridin-3-yi)-3-phenvl-

20 propionic acid ethvl ester

Triethylamine (0.105 g, 1.04 mmol) was added to a soiution of 2-[(6-feri-butoxycarbonyl-
amino-pyridin-3-yl)-phenyl-methyi}-acrylic acid ethyl ester (0.36 g, 0.94 mmol) in
thicacetic acid (4 mL) at 0°C under argon. The mixture was heated at 45°C for 24 h. Ethyl
acetate was added and the organic phase was washed with aqueous saturated sodium

15 bicarbonate and brine and dried. After filtration and evaporation in vacue the crude product
was purified by flash chromatography (toluene/ethyl acetate, 1:0 —> 5:1) to give 2-

acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-3-phenyl-propionic
acid ethyl ester (0.314 g, 73%).



acid ethyl ester 20 Triethylam ne (0.096 g, 0.95 nmpl) was added to3a1 06T 2003
solution of 2-[1-(6-tert-butoxy-

car bonyl am no- %/ri di n-3-yl)-2-phenyl -ethyl]-acrylic acid ethyl ester (0.34
g, 0.86 nmBIY%337 thi oacetic acid (3.5 nL) at OC under ar goRCT/SR@n/eu83d ur e
was heated at 45C for 24 h. Ethyl acetaie was added and the organi c phase
was washed with aqueous saturated sodium bicarbonate and brine and dri ed.
After filtration and evaporation in vacuo the crude product 25 was purified
by flash ¢y amBLogka :5) to give 2-
acetyl sul'TanylImetnyf-3-(6-t¢€ Xy Car Doty T-eH ; n- 3-yl)-4-phenyl -b
utyric aé-dcetgtshifbndsietryl-B0(6264- o BR%¥Don v (:Bino-ovridin-3-v1)-3. i
3-(6- Ami no-pvri di n-3-vi)-2-nercapt onet hyl - 4- [)lrﬁ%rpl)\);lndg‘u% \)/Pi %pg%l}yé PRgome

2- Acet y| eardreshyhicsist k9 . 0428 @rmob wtasdjssaled iy e B6 [§910i L Theysbutién phenyl

(50 ) RN ARG Bty sBe0h B taslstiaey Speay e omnaarE hoat ed
to refl ushef e corbpdunduehe hydrochlofansantaahg ampugser reduced pressure gave

the title I\gx‘(l)lrrpound as the hydrochl oride sal't (100 ng. 98 %9. "H NWMR (500
Mz, D_OHTEMR @8OMES. P1R): £i§03-7.833m( @H)I T 7.7 (184SH), T0I-6953H), 1HT, LT 7. 06

2H), 4401 7852 On 6 5 M (+) 303 (M+1l). Exanple 31
(Zm 6- ;Dm ﬁgsq\g}}lqgﬁhé?3%ﬁl?hﬁ?ﬂz§g4ﬁ%§gkit 16_?'% hen I(-)nt anoi(c azzi d !gm(t)a;a

Et hyl E. IS @) 289 (MefX):- but oxvcarbon |lamno -3- ridinvl neth I -5-hen 1-2-
entenoate To a suspension of NaH (310 ng, 7.12 mol, 55%in mneral oil) in
THE (25 nL) at OC wunder argon was added a solution of (ethyl

3-{65f (t ~Butsgxycar bonyl ) am no}-3- pyri di nyl

}-2-(di egif)}gyg%phoryl ) propanoate (2.55 g, 5.95 mml) in THE (25 nl).
After i s36ihmimogpiridin-3rvln?-rerphmomkmiopahehyitturbic geid11. 9 mml ) was added
dropwi se. The reaction was stirred for 17 h at roomtenperature, then
guenched with NH,LClI (50 nL, sat, ag). The mxture was extracted with

et hyl acaf ay Q%[éltbe-mitgg!ﬁhfbohgbé%{in§%§ri&ﬁ’1§f‘- hdh It d 9 Wroh)
filtered and concentrated undér reduce )

ester

15 To a vigorously stirred suspensin of copper(I)cyanide (0.66 g, 7.32 mmol) in dry THF (5
mL) was added a solution of benzylmagnesium bromide (5 mL 2.93 M in ether, 14.64
mmol) at 0°C under argon. The mixture was allowed to warm to room temperature, giving
a dark brown solution. After 60 minutes a solution of 2-(6-tert-butoxycarbonylamino-
pyridin-3-ylmethylene)-malonic acid diethyl ester (0.67 g, 1.83 mmol) in dry THF (4 mL)

20 was added at 0°C. The mixture was stirred overnight at room temprature then aqueous
ammonium chloride was added. The aqueous layer was separated and extracted with ethy!
acetate. The combined organic layers were washed with brine and dried. Removal of the

solvent in vacuo gave a residue which was purified by flash chromatography (CH4Cl,/
ethyl acetate, 1:0 — 100:15) to give 2-[1-(6-terr-butoxycarbonylamine-pyridin-3-yl)-2-

35 phenyl-ethyl]-malonic acid diethyl ester (0.44 g, 53%).

M 2—]'1-(6-rert-Butoxvcarbonvlamino—pvridin-B-vI)-2-phenvl—ethvﬂ—ma[onic acid

monecethv] ester

A solution of KOH (0.067 g, 1.03 mmol) in ethanol (3 mL) was added to a solution of 2-
30 [1-(6-terr-butoxycarbonylarnino-pyridin-3-yl)-Z-phenyl-ethyl}-malonic acid diethyl ester

(0.44 g, 0.96 mmol) in ethanol {3 mL) and methylene chloride (2 mL) at 0°C. The mixture



(CH2C12f Et QAc 20:1 -4 10.1) gave ethyl (E 2)-2-((6- [(tert-butox
ycarbonyl) amno] -3 20 pyridinyl } nethyl)-5-phenyl-2-pentenoate (23!113%,20[}3
1009%9. (b) Ethyl 3 - acetvlsulfanvl -2- 6- tert-butox carbonvl)amno -3-p
vri din WOrR86B3A? -5- hen 1 entanoate Triethylam ne (1.22 nECT/SE@0P83#nol )

was added to a solution of ethyl (E Z)g F ({ 6-[(terr- 25

but oxycar bonyl ) am no] - 3- pyri di nyl } met hyl') - 5- phenyl - 2- pent enoate (400 nyg,
0.597 mmol) in thioacetic acid (10 nL) at 40C. After stirring for 90 h.,

the m xture wa ntrate under duced press Col, umm chr omat ogr aphy
(G O P50 98 B FR S B ARG 1 EREoreBioaifa it Frfued

(hept aanrggs%can%i ekhylORY@retindY].5 8t Hag Qleyd §&Hefd358k’l|1e) re2idlué SThe organic fayer was

[ (rert-butoxycarbonyl)am no] -3-pyridinyl}nmethyl)-5-phenyl pentanocate (126
ny, 27%waded widOhriicasairisdniultasion sedigvepdration 8 vec@CEa 23031 @6/ 66557

PCTI SE0Q100834 . 87, (cC - . n

2-(6- pRa Owﬁb&mlﬂ% %‘ﬁ‘ﬁé’?‘?ﬂ\')'3"’%‘%?%9%‘%?%‘}’3“8%18}1{&acbdeWPaﬂ%fPlél ester -y

3- (aget yosayl f anyl ) - 2- (f 6-[(test-butoxvcarbonvl)an no]-3-pvridinyi)

nmet hyl ) - 5- phenyl pentanoate (9 ng, 18.5 4noi) was dissolved in conc. HCl (I
nm.) under arson. The solution was heated to reflex for 4.5 h.

Concentra,t der ressureé/ el dﬁ-:d, ) nd .as the
hydr ochi% L= GGy L astetes AR £ NVR
(400 M"Dxet'ﬁgf(b)tmnes (@2‘7%1’..2 ’7233) 1(1&]01)2%& acﬁlea @o 3nﬁ4tu(réfbf ﬂﬁ){é-@e:ﬁﬁutoﬁy-gz (2d,
IH), 7.22-7.39 (m 5H), , 7.69, 7.75 (2d, 1 (+)

317 ( wfyrbonmlaséawvad@ﬁ -3la- %alaﬂmﬂi(hﬁﬂ =mplogicracs mpnoethyl ester (0.37 g, 0.86
i T 3804/ R L8P o%fff&%( tetfyal 25 370 DY Bfibil) B mechylene chior
ol oy 51032 BLEsY

oproni'c ar 6oV ani no-
d| n- 3 3. SZnIeI ita)?tzcahé)ﬂﬁmhrc wms sltdreﬁlldvfeﬁﬁvﬂt at Ecaorﬂ&xﬁpdrenut-e Mﬁrﬁ)fom&r bon

I:%a,Tcgt? y P@&%%&I z‘bm(l-é-‘"‘f“é F"Fﬂbﬁ"t‘;ﬁ;’gkﬁﬂgm} ‘g%ﬁh?‘ﬂ?esﬁ‘i%ﬁnﬁ a8 IGARERPRAIIMES, opi oni
c acid ¢f g@\‘:lanhﬁ%td% ﬁ%ﬁ%afgmg%&% Qﬁ@b)a%e\ﬁ%‘ihéﬁéﬁd\é&drﬁé‘oﬁm@ er Who M)

saturate r stirring min., theomxture was
concent mas pet wndequccedlsa:emtq:ﬂmds.umbxcailﬁwatermmme dasd ghdsweemotédy Et OH (10

.L) reafter, a solution EtOH (0.5 M. 0. 78. s .added.
The T babbgesieiea i do e -1 Rt i s alr i og
ethyl]-acrylic acid ethyl ester (0.34 g, 99%).

(d) 2-Acetvlsulfanvimethvl-3-(6-tert-butoxvcarbonylamino-pyridin-3-vl)-4-phenyl-butyric

acid ethyl ester

20 Triethylamine (0.096 g, 0.93 mmol) was added to a solution of 2-[1-(6-tert-butoxy-
carbonylamino-pyridin-3-yl)-2-phenyl-ethyl]-acrylic acid ethyl ester (0.34 g 0.86 mmol)
in thioacetic acid (3.5 mL) at 0°C under argon. The mixture was heated at 45°C for 24 h.
Ethy! acetate was added and the organic phase was washed with agueous saturated sodium

bicarbonate and brine and dried. After filtration and evaporation in vacuo the crude product
a5 was purified by flash chromatography (CH;Cly/ethyl acetate, 1:0 —> 100:3) to give 2-

acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-4-phenyl-butyric acid
ethyl ester (0.264 g. 65% ).

fe) 3-( 6-Amino-pvridin-3-vl\-Z-mercaptomethvl-4-phenv]-butvric_: acid

30 2-Acetylsulfanylmethyl-3-(6-rers-butoxycarbonylamino-pyridin-3-yl}-4-phenyl-butyric

acid ethyl ester (0.14 g, 0.3 mmol) was dissolved in conc. HCI (5.0 mL). The solution was



with CH7/Cl,, washed with saturated aqueous Na, S, 05 and saturated aq%elotﬁlz] 2003
NaHCO3, dried, fi reduced pressure toJdl

filtered and concentrated under
3-[3-(6-t

but oxycar‘ﬁér‘?ﬁ'ﬁﬁgﬁ’no- pyri di n-3-yl)-2-et hoxycar bonyl - propy! di RCE/SEOH00§342- ( 6-t
ert- butoxycarbonyl am no-pyri di n-3-yl nejghyl ) - propi onic acid ethyl ester
(130 ng, 98% . 25 11 3- 3-(6-Amno- vridin-3- 1 -2-ethoxvcarbonvl- ro

vl di sul fanvl -2- 6-amino- vridin- 3- Imethvl)- roionic acid et hyI ester
Etyl acet gtReS & G a_so i op of
3-[3-(6-tert- bi‘tﬂﬂ gﬁggraﬁtéﬂly“%‘nga péychéa%a%p%ﬁd%g%%qc‘%aopressure gave the litle

t hoxycar Bgnpdupt e tiydothlangd $210¢106-m&d8-% R0

but oxycar m no- pyridin-3-vlmethyl)-propionic acid ethyl ester (130 ng,
0.191 m‘rgolq)q M%c@@@ié 190m8P @ ldlfl 73R édrldhic 7i38r7 . Wasmal i pield-t o
attain reg r K s} rre or 19 h, then evaporated under
reduced pr?sgﬁ?gﬁ ‘%ﬁ}le% @ngga§4 T 2003 V\D 00/ 66557 88

PCT/ SECCMBIOB340di(ssdlived i n water, saturat ed aqueous Na2CO3 was added and

t he aqueous phase was extracted with CH Cl_. The organic |laver was dried
and concentrated under reduced pressure to give the title conpound (90
rng 98 (400 MHz, CDC13): 5 1.19 (t. 3H). 1.20 (t. 3H). 2.68-2.86
/&2@9%'%5&/51 (m 5 4H) 4.07-4.14 (m 4H). 6.45 (d. 2H). 7.28 (m
2H) 7 E22(G-AmiB b yritE- 8 4)mek AN (Micap X SFRE Ry 3R nrahSrcARIN0- P - vri din-3
l)-2-nmerca toneth |I-hexanoic -acid 10 (a) N 5-But
l-vridin-2-vl)-2.2-dimeth 1- ro ionamde A solution of
N‘(5mbr )
di et hyl ooty
(1.6 M peatenpite 30 4 rrrml) was added dropvvlse W|th|n 20 mn. 5 mn after

conplete.addition th xture was allowed to warmup to OC
N- Met hof{i’ AEYRRERRIPD Bﬁ?‘%ﬁéﬂ%@a(@lémol D7 %gn iReIa) O’Ma@ BHE wloht °T ess

than 5 RinAePdidosWat Ll Ey%% ear ol ution was
acidified S\n t 502 N hy%@oc I drl Cruﬂég;[?&gp? dgdﬁé’z‘ BHA&%Y@F \(/)in ?IBU?] tirring for
15 pyridinyl}-2-(diethoxyphosphoryl)propanoate (2.55 g, 5.95 mmol) in THF (25 mL). After

15 1 h, asoluation 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 NH,Cl (50 mL, sat, aq). The
mixture was extracted with ethyl acetate, the organic layer was washed with brine, dried
(Na»S0Qy), filtered and concentrated under reduced pressure. Column chromatography
(CH:CI/EtOAc 20:1 — 10.1) gave ethyl (£, Z2)-2-({6-[(rerr-butoxycarbonyl)amino]-3-

20 pyridinyl}methyl)-5-phenyl-2-pentenoate (2.49 g, 100%).

(b) Ethvl 3-(acetvlsulfanvl)-2~({ 6-[(rert-butox ycarbonvlaming]-3-pvridinyl } methyl)-S-

phenvipentanoate
Triethylamine (1.22 mL, 0.617 mmol) was added to a solution of ethyl (£,2)-2-({6-[(ser:-

25 butoxycarbonyl)amino]-3-pyridiny1}methyl)-S-phenyl-’_)-pentenoate (400 mg, 0.597 mmol)
in thioacetic acid (10 mL) at 40°C. After stirrin g for 80 h., the mixture was concentrated
under reduced pressure. Column chromatography (CH,Clo/EtOAc 20:1 — 10.1), then
(toluene/EtOAc, 10:1) and then (heptane/EtOAc 2:1) gave ethyl 3-(acetylsulfanyl)-2-({6-
[(tert—butoxycarbonyl)arnino]-3-pyridinyl}methyl)—S-phenylpemanoate (126 mg, 27%) as a

30 diastereomeric mixture I:1.



mn the mxture was neutralised with sodi um hydrogen carbonate and th

| ayers were separated. The aqueous |ayer was extracted three tines Mt%”ﬂm
di et hyl ether. The conbi ned 20 organic |ayers were washed with brine, dried
and conc¥ PUSSEH under reduced pressure. The resulting oi PCH&E0RIBI8a¢ in

oi | punp vacuumto renove the excess ragent. After flash chromatography
(di chl oromet hane / nethanol 60: 1) crude N-(5-butyryl-pyridin-2-yl)-2,2-

di met hyl - propi onami de (2.47 g, 7190) was obt ai ned as a |ight orange oil

whi ch 1f1 éimgnmc g{%vl -vridin-2- 1

N- ( 5- but Byl 3yeetydsuifady N2} B; [zemmbhydarwrﬂnummﬁg»ﬁ&ném nébth)-85 ol )
in ethanol (20 nl) sodi um borohydride (185 ng. 5.0 niol) was added. After
40 nin %lﬁnafmeﬁ@na%te o8& terp@dl thas diskelved ut eane. WS (hoildivndedargpn.The N

hydr ochl thrred for 1 ter neut i sation
ot sodlifeaiheadd o 30 CleE Rl bl e Bue e BVl B R 1

di chlsor autﬂhetdsrapsmnd'ﬁh&ledqﬂtnchﬁﬂxdargaﬂﬁq BELITPTY S5 a WRIsR réRRARImE W W t h
sodi um h%grog carbonate solution and once with brine. After 3 1 OCT 2003

WO 00/ 66 OSeviblzoBeaY Sakﬁwmfgnaﬂra 2dfAckdrt trat 61dh 6U8Fd 6r92r@duidéd
pressur [ Y. omat ogr aphy

(di chl TS T, Q4G G T -f)ler?go9 X Zgﬁﬂf‘%‘ ): hydr oxy- but yl ) - pyr i di n-
2-yl] - 2.MSdiret hg+py opi onami de (1.025 or. 41 5 (¢) 2- | - 6-(2.2-Dinmeth |-
roionvlamno)- ridin-3-vl -buty] -malonic acid nonoethyl ester To a

sol ution of N[5-(1-hydroxy-butyl)-pyridin-2-yl]-2,?-dimethyl -prop

ion d g, 4.09 mmol) in trichioronmethane (12 nlL), thionyichloride
(6 aﬁ,g %x(a}n e and the mxture was heated to 55C for 1 h. Then the

sol uti o@.[&mpmcénédﬂuﬁe&homﬂmadt Di®ppldestfan el 1120(4- AR - Suridie 3-
N-[5-(1-gh|§r8-buL¥L) Eﬁrldln 2-yl]-2,2-di net hyl - propi onam de

hydr ochl L2 lid. To a solution of diethyl malonate
(1.31 g, 82 mol) in dinmethylformam de (20 nlL) sodium hydride (60%
dlsper5|od3|n nlneral oiI 350 ny, 8d7 nnDI) was added and the m xture was
stirredit2:g2 2 : QL Y 310 &etipag '

' 2nyr]ne dl (LS5 %Eg %arbonv[am:gg' D%Qh? -3-yim e%lv?)ﬂ)q'gtgfoglcnacxd Xthl/l e§t2 di-met hyl - prop

3-Acetylsulfanyl-2-(6-rert-butoxycarbonylamino-pyridin-3-ylmethyl)-propionic acid ethyl
ester (150 mg, 0.392 mmol) was dissolved in ethanol (15 mL) saturated with NH; (g).
After stirring for 160 min., the mixture was concentrated under reduced pressure. The
residue was dissolved in EtOH (10 mL) whereafter a solution of I, in EtOH (0.5 M. 0.784
20  mlL) was added. The reaction was stirred for 30 min. at room temperature, then diluted
with CHCl,, washed with saturated aqueous Na»S,0Os and saturated aqueous NaHCO3,
dried, filtered and concentrated under reduced pressure to give 3-[3-(6-tert-
butoxycarbonylamino-pyridin-3-yl)-2-ethoxycarbonyl-propyldisulfanyl]-2-(6-ter:-
butox ycarbonylamino-pyridin-3-ylmethyl)-propionic acid ethyl ester (130 mg, 98%).

(b) 3-[3-(6-Aming-pvridin-3-v})-2-ethoxvcarbonvl-propvidisulfanvil-2-(6-amino-pvridin-

3-vimethvD-propionic acid ethyl ester

Etylacetate saturated with HCI (g) (15 mL) was added to a solution of 3-[3-(6-tert-
butoxycarbonylamino-pyridin-3-yl}-2-ethoxycarbonyl-propyldisulfanyl]-2-(6-rert-

30  butoxycarbonylamino-pyridin-3-ylmethyl)-propionic acid ethyl ester (130 mg, 0.191
mmol) in ethylacetate (7 mL) at 0°C. The reaction was allowed to attain room temperature

and was stirred for 19 h, then evaporated under reduced pressure. The residue was




hydrochl oride in dinethylformam de (5 nL) was added. After | h stirringqﬁ_%
sol vent was concentrated under reduced pressure and ethyl acetate (ié I) 03
was added J@I h/(ggg by ammoni um chl oride solution (half-saturated) for :
neutral i sat PoR. e layers were separated, the aqueous was BXU/SEmtoesb4wi t h
ethyl acetate and the conbined organic |gyers were washed 20 three tines
with water and brine, and dried. After concentrated under reduced pressure
the residue was filtered through silica gel wth dichloronethane/ net hanol

m xture (3ksd)vedsn s@keteituratedAbSedil Mie ~

o (1-16-(22-01 nEt hyl ~Dr opi oyl arsro) - au0n dras added and the qqusous ghase was, i 4

di et hyl e§f‘E§FC‘?®§“éi@ﬁnﬂ:fv-éﬁieimgaliﬁimuwes dfiedlnchtorenehidanadérdedudz) and

et hanol ( o C.and a sol uti.on qf potassium hydroxide (87% 111 ng,
5.4 mol )?lrér.lgggerteﬁéﬁgvl% t?ﬁnrrf)comﬁﬁ'énd;@héag’%ﬁ&m xture was allowed to warm up
sl owl y t o 'HQOMR NAE ds stipry i th QU r .

di chl or onet hane ?gg L) %afac?gtrjﬁ?zlg({rrﬁj)malr]g@?ﬁ[r?n ‘(gg%%é P%éﬁ-fl)agggd;h&?%

m xt ur& wabst-Prvtdd (m.gdhob g yd.f151), 2.28i(m, 2Zensvhe dmyers were separ at ed,

t he agqueoyss %54%6@%&(3 wi t h di chl oronet hane. The conbi ned aqueous | ayers
were 30 acidtfie 5 with citric acid, and extracted three tines with

di chl oronet hane. The conbi ned organic | ayers were washed with brine and
dried. Concentration under reduced 31 OCT 2003 WD 00/ 66557 PCT/ SEOQ 00834
90 pressuEdagaleddcr ude

2-(1-[6- (28, 1] -butyl ) -malonic acid
nonoet hyl ; = 26y rnethvl - ro ionvlanino)-
vridim3-vl -butvl -acrylic acid ethyl ester To a solution of

2-(1-[6-((2 j -3-yl]-butyl)-malonic acid
monoet hyl a4 arfidel ) at OC f or mal dehyde (37%

in water B __, . ' ' Stirrin S i nued for 10
1 Ve sBonick Wssyadg el S 2o B oL AR RS co0p) Lo for, L
mn. The imdidthylethay3amlowes cooled W T8 Qrurdée b ind b AR LETRE PE Y5 -

After 14 qthrt_;'he, m xture was concentrated under 1s reduced pressure to one
third of Ttrs> VoMYAl wasaddes drapwish Vit 89 mier & middédr ¢dbplete aidatop théf t er 2

m n vjs;gor, ol Lo k r at the agueous was extracted

N A e e P

citric acimplwatsexideddithi lesiethads Yiif Gnd BErr G 8NESttned NGBS Qﬂfgggr o
-buty

pressure ve 2-(1-16-(2, 2-di_nmet hyl - propi onyl am no) - pyridi n-3-y
-acrylic ngéi’i“(?né*f PF1deagdayith 520 hygochigg agid ta PH 2. After vigorous stirring for 15

mun the mixture was neutralised with sodium hydrogen carbonate and the layers were

separated. The aqueous layer was extracted three times with diethyl ether. The combined
20 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-(5-butyryl-pyridin-2-yl)-2,2-
dimethyl-propionamide (2.47 g, 71%) was obtained as a light orange oil which was not

purified further.

(b) N-[5-(1-Hydroxv-butvl)-pvridin-2-y1]-2.2-dimethvl-propionamide

To a solution of N-(5-butyryl-pyridin-2-yl)-2,2-dimethyl-propionamide (2.47 g, 9.95
mmol) in ethanol (20 mL) sodium borohydride (185 mg. 5.0 mmol) was added. After 40
IMin SHITINg at room temperature the mixture was acidified with 1 N hydrochloric acid to
30 pH 2 and stirred for 10 min. After neutralisation with sodium hydrogencarbonate the
muxture was extracted three times with dichloromethane. The combined Organic extracts

were washed twice with sodium hydrogen carbonate solution and once with brine. A fter




15 colourless solid. (e) 2-Aces isulfanvlimethvl-3- 6-(2.2-dinmeth 1- g?
ionvlamno)- ridin-3- | -hexanoic acid ethyl ester 2-( 1- 0CT 2003
[ 6- (2, 2-Di met hyl - propi onyl am no)-pyridin-3-yl]-butyl )-acrylic acid ethyl
ester (58® %537y, 1.65 mMmol) was di ssol ved under argon i nPERSERAWEI4 c aci d
(4 nb), and triethylamne (0.24 nlL, 1g4 nmmpl) was added dropwi se. After
stirring for 16 h at 50C thiolacetic acid (2 nL) was added and stirring
was continued for 14 h. The solution was cooled to room tenperature and
neutraliged by addition of sodiym hydrogen, carbonate solution, The mxture
was ext r%@fne%y N PBEEHANEE a?rﬁeglfﬁ%g?ér%fé‘%teg{l%f%{q?ﬁg EEBiITHEg béfrx}[ars}%\ct s were
washed 2&hrdiratbof@dl YaichiEs RE8in G REBRAGID: 5L W ¥ OR-BOd - B dr &6 bt b Shridinyi Ng
and concentration under reduced é)r_essure the residue was purified by flash
chr omat ogwphy-d{ra¢tail-proprasamidrel! 029k Kafol , 60: 1) to give 2-ace

tyl sul fanyl met hyl -3-[ 6-(2, 2-di net hyl - pr opi onyl am no) -
pyridin-3-yl]-hexanoic acid ethyl ester (619 ng, 929 as a viscous oil. 30
() 3 (6cARiNg6-(212-DifetByl-goop ARG o - OyFeti RS- vINeXa Qirgal 86k deid monoethyl

2- Acet yl sul fanyi net hyl - 3-[6- (2, 2-di et hyl - propl onyi am no) - pyri di n-3-yl ] - hex
anoi ¢ aciser ethyl ester (40.4 nme. 99 p.nol) was dissolved under argon in

A2 ARy GRG AR Uy bt e TRk (e 7

pr essur ez, é0Bmmiorih tridflédongatvime t N mli)! kdosyiapiodd (asnlt)heashiadedatd @ei de sal t
(28 ma, 979c). 'H NVR (300 MHz. D2Q: 5 7.86 (d, IH, 7.65 (d, IH, 7.02
(t, 1H),mxiggwashoategpo 359G for hgdhen He sohytiop wps concgmratedypndesyedpceq

3" (o0 ek A Tve sHEeN s CERniel o B Botif 2 2 et pppopigpanpice

2- Ami no-Hydtahitdride as hr@iduvlessw)idnal oni ¢ acid di ethyl ester To a solution of
2- am no-t hi azol e- 5- car bal dehyde {8470/% 6 g; 23 mol) in CHRC 2 (30 nL) and
DMVF (30 TA3 solpfrn offherylimaloppediPas. Si2dpmel) 1gierRiiylieananided29 ;s ni; 23
ol ) . BERE! hiH e (6% WifPersidrlin bi1296h AGER Cnafd fuhDadfedbng dht- 5_MTol ) .
The reaction xture was stirred at roomteffperature for 96 hours. Then

Et OAc wasixade eds sl dthreomaemperaturd SornidSxhin: e fwasobiitd er @€ thbsaugbn ol ite in

order to renove the precipitate formed. EtOAc (500 ) )
15 the intermediate N-[5-(1-chloro-butyl)-pyndin-2-yi}-2,2-dimethyl-propionamide

hydrochloride in dimethylformamide (5 mL) was added. After 1 h stirring the solvent was
concentrated under reduced pressure and ethyl acetate (25 mL) was added followed by
ammonium chloride solution (half-saturated) for neutralisation. The layers were separated,
the aqueous was extracted with ethyl acetate and the combined organic layers were washed

20 three times with water and brine, and dried. After concentrated under reduced pressure the
residue was filtered through silica gel with dichloromethane/methanol muxture (30:1) as
solvent.
This crude 2-{1-[6-(2.2-dimethyl-propionylamino)-pyridin-3-yl]-butyl }-malenic acid
diethyl ester was dissolved in a muxture of dichloromethane (2.5 mL) and ethanol (5 mL) at

25 0°C and a solution of potassium hydroxide (87%, 111 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

5o acidified (pH 5) with citric acid, and extracted three times with dichloromethane. The

combined organic layers were washed with brine and dried. Concentration under reduced




m.) was added to the filtrate, and the organi c phase was washed vvit%
and brine. The organic phase was dried and concentrated to yield 4. dwa
t he Crwe}‘ﬁi&ﬂ%ﬁ%’ Addition of petroleumether to a solution of the crude
pr oduct followed by filtration afforded PCT/SE00/00834

2- (2-am no-thi azol - 5-yl met hyl ene) - mal oniggy acid diethyl ester (1.13 g, 18%.
20 (b) 2=(2-Am no-thiazol-5-ylnmeth. lalonic acid diethyl ester NaCNBH3
(1.88 g; 29.9 mmol) was added to a stirred sol ution of

2- (2- ami neretdiiraz e Sudy b retihybe ;

mmol ) in %-tehanol' at OCcy {FﬁéB%H &E)neﬁﬂé%s?gﬁgmﬁg%lﬂj a‘!’/a‘sé‘”}{i*. 0o ]26” %Q) r&ﬂl&f’tcl on

of a snul ¥cidmsunethyl eBrropdtmesél % een to the 25 sol ution. Concentrated HCl
was added dropw se until the solution turned yellow. The ice bath was
removed, and the reaction mxture was stirred at roomtenperature for 5
hours. Wt er| : g g:J]

conbi ned organi ¢ ases were dester "
2- ( 2- danmi nloe g kelaron OBZy{IIffé{(a>2|-dxmﬂi}mmr@pnaﬁyldmxﬁ'cb)eli)mdlnﬁ%fl}%butw{ -Slalofi £74 -

31 OCT 2003 0/ 665732 92 PCT/ SEQQ 00834 %Em

2- (2-t er tRERRGRY ESFDbrivIBShi Ind> By W THE (6 fenhy py 0% ﬂoannldemedM%enhw
ester B L 1o a_ sol uti.on of.triet am ne
(0.4 rnl %g o3 rﬁLﬁ’wa@chédr{ngfh)xts‘r’]i@ aﬁlﬂg%j‘p‘f}’ra ? GPRHRYeg fog4l Oyminy dheg Hﬁgﬁﬂ dineand
2-(2- ani @ °t6mﬂazz>63 i nwthiydded drepwise avieith d0dhit Tié meahRrwislibhed o > MOI )
in CHZC12 5 % C. The reaction S m xture was stirred at room

t enper at UFETOtReT YRTRSE! 10 ARRP (' BRETRUSERS (It h thegnixgure wassohcenratsdaided at
0C, and thRickeprishan ature, 1.ar r.
GRCI2 ey b Ao ek R AR vBluekd SherPnt ORI L REROLR o W phesadhd ana
brine). Afs ’dﬁ’@a\ng@rophassnwatm ldy¢re dveae demomednhe afjedus way eokatidd wh g Of

t he crudg QE%&F&IC cofd e i ndi ca ed t hat “Zagﬁrom mat el y 40% of

2- (2-ani no-t hi azol™ Hé’f%%“} BB N E e Y wates f e e¥ne pcid ealehand

BOC, O ( Obing); Dr&i&'xémm*ﬂbh&en\fﬁﬁoﬁdﬂ&‘& rE@uéédS;Qéééhfé)&h\/efz 1hﬁs fz’,i‘ﬂﬁ-néign duct
(0.78 9), trlethyl amne: yl'."am no) pyri di ne
(0. 34 g: Propiapylasigp)-pysdi ﬂ'@u(}ﬁ}ﬁwhatacmthmtmééﬁlmgnSfrﬁ’:)(aure was
stirged gloﬁg&@sgggperature overni ght and the work up procedure was
repeated. The crude product (1 g) was purified

(e) 2-Acetylsulfanvimethyl-3-[6-( 2.2-dimethyl-propionvlamino)-pyridin-3-yl]-hexanoic

acid ethvl ester

2-{ 1-[6-(2,2-Dimethyl-propionylamino)-pyridin-3-yl]-butyl }-acrylic acid ethyl ester (550

20 mg, 1.65 mmol) was dissolved under argon in thiolacetic acid (4 mL), and triethylamine
(0.24 mL, 1.7 mmol) was added dropwise. After stirring for 16 h at 50°C thiolacetic acid (2
mL) was 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

35 with sodium hydrogen carbonate solution and brine. After drying and concentration under
reduced pressure the residue was purified by flash chromatography (dichloromethane/
methanol, 60:1) to give 2-acetylsulfanylmethyl-3-[6-(2,2-dimethyl-propionylamino)-

pyridin-3-yl]-hexanoic acid ethyl ester (619 mg, 92%) as a viscous oil.

3 (f) 3-(6-Amino-pvridin-3-y1)-2-mercaptomethvl-hexanoic acid

Z-Acc:ylsulfanylmethyl-3—[6-(2,2-dimethyl-propionylamino)-pyridin-S-yl]-hexanoic acid

ethyl ester (40.4 mg. 99 umol) was dissolved under argon in agueous hydrochloric acid




by flash chromat ography (Heptane/EtOAc; 1: 1) and HPLC to afford 2-(2-tert
| s but oxycar bonyl am no-t hi azol -5-yl nethyl )-nal oni c acid di ethyl estér] 00BA03
ng, 17.99% . (d) 2- 2-tert- Butoxvcarbonvl am no-thiazol-5- inmeth I)-malonic
acid non ter

2-(2-tert- E(y%ﬁg?zar bonyl am no-t hi azol - 5-yl net hyl ) - mal oni ¢ ggiT@EB?"%‘}sﬁ‘ill
ester (158 ng; 0.43 mol) was dissolveéd in ethanol (1 nL) and THE (0.5
m.), and a solution of KOH (24 20 ng; 0.43 mmol) in ethanol (0.14 nl) was
added at OC. The reaction mxture was stirred at roomtenperature for 96
hours. ad% hehnpgunedesbl anddraeiat &r-2 T REUARIS uBH@:SI‘%dM\?éE r%hfeg(@hed
with diethyl ether, acidified to pH 3 by addition of O. 8

ext r act e@TWHOTC) ghivetls/litleedmapourtins toohidmedovdgsnti (68pﬂm§é'§%erre dried and

ehi azol ThRMRIH it & Pita MR oot TR UAR: CoHEiNg,9%6B420n. 4 B, (o)
2-(2- terfggsqt@i((\ﬁga;rﬁs)rlvwafrb mth'}@)Z9|8750?? ﬂ:ﬁtmp acrylic acid ethyl ester

To a m xture of tert- Egt oxycarbony hi azol - 5-yl net hyl ) - mal oni c
aci d s novISerhZEbS eMH-élJ (94 ng; 0.27 mmol), a 36% aqueous sol ution of
f ormal dehyde (36ul; 1.2 mol), CH C, (0.2 n) and water (0.2 nL) was

added at OC diethyl amne (30 I1: 0.40 o mol). The reaction m xture was
stirred @, fQ0At enperature overni ght. poured onto ice- water and extracted
with CH . conbi ned organi c phases were washed with 5% 31 O C T 2003
WD 00/ 6 ARCTHH-Bi DY 50 -mBia l-mispiegicapd concentrated to yield

2-(2-tert-butoxycarbonyl am no- thiazol-5- ylnmethyl)-acrylic acid ethyl
ester (69 ny, 80.9%. (f) 2-
Acet il 5y AV AR BMbiy gl 42y oot o O ORERIDRIVLBIR Pead | 0201 -5 y1) - pr opi oni o

acid yT_ester Irietny was added to a
sol ut i orfood salulich ¢fc2-eming-tazobe- heashaldehpdan@7 ¥ iy, @3-hmpl )ne tCH401; @orml)

et s ot R0 tild. B adted 24 Taidslar sheies diaimd Spdfnain Cho s Dm@olc en
pour ed %Eﬁdhdu‘f@(w‘ﬁhﬂ 11 3hemapusauset X (OMPISXY IARhEA) Whe fﬂez@da%ﬁétu@e

conbi ned i o organi c phases were washed wth saturated NaHCO3, drie
concent MRASSHITES ayfoenytemperatyrg for 94 heursr Thts F3Oddueas, acfﬂhé mduderqmcmtuct was

pur|f|e t ane/ Et OAc: .1: el d
5 acddt y?mg?{"fréa ﬁ lﬁlt%%d%@&%@ @er %fn BI((.{‘e %/"(?8}088 lgﬁ Erec:pltate forrned ?é)Ac ?5(%
am no- t ilazwhs ﬁdydi Jo the Gr2B] andadik drLiniyphaes vak wadikd@ith NeBEE%®; and brine.

The organic phase was dried and concentrated to yield 4.9 g of the crude product. Addition

of petroleum ether to a solution of the crude product in ethanol followed by filtration

afforded 2-(2-amino-thiazol-5-ylmethylene)-malonic acid diethyl ester (1.13 g, 18%).

(b) 2-(2-Amino-thiazol-3-vlmethvl)-malonic acid diethvl ester

NaCNBH; (1.88 g; 29.9 mmol) was added to a stirred solution of 2-(2-amino-thiazol-5-

ylmethylene)-malonic acid diethyl! ester (1.13 g; 4.2 mmol) in ethanol at 0°C. The pH of
the solution was monitored by addition of a small amount of Bromocresol Green to the

25 solution. Concentrated HCI was added dropwise until the solution turned yellow. The ice
bath was removed, and the reaction mixture was stirred at room temperature for 5 hours.
Water was added and the product was extracted with CH»Cl,. The combined organic
phases were dried and concentrated to yield 2-(2-amino-thiazol-3-ylmethyl}-malonic acid
diethyl ester (1 g, 87.8%).

30



1s (g) 3-(2-Am no-thiazol-5-vl)-2-nmercaptonethyl-propionic acid A solution
of 2-acetyl sul fanyl net hyl - 3-(2-tert-but oxycarbonyl am no-t hi azol -5-yI3)1+0CT 2003
propionic acid ethyl ester (43 ng; 0.11 nmol) in concentrated HCL (1.5 nl)
was ref | uXe@00/663der argon for 1.5 hours. The reaction m xt upeTiES0@lsspved
to cool to roomtenperature and concenty,ated under reduced pressure to
yield 30 ng of the crude product. The crdde 20 product was purified by
preparative HPLC to afford the title conpound (8 ng: 21% as the

82

465311

hydr ochl Of, d 75-3.1 (m 5H), 7.0 (br s,
1H). MBS (¥ CJ)? thviiwmalonis aciddiethywpseegus ATBN

i cycl Sﬁgﬁﬁﬂii’?“&%"‘lﬂ %’é@“"fm&%@%gé%hv%%ﬁ T I

di i sopr op¥itdiaweshiil maiteopoyidane(0. 3| spm &rmhoi}aﬂrm DRY-agfif-thasaons-y VA =
i met hoxyet hane 5 DMVF =

N, N- di et di
di net Ih;rF f%%fr?é‘gcwm Q‘Pd‘ﬁﬁék)eﬁgrgqorﬁth y-|7s?u ) ad-Ersd: £ miat alﬁ'élihqybacnon

am nopr opyilxtud-vedshyiea hbadin rat®® oveRHA! & L So8th
Et CAc = ethyl acetate FEtOH m(rg)t%hano v é}ﬂ ABHEOMI 5O 6%0'1:— 07 %OD
was added at 0°C, and the reaction mixture was surred at room temperature for | hour,

CH,;Cl> was added, and the organic phase was extracted with 0.3 M KHSO, and brine).
The organic phase was dried and concentrated to yield 0.78 g of the crude product. NMR
indicated that approximately 40% of 2-(2-amino-thiazol-5-ylmethyl)-malenic acid diethyl

1o ester remained. BOC.O (0.6 g; 27.5 mmol) was added to a solution of the crude product
(0.78 g), triethyl amine (0.4 mL: 30.1 mmol), 4-(dimethylamino)pyridine (0.34 g; 27.8
mmol} in CH,Cl; (5 mL) at 0°C. The reaction mixture was stirred at room temperature
ovemight and the work up procedure was repeated. The crude product (1 g) was purified
by flash chromatography (Heptane/EtOAc; 1:1) and HPLC to afford 2-(2-terr-

15 butoxycarbonylamino-thiazol-5-ylmethyl)-malonic acid diethyl ester (184 mg, 17.9%).

(d) 2-{2-tert- Butoxycarbonvlamino-thiazol-5-yimethv])-malonic acid monocethv] ester

2-(2—tert—Butoxycarbonylamino-thiazoi-5—ylmethyl)-ma]onic acid diethy! ester {158 mg;
- 0.43 mmol) was dissolved in ethano!l (1 mL) and THF {0.5 mL), and a solution of KOH (24
20  mg; 0.43 mmol) in ethanol (0.14 mL) was added at 0°C. The reaction mixture was 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 M HCI, and extracted with
diethyl ether. The combined organic phases were dried and concentrated to yield 2-(2-ter¢-

butoxycarbonylamino-thiazol-5-ylmethyl)-malonic acid monoethyl ester (97 mg, 66.4%).

() 2-(2-tert-Butoxvecarbonvlamino-thiazol-5-vimethvi)-acrylic acid ethyl ester

To a mixture of 2-(2-tert- butoxycarbonylamino-thiazol-5-ylmethyl)-malonic acid

monoethy! ester (94 mg; 0.27 mmol), a 36% aqueous solution of formaldehyde (36ul; 1.2

mmol), CH>Cl; (0.2 mL} and water (0.2 mL) was added at 0°C diethyl amine (30 ul: 0.40
0 mmol). The reaction mixture was stirred at room temperature overnight, poured onto ice-

water and extracted with CH>Cls. The combined organic phases were washed with 5%



HOAc = acetic acid HOBt = |-hydroxybenzotriazol is HPLC = high perfog qqngqum
| i qui d chromat ography KHVDS = potassiumbis(trinethylsilyl)amde LDA =
l'ithiumdiisopropylam de MCPBA = 3-chl oroperbenzoic acid M = nmethyl 20
MeOH = medlvameds? min = mi nutes FMB = 4-net hoxybenzyl Ph =pghsioolcos¥s =
propyl 25 PyB OP = (benzotriazol- | -y ny)tl’l pyrrolidi nophosphoni um
hexaf | uorophosphate TEA = trietylam ng” TFA = trifluoroacetic acid THE =
tetrahydrofuran Tos = toI uene 4 sulfonyl 3 1 OCT 2003 CLAIMS f . A
compound .of forpula (1): R4 or a pharmaceutically

accept aBl 1S @ drisd aé‘élc%l‘fe@”?ﬁér“ééﬁe}d 76(‘*'%&“\9%\"@‘1@“"’@%%0 -Higgl-d: wherein
Rl is: el A one or nore basic groups such as
am no, ?mg&ﬁﬁ f"loirgﬁ erhip‘%&lrégngpg cyel yl, containing at |east one
nitrogen atom or heterocyclyl containing at | east one hetero atom

selected fromS or. 0, and substituted with one or nmore basic groups such
as am néD 2= Acetylsulfanvimethvl-3-(2-rerf-butox vearbonviamino-thiazol-3-v!)-propionic acid

5 ethyl ester
Triethyl amine (32 pi; 0.23 mmol) was added to a solution of 2-(2-tert-butoxycarbonyi-
amino-thiazol-5-ylmethyl)-acrylic acid ethyl ester (67 mg; 0.21 mmol)} in thicacetic acid
{0.4 mL) at 0°C. The reaction mixture was stirred at room temperature for 48 hours, and
then poured onto ice-water. The aqueous layer was extracted with CH.Cl,. The combined

to  organic phases were washed with saturated NaHCO;3, dried and concentirated to yield 190
mg of the crude product. The crude product was purified by flash chromatography
(Heptane/EtOAc: 1:0 — 68:32) to yield 2-acetylsulfanyimethyl-3-(2-tert-butoxycarbonyl-

amino-thiazol-5-yl)-propionic acid ethyl ester (43 mg, 51.6%).

15 {g) 3-(2-Aming-thiazol-5-y1)-2-mercaptomethvl-propionic acid
A solution of 2-acetylsulfanylmethyl-3-(2-fert-butoxycarbonylamino-thiazol-5-yl)-
propionic acid ethyl ester (43 mg; 0.11 mmol) in concentrated HCI (1.5 mL) was refluxed
under argon for 1.5 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

20  product was purified by preparative HPLC to afford the title compound (8 mg: 21%) as the
hydrochloride salt.
'"H NMR (500 MHz, D»0): §2.75-3.1 (m, 5H), 7.0 (br s, 1H).

S (+) 219 (M+1).

25 Abbreviations
AcC = acetate
aq = agueous

AIBN = o, "-azoisobutyronitrile

Br = benzyl
36 Bu = buryl
Bz = benzoyl

DCC = dicyclohexylcarbodiimide



am dino and/or guanidino; R2is H Cl1-C3 alkyl, am no, halogen, hydroxy

R3 is COORS; R4 is SH S-COCl-C5 alkyl or S-COaryl: R5is H C, - cmaﬂﬂJyﬂ[lm
or aryl; Xis C(2)2; Yis C2)2;, Zis independently H, Cl1-C6 al kyl or
phenyl (CI¥O®0463871 ) ; wherein al kyl, cycloal kyl, aryl and hepersgyoaoyis

groups are optionally substituted by a&yl , acyl am no, al kyl,

al kyl car banoyl, al kylthio, al koxy, aro aroyl am no, aryloxy, arylthio,

am di no, am no, aryl, car bam)yl car boxy, cyano, cycloal kyl, formyl,
Z2N- CO- O

guani di n en he ero hydr oxy, O0xo, nitro, thiol, ,
ZOCONZbe{ﬁZZ(%- d\’l%l‘&%ly#? is as defined above; provided that: 95
31 0 C T 2GR v&qga%a{@gw]gn@;,g both CH2, R2 is H R3 is CO2H and R4 is
SC(O CH3 then R |s no’t unsubsti t ut ed pyrldyl unsubsti t ut ed

benzi soxeﬁ'ﬁﬂ“&%—WN dinetihd tinind petidineol - 3-yl or unsubstituted 1 H
i m dazol - when X and Y are both CH2, R2 is H R3 is CO2H and R

is unsu ulled&i‘ﬁwf?%ygthﬁethen R4 is not SC(O)C6H5 or SH. 2. A compound

accor di nME LhghdthiliforRlamfigPhar maceutical ly acceptable salt or solvate
t hereof, or a solvate of such a salt, wherein R is: C3-C7 cycloal kyl,

subst i t ulBS@ + Hiroetbylsulforsdee basi c groups such as amino, anidino and/or

uani di n 0oC |, con a at | east one nitrogen ato R2 is
9, E. Or%&)(? Ik&tgnﬁé%ﬁ r% é hy?carbodnmide J m

ee = enantiomeric excess
Et = ethy!
1o EtOAc = ethyl acetate
EtOH = ethanol
h = hour
HOAc = acetic acid
HOBt = 1-hydroxybenzotriazol
15 HPLC = high performance liquid chromatography
KHMDS = potassium bis(trimethylsilyl)amide
LDA = lithium diisopropylamide
MCPBA = 3-chloroperbenzoic acid
Me = methyl
20 MeOH = methanol
min = minutes
PMB = 4-methoxybenzy!
Ph = phenyl
Pr = propyl
25 PyBOP = (benzotriazol- I-yloxy)tripyrrolidinophosphonium hexafluorophosphate
TEA = trietylamine
TFA = trifluoroacetic acid
THF = tetrahydrofuran

Tos = toluene-4-sulfonyl



R4 is SH S-COC-C alkyl or SCOaryl; R5is H C-C6 alkyl or aryl; X
is C(2)2; Yis C(2)2; Z represents independently H, Cl1-C6 al kyl or 3>/1 bCT 2003
phenyl (C,-C6 al kyl); wherein alkyl, cycloal kyl, aryl and heterocyclyi
groups are optionally substituted by acyl, acylam no, alkyl,

al kyl car banoyl , al kyl thi o, al koxy, aroyl, aroylam no, aryloxy, arylthio,
am di no, am no, aryl, carbanoyl, carboxy, cyano, cycloal kyl, fornyl,

guani di no, hal ogen, heterocyclyl, Hhdsidpss/, oxo, nitro, thiol, Z2N-CO O,
ZO- CO-NZ- or Z2N-CO Nz-, wherein Z is as defined above. 3 A conpound as
claimed in claiml or 2 wherein R is cyclopentyl, pyridyl (substituted by
am no and optionally further substituted by halo 96 31 OCT 2003 or C1-C4

al kyl)1. py®& eodpoyhd of ddmulag)ed by ami no), piperidinyl, pyrolyl or

t hi azol yl (substituted by amino). 4. A conpound according to claiml1, 2 or
3 wherein: Rl is cycl opentyllf,H pyridyl (substituted by am no and optionally
further substituted by hal g or 4 al kyl), pyrimdinyl (substituted by
am no), piperidinyl or thiazpkyl Tsubstigiyted by amino); R2 is H F or C
alkyl; R3is COORS, R4 is H HRBis H is CHZ; Yis CHZ, Zis

i ndependently H, Cl1-C6 al kyl}, or phenyl (C1-C6 alkyl); wherein alkyl of Zis
optionally substituted by aﬁ/ , acylam no, al kyl carbanoyl, alkylthio,

ol ony. o O ARy A5 A e R e S AGia L)
het er ocycl ¥Lch RysHIDXwhereiko, nitro, thiol, Z2N-CO O,
R is:
Ca-C7 cycloalkyl, substituted with one or more basic groups such as
amino, amidino and/or guanidino;
heterocyclyl, containing at least one nitrogen atom; or
heterocyclyl, containing at {east one hetero atom selected from S or
O, and substituted with one or more basic groups such as amino,
amidino and/or guanidino;
Rz is H, C4-C3 alkyl, amino, halogen, hydroxy;
Rs is COORs;
R4 is SH, S-CO-C,-C; alkyl or S-CO-aryl;
Rs is H, C1-Cs alky! or aryl;
Xis C{Z),;
Y is C(Z)y;
Z is independently H, C4-C; alkyl or phenyl(C+-Cg alkyl);
wherein alkyl, cycloalkyl, aryl and heterocyclyl groups are optionally
substituted by écyl, acylamino, alkyl, alkylcarbamoyl, alkylthio, alkoxy,
-aroyl, aroylamino, aryloxy, arylthio, amidino, amino, aryl, carbamoyl,
carboxy, cyano, cycloalkyl, formyl, guanidino, halogen, heterocyclyl,
hydroky, 0Xo, nitro, thiol, ZoN-CO-0-, ZO-CO-NZ- or Z,N-CO-NZ-,
wherein Z is as defined above;

provided that:
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ZO- CO-NZ- or Z2N-CO NzZ-, wherein Z is as defined above. 5. A conpound as
claimed in claiml, 2, 3 or 4 wherein aryl is phenyl and aryl noiet]egcanm)
phenyl noieties. 6. A conmpound as clained in claiml, 2, 3, 4 or 5 whereln
het erocyclyl is azetidine, furan, thiophene, pyrrole, pyrrollne
pyrrolidine, dioxolane, oxathiolane, oxazol ane, oxazole, thiazole,

i m dazol e, imdazoline, -imdazolidine, pyrazole, pyrazoline, pyrazolidine,
i soxazol e, isothiazole, oxadiazole, furazan, triazole, thiadiazole, pyran,
pyridine, i perwheme andllYoamimthrﬁiﬂerﬁlsmﬁ Hﬁst@ﬂ)ﬁﬁ!endﬂ%ﬁshl ane,

t hi onor phol i ne, z 97 31 2003 rim di ne, razine,

pi per azi ne, trl%(?mggﬁ ehRals Rt “'Iﬁupﬁt"é’ﬁcﬁé)’r'dﬂaz'éf‘%i) tedzai ndol i ne, -
i ndol e, indoli ngsrp d}@ﬁmb 1 gh rﬁﬁ{@ Lgifil n any one of
t he preceding cl ai rrsé wher EI)S{’I ,Qﬁ%sg?ué?/é\f y gﬂ%gtu"?\?%étﬁh al?]n no.
conpound as cl dimeaizalB- ahymdne of the pr ecedi ng cl ai ns V\,her ein Z |s H or

C-C6 alkyl. 9. Ac d of formla ?vadi_chis: .
2- Mer capt oret h)Wh%n Y RE-Rnth |C hﬁar&bﬂ@ ,B7dsiGR-H and R is

3 Ner capt o- 5. T é%ﬂ*sgﬁﬁ?%g%ﬁ-%ﬁ?ﬁm VR ROIREHE AR 5 e
rcapt o-4-ph enyl -2-pi pe rid in-4- ylmeth yl - butyric acid;
2-(2- d I hyl ) - 3 t
5 (o Am noFATEPRO A PPN I onbt PN aEP il Fepaptable
(6 Am nostof dofiae Wdre31 TR/ @R QBT ke & gL My| - pr opi onf ¢ aci o

(6- Ami no-pyridin-3-yl methyl)-2-mercaptonethyl -butyric acid;

( Am nowﬁeﬂmrlhyl pyridin-3-yl)-2-nercaptonet hyl - 2- met hyl - propi oni ¢
Z to 2- [ (pi peridne-4-carbonyl)-am no] - propi oni ¢ aci d;

Azet| d| Ae=2- car bonyl ) - ani no] - 3- Mer capt o- pr opi oni ¢ aci d;

3-
2-
3-
ac
2-
3- I\/Erca t o- 2- ¢|da\ B

s p o810 IR;/ sEBEROM Witk Bhe @l i e §r g %ﬁs%uch as

[ (Azeti di ne- 3-car ani no] - 3- mer capt o- pr opi oni

amino, aml iIn0 and/or guanidino; or

heterocyclyl, containing at least one nitrogen atom;
Rz is H, F, or C, alkyi;
Rj is COOR;s;
R, is SH, S-CO-C4-Cs alkyl or S-CO-aryl;
Rs is H, C+-Cs alkyl or aryl;
Xis C(Z)z;
Y is C(2)g;
Z represents independently H, C4-C; alkyl or phenyl(C4-Cs alkyl);
wherein alkyl, cycloalkyl, aryl and heterocyclyl groups are optionally
substituted by acyl, acylamino, alkyi, alkylcarbamoyl, alkylthio, alkoxy,
aroyl, aroylamino, aryloxy, arylthio, amidino, amino, aryl, carbamoyl,
carboxy, cyano, cycloalkyl, formyl, guanidino, halogen, heterocyclyl,
hydroxy, oxo, nitro, thiol, ZoN-CO-0-, ZO-CO-NZ- or ZoN-CO-NZ-,
wherein Z is as defined above.

3 A compound as claimed in claim 1 or 2 wherein R; is cyclopentyl,

pyridy! (substituted by amino and optionally further substituted by halo
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3-(6- Am no-5-net hyl -pyridin-3-yl)-2-nmercaptonethyl- propion ic acid,

3- (6- Am no- 4-net hyl - pyri di n-3-yl)-2-nmercapt onmet hyl -propionic acid; 310CT 2003
2- Mer capt onet hyl - 3- pi peri di n-4-yl -butyric acid,

3- (6- Am no- pyri di n-3-yl)-2-nmercaptonet hyl -butyric acid;

3- (6- Am no- 2- et hyl - pyri di n- 3-yl )- 2- mer capt onet hyl - propi oni c acid; 98 31
OCT 2003 2- Acetyl suI fanyl nmet hyl - 3- (2- am no- pyri m di n-5-yl ) -propionic acid

ethyl ester; yrldln 3- glneth - 3-ner capt o- butyric acid;

3- Acetyl su my+4 - p yl) - butyri C
e gf%( @’kY mé' Ldml&&%sa WERYRMING) oy F BRIRYE Dyt oF

acid et hyl [ 3-yl et hyl ) - 3- ner capt o- pent anoi ¢ aci d;

3-(6- Am noﬂgﬁcﬁ?l (rSo pyr| ”%?I 2- mer capt onet hyl - propi oni ¢ aci d; :

3- (6- Am no- 5- hydr oxymnet hyI pyrl di n-3-yl)-2-nercapt onet hyl - propi onic acid;
2- Mer capt onret hyl - 3-pyrrol i di n-3-yl - propi oni c acid;
3-(Ci §-4- ah%n@%m%géﬁ@mm@twﬁminarwaiawbﬁéqmw propi oni ¢ aci d;

2- Mér zﬁlphgﬁgé‘}fmlﬁpgh&frp‘%éfd&}[ﬂés&és l@]ﬁé@hg'ynﬂ;n giqptzogg}lﬁfurther

3-(
3- ( 6- Ami nosutystitdiot By Mhbé’r@&tﬁ@ﬁﬂﬁ%mﬂldlﬁynﬁ bylitupRNbRasisoRci d;
3- (6- Am no- pyri di n- 3- - 2- mer capt onet hyl phenyl - propi oni ¢ aci d;
3-(
2-(
3-[
a

6-

6-

6- Ani noplﬁ?f'ﬂerﬁDBﬂ}‘ﬁ?O’YlGﬁé‘béhﬁb'ﬁ%ﬁrbw@wmﬂ) phenyl - butyric acid;

6- Am nog i hyI) 3- mer capt o- 5- phenyl - pent anoi ¢ aci d;

3- (6-Am %ﬂgﬁﬁfe}’éf@ ') - 2- et hoxycar bonyl - propyl di sul fanyl ] - 2- ( 6-

m no- pyri Rk fe GQORet hyl ) - propi onic acid ethyl ester;

3-(6- Am no- pyr| di n-3-yl)-2-nercapt onet hyl - hexanoi ¢ acid; or,

3-(2- Am no Ba ks 8561 - 5- yl ) - 2- mer capt onet hyl - propi oni c aC|d or a

phar maceuthc%Hy acceptabl e salt or solvate thereof, or a solvate of such
a salt. 10.°A pfocess for the preparation of a corrpound according to any
one of clXiigECHZto 9, wherein R, R3, R4 and Y are as defined in claim1

and X vis cHz;
Z is independently H, C4-Cg alky! or phenyl(C1-Cg alkyl);
wherein alkyl of Z is optionally substituted by acyl, acylamino,
alkylcarbamoyl, alkylthio, alkoxy, aroyl, aroylamino, aryloxy, aryithio,
amidino, amino, aryl, carbamoyl, carboxy, cyano, cycloalkyl, formyl,
guanidino, halogen, heterocyclyl, hydroxy, oxo, nitro, thiol, ZoN-CO-O-,
ZO-CO-NZ- or Z:N-CO-NZ-, wherein Z is as defined above.

5. A compound as claimed in claim 1, 2, 3 or 4 wherein aryl is phenyl and

aryt moieties are phenyl moieties.

6. A compound as claimed in claim 1, 2, 3, 4 or 5 wherein heterocyclyl is
azetidine, furah, thiophene, pyrrole, pyrroline, pyrroliding, dioxolane,
oxathiolane, oxazolane, oxazole, thiazole, imidazole, imidazoling,
imidazolidine, pyrazole, pyrazoline, pyrazolidine, isoxazole, isothiazole,
oxadiazole, furazan, triazole, thiadiazole, pyran, pyridine, piperidine,

dioxane, morpholine, dithiane, oxathiane, thiomorpholine, pyridazine,
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Is C(Z2)2 and R2 is H, conprising the step of: reacting a conpound of

formula (VI): 99 31 OCT2003 X, Rl YJ" R3 wherein Rl, R3 and Y are a&1 0CT 2003
defined in-claiml and Xis C(Z2)2, with a conpound of fornula (I1X): R7-SH
(I'X) wherein R7 is a suitable protecting group, such as Ac, Bz, PMB or Bn,
alone or in the presence of a suitable base, such as NaOwe, NaH or
triethylamne or alternatively in the presence of a free-radical initiator,

such as Al BN.under standard condjtions, 11. A process for the preparation
of a conpolHTHERSr BYIRF % PipRraghe, bfazing, dhiagiagine dghiagingsein R1, R2, R3

and R4 are irfiehd ned i laj Y s C(Z)2, conprising
the step ofaaralenz%?tklé’ng z'aﬁc(ﬁ:bolﬁrr‘gbLnnragqedﬁﬁg?%reréﬁ%a%wné—( R2 R3 (XIV) wherein
Rl1, R2, and R3 are as defined in claiml and Xis 0, S, C(2)2, or N2,
with a compound of formula (I1X): R7-SH (I X) wherein R7 is a suitable

pr ot ecti ng AgPBROUSHAF daimRd iBrarezone af teedregedivgrdaimsiwhersin Babl e reagent,
such as PP&}?’é@Jr@P!suﬂgﬁﬁﬁe@Bﬁ%%ﬁ% conditions. 12. A pharnaceuti cal

formul atio ai ni ng a cofrpound according to any one of clains 1 to 9 as
active ingredient in conmbination with a - pharmaceutically acceptable

adjuvant, diluent or carrier. 100 31 OCT 2003 . _
8. A compound as claimed in any one of the preceding claims wherein Z

is H or C1-Cs alkyl.

Q. A compound of formula (l) 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-yimethyl}-2-mercaptomethyl-butyric acid;
3-(6-Amino-5-methyl-pyridin-3-yl})-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-Amin0—5—rﬁethyl—pyridin-B-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;
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13. The use of a compound according to any one of clainms 1 to 9 in

t herapy. 14. The use of a conpound according to any one of clains 1 30§87 2003
for the manufacture of a nedicanent for the inhibition of carboxypeptidase
U 15. A pharnaceutical fornulation for use in the treatnent or prophyl axis
of conditions associated wth inhibition of carboxypeptidase U, conprising
a conpound as defined in any of clains 1 to 9 in conbination with a
pharmaceutically acceptabl e agggvant, diluent or carrier. 16. A

phar maceut £digetylsuliamydmedhyl-T-6rpmisopyrimidin-ayb erppionit adidfetnytul a (1) or a
phar maceut %&%I ly acceptable salt or solvate thereof, or a solvate of such
a salt; and; (’ii) one or nore antithronbotic agent wwth a different

mechani sm o6 i py SHAB-9Fn SRy AH-indréd b ut g thronboxane recept or
i nhi bitor, s(ynt het ag)é i nhi gi tor,ygﬁtbri nogen urg?"'eeg%'g’r ant agoni st ,

pr ost acycl 8hastytsuifanylih{G erdbiutesycadmaylamhinbimodinos-ywhRthylecept or  ( P2T)
ant agoni Stb ! adia x% ure %I th a pharmaceutically acceptabl e adjuvant,
di | uent orPUWYAFAC ?*%e kit of parts conprising: (i) a pharnmaceutical

for ul at | Op. G CEbYHAIE By RUTAGNARFc 6 Birfandib beicp™ 3 phar maceut  cal Iy

acceptabl e salt or” sol vate thereof, vate of such a salt, in

adm xt ur e H(ErAminshararerewpyirshin-Byyl)-2everagbdreetiyj-prapidnicdicidyent or carri er;
and, (ii) rnaceutical fornul ati.on containing on r_nore,

antithronb #5‘?%&‘855”1)&“??&5“‘8%“%@@?%ﬁ’é’gﬁaﬁﬁ%?ﬂpg?m g?ﬁ'c?ﬁ‘?p@[]@h as an

anti pl at el géidagent, thronboxane receptor inhibitor, 101 31 OC17003
synthetase inhibitor, fibrinogen receptor antagonist, prostacyclin

m nmetic, p?l'@é%’l‘i@@?@@@@é@dwrfﬂ%idm-ﬁdﬂ'mplmacéd;ept or (P2T) antagonist; in

adm xture 5‘4(Hfb-aiarnﬂ%t'(g%%ﬁgﬂ.tgﬁghyl)-igrﬁsPcta?)%f%eﬁwl-%\r/gﬁghicda{czliclll;ent or
2-Mercaptomethyl-3-piperazin-1-yl-propionic acid;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-pentanoic acid;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyi-4-methyl-pentanoic acid;
3-(6-Amino-pyridin-3-yl}-2-mercaptomethyl-3-phenyl-propionic acid,;
3-(6-Amino-pyridin-3-yi)-2-mercaptomethyi-4-phenyl-butyric acid;
2-(6-Amino-pyridin-3-ylmethyl)-3-mercapto-5-phenyl-pentanoic acid;
3-[3-(6-Amino-pyridin-3-yl}-2-ethoxycarbonyl-propyldisulfanyl]-2-(6-
amino-pyridin-3-ylmethyl)-propionic acid ethyl ester;
3-(6-Amino-pyridin-3-yl)-2-mercaptomethyi-hexanoic acid; 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.

10. A process for thé preparation of a compound according to any one of
claims 1 to 9, wherein R; R3, R; and Y are as defined in claim 1 and X
is C(Z)2 and Ry is H, comprising the step of:

reacting a compound of formula (V1):
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S T e T

carrier; which conpound (i) and agent (ii) are each provided in a form
that is suitable for admnistration in conjunction with the other. P2 0cT 2009

-R1
X

A VD)

Y~ RS3

wherein R4, Rz and Y are as defined inclaim 1 and X is C(Z),, with a

compound of formula (1X):

_ R7—SH  (IX)
wherein R7 is ‘a -s'uitable prbtecting 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 a free-radical initiator,

such as AIB.N 'ur:\_der standard conditions.

11. A proce-és' for the preparation of a compound according to any one of -
claims 1 to 9, wherein Ry, R;, R; and R, are as defined in claim 1 and Y
is CH3 and X is C(Z)g, comprising the step of reacting a compound of
formula (XIV):

R1

|

"2<R2 (XIV)
R3

OH

wherein R4, Rz, and Rj; are as defined in claim 1 and X is O, S, C(2)2,
or N(Z), with a corhpound of formula (1X):

R7 —SH (IX)
wherein Ry is a suitable protecting group, such as Ac or Bz, in the

presence of a suitable reagent, such as PPhy/DIAD, under standard

conditions.
12. A pharmmaceutical formulation containing a compound according to any

one of claims 1 to 9 as active ingredient in combination with a

pharmaceutically acceptable adjuvant, diluent or carrier.
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13.

14.

15.

16.

17.

The use of a compound according to any one of claims 110 9 in
therapy.

The use of a compound according to any one of claims 1 1o 9 for the

manufacture of a medicament for the inhibition of carboxypeptidase U.

A pharmaceuticél formulation for use in the treatment or prophylaxis of
conditions associated with inhibition 'Qf carboxypeptidase U, comprising
a compound as defined in any of claims 1 to 9 in combination with a

pharmaceutically acceptable adjuvah{, diluent or carrier.

A pharmaceutical formulation, comprising:

(i) acompound of formula (1) or a phai‘maceutically acceptable salt
or solvate thereof, ora soiva_te of such a salt; and,

{ii) one or more anfithrombotic 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 ADP-
receptor (P,T) antagonist;

in admixture with a pharmaceutically acceptable adjuvant, diluent or

carrier.

A it of parts comprising:

(i) a pharmaceutical formulation containing a compound of formula
(1), or a pharmaceutically acceptable salt or solvate thereof, or a
solvate of such a salt, in admixture with a pharmaceutibaliy
acceptable adjuvant, diluent or carrier; and,

(i) a pharmaceutical formulation containing one or more
antithrombotic agent with a different mechanism of action, such

as an antiplatelet agent, thromboxane receptor inhibitor,
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synthetase inhibitor, fibrinogen receptor antagonist, prostacyciin
mimetic, phosphodiesterase inhibitor or ADP-receptor (P,T)
antagonist;

in admixture with a pharmaceutically acceptable adjuvant, diluent or

carrier; which compound (i) and agent (ii) are each provided in a form

that is suitable for administration in conjunction with the other.
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