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prpteases include trypsin, tryptase, chymotrypsin, elastase,

10 th;ombin, plasmin, kallikrein, Complement Cl, acrosomal
protease, lysosomal protease, cocoonase, o-lytic protease,
protease A, protease B, serine carboxypeptidase IT,
subtilisin, urokinase, Factor VIIa, Factor IXa, and Factor Xa.

The serine proteases have been investigated extensively over

15 a period of several decades and the therapeutic value of
inhibitors of serine proteases is well understood.

Serine protease inhibitors play a ceatral role in the
regulation of a wide variety of physiological process
including coagulation, fibrinolysis, fertilization,

20 development, malignancy, neuromuscular patterning and
inflammation. It is well known that these compounds inhibit a
variety.of circulating proteases as well as proteases that are
‘activated or released in tissue. It is also becoming clear
that serine protease inhibitors inhibit critical cellular

.25 processes, such as adhesion, wmigration, free radical
production and apoptosis. In addition, animal experiments
indicate that intravenously administered serine protease
inhibitors, variants or cells expressing serine protease
inhibitors, provide a protective effect against tissue damage.

30 Serine prbtease inhibitors have also been predicted to
have potential beneficial uses in the treatment of disease in
a wide variety of clinical areas such as oncology, neurology,
haematology, pulmonary medicine, immmology, inflammation and

infectious disease.
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PROTEASE biNHLBRICRS kihbeoaaberraAQQ4 FThosk idneribeprislat qslthffcormounds

whi ch are inhihjtor of serine proteases and to pharmaceutica
conposi i ons tﬁfé? o$°r5 eé‘ﬁapﬁ"ﬁe‘?rf ’ﬁ'g‘égftﬁo’fﬁéf FREEPreht 1A (ReUBUARNE or

ani mal bodjeragdet SerdgeRrpaot QRSRE IRbAR HOUR .of. PROLIRO|BHaen8AZY MES
whi ch ha"%nﬁ ngygr?ti%%t %lfy%ilgor}goﬁz%.@ag!igctygdecrr}s?r %‘%teelrllséegf bay Fgctor Xa
inhibitor as an anticoagulant is desirable in view of the
selectivity of its effect. Many clinically approved
10 anticoagulants have been associated with adverse events owing
to the non-specific nature of their effects on the coagulation
cascade. ’

Also, there are well-known associations of al protease

inhibitor deficiency with emphysema and cirrhosis and C1
15 esterase inhibitor deficiendy with angioedema.

It has now been found that certain aromatic compounds
carrying bulky lipophilic side chains are particularly
effective as inhibitors of serine proteases, especially
proteases with negatively charged Pl specificity pockets, and

20 most especially the serine proteases thrombin, and most
importantly Factor Xa. The Factor Xa inhibitors of this
invention are potentially useful for the prophylaxis or
treatment of thrombotic disorders such as amongst others
venous thrombosis, pulmonary embolism, arterial thrombosis,

"25 myocardial ischaemia, myocardial infarction, and cerebral
thrombosis. They potentially have benefit in the treatment of
acute vessel closure associated with thrombolytic therapy and
restenosis, e.g. after transluminal coronary angioplasty or
bypass gfafting of the coronary or peripheral arteries and in

30 the maintenance of vascular access patency in long term
hemodialysis patients.

Factor Xa inhibitors of this invention may, with benefit,
form part of a combination therapy with an anticoagulant with

a different mode of action or with a thrombolytic agent.



particularly reactive Ser residue. Exanples of serine proteases include
trypsin, tryptase, chynotrypsin, elastzase, 10 thronbi n13@asnibe; 2004

kal I'i krein, Conplenent C, acrosonal protease, |ysosomal protease,
cocoonase, a-lytic protease, protease A protease B, serine

car boxypeptidase |1, subtilisin, urokinase, Factor Vlla, Factor |Xa, and
Factor Xa. The serine proteases have been investigated extensively over 15
a period of several decades and the therapeutic value of inhibitors of
serine proteases is well understood. Serine Erotease i nhibitors play a

central role i Att#RS HesgurapPBieoinaWap et epg BPIPMAG5T| 68REal process

i ncl udi ng ceeaduh abdPhmitiiRE | Y YeRdiBoi b8l ind 1A @By i@ HRME LARIR Mg
mal i gnancy, neuronuscul ar patterning an inflammation. It is well” known

that thesé BBEpBUbtRCHNALBEI fide dhadnetye FIxGlrcBtatPhtPHiBtEe8Ses as wel | as

pr ot eases skhahe 3h Lot AlsV aliREbAuraekes etk inhd s38HE. bddn i BHudkisenkecom ng
clear that serine protease_inhibitors inhibit critical cellular ,25
pr ocess@s Pepganiding geeprvnds migMRx P8ALL$T% Y gereapl FHWMGEERBA and

apopt 0si Spobl Be thQJava@DhBBl 1§XpPeri ments indicate that intravenously
adm ni stered serine protease inhibitors, variants or cells expressing

serine proteasBUrpiHiFColyy sit grasy inge Bepn G Faabf seetaiggathst tissue

damage. 3Q.SRLENS RorRss ATl RiHoRr §nﬂ%&&f%¢'€%ﬂtﬁf§éﬂﬁs@d to have
potential beneficial "'uses in the treatnment of disease in a wide variety of

clinical &esineskritepsesncor prtisedrsl Brstor Haendeapbey theulashary
medi Ci 1Y, thETHALAALY o ALLAMBLd AR nd nE&fEt'i%Hé%%?%io%F%? Decenber

2004 In particular serine protease Inhibitors may be ™ beneficil in the
t r eat ment believed vt carebakb dipr asthwity asmghyaehar %3 rimhdbiisorarthritis,

car ci NoMay B! A% Wese compounds also possess other structural features
that fﬁrther distinguish them from the compounds of W099/11658
and WO099/11657.

15 Where compounds of'the invention have been tested, they
have generally demonstrated superior oral biocavailability in
comparison with benzamidines disclosed in Wé 99/11658. Also,
it has been found that the compounds of the invention perform
excellently in the prothrombin time assay (PT) when compared

20 to aminoisoquinolines of similar factor Xa activity and
structure. The PT assay is a coagulation assay and it is
widely accepted that direct acting Factor Xa inhibitors which
perform well in the PT assay are more likely to be good
antithrombotics.

25 . In WO99/09053 certain 2-aminobenzamide compounds are
disclosed as potential motilin receptor antagonists and in US
3268513 similar 2-aminobenzamide compounds are suggested as
potential antibacterial agents. However, the novel compounds
of the present invention have not before been suggested as

30 potential serine protease inhibitors. '

Thus viewed from one aspect the invention provides a

serine protease inhibitor compound of formula (I)



restenosis, atheroma, trauma, shock and reperfusion injury. 5 Thus for
exanple an inhibitor of Factor Xa has yalue as a therap@ddemagend4 as an
anticoagulant, e.g. in the treatnent and prevention of thronbotic

di sorders'. The use of a Factor Xa inhibitor as an anticoagulant is
desirable in view of the selectivity of its effect. Many clinically
approved 10 anti coagul ants have been associated with adverse events ow ng
to the non-specific nature of their effects on the coagul ati on cascade.
Al so, there are well-known associations of al protease inhibitor
deficiency with enphysema and cirrhosis and Cl1 15 esterase inhibitor
deficiency with angi oedema. It has now been found that certain aromatic
conmpounds carrying bulky lipophilic side chains are particularly
effective as inhibitors of serine prote§ges, especially proteases with
negatively charged Pi specificity pocketis, and 20 nost especially the
serine proteases thronbin, and \\i)ﬂﬁxj;wkNQkFactor Xa. The Factor Xa
inhibitors of this invention 3e po?%ntia¥|y useful for the prophylaxis or
treatment of thronbotic disorders such anongst others venous '
thronbosi s, ,pylopnary enbolism arterial thrombosis, -,25 nyocardi al

i schaem a, nyocardi al infarction, and cerebral thronbosis. They
potential | y havBz bapefeisentn:t he treatnment of .acute vessel closure
associateg with r tic: ther apd restenosis, e.g. after

t ransl uni nal cor‘%?a?ﬁ%’%i Sﬁ?la%rﬁﬁ r PEIRG, subspititedhgothehe awi/enary or
peri pheral ‘aPPéttian é’ﬁdh'ﬁhOP,mim,nnhncb:e,naiaqaamtoﬂﬁsqw&ifaz%ﬁ&ess patency in
long term NepDEE+aLSIgS , Paki St ctor: Xa,inhibitors of this invention
‘may, with ef?li,, for m,g%!rtf&o%ygggbn%lﬁfﬁ?‘gﬂ' tFEFE R iRt Alkeny?,

anti coagul ant YW th 21 amiRer ertl waddi Sluaomethoxy, Wddbokyt haephalytic
agent. 3 13¥eBegenbeiR;2084d optionally substituted at the & /

10 amino, hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano
amido, aminoalkyl, alkoxy or alkyithio;

position by

(ii) naphth-2-y1 opticnally substituted at the & or 7
position by halo, haloalkoxy, haloalkyl, cyano

; nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or le

: and optionally
substituted at the 3 position by amino, hydroxy, halo, alkyl

carboxy, cyano, amido, aminoalkyl, alkoxy or alkylthio;

15

(iii) isoquinolin-7-y1, indol-5-y1, indol-6-y1, indazol-
5-yl, indazol-6-yl, benzothiazol-6-yl or benzisoxazol-5-yl

optionally substituted at the 3 position by halo, haloalkoxy
20 '

» haléalkyl, ¢yano, nitro, amino, hydrazido, alkylthio, alkenyl
alkynyl or Ry |

) {iv) benzimidazol-S—yl or benzothiazol-6-y1 optionally
Substituted at the 2 position by amino;

(v} thiem-2-yl1 or thien-3-y1 optionally substituted at

the 4 or 5 position by halo, haloalkoxy, haloalkyl
nitro, amino, hydrazido, alkylthio, alkenyl,

25
; Cyano,

‘ alkynyl or Ry;
{vi) 3,4~methy1enedioxypheny1, 2,3-dihydroindol-6-y1
3,3—dlchloro—z-oxo—indol-G-yl or 1—methy1—3~aminoindazol—5—y1-

{(vii) benzothiazol-z-yl, imidazo[1,2-a]pyrimidin—2-yl or
30 tetrahydroimidazo[1,2-alerimidin—2—y1;
{viii) PYrazol-2-yl optionally substituted at the 5
position by halo, haloalkoxy, haloalkyl, cyano, nitro amino

hydrazido, alkylthio, alkenyi, alkynyl or Ry;



It has been reported in WO99/11658 and W99/ 11657 that certain benzam di ne
and am noi soqui noline derivatives carrying a bulky |ipemtcer®espa® chain
are excellent inhibitors of serine proteases. Unfortunately, it has since
~been found that 5 benzam di ne conpounds of WD 99/11658 in genera
denonstrate poor oral bioavailability. Surprisingly, it has now been found
that certain other aronmatic conpounds also show inhibitory activity
agai nst serine proteases, in particular Factor Xa, despite the lack of 10
the am di no or 1-am noisoquinoline functionality previously believed to be
crucial for activity as a factor Xa inhibitor- Many of these conpounds al so
possess other structural features that further distinguish themfromthe
conpounds of W)99/11658 and W99/ 11657. 15 Where conpounds of the

i nvention have lbégeh myesded;yt hept iohay 8y 8HEE2 e trated superior oral
bi oavai | abigy 340 haclggg%%gor}%#' tg bg%zam' di ‘rzliége%i%glr%feg PYPAMBCY9/ 11658.
Al'so, it has been found that thH&? 5ﬁgoﬁﬁ@§°®fn%¢ﬂpd mrenti on perform

excel | ent | ﬂdﬁaﬁﬁﬁlpﬁ6$Wﬂéhb¢rlaﬁhmayns&ﬂmyﬁ?I)OyWKy} compared 20 to

am noi soqui nol i pes 30y L a actlyity and structure- The PT
PyrduTy o %ﬁ?ﬁ%ﬁ&}%& ﬁﬁ%8£f§” &bt et harosditiest acti ng

assay is 0 | atiQn assay a €

Fact or Xégf)hﬁ%ﬁ?bﬁ?gﬁﬁ%EﬂxYpéﬁﬂ@PhkwﬁﬂIcybnoirnide,aa&aﬁogre more likely to
be good aﬁﬁﬁthxbﬂbohﬂkyltﬁibjraﬂ&%@dp%g§§P?fQ£g&p_2-aninobenzanide
conpounds are gj;sc %gggfgs‘%p ential notilfn recéptor antagonists and in
US 3268513 sim | ar 2-am nobenzafPiPedhyotwert isnsedugyesied as  pot enti al
ant i bact er PEFadhby. arbeey drydroke, nevel, QDIE@RU'E:%%boS%{(éT L esent

i nvention havéo Neinikeh ke b ggest.ed.as,. 30 potent eri'ne protease
i nhi bitqrs. Thus viewed f%b%ﬁ%ﬁ%yd%%é‘ y?ﬁ%ﬁ?ﬁV@h?Foﬁh%r%vhdés a serine

pr ot ease 0i Hﬁ?btflto@r béroﬁﬁbel,ndua\j.paﬁbcpxml &albalkyl, cyano, nitro, amino
~ hydrazido, alkylthio, alkenyl, alkynyl or Ri§: '
‘ (xii) indol-2-y1 optionally substituted on the indole
nitrogen atom by alkyl and optionally substituted at the 5 or
& position by halo, haloalkoxy, haloalkyl, cyano, nitro,
amine, hydrazido, alkylthio, alkenyl, alkynyl or Rij:
{xiii) indol-6-yl substituted at the 5

15
position by amino,

hydroxy, halo, alkyl, carboxy, alkoxycarbonyl,

cyano, ami
aminocalkyl ; -

. alkoxy or alkylthio and optionally substituted at
the 3 position by halo, haloalkoxy, haloalkyl,

N - . cyano, nitro,
amino, hydrazido, alkylthio, alkenyl

. « alkynyl or Riji or
Fx1v) benzo[b]thiophen—2-yl optionally substituted at the
3 position by amino, hydroxy, halo, alkyl,

oC carboxy, cyano,
amido, aminoalkyl .

o » alkoxy or alkylthio and at the 5 or ¢
| Eos*tﬁon by halo, haloalkoxy, haleoalkyl, Cyano, nitro, amino
.. 25 Nydrazido, alkylthio, alkenyl, alkynyl or Ri5: ’ ’

with the proviso that Ry cannot be aminoisoguinolyl;

R1 represents hydrogen, hydroxy, alkoxy, alkyl, |
alkylaminoalkyl, alkanoyl, hydroxyalkyl, alkoxyalkyl

alkylaminocarbonyl, alkylamino, carboxyl
carboxymethyl, amido or amidomethyl ;

alkoxycarbonyl,
30

le Tepresents hydrogen, hydroxy, alkoxy, alkyl

alkanoyl, hydroxyalkyl, alkoxyalkyl, alkoxycarbonyl

alk i
ylamino, carboxyl, carboxymethyl, amido or amidomethyl;
-X-X- is ~CONH- ; '

35 Y {the a-atom} is CH;



4 wherein: 13 Decenber 2004 R2 represents: 5 (i) phenyl optionally being
substituted in the 3 and/or 4 positi@n by hal o, nitro,13tEcemben20@al koxy,
hydrazi do, al kyl hydrazi do, am no, cyano, hal oal kyl, al kylthio, al kenyl,

al kynyl, acylam no,'tri or difluoronethoxy, carboxy, acyloxy, MS4 or R2-
1, and optionally substituted at the 6 position by 10 am no, hydroxy, hal o,
al kyl, carboxy, al koxycarbonyl, cyano, am do, am noal kyl, al koxy or

al kylthio; (ii) naphth-2-yl optionally substituted at the 6 or 7 position
by hal o, hal oal koxy, hal oal kyl, cyano, nitro, am no, hydrazido, alkylthio,
al kenyl , _al kynyl or R1J and optionally 15 substituted at the 3 position by
am no, hydroxy, halo, alkyl, carboxy, cyano, am do, am noal kyl, al koxy or
al kylthio; (iii)y segtdtNzng . | -5-yl, ipdol -6-yl, indazol- 5-yl

i ndazol - 6- | ,ber’n’lzot [ azol - 6yl X%?“L%ﬁg s%%@af?)‘f"?g?‘?g}“iedbmhe@aé»| y

subst i t ut edPE WHe SRYFSi Shisgohal.o naplttodl kpiper 2dimal 0@kshy) Cyano,
nitro, am npyrivlgtazistxazahkyl, t bissniabkepy! . I Qr Rlj. (1V)

benzi mi dazol;Hryl,, 9 qFQﬁ%[E'az l-6-¥] gg?igﬁé %%y?%iwﬁﬁﬁ%gﬁ#%d at the 2
posi tion by am no; {K/) tHi'e -éég’ra?ﬂl thi ri-d-Fhiagiazmiatll.y substituted at
25 the.4 orP¥rigdsinybn dyyribdakdnyhalquahkoyy,, i'l,éahﬁﬁllﬂfISLL, GEAB Fur i 110

am no, hydrgzideniahidy i vyl .. al kyn 0 (i) '
3,4-nethy|en%ggqugﬁgnyl,bg?%sél d EPH%bfg%gyP£e£¥1 group

3, 3-di chi or 3P GkBE¢hAY a4l br whicht liy|ie3 a- hondipioydarObr5ed) ;and( Vi i)
benzot hi azokz;2-igl phédfrdasel-iags alp 5_,9[% -2-y] or .30

t et r ahydr oi Qxl%zﬁéé%g al Iéigri m;di n-)zbfnyP;n l{/iI %F?“%y?%‘lz‘&n.azl.lyl optional ly
substituted 5% t }Eb B&fon by hal o, hal oal koxy, hal oal kyl, cyano,
nitro, a#?no, each Ry represents hydrogen; hydroxyl ; alkoxy ;

a?alkyloxy; alkyl; alkylaminoatkyl; hydroxymethyl ; carboxy;
alkoxyalkyl; alkoxycarbonyl; alkylaminocarbonyl; aminomethyl;
CONHp; CHCONHp; (1-6C)alkanoylamino: alkoxycarbonylamino;
amino; halo; cyano; nitro; thiol; alkylthio; alkylsulphonyl;
alkylsulphenyl ; alkylsulphonamido; alkylaminosulphonyl;
aminosulphonyl ; haloalkoxy; haloalkyl; a group of the formula

~C(X3IIN(RINVRIZ (yherein X3 is O or S and R} and R1Z are

15

independently selected from hydrogen, methyl, ethyl, or
together with the nitrogen atom to which they are attached
20 form a pyrrolidin-1-yi, piperidin-i-yl or morpheolino group; or
-OCH20- which is bonded to two adjacent ring atoms in Cy;
P -L-Lp{D}y, is of the formula:

ana

in which Ry is -(CHp)c-Rg, -CHReRg, -CHy-CHRgR¢,
25 -CHz-CHy-CHRgRg, or Ry in which ¢ is 1 or 2; Re ig thienyl

thiazolyl (which may bear an amino substituent), isothiazolyl

‘oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, pyridyl (which
may bear an alkylsulphonyl, aminosulphonyl,

alkylaminosulphonyl, alkylaminocarbonyl, amino, amido, {1
30 4C) alkoxycarbonyl

+ carboxy, acetylamino, chloro, fluoro,
¢yano, (1-3C)alkyl,

trifluoromethyl, methoxy, ethoxy, nitro,
hydroxy,

alkylsulphonylamino, triazolyl or tetrazolyl

substituent), pyrimidinyl, pyridazinyl, pPyrazinyl or phenyl



hydrazi do, al kylthio, alkenyl, alkynyl or Rl; 5 13 Decenber 2004 (i x)
pyrid-2-yl optionally substituted at t/he 5 position byl3Hdeembeabod® koxy,
hal oal kyl , cyano, nitro, am no, hydrazido, alkylthio, alkenyl, alkynyl or
R1; (x) pyrid-3-yl optionally substituted at the 6 position 5 by halo,

hal oal koxy, hal oal kyl, cyano, nitro, am no, hydrazido, alkylthio, alkenyl,
al kynyl or RI; (xi) benzofur.-2-yl1 optionally substituted at the 3
position by am no, hydroxy, halo, alkyl, carboxy, cyano, am do,

am noal kyl, al koxy or alkylthio and at the 5 or 6 10 position by hal o,

hal oal koxy, hal oal kyl, cyano, nitro, am no, hydrazido, alkylthio, alkenyl,
alkynyl or Ria; (xii) indol-2-yl optionally substituted on the indole

Bi t Lolgen ﬁ;ﬁ‘fﬁjﬁ?@aﬂkyﬂnemﬁ S@thgap,aln{e\ﬁh?,ygfitniot’u?gge twggneiw;do%ﬂgwgosi tion

y hal o, oalikaxy; , cyano,._nitro, a , r Y,

al kyl thio, al keny|_,1%§%13’3’|°n¥§'@ kyleulphonyilydanisosylmwayt t ut ed at the 5

position bya]d?ﬁlﬁfﬂ,lnc’ﬁylﬂw,l.halkylaaﬁhyd:arﬂéﬁgflppxymi,ﬁ;'kmggr bonyl, cyano,
S

am do, am abaxkyhrbaKoX e ylthio and gptionally substituted at the
3 positioa OQ?I Oy4 tha}rlo I kg§§?é%°éa{:%‘f{0:cggﬁ%¥0 nite§e. petkenwmo,
hydrazi do, al kyl't hi o, "l KERYPXY aladfisulnhorgiamixo (titihzolyl or
benzo[ bl t hi BFeRoRvY Isubpsti onaht i; SWbgths lﬂeegngtR.t he <3 ngl tion by am no,
hydroxy, halyarogbk¥ly Gl Qg]@l cyang, _amdo, a AOSITRSRIent ki or
al kyl thio gnd at the 5P%8" posit CBRelfy iRarvslonensailk awkichakgal Kyl ,
cyano, . ni tY6T -ankyioxys émym.azﬁldec)aﬁl}d@kﬂh'(pqqum%ﬁaﬂbléryny(g or Rid;

r

with the pravespyl hatarB2xGa e ami noi.soqui nol yr’; ‘'esent s
hydr ogen, , ry]grsgx al kong' ;}P%yqo?cycaa%yén?ﬂo%ﬁ*}@qypaabkmw , hydroxyal kyl ,
al koxyal 1<y| , ’r‘é{ﬁ&&&utb hg13- @k g posiredony bamdionabdsy! A NG, nGg OXY! .

bear a hydroxy, amino, (1-3C)alkoxy, (1-3C)hydroxyalkyl {1-

3C)alkyl, carboxy, methoxycarbonyl or ethoxycarbonyl

substituent at the 3- Or 4-position), tetrahydropyran—4~y1

tetrahydrothiopyran—4-yl, pyrrolidin-3-y1 (which may bear a

15 i
hydroxy, amino, (1-3C)alkoxy, (1-3C)hydroxya1kyl, {(1-3C)alkyl

methoxycarbonyl or ethoxycarbonyl substituent at the
1-position),

carboxy,

piperidin-4-y1 (which may bear a hydroxy

amino,
{1-3C)alkoxy, (1-3C) hydroxyalkyl, (1-3C)alkyl

. + carboxy,
methoxycarbonyl or ethoxycarbonyl substituent at the 1-

20 I .
position), or indan-2-y1; and Rg is 2—methylsulphonylpheny1

which may bear a 4-fluoro substituent or Rg is A6-1,1-
R dioxobenzo{b]thiophen~7—yl; ’
_ or a physiologically—tolerable salt thereof (é.g- a
halide, phosphate or sulfate salt or a salt with ammonium or
25 .@n organic amine such as ethylamine or megluminé);
provided that LpﬁD)n is not of the formula {K):
~——80,

O

(K)

30 wherein X, is fluoro or hydrogen.

In i
another aspect the 1nvention relates to g serine
protease inhibitor compound of formula (1)



30 carboxynet hyl, am do or am donethyl; R1J represents hydrogen, hydroxy,
al koxy, al kyl, al kanoyl, hydroxyal kylg al koxyal kyl, allkdgceatesnyda

al kyl am no, carboxyl, carboxymethyl, am do or am domethyl; -X-X- is
-CONH-; 35 Y (the cc-atom is CH 6 13 Decenber 2004 Cy represents an
optionally R3a substituted: phenyl, pyridyl, thienyl, thiazolyl, naphthyl,

pi peridinyl, furanyl, pyrrolyl, isoxazolyl, isothiazolyl, pyrazolyl,
oxazolyl, imdazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 5
pyri mdinyl, pyridazinyl, quinolyl, isoquinolyl, benzofuryl, benzothienyl

or cycloalkyl group, or a phenyl group substituted by R31Xi in which Xi is
a bond, 0, NH or CH2 and Rai is phenyl, pyridyl or pyrimdyl group
optlonally substituted by R3a; 10 each R3a represents hydrogen; hydroxyl; -
al koxy; aral kyl oxy; al kyl; al kylam noagkyl; hydroxymethyl; carboxy;

al koxyal kyl ; al koxycar bonyl ; al kyl am nogar bonyl; am nonet hyl; CONH2;
CH2CONH2; ( 1- &C) al kanoyl am no; al ycarpon La@)no; ami no; hal o; cyano;
nitro; thiol; alkylthio; alkyl: IphoHyI al kyl sul phenyl ;

al kyl sul phonam do; al kyl ami nosul phonyl ;_~ami nosul phonyl ; hal oal koxy;

hal oal-kyl; a group of the fornula - Q:)N(Rll)R12 (mhereln X3 is 0or S
and R11 andmﬁIﬁl%Ie | ndependent |y selected “trom hydrogen, nethyl, ethyl,
or together mnﬁglgég;e@bhgggen atomto which they are attached 20 form a
pyrrolidin-1-yl Plperldln yl or norpholino group; or -OCH2O- which is
bonded t & two ati’acEEWingPhidtd Lynbedng anbst itiutled( Dhnthe Dfantiper f or mul a:

j ) LNNR 4 position by halo, nitro, thiol, haloalkoxy, hydrazido,
alkylhydrazido, amino, cyano, haloalkyl, alkylthio, alkenyl,
alkynyl, acylamino, tri or difluoromethoxy, carboxy, acyloxy,
MeSOz- or Ry, and optionally substituted at the & position by

10 amino, hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano,
amido, aminoalkyl, alkoxy or alkylthio;

(ii) npaphth-2-yl optionally substituted at the 6 or 7
position by halo, haloalkoxy, haloalkyl, cyano, nitro, amlno
hydrazido, alkylthio, alkenyl, alkynyl or R3j and optlonally
15 substituted at the 3 position by amino, hydroxy, halo, alkyl,

carboxy, cyano, amido, aminoalkyl, alkoxy or alkylthio;

(iii) isoquinolin-7-y1, indol-5-y1, indol-6-yl, indazol-
5-yl, indazol-6-y1, benzothiazol-6-yl or benzisoxazol-5-y1
opticnally substituted at the 3 position by halo, haloalkoxy,

20 haloalkyl Cyano, nitro, amino, hydrazido, alkylthio, alkenyl
: alkynyl oT Rjjy;

) (1v) benzimidazol-5-yl or benzothiazol-6-yl optionally

e

substituted at the 2 position by amino;

(v} thien-2-yl or thien-3-yl optiocnally substituted at
25 the 4 or 5 position by halo, haloalkoxy, haloalkyl, cyano,
nitro, amino, hydrazido, alkylthio, alkenyl, alkynyl or Ry;
(vi} 3,4- -methylenedioxyphenyl, 32,3- dlhydr01ndol 6-yl, 3,3-
dichloro-2-oxo-indol-6- -¥l or 1-methyl- -3~ -aminoindazol-5-y1;
(vii} benzothiazol-2- -vl, 1m1dazo[1,2—a]pyr1m1d1n-2-y1 or
30 tetrahydroimidazo[l,2—a]pyrimidin~2-yl;
(viii) pyrazol-2-yl optionally substituted at the 5
position by halo, haloalkoxy, haloalkyl, ¢yano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Ry;



t inwhich R is -(CH2)c-Rc, -CHReRf, -CH2-CHReRf225 --CH2-CH2- CHReRf, or
Rg in which cis 1 or 2; Rcis thienylg thiazolyl (whilgRetraybleziOdan am no
substituent), isothiazolyl, oxazolyl., isoxazolyl, pyrazolyl, imdazolyl,
pyridyl (which may bear an al kyl sul phonyl, am nosui phonyl,

al kyl am nosul phonyl, al kyl am nocar bonyl, am no, am do, (I 30

4C) al koxycar bonyl, carboxy, acetylam no, chloro, fluoro, cyano,

(1-3CQ al kyl, “trifluoronethyl, methoxy, ethoxy, nitro, hydroxy,

al kyl sul phonyl am no, triazolyl or tetrazolyl substituent), pyrimdinyl,
pyri dazinyl, pyrazinyl or phenyl 7 13 Decenber 2004 (which may bear a

nmet hyl , nmet hyl am no, dinethylam no, carboxy, dial kylam nosul phonyl,

al kyl sul phonyl , am nosui phonyl, al kyl am nosul phonyl, al kyl am nocar bonyl ,

am no, am do, aikp)@ﬁaﬁbgnyi,o;ﬁﬁ%hﬁll.wﬂdihﬁstﬂﬂlﬁd)atf kHer 9, pddianen Nnet hoxy,
5 et hoxy, |tha drloxzik gg gy anm no, t azoI% or tetrazolyl
subst it uent}¥ “8%n 5t and- F\;i‘a Or? ¥enddAPPy Ty 8F88n or Cl1-3al kyl : or
CHReRf is cwrépeﬂ@ylawtbhomlkebﬁér .&Kyp#t oxy Riam no, (1-3C)al koxy,

(1-3C) hydroxyal k¥, dyriade)gh kaﬁmo@laibp%sm&%\/%r RABYE Rsitio
- position), cyclo exyP (whi ch

et hoxycar sti.tuent at the 3

may bearggb}%xy‘&ifix?‘ 1 gxY ¢ 11 %‘@a&FKBfoaPTI FOWAr 8™H8Pkyl, (1- 30) al kyl ,
car boxy, nettyxeytas beiiylahiet k@myﬂbml)klynymdastnlt .uent at the 3- or
4-posi tion) e Y tetrah pyr a

pyrrolidin- E( ) 5%&%83{%0& ;’ibe%tymaﬁyhsu&) xyl,lg%é}n % )é%{al 3&%%@“

(1-30 hydroaqﬂallokyhydI(OFYSCba[lkylalkydarbm@pcyne@?mcycamdnyl or

et hoxycar bogyl it t I gp) [ | di i ch may
bear a h¥dr ox;,oagﬁﬁlo éi%&yagr mc}’x%h%s%n%c?h%}foggégl %ypc’é](e/i °§‘C¥ygl kyl ,
car boxy, Prelfari'&(yéé}%*‘gﬂx%r ‘h%])&)’ ar BAA BuBER4 rrdRe  ahydrre ifo20
posi t+on), @rkyinHas; ZxIenyandaRBgmriya 3rn;elt]hyl sul phonyl phenyl

(xii) indol-2-yl optionally substituted on the indole
nitrogen atom by alkyl and optionally substituted at the S or
6 position by halo, haloalkoxy, haloalkyl, cyano, nitro,

15 amino, hydrazido, alkylthio, alkenyl, alkynyl or Ry

(xiii) indol-6-yl substituted at the 5 position by amino,
hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano, amido,
aminoalkyl, alkoxy or alkylthio and optionally substituted at
the 3 position by halo, haloalkoxy, haloalkyl, cyano, nitro,

20 amino, hydrazido, alkylthio, alkenyl, alkynyl or Ry4i or

(xiv) benzo([b]thiophen-2-yl optionally substituted at the
3 position by amino, hydroxy, halo, alkyl, carboxy, cyano,
amido, aminoalkyl, alkoxy or alkylthio and at the 5 or 6
position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,

25" hydra21do, alkylthio, alkenyl, alkynyl or Ry5:

with the proviso that R, cannot be aminoisoguinolyl;

Ry represents hydrogen, hydroxy, alkoxy, alkyl,
alkylaminoalkyl, alkanoyl, hydroxyalkyl, alkoxyalkyl,
alkoxycarbonyl, alkylaminocarbonyl, alkylamino, carbokyl,

30 carboxymethyl, amido or amidomethyl;

R1j represents hydrogen, hydroxy, alkoxy, alkyl,
alkanoyl, hydroxyalkyl, alkoxyalkyl, alkoxycarbonyl,
alkylamino, carboxyl, carboxyﬁethyl, amido or amidomethyl;

-X-X- is -CONH-;

35 Y (the «-atom) is CH;



whi ch may bear a 4-fluoro substituent or Rg is X6-1,1- di oxobenzo [Db]

t hi ophen-. 7-y1; or a physiologically-4glerable salt théB&etefiberR004
hal i de, phosphate or sulfate salt or a salt with ammoniumor 25 n organic
am ne such as ethylam ne or neglumne); provided that Lp(D)n is not of the
formula (K): ---502 (K) 30 wherein X2 is fluoro or hydrogen. In another
aspect the invention relates to a serine protease inhibitor conpound of
formula (1) 8 tp(D),, (1) wherein: R2 represents: 13 Decenber 2004 5 (i)
phenyl optionally being substituted in the 3 and/or 4 position by hal o,
nitro, thiol, haloal koxy, hydrazido al kyl hydrazi do, am no, cyano,

hal oal kyl , al ky, th| o al ken nyl, acylamno, tri or difl uoronethoxy,
carboxy, acyl ox lo‘ﬁhhﬁ fHéSté Bitedh @heyls psidlut @destl, t he 6

position bﬂuglaQo %Fkoxyr PiYers! ,o@kﬁ% ])]&ilﬁﬁ't‘% 2aI koxycar bonyl , cyano,

am do, am noal kyl or al kylt hr o; | optionally
substituted at A2 PReache Feleghed Erahhysiyoses) Mm%;akrktim ahegl Kyl , cyano,

nitro, amﬁ@ehlh Zi lKen al k nyI or Rla and optlonally
15 substltut ed ‘at tlﬁe ‘%%%&% ongﬁg/ a yﬂ?ﬂﬁ"ﬁ%}' K1,  car boxy,
cyano,- ani B> ﬂ@éﬂpmth}all kmsb}’mqrca:a:iohy]l thﬂnxyc(arlbdm}yu soqw nolin-7-yl,

I ndol - 5-yl dh &aﬁf‘ﬁrm‘g"]n ndazol -.6- enzot hi azol - 6- yI or
benzi soxazg? opt | naIqi y sh&%a??lx%lf?ﬁ ajtz aéetf%g -by hal o,

hal oal koxyG{QCONHz, acetylamino, methoxycarbonylamino, ethoycarbonylamino, t-

butoxycarbonylamino, amino, fluoro, chloro, cyano, nitro, thiol,
methylthio, methylsulphonyl, ethylsulphonyl, methylsulphenyl,

10 methylsulphonylamido, ethylsulphonylamido, methylaminosulphonyl,
ethylaminosulphonyl, aminosulphonyl, trifluomnethoxy and
trifluoromethyl; and

-L-Lp(D}y, is of the formla:

—R,
15 in which Ry is - (CHp) R, -CHRgRg, -CHp-CHRGRf, or Ry in which ¢ is 1 or
2; Re is pyridyl or phenyl (which phenyl may bear a fluoro, chloro,
methyl, CONHy, SO;NHy, methylaminosulphonyl, dimethylaminosulphonyl,
- methoxy or methylsulphonyl substituent); each of Re and Rf independently
is hydrogen or C;_3alkyl; or CHRgRf is cyclopentyl (which may bear a
20 methyl, ethyl or hydroxymethyl substituent at the 3- or 4-position),
FcYclohexyl (which may bear a methyl, ethyl or hydroxymethyl substituent

at the 3- or 4-position), tetrahydrcpyran—4-y1, tetrahydrothicpyran-4-yl
pyrrolidin-3-yl (which may bear a l-methyl substituent), piperidin-4-y1
(which may bear a 1-methyl substituent) or indan-2-vy1; and Ry is

I

25 2-methylsulphonylphenyl which may bear a 4-fluoro substituent or Ry is

A5-1,1-dioxobenzo (b} thiophen-7-y1;

or a physiologically-tolerable salt thereof;
provided that Lp(D)n is not of the formala (K):



20 hal oal kyl, cyano, nitro, am no, hydrazido, alkylthio, alkenyl, alkynyl
or Rj; (iv) benzimdazol-5-yl or benz¢thiazol -6-yl optiBdeabmnper 200dst i t ut ed
at the 2 position by amno; (v) Chien-2-yl or thien-3-yl optionally
substituted at 25 the 4 or 5 position by hal o, hal oal koxy, hal oal kyl,
cyano, nitro, am no, hydrazido, alkylthio, alkenyl, alkynyl or R, (vi)
3, 4- met hyl enedi oxyphenyl, 2, 3-di hydroi ndol -6-yl, 3, 3-

di chl or o- 2- 6xo-i ndol - 6-yl or 1-methyl-3-am noi ndazol -5-yl; (vii)
benzot hi azol -2-yl, imdazo[1, 2-al pyrimdin-2-yl or 30
tetrahydroi m dazo(1, 2-a] pyrimdin-2-yl; (viii) pyrazol--2-yl optionally
substituted at the 5 position by hal o, hal oal koxy, hal oal kyl, cyano,
nitro, am no, hydrazido, alkylthio, al ?nyl, al kynyl or Rl; 9 13 Decenber
2004 (ix) pyrid-2-yl optionally substitutpdat the 5 position by halo,

hal oal koxy, hal oal kyl , cyanQL_"tro,ani' ydr azi do, al kylthio, alkenyl,
al kynyl or R1; (x) pyrid-3-yl optionally S ded at the 6 position 5
by hal o, hal oal koxy, hanaIkyI,R‘eyaﬁa n d, am no, hydrazido,

al kyl t hi o, al kenyl., al kynyl or R1; (Xlk benzofur-2-yl optionally

substltute t h ition by amno, hydroxy, halo, alkyl, carboxy,
ghége n?ﬁoégkéhu°§% RSX%WQﬁOQ&PkyIthlo and at the 5 or 6 position

cyano,
by 10 haI o, haII@atKexqqmﬂtaixﬂal &ylth(gﬁag@mtir&%rghe Qyj razi do,

al kyl t hi @, calkgny or ﬁﬁh ol ptlonally substituted
on the indole i f%géeér%i)a ofPBy g )éaﬁ 1t iom FBﬁhIW%AllsingsulutMmat the 5

or 6 posi Pomtrwthamctrdialaoal-&owmoia%h&%}%h{ i orp'g:. & fnp &M NO,
hydr azi do, gg K¥%%hg Ikeny alkyqy or S =6t
Subst Lt ut e 2 %1‘1 H3EtoR b§-)&m- ﬁow’-ll be apprec:.ated that the
compounds of formula (I) may exist in racemic or chiral form,
and that the preferred D-isomer may be administered in a
10 racemic mixture with the L-isomer, or alone.
In the compounds of the invention, unless otherwise
indicated, aryl groups preferably contain 5 to 10 ring atoms
optionally including 1, 2 or 3 hetercatoms selected from 0O, N
and S; alkyl, alkenyl or alkynyl groups or alkylene mojieties
15 preferably contain up to 6 carbons, e.g. Cy_g or Cy-3; cyclic

groups preferably have ring sizes of 3 to 8 atoms; and fused
multicyclic groups preferably contain 8 to 16 ring atoms.

The linker group (X-X) from the Ry group to the alpha
atom is -CONH-.

20 | The alpha atom (Y) is a CH group.

25



hydr oxy, hal o, al kyl, carboxy, al koxycarbonyl, cyano, am do, am noal kyl,
al koxy or al kylthio and optionally supstituted at thel3Dpoanberc®0hy hal o,
hal oal koxy, hal oal kyl, cyano, nitro, 20 am no, hydrazido, alkylthio,

al kenyl, al kynyl or R1j; or (xzv) benzo[b)thiophen-2-yl optionally
substituted at the 3 position by am no, hydroxy, halo, alkyl, carboxy,
cyano, am do, aninoal kyl, al koxy or al kylthio and at the 5 or 6 position
by hal o, haloal koxy, hal oal kyl, cyano, nitro, am no, 25~hydrazi do,

al kyl thio, al ken aI kynyl or Rlj; with the proviso that R2 cannot be
ani noi soqui nol 5 ép?%’%“étﬂ‘%aﬁy‘iﬂﬁﬂdﬁ Eogy dFBReRE altk Gy CHBERF |

al kyl ami neahgyttrm. fk@&oybn Totlrexwak KWdroud) kexyalkydpy1 a|3KBéME§li bony! ,

al kyl ami nocar al ky Iam no, car boxyl 30_car boxyne thy . am do or

ani domet h§VC %‘%/tryépr €¥Ei‘=|?%e’ﬁ§}dr 6g@‘ﬁth1fﬁFd’Fé?§2exﬁlko‘§@Fraé1YWPthl‘a1 kanoyl ,
hydr oxyal byfanad Jsaxyﬁggkybh@lﬂc@x%@arm@ﬂn%lp%kaimm,-

bo
car boxynet hyl , am do_qr.  am donet s - qe a-atom is
CH, 10 %3P Wrrr?éeﬂl’maﬂélfaiﬁ’lEﬁﬂ%’ﬁm‘*I“lesé @%utg}sﬂnwadlpb@ﬂw

pyridyl, ¢hienyis- prbb?@xﬁipfémﬁaplatwlandoaaa&hdbnyi or Cycloal kyl group;
each R3a is selected frcxn hydrogen, hyd=W, nethoxy, ethoxy, aethyl,
ethyl, nethyl dsfaR&t A§| Of ditifeRyaks MRy 2 nwﬁmﬁ Nplue Borwaxboxy,

met hoxym byl is eexye gp@fmln_,;ei,i]oxycar bon: yI , et hyl ammocoxbonyl ,
di met hyl ar ni no- car bonX anm nont hél L, cCOw, CHZCO\IHZ acetyl am no,

met hoxycar bonyBEafisFaP Lt Roxiyk #Ebbhg| Eevmda +{CBat @Bwar bonyl ami no, ani no,
fluorozochl or Oprd®eaa81vNEt{D .2 . th| ol, n,ethylthio, nethylsul phonyl,

et hyl sul phonyl, net hyl suI phenyl , 10 Met hyI sul phonyl am do,

et hyl sul Phonyl%ﬁf@é‘ ﬂrﬁtﬁ‘y‘l nswm\fi)rﬁhle fosmhl® ani nosul phonyl ,

am nosul phunyl, trifluororethoxy and

)\7/__\ .

in which Ry is -(CH3)o-Re; in which ¢ is 2; Ry is
thienyl, thiazolyl (which may bear an amino substituent),

15 isothiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl,
pyridyl (which may bear an amine, methoxycarbonyl, carboxy,
fluoro, cyano, methyl, wethylsulphonyl, aminosulphonyl,
methylaminosulphonyl or dimethylaminosulphonyl or
trifluoromethyl substituent), pyrimidinyl, pyridazinyl,

20 pyrazinyl or phenyl (which phenyl may bear a fluoro, chloro,
cyano, methyl, amino, methylsulphonyl, aminosulphonyl,
methylaminosulphonyl, dimethylaminosulphonyl, methylamino,
&imeth?lamino, carboxy, methoxycarbonyl or methoxy
substituent) .

25 Preferably, Rc is thiazolyl, (which may bear an amino
substituent), pyrazolyl, imidazolyl, pyridyl (which may bear a
methylsulphonyl, aminosulphonyl, methylaminosulphonle
dimethylaminosulphonyl, fluoro, cyano, methyl or
trifluoromethyl substituent}, pyrimidinyl, pyridazinyl,

30 pyrazinyl or phenyl (which phenyl may bear a fluoro, chloro,

cyano, methyl, amino, methylamino, dimethylamino,'carboxy,



trifluoronethyl; and -L-Lp(D)n is of the formla: 0 ~" ~LNC>-R, 15 in which
Rri S- (CH2) CGRC, - CHReR f , -CH213CHReRf , or Rg ildDshemherc2004 1 or
2; RCis pyridyl or phenyl (which phenyl may bear a f luoro, chloro,
met hyl , CI CM2, SO2NH2, net hyl am nosul phonyl, di net hyl andnosul phonyl,
met hoxy or net hyl sul phonyl substituent); each of Re and Rf independently is
hydrogen or C -3al kyl; or GWwRf is cyclcpentyl (which nmay bear a 20 nthyl,
et hyl or hydroxyniethyl substituent at t-he 3- or 4-position), tycloh6W
(which nma ar a nethyl, ethyl or_ hydroxynmethyl substituent at the 3- or
4-positi pﬁ‘??ﬁ?’@f‘?m pyParR7LslphpRy+ a%%ﬁﬁ?&ﬁ%%— 4-yl,
pyrrolidi feBhylahittisti piBity Deatimd thyThdihosilphbhi uest )med?io&gri di n-4-yl
(whi ch ma\éﬂgear a |-methyl substituent) or indan-2-yl; and R is 25
2-ni et hyl SHPBhbAHHenyl " which may bear a 4-fluoro substituent. or Ry is
k6 - 1, 1 -di oehega-dielablyophens7ilaz@lyia (ﬂhyahorhgﬁufe@ﬂ ¥ut ohensbl e sal t
t her eof ; &r)ovlded that Lp(Dn is not of the forma (K): 11 (K) wherein X2
is fIJquoS S e I éfidppalyly PAELIEBHpbthE 8rYt heat venti on,
the al pharahepd, rdi)ORet RFETY %th’lﬁ@ﬁorﬁéﬁ&%ﬁﬁéﬁ@éd&&)ﬁhat woul d resul t
from construction froma D a-am noacid NH2- CH(CY) - COOH where the NH2
repr esent EYﬁhﬁi%Z-"dﬁflx-% PYFaWr}}_Il-'be appr eci at ed that the conpounds of
formula (1) meyeteXicde pRef@filivc rer iSMEalzd10801, apthdh@lnt AeoPL LS erred
D-isoner may be administered in a 10 racemic nmXxture with the L-isoner, or
al one. | nYthePEGHAdutay Lof PYTRFAInGert i ot riskaizdss3 ovheriidezolndiithi ed, aryl
groupsipr ehedaRbY- £t abPrRz 40 21911 | - 0K, oL Lonad Iy i pekuding 1, 2 or
3 heteroatonms_sel ected trom0, N )

yl, 3-fluoropyrid-4-yl, 2-cyanopyrid-4-yl, 2-methylpyrid-4-yl

or 2-trifluoromethylpyrid-6-yl.

Yet more preferably, Rc is pyrazolyl, imidazolyl,
pyridyl, pyridazinyl or pyrazinyl.
i5 Preferably Rg is pyrid-2-y1, pyrid-3-yl or pyrid-4-vyl.
Most preferably, L is CO and the lipophilic group -Lp(D)n

is selected from the formulae:

20



and S; al kyl, alkenyl or alkynyl groups or al kylene noieties 15 preferably
contain up to 6 carbons, e.g. Cl-6 orq41-3; cyclic grddpecpmbee@l y have
ring sizes of 3 to 8 atons; and fused multicyclic groups preferably
contain 8 to 16 ring atoms. The linker group (X-X) fromthe R2 group to the
alpha atomis -CONH. 20 The al pha atom (Y) is a CH group. 25 12 13
Decenber 2004 Exanples of particular values for -CHReRf in a -CHReRf, -CH2
--CHReRf or “CH2 -CH2 -CHReRf group are 2 --propyl , 3 --pentyl ,

cycl opentyl, cyclohexyl, 4-nmethylcyclohexyl, tetrahydrothio-- pyran--4-yl,

pyrrolidin-3- yb/“_ﬂnﬁthylpyrrolldln 3-yl (2 5 propyl)gyrrolidin-3-yl,

pi peri di n- 4=yl -|per|d|n-4lﬁxk, 2--propy|) eridin-4--yl and
i ndan- 2- -yl @kegdsy" - ' it F%q value for Rr

i s 1-methyl pi pertdrn-4-yl . mul a, X CH2) c- Rc. 10
Preferably c is 2. Preferably (E»n is of the for / LNNR r in
which Rr is -(Cl12)C Rc; in which c is 2, Rcis thienyl, thiazolyl (which

_1|

may- bear an am no substituent), T othiazolyl, oxazol yl, isoxazolyl,
pyrazolyl, imdazolyl, pyridyly(whi may bear an am no, nethoxycarbonyl,
carboxy, fluoro, cyano, nethyl \ netpylsd| phonyl, am nosul phonyl,

nmet hyl am nosul phonyl or dlnethyl osul p r trifluoronethyl

/4 pykazi nyl or phenyl (which
met fyl , am no, methyl sul phonyl,

substituent), pyrimdinyl, pyridazinyl,
phenyl nmay bear a fluoro, chloro, cyan
anm nosul phonyl,

.
T OO
OO O



met hyl am nosul phonyl, di nmet hyl am nosul phonyl, nethyl am no, dinethyl am no,
car boxy, nethoxycarbonyl or nethoxy qybstltuent) 25 P blegemben200/c i s

thiazolyl, (which may bear an ami no substituent), pyrazolyl, imdazolyl,
pyridyl (which may bear a nethyl sul phonyl, am nosul phonyl, ‘
met hyl am nosul phonyl , dinethylaninosulphonyl, fluoro, cyano, nethyl or

trifluoronmethyl substituent), pyrimdinyl, pyridazinyl, 30 pyrazinyl or
phenyl (which phenyl may bear a fluoro, chloro, cyan, nethyl, am no,
met hyl am no, di nmet hyl am no, carboxy, 13 13 Decenber 2004 net hoxycarbonyl,

met hyl sul phonyl , am nosul phonyl, net hyl am nosul phonyl ,
di nmet hyl am nosul phonyl or nethoxy substituent). Mre preferably, Rc is
t hi azol yl (which nay bear an anmino 5 substituent), pyrazolyl, imdazolyl,

pyridyl (which may bear a fluoro, cyan, nethyl or trifluoronethyl
substituent), pyridazinyl or pyrazinyl. Yet nore preferably Rc is
t hi azol - 2-yl, 2-am nothi azol-4-- yl, pyrazol-1-yl, pyrazol-4-yl,

pyridazin-3-yl, imdazol.-1-yl, 10 im dazol-4-yl, pyrazin-2-yl,
pyrid-.2-yl, pyrid-3-yl, rid-4 yl, 3- quoropyrid-4-yI, 2- cyanopyrid-4-yl,

2-met hyl pyrid-4-yl  or 2-tr quoronethyIpyrl I. Yet nore preferably, Rc
is pyrazolyl, imdazol'yl, gyl , pyrld&zmnyl razinyl. 15 Preferably
Rc is pyrid-2-yl, pyrid Qvrid-4-yl. \M V prefkerably, L is CO and
the lipophilic group -Lp(D)n gcked fromthe for e: 20 N 14

10 wherein;

m represents 0 or 1;

x0 represents CH or N;



--NN 5 13 Decenber 2004 N NR3 10 15 5 R3 N 10 wherein; in represents O
or 1; XOrepresents CHor N, 13 Decegper 2004 16 13 Dddd&isemboodPdhen R3
is present as a substituent on an aromatic ring, it is selected from
hydr ogen, al kyl sul phonyl, am nosul phonyl, al kyl am nosul phonyl,

al kyl am nocar bonyl, am no, am do, al koxycarbonyl, acetyl am no,
chloro,fluoro, 5 17 13 Decenber 2004 cyano, nethoxy, ethoxy, nitro,

hydr oxy, al kyl sul phonyl am no, triazolyl and tetrazolyi, and when R3 is
present as a substituent on a saturated ring, it is selected from

hydr ogen, hydroxy, am no, (1-3C)al koxy, 5 (1-3C)hydroxyal kyl, (1-3C) alkyl,
car - boxy, nethoxycarbonyl and ethoxycarbonyl. Preferably mis | For
exanpl e specific Lp(D)n gr oups include /--\ N

when R3 is present as a substituent on an aromatic ring,

it is selected from hydrogen, alkylsulphonyl, aminosulphonyl,
alkylaminosulphonyl, alkylaminocarbonyl, amino, amido,

alkoxycarbonyl, acetylamino, chloro,., fluoro,



NN/ NI - - \-Y- P, 10 wherein R is hydrogen or (1- 6C)a|k¥@
Preferably Ri is hydrogen, nethyl or ephyl. More pref & Bsegmber 3094hydr ogen
or nethyl. The cyclic group (Cy) attached to the al pha carbon is an 15

optionally R3a substituted: phenyl, pyridyl, thienyl, ‘'thiaz o -iyl,

napht hyl , piperidinyl, fura nyl, pyrr olyl, isoxazolyl, isothiazolyl,
pyrazolyl, oxazolyl, imdazolyl,. 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl,
pyrimdinyl, "  pyridazinyl, quinolyl, isoquinolyl, benzo,furyl, benzothienyl

20 or cycloal kyl group, or a phenyl group substituted by R3i Xi in which Xi
is a bond, 0, NHor CH2 and R3i is phenyl, pyridyl or pyrimdyl group
optionally substituted by R3a The cyclic group (Cy) attached to the al pha
carbon is w®aR.pHRfteLabl Y t aII a substituted phenyl, pyridyl 18
13 Decenber (2004 (such gs %%’%p 1“9? &°§Yy|ald<rylﬁyip}aow15p4m)mot hi enyl
(such as thFeRzRtYY agd F?ﬁ%ﬁ?olslvyand thlazolyl (such as hhi azol -2-yl,

thi azol -4-yl or vdd¥nargl i -phtdsenfapit hy, u ht h- 1-yl plperldlnyl
(such as piperi din-4- él) g? é?? anK§z+&%§c q: gc?%?%ﬁﬁ%@lrgﬁ@up
Exanpl es of 1patt isedeated af uows hiydrodas, a;@aroxﬁy@r“gggn, (i, al koxy,

such as net hoxye)eh a8 ROX M, 10T Y, such as enzy oxy, “al kyl,
such as nethgl oryéthy? ﬂ%yl ﬁgyggﬁ¥ Pkﬁ?r‘§ﬁ@hma§hoxycarbonyl and
oxycarbonyl

Preferably m is 1

For example specific Lp(D)n grbups include

\_/\' \_“—/ /‘\{\

wherein R; is hydrogen or (1- 6C)alkyl.

Preferably Ri is hydrogen, methyl or ethyl.

More preferably Ri is hydrogen or methyl.

The cyclic group (Cy) attached to the alpha carbon is an
15 optionally R3, substituted: phenyl, pyridyl, thlenyl

L

Ehlazolyl, naphthyl, piperidinyl, furanyl, pyrrolyl,

isoxazolyl, isothiazolyl, bPyrazolyl, oxazolyl, imidazolyl,

1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, pyrimidinyl,

pyridazinyl, quinolyl, isoquinolyl, benzofuryl, benzothienyl
20 or cycloalkyl group, or a phenyl group substituted by R3ijX; in
which Xj is a bond, O, NH or CH» and R3i is phenyl, pyridyl or
pyrimidyl group optionally substituted by R3;.

The cyclic group (Cy) attached to the alpha carbon is
more preferably an optionally R3; substituted phenyl, pyridyl



met hyl am nonet hyl or dinme thylam nonet hyl; hydroxynethyl or carboxy; for
al koxyal kyl : met hoxymet hyl ; 15 for al kgxycarbonyl : net hdRpeemnberfo4or

et hoxycarbonyl ; for al kyl am nocarbonyl: nethyl am nocarbonyl or ———
di et hyl am nocar.bonyl ; am nonet hyl, CONH2 or CH2CONHZ; ,
(1-5C) al kanoyl am no, such as acetyl am no; 20 for al koxycarbonyl am no:
.met hoxycar bonyl am no, ethoxycarbonylam no or t -but oxycarbonyl am no;
am no;- for.halo: fluoro or chioro; <cyano; 25 jgitro; thiol; for

al kyl thio: nmethylthio; for alkylsul phonyl: nethyl sul phonyl or

et hyl sul.phonyl ; for al kyl sul phenyl : net hyl sul phenyl; 30 for

al kyl sul phonam do: net hyl sul phonyl am do or et hyl sul phonyl am do; for

al kyl am noggleh by t hylam |_ phopyl_ or . et hyl am nosul phonyl ;

am nosul phony| ., 3 yfrgrﬁ Ea*ghlé}%%l: 9t¥i|1f(1ru8?’6’r£14r1‘é639;' thienyial (satkyl :
trifluoromBChiA4S"IG Y3 PECERMR-3200), fOragogybufsat theihoiBil.a v,

ol oot o 1 pom huileOaon. ot e oLyl BT ot 46 RO P bgen at om

2o v on | PRSP el e S b o cptoabar o sk o
mor phol i §o Sy XylOgee@p. - CONHMVe, - CoN(Me) 2, - C(S) NH2,
Examples of particular values for R35 are:-
hydrogen;
hydroxyl;
alkoxy, such as methoxy or ethoxy, or aralkyloxy, such as

10 benzyloxy;
alkyl, such as methyl or ethyl, or alkylaminoalkyl, such as
methylaminomethyl or dimethylaminbmethyl;
hydroxymethyl or carboxy;
for alkoxyalkyl: methoxyﬁethyl;

15 for alkoxycarbonyl : methoxycarbonyl or ethoxycarbonyl ;
for alkylaminocarbonyl: methylaminocarbonyl or
dimethylaminocarbonyl;
aminomethyl, CONH, or CH,CONH5 ;

(1—6C)a1kanoy1amino, such as acetylamino;

20 for alkoxycarbonylamine: methoxycarbonylamino,
ethoxycarbonylamino or t-butoxycarbonylamino;
amino;
for halo: fluoro or chloro;
cyano;

25 pitro;_

thiol;
for alkylthio: methylthio;
for alkylsulphonyl : methylsulphonyl or ethylsulphonyi;
for alkylsulphenyl : methylsulphenyl;

30 for alkylsulphonamido: methylsulphonylamido or
ethylsulphonylamido;
for alkylaminosulphonyl: methylaminosulphonyl or
ethylaminosulphonyl;
aminosulphonyl ;

35 for haloalkoxy: trifluoromethoxy;
for haloalkyl: trifluoromethyl;



--C(S)NHVe, -C(S)N(Me)2, pyrrolidin-1-ylcarbonyl, piperidin-I- ylcarbonyl
or norphol i nocarbonyl ; and - OCH20- whijgh i s bonded to fid&eadbecdtOdring
atons in Cy. Preferably X3 is O 10 Exanpl es of nore specific values for
R3a include hydrogen, hydroxyl, nethoxy, ethoxy, nethyl, ethyl,-145.-20.25 .
30 20 13 Decenber 2004 hydroxynethyl, carboxy, methoxymnethyl,
nmet hoxycar bonyl, ethoxycarbonyl, nethylam nocarbonyl,
di met hyl am no- car bonyl, am nonmethyl, CONH2, CH2CONH2, acetyl am no,
met hoxycar bonyl am no, ethoxycarbonyl am no, t 5 butoxycarbonyl am no, am no,
fluoro, chloro, brono, cyano, nitro, thiol, nethylthio, nethylsul phonyl,
et hyl sul phonyl ;  net hyl sui phenyl, nethyl sul phonyl am dor et hyl
sul phonyl am cl o, methyl am nosul phonyl, ethyl am nosul phonyl,
ani nosul phdeyl & gtaurf biforhaetb@xMa LETEWQROMELIW I Rr 00D, + QCH2O- (which
is 10 bonded he g0 a%gj aeent riiiR% at o% )illlﬂhQ/ and "PEF 3P NFRES) R19x
(wherein X3 is O or .S and RI1- eREBentdy; Af frbp hgdteeened from
hydrogen, MEFRYA. Sthehyprorodeiderhet it hierogent GRERNGLAT0 Which they
are attachetef e atpurhol i g L igeridin--1.-yl or morpholino group).
I 5 More %Xﬁlﬁpéﬁosli% specific l\?nalaugﬁ?%lr&dﬁéaii%l l]j)&géthEFF“dg‘éﬂ, ottydr oxyl ,
met hoxy, et S(hjs;'/ﬁ/’ et ﬁg?’;‘pétTEﬂN,HZ'hy%‘PWrth(MedQn bexys) et hoxynet hyl ,
met hoxycar b NHMegt hExgomobany | pysesingiant DPCAT: i
di net hyl an’gm@aﬁ@;ngqng{,,m %ﬂorﬂrret hyl , CONH2 CHZI%%%%;: RSV fo, 20
met hoxycar @&él am no, eg% ycarnBSﬁylfdo{’rﬁ ﬁo?n‘i’- but oxycar bonyl am no, am no,
fluoro, chfl O-cyhheh +F thanded to two adjacent ring atoms in Cy
Preferably %3 is o. .
10

Examples of more specific values for R3z include
-

hydrogen, hydroxyl, methoxy, ethoxy, methyl, ethyl

i5
20
25w o

30



t hiol,

am no,

.erein;

"' ' is selected fromO, S, NH and Nwe; Y

met hyl t hi o, net hyl sul phonyl, ethyl sul phonyl, nethyl sul phenyl,
met hyl sui phonyl ami do, et hyl sul phonyl agg do, nethylanangnganMhmO4
et hyl am nosul phonyl, am nosul phonyl, .25 trifluoronmethoxy and
trifluoronmethyl. Preferably R3a is hydrogen hydr oxyl , met hoxy, methyl,

| uoro, chloro, ethylsuiphonylam no, am do or nethyl am nocarbonyl .
Preferably Cy is selected from. 30 21 13 Decenber 2004 5 Y or 1.0 w

X i's selected fromO0,'S and NMe; X11 is selected fromO and S; X

f

and met hy FYdreme tilile c EaEbEROmURFBPBYERE et RPFIOXYeRIROnY&RI or O,

trifluorogeg
Rmis selecte

is sel ected from hydrogen,

15

am no

carBRh Qxymeﬂ%}mh%bgrbaﬁlhyIdaageﬁpmlﬁléargsﬁwl sul phonyl ;

from ydrogen met hyl |'uoro, chioro, trifluoronethyl,

net hoxy, ﬁ%%wettmy’é GeNHy| SCHSIoNE, a??tlle?“B@@enber 2004 net hyl suphony! ,
car boxy, ﬁ@ﬁl‘f&aﬁbﬁ%%gﬁg}iémﬁ@&' %&bwea%oﬁmmher nla -C(X3)N(RI)Ri 2

(wherein X3 is Oor S and are | ndependently sel ected from
hydr oge®, b%%@#KHaWQOHE@ﬁW¥n®r %mﬂﬂﬁgefﬁ%¢rQMtthpﬁ@ MEIRYeFYarom t o whi ch

they are gitAchediohorm

group).,

10

15

20

- 25

30

methylsulphenyl, methylsulphonylamido,' ethylsulphonylamido,
Methylaminosulphonyl, ethylaminosulphonyl, awminosulphonyl,
trifluoromethoxy, trifluoromethyl, bromo, -OCH;0- {(which is
bonded to two adjacent ring atoms in Cy} and -C{(X3)N(rR1l)rl2
(wherein X3 is O or § and R11l and R12 are independently
selected from hydrogen, methyl or ethyl or together with the
nitrogen atom to which they are attached form a pyrrolidin-i-
vl, piperidin-i-yl or wmorpholino group).

More examples of specific values for Rig include
hydrogen, hydroxyl, methoxy, ethoxy, methyl, ethyl,
hydroxymeﬁhyl, carboxy, methoxymethyl, methoxycarbonyl,
ethoxycarbonyl, methylaminocarbonyl, dimethylamino-carbonyl,
aminomethyl, CONH,, CH,CONH,, acetylamino,
methoxycarbonylaming, ethoxycarbonylamine, t-
butoxycarbonylamino, amino, fluoro, chloro, cyano, nitro,
thiol, wethylthio, methylsulphonyl, ethylsulphonyl,
methylsulphenyl, methylsulphonylamido, ethylsulphonylamido,
methylaminosulphonyl, ethylaminosulphonyl, aminosulphonyl,
t%ifluq;omethoxy and trifluoromethyl.

Preferably R3; is hydrogen, hydroxyl, methoxy, methyl,
.amino, fluoro, chloro, ethylsulphonylamino, amido or
methylaminocarbonyl,

Preferably Cy is selected from:

EnPWHiQY,| delrl1dhrpHRe! | ditkdsdMlbon8hy o phol i no



Rp is selected from hydrogen and fluolo; or Ro and Rmor Rmand Rp form an
-OCH20G- group; ar Ro and Rmtogether sfth the ring to vwhimsdtelibey2@ie
attached 10 forma 5 or 6 nenbered aryl or heteroaryl ring (wherein the
heteroary ring contains 1 or 2 heteroatons selected from nitrogen, oxygen
and sufur); -one of Rol and Ro2 is hydrogen and the other is.Ro. Mire
preferably Cy is selected from phenyl (optionally 15 substituted by

nmet hyl , ethyl, prop-2-yl, phenoxy, hydroxy, ethoxy, benzyl oxy,
prop-2-yloxy, nitro, amno, acetylam no, nethylsulfonylam no,

di et hyl.am no, chloro, nethoxy, trifluoronethyl, nethylthio,

nmet hyl sul fonyl, tent-butylthio, tert-butylsulfonyl, am nosulfonyl or
carbanoyl ), pyridyl, 20 thienyl, furanyl, imdazolyl, thiazolyl
(optionally substituted by am no), napththyl, isoquinolinyl and
quinolinyl. Yet nore preferably, Cy is selected from phenyl, 2-

chl or ophenyl, 2-nethoxyphenyl, 4-carbanoyl phenyl, pyrid-2-yl, .25
pyrid-3<-yl, pyrid-4-yl, thien-2-yl, thien-3-yl,.furan-2-yl, furan-3-yl,

i m dazol -2-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, naphthyl,

i soqui-nolin-5-yl, isoquinolin-8-yl, qU|noI|n 4-yl, quinolin-5-yl, and

qui nol i n-8-yl. O her anpl es of wa¢ues for Cy ar8m4--an1nophenyl 4-N- 30

met hyl am dophenyl, 4- N—anethyl m.gdophenyl , 2-\net hyl phenyl,
2-fiitorophenyl, 3-f ophenyl /Iu rophenyl, = droxyphenyl,

4- met hoxyphenyl , 4- yphenyhg hylsulph0 nophenyl ,

2-met hyl t hi azol - 4-yl, hyl pi’per iidi n- 4-yI , cycl opentyl, cycl ohexyl,
napht h-1-yl, 2 23 13 Becenber 2004 anlnothlazol-4-w,
2-trifluoronet hyl phegyl, 3- nethylthiophenyl, 2-nethyl sul phonyl phenyl,

3- bronophenyl, 3- :tfj&\\ X o
7\ i v
X7 TRy Ro/@é/j Ro ’g—/
" s i, S AN Rn
Q( 77 V;_Z” I =N
N—N N

o o

e
[LLLLLE

o wherein:
-l )
10 X! is selected from 0, S and NMe;
X'' is selected from O and S;

X't is selected from O, S, NH and NMe;
X' is selected from hydrogen, amino and methyl;
Rg is selected from hydrogen, methyl, fluoro, chloro,
15 triflucromethyl, methoxy, methylthio, methylsulphinyl and
methylsulphonyl;
Ry is selected from hydrogen, methyl, fluoro, chloro,

trifluoromethyl, methoxy, methylthio, methylsulphinyl,



cyanophenyl and benzo(b)thi ophen-3-yl. Yet nore preferably Cy is sel ected
from phenyl, 2 5 chlorophenyl, 2--nethoxyphenyl, 4-carpameydmbapobs
pyrid-2-yl, pyrid-4-yl, thien-2-yl, thien-3-yl, furan-2-yl, furan-3-yl,

i m dazol -2-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl and quinolin-4-yl.
Most preferably, Cy is selected from phenyl, 2- 10 net hoxyphenyl,

4- car banoyl phenyl and pyrid-2-yl. Mst preferably Cy is phenyl. In another
aspect R2 represents (i) phenyl optionally being substituted in the 3

and/ or SItIO hal o, nitro, thiol, haloalkoxy, hydrazido, 15

al kyl hydr‘&% % F%l GRS YhaFEERRYcathoRyl fnd 2 gmeary PE thg kynyl |

acyl am nofoﬁﬁﬂla)r—cdlxﬁbNmmmﬂ?oxyrheﬁ@ﬁbqaw,lsaoyngg andV@S@Zan@rRlel and

optionally substituted t the 6 positiaon by am no, hydrox hal o, al kyl,
car boxy, % d%V%ﬁFB ﬁ?F Y Spifstedahiem hvsnogsay ket Pﬁk?szléﬁkylthlo 20

(i1) naphth-2.-yl optionally substituted at the 6 or 7 position by halo,
nitro, am no hydr azi do, al kyl thi o, al kenyl,

hal Ik , | kvl ,
aﬁksﬁw S obo %?‘%ﬁia’%bt FB%?EPJIOVOer@ab@%W dte #hifht hlaey asssipttanhed ani no,

hydroxy, bahw.a @yierblidearbaxy, piizséﬂgau?-m : oﬁ%@ﬂ?&dﬁ)iho giy; or
aIkyIth| 25 (i) uinglin-7-yl, indol-5--yl, 1ndol-6-yl, indazol -

so
5-yi, d%&o‘ts geject B@ngﬁtﬁlr&%Pgﬁnyﬁm%rﬂb‘é’ﬁ?v s8kazol . -5-y1  optional |y

subst i tutﬁg Ata tug1 eo2 RQSitd li}érﬁaé:@’—dlﬁg@al kPX¥p; dal oal kyl, cyano,
azido, al kylthio, alkenyl, aIkynyI or Rlj; 30 (iv)

nitr 0, amno,
benzi ni dabel3ast ilﬁm 5PIBERSD IHith, Shesting dist Wbagh| (hew sirst pthrekedt the 2
posi ti om fwn@ra %0 or( ¥) mbhbeBed a1 Obr tﬁat%&oéryi PR oRplh-¥iSUPBR I tuted at

the 4 or posi tion by hal o, hal oal koxy, hal oal kyl,” cyano, nitro, am no,
hydr azi dohe%ﬁqaﬂ%?fangawwns &l Ry ny [heserRetons selected from

nitrogen, oxygen and sufur) ;
-one of Rpy ana Rpz is hydrogen and the other is R,.
More preferably Cy is selected from phenyl (opticnally

15 substituted by methyl, ethyl, prop-2-yl, phenoxy, hydroxy,
ethoxy, benzyloxy, prop-2-yloxy, nitro, amino, acetylamino,
methylsulfonylamino, dimethylamino, chloro, methoxy, |
trifluoromethyl, methylthio, methylsulfonyl, tert-butylthio,
tert-butylsulfonyl, aminosulfonyl or ca#bamoyl), pyridyl,

20 thienyl, furanyl, imidazolyl, thiazolyl (optiocnally
substituted by amino), napththyl, isoquinolinyl and
guinolinyl.

.Yet more preferably, Cy is selected from phenyl, 2-
chlorophenyl, 2-methoxyphenyl, 4-carbamoylphenyl, pyrid-2-yl,
f25 pgrid73fyl, pyrid-4-yl, thien-2-yl, thien-3-yl, furan-2-yl,
furan-3-yl, imidazol—z—yl, thiazol-2-yl, thiazol-4-y1, |
thiazol-5-yl, naphthyl, isoquinolin-5-vi, isoquinolin-g-y1,
quinolin-4-y1l, quineolin-5-yl, and quinolin-8-yl.
Other examples of values for Cy are 4-aminophenyl, 4-N-

30 methylamidophenyl, 4-(N,N-dimethyl)amidophenyl, 2-
methylphenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
4-hydroxyphenyl, 4-methoxyphenyl, 4-carboxyphenyl, 3-
ethylsulphonylaminophenyl, 2-methylthiazol-4-yl, 1-
methylpiperidin-4-yl, cyclopentyl, cyclohexyl, naphth-i-yl, 2-



35 (vi) 3,4-nethyl enedi oxyphenyl, 2, 3-di hydroi ndol -6-yl,

3, 3-di chl oro- 2- oxo-indol -6-yl or |-nmebdyl - 3-am noi ndazot Deeathbher2$0d 3
Decenber 2004 (vii) benzothiazol -2-yl, imdazo[l,2-a}pyrimdin-2-yl. or

t et rahydroi m dazo[ 1, 2-a] pyri m di n- 2- yI (viii) pyrazol-2-yl optionally
substituted at the 5 position by hal o, hal oal koxy, hal oal kyl, cyano,
.nitro, amno, 5 hydrazido, alkylthio, alkenyl, alkynyl or Rl; (iXx)
pyrid-2-yl optionally substituted at the 5 position by halo, hal oal koxy,
hal oal kyl , cyano, nitro, am no, hydrazido, alkylthi-o, alkenyl, alkynyl or
R1l; (x) pyrfmgogtlyiazeptitonhl |3 tsnilf3totaneetlyaphdhia ,6 3position 10 by hal o,

hal oal koxy,mehaymillgﬁhengyarpqm& Fﬁgﬂllﬁmﬂgﬁ’y %rgz do %P%éﬁ’yl thio, alkenyl,

al kynyl or R1, I? benzof ur-2 optron st Yihel3 position
by ani no, P?é&? MHafpd %ﬁﬂﬁﬂtb &5%%@%¥I3Cyhno anldo ani noal kyl , al koxy

or al kylthlo anﬁetamotrbepﬁemraﬁn%cpo:es tde@BcBRA fﬁloﬁ Héz'qﬁﬁ' kzloxy, gitl oal( kyl)
ynyl or ] Xi i

cyano, ni | t hio, alken
i ndol - 2-f§|%68%§%n§FFy 38%%“1&?88“% & rRIEYE P ¥ﬁP¥?og§ﬁ”§r6any al kyl
and OptlOﬂ&VFdehﬁg%lFh%%ﬂfzﬁylhhehSeHHB -y8, pmuman4anymy hadah - 3h§ioalkoxy,

hanaIkyI, i@Y@db1 -2 0, 12 Qy h Oy k hi | ken al kynyl
or Rij; (Xﬁl%g %ndoly t %%%gi?tu%eﬁg{g%b?he p%é% f%%" ﬁ ﬁ%ﬁo,

hydroxy, :ﬁ%ﬁ gs: '~quoro or chloro), alkyl, carboxy,
al koxycar bonyl Mq;a)tapogafammibg, awr m@aééqyélctealﬁqgﬁypg@m@i kyjthio and

optlonahmyﬂégﬂggxgﬂghﬁg aj_ éaf%amo?f%h ﬂ? g hal.o éi?ﬁg as 25 chloro),

hal oal koxy, hal cyano al kyl t hi o, al kenyl,
al kynyl or R1j;Mast P{-‘Rﬁ@?)atldeﬂnib'[ b]stﬁfhamﬂen 2- yI optionally substituted at

the 3 pOSltlOﬁnb%naﬂh@91aépey&0§¥ @ Qenpl kYl carboxy, cyano,

{i} phenyl optionally being substituted in the 3 and/or
4 position by halo, nitro, thiol, haloalkoxy, hydrazido,

15 alkylhydrazido, amino, Cyano, halocalkyl, alkylthio, alkenyl,
alkynyl, acylamino, tri or difluoromethoxy, carboxy,'acyloxy,
MeSOp- or Ry, and optionally substituted at the 6 position by
amino, hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano,
amido, aminoalkyl, alkoxy or alkylthio;

20 (ii} naphth-2-y1 optionally substituted at the § or 7
position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or R1j and optionally
substituted at the 3 position by amino, hydroxy, halo, alkyl,

carboxy, cyano, amido, aminoalkyl, alkoxy or alkylthio;

25 (iii) isoquinolin-7-yl, indol-5-yl, indol-6- vl, indazol-

5-y1, indazol- 6-yl, benzothiazol-6-yl or benzisoxazol-5-yl

-Ppticnally substltuted at the 3 position by halo, haloalkoxy

haloalkyl, cyano, nitro, amino, hydra21do, alkylthio, alkenyl,
alkynyl or le,

30 {iv} benzimidazol-5- -yl or benzothiazol-6-yl optlonally

substituted at the 2 position by amino;

(v) thien-2-yl or thien-3- -¥l optionally substituted at
the 4 or 5 position by halo, haloalkoxy, haloalkyl, cyano,

nitro, amino, hydrazido, alkylthio, alkenyl, alkynyl or Ry;

35 {(vi) 3,4- -methylenedioxyphenyl, 2,3- -dihydroindol-6- -y1,

3,3-dichloro-2-oxo-indol-6- -yl or i-methyl-3-aminoindazol-5- -yl;



am do, am noal kyl, al koxy or alkylthio and at the 5 or 6 30 position by
hal o, hal oal koxy, hal oal kyl, cyano, njjro, am no, hyd1@@bg@nbalz{gmht hi o,

al kenyl, al kynyl or R13. Exanples of particular values for substituents
that may be present on R2 are: for halo: fluoro, chloro, bromo or iodo;
35 nitro; thiol; 25 13 Decenber 2004 for hal oal koxy: difl uor omet hoxy or
trifluoronet hoxy, hydrazi do; for al kyl hydrazido: nmethyihydrazido; am no;
5 cyano; forhaloalkyl: trifluoromethyl; for alkylthio: methylthio; for

al kenyl: vinyl; for alkynyl: ethynyl; 10 for acyl am no: acetyl am no;
carboxy; for acsligxhenzetthimepl-2hytr dxyi;laicmfl.eal-laybyrmim&—mlyle&f\yl ;.15

am do ( CONKE2} rai R84 (2 - POERL and  for al koxy: methoxy or
et hoxy( Pr ef e]rﬁ:‘aﬁfrD t(t|or?gp}( substltut 'ed by 1 or 2 substituents

0
sel ected from f vddrl& p‘é’ﬁ?%‘? T (11 HBtlc?%'tlFlVI subsi tAER(| aBngherst hoxy.
Exanpl es ofpopatridrc blyahava) U&SLdanoR;l Haballyldr @@L, nitro, amino,

5 hydrazido, alkylthio, alkenyl, alkynyl or Rj;

(ix) pyrid-2-yl optionally substituted at the S position
by haleo, haloalkoxy, haloalkyl, cyana, nitro, amimno,
hydrazido, alkylthio, alkenyl, alkynyl or Ry:

{x} pyrid-3-yl optionally substituted at the 6 position

10 by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Rq;

(xi) benzofur-2-yl optionally substituted at the 3
position by amino, hydroxy, halo, alkyl, carboxy, cyano,
amido, aminoalkyl, alkoxy or alkylthio and at the 5 or §

15 position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or ISR

(xii) indol-2-yl optionally substituted on the indole
nitrogen atom by alkyl and optionally substituted at the 5 or
6 position by halo, haloalkoxy, haloalkyl, cyane, nitro,

20 amino, hydrazido, alkylthio, alkenyl, alkynyl or Ryq;

(xiii) indol-6-yl substituted at the 5 position by amino,
hydroxy, haloc (such as.fluoro or chloro), alkyl, carboxy,
alkoxycarbonyl, cyano, amido, aminoalkyl, alkoxy or alkylthio
and optionally substituted at the 3 position by halo (such as

25 chloro), haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Rij; or
= . Axiv) benzo[b]thiophen-2-yl optionally substituted at the
3 position by amino, hydroxy, halo, alkyl, carboxy, cyano,
amido, aminoalkyl, alkoxy or alkylthio and at the S or §
30 position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Ri4.
Examples of particular values for substituents that may

be present on Ry are:

for halo: fluoro, chloro, bromo or iodo;
35 nitro;

thiel;



hydroxy; for, al koxy: nethoxy or ethoxy; 25 alkyl, such as nethyl or ethyl,
al kyl am noal kyl , such as "-dinethylag%nonethyl, or al kapeydmbspoh4as
acetyl; for hydroxyal kyl: hydroxymethyl; for al koxyal kyl : met hoxymnet hyl ;
for al koxycarbonyl : nethoxycarbonyl; 30 for al kyl am nocar bonyl :

met hyl am nocar bonyl ; for al kyl am no: nethyl am no, ethylam no or

di met hyl am no; carboxyl or carboxynethyl; and am do (CONFi 2) or

am donet hyl. " Exanpl es of particular values for Rl] are: 35 hydrogen;

hydr oxy; 26 13 Decenber 2004 for al koxy: methoxy or ethoxy; alkyl, such as
met hyl or ethyl, or al kanoyl, such- as acetyl; for hydroxyal kyl:
hydroxynmet hyl.; .for_al koxyal kyl : nmet hoxynethyl; 5 for al koxycarbonyl:
nethoxycarb%%?P???%ﬁkgﬁyﬁy?éﬁiﬁﬁfoqﬁéPﬂﬁwéﬂ%ﬁB}f¥R9ﬁﬂmﬁﬁhﬁbyor di met hyl ami no;
car boxyl oﬂﬁ@éﬁﬁb&@nethyl; and am do (CONH2) or amidonethyl. In yet another

aspect . R2 rﬁﬁggggwﬁﬁydr;%igg)f&%%&%b%§g%gf&galIy bei ng substituted in the 3

and/or 4 position by fluoro ' romd, iodo, nitro, difluoronethoxy,
trifluoronet8%y, amino, cyano, 15 20 25 30
5 cyano;

for haloalkyl: trifluoromethyl; ~t
for alkylthio: methylthio;
for alkenyl: vinyl;
for alkynyl: ethynyl;
10 for acylamino: acetylamino;
e carboxy;
for acyloxy: acetoxy;
hydroxy;
for alkyl: methyl or ethyl;
.15 amido {CONH,) ;
for aminoalkyl: aminomethyl; and
for alkoxy: methoxy or ethoxy.
Preferably Ry is optionally substituted by 1 or 2
substituents selected from fluore, chloro, amino, methyl
20 ethyl and methoxy.

I

Examples of particular values for Ry are:
hydrogen;
hydroxy;
for  alkoxy: methoxy or ethoxy;
25 alkyl, such as methyl or ethyl, alkylaminoalkyl, such as
*ﬁimethylaminomethyl, or alkanoyl, such as acetfl;
.for hydroxyalkyl: hydroxymethyl;
for alkoxyalkyl: methoxymethyl ;
for alkoxycarbonyl: methoxycarbonyl ;
30 for alkylaminocarbonyl: methylaminocarbonyl;
for alkylamino: methylamino, ethylamino or dimethylamiﬁo;
carboxyl or carboxymethyl; and
amido (CONH,)} or amidomethyl .

Examples of particular values for R14 are:
35 hydrogen: '
hydroxy;



27 13 Decenber 2004 trifluoronethyl, nmethylthio, vinyl, carboxy, acetoxy,
McSC2-, hydroxy, nethoxy, ethoxy, nebgyl, nethoxycarb@@g@cemggﬂj@@hanlno

et hyl am no or am do, and optionally substituted at the 6 position by

am no, hydroxy, fluoro, nethoxycarbonyl, 5 cyano or am nonethyl (preferably—
phenyl substituted in the 4 position by chl oro, am no, vinyl, methylam no,
met hyl or nethoxy, optionally at the 3 position with am no orhydroxy, and
optionally at the 6 position with am no or hydroxy); (ii) naphth-2-yl
optionally substituted at the 6, 10 position by hydroxy and optionally
substituted at the 3 position by am no or hydroxy; (iii) isoquinolin-7-yl,
i ndol.-5-yl, indol-6- yI i ndazol - 5-yl, indazoi-6-yl, benzothiazol-6-yl or
ben2|soxazq; 5afko ggally substituted at the 3 position by chloro,
brono, 15 am no, ﬁ%&h?? PNEThE%Yo%%r ef erabl y i ndol - 6=yl optional |y

subst i t ut e®i&¥lt Fach pesknetinil oy ehhymwaprbaxxahquetQMghogs kggxy) (iv)

ben2|n1daqura@ﬂr @ﬁ g ot 1,0ptional 'y substitute at the
a 9 ﬁ#en ng# or' thien-3-yl optionally substltuted

position by an

at the 4 Qﬁ?ﬁ?ﬂBﬁ bymﬁ%FHVW@HMd. met hyl or acetyl: (vi)

3, 4- - net @Ifeme@ﬂmcypbenyﬁyl 2 n%tﬁbiayﬁﬁ%ﬂ 91 -6-yl,

3, 3-di chl org; 25 ﬂﬁﬂaﬁgg ﬁﬁg 1--net 2'3- an1n0|ndazol 5--y1; (vil)
benzot hi azol - 2° I, 832"6? }aﬁ}’b?/'r |er?|héﬂﬁ“121°y Proflimghylamino;
tetrahydroFﬁFH@ﬂ@{PrZCaﬁqumnmuyh 2nd ; (viii) pyrazol-2-yl substituted at

the 5 posibh@mbkmCONﬁg;hy > andild%h §§{?ﬂ oropyrid 2-yl; (x) pyrid-3-yl or
6- chl or opyri d- 3ryl Xxi ) benzofur-2 yl, 5- chlorobenzofur-z yl, 3-
yet another aspect Ry represents:

10 (i} phenyl optionally being substituted in the 3 and/or
w/ 4 position by fluoro, chloro, bromo, iodo, nitro,

difluoromethoxy, trifluoromethoxy, amino, cyano,

15

20

25

30



met hyl benzof ur-2-yl, 5--nethyl benzofur-2-yl or 6-- nethoxybenzofur-2-yl; 28
13 Decenber 2004 (xii) indol-2-yl optkgnally substitut€siDetemidre0dadol e
nitrogen atom by nmethyl and optionally substituted at the 5 or 6 position
by fluoro, chloro, brono,,nmethyl or nethoxy; (xiii) indol-6-yl substituted- .
at the 5 position by 5 chloro, fluoro or hydroxy and optionally substituted
at the 3 position by chloro or nethyl; or (xiv) benzofb]thiophen-2-yl
optionally substituted at the 3 position by fluoro, chloro or nethyl, and
optionally substituted at the 5 or 6 position by fluoro, chloro, methyl,
10 hydroxy, or methoxy. Particular values for R2 are: (i) phenyl,

2- am nophenyl, 3-am nophenyl, 2-am no-4- fluorophenyl, 2 -amno- 4

-chl orophenyl, 2 -amino- 4 -nit rophenyl, 2-am no-4-nethyl phenyl,
3, 4- di am NopReBYkorcAea R, N0- lﬂeﬂn@ﬂtlhlier qaf;\?@y'caz%ow NQz4t &N OF %B&‘e”y'
-am no- 4 -bronophenyl, 3-am no-4-hydroxyphenyl

3- am no- 4- céwﬁé&mwmhynytth®¢yfamml 4metrm1xyhyh:phﬁjny]

3- ami no- 4- melcRR¥YRNGRY! e 4-
3- chl or ophenyl %3 chl orgtﬁyi%H%Eé;%Qp enyl anI SR (Jir gghgiyﬁu stltXted

4- chl or o- 2- KRFdF ¥ ypRes}Eion bD ey hRirhyyir cﬁdyapnenymethoxycarbonyl

4- chl or o- 3s iRLhy | pherh o] h e 4-bro
4- br ono- 3- m?h;ﬂ phenyl , oﬁétﬁ‘m g& %gf}z{/ﬁﬂ( @Q@lngé SE%“ Eg%h enyl ,

4- cyanophenyPS15lan RydEBkg shergtinoy - Wloﬂyewmmnnxypm%ll or

3- hydr oxypheryh Yq6ax I i hydr ox 3,4 25
di hydroxyphenyloxﬁ r??droxyhérrge{fttlgéy% 3’%1‘"?"&59 %oro %%’h”enyl

4-tTi {1 uor of@EHURYioREAYY, at-the & Paditomet hilphenyb, od- "“Sﬁi‘mklyt’h' ophenyl , 4-
(ii) naphth-2-yl optionally substituted at the 6,
—- 10 position by hydroxy and optionally substituted at the 3
' position by amino or hydroxy;
{iii} isoquinolin-7-y1, indol-5-y1, indol-6-yl, indazol-
5-yl, indazol-6-yl, benzothiazol-6-yl or benzisoxazol-5-yl

optionally substituted at the 3 position by chloro, bromo

15 amino, methyl or methoxy (preferably indol-6-yl optionally

substituted at the 3 position by chloro, bromo, methyl or
methoxy});

{iv) benzimidazol-5-yl or benzothiazol-6-y1 Optionally
substituted at the 2 position by amino;

20 (v} thien-2-yl or thien-3-yl optionally substituted at

— the 4 or 5 position by methylthio, methyl or acetyl;
{vi) 3, 4—methylenedioxyphenyl 2,3~ dlhydr01ndol 6-vy1,
= 3,3~dichloro-2-oxo-indol-6- -yl or l-methyl- 3~am1n01ndazol 5-yi;
{(vii) benzothiazol- -2-yl, 1m1dazo[l,2-a]pyrimidin—2—yl or
25 tetrahydroimidazo[l,2-a]pyrimidin—2-yl;
{viii) pyrazol-2-yl substituted at the § position by
methyl;
(ix) S-chloropyrid-2-yl;
{x)  pyrid-3-yi or 6-chloropyrid-3-yl;
30 (x1) benzofur-2-yl, S-chlorobenzofur-2-yl, 3-
methylbenzofur~2—yl, 3-methylbenzofur-2-yl or 6-
methoxybenzofur—Q—yl;



met hoxycar bonyl phenyl , 4-acet oxyphenyl, 4- nethanesul f onyl phenyl ,

3- et hyl phenyl, 4-nethyl phenyl, 4 30 ygnyl phenyl, 4-nmethbxyphtenybos 4 29 13

Decenber 2004 et hoxyphenyl, 4-methoxy-3-chl orophenyl, "4--nmethoxy- 3-

met hyl phenyl , 3-net hyl am nophenyl, 4-nethyl am nophenyl, 4- ethyl am nophenyl

or 2-am nonet hyl phenyl; (ii) naphth-2-yl, 3- an1nonaphth 2-yl, ———

3- hydroxynapht h-2- 5 yl or 6--hydroxynaphth-2-yl; (iii) |squ|noI|n 7- yI
i ndol -5,yl, ‘indol--6-yl, 3- chloroindol-6-yl, 3- br ori ndol - 6-yl,

3- et hyl i ndol -6-yl, 3- nmethoxyindol -6-yl, indazol-5-yl,

3- am noi.ndazol -5-yl, indazol- 6-yl, benzothiazol-6_yl,

3- am nobenzi soxazol -5-yl; 10 (iv) benzi m dazol -5-yl,

2- am nobenzi m dazol -5-yl, or benzothiazol-6-yi; (v) thien-2-yl,

5-met hyl thien-2-yl, 5-nethylthio-thi.en-2-- yl, 5-acetylthien-2-yl or

t hien-3-yl; (vi) 3, 4- net hyl enedi oxyphenyl, 2, 3-di hydroi ndol -6-yl, 15 3,
g dichLoro-[ OXDﬂhﬂthdBlyﬁrﬁM obt1aﬁ5ﬂrwls&bsﬁﬂﬂuﬁ@ﬂndﬁzeheﬁ&ﬁ@oae (vii)
enzot hi azo

d.i
t et rahydr oi i ﬁ zgoe["l 03) é§ ?ﬁ%ﬂ’a}npxrl m"-mt'?/HZY )S"S’Slrréfmj?ﬁy‘?‘%zt@le 280  (ix)
5-chl or opyr |6dp<2$1yd10n26y( Klu@ycﬂ @&h3oyd, Hromb) Grepyni 6r3m¥£h03(9<| )

benzof ur-2-yl, l.or o | benzof y
5- et hyl benzofur q ? gn%t% ﬁgﬁg%)%rl)’%dza?l@‘ S P?sf‘ﬁﬂ%’]' bZ vl
5--fluor omG@jllOJQl:ylfluErghb:orMydmbaly 2ndg/ lopt i &ta 115~ mbbyhtﬂd&k -ad- yhe 3

5- nethOX|nd9bs%H&hvbg gﬁl@?&X&D%@th ly%r and 1--nethyl-indol-2-yl; (xiii)
5-f1 uor oi ndol y
(xlv) benzo[b]thiophen-2~yl optionally substituted at the

3 position by fluoro, chloro or methyl, and optionally

substituted at the 5 or 6 position by fluoro, chloro, methyl,

~ 10 hydroxy, or methoxy.

Particular values for Ry are:

(1) phenyl, 2-aminophenyl, 3-aminophenyl, 2-amino-4-
fluorophenyl, 2~amino-4-chlorophenyl, 2—amino—4-nitrophenyl,
2~am;no~4—methy1phenyl, 3,4~diaminophenyl, 3-amino-4-

15 fluorophenyl, 3-amino-4-chlorophenyl, 3—amino-4—bromophenyl,
3-amino~4—hydroxypheny1, 3-amino—4—carboxymethylphenyl, 3~
amino-4-methylphenyl, 3—amino-4—methoxyphenyl, 2-fluorophenyl,
4-fluoro-3-cyancphenyl, 3-chlorophenyl, 3-chloro-4-
hydroxyphenyl, 4-chlorophenyl, 4-chlord—z—hydroxyphenyl, 4-

20 chloro-3-hydroxyphenyl, 4-chloro-3-methylpheny), 4-chloro-3-

metﬁgxyphenyl, 4-bromophenyl, 4~bromo—3-methylphenyl, 4-

iodophenyl, 2~cyanophenyl, 3-cyanophenyl, 4~cyanophenyl, 2-

hydroxyphenyl, 2—hydroxy-dumethoxyphenyl, 3-hydroxyphenyl, 3-

hydroxy—q—methylphenyl, 2,4-dihydroxyphenyl, 3,4-

25 dihydroxyphenyl, 3—hydroxy-d—methoxyphenyl, 4-
difluoromethoxyphenyl, 4~frifluoromethoxyphenyl, 4-
trifluoromethylphenyl, 4-methylthiophenyl, 4-
methoxycarbonylphenyl, 4-acetoxyphenyl, 4-

methanesulfonylphenyl, 3-methylphenyl, 4-methylphenyl, 4-
30 vinylphenyl, 4-methoxyphenyl, 4-



(xiv) benzo[ b]thiophen-2-yl, 5-chioro- benzo[b3th.iophen- 2-

yl or

6- chl or obenzo[ b] t hi ophen-2-yl. 30 Prefgrably, R2 is seippbteshbdrognone of
the formulae (A1 to (G) : 30 RI3 R15 (A) (D) I R13 (B') (E) (C) (

wherein X4 is 0 or S, R13 is selected from hydrogen, fluoro
(C)], chloro or nethyl and R19 is selected from hydrogen,
fluoro, chloro, and nethoxy and s R15 is selected from hyd
fluoro, chloro and am no. Mire preferably, R2 is of the fo

[ except for

met hyl , ethyl,

G)
|

rogen, nethyl,

rmula (A")

(wherein R14 is selected fromhydrogen, nethyl, ethyl, fluoro, chloro,

met hoxy and R15 is selected from hydrogen, nethyl, fluoro,

am no) or oEth¢KynhanU1a4{dﬁahdkwhe¥&ﬂnbrﬁgﬁgﬂyi th@{ﬁ% ;.0f the fornula

10 chl oro and

and

C wher ej ' el Gl & fro yl and chloro) or of the
1£or )rrul(a (D ?in\?h%rh'&ﬁxf, R%émz’i 37“%'&?13 “Vfbrﬁwapﬁb@ﬁm?@ﬁwﬂ 41 uoro and
chloro) or thE@@énbEhelzﬁD4oz32 éﬂllﬁﬂl&ﬂ:ﬁpﬁﬁh&@@4 of the formula (E)
(wherein R13 is @xqrggggghqi_ . formula ( Smhereln R13 is chloro).

Yet nore preferab I's 4 chlorop @H?Pht@fz Yl
5 yl or ydroxynaphth 2-yl;

(1ii) isoquinolin-7-yi, indol~-5-yl, indol-6-y1,

chloroindol-6-yl, 3-bromoindol-6-yl, 3-methylindol-6—

methoxyindol-6-yl, indazol-5-yl, 3-aminoindazol-5-y1,
6-yl, benzothiazol-6~y1, 3-aminobenzisoxazol~5- -yl;

10 (iv) benzimidazol-5-yl, 2- ~aminobenzimidazol-5- yl
benzothiazol-6-y1;

(v} thien-2-yl, S5-methylthien-2-yi, S5-methylthio-

yl, S—acetylthien—z-yl or thien-3-yl;
{vi) 3,4—methylenedioxyphenyl, 2,3~dihydroindol-
15 3,3—dichloro~2—oxo—indol-G-yl or l-methyl-3-aminoinda

(vii) benzothiazol-2-y1, imidazo(1,2-a)pyrimidin-

tetrahydroimidazo[l,Z—a]pyrimidin—Z—yl:
(viii) S—methylpyrazol-Z—yl;
{ix) 5—chloropyrid~2—yl;
20 (x)  pyrid-3-yl, 6-chloropyrid-3-yl;
{xi) benzofur-2-yl, 5—chiorobenzofur~2~yl, 3-

2-yl;

hydroxynaphth -2-

3-
yi, 3-

indazol-

¢+ O

thien-2-

6-yl,

zol~5-yl;
2-yl ox

methylbenzofur—2~yl, 5—methylbenzofur—2—yl, 6-methoxybenzofur-

(xii) indol~2-y1, S~fluoroindel-2-y1, S-chleroindol-2-yl

zsﬁs—methylindol—2—yl
and l-methyl-indol-2- -yli;

{xiii) 5—fluor01ndol-6-yl; or

S-methoxindol- -2-yl, 6-methoxyindol-2- yl

(xiv) benzo{b]thlophen -2-yl, 5~chloro- benzo{b]thiophen-

2-yl or g~ chlorobenzo[b]thlophen 2-yl.

30 Preferably, R2 is selected from one of the formulae (A'}

to (G'):



met hoxyphenyl , 3-am no-4-chl orophenyl, indol-2--yl, 5- 5 chloroindol-2-yl,

i ndol -6-yl, 3-chloroindol-6-yl or 3- ggthylindol-6-yl.17DetdmtserRBogr oup of
particular interest is 3-am nobenzi soxazol-5-yl. - -1 Yet nore preferably,
R2 is of the formula (A") or- () and R13,R14 and R15 are as defined

her ei nabove. 10 Most preferably, R2 is of the formula (A') and R14 is

met hoxy and R15 is hydrogen or of the formula (C) and R13 is hydrogen,
met hyl or chloro. Another preferred conpound of the present invention is
one of the formula: 15 N N-CH3 NHCOR2 wherein Cy and R2 are as herinabove
defined. A preferred conpound of the present invention is of the fornula:
NHCOR 2 20 wherein Cy, R2 and RC are as herei nabove defined. Especial
menti on ‘may be nade of:
1-(Indole-6-carbonyl-D-phenylglycinyI)-4-[2-(4R-pyridinyI)--

et hyl ] pi perazi ne; 25 1-(3-Chl oroi ndol e- 6- car bogi#l - D- phenyl gl yci nyl )- 4- [2-
(4-pyridiny |) g )

-4- (1-met hyl pi ge

R _
Ry ) ®) (©)
. E R13
(D" (E)
Ris S
-
(G)

wherein X4 is O or S, Rjy3 is selected from hydrogen,
fluoro {except for (€')}, chloro or methyl and Ry4 is selected

from hydrogen, methyl, ethyl, fluoro, chloro, and methoxy and
3 Ri5 is selected from hydrogen, methyl, fluoro, chloro and

amino.

More preferably, Ry is of the formula (A') (wherein Rig4
is selected from hydrogen, methyl, ethyl, fluoro, chloro, and
methoxy and Ry5 is selected from hydrogen, methyl, fluoro,

10 chloro and amino) or of the formula (B') (wherein Ry3 is
chloro) or of the formula (C') (wherein R13 is selected from

hydrogen, methyl and chloro) or of the formula (D"} {wherein

R13 is selected from hydrogen, methyl, fluoro and chloro) or



1- (1 ndol e- 6- car bonyl - D- phenyl gl yci nyl ) - 4- (1- net hyl pi peri di n-4-.

yl ) pi per azi ne; 34 13 December 2004
1- (4- Met hoxybenzoyl - D- (2- chl orophenyl ) gl yci nyl )--4. - (1-net hyl -

pi peridi n-4-yl)pi perazine; S '

1- (1 ndol e- 6- car bonyl - D- (2- chl or ophenyl ) gl yci nyl ) -. 4- (1- et hyl -

pi peri di n-4-yl) pi perazi ne; and

1- (4- Met hoxybenzoyl -D- (2-trifl uoronet hyl phenyl ) gl yci nyl)-4-(1-

met hyl pi peri di n-4-yl)pi perazine; and physiologically-tolerable salts
t her eof . 20 Eranfeumydai fEthi vhgreim Ress dsbbgdrearmd orooiatke good or a

exposure agd.a degihall g phal racol 99iorl.lfoxi col ogi cal profile. The

conmpounds of the. invention ma 3be p_reparec'l by conventional chem cal
synt heti ¢ rout¥sF @orgyprefreablys Ri5i8 |4-whilpaepklnyd .t ke fol | owi ng exanpl es.

The corrpnggﬁojgjpgelg?lt o M8, { 1), Eg?gr@]aeg%?gagﬁﬂ%]g&;%{l% g}_ ng the -X-X- bond

from approlplrlat'e i nCer nedi at es. : s -CONH-, by
reacti ng ehtevpiawwivd -8fylheindadrguvi, (A-Ehlomeindel-GAyll okpBH)n with a

conpound i f.Qr Iargg-;%gg—h ngi 14 QR8 KN t.he

f or mat-i ona%lf )F%rfg%r}i'geglv)bn : e reactio F’g g%%\%/lenl g%t fﬂiﬁ@%%%tl ef out in

t he presepcangiokenzdnesezdbroiyd~based reagent such as 1-

hydr oxybenzot ry o] Y l- t 'ﬁﬁgl €, al inert organic
sol vent such a%%ﬂﬁ%?h%?%%%yﬁ%&%&%nﬁgo&egégwﬁ yer?e %h?o??dg.: r}The reaction
m xt ure i8ndiskud ARz at ak8nRin ar@Casndeftred hedehyavats.ng agent such as _

di cycl phexyl cghqdiimi 1-(3adi pethyl am opyily) ~3-3 gt hyl car bodi i m de
added.?g her ?EII ta?kgkgg%ggrft g%ﬁ% gﬁl%nﬁgwgggé %O}V\ﬁﬁfinﬁ}ﬁelgart, for
exanpl e amebidxy Rad 8es BudlydavgRE- o8B0 CBk. fahmsie ri€dd¢t aodsReanisal so be
used to fﬂ{}ﬂéégrﬁr %ghﬁieér ch%irSh contain the above -X-X- bond.

Another preferred compound of the present invention is

one of the formula:

15
0 —
Cy N N N—CH,
NHCOR,
wherein Cy and Ry are as herinabove defined.
A preferred compound of the present invention is of the
formula:
0 O ‘
Cy Hﬂﬁ\x__Rc
20 NHCOR,

wherein Cy, Ry and Ry are as hereinabove defined.

Especial mention may be made of:-
1-{Indole-6-carbonyl-D-phenylglycinyl) -4-[2- (4-pyridinyl) -
ethyl]lpiperazine;

25 1~(3—Chloroiﬁdole—s-carbonyl-D—phenylglycinyl)—
4-[2-(4-pyridinyl)ethyllpiperazine;
l~(4—Methoxybenzoyl~D-phenylglycinyl)—4—(1—methy1piperidin-4—

yl)piperazine;



Compounds of the formula (1) in which R is -(CH2)c-Rc may al so be

prepared by reductive coupling a conpgaind of the 35 f o3 etamidr0033 R2 X- X
13 Decenber 2004 with a conpound of formula (12) OHC (CH2)c-i-Rc The
reaction is conveniently perforned in the presence of 5 a reducing agent, ... _
such as sodi um cyanobrohydride. Convenient solvents include al cohols, such
as net hanol, optionally with a hal ogenated hydrocarbon as sol vent, such as
1,2 dichl oroet hane, and acetic acid. The coupling is conveniently effected
at a tenperature in the range of fromO to 100C. 10 The internedi ates of
formula (11) in which X-Xis CONH may be prepared by reacting a conpound

of formula (13) C& Y ~~ HzN ~-"N NPgt O in which Pgl represents an

am no protecting group, such as t- butoxycarbonyl, with a conpound of

fornul a R2- DO0iHdoladeicakbofigDdd tdHeRg1 KNAWRAH PLs t e f tion of an am de
bond, for ﬁ()?quga eE‘lescri bed ﬁherZi%abovgﬁ?oqf op%giﬁg?%l%%’ﬁﬂdﬂﬁﬂ“ of

o]

formula (I | owe deprotection. The conpounds of fornmula (13) may be
fo y p nmp . Y
pr epar ed byir‘ed‘aE’FFwyb&ﬁzaﬁh@pﬁ"&‘héof‘d’mm?ﬂ@migﬂﬂ?Lme(?fmét@l?ﬂyl a (14) &
Pg2NH' Y / GHpeEtafd- O y1) BiwbiodiRRg2 represents an amno protecting group
t hat can - 5
?91. (Incﬁio}l.e-G—carbonyl -D- (2-chlorophenfl} glycinyl) -4- (1-methyl -
piperidin-4-yl)piperazine; and
1—(4—Methoxybenzoy1—D—(2—trifluoromethylphenyl)glycinyl)~4—(1-
methylpiperidin~4-yl)piperazine;
and pPhysiologically-tolerable salts thereof.

10 Compounds in this group have been found to have good oral
exposure and a degirable pharmacological/toxicological
profile.

The compounds of the. invention may be prepared by
- conventional chemical synthetic routes or by routes as
15 illustrated by the following examples.

The compounds of the formula (I) may be prepared by
forming the -X-X- bond from appropriate intermediates. For
example, when -X-X- is -CONH-, by reacting a compound of the
formula (10): H2N~Y—(Cy}-L-Lp(D)n with a compound of the

formula R5-COOH, under conditions known for the formation of
an amide bond.

20

The reaction is conveniently carried out in
the presence of a benzotriazole-based reagent such as 1-
hydroxybenzotriazole or 1-hydroxy-7-azabenzotriazole, in an
inert organic solvent such as dimethylformamide and/or

- 25 “methylene Chloride. The reaction mixture is usually taken to
0°C and then a dehydrating agent such as

dicyclohexylcarbodiimide or 1-(3—dimethylaminopropyl)—3-

ethylcarbodiimide added. Other suitable reagents and solvents

are known in the art, for example an acig halide, such as R--
30 CoCl. i

These reactions can also be used to form intermediates
which contain the above -X-X- bond.
Compounds of the formula (I) in which Ry is - (CH3) o-Re

may also be prepared by reductive coupling a compound of the
35 formula (11):



selectively renoved in the presence of Pgl (for exanmple, when Pgl is
t - but oxycar bonyl, Pg2 may be benzyl oxygarbonyl), w th a3 Ceoempberzdoaf
formula (15) 34 13 Decenber 2004 under am de bond form ng conditions,
foll owed by selectively renoving the protecting group Pg2. -1 5 Conpounds _
of the formula (10) in which X is CONH may be prepared by deprotecting a
conpound of the formula (16): TY Y PeNHNNRVTIr Oin which Pg3
represents an am no protecting group, such as t- butoxycarbonyl. 1.0
Compounds of fornuta (16) may be prepared by reacting a conpound of
formula (14) with a conmpound of forrmula (17) under am de bond form ng
conditions. The reaction is conveniently perforned in the presence of

di et hyl cyano 15 phosphate. Conveni ent sol vents include am des, such as

di met hyl f ormam de. The tenperature isggonveniently in the range of fromO
to 100 C. .-Conpounds of formula (17) {in which Rr is -(CH2)c-Rc, may 20
but oxycarbonyl, with a conpound of faq | a (}@7‘b§ prepared by reacting a
conmpound of formula (18) P#&s4—X; iEEHhL h Pg4 Jepresents an am no
protecting group, such as t 35 \ /

with a compound of formula (12)
OHC‘ (CHz)c_l"Rc
The reaction is conveniently performed in the bPresence of

5 . .
a reducing agent, such as sodium cyanobrohydride. Convenient

solvents include alcohols, such as methanol, optionally with a
halogenated hydrocarbon as solvent, such as 1,2-

dichloroethane, and acetic acid. The coupling is conveniently

effected at ga temperature in the range of from 0 to 100°C
10 .. 3 -
The intermediates of formula (11) in which X-x is CONH
may be prepared by reacting a compound of formula (13)

Cy

| —
rgN”Y\‘Tr—*N NPg!
o

repregents an amino protecting group, such as t-
butoxycarbonyl, with a compound of formula Ro ~-COOH

in which pgl

under

15 conditions known for the formation of an amide bond, for

example as described hereinabove for forming a compound of
formula (I), followed by deprotection.

X

The compounds of formula {13} may be prepéred by reacting
an appropriate N-protected glycine of formula (14)

Cy

Y

OH
szNH/ T

20 ' 0

i . 2 .
n which pg represents an amino protecting group that can be

selectively removed in the presence of Pgl (for example, when
pPgl is t-butoxycarbonyl, pg2

may be benzyloxycarbonyl), wi
. th
compound of formula {15) Y )



H NNPg' 13 Decenber 2004 under am de bond form ng conditions, followed by
selectively renoving the protecting gfoup Pg2. ConpoumtiBecdmitdre0Dor nul a
(10) in which Xis CONH may be 5 prepared by deprotecting a conpound df
the formula (16): C/ Y Pg3NH ~N NR, in which Pg3 represents an an no
protecting group, such as t- butoxycarbonyl. The internediates of formula
(16) and the corresponding 10 amines without Pg3 are believed to be novel,
and are provided as a further aspect of the invention. Conpounds of
formula (16) may be prepared by reacting a conpound of fornmula (14) with a
conmpound of forrmula (17) HN _R 15 under am de bond form ng conditions.
The reaction i's conveniently perforned in the presence of diethylcyano-
phosphat e. Conveni ent sol vents include am des, such as dinethylformam de.

The tenperature is conveniently in t ~ange of fromO to 100 C. 20
Compounds of fornula (17) in whic IS &GHZ)C-RC, may d be prepared by
reacting a conpound of formula (18) \NH 79v2 g in which Pg4 represents

an am no protecting group, such as t oxycarbonyl, with a conpound of
fornuyé (19ndd6 dndideeseniefodd conditions, followed by selectively
removing the protecting group pg2. '

5 Compounds of the formula (10) in which X is CONH may be

prepared by deprotecting a compound of the formula (16):
Tv
v Y
Pg*NH"~ \H——-N‘ N—R.
0

in which Pg3 represents an amino protecting group, such as t-
butoxycarbonyl . '

10 Compounds of formula ({16) may be prepared by reacting a

compound of formula (14) with a compound of formula (17)

Hﬁ/r__ﬁ\ —R
\ N—R,

under amide bond forming conditions. The reaction is

conveniently performed in the presence of diethyleyano-

— 15 phosphate. Convenient solvents include amides, such as

dimethylformamide. The temperature is conveniently in the

range of from 0 to 100 °C.

% . -Compounds of formula (17} in which Ry is -(CHy)-Rg

may
be prepared by reacting a compound of formula (18)

Pg'N NH
20

in which Pg? represents an amino protecting group, such as t-

butoxycarbonyl, with a compound of formula (19)



~Rc followed by renoving the protecting group, Pg4. The reaction is
conveniently perforned in the presencgsof an acid, suct Bscerapetl004aci d.
Conveni ent sol vents include al cohols, such as 5 ethanol. Conpounds of
formula (17) in which Rr is -(CH2)c-Rc may also be prepared by reacting a
compound of forrmula (18) with a compound of fornula (19a). Z-(CH2)c-Rc 10
in which Z represents a | eaving atom or group, such as nethanesul f onyl oxy
or benzenesul f onyl oxy, followed by renoving the protecting group, Pg4.
Conpounds of fornmula (17) in which R_is -(CH2)c-Rc may also be prepared
by reduci ng conpounds of formula (2@) or\15 formula (20A) O Pg Pgsf QN -Re
O (20) (20a) R in which Pg5 andHRg6 eadiPg’ epresent an ami no protecting

group, such as t-butoxycarbonyl, f\ngPéd by renoving the protecting 20
group, Pg5. The reduction is conveni éntly perfornmed in the presence of a

reduci ng ageer, asldh asmdbdoaning idondit ebier foltbwedshby edalafpydraliyr an.
Conmpounds _of fornul.a (20 be preparged by reacting a conpound of
formul a (f@}“"ﬁ?ﬁ%%’ﬁﬁ%ﬁﬁyﬁ SPRLPe {21) 25 HOOC- (CH2)c-1-Rc  under
ani de bond for ddagovaddi ¢f ane fhkhelaatiojeliy, wabepaurnds colufmaynde (20) may
be Prepqy ed opBYed 537 bR SRS NS Rb0tisl Y Rnb1EMLD @cgomPound of

Cy

| —
Pa*NH" YW—-N N—R,
a

in which Pg3 represents an amino protecting group, such as t-
butoxycarbonyl.
The intermediates of formula (16) and the corresponding
10 amines without Pg3 are believed to be novel, and are'provided
as a further aspect of the invention.
Compounds of formula (16) may be prepared by reacting a
compound of formula (14) with a compound of formula (17)
H N—R_
15 under amide bond forming conditions. The reaction is
conveniently performed in the presence of diethylcyano-
phoéphate. Convenient solvents include amides, such as
gémgthglformamide. The temperatﬁre is conveniently im the
range of from 0 to 100 °C. _
20 Compounds of formula (17) in which Ry is -(CHp)o-Ro, may

. be prepared by reacting a compound of formula (18)

Pg* /_\NH
\_/

in which Pg? represents an amino protecting group, such as t-

butoxycarbonyl, with a compound of formula (19)




formula (21a) 30 37 13 Decenber 2004 HOOC-( H)yc-1X (21a) in which Xis a
hal ogen atom such as brom ne, followgg by reaction w thDaceobedded of
formula (21b) s HRce in the presence of a strong base, such as sodium
hydri de. Hence the present invention also provides a process for the
preparation of a conpound of formula (I) conprising: a) when -X-X1is
-CONH-, reacting a conpound of formula (10) with a conpound of 10 formula
R2- COOH, under ami de bond-forming conditions; or b) when R is -(CH2)c-Rc,
reacting a conpound of formula (11) with conpound of (12); wherein R2,
X, Y, Q. c and Rr are as herei nabovy& defined and formul ae (10), (11) and
(12) are as hereinabove defined, f Iovved If asalt is required, by

Lo o = RtpkRY 39, Sk A5 OB SRLERLES ke AU 0 A9 Gl fgr 2 (29

prepar ed @BoromyemiEng)lybyeofmmmd for Ehe)fpretsleacéod:fcnm regrifigt bads: a0 (i)
fromaryl t ryl,.al deh la the Strecke t hesi s, or
eétb? ggfgi bonven ﬁ%q ve s 1ncﬁy§an?ic§QG1fhtﬁggPs

nmodi fi cations thereof, via &Per - ergs ] Sor via the

Ugi tﬁodbh@gtyl("l soni tri le Chem stry”, Ugi |. Ed.; Academ c: New York,
1971; 145- 1999, VI ea ons l.S0¢ an Doming, A ;
Ugi, |. Angew. GRE o{m 5’ rm’igﬁoi:HQQ mS%%Qh % gﬁa c Rg may

also be prepared by reacting a compound of formula (18) with a
compound of formula (19a)
Z- (CH5) o~R

10 in which Z represents a leaving atom or group, such as
methanesulfonyloxy or benzenesulfonyloxy, followed by removing
the protecting group, Pgt. |

Compounds of formula {17) in which Ry is - (CHp}a—Reo may

also be prepared by reducing compounds of formula {20) or

153 formula (204)

0
5 /N
Pg O%— Pg’ N
R, l\_/ }Rc

(20) {20a)
in which Pg® and pgé each represent an amino protecting group,
such as t-butoxycarbonyl, followed by removing the protecting
20 group, Pg>. The reduction is conveniently performed in the
presence of a reducing agent, such as borane, in an ether such
as tetrahydrofuran

Compounds of formula {20) may be prepared by reacting a
compound of formula (18) with a compound of formula (21)

25 HOOC- (CHp) ¢-1-Re
under amide bond forming conditions.

Alternatively, compounds of formula (20) may be prepared
by reacting a compound of formula (18) with a compound of
formula (21a)

30



25 Derivatives by Milticonponent Reactions", Dyker, G Angew, Chem Int.

Ed. Engl. 1997, 36, 1700; and al so sgg "A new O ass of3 GeturetsdridoDé

| socyani des in the Ugi Four-Conponent 38 1 3 Decenber 2004 Reaction",

Li ndhorst, T.; Bock H.; Ugi, |. Tetrahedron, 1999, 55, 7411.) w th renoval
and repl acenment of protecting groups; (ii) fromstyrenes via Sharpless __. . ___
met hodol ogy (J. Am Chem Soc. 1998, 120, 1207-1217) 5 (iii) fromaryl
boroni c acids via Petasis methodol ogy (Tetrahedron, 1997, 53, 16463-16470)
Ni th renoval and replacenent of protecting groups; (iv) fromaryl and
heteroaryl acetic acids - via Evan's azidation (Synthesis, 1997, 536-540)
or by oximation, followed 10 by reduction and addition of protecting
groups; or (v) fromexisting aryl glycines by manipul ation of functional
groups, for exanple, alkylation of hydroxy groups, palladium assisted
carbonyl ation of triflates derived from hydroxy groups and further

mani pul ati on of the carboxylic est¥P9CHEH)1X gi ve carboxylic acids by

hydrol ysis, carboxam des by activati 0{} ﬁf t he carboxylic acid and coupling
with ami nes, amnes via Curtius react 0" on the carboxylic acid; (vi) from
al i phatic, ieahish®yisnhalapch aton,sachoasbtdmine) llewahyctacion widiefugRindRd ket ones
usi ng a Hor u]ag ns reaction with N~ 20 '

benzyl oxycar bon ?@a-phosphonogl ycine trinmethyl ester (Synthesis, 1992,
487-490);%or (vii) fromoxines of fornHR@ cy N ~~COOPg 11-11 in which Pg
is a carbox rotecting group, by reduction. 25 (Oxines in which Cy is a
het er oar yl ‘éth8&5%0%@3%%%@80%485%%%%nds of formula

Hence the present invention also provides a process for the preparation of a

compound of formula (I) comprising:

a) when -X-X is -CONH-, reacting a compound of formula (10) with a compound of
10 formula Ry-COOH, under amide bond-forming conditions; or

b) when Ry is -(CH)c-Re, reacting a compound of formula (11) with a compound of

(12

wherein Ry, X, Y, Cy, c and R, are as hereinabove defined and formulae (10), (11} and (12)

are as hereinabove defined, followed if a salt is required, by forming a physiologically
15 acceptable salt.

An amino acid of formula (23)

“oran N-protected glycine of formula (14) may be prepared (for exarﬁplc) by one or more of

the following methods: |

20
(i)  fromaryl or heteroary! aldehydes via the Strecker synthesis or modifications thereof,
via Bucherer-Bergs hydantoin synthesis, or via the Ugi methodology (“Isonitrile Chemistry",
Ugi 1. Ed.; Academic: New York, 1971;145-1999, "Multicomponent Reactions with
Isocyanides”, Domling, A.; Ugi, 1. Angew. Chem. Int. Ed. 2000, 39, 3168; "Amino Acid

25 Derivatives by Multicomponent Reactions”, Dyker, G. Angew, Chem. Int. Ed. Engl. 1997, 36,

1700; and also see "A new Class of Convertible Isocyanides in the Ugi Four-Component



39 C1 ON~~COOPg 1-11 Alternatively, oxinmes may be prepared by
nitrosation of a conpound of fornulazgy-CH2- COOPg, or1bpetaasdr 2pn4of

hydr oxyl am ne with a conpound of forrmula Cy-CO-COOPg). 5 A starting

. material for the preparation of a conpound of fornmula (1), where the al pha
atomis nitrogen, may be produced, for exanple, by reaction of a beta
protected hydrazine (such protection to be chosen as to be conpatible with
t he subsequent reagents to be enployed) wi th phosgene, 10 di phosgene,

tri phosgene or N, Nl carbonyl diimdazole to give a reactive conpound of the
type PGNBRpeIeEcL Igndharphy G CBrF i oz §0é - (Whefatinabpdrps, al99%not ecti ng

group) . TBis yaierTRAiA! eliBVadantiopthnvchany NoeidoReLEDRY StayR, 15 for

t he carboxyfic starting reagents where the al phaatomis The

skilled pgrgpnsmhd lstheeadareid b rplesLeahbBasi &L ST .| Ant NensyNt hesis of a
conpound of forrmula (I) it ;g{ be "necessary to protect a reactive
funct i onaPogr obP§H2%Nel207 3 ddul e to prevent unwanted side-reactions. The

protection, of am no and carboxylic¢ _acid groups is _described in MO e,
Pr ot ect Pnd & bubeon g gRArenichéride ryia Petanlfn 1teesolrgy 1973, and Greene

and Wits, (PeotfRddish, 310995 54,0 104880 279y KPS Semc?d. 2Bd- . John Wley &
Sons, NY, 1991. 25 Exanpl es of carboxy protecting groups include Cl-C6

al kyl  gr SEBLeSeRIrta LInBrAYPCtidogFOWRShut yI and t-anyl; aryl (Cl- C4)al kyl
groups suchygs benzyl . 4-nitrobenzyl, 4- methoxybenzyl,

3, 4- di met KXY LBy 1ETYS And; BRRsToRYBEmRSAtic 2Ck0%.1 MireENERYDenzy!

2,4, 6--tr baREAYiRe @Y nBePZ NYiioyl, €5€1.540) or by oximation, followed

10 by reduction and addition of protecting groups; or

(v) from existing aryl glycines by manipulation of functional
groups, for example, alkylation of hydroxy groups, palladium
assisted carbonylation of triflates derived from hydroxy
groups and further manipulation of the carboxylic esters to
15 give carboxylic acids by hydrolysis, carboxamides by
activation of the carboxylic acid and coupling with amines,

amines via Curtius reaction on the carboxylic acid;

{vi) from aliphatic, carbocylic and non-aromatic heterocyclic

aldehydes and ketones uging a Horner-Emmons reaction with N-

20 benzyloxycarbonyl) -a-phosphonoglycine trimethyl ester
{Synthesis, 1992, 487-490); or

{vii) from oximes of formula

PN

in vwhich Pg is a carboxy protecting group, by reduction.

N
O//

COOPg

25 (Oximes in which Cy is a heteroaryl group may be prepared from

compounds of formula



30 trityl; silyl groups such as trinethylsilyl and t 40 13 Decenber 2004
butyl dimethylsilyi; and allyl groups ?ych as al |yl andt3Pecember 2004
(trimethylsilylmethyl) prop- |-en-3-yl. Exanples of am ne protecting groups
(PG include acyl groups, such as groups of formula RCOin which R
represents 5 Cl1-6 al kyl, C3_10 cycl oal kyl, phenyl Cl1..6 al kyl, phenyl, Cl1-6
al koxy, phenyl Cl-6 al koxy, or a C3-110 cycl oal koxy, wherein a phenyl
group may be optionally substituted, for exanple by one or two of hal ogen,
Cl-C4 al kyl and Cl1-C4 al koxy. Preferred amino protecting groups include 10
benzyl oxycar bonyl (CBz), t-butoXyca (Boc) and benzyl. In another
aspect the invention relates to a procgss for preparing a conpound of
formula | conprising deprotecting a conpound of fornmula (1') : R2'-X-X-Y
(&') -L-Lp (D n" (1 ) ' 15 Werei ' is R2 (as hereinabove defined) or
protected R2, Cy' is Cy (as herei ove €G60Hged) or protected Cy and
Lp(D)n' is Lp(Dn (as herei naba¥e defined) or protected Lp(D)n; providing
at | east one protecting group is present. |If necessary physiologically

t ol er abl e Makksachrele o2Améermmd bies prepamichbgsnkoowsrtivd be art. 1t wll
be understood that cogpounds, of _formul a_ (| may be jsolated in the
form of sglofngoﬁ?gs%‘ﬁl mgmﬁﬁcﬁ{w ‘ %?&n%?aﬁiéi/%‘hfé ol ogical ly

t ol er abl ehydaogylamineahdithus heaniddumd andfamiulat eg-ao-ecddrey)ef ore i ncl uded
within. the scope of the 25 present inhvention., The novel internediates
descri bé&d hereﬁf%ﬁ%’ﬁ%ﬁ?&%@y%@ﬁﬁ@%@ﬁ%mﬂ of a compound of

formula (I), where the alpha atom is nitrogen, may be

produced, for example, by reaction of a beta protected

hydrazine (such protection to be chosen as to be compatible

with the subsequent reagents to bé employed) with phosgene,
10 diphosgene, triphosgene or N,N'carbonyl

diimidazole to give a reactive compound of the type

PGNHN (Cy) COC1 or PGNHN (Cy)CO-imidazole (wherein PG is a

protecting gfoup).

This intermediate may be used as has been described above

15 for the carboxylic starting reagents where the alpha atom is
carbon.

The skilled person will be aware that at certain stages
in the synthesis of a compound of formula (I) it may be
necessary to protect a reactive functional group in the -

20 moleéule to prevent unwanted side-reactions.

~The protection of amino and carboxylic acid groups is

d;scribed in Mcbmie, Protecting Groups in Organic Chemistry,
Plenum Press, NY, 1973, and Greene and Wuts, Protecting Groups
in Organic Synthesgis, 2nd. Ed., John Wiley & Sons, NY, 1991.

25 Examples of carboxy protecting groups include Ci-Cg alkyl
groups such as methyl, ethyl, t-butyl and t-amyl; aryl(Cy-
C4)alkyl groups such as benzyl, 4-nitrobenzyl, 4-
methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl,
2,4,6-trimethoxybenzyl, 2,4,6-trimethylbenzyl, benzhydryl and

30 trityl; silyl groups such as trimethylsilyl and t-



and salts thereof, are provided as further aspects of the 41 13 Decenber
2004 invention. The conpounds of thegpnvention nay belddecemiisr@ped by any
convenient route, e.g. into the gastrointestinal tract (e.g. rectally or
orally), the nose, lungs, nuscul ature or 5 vasculature or transdernally.
The conpounds may be adm nistered in any convenient adm nistrative form
e.g. tablets, powders, capsules, solutions'; dispersions, suspensions,
syrups, sprays, suppositories, gels, enmulsions, patches etc. Such
conpositions may contain conponents 10 conventional in pharnmaceutical
preparations, e.g. diluents, carriers, pH nodifiers, sweeteners, bulking

agents, anci;,utfyg;aimhﬁ%tﬂy,g a&%‘tﬁlyfr%cﬁf&%bgé{cﬁ P:sof:gqum tc’ ons will be

stefile and in a sol Uti on” of suspen m SUi i"ecti on or
i nf usi on. S‘ffﬁm'ﬁ'blf‘#b]o%]tylb‘ﬁ@?%’rﬂﬁ% -foPR w15 aspect of the invention. The

follow ng are eﬁﬂmﬂbE6806fFﬂﬁﬂﬂ@B@Eﬂﬁédﬁihgcﬁwﬁuﬁﬂ t(p8NSi nOfueogROUNds
accordi ng to-J,BE, | Ay cgpta' og 1?1]% Far Iat ?zcgi @ecenber 2004 Hard gelatin
capsul es are prefare usi jﬁag & & repugpents Quantity
(my/ capsu? 1-Ack kel fgr- e:dl @mmmﬂarmnydr Cgm@wmﬂgngﬁem steag at €10
N alkoxy, phenyl C;_g alkoxy, or a C3_pg cycloalkoxy, wherein a
phenyl group may be optionally substituted, for example by one
or two of halogen, C3-C4 alkyl and C;-C4 alkoxy.
Preferred amino protecting groups include

10 benzyloxycarbonyl (CBz), t-butoxycarbonyl (Boc) and benzyl.

_ In another aspect the invention relates to a process for
preparing a compound of formula I comprising deprotecting a

compound of formula ({I'):
R2'-X-X-Y(CY') -L-Lp (D) (I} !

15 Wherein R?' is R? (as hereinabove defined) or protected RZ, Cy'

‘s C . .
18 Cy (as hereinabove deflneQ) or protected Cy and Lp(D)y' is
Lp(P}p (as hereinabove defined) or protected Lp(D)}y,; providing
at least one protecting group is pPresent.

If necessary physiologically tolerable salts can be
20 formed using methods known in the art.

— It will be understood that the compounds of formula (I)
may be isolated in the form of salts or solvates (which may or
may not be physiologically tolerable), and that all such salts

wand selvates are therefore included within.the-scope of the
25 present invention.

The novel intermediates described herein of formula

O

/N
Cyw/u—NuN—CN—CH;*

NH,

and salts thereof, are provided as further aspects of the



Tot al 460 ng The above ingredients are mxed and filled into hard gelatin
capsules in 460 ng quantities. 20 2.. 443 Formul ati on 2138ecdRaiirens 2004
Tabl ets each containing 60 ng of active ingredient are nade as 5fol | ows:
Active Ingredient60 ng Starch45 ng Mcrocrystalline cellul ose35 ng

10Pol yvi nyl pyrrol i done4 ng Sodi um car boxymet hyl starch4.5 ng Magnesi um
stearate 0.5 ng Talcl ma 15Total 150 ng The active ingredient, starch, and
cel lul ose are passed through a No. 45 nesh U. S. sieve and ni xed

t hor oughl ¥, The, 20 sol ution of polyvinylpyrrolidone is mxed with the
resul t ant ~"PoREETS which are then passed through a No. 14 nesh U.S. sieve.
The granul es sTherespoeddarsf diHeednabnblén ang pasaedinidvepughoy Mgz 18 nmesh
U S. sieve, The, sq_(jS um car boxynet hy starch,, magnesium stearate, and talc,

I
pr evi ous| YOPEERET L EPHPouHH 2 HEC BB IR 8LEF R HAst herf added to
the granukesality iy oahliey) Mt @osal 10O ensedlofure abl et machine to

yield tablets ]g ch wei gEi ng 50 ng. Viewed fromthis aspect the invention
provi ded 9Pt & OFi ¢af %%‘?Fﬁﬁggﬁ’ronﬂé%rﬁﬁ“}pé’flﬁésam%%ene prot ease 30
i nhi bi t or agatetsidied ant ARy | ddifRni oAt t ageidier vakife afodifast g.
N tablets, powders, capsules, solutions, dispersions,
suspensions, syrups, sprays, suppositories, gels, emulsions,
patches etec. - Such compositions may contain components
10 conventional in pharmaceutical preparations, e.g. diluents,
carriers, pH modifiers, sweeteners, bulking agents, and
further active agents. Preferably the compositions will be
sterile and in a solution or suspension form suitable for
injection or infusion. Such compositions form a further
15 aspect of the invention.
The following are examples of pharmaceutical compositions

of compounds according to the invention.



one pharmaceutically acceptable carrier or excipient. . ar uti cal
conposition may al so optionally conmprjse at | east one1$ﬁF?%@#”$%8$
antithronbotic and/or thronbolytic agent. 44 13 Decenber 2004 Viewed from a
further aspect the invention provides the use of a serine protease

i nhi bitor according to the invention for the manufacture of a nedi canent
for use in a nethod of treatnent of the human or non-human ani mal body
(e.g. a 5 mammalian, avian or reptilian body) to conbat (i.e. treat or
prevent) a condition responsive to said jnhibitor. Viewed froma further
aspect the invention provides a Fﬁﬁ?ﬁ%ﬁF{ﬂn tr eat ment of the human or

non- human ani mal body (e.g. a manmalian, avian or reptilian body). to
conbat ‘a 10 copdi.tion responsive to a serine_prqtease inhibitor (e.g. a
condi tion such®dg §otRrohisaPrtler Sy erePrtsdisivg Hoe £HA%ERY Xa
inhibitor), said nethod conprisi nth@@igheéering to said body an effective
anount qQf a serine protease inhibitor according to the invention. 15 The
dosage oOf the—+tnhi-biter—econpounrd—ofthe—inventi-on—w-ll depend upon the
nature and severity of the condition being treated,. the adm nistration
route-and the size and species of the patignt. However in general,
quantities of from0.01 to 100 nol/kg bodywei ghtQ4@t e admi ni stered. 20
Al'l publications referred to herein are hereby imgEpeLated by reference.
The invention will now be described further wwith reference to the

f ol | owi ng—wen—+rt+hrg—bExanples— 45— Mbrinental-13 Decenber 2004

10
Active Ingredient 250
Starch, dried 200
Magnesium stearate ~10

15 . Total 460 mg

The above ingredients are mixed and filled into hard
gelatin capsules in 460 mg quantities.
20



" Abbrevi ati ons used follow | UPAC-1 UB nonencal tua: e. The bol | owi 4

abbrevi ations are used throughout: aqgg3(aqueous), 5 eqlﬁ CGHFH%?&?’P

equi val ent), Boc (tertiary-butyl oxycarbonyl), CMA (chloroform nethanol,
concentrated amoni um hydroxi de 80:18:2), DCC

(1, 3-di cycl ohexyl carbodti m de), DCM (dichl oromet hane) DEPC (di et hyl
cyanophosphonate), DI PEA (diisopropylethylam ne), DVEA . _

(di net hyl et hyl am ne), DMF 10 (di met hyl f or mam de), DMSO (di net hyl sul foxi de,
perdeuterated if for NWR), OEIO;_F(I? Jf Jethyl am nopropyl) - 3- et hyl -

car bodi i-m de hydrochl ori de), ﬁy acetate), EtOH (ethanol), HATU
((O(?-azabenzotri azol -1-yl)- 1 1,3,3-tetra- nethyluronium

hexaf | I
(ixﬁydgg;y z%?%'l ?zlo?@tlﬁlg %ﬁir[{gPiyOfpg?i %‘r’%rgl@%l ?Ltce]%l Szg ?%a St SlSr aphy),

| S-MS (ion spray mass spectrun), RRHRO®s(:reverse phase hi gh-performarice
l'i qui d gchromat ography), SCX (strong cation exchange resin), TFA

(trifl uorUaCErrC—acrdj—'FHF-ﬁeﬁﬁTydfoﬁmﬁ——'Fb&&-m—ﬁ%—&yer 20

chr omat ography WI t h Rf as relative nmobility), DSC (differential scanning
calorirme’ try), ravinetric anaglysis) sol ution
concentrati ons are expgéggﬁe as Wl ./%0l. .25 unI%@lsf“%t herw se st at ed.
Reagents were ®tamilned froma variety A~ of conmer<s alg sources. | R neans
an infrared spec L“PI btaln INMR, NVR, 1H VMR, _or 1H NWR neans a
pr ot on rragnet:o[g c1f;lres \g%%%? Cc[eﬁ. F’?ﬁlogﬁ was obt ai ned>” IELC Anal ysi s (Methods
A to DRO(Met hoﬂolﬁawnwparrﬂlﬂic(rﬁ G x 250 mm), elute aimich a |inear 46 13
Decenber 2004 gg@ﬂme f 90/ JhO througg 50/ 50 (O. 1}6 TFA in water / 0.1%

TEA oxymet vl st
Magnesium stearate 0.5 mg
Talc —1 wmg
15 Total : | 150 mg

The active ingredient, starch, and cellulose are passed
through a No. 45 mesh U.S. sieve and mixed thoroughly. The
20 solution of polyvinylpyrrolidone is mixed with the resultant
powders which are then passed through a No. 14 mesh U.S.
sieve. The granules so produced are dried at 50°C and passed
through a No. 18 mesh U.S. sieve. The sodium carboxymethyl
starch, magnesium stearate, and talc, previously passed
- 25 through a No. 60 mesh U.S. sieve, are then added to the
granules which, after mixing, are compressed on a tablet
machine to yield tablets each weighing 150 mg.
Viewed from this aspect the invention provides a
pharmaceutical composition comprising a serine protease
30 inhibitor according to the invention together with at least
one pharmaceutically acceptable carrier or excipient. The
pharmaceutical composition may also optionally comprise at

least one further antithrombotic and/or thrombolytic agent.



in acetonitrile) over 40 mn, 1 nb/mn. (Method B): Waters Symmetry, C18
(4.6 x 250 mm) colum. The 5 elutionggystem consi stedtdDetamisar2004 adi ent
from95:5 (0.2% TFA in H20)/(0.2% TFA in CH3CN) to 5:95 (0.2% TFA in H20)/
(0.2% TFA in CH3CN) over 20 mn, followed by (0.2% TFA in CH3CN) isocratic
over 15 mn. The flowrate was 1 m/mn. W Detection was perfornmed at 254
nm unl ess otherw se noted. 10 (Method C): Shinmadzu LC6 gradi ent system
equi pped with an autosanpler, a variable wavel ength detector at flow rates

of 0.4 m/ maup._El t A_cansjsted of TFA.(0.1% and el,yant. B 90% MeCN
in aq TEA(O. 1%%%5?%6%"}°§‘dﬁe£‘&r‘élﬁﬁ iaﬁﬁefgg'iﬁ%.lg‘fﬁﬂigi% B4R 1958058% 100% over
I%A5 m n.)b;usl_eum €18exihel pibOeasa ﬁ?x&bipaf';]dddo&ltﬁhgeﬁo e tiRednt)on 4 of
crosor b- 4.6.x.250 colymm. The. elutiopn system.copnsisted of a
li near gr a%ée%g’%f &%I}Hf?(f%e(gpﬁmwlfﬁﬂe?Q ﬁﬁ%}‘?‘?z&‘%%%ﬁ&ﬁﬁoﬂ Stetonitril e)
to 10: 90 (tBYmERA of thd? BhmbR . &YmbnAninnamceiionlt bode) (0ver 225 min at 30 C
and a flqwrate_ of 1 ./ mn.  Detection was performed at 254 nm unl ess
ot her wi sge \r%(ofngg.laPZBavW- PE TeRtHoSphari¥ ﬁr°e§§'ﬁ¥%t cherﬁ‘c&lreii'érﬁ”’zati on nass
spectra) paavenobtaismdition PEGeiredvAPto 1&0BXinhibigoheat ed nebul i zer and
nitrogen as th%é&é‘cﬂeﬁ}} gas_.in positive iqn node. Cl-M (Chem cal
i oni zation masS SRRt Gef BT YR RACHN-HE ' 18Fe— i thR X VEG88 i r ect
i nserti on mEtdsdspEctreatricat oN helueah of ARINZALMAN AMIMRIULLEFZI Ng met hane
as the reg ent %as. LDl -TOF, Matrix as jstg)%flilvgser desorption ionisation

- tine Pirght™ *8BectY by FeRF L1k nt® i9ARPa%7213 Decenber
2004 | nogenmddkion tduppnspesi o Galde@ine "frotedke” Rafiibitdxhqenges of  a

product I'g%bﬁgkggntgﬁzhpggdgcéhggﬁ%og?gedggggdgy Qgsgﬁéékéi to a factor

Xa inhibitor), said wmethod comprising administering to said

=

body an effective amount of a serine protease inhibitox
according to the invention.

15 The dosage of the inhibitor compound of the invention
will depend upon the nature and severity of the condition
being treated;.the adwministration route and the size and
species of the patient. However in general, quantities of
from 0.01 to 100 pmol/kg bodyweight will be administered.

20 All publications referred to herein are hereby
incorporated by reference.
The invention will now be described further with

reference to the following non-limiting Examples.



chiral starting material, for exanple D phenylglycine. 5 Preparation of
Starting Materials and I nternedi ates jsit er medi ate subst3 Datedbagl2p0ine
conpounds for starting materials and internediates, including those in
whi ch the 10 am no group and/or the carboxy group is protected,
conveniently may be prepared using one of the procedures below, or by a
simlar procedure. It nmay be convenient or preferred to change the order
of steps in the preparation of a conpound of the invention and to use a

simlar pr ggyrgnwlth 15 a different internediate. In particular, it may
FF%WTTusea

be conven n acyl group R2-CO initially in a preparation,
"rather than an am no protecting group. Abbreviations, in addition to

others listed n, .20 inclu

2,2,6, 6-tetran%ﬁéfvﬁatlpﬁsr?%?%yqo&;iﬁ ﬁ”’%‘: Ry PORPRCHHES) 2 PIRE -

hydr oqui ntﬁaﬂhew:ﬂnga-qﬂuxhahaizimﬁhawe udeetﬂ:tm‘ngholut oradib, (aqusadsppt t oned,;

PPh3, ti | p dri de: t ent

di car bonafg gfﬁ i, EP nglxbyla%?ntﬁm Pﬁe&%%lte}sarﬁ ‘igyl r%ﬁé‘%b‘l | owi ng

conpounds CHer éc];nlcaqm&roerdl anethishdly lcontletrdtud eamediartipetd-odabhod KE- A)

fromthe Iy d ed I ng,. materi al nl ess .qt herwi se descri bed. 30

| nt er medi a? !@?)1’ QS(%SI(& 2 djq‘f?f(f?tﬂl"l Wgé?’f%% e MBthod KE-A To a

stirring gdichlororefthdnb) Qnmmimu: n@ilesByl 16&rahdphoéBhbnatep) JpipeaTHE (500 nl)
at -78 C s added 2004 sol ution of

.3.M48_13
sec butyl :"f‘%o%]f’ﬁgtygfgg ml?t%) 5 Dy yai %%Yﬁf%éfﬁw%@ A¥er 5 min,
di et hyllooXdiateh¥lFarimami8e 8, MMd) (ddmstipgidedil rardat hepanidifte@nrv@s al | owed

to slow yl%aﬁg}tﬁﬁﬂbqogbCI (1- (3-dimethylaminopropyl) -3-ethyl-

carbodiimide hydrochloride), BtOAc (ethyl acetate), EtOH
(ethanol), HATU ([0—(7—azabénzotriazol—1—yl)-1,1,3,3-tetra-
methyluronium hexafluorophosphatel), HOAt (i-hydroxy-7-aza-

is benzotriazole), HOBt (1-hydroxy-benzotriazole), BPLC (high-
performance liquid chromatography), IS-MS (ion spray mass
spectrum), RPHPLC (reverse phase high-performance liguid
chromatography), SCX (strong cation exchange resin), TFA
(trifluoroacetic acid), THP (tetrahydrofuran), TLC (thin layer

20 chromatography with Ry as relative mobility), DSC
(differential scanning calorimetry), TGA (thermal gravimetric

analysig).
All solution concentrations are expressed as %Vol./%Vol.
- 25 unless otherwise stated. Reagents were obtained from a variety
of commercial sources.
IR means an infrared spectrum was obtained. INMR, NMR,
1H-NMR, or 1H NMR means a proton magnetic resonance spectrum
30 was obtained.

HPLC Analysis (Methods A to D)

(Method A): Vydac Ci8 {4.6 x 250 wm), elute with a linear



tenperature overni ght. The next norning, the reaction was 5 quenched with
the addition of saturated aqueous NH44d; and the sol vEnDeawmsber 200Dved in
vacuo. The residue was partitioned between ethyl acetate and satd aq.

Nat CO3; the |layers were separated; and then the aqueous phase was washed
with brine, dried with MgSH, filtered and concentrated in vacua. The 10
resi due was chromat ographed over silica gel, eluting wwth 200 ethyl

acet at e/ hexanes through 25% et hyl acetat e/ hexanes. The product containing
fracti ons we e co |ne and concentrated in vacuo to give 5. 88@3\3(53% of

the titl.e9td Htwwghs—“’ﬂ/sso Y% 1¥38¥A vBtefny ef ntli KE- 2

Et hyl OXOiﬂUacﬁ'@idIﬂtﬁ‘lybﬁC@&@_«t o A9 Prepar/adnf rom 5- bromoqui nol i ne and
di et hyl oxalate using Method KE-A. 1HNWR |IS-M5 nfe 230.0 (M+1l) . 25

I nt ermedi at e KE-3 Ethyl oxo--thiazol-5-ylacetate. To a r.b. flask (500 cn8)

under argoRethdd t;d whtbrs @M@L—ﬁt hergoekes, zwmnu%gggman%&r oppi ng
funnel , §u30 added anhydrous et (100 cnB) with stirring. This was

cool ed 3t B UFPESYRGes fPREiARER PFtHftﬂﬁr( GT2EREIE EXPREF § a%dded. A

sol utlon wfmsnim o fi(azot erkal Gndcui@uCrid 5198 gd*%) TEA aﬂhﬁgé)oﬁs et her (100
cnB) was then ad ed by droppi ng funnel over, m nut es s was all owed
to stir f&P 4% Hodr 1%‘0{'539”@ £YeE32pdpEnh Eo13002d PpelfoR%sTEPeHsi on. To this

was addedcai@nhyilscexat 8t €okeb 13 meRB. Trk! £20@ ratdd EPhH) mﬁ.?t{?irgl ¥to give a
br own SO|gééégklon was performed at 254 nm unless otherwise noted.
10
{Method C): Shimadzu LC6 gradient system equipped with an
autosampler, a variable wavelength detector at flow rates of
0.4 w1/ min. Eluant A consisted of agTFA (0.1%) and eluant B
90% MeCN in aq TFA(0.1%) with gradient elution (0 min. 20%B
15 then 20% to 100% over 15 min.); Luna C18 (2.1x150 wmm, 5uM

particle size).

(Method D) : Microsorb-MV Cl18 (4.6 x 250 mm) column. The
elution system consisted of a linear gradient from 90:10 (2.5%
20 TFA in Hp0):(2.5% TFA in acetonitrile) to 10:90 (2.5% TF2 in
Hp0) : (2.5% TFA in acetonitrile) over 25 min at 30 °C and a
flow rate of 1 mh/min. UV Detection was performed at 254 nm

unless otherwise noted.

.25 APRI-MS- (atmospheric pressure chemical jonization mass spectra)
were obtained on a PESciex API 150EX with a heated nebulizer

and nitrogen as the reagent gas in positive ion mode.

CI-MS (Chemical ionization mass spectra) were obtained on a
30 Shimadzu 5000 direct insertion mass spectrometer in chemical

ionization mode utilizing methane as the reagent gas.

MALDI-TOF, Matrix assisted laser desorption ionisation - time

of flight mass spectrometry, RT, retention time.



resulting in a tenperature increase to -30 C. This was allowed to cool
back to -78 C and stirred for 30 mnuggs. 5 Reaction mhDecsmisert?004H NVR
(CDC13). The brown sol ution was poured onto 5% hydrochloric acid solution
(300 cnB) with vigorous stirring for 30 mnutes. Ether |ayer was separated
~and washed with saturated bicarbonate (ca. 80 cnB), dried over nagnesium
sul phate, and 10 concentrated in vacuo to give an orange oil. This was
.purified by flash chromatography (10% et hyl acetate/ hexane) to give a
~yellowoil (7.31 g, 39.47 mol) [40% Yield]. 1H NWR (CDC13) ; 1.-42 (3H, t)
~, 4.45 (2H, q) , 8.89 (1H, s) , 9.10 15 (1H, s) . Internediate KE-4 Ethyl
~ 0x0-t hi azéh-2endredetiat chiPrapariddchtbomt HiaZobe &Rd" diretdhel nexal @t e usi ng

bethod 20 Kheduod oliblec6856,d NechGIPOLAL WEBBEGNEL 1135, C and n-

butyllithru exane was® used B ce o
cyclohexaﬂblraﬂwwmartsnﬁfmat&naalﬁ5fGr(éxamplezﬂ phenyrg&ydﬂne KE- 5 Ethyl

oxo-i sogui nolin-8-ylacetate. Prepared from 8-bronpi soqui noline and diethyl
oxal ate wusing Method KE-A, substituting n--butyl lithiumin hexanes for
30 sec- buPytpagatiiognpEnscyctiohe ManeridNVRnd SabBrmdia33 0 (MHl)  Anal ysi s
for CI3HLINO3: Calcd: C, 68.11; H 4.84; N .6.11; 50 Found: C, 68.11; H,

- 5.00; N, 6.14.
Intermediate substituted glycine compounds for starting

materials and intermediates, including those in which the

10 amino group and/or the carboxy group is protected,
conveniently may be prepared using one of the procedures
below, or by a similar procedure. It may be convenient or
preferred to change the ordér of steps in the preparation of a
compound of the invention and to use a similar procedure with

15 a different intermediate. TIn particular, it may be convenient
to use an acyl group Ry-CO- initially in a preparation, rather

than an amino protecting group.

Abbreviations, in addition to others listed herein,

20 include: TEMPO: 2,2,6,6-tetramethyl-i-piperidinyloxy, free
radical; (DHQD),PHAL: hydroguinidine 1,4-phthalazinediyl
diether; r.b. or rb, round bottomed; PPh3, triphenylphosphine;
Bocy0 or Boc anhydride: di-tert-butyl dicarbonate.

.25 Preparation of Intermediates KE-1 - KE-5
The following compounds were prepared according to the
indicated wmethod (Method KE-A) from the indicated starting

materials, unless otherwise described.

30 Intermediate KE-1
Ethyl oxo-quinolin-8-ylacetate.
Method KE-A

To a stirring solution of 8-bromoquinoline (10.1 g, 48.5

mmol} in THF (500 mL) at -78 °C was added dropwise a 1.3 M



13 Decenber 2004 Preparation of Internediates OX-1 - OX-9 The foll ow ng
conpounds were prepared according to jhe 5 indicated m&Dboshmidviatioad OX- A
or Method OX-B) fromthe indicated starting materials unless otherw se
described. Internmediate OX-1 Ethyl Hydroxyi m no-pyridin-2-ylacetate. 10
Met hod OX-A To a stirring solution of ethyl 2-pyridylacetate (12.6 g, 76.3
nmml) in acetic acid (19 nL) at 5 C was added a solution of sodiumnitrite
(6.05 g, 87.7 nmmol) in water (12 nL) at a rate sufficient to maintain the
internal te 'grature bel ow 15 15 C. After conplete addition and an

“addi ti onafC38tHTHh.OF SFC-HAY i dkEEvR0 3 JofwatBrS B adBed. The resul ting
white pregcpbh@tsharas abtbt of efdn, Wasbes WdkA146é efs @At &3ad. mpeHCOB8, and
again with vvatgé The solid was then dried under vacuum to give 14.1 g
(950) of MAE RIE¢Y ASpEEREOLEioR TR 2LlowRE, toy TLoMdy, yarmly Tooml ysi s
for CgHLONZRBer&ialed overnbinib’; tHe Red® nd¥nidd, 48ie RRdEQUAGwaL, 55.79; H,
5.14; N, 14. 13.%%nt,er medl ate. OX- 2 Et hyl Hydroxyi m no- %LI di n- 3-yl acet at e.
Using t Re GPPBERERME tor thpi@ddition PR F2FUTekeri Caear MitGar i ead thel(3- 4),

3551, a mesluert OfasetBibvey WD XMicObNO-THY Fedi And-Wls 3:6%3tS0R84 n- butyl
hydr oxyi m no-g¥r| din-3-yl- acetate was prepared from et hyl
3-pyri di nYPREeT At td2Retfis andnpeid 1ad . HEHEPR NUFe layers were

separated; and then the aqueous phase was washed with brine,
dried with MgSQ4, filtered and concentrated in vacuo. The

10 residue was chromatographed over silica gel, eluting with 20%
ethyl acetate/hexanes through 25% ethyl acetate/héxanes. The
product containing fractions were combined and concentrated in

vacuo to give 5.88 g (53%) of the title compound.

15 1H-NMR
IS-MS, m/e 230.1 (M+1)

Intermediate KE-2
Ethyl oxo-quinolin-5-ylacetate.
20 Prepared from S5-bromoquinoline and diethyl oxalate using

Method KE-A.

1H~NMR

IS-MS, m/e 230.0 (M+1)
~25
Intermediate KE-3
Ethyl oxo-thiazol-5-ylacetate.

To a r.b. flask (500 cm3) under argon, fitted with
ethanol thermometer, septum cap, and dropping funnel, was

30 added amhydrous ether (100 cm3) with stirring. This was cooled

to -78 °C and 2 M n-butyllithium (60 cm3, 120 mmol) was added.

A solution of silyl thiazole (16 g, 16 cm3, 100 mmol)} in
anhydrous ether (100 cm3) was then added by dropping funnel

over 30 minutes. This was allowed to stir for 1 hour to give



IS-M5, me 195 (Ml), 223.1 (M+rl) 13 Decenber 2004 Internediate OX-3 5

Et hyl Hydroxyi m no-quinolin-8-ylacetakg. Method OX-B TdDacstberr2004
solution of ethyl dxo-quinolin-8-yl-acetate (5.5 g, 24 mmol) in ethanol
(140 nlL) was added sodium acetate (2.16 g, 26.4 mmol) foll owed by
“hydroxyl am ne hydrochloride 10 (2.67 g, 38.4 mol). The m xture was heated
to reflux; and, after 7 h, the heating mantle was renoved and the sol ution
was al | oned to stir over ni ght at roomtenperature. The next norning, the

solvent was _re in vacuo and the resi S rtitioned_between ethyl
‘acet ate..aftl B s?ggg 3%159‘7@51318@3 Hhdhis Wﬁ?eﬁ‘gi]e%e\ggeg}%gr%a&@ §ng 18H& organic
phase was amdshed.sigh 120r mi61) draiped1pi td JNARSA4brbint tefledtiand concentrat ed

in vacuo. The resujti n% foam was recrystalized from
di chl or onEtEFHAELAS XM S F@P@FW&anﬁF?ﬁ‘%ﬂ ter op0ofic 2. Ehgsmfrasme title

compound a3 1308 to Wldiepatt | & L8l b0UeH BY: 8 A 33 gl second crop.

The not her Tiquor was én concentra vacuo, was

di ssol véd Regcaion moraltcasduby of Nd{RcI(lcmbﬁet hane. The soI ution was then
chromat ogr aphegl, gV SI| el , eluting with 300 acet at ¢/ hexanes,
then 40% et hyﬁl gclg Ater ﬁe%%h%% Wagnﬁo'ﬁ"%cgﬂniov\nsfh %‘f"?ﬂﬁm&’c?ét’a?‘él. The 25
pr oduct C(Hmtlai:lhbng(S‘U(a@tnl?’G)nﬁlMﬁl'vngﬁﬁm ned raddg £6NCGNtiauedsi N vacuo to
give 1.94 of e title co d f |eId of4759(81%

P v 20 TRt S iat sBSTRALAY. PRAcY ALl Eeatiai

Hydr oxyi nmn@aqbonmtte ntcar.y Baceiyt, edrE’é&pﬁfE&d mb.gﬁmsﬂﬁdﬂ)éulphate, and

0X0- quﬁgoboncengra c?%%}%aggérg% give an orange oil. This was

purified by flash chromatography (10% ethyl acetate/hexane) to

give a yellow oil (7.31 g, 39.47 mmol) [40% Yield].

1 NMR (CDCli); 1.42 (3H, t), 4.45 (2H, q), 8.89 (1H, s), 9.10
15 (1H! S).

Intermediate KE-4
Ethyl oxo-thiazol-2-ylacetate.
Prepared from thiazole and diethyl oxalate using Method
20 KE-A. 1In this case the temperature was held at -35 ©C and n-
butyllithium in hexane was used in place of sec-butyllithium
in cyclohexane.
INMR.
IS-MS, m/e 165.0 (M+1)
;125 W e
- Intermediate KE-5
Ethyl oxo-isoquinolin-8-ylacetate.
Prepared from 8-bromoisogquinoline and diethyl oxalate
using Method KE-A, substituting n-butyl lithium in hexanes for
30 sec-butyl lithium in cyclohexane.
INMR
IS-MS, w/e 230.0 {M+1)
Analysis for Cj3H;1NO;3:
Calcd: C, 68.11; H, 4.84; N, 6.11;



Met hod OX-B. 13 Decenber 2004 1H-NVR IS-M5, nie 245.0 (Mtl) 5

I ntermediate OX-5 Ethyl Hydroxyinmi no-kki azol - 5-yl acet aGbPecerebes 200%. f 1 ask
(500 cnB) was added the ethyl oxo- thiazol-5-ylacetate (6.30g, 34.02 nmol)
to ethanol (ca. 180 10,cnmB) with stirring. Sodium acetate (3.068, 37.30
mol ) and hydroxyl am ne hydrochloride (3.78g, 54.43 mmvl) were then added
to give an off-white suspension. This was brought to ref lux at 85 C for 1
hour. Reaction nonitored by TLC (60% hexane/ethyl acetate; s.m r.f 0.5,

prod. r.f. O.3pdundS BeaghiPn, gookegoand gongentrated in vacuo. Product
~taken up in ethyl acetate (c.a. 200 cné) and washed with 5a hydrochloric

acid solution. Ethyl acetate |ayer was dried over magnesi um sul phate and

evapor at eg:b8afhiNs St OnbbMidl ateh Sl bg-§6. 3729, 31.825 mmol ) (941,
Yield]. 20 1H NVR (CDC13); 1.40 (3H m), 4.40 (2H n), 8.06 (1/3H s),

8.78 (1/3H, s)Thg 33 loping cagpougds gy Prepyred madorddnat o (o 25
Ethyl. . 8- Qxiani00ed HRRBhe1Me@Lat 8ken FO MRtRoBEEKEH eoPm fhask (100 cnB)

with ethanol = thernmonmeter, concentrated sul phuric acid (25 cnB) was added
and cool ednfécates itemting rmrategriate whiepsserberoipavdessydead- t he et hyl

a- oxi m no- 2- am not hi azol e-4-acetate (5.00 g5« 23.231 30 nmol ). Water (10
cnB) was then added and cooled to -10 C A solution of sodiumnitrite
(1.683 g, Inkegoedinks PXrh water (5 cnB) was then added slowy over an hour

keepi ng tﬁ%hyiQﬂ?&¥6&&!ﬁ§n5wﬂ§¥¥diﬁ—ﬁlylacetate.
10 ' Method OX-A
To a stirring solution of ethyl 2-pyridylacetate (1é.6 g,
76.3 mmol} in acetic acid (19 mL) at 5 °C was added a solution
of sodium nitrite (6.05 g, 87.7 mmol) in water (12 mh) at a
rate sufficient to maintain the internal temperature below
15 15 °C. After complete addition and an additional 30 min, an
additional 30 mI of water were added. The resulting white
precipitate was filtered, washed with water, satd ag. NaHCOj3,
and again with water. The solid was then dried under wvacuum
to give 14.1 g (95%) of the title compound.
20
1H-NMR
IsS-MS, mfe 194.9 (M+l)
Analysis for CgHpgN303:
Caled: C, 55.67; H, 5.19; N, 14.43;
25 « . Feund: C, 55.79; H, 5.14; N, 14.13,

Intermediate 0X-2
Ethyl Hydroxyimino-pyridin-3-ylacetate.
Using the procedure of Tikk et al f{Acta. Chimica,’
30 Hungarica, 114(3-4), 355], a mixture of ethyl hydroxyimino-
pyridin-B-yl—acetate.and n-butyl hydroxyimino-pyridin-3-yl-
acetate was prepared from ethyl 3-pyridinylacetate and n-butyl

nitrite,



53 13 Decenber 2004 To a separate r.b. flask (500 cnB), water (180 cnB) was
added and cooled to 3 C. The reactionsggol uti on was pout®le¢ambar@0fhe col d
water with stirring and then cooled to -5 C. To this solution, 509.-
hypophosphoric acid (90 cnB) was added 5 dropw se over 10 m nutes keeping
the tenperature at -5 C. The solution was allowed to warmto room
tenperature and stirred .overnight. The product was extracted w th diethyl
ether (ca. 3x150 cnB) and washed with water. The ether |ayer was
concentratlﬁld_nf,ng vacuo and treated to flash chromatography (50% 10 et hyl
~acet ateln-hexane) to yield a orange oil upon concentration in vacuo (0.60
g, 3.00 m¥SHMS| b yLeBdIM+IH IIR.LCOEIB) 1.35 (3H, m) , 4.35 (2H, m , 8.4
(1H, s) , 8.9 (1H S), 14.4 (1H s). 15 Internediate OX-7 Ethyl

a- Oxi m no- 2- net hyl t hi azol e- 4-acetate. This was prepared from et hyl

-y- chl or oIngeprédiiate OXadet oacetate (1.44g) using the method of Hatanaka et

i1 ed Somshtncyaogy e Mgt Ao R 0L T 70 s ¢ 4 s
(2H a) , 8.2 (1H ; ,S) . 25 Et hyl Mptlhd 0¥-Ba- oxi m noacet oacetate. This was
Fit anaka et a1 (osREEbgPACRIRBRCLE" S e Omi B 0 BT 0BG G o
yield the (6.5l @d Zompolhdin 3Hahod4¢)40 i) MNER 4BDEA JodlivkSatdthtd ), 4.3
(Nf/g 9 42926 (§H28) wmdr ForolibieaSty SANR NS08 BlAhId, [glerial by
10 (2.67 g, 38.4 mmol). The mixture was heated to reflux; and,
after 7 h, the heating mantle was removed and the solution was
allowed to stir overnight'at room temperature. The next
morning, the solvent was removed in vacuo and the residue was
partitioned between ethyl acetate and satd aqg. NaHCO3. The
15 layers were separated and the organic phase was washed with
brine, dried with Na2804, filtered and concentrated in vacuo.
The resulting foam was recrystalized from
dichloromethane/hexanes to give an initial crop of 2.5 g of
the title compound as an off-white solid, followed by 0.31 g
20 of a second crop. The mother liguor was then concentrated in
vacuo, the residue was dissolved in a miniwmal amount of
dichloromethane. The solution was then chromatographed over
siliga gel, eluting with 30% ethyl acetate/hexanes, then 40%
ethyl acetate/hexanes, and finally with ethyl acetate. The
- 25 Rfodgqg_containing fractions were combined and .concentrated in
vacuo to give 1.94 g of the title compound for a cowbined

yvield of 4.75 g (81%).

1H-NMR
30 IS-MS, m/e 245.0 (M+1)

Intermediate 0X-4
Ethyl Hydroxyimino-quinolin-5-ylacetate.

Prepared from ethyl oxo-gquinolin-S-yl-acetate using



54 13 Decenber 2004 Ethyl Oxi m noacetoacetate This was prepared from et hyl
acetoacetate (10.00g) using the nethgg of Fischer (O gapégendwrtbesis Coll.
Vol. 3, 513 5 516) to yield the titled conpound (12.45 g). 1H NWVR ( CDC13)
1.25 (3H, t), 2.35 (3A s), 4.3 (2H, q), 8.8 (1H, br. .) . 10 internedi ate
OX- 8 Et hyl "hydroxyi mi no-thi azol - 2-yl acetate. Prepared from et hyl
oxo-thi azol -2-ylacetate using nethod ox-B. 15 INVR IS-M5, me 198.9(M1)
I nt er medi at e” OX-9 Et hyl hydroxyi m no-isoqui nolin-8-ylacetate. 20 Prepared
from et hyl oaiég_ i nolin-8-ylacetate using Mthod OX-B. INVR |IS-M5 nife
245.0 (M 11°5289% Iq%j‘si s for Cl3HI2N203: Calcd:, C, 63.93; H 4.95 N,
11.47; Found: C, 63.68; H 4.60; N, 11.34. Preparation of 'Internedi ates
AL-1 AL-SJ%Q_ e follow ng conpounds were prepared according to the '
i ndi cat ed d (Method AL-A or Method AL-B) fromthe indicated starting
mat eri al s,Ta4msesa/otduy . wi ga+gdescri bed. 55 13 Decenber 2004 | nternediate
AL-1 R-3-Brono- (1-t-butoxycarbonyl am no--2--hydroxyet hyl ) benzene. Met hod
AL- A Sodi um hydroxi de (3.33 g, 83.25 mmvl) was dissolved in

Intermedizte 0X-5

Ethyl Hydroxyimino-thiazol-5-ylacetate.
To a r.b. flask (500 cw?) was added the ethyl oxo-
thiazol-5-ylacetate (6.30g, 34.02 mmol) to ethanol ({(ca. 180

10 ‘cm3) with stirring. Sodium acetate (3.06g, 37.30 mmol) and
hydroxylamine hydrochloride (3.78g, 54.43 mmol) were then
added to give an off-white suspension. This was brought to
reflux at 85 °C for 1 hour. Reaction monitored by TLC (60%
hexane/ethyl acetate; s.m. r.f 0.5, prod. r.f. 0.3.).

15 Reaction cooled and concentrated in vacuo. Product taken up
in ethyl acetate {c.a. 200 cm3} and washed with 5%
hydrochloric acid solution. Ethyl acetate layer was dried
over magnesium sulphate and evaporated to dryness to give a
cream solid (6.372g, 31.825 mmol) [94% Yield].

20
'H MMR (CDCl3); 1.40 (3H, m), 4.40 (2H, m), 8.06 (1/3H, =),
8.78 (1/3H, s), 8.95 (2/3H, s), 8.98 (2/3H,s).

Intermediate 0X-6
- 25 Ethyl g-Oximino-thiazole-4-acetate.
To a 2 necked r.b. flask (100 cm3) with ethanol

thermometer, concentrated sulphuric acid {25 cm3) was added
and cooled to 0 °C with stirring. To this solution was added
the ethyl «-oximino-2-aminothiazole-4-acetate (5.00 9;123.231

30 mmol). Water (10 cm?®) was then added and cooled to -10 °C. A
solution of sodium nitrite (1.683 g, 24.393 mmol) in water (S
cm3) was then added slowly over an hour keeping the

temperature below -5 °C,



5 water (220 nL), and 20 nL of the resulting solution was renoved-and
added to potassiumosmate (410 ng, 1.3 mmol ). The refDacangba@didm

hydr oxi de solution (200 nL) was added to a stirred solution of t-butyl
carbamate (9.9 g, 84.5 nmmol) in n-propanol (110 nL) followed by freshly
prepared t-butyl 10 hypochlorite (9.65 nL; 83.5 mmol ). After stirring for 5
mn, the solution was cooled to 0O C. A solution of (DHQD) 2PHAL (1.30 g,
1.67 mml) in n- propanol (110 nlL) was added foll owed by a sol ution of

3- bronost yrene gS , 27.31 mmol) _in n- E nol (220 mL), gl | owed by

dr opwi se. addi t f8n? ofSRAT@tE5Tplt a@ﬁsﬁm% )3 oWRERF hiAf%=mde €% uti on. The
react | on \RfedShhaTEL QYL e, Sahur AL sBRuEoHR SATLUD UL 9,190 )
was added, and the reaction was stirred 5 ueous Tayer was"
separ at ed wndhextobd twates WhtRtdvirraagt ai® tHedx c38ledio -Fhec cambi ned

organi c | ers re. washed with 20 brine and dried pover MyS04. Renoval of
sol vent u HEJrﬁ’n'gzi?é HRORHAFPEORE 6 BRI RP chmadasupifeed by

chr omat ograi: sbSbvdL a0 AiduPEXaNLpehVindGehabeatNan atecgr%m&%%r aphed
| oadi ng with toluene, gradient el Utron w th hekane - exane: et hyI

acet at-e) tﬂ?lgllt\}@nt‘ﬁ%s t3 1I0efeér1€fdu~@trm( 10180 t49ppratRs Meldt hirRednt = 90- 91
C N (SRchaine | ey e

R- 3- Met hoxycar bon %ut%@c@lﬁbéﬁg?%ﬁeﬁiowft]ﬁy%lr%%(hﬁrl oF eTT) Benzene

Met hod AL-B1PR Gm%l 3@51 Maﬁb@dcml'amtﬂg a Big letberbharyemasrapl aced Pd(OAc)?2

871 , PR, 9 I 2 2004
gl ”g, %o%%eHEPAQ 4 J‘%B%}é %59 mi:éaé%d”l{[ﬁ flagfll rreogr%tjoﬁ DRGedsy
10 ethyl acetate/n hexane) to yleld a orange oil upon

concentration in vacuo (0.60 g, 3.00 mmol) [13% yield].

1g NMR (CDCl3) 1.35 (3H, m), 4.35 (2H, m), 8.4 (1H, s), 8.9
(1H, s), 14.4 {1H, s8).

15 '
Intermediate 0X-7
Ethyl a-Oximino-2-methylthiazole-4-acetate.

This was prepared from ethyl-y-chloro-o-oximino-

acetoacetate (1.44g) using the method of Hatanaka et al.

20 (Journal of Medicinal Chemistry, 1973, 16(9), 978-984) to
yield the titled compound (0.64 g)}.

i WMR (CDCl3) 1.35 (37, t), 2.7 (3H, s), 4.35 (2H, q), 8.2
_ (1H, =}.
. ol
.28
Ethyl v-Chloro-o-oximinoacetoacetate. ‘

This was prepared from ethyl oximinoacetoacetate {1.73 g)
using the method of Hatanaka et al. (Journal of Medicinal
Chemistry, 1973, 16(9), 978-984) to yield the titled compound

30 (1.44g).

1H NMR (CDC13) 1.25 (3H, t), 4.3 (2H, q), 4.55 (2H, s), 9.45
(1H, s), contains 20% starting material by NMR.



solution was added a solution of R-3-brono-(1-t-butoxy-

car bonyl am no- 2- hydr oxyet hyl ) benzenegf4.27 g, 13.5 Mo Debdmddi@dog82 i) .
The resulting solution was purged with nitrogen 5 and placed in a stirred
pressure vessel. The systemwas charged to 4.1 bar (60 psig) of CO and
heated at 95 C for 36 h. The m xture was cool ed to roomtenperature,
filtered through diatonaceous earth, and partitioned between ethyl
acetate and water. The organic | ayer was washed with water 10 (3x) and
brine (1x) and dried over MgSO4. Renoval of solvent under vacuum gave the
crude pr.oduct which was purified by chromatography (silica gel, gradient
el ution vwEﬂhy309§£ﬁﬁﬁﬂdaétoaagea@ge/hexane) to provide the title product
(3.53 g, 89% %5 Melting Point = 73-75.C with deconposition 1H NWR
(CDC13) . API Y e A &rﬁ@afﬁ/ﬁ@%ffhﬂrn%er‘}?éﬁe&%eAﬁ% 0fg) RU8i%Y ano-
(1-t-but owmambenycﬂacm rm«s%hayd(@z@e@ﬁh:yb)mbmm@ouPrﬁ@ﬁr@d ErLem

3-cyanost yrene USIQ$B§?Hﬁb gstyrene was prepared using the
met hod descPibEd % F%F%@d P‘&“\Epund7 1245 9135 1H NVR (CDCL3) .
Preparation of 3-Cyanostyrene. To a stirred suspension of

met hyl-tri phenyl phos nium bromde (75 g, 209.71 nmol) in dry THE (750.
n) at O B’ ﬁﬁa FcngbﬁnﬁrPégéﬁHmdﬁfaé 38 HEpWsetn3 BIAY, @3 B8 2.5 Min
hexanes, 2Q#&,58ronpl). The m xture was warned to roomtenperature. 3-
Cyanobenzaldehyde (25 g, 190.65 mml) was added as a solid in 5 g batches,
and the m xture was stirred at roomtenperature overnight. The reaction
was quenchegekneapdes oxard the 57 13 Decenber 2004 sol vent was renoved

under vacuug} The_resi due was di ssol ved
Bthyl hydroxyimino-thiazol-2-ylacetate.

Prepared from ethyl oxo-thiazol-2-ylacetate using Method
OX

1
w

.15 lnmr
IS-MS, m/e 198.9(M-1)

Intermediate O0X-95
Ethyl hydroxyimino-isoquinolin-8-ylacetate.

20 Prepared from ethyl oxo-isoquinolin-8-ylacetate using
Method 0X-B.

1nMr
IS-MS, m/e 245.0 (M+1)
. 25 Analy81s for Cy3H1oN4O3:
| Calcd: C, 63.93; H, 4.95; N, 11.47;
Found: C, 63.68; H, 4.60; N, 11.34.

Preparation of Intermediates AL-1 - AL-3
30 The following compounds were prepared according to the
indicated method (Method AL-A or Method AL-B) from the

indicated starting materials, unless otherwise described.



in the mniml anmount of THF, and triphenyl phosphi ne oxi de was

precipitated using ether. The solid wgs filtered throughDedtinddepZa0LOUS
earth, and the filtrate was concentrated. 5 Distillation by Kugelrhor at 90
C/ 33 Pa (0.25 nm Hg) gave the product as a colorless oil (15.5 g, 62%.
Boiling Point = 90 Cat 0.25 mmHg. 7-H NWMR (CDC13). 10 Preparation of

I nternmedi ates PAE-1 - PAE-18 The foll ow ng conpounds were prepared
according to'the indicated nmethod (Method PAE-A, Method PAE-B, Mt hod

PAE- C I\/ﬁ t hod PAE-D or PAE-E) fromthe indicated starting materials, 15

unl ess ot FEFGFEeIRS A5dd. | ntermedi ate PAE-1 Boa-D, L-

(2- pyri di myB)Bkysé neL-E-BloptSibonyVBh sl PAGFEAoRPe 10,1 biRlzdbbon of et hyl
hydr oxyi m no- pyri di n-2-yl -acet ate 87 85&; 40.15 g) in ethanol (175 nmL) and
glacial acetic acid (20 nL) was ¥§8B8d5¥%Bd/ C, and the mixture was shaken

in a hydrogenebdmﬂn ay@abaLAS pnder gansAliwsabel ewdd dnydiagen ah 4.1 bar
(45 psi m Xt ure was ?lltered t hrough -.25 d,iatorn ceous

f . Th
earth a égﬁfel‘ﬁ%oat“@g /i Andatlidl Phethesicid thag Selwean ®asi n THE/ H20

(1/1, 240xﬁinbvé'ﬂldarld ealied %tﬁbt@sshﬁﬁtosrmﬂeyl(‘ﬂbcﬁéle.naﬁlenﬁléi 23 g, 65.2
mol ) -and Bodl um pi car bonat e , 326 mmlé After stirring at room
t enper at ur@ef BEMBLIHNG ﬁ8d§BW‘LH3f‘3c¥r?x&ﬁ§ SR 4289 T \Wacueddad tde resi due

30 was pakt ktipped fatieeen & Aeuepd a@@é&rmatzhes% ganigy BhaRS:) Was Washed
with brine, dried over magnesium sul fate, filtered ‘and ‘concentrated in

vacuo. Th& BFeR" %t drParihatold@ver by fliﬁsillé’hPﬁmléﬁﬂ dpytgder silica gel,
el uti ngown oiﬂlﬁéﬁm@ 99.69" @M &t sofmd Dy 20%retbylt £CLRLR] @okNs min,

di chl oronet hane_to, gi ve 58

the solution was cooled to 0 °C. A solution of (DHQD),PHAL
(1.30 g, 1.67 mmol) in m-propanol (110 mL) was added, followed
by a solution of 3-bromostyrene (5 g, 27.31 mmol) in n-
propanol (220 mL), followed by dropwise addition of the

15 potassium osmate/sodium hydroxide solution. The reaction was
stirred overnight. Saturated aqueous sodium sulfite (150 mL)
was added, and the reaction was stirred for 15 min. The
aqueous layer was separated and extracted with ethyl acetate
(3x 200 mL). The combined organic layers were washed with

20 brine and dried over MgSO4. Removal of solvent under vacuum
gave the crude product which was purified‘by chromatography
(silica, 3:2 hexane:ethyl acetate then rechromatographed
loading with toluene, gradient elution with hexane -~ 4:1
hexane:ethyl acetate) to give the title product (4.18 g, 49%).

- 25

e
T

Melting Point = 90-91 °C
1y MR (CDCl3) .

Intermediate AL-2
30 R-3-Methoxycarbonyl- (1-t-butoxycarbonylamino-2-hydroxy-
ethyl)benzene,
Method ATL-B
In a glass liner containing a stirrer bar was placed

Pd{OAc), (871 mg, 3.88 mmol), PPhy (1.96 g, 7.47 mmol, NaOAc



13 Decenber 2004 8.11 g (72s) of the title conpound as a yellow oil. 1H NWR
IS-M5, me 281.1 (M+rl) 5 Internedi atgg PAE-2 Boa- D, L- {3Dpyarniskir2pbX gl yci ne
Et hyl Ester. Prepared from ethyl hydroxyim no-pyridin-3-ylacetate using
Met hod PAE-A. 10 1H--NVR I S-M5, W 281.1 (M+1l) Internedi ate PAE-3 15

Sae-D, L-' (8-quinolinyl)glycine Ethyl Ester.. Method PAE-B To a stirring

sol ution of ethyl hydroxyim no-quinolin-8- ylacetate (2.4 g, 9.8 nmol) in
50% aq. formic acid (50 nL) at 0 C was added zinc dust (2 g, 31 nmol).
After 1 m 4tshe Zga ] Xt ure was filter throd[%a ﬂt atomaceous earth and the
filtrate Bodeel® oht Fmer) sesd SO ‘N"t‘er ERtf @t e9col umm with

met hanol , ddiatpbaduss am&debubﬁﬂuwdrhoﬁ B- j-mrbmoﬁl(xtmt%cydl chl or onet’hane
and (2 N NH3.in thanol The )(/13 ct cont |n| n fractlons wer e combi ned
and concerﬁalrgfaéld PRLRRA A s orse Yt ?nﬁﬁn?g ght brafgelsift(1s-Ms, nfe
231. 0 (MrMeon (Bhemwi) (Reléeful Qi @asmh&a.dras:ad.l §ﬁ@c_{;e@dultrh hiErddch nL) and
to this stlrd(rj Qg (gl ution was added trleth Iam ne él 4 m_, 10.2 mol),

fol | oned® FFUPEER HhtayIStdFE%'ﬁitRF%ﬁsé‘rFZ"ﬁ %L -9. EPSOSHRRG™ Wagfter 45 min,

the sol VEIHha\ﬁ@‘édraﬁDMeld balr (86Uss&f)dokkheo 4eB hdueedas: B bh tigned bet ween

et hyl .ace ate nd wat e The organi c phase was then washed with satd ag.
NaHCO3, d tﬂlxﬂ}f?s@&s FPPIet &@ ZREMUiRSFRFUred 5iteagdo. The residue
was through diatomaceous earth, and partitioned between ethyl

acetate and water. The organic layér was washed with water

10 {3x) and brine (1x) and dried over MgSO4. Removal of solvent
under vacuum gave the crude product which was purified by
chromatography (silica gel, gradient elution with 30-35% ethyl
acetate/hexane) to provide the title product (3.53 g, 89%).

15 Melting Point = 73-75 °C with decomposition
1 NMR (CDCly).
API-MS, m/e = 240 (M-CyHg+l).

Intermediate AL-3
20 R-3-Cyano-(l-t-butoxycarbonylamino-2-hydroxyethyl)benzene.
Prepared from 3-cyanostyrene using Method AL-A.

3-Cyanostyrene was prepared using the method described below.

Melting Point = 76 °(C,
. 25 1H NMR (CDCl3).
- i . R,

Preparation of 3-Cyanostyrene.
To a stirred suspension of wethyltriphenylphosphonium
bromide (75 g, 209.71 mmol) in dry THF (750 mL) at 0 °C under
30 nitrogen was added dropwise n-Buli (83 mL, 2.5 M in hexanes,
207.50 mmol) . ‘The mixture was warmed to room temperature. 3-
Cyanobenzaldehyde (25 g, 190.65 mmol) was added as a solid in
5 g batches, and the mixture was stirred at room temperature'

overnight. The reaction was gquenched in water, and the



di ssolved in a m ni nrum vol une of dichl oronethane and 59 13 Decenber 2004

chromat ogr aphed over silica gel, elutipg with 5% et hyl 13Becemker 2004 hexanes.

The product containing fractions were conbined and concentrated to give

2.5 g (81% of the title conpound. 5 1HNVR I S-M5, W 331.0 (Mtl)
.Internediate PAE-4 Boa-D, L-(5-quinolinyl)glycine Ethyl Ester 10 Prepared

fron1ethy| hydr oxyi m no- qui nol i n-5-yl acetate wusing Method PAE-B. 1H NMR
IS-M5, me 331.0 (Mi-i) 15IMemmﬁMeF%ES .

N- 4- Met hox Renzo yl --N-2, 4-' di met hoxybenzyl - D, L- (2-trifl uoro-

met hyl pheff é Yﬁ??a‘far’r’e ’ﬁ%‘?ﬁ?ﬂ ey VaRBiRod THeEresidue gras dissolved

2-trifl uonamehdyhbenzal debyge 4 6F, SaEd mlpheﬂy dﬂméﬁﬂl&{el Bg: Masyadded
2, 4- dInEthOXében | am ne (0.86 ni, 5. methanol (2 nL). After 5
mn, the SOPHIPHYERY USAREULERELN t ﬁ'h?oF‘i.’Pe‘hje Wf@ofh{t%ﬁfﬂii G@ﬁ@éﬁhr ated in

vacuo (tmﬁaatomgéaﬂse@a@uﬁ VWass then £di sl e/ Qs eoﬁmywa%a.m hanol (12 ni)
.25 and 1, 1- dLgE &nethoxycarbonylo&y eth lsonitrile -
[ Tet r ah8dPSATI 5524 irs0 8y Fuaelzhompt §09°¢ 335 Pp 5 wmdlg) agdee, theol | owed

by 4- nethgxgaeaqupaa@bqoggeggcgd 2. 6mM@| JgagyAfter stirring for 72 h, the
solvent was renoved in vacuo and the re5|due was chr omat ogr aphed over

silica gel, eluting with 30 a step gradi ent of 300 ethyl acetate in hexanes

t hr ough 5ggllgﬁ@mknggega§@ é@ Nenanesymdde product containing fractions
wer e conb&ned and concentrated in vacua; and then the residue
H NMR (CDC].B)

190
Preparation of Intermediates PAE-1 - PAE-18
The following compounds were prepared according to the
indicated method (Method PAE-A, Method PAE-B, Method PAE-C,
Method PAE-D or PAE-E) from the indicated starting materials,

15 unless otherwise described.

Intermediate PAE-1
Boc-D,L-(2-pyridinyl)glycine Ethyl Ester.
Method PAE-A

20 To a solution of ethyl hydroxyimino-pyridin-2-yl-acetate
(7.8 g, 40.15 g} in ethanol (175 mk) and glacial acetic acid
(20 mL)}) was added 5% P4/C, and the mixture was shakén in a
hydrqgenation apparatus under an atmosphere of hydrogen at 4.1
bar (45 psig) for 4 h. The mixture was filtered through

- 25 d%atémggeous ea:th and concentrated in vacuo. The residue was

dissolved in THF/H;0 (1/1, 240 mL) and treated with di-tert-
butyl dicarbonate (14.23 g, 65.2 mmol} and sodium bicarbonate
(27.4 g, 326 mmol). After stirring at room temperature for
2 h, the solution was concengrated in vacuo and the residue

30 was partitioned between EtOAc and water. The organic phase
was washed with brine, dried over magnesium sulfate, filtered
and concentrated in vacuo. The crude material was purified
via chromatography over silica gel, eluting with a stepwise

gradient of 10-20% ethyl acetate in dichloromethane to give



was di ssolved in ethyl acetate, washed with satd ag. NaHCO3, dried with
Na2SO4, filtered and concentrated to give 1.76 g 60 131 0ecanier 20664 (48%
of thick oil (NVR IS M5 me 633.0 (Mt1)). The oil (0.5 g, 0.79 mol) was
then dissolved in toluene (5 nL) and concentrated in vacuo (tw ce) to give
a white foam The residue was then dissolved in THE (3 nlL) and potassium
tert 5 butoxide (0.11 g, 0.95 mmol) was added. After 15 mn, 12 N HCl
(0.079 nmL, 0:95 nmol) was added and the solution was allowed to stand

over ni ght t he e,frl erator, The next _norning,.the solvent was renoved
and the_rgsﬁj s eR ﬁs‘?oﬁ’r'ﬂﬁné’ﬂ’mBQ'éﬁ‘dseﬁ |acX%6§Pw Huting with 30% et hyl
10 acetate in hexanes. The product containing fractions were conbined and
concentratl d give 0.32 g (7999 of the title conpound. 1H NVR 15 | S- M5,
me 518.0 % I ntermedi ate PAE-6 BOC-D, L-(5-thiazolyl)glycine ethyl
ester. Toia-msp.mfd age1(25@emB), D, L-(5-th-iazolyl)glycine ethyl 20 ester
(4.60 g, 24.7 mmol) was added to tetrahydrofuran (c.a. 100 cnB) wth

stirri na to give a yellow solution. BOC anhydride (5.439g, 24.948 mmol)
and triet itesmddiate3 PAR-2nB, 2.75g, 27.17 mmol) were then added with

sti rr| ng for R {en ITQI’]I tored by TLC (60% hexane/ethyl acetate;
s.m 0‘2’%?3&13? Liglugipe ¥Ryl BF%S%n concentrated in vacuo and

product taken Pifepated By bmaseryt elyﬁeoﬁylﬁﬁfbrpy&hdlmrmce\&hté 5%
hydrochlorlc aci g s%iutlon (c.a. 30 cnB), and saturated bicarbonate (ca.
30 cnB). EBFHWY &2Faller was dried over magnesium sul phate and
evapor abed to dryness to 30 give an orange oil (7.42 g, -24.70 mol)

- - 0, 1
[--100% Y':Lg-l—ﬁ)m

IS-MS, m/e 281.1 (M+1)

Intermediate PAE-3
15 Boe-D,L-(8-quinolinyl)glycine Ethfl Ester.
Method PAE-B

To a stirring solution of ethyl hydroxyimino-quinolin-8-
ylacetate (2.4 g, 9.8 mmol) in 50% ag. formic acid (50 mL) at
0 °C was added zinc dust (2 g, 31 mmol). After 1 min, the

20 mixture was filtered through diatomaceocus earth and the
filtrate was loaded onto an SCX column. After washing the
column with methanol, the product was eluted with a 3 to 1
mixture of dichloromethane and (2 N NH3 in methanol). The
product containing fractions were combined and concentrated in

~25 vacuo to give 2.24 g of light orange oil (IS-MS, m/e 231.0
(M+1) ).

The_oil {(2.14 g, 9.3 mmol) was dissolved in THF (40 mk)
and to this stirring solution was added triethylamine (1.4 mb,
10.2 mmol}, followed by di-tert-butyl dicarbonate (2.1 g, 9.8

30 mmol). After 45 min, the solvent was removed in vacuo and the
residue was partitioned between ethyl acetate and water. The
organic phase was then washed with satd ag. NaHCO3, dried with
NayS04, filtered and concentrated in vacuo. The residue was

dissolved in a minimum volume of dichlorowmethane and



11i NMR (CDC13); 1.30 (311, t), 1.48 (9H, s), 4.28 (2H ﬂ?’ 5.68 (1H, br.)
, 7.88 (1H, - s) , 8.78 (1H, s) . 61 &3 Decenber 2004 13 December 2004

D, L- (5-Thi azol yl )glycine Ethyl Ester. To a r.b. flask (250 cnB), was added
5-thi azol yl - oximnoacetic acid ethyl ester (6.37 g, 31.825 mmol) to
ethanol (c.a. 80 cnB) with stirring. 50% Form c acid solution 5 (50 cnB)
was added with zinc dust (5.10 g, 81.83 mml) and allowed to stir

overni ght. Reaction nonitored by TLC (60% hexane/ ethyl acetate; s.m r.f

0: 3, prod. Reaction solution filtered over di atomaceous earth

r.f. 0.05 %e io )
and filt PAFRRESEEREPS: 8¥ET PitdcRoTeThi Sl WDIn TR | Tt S Y HREET i t h
anhydr ousipoh&sRidsn CAROOBAIRIANGoREQ0NTAy tfAkeRi bis i wbrd Lombined
chl oroforrﬂ(:iso ropanol sol ution 200 cnB)..  This was washed with

on (c.a 200 cng) :
sat ur at ed®Bf ¢& Bted. o HyeodsF, 9diFd GFeFhenbnidsicemPsindhat e and
concentrated in vacuo to give a browmm oil (4.60 g, 24.70 mmol) [78%
Yield]._15 1H NVMR (CDC13) ; 1.25 (3H, t), 1.95 (2H, br.), 4.22 (2H, 0q),
4.85 (1%, &% 80 (1H, s), 8.70 (1H, s). Internedi ate PAE-7 20
N- Boc- D, L1§4mMs hivg/zokyl) gl yigine ethyl ester To a solution of D, L-
(4-thi.azolyl) glycine ethyl ester (0.460 g, 2.470 mmol) in tetrahydrofuran
(20 cnB), was added di-tert-butyl dicarbonate (0.530 g, 2.470 mmol) and

triethyl aphperkdiizdée oaB.42. 470 nmmol ). This was allowed to ..25 stir for 1
~hour and the solution, concentrated in vacuo. The oil was taken up in ethyl

acetate (B°a P4y Cngpinaiig \alering Bokwly HSE8KI oric acid solution (c.a. 20
cnB), amd sat uhalpReeds b el aahhaRakP SiRldhu®hol fin-&5-AQcefBe This was

then dried , over nagnesi um sul phate and concentrated in vacuo to yield an
using Method PAE-B.

1H-NMR
IS-MS, m/e 331.0 (M+1)

15
Intermediate PAE-5 .
H-4-Methoxybenzoyl-N-2,4-dimethoxybenzyl-D,L- (2-trifluoro-
methylphenyl)glycine Methyl Ester. )

) Method PAE-C

20 To 2-trifluoromethylbenzaldehyde (1 g,‘5.7 mmol) with
stirring was added 2,4-dimethoxybenzylamine (0.86 mh, 5.7
mmol) and methanol (2 mwhL). After 5 min, the solution was
diluted with toluene 100 mL and concentrated in vacuo (twice).
The.residue was then dissolved in anhydrous methanol (12 mh)

125 agd ;{%:dimethyl-z—(methoxycarbonyloxy)ethyl isonitrile
[Tetrahedron, 55 (1999) 7411-7420]1 (0.9 g, 5.7 mmol) was
added, followed by 4-methoxybenzoic acid (0.87 g, 5.7 mmol).
After stirring for 72 h, the solvent was removed in vacuo and
the residue was chromatographed over silica gel, eluting with

30 a step gradient of 30% ethyl acetate in hexanes through 50%
ethyl acetate in hexanes. The product containing fractions
were combined and concentrated in vacuo; and then the residue
was dissolved in ethyl acetate, washed with satd ag. NaHCO3,
dried with NajSO4, filtered and concentrated to give 1.76 g



30 orange oil (0.709 g, 2.477 mmol) [--100%yield]. 1H NVR (CDC13) 1.15
(3H, t), 1.35 (9H, S), 4.1 (2H, m), 5g45 (1H d) , 5.7EDedsmbear)20047. 3 (1H,
d , 87 (1H, d) . 62 13 Decenber 2004 D, L- (4--Thiazolyl) glycine Ethyl
Ester. This was prepared from ethyl -a-oxi m no-thiazol e-4-acetate (0.60 Q)
usi ng the nethod.of Hatanaka et al. (Journal of Medicinal Chem stry, 1973,
16(9), 978-984) to yield the titled 5 conmpound (0.46 g). 1H NMR (CDCL13)
_1 25 (3H, t), 1.8.2.3 12H, br.) , 4.1 (2H m , 4.75 (1H, s), 7.25 (1H,

8.7 ( t er redi at e _PAE- -Eoc-D, L- )

(2 Lo B Lo b St 595, Benon ape o

D, L- ( 2- netbys tdpj az.cs- ﬁmyn ghagithenedigdolvest en €813k g5 dLP&&hdamol) in
tetrahydrofur % , was ad ded di - t.ext - bu&% di car bonate (0.475 g,
2.180 mmF?n%?th etdrflﬁtﬁ??%?n(r'féﬂ(’ﬁ Fou ThYS, 22WREee A THEs was al | owed
to stir kesidudauss aRent dbssaheti @@ mqanhbatﬂﬂdlﬁbﬁé%%li@m de- oi | was
t aken u% ntethazl60 cet ate éjc a. 5 S?sa\g%sg ed with 590 hydrochloric acid
sol utio %’B.%}.‘ m%)l an m b%&E%ﬁ‘bolr?aﬁ“énso}%tN on (c.a. 20
cnB) . Thi BCwago 1dven n2Q drwdm@wwaagsnﬁﬁw&hautﬁ@aéﬁ@i@nwa@entrat ed in
vacua-to iel d.a eI | ow o l’g"flt 654 gt 2. 177_rrrmlg [-100% vyield]. 3-H NWR
( CDCL3) 1""% ts% tagd yaveugight) in “thes refpigeyator 5 Thespexty | 5 3 (1H,

d , 5.7 ﬁ&i‘hlr@,, theDsbltbnt hvas 2Bmbvdd (@aVehByLedi@zokmg- vl ) gl yci ne Ethyl
red fromethyl - a-oxi_m no-2-pet hyl t hi azol e- 4-acetate

Ester, This was pre
(0.62 g) ﬁ'gmbaft‘%«,r%ﬂoa‘f% %ﬂﬁﬂaﬁ%lfetelé‘[tmg(‘ﬁbftﬁré &Fh¥kdi ci nal
Chemi s1.0Yacd®ids iH6(8kandy 8- 484) phoadét Yok dihheyt f4dad oagmpesnd (0.40 g).

combined and concentrated to give 0.32 g (79%) of the title

compound.

1H-~-NMR
15 IS-MS, m/e 518.0 (M+1)

Intermediate PAE-6
BOC-D,L-(5-thiazolyl)glycine ethyl ester.
To a r.b. flask (250 cm3), D,L-(5-thiazolyl)glycine ethyl

20 ester (4.60 g, 24.7 mmol) was added to tetrahydrofuran

(c.a. 100 cwd) with stirring to give a yellow solution. BOC

anhydride (5.439g, 24.948 mmol) and triethyl amine (3.79 cm3,

2.75g, 27.17 mmol) were then added with stirring for 1 hour.

Reaction monitored by TLC (60% hexane/ethyl acetate; s.m. r.f

.:25 QQOS,_E;od. r.f. 0.5.). The reaction concentrated in vacuo

and product taken up in ethyl.acetate (c.a. 150 cm3), washed

with 5% hydrochloric acid solution {c.a. 30 cm3), and

saturated bicarbonate (ca. 30 cm3). Ethyl acetate layer was

dried over magnesium sulphate and evaporated to dryness to

30 give an orange oil (7.42 g, ~24.70 mmol) [~100% Yield].

18 NMR (CDCl3); 1.30 (3H, t), 1.48 {9H, s), 4.28 {(2H, q), 5.68
(1H, br.), 7.88 (1H, s), 8.78 (1H, =).



1H NVMR (CDC13) 1.15 (3H, t) , 1.95 (2H, br.) , 2.6 (3H, s) , 4.15 (2H, m,
4.65 (1H, s), 6.95 (1H s). 63 13 Decgyber 2004 I nt er mM8dPedeanfRAROG4 Boa- R-
(4- Hydr oxyphenyl ) gj ycine Methyl Ester To a stirred m xture of

R- (4- hydr oxyphenyl ) gl ycine nmethyl 5 ester hydrochloride (14g) and sodi um

- 'bicarbonate (11.7 g) in THE (150 nL.) and water (50 nL), was added in one
portion, di- t--butyl dicarbonate (15.9 g). The mxture was stirred rapidly
to all ow thorough m xing for 4 h. Hexane-(75 nL) was added and the organic

|l ayer separat nd shed wi.th sat odi um 10 bi carbonate sol ution, then
brine -an_dgfﬁ"eﬁgj" .%&%ﬁ?%ﬁsﬁ%ﬁ{dl %fl flate. The drying agents was
filtered off arms avasbedtwadih (280! &did) e whHEaaded e\mapmratketyt-o dryness,

finishing with a hi %h vacuum urrg to rempve the last traces of di-t-butyl
di car bonaPE ™ REETLS. E}c’gc,f E eqen HONNR Re (U 1370 BRGpher1 ) gl yci ne
:cv:st hil Eségnaﬂ:d;cdr(%hl.pab dcﬁn3| ) Terigh dstyi vdGGgnl f]dnsr e raekadid C&lﬂdltli@%lt om
ask, eq pe Wi Ow tenperature thermoneter, a septumfor
ni t roge% Lﬂ%@v‘é‘%ﬁgé’a‘.&na&gﬁgt%?‘ Fb‘f‘ngi‘iﬂﬁtodéc?‘?o‘-?v RS R AR caﬁ?dori de by
syringe, aaSowstlad Brdrhyeh@xypbenyreddtdonemédd:dred) bgndndry nethanol (24
m.). The Rix;LHe waz s%‘iéred magnetic stirrer) and cgoled tq an internal
t enper at utBYHIPFREHBTEL (RS8R arditefalel ohe PAIG ng - 8- sYri%de, t hi onyl

chlori de nascetistedoldt opni HA theel hev&O@iadomhsddtie c@¥eh anderi od of 10 min.
(Care: the,reaction of thion chl oride wi.th nethanal, IS'VEI‘% exot herm ¢

I

and rate bHEERIY COREREIA PSR hal™ it fie"at RAFHFFeChFIRie i s
ef fici got wyrBtdntydoust Potdasilinxbarworaité 304t pedaddie chrapaimtiy & .does not
ri se above, -20 C. 9{]ethe , .

chloroform/isopropanocl solution (c.a. 200 cm3)}. This was

washed with saturated bicarbonate {c.a. 50 cm3), dried over

magnesium sulphate and concentrated in vacuo to give a brown

oil (4.60 g, 24.70 mmol) [78% Yield].

i5
1H NMR (CDCl3); 1.25 (3H, t), 1.95 (2H, br.), 4.22 (2H, q),

4.85 (iH, s), 7.80 (iH, s), 8.70 (1H, s).

Intermediate PAE-7
20 N-Boc-D,L-(4-thiazolyl)glycine ethyl ester
To a solution of D,L-(4-thiazolyl)glycine ethyl ester

(0.460 g, 2.470 mmol) in tetrahydrofuran (20 cm3), was added
di-tert-butyl dicarbonate (0.530 g, 2.470 mmol) and
trieﬁhylamine (0.344‘cm3, 2.47b mmol) . This was allowed to

- 25 s&ir_fg; 1 hour and the solution concentrated in vacuo. The
0il was taken up in ethyl acetate (c.a. 50 cm3) washed with
0.5% hydrochloric acid solution (c.a. 20 em3), and saturated
sodium bicarbonate solution (c.a. 20 cm3). This was then dried
over magnesium sulphate and concentrated in vacuo to yield an

30 orange oil (0.709 g, 2.477 mmol) [~100% yield].

1§ NMR (CDC1l,) 1.15 (3H, t), 1.35 {9H, s), 4.1 (2H, m), 5.45
(i, d), 5.75 (1H, 4), 7.3 (1H, &), 8.7 {(1H, 4).



addition was conplete the mxture was allowed to warmto room tenperature
overnight (16-18 h). Dry ether (150 ni) was added and13 Becashbar€0ppht . t hat
formed was filtered off, washed with a little nore ether and dried. Yield
15.5 g, 95% 64 1H NVR 13 Decenber 2004 Internedi ate PAE-10 5
-Boc-R-(4-Trifl uoronet hanesul . phonyl oxyphenyl ) gl yci ne Methyl Ester

Hydrochl oride. To a stirred solution of Boc-R-(4Lhydroxyphenyl)glycine

met hyl ester (19 g) in dichloronethane (400 nL) was added 2,6- |utidine

9.44 nL d 4-.64 j_.nopyridin . 65 and 10 the m xture cooled in
gn ice bgpﬁg_+rTﬁqﬁg%%gﬁéfgiﬁﬁﬂﬁé-h%h?%h%#ﬁ??'aﬁ%ydride (13.74 ﬁLy was addedI

over a period Dhis wali Prepaitbd Febmt BEnyBaACxaRihef thids V-1 b O tHEM
tenperature _over 4 h. The organic _solutigon was washed with water (2 x 150

m), 1 N HE16029% vpdganthe ofdhef Hatanadte§tstdi utfasmilc&fbonat e (150
m). The orgasiss] Weaidtipd W7Bh TRgoEsiamm-9sud phat:ei Anrd thhepi evapor at ed
to an oil. The mxture was purified using flash chronmatography (Si 02 250
g, el ut PnGoRPPRS 160 4Refhne/ di chl or omet hane and then neat di chi or onet hane) .
Pure product fractions were conbi ned and evaporated, finishing -20 with a
hi gh vacuym punp to renpve all traces of solvent, to give a white solid,

19 g, 77% H1NMRMEDSS) | 4t 25 i akd. PRE A3 (20, br.), 4.1 (2H, m),

Boc- R- (4- Meyboxygard)ony| phepd,) ahycang {Maf,hwh .Ester. Method PAE-D
Sac- R-4-tril uoronet hanesul phonyl oxyphenyl gl yci ne nethyl ester (15 g),
met hanol (32.6 m,), bis-1, 3--di phenyl 30 phosphi nyl propane (448 ng),

pal | adhgmrhtbimédiRirat k295 nU),
‘ N-Boc-D,L- (2-methylthiazol-4-yl)glycine Ethyl Ester
To a solution of D,L-(2-methylthiazol-4-yl)glycine ethyl
ester (0.397 g, 1.982 mmol) in tetrahydrofuran (20 cw3), was
added di-tert-butyl dicarbonate (0.475 g, 2.180 mmol) and
15 triethylamine (0.304 cm3, 2.180 mmol). This was allowed to
stir for 1 hour and the solution concentrated in vacuo. The
‘o0il was taken up in ethyl acetate (c.a. 50 cm3) washed with
0.5% hydrochloric acid solution (c.a. 20 cm3), and saturated
sodium bicarbonate solution (c¢.a. 20 cw3). This was then
20 dried over magnesium sulphate and concentrated in wvacuo to

vield a yellow oil {0.654 g, 2.177 mmol) [~100% yield].

1H WMR (CDCl3) 1.1 (3H, s), 1.35 (9, s), 2.6 (3H, s), 4.15
(3#, m), 5.3 (1H, d), 5.7 (1H, s), 7.0 (1H, s).
. 25

U Lo e

D,L- (2-Methylthiazol-4-yl)glycine Ethyl Ester.

This was prepared from ethyl-oa-oximino-2-methylthiazole-
4-acetate (0.62 g) using the method of Hatanaka et al.
(Journal of Medicinal Chemistry, 1973, 16(9), 978-984) to

30 yield the titled compound (0.40 g).

1y ¥MrR (CDC13) 1.15 (3H, t), 1.95 (2H, br.), 2.6 (3H, s), 4.15
(2H, m), 4.65 (1H, s), 6.95 (1H, s).



triethylamne (10.2 nL) and di nethylormam de (72 nL) were placed in the
glass liner of pressure (Parr) reactoggzand the reactof3 Besamtiere@04 The
vessel was pressurised to -0.68 bar 65 13 Decenber 2004 (10 psig) with
nitrogen and the gas released (repeated five tines to renove all oxygen
~fromthe systen). Carbon nonoxide gas was then carefully introduced (use
extreme care -the gas cylinder is pressurised to far beyond the bursting
disc 5 pressure of the Parr, ideally use a pressure regulator to reduce
the pressure to - 6.8 bar, 100 psig) to -1.4 bar (20 psig) and rel eased
three tines (into the back of a fune hood). Carbon nonoxi de was then added
to -6.8 bémtetﬁedtmﬁqnpﬁﬁna the stirrer started. The vessel was slowy

heated to C Qi erna eratur then stirred at 65 oC
over ni ght . Q%%g (%Q%Year ?ﬁ gghﬁﬁ?@ ﬁ%@ﬂ%hEﬁgﬁﬁxide was added to maintain
-6.8 bar, 100 Peig. gt:msamnlmtum dfemv%ﬁm&ypﬁ&lﬁ)@l@clﬁaaﬁéﬁ}gﬂ by tic.
When co ct| cooled to -30 0C, the gas re|eased and the
vessel ushga %{ﬁ%féh oFd 5Y§§§”1%H9t?%%ﬁﬂ“égcﬁﬁP?ﬁﬁﬁe'ﬁﬂé 7 edttitn mi xture
was parti mHENés0 bm)v\mﬂ ahhgub Evetal £ wad addear in aditk phecosganiic | ayer
washed- wit cid,and_t hen_saturated sodium bjcarbonate.
The sol utlo%uv%yl%y \ﬂag bg%@d Fnd RS Abi HFEdwaEFI%&FfrEﬂrB?%‘t%r aphy of
the resul tionglbow gaeud@ iniveips (fd;tn‘ct,hpurl-léxb.)iet {25 wif). ﬁrag a®@d®4q 1H NWR
I nt er nedi at E-12 25 Boc-R-(4-Ben oxygcarb | phenyl ) gl yci ne Met hyl .
Ester Pr&p; rg ef?’iﬁﬁr’é&(‘iﬁyi’:ﬁ?ﬂalrﬁﬁg‘%)rﬂklcﬁéf'ﬁégﬁgp‘ﬁoﬁﬂlsé‘% BAEHI gl yci ne
met hyl 18sbérazbdndien zpluakenhathans bpind/eididheRAE- 14 vﬁ.@hliﬁlasﬁi'l\é%ium

sulphate. The drying agents was filtered off and washed with

a little THF and evaporated to dryness, finishing with a high

vacuum pump to remove the last traces of di-t-butyl

dicarbonate. Yield 19.7 g, 96%.

15 -
1H NMR

R- (4-Hydroxyphenyl)glycine Methyl Ester Hydrochloride.
To a dry 250 mh three necked round bottom flask, equipped
20 with a low temperature thermometer, a septum for nitrogen
coverage and another for introduction of thionyl chloride by
syringe, was adde@ R~-4-hydroxyphenylglycine (12.5 g) and dry
methanol (24 mi). The mixture was stirred (magnétic stirrer)
and cooled to an internal temperature of -20 ©C using
._25 qgrdiqg(acetone. Using a syringe, thionyl chloride was added
dropwige to the cooled mixture over a period of 10 min.
(Care: the reaction of thionyl chloride with methanol is very
exothermic and rate of addition should be such that the
thionyl chloride is efficiently stirred into the mixture and
30 that the temperature does not rise above -20 OC. Once the
addition was complete the mixture was allowed to warm to room
temperature overnight (16-18 h). Dry ether (150 mL) was added
and the white ppt. that formed was filtered off, washed with a
little more ether and dried. VYield 15.5 g, 95%.



I nt er redi at e PAE-13 Boa- R- (4- Car boxyphenyl) gl yci ne Met hyl Ester.

Boc- R- (4- benzyl oxycar bonyl phenyl ) gl ycgpe nethyl ester a@nies @Aber 2004
(500 ng) was dissolved in THE containing Pd/C 10% (100 ng) and

hydrogenated at 1 atmfor 2 h. Renoval of the catalyst by filtration and
evaporation of solvent gave Boc-R--(4-carboxy.- phenyl)glycine nethyl ester
(330 ng, 870). 5 3-H NMR Internedi ate PAE-14 )

Boa- R- - (4- car boxam dophenyl ) gl yci ne Methyl Ester. 10 Met hod PAE-E To a

sol ution of Boc-R-(4-carboxyphenyl)glycine nethyl ester (3.5 g) in DV (30
m.) was added EDCI (2.60 g, 1.36 mvol) and HOBt (1.4 g, 10.4 mml), and
the mxtuWe @R rred for 10 min before cooling in a ice bath and bubbling
in anmonia 15 gas for 5 mn. The mxture was stirred for 2 h at room ‘
tenperature and then diluted with ethyl acetate and washed wth water. The
aqueous soitsrmediats Ea®-1@acted with a little ethyl acetate and the

conbi n rgani gs _washed wi brine.. The organi ol ution was evaporated
Co an of I eI AE TSl sPet Pee my Hrom s RIS gL EpITe (S o2,
di chl or oredtlean 8 dretlifdrigdiaet ate 0 - 25% to give Boc-R-(4-carbox-

NMVR 25 I nternediate

g?Efj(i)ghgggl_ ??g Zan g%%r%lg?gﬁ{k%ﬁ %p%@ﬂ????%ewg%gm?%)ﬂgFé% Pr epar ed
f r om Boc-meth¥icasbexyqiery! jgl gtiiierrtiihnestan nandvaetdndeamkne- usi ng
met hod Fu%%gidine (8.44 wlL) and 4-dimethylaminopyridine (1.65 g) and
10 the mixture cooled in an ice bath, Trifluoromethanane-
sulphonic anhydride (13.74 mL) was added over a period of S
min, and then the reaction left to warm to room temperature
over 4 h. The organic solution was washed with water (2 x 150
ml), 1 N HCI (2 x 150 mL), and then saturated sodium
15 bicarbonate (150 mL). The organics were dried with magnesium
sulphate and then evaporated to an oil. The mixture was
purified using flash chromatography (Si05 250 g, eluting with
1:1 hexane/dichloromethane and then neat dichloromethane).
Pure product fractions were cowbined and evaporated, finishing

~20 with a high vacuum pump to remove all traces of solvent, to

give a white solid, 19 g, 77%.

Iy NMR

25 Intermediate PAE-11
; Boc-R- (4~-Methoxycarbonylphenyl)glycine Methyl Ester.
Method PAE-D
Boc-R-4-trifluoromethanesulphonyloxyphenylglycine methyl
ester (15 g), methanol (32.6 ml), bis-1,3-diphenyl-
30 phosphinylpropane (448 mg), palladium'(II) acetate (255 mg),

triethylamine (10.2 mL)} and dimethylformamide (72 mbL) were
placed in the glass liner of pressure (Parr) reactor and the

reactor assembled. The vessel was pressurised to ~0.68 bar



30 1H NWR 67 13 Decenber 2004 Intermedi ate PAE-16

N- 4- Met hoxybenzoyl - N- - 2, 4- di net hoxybegzy! - D, L- (qui nol i 13- Decenyliey gD94i ne

Met hyl Ester. Prepared from qui noline-4-carboxal dehyde using Method 5
PAE-C. 1H NWR Internedi ate PAE-17 10 Et hyl Boc-D, L-thiazol -2-yl gl yci ne.
Prepared from et hyl hydroxyi m no-thiazol-2-ylacetate . using nethod PAE-B.
In this case, reaction with Zn/formc acid was conducted over 15 mn.

15" INWR IS M5 me 287.0 (Mrl) Internediate PAE-18 Et hyI

Boc- D, L-i spqui noI n- qi cine.. 20 Pre areg@fro

hydr oxyi ni ﬁﬂ) PE6qUi o qﬁggweﬁ:&’ﬁ Lhe %&e ?‘ﬁ%‘%] %ﬁ@ye%te‘flnf’t‘fﬁ s case,

reaction vm:msznbfmmm@ aamlshcym eooduticedyeven) 30 qirbon§ abhaweik by

concentration and artitio he resi due between 3/1

chl or of or M3 sgp?op%??%lcarﬁﬁﬂﬂs% tiagucT\‘él—éﬁg ’f'f?‘ée“ﬁ?oc?aﬁﬁot‘ ERe | P was

carried omylaadéﬁ ko< qme@uakys@tes;@r Ehedoeyiird the abvamtiwas apeef or med using

silica 5g chromati rapg%{gj %ﬁ%%% and Ssten%wel ut| vmth 100 et hyl

acet at e 7 FTECHYF N f Y 3% 1% PMF"i‘? Anal ysis for

Cl8H22N204ediakcthe GreiSusd; tdi~ 6. 8lbad, .109. $8iq9) Hwnd..4cba§5(:ﬂ5 H 6.67;

N .49, . ‘ s .

, 8.49 psig) and released three times (into the back of a fume hood).

Carbon monoxide was then added to ~6.8 bar (100 psig) and the

stirrer started. The vessel was glowly heated to 65 ©C

10 internal temperature and then stirred at 65 ©C overnight. (At
the early stages more carbon monoxide was added to wmaintain:
~6.8 bar, 100 psig.) A sample was removed after 18 h and
examined by tlc. When complete, the reaction was cooled to
~30 ©C, the gas released and the vessel flushed five times

15 with nitrogen as before. The reaction mixture was partitioned
between ethyl acetate and water, and the organic layer washed
with 1 M hydrochloric acid and then saturated sodium
bicarbonate. The solution ﬁas dried with MgS80, and
evaporated. Flash chromatography of the resulting oil gave

20 the product, pure by tlc, 10.6 g, 90%.
g NMR

Intermediate PAE-12

. 25 Qgc-gfég-Benzyloxycarbonylphenyl)glycine Methyl Ester

. ‘ Prepared from Boc-R-4-trifluoromethanesulphonyloxy
phenylglycine methyl ester and benzyl alcohol using Method
PAE-D,

30 1H NMR
Intermediate PAE-13

Boc-R~ {4-Carboxyphenyl)glycine Methyl Ester.
Boc-R- (4-benzyloxycarbonylphenyl)glycine methyl ester



68 13 Decenber 2004 Preparation of Internedi ates PAA-1 -- PAA-28 The

fol | ow ng conpounds were prepared accggding to the i ntf leereserePPtbd

(Met hod PAA-A, Method PAA-B, Method PAA--C, Method PAA-D, Met hod PAA-E or
Met hod PAA-F) fromthe indicated 5 starting materials, unless otherw se
described. Internmedi ate PAA-1 Boc-D, L- (2-chlorophenyl) glycine. Method
PAA- A 10 2-Chl or obenzal dehyde (20 mmol, 2.252 nl).,and 2, 4-di-

nmet hoxybenzyl am ne (20 mmol, 3.004 nL) were added toget her and stirred for

2 hours. m. S a ded and_any water ., se nd re ved.
tent-But.y:P%@o“rﬁ) r“)alse WAV mZT%fOW)"%g g@d@&"anglg?ﬁf‘ edFor 10
mn, fol Inye:cbgmmat ac G wh ¥or(20n MMemotal4st e cBkklyEtidoynas conti nued
for 3 day? reaction m xtyre was then treated Wltf} TFA 30 nL) and -
triethyl stiah et(@nnf? %ﬁ%?r%lﬁnt% HAEHF TS E@Faﬁo éf’é?lr % dryness, 6
M HC1l ( 10phetyl)afgedne anetifie ewhete(3=f dgxed7spverni ght at 130 0C, stirring
rapidly., The m xture was 20 allowed to cool and extracted with EtQAc (50 nmL
X 2); the aqueous fraction was evaporated to dryness and treated with 2 M
NaOH sol ulizamr The m xture was extracted with EtQAc (50 inL x 2); excess
boc anhydride (5.2 g) in dioxane (20 nL) was added to the aqueous fraction
and stirred overnight. The 25 uiixturp was extracted with diethyl ether
(100 ni XIﬁﬁeme’,{[ﬂaﬁbbeﬂ»:{@ pH 1 (conc HCl) and extracted with Et QAc (50 niL
X 2)-. The conpi ned. or ic fractions were washed with water and

evapor at e8P F 4yr‘?€§§°ﬁ 0%3514”/%9@(&?1’?13 ¥REEB} FRR&T -Boc - - 2-

chl oropbenyl gl ycine (4.252 g, 741%hod0pddidfNVR (CD3 CN D20) 7.3 (4H m ;
5.5 (1H, S); 1.3 (%

To a uglénrg% Boc-R- {4-carboxyphenyl)glycine methyl
ester (3.5 g) in DMF (30 mL) was added EDCI (2.60 g, 1.36
mmol) and HOBt (1.4 g, 10.4 mmol), and the mixture stirred for
10 wmin before cooling in a ice bath and bubbling in ammonia

15 gas for 5 min. The mixture was stirred for 2 h at room
temperature and then diluted with ethyl acetate and washed
with water. The aqueocus solution was extracted with a little
ethyl acetate and the cowbined organics washed with brine.
The organic solution was evaporated to an oil which was

20 purified by flash chromatography (SiOy - dichloromethane/
ethyl acetate 0 - 25%) to give Boc-R- (4-carbox-

amidophenyl)glycine methyl ester (1.7 g, 48%).

1y NMR
. 25

L B

Intermediate PAE-15
Boc-R- (4~methylcarboxamidophenyl) glycine Methyl Esﬁer.
Prepared from Boc-R- (4-carboxyphenyl)glycine methyl ester
and methylamine using Method PAE-E.
30
1y NMR



286 (M+l) 69 13 Decenber 2004 Internediate PAA-I1

(R) - Benzyl oxycar bonyl - (2- chl or ophenyl 3gl yci ne. Prepar etf Ppesfber 2004

2-chl orostyrene using the method of Sharpless et al J.AC S (1998) Vol 120
No. 6 1207-1217. 5 Internediate PAA-1, alternative preparation

Boc- D, L- (2-chl . orophenyl ) gl ycine. Prepared from 2-chl or obenzal dehyde usi ng
met hod PAA-F. In this case, the reaction tenperature was not controlled
upon 10 addition of 2-chl orobenzal dehyde and the reaction was allowed to
stir for 2 h. Extraction of the internediate amnonitrile was perforned

wi th et hyInéerBedidte|PA8e16f ethyl acetate and was further purified by

addi ti on_ of. bkt BaRTdL0E- #1110/ Sher fAGLI1LALL ORI degant ati on of
0 C

the nother liquor to 1S isolate the sem'solid hydro oride salt. BCC
prot ecti oFldplyehes MathylaBtemvas performed fromO0 oC to room tenperature

over a period , i pa ; d with
ethyl acetate i@%e%{%cd;(%g? m:%rfﬁgtn tﬁe?.aéazlgg%crﬁg%éh @%\%%nﬁ? g‘%@‘g’ﬁ?m 1)

| nt er nedi &E-PAA-2 Boc-D, L- (3-fl uorophenyl)glycine. .25 Prepared from

3-fl uorobenzal dehyde usi ng Met hod PAA-A. 1H NVR (CD3CN D20) 7.3 (1H, m,
7.1(3H, m; 5.2 (1H, s); 1.3 (9H, s). M5 270 (Mrl) 30 Internediate PAA-3
Boc- D, L- (4% M¥Br ophenyl ) gl yci ne. Prepared fr'om 4-fl uor obenzal dehyde usi ng
Met hod PAA-A. 1H NVR (CD3CN'D20) 7.3 (2H, m); 6.9 (2H, m, 5.0 (1H, s); 1.3

Intermediate PAE-17
10 Ethyl Boc-D,L-thiazol-2-ylglycine.
Prepared from ethyl hydroxyimino-thiazol-2-ylacetate .
using Method PAE-B. 1In this case, reaction with Zn)formic

acid was conducted over 15 min.

15 1yMR
IS-MS, m/e 287.0 (M+1)

Intermediate PAE-18
Ethyl Boc-D,L-isoquinoliin-8-ylglycine..

20 Prepared from ethyl hydroxyimino-isoquinolin-8-ylacetate
using Method PAE-B. 1In this case, reaction with Zn/formic
acid was conducted over 30 min, followed by concentration and
partitioning of the residue between 3/1 chloroform/isopropanol
and satd ag. NaHCO3. The Boc protection was carried out as

~ 25 previously described. Purification was performed using silica
gel chromatography (Biotage Quad System) eluting with 10%

ethyl acetate in methylene chloride.

1NMR
30 IS-M3, m/e 331.0 (M+1)
Analysis for CqgHooN304:
Calcd: C, 65.44; H, 6.71; N, 8.48;
Found: C, 65.05; H, 6.67; N, 8.49.



70 (9H, S). M5 270 (Mtl) 13 Decenber 2004 Internedi ate PAA-

Boc- D, L- (2- met hyl phenyl ) gl ycine. 5 Prgpared from 2- netH@pﬁ%%ﬁﬁﬁégﬂ@de usi ng
Met hod PAA-A. 1H NMR (CD3CN D20) 7.3 ?4H m ; 5.5 (1H S); 2.5 (3H, s)

1.3 (9H, s) . M5 266 (Mtl) 10 Internediate PAA-5

Boc-D, L- (3-thienyl)glycine. Prepared from 3-t hi ophenecar boxal dehyde usi ng
Met hod PAA A. 15 1H NWR (CD3CND20) 7.5 (2H, m); 7.1" (1H, d); 5.3 (1H, s);
1.3 (9H, s) . M5 258 (Mtl) Internediate PAA-6 Boo -D, L- (2-

fl uor ophen cine. 20 WAs obtained by treatin

D, L- 2-f u8¥6%%é4vtr’3ﬂ“gr>§cf’ﬂ%er%eﬂila??%r5 r BbR- %fghydrl de (1.1 eq) and 2 M
NaOH (I eq) I rmheetﬂma@hlné\%&@@&nwweﬁwp&&paewra&mda_hgveo Wil ded the
protected,a cid. 25 19 NVR- I nternedjate

Do D, L ( SALTARRy BREHOR) DISHIRe PABT A dOR T BAA B dhBR9 B M dehyde usi ng
Met hod PAefhod PrRHDNMte fHod PaRegesb alet20@4 Phnt Bf NtdindtBe PAMiicataldt ernati ve

preparation Boc- 2- et hoxyphe .ycine. Prepared from
2- met ho§yﬁEﬂE%%W&§gb§}%g Wﬁﬁd"%&q@ fRSERiREEase, the reaction was

cooled to O C before addition

- Intermediate PAA-1 o

Boc-D,L-{2-chlorcphenyl)glyvecine.
Method PAA-A

10 2-Chlorobenzaldehyde (20 mmol, 2.252 mbL) and 2,4-di-
methoxybeniylamine (20 mmol, 3.004 mlL) were added together and
stirred for 2 hours. DCM (5 mL) was added and any water
separated and removed. tert-Butyl isonitrile (20 mmol, 2.262
mL)} was added and stirred for 10 min, followed by acetic acid

i5 (20 mmol, 1.145 mL). Stirring was continued for 3 days. The
reaction mixture wag then treated with TFA (30 mL) and
triethylsilane (5 mL). After 3 h the mixture was evaporated
to dryness, 6 M HCl (100 mL} added, and the whole refluxed
overnight at 130 ©C, stirring rapidly. The mixture was

20 allowed to cool and extracted with EtOAc (50 mL x 2); the
aqueous fraction was evaporated to dryness and treated with
2 M NaOH solution. The mixture was extracted with EtOAc (50
ml x_2); excess boc anhydride (5.2 g) in dioxane (20 mL) was
added to the agueocus fraction and stirred overnight. The

- 25 mixture was extracted with diethyl ether (100 mL x 2),

acidified to pH 1 (conc HCLl) and extracted with EtOAc (50 mh X
2}. The combined organic fractions were washed with water and
evaporated to drymess under high vacuum. The product Boc -2-
chlorophenylglycine (4.252 g, 74.5%)

30
1§ NMR (CD3CN/D50) 7.3 (4H, m); 5.5 (1H, s); 1.3 (9, s). MS
286 (M+1)



5 of 2-nmet hoxybenzal dehyde and was then allowed to stir at room

tenperature overni ght. Extraction of gde internmediate BhPpeamieri2084 was
performed with ethyl ether in place of ethyl acetate and was further
purified by addition of 1 MHCL in ethyl ether followed by filtration of
the crystalline 10 hydrochloride salt. BOC protection of the am no acid was .
performed fromO Cto roomtenperature over a period of three hours, and
the final extraction was performed with dichloronmethane in place of ethyl

et her. 15I1H-N i %I\/B me 280.1 (M1) Analysis for Cl4H1I9NOG Cal cd: C,

' 59.78; H, TBEETERE E82-1kound: C, 59.68; H 6.78, N, 4.95. 20 -

| nt er nedi akp- A8 oxBearBbdy A A2t ehidtsrempt hytyehany| gl ycine. Prepared from
2-trifl uoromatg%l benzal dehyde usi ng Method PAA-A. .. 25 1H NWMR ‘
| nt er medi ate PAREETSS) FEPRaAChLOpPEparests JFingohe method of

trifluoroseihyledieryd hal yoa nes. 301 B eparadabresie 1207-1217.
2-trifluoronethyl benzal dehyde using nethod PAA--F. In this case, the

reacti on tenperature was not controlled upon addition of

2-trifl uoraseisydibenzahdehyda tapdatide grepakhefonas allowed to stir for 2
h. Extraction of fhe 72 13 Decenber 2004 internmediate am nonitrile was
perforrredBWT%'Ié't@VFhéPﬁ%?h‘?Wl)Bi‘-ﬁ%’e“%'f ethyl acetate and was further

purified by adshdga@adofromiGl #asréved O ROPEECGELRN CRELS Bl Irovned by
decantatlgﬂigfcase, the reaction temperature was not controlled upon
10 addition of 2-chlorobenzaldehyde and the reaction was allowed
to stir for 2 h. Extraction of the intermediate aminonitrile
was performed with ethyl ether in place of ethyl acetate and
was further purified by addition of HC1 gas to the ethereal
extracts followed by decantation of the mother liquor to
15 isolate the semisolid hydrochloride salt. BOC protection of
the amino acid was performed from 0 ©C to room temperature
over a period of one hour and the final extraction was

performed with ethyl acetate in place of ethyl ether.

20 lm-NMR
IS-MS m/e 284 (M-1)

Intermediate PAA-2
Boc-D, L~ (3-fluorophenyl)glycine.
.25 Prepared from 3-fluorobenzaldehyde using Method PAA-A.

1p nMr {CD3CN/D30) 7.3 (1H, m), 7.1(3H, wm); 5.2 (1H, s); 1.3
{9H, s). MS 270 (M+1)

30 Intermediate PARA-3
Boc-D,L-{4-fluorophenyl)glycine.

Prepared from 4-fluorobenzaldehyde using Method PAA-A.

1 NMR (CD3CN/D50) 7.3 (2H, m); 6.9 (2H, m), 5.0 (1H, s); 1.3



the nother liquor to isolate the sem solid hydrochl or| sal gpr@gn
protection of the amno acid was perfggfmed from 0 oCt ?‘E%‘?Re{ ature
over a period of one hour and the final extraction was perforned with
ethyl acetate in place of ethyl ether. 10 1H-NVR IS-M5s me 318 (M1) .

| ntermedi ate PAA-9 Boc-D, L-(8-quinolinyl)glycine. 15 Method' PAA-B To a
stirring solution of Boc-D, L-(8-quinolinyl)glycine ethyl ester (2.29 g,
6.93 mol) in 1, 4-dioxane (11 nL) was added a solution of LOH hydrate
(0.32 g, I After 2 h, the solvents were renoved in vacuo
and the. I‘églﬁd[}%}) é‘q BFi}lya&ﬁssol ved in water and washed with di et hyl et her.
The aqueous phase was then acidified to pH 3 with solid citric acid and

extractedy tate. The organi c phase was then washed with
bri ne, drl}é%ggmmgi%Zgg Qfl |tered and concentrated to give 2.06 g (98%

of the tiBbe- th’pta:mthﬁsmteﬁﬂmgilsci@? We 303.0 (M+l) Internedi ate PAA-10

30 Boc-p, L--
Boc- ([))CL (5- quflﬁr%gﬂél%) k%%i)zng‘]‘ée{‘t?‘ﬁaﬁe SRR %Qﬁ%‘a&&"ﬂﬁ@ﬁ%kp NMVR 73
IS-M5, me 303.0 (Mtl) 13 Decenber 2004 I|ntermnedi ate PAA-11

Boc- D(3 brormphenyl)gl yci ne.
1g NMR (CD3CN/D20) 7.3 (4H, m); 5.5 (1H, s); 2.5 (3H, s); 1

(9H, s). MS 266 (M+l)

10 Intermediate PAA-5
Boc~D, I~ {3-thienyl)glycine. .
Prepared from 3-thiophenecarboxaldehyde using Method PAA-
A.

15 1H NMR (CD3CN/Dy0) 7.5 (2H, m); 7.1 {(1H, d); 5.3 (iH, s); 1.3
(9H, s). MS 258 (M+1)

Intermediate PAR-6
Boc-D, L- (2-fluorophenyl) glycine.

20 Was obtained by treating D,L-2-fluorophenylglycine
(Aldrich) with Bocg aﬁh?dride (1.1 eq} and 2 M NaCH (1 eq) in
ethanol. Aqueocus work up as described above yielded the

protected aminc acid.
" 25 1H NMR_

Intermediate PRA-7 )
Boc-D, L~ (2-methoxyphenyl )} glycine.
Prepared from 2-methoxybenzaldehyde using Method PAA-A.
30 |
i §MR



5 Prepared fromR--3-brono- (1--t-butoxycarbonyl am no-_2-

hydr oxyet hyl ) benzene using Method PAA{LC. Melting Poi ntg@‘i@ﬂl%éo%w’ th
deconposition 1H NWR (CDC13) 10 API-MS, nie = 286 (M CO2H F-1)

‘I ntermedi at e PAA-12 Boc-D- (3-nuet hoxycar bonyl phenyl ) gl ycine. Method PAA-C
15 To a stirred solution of R-3--nethoxycarbonyl-(1-t-butoxy-

car bonyl am no- 2- hydr oxyet hyl ) benzene (338 ng, 1.14 mmol) in acetone (7.2
m.) was added 50 NaHCOB (3 nl). The reaction nixture was cooled to 0 C. To
the stirr K] adq ( 2 mol ), TEMPO (181 nmg,
-1.16 mol ?Qg%fc%%%aogﬁﬂg?opw S%ﬂ g’%l ﬂr%pgga% %/51 After 1 h at 0 C, TEMPO
(136 ny, Bec%lrmﬁ%-}ﬂe&hexmylomﬁgmi 5.25% were added. The reaction
was stirred f f 1Lt I\@g—g% pMas added.
The reaction %g&:;ﬂé& E m02 %ﬁ#%%&g?r%%%hgﬁer ature (G)zéteﬁ;in Acetone
was renovéd Wﬂﬁrcaﬁ&euuheamczﬁonheaerme@r bdu@toc\?vé;@fpaet atﬂdm@@t bet ween

et hyl agefat I@_gg, d acetate
(2x) a%d&gmf 1fie 0589? %ﬁ%i}%&%&hgggu@f %ﬁ%%lkc&g?:?ﬁn e\gﬁr acéfe WI th ethyl
acet at e (H4UgyWperpiaineopyeneigllr gafiktrextiarod wee elnrdmudisver I\/gSO4 Renoval

T o S e A S e e
Boa- D- ( 3acstaaioplawdy Wrgl fertier @uepéx@otl Hyr eddition of 1 M HC1 in

EAA:&fya”eéﬂyf "X ¥ERE DALY Y9 Qe far IBHA LR} VAL )RS §Rg using Method
10 hydrochloride salt. BOC protection of the amino acid was

performed from 0 ©C to room temperature over a period of three
hours, and the final extraction was performed with

dichloromethane in place of ethyl ether.

15 lH-NMR
IS-MS m/e 280.1 (M-1)
Analysis for Cj4HqgNOg
Caled: €, 59.78; H, 6.81; N, 4.98;
Found: (, 59.68; H, 6.78; N, 4.95.
20
Intermediate PAA-8
Boc-D,L-{2-trifluoromethyl)phenylglycine.
Prepared from 2-trifluoromethylbenzaldehyde using Method
PAA-A.
. 25

In

- 1p NMR

Intermediate PAA-8, alternative preparation
Boc-D, L~ (2-trifluoromethylphenyl)glycine.

30 Prepared from 2-trifluoromethylbenzaldehyde using method
PAR-F. 1In this case, the reaction temperature was not
controlled upon addition of 2-trifluoromethylbenzaldehyde and

the reaction was allowed to stir for 2 h. Extraction of the



5 1H NWR (CDC13) API-M5, nmle = 221 (M C4H9+1) I nter ned| abe PAA-14 10
Boc-D-- (3-ethanesul fonyl am nophenyl )7gl ycine. To a st1% ??F’d”%lzlq{)l on of

3- (et hanesul f onyl am no- phenyl)glycine (20 g, 77.43 mml) and sodi um
carbonate (8.2 g, 77.43 mmol) in 3:1 THF:. water (200 nL) at 0 C, was added
di- tert-butyl dicarbonate (18.5 g, 85.17 mmol ). After stirring 15 for 30
mn, the cold bath was renoved; and after an additional 30 mn at room
tenperature the solvent was renoved; and the residue was partitioned

bet ween ethyl . a58i Al I r ﬁ?ﬁ% idified to pH 2
Wwith KHSO4 and extractagmggo%‘\gm‘gxglelewytg% B y a?e%vg%/lg.e e %%iﬁg%ngg et hyl
acet at e epflrgetef 2rhydr ecekathednd whswithherdpiedf iwd hyNa28Ddjiod idft ered and

‘concentra LN Vi t i 17 0 a i ol i 1H NVR
COnCEn T Sked ha EEAd QugLie Lt f S Sha A SASL i 38
N- Boc- D, Lt{8- mbtkemn|higpgkyed nissolate bhe . dpmifsbdsf indbaiByideasaXdded

‘Boc- D, L g( 5pbpi 19y Gk ney et 7. 00 g, 24, 70 mmpl ), .to 30 et hanol
(ora. 160 B98) Poris hery Pr ione 2 Mirecsr Bl R FaPort e GFlh Bn T o cns, 50

mol ) was ¥agduetierrrladiirewever @ geiriofiopf bneh hoReagnd dhemdidinbbdred by TLC
(60% hexa ate.-s.m. I rod..r.f. Q.). React,
%Qﬂorﬁ%% hgrf%%ec?ugtl tf‘a%’alr??’l %G%gate ut ﬁqea)& ®pP a?'f)lb’?\]gt e (c.a.

concentrated in vacuo a up I nsatur
50 cnB) aetth#s- 13 Decenber 2004 washed with ethyl acetate (c.a. 30 cnB).

Aqueous | ayer was acidified to pH 2 with concentrated hydrochloric acid

and
10 iH-NMR

IS-MS m/e 318 (M-1)

Intermediate PAA-9
Boc-D,L- (8-quinolinyl)glycine.
15 Method'PAA;B
To a stirring solution of Boc-D,L-(8-~quinolinyl)glycine
ethyl ester (2.29 g, 6.93 mmol) in 1,4-dioxane (11 mlL) was
added a solution of LiOH hydrate (0.32 g, 7.6 mmol) in water.
After 2 h, the solvents were removed in vacuo and the residue
20 was dissolved in water and washed with diethyl ether. The
agueous phase was then acidified to pH 3 with solid citric
acid and extracted with ethyl acetate. The organic phase was
then washed with brine, dried with NajS0O4, filtered and
concentrated to give 2,06 g (98%) of the title compound.
.25

e

1H-NMR
IS-MS, m/e 303.0 (M+1)

Intermediate PRaA-10
30 Boc-D,L- (5-quinolinyl)glycine.
Prepared from Boc-D,L-({5-guinolinyl)glycine ethyl ester
using Method PRA-B.

1H-NMR



product extracted with 3:1 chloroformisopropanol sol ujiqn C. x60
cmB). The organic |ayer was dried ovepzmagnesi um 5 suli)dng?%eréq?daggiporat ed

to dryness to give an orange solid (4.47 g, 17.30 mvl) (74a Yield]. 1H NM
(CDC13); 1.35 (9H, s), 5.60 (1H, d), 5.83 (1H, d), 7.88 (1H, s) , 8.80
(1H, S). 10 Internediate PAA-16 N-Boc-D, L-(4-thiazolyl)glycine. Mthod
PAA-D To a solution of N-Boc-D, L-(4-thiazolyl)glycine ethyl 15 ester
(0.700 g, 2.470 mol) in nethanol (c.a. 15 cnB), was added 2 M sodi um
hydr oxi de t&2md4/ w8, 363940yl ) and allowed to stir for 90 min. The
sol'uti on was concentrated in vacua and taken up in water (c.a. 20 cnB).
The aqueous solution was washed with ethyl acetate (c.a. 20 cnB), and then
aci difi ed thee2Rediard BakbiH% hydrochloric acid solution (c.a. 50 cnB). The
product was extracted with ethyl acetate (c.a. 3x30 cnB), dried over
magnesi umPSGrPnht ProarphenblsHyicat8d in vacuo to vyield a pale yell ow oil

(0.582 @, 2. 25drapadlell F94R i Lhibmo251 YHRWBx, ERH Ry ThrdBio 8K S) . 5.5
(1H, d) , 5.8 (ill, d) , 7. 35 - (1H .d), 875 (1I—31,’ d), 9.8-10.2 (1H,
br.). | nt&¥AEERERYRARSRZenN WEEgDEt R ¢l-t hi azol - 4-yl ) gl yci ne. 30
Prepared from N Boc-D, L-(2--nethylthiazol-4-yl)glycine ethyl ester using
Met hod PAA-D.  1H NVR (CDC13) 1.35 (9H, s), 2.6 (3H S), 5.4 (1H d), 5.9
(1H, s), Yeiting PUpt 76138 I3 FOELEROBLOMRPELRERR at e PAA- 28 .

N- Boc- D, L-1§{2Nﬁ1@nggﬂcq>§ycar bonyl am no- - 4-t hi azol yl ) gl yci ne.

10 API-MS, m/e = 286 (M-COoH+1)

Intermediate PAA-12
Boc-D-(3—methoxycarbonylpheﬁyl)glycine.
Method PAA-C

15 To a stirred solution of R—B-methoxycafbonyl—(l-t-butoxy—
carbonylamino-2-hydroxyethyl)benzene (338 mg, 1.14 mmeol) in
acetone (7.2 mh) was added 5% NaHCO3 (3 mL). The reaction
mixture was cooled to ¢ °C. To the stirred suspension was
added KBr (14 mg, 0.12 mmol), TEMPO {181 wmg, 1.16 mmol) and

20 NaOCl dropwise (2.81 ml;, 5.25%). After 1 h at ¢ °C, TEMPO (136
mg, 0.88 mmol) and NaoCl (1.09 mh; 5.25%) were added. The
reaction was stirred for a further 0.5 h at 0 °C and 5% NaHCO3
(4.3 mL) was added. The reaction was allowed to warm to room
température overnight. Acetone was removed under vacuum and

- 25 ;Ee crude product was partitioned between ethyl acetate and

water. The aquecus layer was washed with ethyl acetate (2x)
and acidified to pH 5 with 10% citric acid and extracted with
ethyl acetate (4x). The combined organic extracts were dried
over MgS504. Removal of solveﬁt under vacuum gave the product

30 (305 mg, 86%).

1y NMR - (CDCl3)
API-MS, m/e = 254 (M-CgqHg+l)



|s prepared from D, L-(2-benzyl oxycarbonylam no-4 5 thi azol%jlz%ﬁgl ci ne. The
benzyl oxycar bonyl protecting group isysremved fromt hs PRP NA04%ni no
group at a convenient point in the preparation of a final conpound using a
~conventional nethod, such as, for exanple, heating a solution of an
“internmediate in HBr/acetic acid at 60 C, followed by 10 evaporation and a
conventional isolation, such as by using SCX ion exchange chromatography.
D, L- ( 2- Benzyl oxycar bonyl am no- 4-t hi azol yl ) gl yci ne. Was prepared by the

met hod of ray, ..K.; rjngton, F. 15 and Stachul ski, A - J. Chem Soc.
Perkin Tr 5!?;%3’1’1}@(%52?&) Fﬁ%ﬁ 1235. Internediate PAA-19

Boo- R- ( 4- et imx{scayhaayheaianyiygiyel ne. 20 To' a sol ution of

Boc-R-(4-neth car bgnyl phenyl ) gl yci ne hyl egter (692 ) in THE (10
nL) was addedo‘%‘)é?&rﬁai }é’ﬁg‘%fR'%I"Fgﬁﬁx%"n&mfdgg‘i?%’é"?@%ﬂ”é(ﬁ%‘“&%%) in water (7
m.). The hpdzdxyrethyiivbanadied ishagamermidorpdy-and over 15 min cleared. After
30 mn, _tic showed the reaction to.be conplete. Ethyl 25 apetat (20 nlL) and

wat er (50 m.) were added, and the aqueous | ayer separated. The aqueous
sol uti on Wasaci(didkilgdl with 2 M hydrochloric acid and extracted with ethyl

acet ate ( ). The organic_solution was then washed with water x 2
and bri ngpi:"péo' H{/rlgeﬁ %\#’t h%&*ﬁ%d evaporated to give the nono 30 ester
(650 ngy, 98%, pure by tic. 1H NVR 77 Internedi ate PAA-20 13 Decenber 2004

Boc- R- (4- Met hoxyphenyl Yglyci ne. Boc-R-(4- hydroxyphenyl ) gl yci ne net hyl
ester was%%b ‘ &ket Bg%‘o%/*- R- 4- met hoxyphenyl gl yci ne using the al kyl ati on
met hod1o Boc-D- (3-ethanesulfonylaminophenyl) glycine.

To a stirring solution of 3—(ethanesulfonylamino—
phenyl)glycine (20 g, 77.43 mmol) and sodium carbonate (8.2 g,
77.43 mmol) in 3:1 THF:water (200 wh) at 0 °C, was added di-
tert-butyl dicarbonate (18.5 g, 85.17 mmol}. After stirring

15 for 30 min, the cold ba?h was removed; and after an additional
30 min at room temperature the solvent was removed; and the
regidue was partitioned between ethyl acetate and water. The
aqueous layer was acidified to pH 2 with KHSO4 and extracted
twice with ethyl acetate. The combined ethyl acetate extracts

20 were washed with water, dried with NaS0,, filtered and

concentrated in vacuo to give 17.51 g (63%) of a white solid.

1H-NMR
IS-MS, m/e 357.0 (M-1)

"25 g .
Intermediate PAA-1S5
N-Boc-D,L~ (5-thiazolyl)glycine.

To a r.b. flask (150 cm3), was added Boc-D,L-

(5-thiazolyl)glycine ethyl ester (7.00 g, 24.70 mmol) to

30 ethanol {c.a. 100 cm3) with stirring. 2 M Sodium hydroxide

' solution (25 cm3, 50 mmol) was added and allowed to'stir for 1
h. Reaction monitored by TLC (60% hexane/ethyl acetate; s.m.
r.f 0.5, prod. r.f. 0.). Reaction concentrated in vacuo and

product taken up in saturated bicarbonate (c.a. 50 cm3) and



5 described by Basak et al.(Tetrahedron Lett. 1998, 39, (27 " -4886) ,
fol l owed by hydrolysis of the methyl pster with |ithi"&r¥%ﬁ%?6'rb8&§§‘g43i n
aqueous THF. 1H NWR 10 Internedi ate PAA-2I

N 4- Met hoxybenzoyl - N- 2, 4- di . net hoxybenzyl . -D, L-(2-trifl uoro-

et hyl phenyl ) gl yai ne.” Prepared from

N- 4- met hoxybenzoyl - N- 2, 4- di net hoxybenzyl - 15 D, L-

(2-trifluoronethyl phenyl) glycine nethyl ester using nmethod PAA-B (3

equi val ents nba Ly G RYHLRt Slarabld R, ! S5Brm3iT € RAR R Tafed)wadlO

I-nt er medi at e PAA- 22
N- 4- Met horgbdhbsd -t RHAZ dvivgt oxgbetratiedDhydeedhlrriz yicid ghdci ne. Met hod

- PAA-E 25 | ALk «.hioph | G:aCi 3 mmol , 1
cqun v) i n39Rest el gLl LR ERERRIRR 1 Aok opdhicd Soudtadh
3, 4- di net Hoxgbedmst amthe (Br8Pmrnidoldyamwhs drieliiover frebhewaoh by
- gl yoxyl kc | . I l.v. The reaction was
al | ovved|5t Sﬁg#ﬁ?lg?%%%%%ﬁ%%t qrbt 3%5&%% & %?%hﬁlf ior%:eanlgﬁescr%gjs%l t ant
preci pitat{é.adsgf ilt.80cumabd [{7&shéeldlth net hyl ene chloride to afford 9.3
g (780) of N-2,4- dinethoxybenzyl-D,L-(thien-2-yl)glycine as an off-white
solid (ISM5 me 308 (m+ 1)) A portion of the solid (5.0 g, 16.3 mmol, 1

equi v.) WAE ¥BR 1IEedrber320004,dkssob v (i1H, adkt ohesy 2QHyLY) Akl 8B N sodi um
hydr oxi de (gﬁo g’.) Plg o t(lHTOs)t his solution was simultaneously added ani soyl

10
Intermediate PRA-16
N-Boc-D,L- (4-thiazolyl)glycine.
Method PAA-D
To a solution of N-Boc-D,L-{4-thiazolyl)glycine ethyl
15 ester (0.700 g, 2.470 mmol) in methanol (c.a. 15 cm3), was
added 2 M sodium hydroxide (2.47 cm?, 4,940 mmol) and allowed
to stir for 90 min. The solution was concentrated in vacuo and
taken up in water {c.a. 20 cm3). The agueous solution was
washed with ethyl acetate (c.a. 20 cm3), and then acidified to
20 pH 2 with 5% hydrochloric acid solution {c.a. 50 cm3). The
product was extracted with ethyl acetate (c.a. 3x30 cm3),
dried over magnesium sulphate, and concentrated in vacuo to

yield a pale yellow oil (0.582 g, 2.254 mmol) [91% yield].

.25 H NMR (CDCl3) 1.35 (9H, s), 5.5 (1H, d), 5.8 (1H, d), 7.35
(1H, 4), 8.75 (1H, d), 9.8-10.2 (1H, br.).

Intermediate PAA-17
N-Bo¢~D,L-(2-methylthiazol-4-yl)glycine.

30 Prepared from N-Boc-D,L- (2-methylthiazol-4-yl)glycine
ethyl ester using Method PAA-D.

lg NMR (CDCl3) 1.35 (9H, s), 2.6 (3H, s), 5.4 (1H, d), 5.9
(1H, s), 7.1 (1H, s).



chloride (2.78 g, 16.3 mml, 1 equiv.) in 20 nL of ace and sodi um
hydroxide in dropw se fashion. After ggirring at 5 rt #%@gﬁen%ertz g,ll\lreaction
was cooled to O C and was acidified to pH 2-3. D ethyl ether was added and
the product was extracted into the organic phase. The conbi ned organic
phases were washed with brine, dried over sodiumsulfate, filtered, and
concentrated to afford 5.1 g (71% of the titled conpound 10 as a white
solid. ISM5 me 440 (m+ 1). Internedi ate PAA-23 15

N- Boc-.N- 2, 4-di met hoxybenzyl -D, L- (thien--2-yl) glycine. To a solution of
N- 2, 4- di-et hoxybenzyl - D, L-(thien-2- yl)glycine (1.0 g, 3.2 mol, 1 equiV)
in 6 nL ofinaeehedintandrd-18l of water at rt was added triethylamne (0.97

m., 7.0 : gui v.).foll oped ddition of. 2-(tert-butoxy 20

Car bony! oRoPRe B T CNshah R rEerY fan L R = A S Fek5e ol 0. 95
equiv). After 5&iprdpegedt £¥ém Qve/-regbénzitivaycaebotyiominasadi [ uted with

wat er and she i t.h ether. Th aqueous phase was then acidifi,ed with 0.5
vcitr & st e ThPoa e HeetR SRRy b o Sty GEeH L oThe

colrrPi ned ?{é;novga;ﬁmuptgmeshm&y\mgheﬁo \gﬁdmpgégngéc&fde?gsﬁ&%?oﬁﬁﬂi um ' ed
sul fate, fi red, and concentrated to affor , of the title
conpound &% gﬁ%rmaf&tllﬁ’% of 12 Eigal)\gomapngoasing +a?)c.(°n§6/?¢h‘i’r&]rredi ate
PAA-24 BeaatRod; i samliagg! E6r . skaipdly Chétet ingr apas Bk fidromeeshy |

Boc-- D, L-i,soqui no| i n- 8- ylggl zacl:_i ne using Method PAA-B. The product was

preci pi t atBEEFR¥MADAS BEBylrcet ipcashbeart 5003Cadirddeyedobuiti on by adj usting
the pH1%0 e3apbidle SR iathdCht Lo fventional isolation, such as by using SCX

ion exchange chromatography.

D,L-(2-Beniyloxycarbonjlamino-4-thiazolyl)glycine.
Was prepared by the method of Hardy, K.; Harrington, F.
15 and Stachulski, A. - J. Chem. Soc. Perkin Trans I (1984)
1227-1235.

Intermediate PAA-19
Boc-R- (4-methoxycearbonylphenyl)glycine.

20 To a solution of hoc—R-(4—methoxycarbonylphenyl)glycine
methyl ester (692 mg) in THF (10 mL} was added a solution of
lithium hydroxide hydrate (90 mg) in water (7 wmlL). The
mixture immediately became cloudy and over 15 min cleared.
After 30 min, tlc showed the reaction to be complete. Ethyl

.25 agetate {20 mI) and water (20 mL) were added, and the aqueous
- layer separated. The aqueous solution was acidified with 2 M
hydrochloric acid and extracted with ethyl acetate {3 x 20

mh) . The organic solution was then washed with water x 2 and
brine x 2, dried with MgS04 and evaporated to give the mono-

30 ester (650 mg, 98%), pure by tlc.

iy NMr



acid. INNIR IS M5 W 303.0 (MHl) 5 Analysis for Cl16 04.,.0. O
Calcd: C, 61.73: H, 6.15; N, 9.00; Fgund: C, 61.62; H,Ei@g?@‘;be&?o@g-m

I nt er redi at e PAA-25 10 Boa- D, L- Napht hal en-1-yl gl yci ne. Method PAA-F Part
A: D, L- Napht hal en-1 -yl gl yci ne hydrochl oride. To a solution of sodium
cyanide (10.0 g, 0.22 mmol) in 40 nL of water. was added anmoni um chl ori de
(11.4 g, 0.22 mmol), 15 and the mxture was stirred until dissolution was
conpl ete. A solution of |-naphthaldehyde (31.0 g, 0.22 mol) in 40 nL of

met hanol waselhediaddedaang the resultant mixture was allowed to stir at
room tenperature for two days. An additional 150 nL of water was then
added andBpReRcfimdtethosupkenyldglyziract ed 20 into Et CAc. The conbi ned

organi c | ayers e and ‘
concentrat ed t%agr‘?o%ﬁpgg%%ﬁnﬁ?éﬁﬁe cr ugg%eé?%%%scé rorra ogr aphed
over sil FRaBgetR-‘eimethagymietylailynine: usimgOkbeCGrRiy Iation gevko®5 g of a
|1 ONt _DEOWBRELied S pdBLRT LAl MaseL iR s glked 18hZ5G2%,5F, of 5 N HCl

and was heated to ref e reaction cool to room
t enper at Uf88antLENe ﬁloéélﬁ‘(ﬁd Vs hydrobywids 1of thpswethyl esteer wight . ;

) SRR eg sRd g€ 0 (200) o theLitle comound 5s

g NMR

10
Intermediate PAA-21
N- 4-Methoxybenzoy1 -N-2,4- dlmethoxybenzyl =D, L~ (2-trifluoro-
methylphenyl)glycine.

Prepared from N-4-methoxybenzoyl-N-2,4-dimethoxybenzyl-

15 D,L-(2-trifluoromethylphenyl)glycine methyl ester using Method

PAA-B (3 equivalents of LiOH hydrate).

1g NMR
IS-MS, m/e 503.9 {m + 1)
20
Intermediate PAA-22
N-4-Methoxybenzoyl-N-2, 4-dimethoxybenzyl-D,L- (thien-2-yl1) -
glycine,
' Method PAA-E
25 To a solution of 2-thiopheneboronic acid (5.0 g, 39.0
' ﬁaoi, i'equiv) in 275 mL of methylene chloride at rt was added
3,4-dimethoxybenzylamine (5.89 mL, 39.0 mmol, 1 équiv) |
followed by glyoxylic acid monohydrate 3.6 g, 39 mmol, 1
equiv). The reaction was allowed to stir for 56 hours at rt
30 after which time the resultant precipitate was filtered and
washed with methylene chloride to afford 9.3 g (78%) of N-2,4-
dimethoxybenzyl-D,L- (thien-2-yl}glycine as an off- whlte golid
(IS-MS, m/e 308 (m + 1)) .
A portion of the solid (5.0 g, 16.3 mmol, 1 equiv.)'was



Part B: Doc-D, L- Napht hal en-1-yl glycine. To a sol ution Qof
D, L- napht hal en-1 -yl gl yci ne hydrochl orirge (13.6 g, 57_1% HeEnPenados N

sodi um hydroxide (57 nL, 115 mmol) in 120 nlL of 1, 4-di oxane and 60 nL of
wat er was added (Boc)20 5 (15 g, 69 mmvl ). The reaction was allowed to stir
at room tenperature for 3 h after which tine the solution was brought to
pH 5 by addition of 1 N sulfuric acid. The product was then extracted into
Et OAc; and the conbi ned organic extracts were dried over Na2SO4, filtered,

o MRk e A0t 1Bl Piota O Ut Spama b ggas | oM

Boc- D, L- (2enet hylTchitbphesylytglonc wae . simlasebusiwadilied anisoyl

2- (et hyI1 Q) benz hyde 5 0g,,98, 7 1o of et hanol

added am*rﬁnliu%n%ar%oﬂgté .331"gl L bR § é‘ﬁg&&“gbn%lt POREGIE ﬁé‘flas& um
cyani de (22Ngsodidfh h@dnmaic)e 1im ﬂ@GpmseNeftaehloﬁ'he afemat e0brinksy eat ed and
stirred at 70 Cfor 3 h after which tinme the reacti on was concentr at ed

under rédEEeHO’f)r]e?suFEe neRCTHOBINEE SRR EPaRt Cd At RRtaRiditiedt ate; and
the conbi pgdp@rgani c ppBERES Weke Washatied Lhd BEd Moddkkegapver Na2SO4,

filtered and concentrate The 25 resultant_crude residue was taken up in
70 nL of EFRyRCted dpkpethe nFopnifphAses NTEEdFeMRinRS e%paeiqmhaseded. The

reaction y@ase hpadipd wtﬁe&h% fas:a.&@rcﬁﬁe:d%aléﬁtﬁ{met%chfiiﬁ@reé he ethyl
acetate was removed under reduced pressure. To the aqueous m xture was

sequent i afPY ERRFSPLIObeHt v ldosdanel BO7BEE 20L (Ue Fitled eemtoundand 100 ni
of 2.5} gediuwmindiexigde. The reaction was then heated at reflux for 48
h. After r cooling to roomtenperature, the reaction was diluted with

wat er and the aqueous phase was washed with ethyl ether. The

15-MS, m/e 440 (m + 1).

Intermediate PAA-23

15 N-Boc-N-2,4-dimethoxybenzyl-b,L~- (thien-2-y1)glycine.

To a solution of N-2,4-diwethoxybenzyl-D,L-(thien-2-
yliglycine (1.0 g, 3.2 mmol, 1 equiv} in 6 mL of acetone and 6
mL of water at rt was added triethylamine (0.97 mL, 7.0 mmol,
2.1 equiv.} followed by addition of 2- (tert-butoxy-

20 carbonyloxyimino} -2-phenylacetonitrile’ (BOC-ON} (0.76 g, 3.1
mmol, 0.95 equiv). After stirring at rt overnight, the
reaction was diluted with water and washed with ether. The
aqueous phase was then acidified with 0.5 M citric acid and
the product was extracted into diethyl ether. The combined

- 25 qrganic phases were washed with brine, dried over sodium
sulfate, filtered, and concentrated to afford 0.38 g (29%) of

the titled compound as a c¢rude yellow oil.

IS-MS, wm/e 408 (m +1).
30
Intermediate PAA-24
Boe-D,L-isoquinolin-g8-ylglycine.
Prepared from ethyl Boc-D,L-isoquinolin-8-ylglycine using
Method PAA-B. The product was precipitated from a basic



aqueous layer was then acidified to pH 2 and the produgd puwas, st »bg4 Decenber
2004 extracted into ethyl acetate. Thggconbi ned organic extracts were
washed with brine, dried over MgS™4, filtered, and concentrated to afford
21.7 g of a crude residue. purification by silica gel chromatography
(gradient elution, 5 97:2:1 to 95:4:1 dichl oronet hane: net hanol : acetic acid) .
provided 5.0 g (17% of the title conpound. 1HNVR ES-M5S me 296 (M1) 10
| nt er redi at e PAA-27 Boa-D, L-(2-nethylsulfonyl phenyl)glycine. To a solution
of boc- D, laguzonet sylddiicapbe nydh@oiagnehd 416 tog3 &beR $8milg ciihxri& nL of
met hanol- was ,added a sol ution of 15 oxone (14 g, 23.mmol) in water. The
reaction 8%tirred at roomtenperature for 2 h after which tine the
-met hanol Vas®r renoved under reduced pressure. The product was extracted
into ethyl_a tatF nd the conbi ned organic | ayers were washed with brine,
dried oveﬁEW§%CnT ?i1t%eled*tnd concentrated to 20 afford 4.35 g (87% of
the titls menpensdiod iy MRy NSy M5 snhgo230( Mr1- C5HI02) 25 internediate
PAA- 28 Boc- D, E- é%enzo % t hi ophea--3_-yl1l) glycine . May be prepared by
the, nethod of “RUKDI j &+ &L-F: &+ ©-35: M ®-CRém 1985, 28, 1886-1896. 30
Preparation of rohds meyi gies2 AH, 5.66129 The-glql | owi ng conpounds were
prepared according to the indicated nethod (Method A-A or Method A-B) from
the indicated starting materials, unless otherw se descri bed.

Intermediate PAA-25

10 Boc-D,L-Naphthalen-1-ylglycine.
Method PAA-F
Part A: D,L-Naphthalen-1-ylglycine hydrochloride.
To a solution of sodium cyanide (10.0 g, 0.22 mmol)} in 40
mL of water was added ammonium chloride (11.4 g, 0.22 mmol),
15 and the mixture was stirred until dissolution was complete. A
solution of l-naphthaldehyde (31.0 g, 0.22 mmol) in 40 mL of
methanol was then added and the resultant mixture was allowed
to stir at room temperature for two days. BAn additional 150
ml oﬁ water was then added and the crude product was extracted
20 into EtOAc. The combined organic layers were washed with
water, dried over NapSO4, filtered and concentrated to afford
a crude oil. The crude residue was chromatographed over
silica gel, eluting with with 10:1 EtOAc:CH5Cl,, to give 35 g
of a light brown oil. This material was then dissolved in 250
. 25 mL of.ﬁ N HCl and was heated to reflux for 9 h. The reaction
' ﬁgs'alibwed to cool to room temperature and the product was
allowed to crystallize overnight. Filtration of the wmixture
afforded 13.6 g (29%) of the title compound as light brown
- crystals.
30
1NMR
IS-MS, m/e 201.9 (M+l)



82 13 Decenber 2004 Internediate A-1 1-[2-(4-Pyridiny ble azi ne
hydrochl ori de, Method A-A A 1-Boc-piggrazine (30 g, 218%&?% Ph&%

4-vinyl pyridine (40 g, 5 216 nmol) and acetic acid (12.9 g, 215 mmol) were
m xed in ethanol (400 nmL) and heated to reflux for 18 h. The m xture was
cooled to roomtenperature and concentrated under vacuum The residue was
di ssolved in water and ethyl acetate and neutralized wth satd NaHCO3. The
| ayers mere‘Separated The 10 water |ayer was extracted with ethyl

acetate. T 050anks: AT N LT 1Pr cgshed wi th brine, dried

(Na2SO™4), filtered and cofntentrate crude product was purified by
Si 02 chr onmat ogﬁ-’apmsqlaltppowﬁél 1- B@phmhc’flﬁ-n( 4—:%913’@11@ Ih)férhyh}qmp'ﬁ@r azi ne
(55.9 g, 8A%H.ea t = 292
(M1) B 1- ég%%‘?@f&nm%¥|§}d%%§ %&l%/%{ne ‘IE"@ mml)

was di ssolleedmnmmﬁwénél-d(-qmer@)idaﬁ@i mIaSDfCU@Fen Wats @d@edsaﬁm}az%d HCl in
met hanols (L0 ks WaRdddeshe AUA LR, WX Hn,Bh! Qued bo parmy 0 T oom

terrper ature fOI’ m Xture was concentrate er vacuum and
provi ded tPff[pzrehurfpﬁdrdBnl}lE)iételxywppclpeirm rbehgdhociiomadebtagsit g, 92%

.25 as a D , 92 1) Alternatively,
1 Doc- 4--\(,{42&;%4 pyr nyI ).Let hyl ] p| pera2| neacl(ﬁ? 0’ efr%%{lﬁ& V5% was
di ssol ved tiheneehfacitdde int &t BhdAc30and et lat e:oénbsnetﬁ)omlcaegtlrwﬂm HC1 was

added, - and e o) &4 Widr RAL48,50 £h9EeP0n MahPLAOGRARIPLA! Y6 e M xture

10 g (81%) of the title compound as a light brown foam.

InMr
IS-MS, wm/e 300.1 (M-1)

15 Intermediate PAA-26
Boc~D, L~ {2-methylthiophenyl) glycine.
To a solution of 2~ {methylthio)benzaldehyde (15 g, 98.7
mmeol) in 100 mL of ethanol was added ammonium carbonate (23.1
g, 296 mmol) and a solution of potassium cyanide (12 g, 148
20 mmol) in 100 mL water. The reaction was heated and stirred at
70 ©C for 3 h after which time the reaction was concentrated
under reduced pressure. The product was extracted into ethyl
acetate; and the combined organic phases were washed with
brine, dried over Nay3S04, filtered and concentrated. The
. 25 igsultant crude residue was taken up 1n 70 mL of ethyl
| acetate, and 70 mL of 5 N sodium hydrox1de was added. The
reaction was heated to reflux for three days after which time
the ethyl acetate was removed under reduced pressure. To the
aqueous mixture was sequentially added 100 wmlL of dioxane,

30 BocpO (42 g, 192 mmol), and 100 mlL of 2.5 N sodium hydroxide.
The reaction was then heated at reflux for 48 h. After
cooling to Toom temperature, the reaction was diluted with

water and the aqueous phase was washed with ethyl ether. The

aqueous layer was then acidified to pH 2 and the product was



concentrated under vacuum and provided |-[2-(4-pyridi nél % et hylzb@gperam ne
hydrochl oride (900 ng, 87% as a tan gplid. 1H NWVR(

192 (MHl) 13 Decenber 2004 Internmediate A-2 1-[2-(2-Pyridinyl)ethyl]
pi perazine. 5 Prepared from Boc- pi perazi ne and 2-vi nyl pyridi ne using

Met hod A-A. 1H-NWR (CD3CD) ClI-M5, me = 192 (Mtl) 10 Internediate A-3
1-[2-(2-Pyrazinyl)ethyl] piperazine. Prepared from Boc pi perazi ne and
2-vinyl pyrazine using Method A-A 1H NWR

) = 193 (M+1)
| nt er mediegtgadeetl intp2etl Ryrta&Li nyFye C]é) ?)’é? a2| e E%%Eér ed from

Boc- pi perazi ne_an n eaddr ( ar effl vstenty talmd net hod
descri be#®Ff ‘ﬂaﬁtﬁ%%&é KIPH%]%bH ommrsfys?%% 1632- 1633) usi ng Met hod
A-A. 1H NMBceRPSHAE ABI aE/B;erﬂ@ 4 gogt (M5 PRt Redi ate A-5 1~[ 2-

(3-Pyridinyl, t h) L-RRgt AyBiphy (gradlent elution,
1- Boc- 4- [PPI?‘-%W?B’Y‘?{L%)YP eple%m ne &g pOﬁ.i_ ol ), was added to a
sol uti @n oot 2her enesEHA (nzdacwamqmanseme a5 ac?él% "ﬁm in THE (200 ni)

ey at o N Was a ghel Bmpamd® h and Cooled to room
terrper at Fevi¢ ﬁé {17 ? Bgdtﬁep tithe b

-t

1g-NMR
ES-MS m/e 296 (M-1)

10
Intermediate PAA-27
Boc-D, I~ (2-methylsu1fonylpheny1)glyc1ne.

To a solution of boc-D,L-({(2- methylthlophenyl)g1y01ne (4.5

g, 15.2 mmol) in 75 mL of methanol was added a solution of

15 oxone (14 g, 23 mmol} in water. The reaction was stirred at
room temperature for 2 h after which time the methanol was
removed under reduced pressure. The product was extracted
into ethyl acetate and the combined organic layers were washed
@ith brine, dried over MgSOg4, filtered, and concentrated to

20 afford 4.35 g (87%) of the title compound .

1H-NMR
ES-MS m/e 230 (M+1-CgHgO3}

25 Intermediate PAA-28
l%od—ﬁ:L-(benzo[b]thiophen-3-y1)glycine.
May be prepared by the method of Kukolja, S. et al.
J. Med. Chem. 1985, 28, 1886-1896.

30 Preparation of Intermediates A-1 - A-12
The following compounds were prepared aQCOrding to the
indicated method (Method A-A OT Method A-B) from the indicated

starting materials, unless otherwise described.




excess borane was quenched with nethanol and 3 N HCl. The mxture stirred
for 3 h at roomtenperature, and the gplvents were rehbReerhriel0dacuum
The crude product was purified by 84 13 Decenber 2004 chronat ography (S102,
4.1 CH2C12: CVA) to provide 1--[2-(3 pyridinyl) ethyl.] piperazine (2.82 g,
oil. 1H NVR (CD3CD) 5 API-M5S W = 192 (Mrl) 36!0 as a light yellow
Intermediate A-6 1- [2- (4-1mdazolyl) ethyl]piperazine. Prepared from

| - Doc-4-[(4- inidazolyl)acetyl]piperazine 10 using Method A-B. 1H NWR

| S-MS, nmg % %d(a) nterrrediate A-7 .15

1-[2-(1-1 mdazo ﬁ ]plpera2|ne Prepared from

1- Boc- 4- - Rf 12+ (ﬁ-darzéldyhyatemwﬂ]mlperazim hydsbngldetdeod A-B. 1H NI\/R | S- M5,
me 181.4 (M+l) 20 Internediate’ A £1 Pyrazol yl') et hyl ] pi per azi ne.
Prepared from 1--Boc-4- ( (I-pyra26?§¥3 acetyl pi perazine using Method A-B
25 | H NVRBI S- MBBan-pip8tadifdi{30 bnt 28fredicdte A-9idylpyridine (40 g,

(Z'Thia%°bi§'ﬂ%é¥ﬁh%hhp58§ ﬁglégid {12.9 g, 215 mmol) were mixed in
ethanol (400 mL) and heated to reflux for 18 h. The mixture
was cooled to room.temperature and coHcentrated under vacuum.

The residue was dissolved in water and ethyl acetate and
neutralized with satd NaHCO4. The layers were geparated. The
10 water layer was extracted with ethyl acetate. The organic
layers were combined, washed with brine, dried (NayS04),
filtered and concentrated. The crude product was purified by
§$i0y chromatography to provide 1-Boc-4-[2-(4-
pyridinyl)ethyllpiperazine (55.9 g, 87%) as an off white
15 solid.
1H-NMR (CDCl3)
CI-MS, m/e = 292 (M+1)

B. 1-Boc-4-[2~ (4-pyridinyl) ethyl]lpiperazine (25 g, 85.8
20 mmol) was dissolved in methanol (100 mlL) and was cooled to
0 °C. ©Saturated HCl in methanol (100 mL) was added, and the
mixture allowed to warm to room tem?erature for 1 h. The
mixture was concentrated under vacuum and provided
1-[2- (4-pyridinyl)ethyllpiperazine hydrochloride (23.8 g, 92%)
+25 as a white solid.
1H-NMR {CD,0D)
CI-MS, m/e = 192 (M+1)
Alternatively, 1-Boc-4-[2-(4-pyridinyl)ethyl]lpiperazine
(1.0 g, 3.43 mmol) was dissolved in ethyl ether. Ethyl
30 acetate (15 mL) saturated with HCl was added, and the mixture
stirred for 30 min at room temperature. The mixture was
concentrated under vacuum and provided 1-([2- (4-pyridinyl)-
ethyl]lpiperazine hydrochloride (900 mg, 87%) as a tan solid.
1H-NMR (CD30D)



30 A A solution of Boc20 (26 g, 120 mml) in nethylene chloride (50 m)
was slowy added to a solution of ethys piperazin-|--J3Beeenber 2006 g, 116
mmol) .in CH2C12 (500 M.)- The m xture was stirred for 1 h at room

~ tenperature. The 85 13 Decenber 2004 sol vent was renoved under vacuumto .
provi de ethyl 4-Boc- piperazin-1l-ylacetate (31.9 g, 100% as a white solid.
1IH NWR (CDC1.3). CI-M5, nfe = 273 (Mtl). 5 B. N Methoxy-N nethyl am ne
hydrochl oride (4.3 g, 44.1 mol) was dissolved in nethylene chloride
(25.nL). TheMsolupe enisas (meppled to -78 C, and a sol ution of
trinmethylalumnum (44.1 m, 44.1 mmol, 1 Min heptane) was sl ow y added.
The m xture 10 was stirred at 0 C for 30 min and was allowed to warmto
room tenpatatmediaardastirred for 3-0 mn. The mixture was then cooled to
0 C and | ufion .qof e |, 4-Boc- - pi perazin-|1- ylacetate (10 g, 36.8

nol ) masgé§%é§£3?33%3§§£P%ﬁ#¥%‘Pfgeﬁgﬁgn?he cold bath was renpved and
stirring contimughrederpbgboc-pipeThe: fié Xdnd &-vagyth GheWp gt hyl
acetate gﬂd mqi%%: The layers were separated, and the water |ayer
ext r act ed AL fhyl acetate. The organic | ayers were conbi ned, washed

W th -brine-ydt{copNa2SO4), filtered, and concentrated to provide

N- met hoxy- thy) - 4- Boc- pi perazin-1-ylacetam de as a light 20 yell ow oi
(6.02 g, %gggﬁt t P?ﬁi?%gu upon standing. The product was used w t hout
further purification. 1H MAR (CDC13). Cl-M5, me = 288 (Mtl). 25 C. n-Butyl
lithiu (% Min hexanes, 12.2 nL, 12.2 mmol) was slowly added to a

sol uti PO fadole (2.0 g, 12.2

1-[2-(2-Pyrazinyl)ethyl] piperazine.

Prepared from Boc-piperazine and 2-vinylpyrazine using
Method A-A,
1H-NMR (CD30D)
15 CI-MS, m/e = 193 (M+1)

Intermediate A-4
1-i2-(3-Pyridazinyl)ethyllpiperazine.
Prepared from Boc-piperazine and 3-vinylpyridazine
20 (prepared using the method described in J. Chem. Soc., Chem.
Commun. 1985, 1632-1633} using Method A-A.
1H NMR (CD3OD)
API-MS, wm/e = 193 (M+1)

25 Intermediate A-5
iE[2?(flpyridinyl)ethyl]piperazine.
Method A-B
1—Boc—4~[(3—pyridinyl)acetyl]piperaziﬁe (8.0 g, 26.2
mmol) was added to a solution of borane-THF (2.0 M in THF,
30 39.5 mlL, 78.6 mmol) in THF (200 wh) at 0 °C. The mixture was
heated to reflux for 8 h and cooled to room temperature. The
excess borane was quenched with methanol and 3 N HCl. The
mixture stirred for 3 h at room temperature, and the solvents

were removed under vacuum. The crude product was purified by



mmol) in diethyl ether (50 nL) at -78 C. The m xture stirred at -78 C for
1 h. Then, a solution of N methoxy-N ggthyl-4- Boc- pi pé&? Bzremhend0fdet ami de
(3.0 g, 10.4 mmol) in 30 tetrahydrofuran was sl owy added- The m xture was
allowed to slowmy warmto -20 C and stirred for 4 h. The m xture was then
diluted with water foll owed by ethyl acetate. The water |ayer was
extracted with ethyl acetate and the organic |layers were conbi ned, washed
with brine, dried (Na2SO4), filtered, 86 13 Decenber 2004 and concentr at ed.
The crude grQedebg¥@shPUWidibled, ! ] r | 20 AkL - 601

CH2C12: CVA) Lo,prgvid§p¥-§gg' iPyﬁgﬁggg??%??6?2?%P9§?§?%t yI%biperazine
(2.2 g, eRyriddnyl)etyldpipesapine @.8R SVRB{CDEE3R. laghiveldiow = 312
(Mf-1). R4i1l-Boo-4-(2-o0x0-2-thiazol-2-ylethyl)piperazine (5.0 g, 16.1
mol ) was di ssolved in nethanol (25 nL). To this 10 solution, 'nmagnesi um
sul fate (2 ™Rad2zffdd, followed by p-tosyl hydrazine (3.9 g, 20.2 mmol).
The m XxtsurgpMas, Shyd red oof Q4P h and then filtered, and the filtrate
concentrated under vacuum The residue (6.0 g, about 12 mmol) was

redi ssolved in nethanol (120 nL), and sodium 15 tri acet oxyborohydride (10.1
g, 48 molp,reemeadised.a-Ehe m xture was heated to ref |ux overnight. The

m xture was cooled to O C and concentrated HO (15 nL) slowy added. The
m xt ure was Bri(dnBedaradatietykiodperenpreat ure and stirred for 1 h. The
m xture was copggpis o1 bhall_ihe,v SCX col um
(30 g, pretreat eg‘gmﬁ%&)&aégﬁ% 4tar(}ﬁ§ %gggn%?ﬁgr%%gg%ﬁ%%ﬁgﬁ th

met handi® S89Int§thahd-Froduct was el uted with saturated anmoni um

hydr oxi de qigayfRt hanol (500 nlL) and the sol vent renmoved under vacuum The

crude product
IS-MS, m/e 181.2 (M+1)

Intermediate A-7
15 1-[2-{1-Imidazolyl)ethyl]lpiperazine.
Prepared from l1l-Boc-4-[(l-imidazolyl)acetyllpiperazine
using Method A-B.
1H-NMR
IS-M3, m/e 181.4 (M+1)
20
Intermediate 2A-8
1-i2-(1-Pyrazolyl)ethyllpiperazine.
Prepared from 1-Boc-4-[(l-pyrazolyl)acetylpiperazine
using Method A-B. |
25 1H-NMR |
. I5-MS, mfe 181.4 (M+1)

Intermediate A-9
1-(2-Thiazol—2-ylethy1)piperazine.

30
A. A solution of Bocy0 (26 g, 120 mmol) in wmethylene
chloride (50 mL) was slowly added to a solution of ethyl
piperazin-l-ylacetate (20 g, 116 mmol} in CH5Cls; (500 mb).

The mixture was stirred for 1 h at room temperature. The



was then purified by chromatography (SiQ2, 12:1 - 4:1 25 CGHC12: CVA) to
provide 1-(2-thiazol-2-ylethyl)piperagne (1.9 g, 57%3 DquImDWROQ‘CDCB)
Cl-M5, nfe = 198 (M1). 30 Internediate A-10

- 1-(2-(2-Benzyl oxycar bonyl am not hi azol . - 4-yl ) et hyl i pi perazi ne

Hydr ochl ori de. Using nethods substantially equivalent to those described

in Method A-B, the title conpound was prepared from 1-Boc-4 87 13 Decenber
2004 (2-(2-benzyl oxycar bonyI am not hi azol - 4-yl )acetyl ] pi perazi ne (850) . 1H

NVR ( CD30Bhivéht Mas Yeusv 1¥ac éﬁlﬂg &E@@ q?
1-[ 2- (3--Fl yoropyridin-4-yl ] pt petrazi ne Tr| Iorlde A. n-Butyl

l'ithium (ElBeMWW‘HﬁY&ﬂégta‘&S (riﬂl 964, 410A¥d| )aS\/\asWhJ.ﬂ_@ cvdided to a round
bottomflaﬁkmd((ﬂjdl%t;ed with THE (25 nL). The solution was cooled to 0 C,
and a sol ution of diisopropylanmne (9.0 ni, 65 nmol) in THE (25 n) was
slowmy aBde¥S: THe i #Far @s stirred at 0 C for 20 min and was cool ed to
-78 C. A solution of 3-fluoropyridine (20 g, 206 15 mml) was added

dr opwi se gtenperature of m xture kept below - 70 C), resulting in the
format i onBef ATMEFheR¥cNphetdndanthe hydsqoblerids 6413 uged4at1 -1¢ for 4 h.

Ethyl ene gk dg: ddbiGeMl shndit - 2nfthes A0928TRE) WS LAWY added, and the

mxture allowed to warmto Foom tenperature overhig m xture 20 was
di | ut ed wrepleditsr -dd°CHXDMD a ?héutwews‘- heivetlpkrlarddum . T he wat er

layer extpacted WidddiCHRGL 2, ]&'&51:9{19?%95 ls%)ﬁ%ﬁ.? added. The mixture

10 was stirred at ¢ °C for 30 min and was allowed to warm to room
temperature and stirred for 30 min. The mixture was then
cooled to 0 °C, and a solution of ethyl 4-Boc-piperazin-i-
ylacetate (10 g, 36.8 mmol) was added dropwise. After 15 min,
the cold bath was removed and stirring continued overnight.

15 The mixture was diluted with ethyl acetate and water. The
layers were separated, and the water layer extracted with
ethyl acetate. The organic layers were comﬁined, washed with
brine, dried (NajS04), filtered, and concentrated to provide
N-methoxy-N-methyl-4-Boc-piperazin-i-ylacetamide as a light

20 yellow oil (6.02 g, 57%) that solidified upon standing. The
product was used without further purification.

g nMR (CDCl3) .
CI-MS, m/e = 288 (M+1).

25 C. n- Butyl lithium (1 M in hexanes, 12.2 mb, 12,2 mmol) was

' slowly added to a solution of 2-bromothiazole (2.0 g, 12.2
mmol) in diethyl ether (50 mb) at -78 °C. The mixture stirred
at -78 °C for 1 h., Then, a solution of N-methoxy-N-methyl-4-
Boc-piperazin-l-ylacetamide (3.0 g, 10.4 mmol) in

30 tetrahydrofuran was slowly added. The mixture was allowed to
slowly warm to -20 °C and stirred for 4 h. The wmixture was
then diluted with water followed by ethyl acetate. The water
layer was extracted with ethyl acetate and the organic layers

were combined, washed with brine, dried (NapS04), filtered,



wer e conbi ned, washed with brine, dried (Na2SO4), filtered, and
concentrated to provide a dark brown ggl. The residue WaBeceuperii08d by
chromat ography (Si02, 19:1 - 6:1 CH2Cl12: CvA) to 25 provide
3-fluoro-4-(2-hydroxyethyl)pyridine (6..7 g, 23% as a tan oil. 1H NWR

- (CDC13). A-M5, me = 142 (M1l). 30 B. 3--Fluoro-4-(2-hydroxyethyl)pyridine
(4.0 g, 28.3 nmol) and triethylamne (8.3 nL, 60 mml) were dissolved in
-CH2C12 (40 nlL) and cooled"to 0 O C. To this solution, nethanesul onyl

chl ori de (2d0cBheerthad D! 11485200805 AP W2 puThe; I e stirred at O
Cfor 1.h. The m xture was diluted wth water, 58 13 Decenber 2004 and th

| ayers sefRFPRECTRIYINEEP2 ]| Bl was : bxEHAS G t bo WG te. 13Brcor gani ¢
layers wege (QOBﬁ&r@qjhi\é@%heg-ﬁéﬁyﬁggﬂﬁe:aﬂrﬂeeq2(blag,s%%) Ll Lered, and

concentrated under vacuumto - provi

3-f 1 uor o- #gorkeshaftidsul f onyl oxyet hyl )pyridine (5.2 g, 5 83% as a pink
oi | . 1HsNWVR {fCi@e1§l.- M1 W = 220 (Mr1). C

3- Fl uor o- 4- ( 2- net hanésul f onyl oxyet hyl )pyridine (5.2 g, 10 23.7 mmol) was
di ssol ved STnMBnv{S5 LR, (M+Boc- pi perazine (8.85 g, 47.4 mol), K208 (3.3
g, 23.7 mmol), Nal (3.6 23.7 mml) and Cs2CB (7.7 g, 23.7 mmol) were
added, and the mxture heated to 55 C for 18 h. The m xture was cooled to
room t enp@r at ut eBedit diri-ared? vl 2@dt 2rykatdydt bybeseeing €5.05gThe | ayers

wer e sepahgt edym&nd ke g r t | .acetate. The
organi c |ayers, mcgi:’e c%nb?%‘éé ,V%Aﬁ)siﬁegg%%ﬁ&l ﬁ‘%ismé%'par?%%w(’ﬁgzsm) , filtered,
and coAfeRPLaEber umishesivnusnliagepldvideras adhati ofebfowsdobyct and DIVF.

The resi dgecyep1sliasalived 3o ¢ ebiyh Ghder. andevat lurdRRs B¥BESer e
for 48 h and then filtered, and the filtrate concentrated
under vacuum. The residue (6.0 g, about 12 mmol) was
redissolved in methanol (120 mL)}, and sodium

15 triacetoxyborohydride (10.1 g, 48 wmol) was a&ded. The
mixture was heated to reflux overnight. The mixture was
cooled to 0 °C and concentrated HC1 (15 mL) slowly added. The
mixture was allowed to warm to room temperature and stirred
for 1 h. The mixture was concentrated to half the volume and

20 placed on an SCX column (30 g, pretreated with 5% acetic acid
in methanol) and washed with methanol (500 mL). The product
was eluted with saturated ammonium hydroxide in methanol (500
mL) and the solvent removed under vacuum. The crude product
was then purified by chromatography ({(Si0,, 12:1 - 4:1

25 9F2C12;CMA) Lo provide 1-(2-thiazol-2-ylethyl)piperazine (1.9

. g: 55%;;

1H NMR (CDCl,).
CIjMS, m/e = 198 (M+1).

30 Intermediate A-10
1-[2-(2-Benzyloxycarbonylaminothiazol-4-yl)ethylipiperazine
Hydrochloride.

Using methods substantially equivalent to those described

in Method A-B, the title compound was prepared from 1-Boc-4-



20 separated, and the water |ayer extracted with diethyl ether. The
organic |ayers were combined, washed wfth brine, dried!3 PrRegges)200¢i | tered,
and concentrated under vacuum The crude product was purified by

chromat ography (Si02, 15:1 - 6:1 CH2Cl12:CVA) to give
1--Boc-4-[2-(3-fluoropyridin-4 25 yl) ethyllpiperazine (6.2 g, 84%. 1H
NVR (CDC13). Cl-Ms, nme = 310 (M+l). D.
1-Boc-4-[2-(3-fluoropyridin-4-yl)ethyl]piperazine (6.0 g, 30 19.4 mmol)

was di ssolpned,i hanol (20 ), apd.ani.sqgle.(6 nl) .. To this solution,
: concent._r,at[\él)‘dqﬁyger!%%ﬁoo F%ré%l?ﬁla(“gfgoﬁ%ﬂ%g* a’&fj%‘ae%ﬁd RRETAF X Ure stirred
for 1 h. TW®&%%ol vents were renoved under vacuumto provide a yellow solid.

The resi dyt S nded in diethyl ether and sonicated for 1 h. The 89
13 Decerrber?I %4(%@%@&' was recovered by vacuumfiltration, and the solid
dri ed und&®I-H8cuwfr t=0 3groyiee) 1- (2- (3-fl uoropyridi n-4- yl)ethyl]pi perazine
tri hydr%chl oride (5.2 g, 84% as an off white solid. 5 1-H NVR (CD30D).
C-M5, nle = 210 (Cl1H16FN3+1). Internediate A-12 1- [2--

(2- Cyanopymitdrmediatlie) aetthyl | pi perazine. 10 A Ethyl 4-pyridylacetate (20

G et hyl " errd? OB P e TS e e At PO ke HiRded (o ai d
stirring. The mxture stirred overnight. The m xture was 15 cooled to 0 C
o0 200e04e NS VERSCRCT, MLk b SERBS oA 0, oo €
filtratl® wharged to a round bottom flask and diluted with THF (25 mL).
The solution was cooled to ¢ °C, and a solution of N,N-
diisopropylamine ($.0 mL, 65 mmol) in THF (25 mL) was slowly
added. The mixture was stirred at 0 °C for 20 min and was
cooled to -78 °C. A solution of 3-fluoropyridine {20 g, 206
* 15 mmol) was added dropwise (temperature of mixture kept beloﬁ -
70 °C), resulting in the formation of a red precipitate. The
mixture was stirred at -78 °C for 4 h. Ethylene oxide (4.6 M
in THF, 67.2 mL, 309 mmol) was slowly added, and the mixture
allowed to warm to room temperature overnight. The mixture
20 was diluted with water and CHyCl,. The layers were separated,
and the water layer extracted with CHyCl,. The organic layers
were combined, washed with brine, dried (Nap804), filtered,
and concentrated to provide a dark brown oil. The residue was
purified by chromatography (SiOp, 19:1 - 6:1 CHyCly:CMA) to
.. 25 Q;ovi@g 3—fluoro-4—(é-hydroxyethyl)pyridine (6.7 g, 23%) as a
| t;n 6ii¥ 7
ig nMr (CDC13) .
CI-MS, m/e = 142 (M+1).

30 B, 3-Fluoro-4- (2-hydroxyethyl})pyridine (4.0 g, 28.3 mmol)
and triethylamine (8.3 mL, 60 mmol) were dissolved in CHyClg
{40 mL} and cooled ‘to 0 °C. To this solution, methanesulfonyl
chloride (2.0 mL, 31.2 mmol} was added dropwise. The mixture

stirred at 0 °C for 1 h. The mixture was diluted with water,



concentrated under vacuum The crude product was purified by

chromat ography (Si02, 40:1 - 20:1 CH2ga2: nethanol) to 63&¢P@§b902004

4- (2- hydr oxyet hyl)pyr| dine (8.1 g, 54% as an anber liquid. 1H NWR
(CDC13). C-M5, me = 124 (M+l) . B. 4- (2-Hydroxyethyl)pyridine (8.1 g,
65.8 mol ) and 25 triethylamne (10.1 nL, 66 mmol) were dissolved in CH2Cl2
(100 L) and cooled to -78 C. To this solution, tert-butyl- dinethylsilyl
chloride (11.0 g, 66 mvl) was added. The mxture was allowed to warmto

roomtenp The m r e ctl n ed of
Si 02 and- gdlrﬁ g(&;il@ gé{ W t%l%sﬁa 4. %glgﬂl‘-\%%lfz)ay%% ﬂano s %Fgl\/. 4k I't‘)
4-[ 2- (t er tCH2BdRY | dfpeetdrgesiitylapepsewhyk] coyirirdidiewfdBed wi thOBRing, 1H NVR

CDC13 23 1
gf [ 2- (%ertg Bgtﬁyl(géﬁsetﬁyl ?llﬁly%roxy) %?‘I%iyl:%ﬁ%%ﬂe (Tﬁgﬁr g2 f{fol) was

di ssol ved Br@‘f@ﬁgc&?ﬂ(lm ﬁftlz ek Haliesu$ HOny 1 @ayethyl phyoirdiper Benzogc aci d
was added gand the, (s]ﬁ stirred at roomtenperature for 72 h. The

sol uti on was washe 'aqueous NaOH (1 M and | ayers separated. The

water |aye# WMB (@@¥roted with CH2Cl2. The organic |ayers were conbined,

dried (K2 f er a ncentrated under vacuumto provide
4-[2-(te. ?ﬁehgutw%l ne%%r?y:?gff& oxy) ethyl ] pyridine-N- oxide (13.4 g, 83%.

10 1H NWR (CDCI 3) . C-M5, me-; 254 (N%l)._D: _
b (oo P SR T Y b P N (0 0 022
cyani dé0(28..2 molfzmsrndmb$o]1mi mddEE ool till)e- nﬂwa@ﬂ@%&ﬁednéo 90 C for 3
h. The m XBUEE g, 47.4 mmol), K3C03 (3.3 g, 23.7 mmol), NaI (3.6 g,

23.7 mmol) and CsyCO03 (7.7 g, 23.7 mmol) were added, and the

mixture heated to 55 °C for 18 h. The mixﬁure was cooled to

room temperature and diluted with water and ethyl acetate.

15 The layers were separated, and the water layer extracted with

ethyl acetate. The organic layers were combined, washed with

brine, dried (Nay804), filtered, and concentrated under vacuum

to provide a solution of product and DMF. The residue was

dissolved in diethyl ether and water. The layers were

20 separated, and the water layer extracted with diethyl ether.

The organic layers were combined, washed with brine, dried

{Nay80,4), filtered, and concentrated under vacuum. The crude

product was purified by chromatography (8i0y, 15:1 - 6:1

CH2C12:CMA) to give 1-Boc-4-[2-(3-fluoropyridin-4-

.. 25 yl)ethyl]plpera21na (6.2 g, 84%).
. 1§ mR (cDCla).
| CI-MS, m/e = 310 (M+1).

D. 1l-Boc-4-{2-(3-fluoropyridin-4-yl)ethyllpiperazine (6.0 g,
30 19.4 mmol) was dissolved in methanol {20 mhL) and anisole (6
mL) . To this solution, concentrated hydrochloric acid (15 mk)
was added and the mixture stirred for 1 h. The solvents were
removed under vacuum to provide a yellow solid. The residue

was suspended in diethyl ether and sonicated for 1 h. The



was allowed to cool to roomtenperature and stand overni ght- The m xture
was partitioned between water and CH2gd2. The |ayers \webPecaeprirdPéd and
wat er | ayer extracted with CH2C12. 20 The organic | ayers were conbi ned,
‘washed with water and brine, dried (K2003), filtered and concentrated to
provide a dark oil (14 g). The residue was purified by chromatography
(Si02, 40:1 CH2Cl12:ethyl acetate) to provide 4-(2-(tert-butyl-

di met hyl si | yl oxy) et hyl ] -2-cyanopyridine (12.8 g, 92a) as a 25 yell ow oil.

1H NWR ( CigebuctGradBre e raa 383 valMaluh flﬁ:ratlon, and the so
4--[2--(tert-Butyl di nmet hyl silyloxy)ethy Il%lmﬁc anopyri di ne 30 (12.8 g, 48.8
n 1

mmol ) and HFigs ybieh ouws: Farrapisend gPreRyitim-An THF, 73 nL, 73

nmol ) Werquqfé%hgisipiﬁbx%z&%ngnrﬁi&r%m&% @N¢ §!id4:8d 3t o 09FR tenperature
over ni ght. mxture was diluted with water and ethyl acetate. The

| ayers wé‘ffﬁt@eﬁﬁ?‘h@ed and the water |layer extracted with ethyl 91 13
Decenbers 2@04macetaish) .The organic | ayers were conbi ned, washed with water
and brine, dri edwé1 2804) filtered and concentrated. The residue was
purified IRE-88roMde cyrdShyCLSi0FN88)1 CH2C12:  net hanol ) to provi de
2-cyan- 4- (2 hydroxyet hyl ) pyridine (4.4 5 g, 619 as an off white solid. 1H
NVR (CDC13). Cl-Ms, W = 149 (M+1l) . - F

2- Cyano- 4- LRPEAbIGRANR) pyridine (4.3 g, 29 rrm)l) was 10 dissolved in
pyridi ne: 1(28320byarthyd i BERL4 - AN AR {H 7 d40:8L) and cooled to 0 C. To

this sol ution, benzenesul fonyl chlorlde (4.5 nL 34 8 mvl ) was added and
t he mt%re allomed to stir at roon1tenperature overni ght. The sol vent was

removed under wgayiim aRdibbeatasiduqayeg, P fist) Was added to a
suspension of LiAlH, (9.2 g, 242 mmol) in diethyl ether (600
mL) . Diatomaceous earth (about 50 mh} was added to aid
stirring. The mixture stirred overnight. The mixture was

15 cooled to 0 °C and agueous NaOH (15%) was added until
degassing ceased. The mixture was allowed to stir for 1 h.
The solids were removed by filtration and the filtrate was
concentrated under vacuum. The crude product was purified by
chromatography (SiOj, 40:1 - 20:1 CH;Clj:methanol} to provide

20 4-(2-hydroxyethyl)pyridine (8.1 g, 54%) as an amber liquid.
1 NMR (CDClg).

CI-MS, m/e = 124 (M+1).

B.  4-(2-Hydroxyethyl)pyridine (8.1 g, 65.8 mmol) and

25 trlethylamlne {10.1 mL, 66 mmol) were dissolved in CH3Cly (100
mL) and cooled to -78 °C. To this solutlon, tert-butyl-
dimethylsilyl chloride (11.0 g, 66 mmol) was added. The
mixture was allowed to warm to room temperature overnight.
The mixture was placed directly on a bed of Si0; and eluted

30 with 100:0 -~ 10:1 CHyCly:methanol to provide 4-[2- (tert-
Butyldimethylsilyloxy)ethyllpyridine (15.3 g,. 97%).
1g nMr (CcDCls).
CI-MS, m/e = 238 (M+1).



15 chromat ography (Si 02, 20:1 CH2Cl2: ethyl acetate) tq provide a 2:1

m xture of 2-cyan.o-4-[2-(benzenesul f ggyl oxy) et hyl ] pyV% GeEnbes gHO4
2-cyano-4-(2-chl oroethyl)pyridine (6.0 g, 84*-.). 1H NWR (CDC13). Cl - M5,
me = 167 (C8H7C1N2+1) and 289 (Cl4H12N203S+1). 20 G 1-Boc-pi perazine (6.8
g, 36 mol), Nal (2.7 g, 18 mol), K2C03 (3.0 g, 21.6 mmol) and a m xture
of 2-cyano-4-[2- (benzenesul fonyl oxy)ethyl] pyridine and
2-cyano-4-(2-chloro- ethyl)pyridine (2:1, 4.5 g, 18 mmol)-was dissolved in

DVF (50 2%, plL)sapd heated ' L XL U s lowed to
cool to roomterrg%r(atu[e %%ygl%ﬁeut2%%&%/%?%?@&%%%&13%%% aﬁqe. The
| ayers wefé Fephr a6d ddmacivrs viat 6H2Fky ef200erE} act Bel thiishselmydomacet at e.

The or ganjCoh ByRigerdehsoi & URiNed mg%f%ﬁye&ﬂew@sﬁu%@ldsbmee qried

(Na2SO™4),. 30 filtered and concentrat 2r vacuumto proved a dark oil
(6.0 g). FREMCEeRRETBLEgacion? pur i FhedEdytdéhnowas ogmsieldywitlsi 02, 1000: 10: 1
- 200: 18: JoGERGE %iammt hang] t?e% ni %u noxide) tao provide
“1-Boc-4-[2-(2- cyanopy?i dlmnfﬁﬁlgg)(‘%%ﬂy ;?il%grggii tllieJill ﬁ“g&%é: g?%% A 13
Decenber 28b¥dieANVRERCOEIG) 2. TEBeRPrgar(hcs 12603 1Were combined,

CH2C12: nme I nt [ l;d H.

1- Boc-4-| Ezig?%ﬁ)cg/%nq%gﬁ i g?%g%esﬁn’gg?h%ﬁ%ﬁg‘%gé?n@?gd’ aé: ,uumil.zt.’ 64 mmol ) was

di ssol vedpravide Harlgl (¢eotrhutvaddmevyled WydoBy) Shyldnyentilatedt hydrochl ori c
acid (10. 4.5k. &36 .70l jopps  added and the mixture stirred for 1 h. The

solvents were renoveéd under vacuum and co-evaporated tw ce with nethanol,
a 10 118 MX¥MR lGBClgt hanol /tol uene, and finally with nethanol. The

resi due V\@§_ﬁ§’i %g,eugdgg,lv&ﬂmm overnight to provide crude

D. 4-[2-(tert-Butyldimethylsilyloxy)ethyl]l pyridine-N-oxide
(13.4 g, 52.9 mmol) was dissolved in triethylamine {(14.8 mL,
15 105 mmol). Trimethylsilyl cyanide (28.4 mL, 212 mmol) was
added and the mixture heated to 90 °C for 3 h. The mixture
was allowed to cool to room temperature and stand ovérnight-
The mixture was partitioned between water and CH3Cl,. The
layers were separated and water layer extracted with CHpClj;.
20 The organic layers were combined, washed with water and brine,
dried (KpCO3), filtered and concentrated to provide a dark oil
(14 g). The residue was purified by chromatography (8105,
40:1 CH3Cly:ethyl acetate) to provide 4-[2-{tert-butyl-
dimethylsilyloxy)ethyl] -2-cyanopyridine (12.8 g, 92%) as a
.25 g@llow oil, )
. 1g NMR (cDCla) .
CI-MS, m/e = 263 (M+1).

E. 4~ [2- (tert-Butyldimethylsilyloxy)ethyl] -2-cyanopyridine
30 (12.8 g, 48.8 wmol) and a solution of tetrabutylammonium
fluoride (1 M in THF, 73 mk:, 73 mmol) were charged to a round
bottom flask and stirred at room temperature overnight. The
mixture was diluted with water and ethyl acetate. The layers

were separated and the water layer extracted with ethyl



product (4.5 g). Half of the product was dissolved in  nethanol,

concentrat ed anmoni um hydroxi de was agged, and sol vent3Pgesbe efBded under
vacuum The residue was purified 15 by chronmat ography (Si 02,'100.10:1
CH2C12: net hanol : concentrated anmmoni um hydroxi de) to provide

1- E2- (2-cyanopyridin-4-- yl)ethyl] piperazine (1.05 g, 69%. 1H NWR
(CDC13). C-M5, nmMe =217 (M1). 20 Preparation of Internediates B--1 - B-5
The follow ng conpounds were prepared according to the indicated nethod
(Method B-A, Method B-B or Method B-C) from the indicated starting

mat er i al.s 2GHPESs ofHife PRP3R1EdAErBeic T SD PR o RIos wih water

1- Boc- 4- E(3rpyih e Nniagelih ] 48 6T 811 Afrea MRGNBEnE#A rhrBAC- Pimer azi ne (12
g, 64 mol ), 3-pyridylacetic” acl (8.85 g, 64 mmol), and HoBt (8.64 g, 64
ol ) wer &SEiEE8] @ PUrA LBt byt ehrRmategTarYo {S1@DCI 5414 CH28l276. 8 nmmml )

was added mét&aaeﬂiwg;rowﬂ&era)ﬂyah@-b%md% genpUandines(std rred  for
|

3 h. The m xture was luted with water and ethyl ~acetate. The | ayers were
separ at &,9:afd 3t hes FueStiswhilrer©d3d13 Decenmber 2004 extracted with ethyl
acet ate. ThePRIaDE J)ayers were washed with water and brine, dried
(Na2S4), filtered, and concentrated to prgvide a yellow solid. The crude
product wEE-MSur ¢ e Y (Btklstal lization from hexanes: di chl or onet hane to
5 provide 1-Boc-4-[(3-pyridinyl)acetyl]piperazine (13.5 g, 69% as a white
sold. F. 2-Cyano-4- (2-hydroxyethyl)pyridine (4.3 g, 292 mmol) was
10 digsolved in pyridine (2.85 mL, 34.8 mnol} and CHoCly; (40 mb)
and cooled to 0 °C, To this solution, benzenesulfonyl
chloride (4.5 mh, 34.8 mmol) was added and the wmixture allowed
to stir at room temperature overnight. The solvent was
removed under vacuum and the residue was purified by
15 chromatography (8i05, 20:1 CHQCIZ: ethyl acetate) to provide a
2:1 mixture of 2-cyanc-4-[2- (benzenesulfonyloxy)ethyl]pyridine
and 2-cyano-4-{2-chloroethyl)pyridine (6.0 g, 84%).
1y NMR (CDC13).
CI-MS, m/e = 167 (CgH7CINg+1l) and 289 (CjgHyoNp038+1) .
20
G. 1-Boc-piperazine (6.8 g, 36 mmol), Nal (2.7 g, 18 mmol),
KoCO3 (3.0 g, 21.6 mmol) and a mixture of 2-cyano-4-[2-
(benzenesulfonyloxy)ethyl]lpyridine and 2-cyano-4-{2-chloro-
ethyl)pyridine {2:1, 4.5 g, 18 mmol) was dissolved in DMF (50
25 ghL) and heated to 80 °C overnight. The mixture was allowed to
cool to room temperature and diluted with water and ethyl
acetate, The layers were separated and the water layer
extrécted with ethyl acetate., The organic layers were
combined, washed with water and brine, dried (NaySO4), .
30 f£iltered and concentrated under vacuum to proved a dark oil
(6.0 g). The crude product was purified by chromatography
(8105, 1000:10:1 - 200:10:1 CHyCly:methanol:concentrated
ammonium hydroxide) to provide 1-Boc-4-{2-(2-cyanopyridin-4-

yl)ethyllpiperazine (4.0 g, 70%).



1H-NWR (CDC13) ClI-M5, me = 306 (Mtl) 10 Internediate B-2 1-Boc-4- |

(i midazol -4-yl) acetyl] piperazine. MNpthod B-B To a stdPesampesdSpensi on of
sodi um 4-i m dazol yl acetate (0.5 g, 3.4 mmol) in DW (25 nL) was added

di et hyl cyano- 15 phosphonate (0.6 nmL, 4 mmol ). After 5 mi n, Boc-piperazine
(0.57 g, 3.1 mol) was added, followed by a solution of" triethylam ne
(0.47 m., 3.4 mmol) in DM (20 nL). After 72 h, the solvent was renoved in
vacuo and the residue was dissolved in ethyl acetate and washed with satd
agq. NaHCO3xam®Rrb(dm®,5)20 dried with MJSO4, filtered and concentrated to
give 0.95 9 of pink oil. 1IHNWR IS M, me 295.1 (Mrl) 25 Internediate
B-3 1-Bol¥CaRf (1-9-m d226F i )yhEhpls prefdianaliconpertratad emmeniGiart i ng

Mat er i al shyd9ostidoa- 4- br onpacet yl pi perazine. To a stirring solution of

br onbacetyl bromide (29.8 g, 148 mmol) in THE (250 nL) at 0 C was added
via an addition funnel a solution of Boc-piperazine (25 g, 134 mmol) and

triethykam.ne {lgbd 4912148 &F@lopyk-RaThis %gh%mﬁig&raéin@ (8.94% 13
an

Decenber 2004 few granms of ice were adde he mxture was difuted with
et hyl acetat &? dMePidoMgswiiesol vide inagetitangdr d 68ephl stnstl caededt be ©r gani ¢

phase -was o¢as h@shotidthat ! JHibkEcaidy Rl ge ' ; and
again with brine. The o?gal?]f%r phase ?/vas 5 t(hen drie vadt“ﬁgl%/és %g:&f%l | tered,

and conceftfiet tpd FhgaBistere syiveedstor ¢ fO3aFhefsalvenfds weicee powder .

removed under vacuum and co-evaporated twice with methanol, a
10 1:1 mixture of wethanol/toluene, and finally with methanol.
The residue was dried under vacuum overnight to provide crude
product (4.5 g). Half of the product was dissolved in
methanol, concentrated ammonium hydroxide was added, and
solvents were removed under vacuum. The residue was purified
15 by chromatography ($i0y, 100:10:1 CH5Cls:methanol :concentrated
ammonium hydroxide) to provide 1-[2-{2-cyanopyridin-4-
yl)ethyllpiperazine (1.05 g, 69%).
1y WMR {CDCls3).
CI-MS, m/e = 217 (M+1).
20
Preparation of Intermediates B-1 - B-5
The following compounds were prepared according to the
indicated method (Method B-A, Method B-B or Method B-C) from
the indicated starting materials, unless otherwise described.
25

T

Iﬁtefﬁédiate B-1
1-Boc-4-[(3-pyridinyl)acetyl]piperazine.
Method B-A
1-Boc-piperazine (12 g, 64 mmol), 3-pyridylacetic acid
30 (8.85 g, 64 mmol), and HOBt (8.64 g: 64 wmol) were dissolved
in DMF. To this solutiom, EDCI {14.7 g, 76.8 mmel) was added
in portions. The mixture became homogenous and was stirred
for 3 h. The mixture was diluted with water and ethyl

acetate. The layers were separated, and the aqueous layer



IHNWR -, IS-M5, mfe 251.3 (M CAHO9+1) 10 Met hod B—C To stirri
suspensi on of NaH (60% di spersion in ggineral oil, BeC@@hﬁﬁ%pﬂ I n THE
(75 mL,) was added imdazole (1.46 g, 22 mol) in snall portions. After
conplete addition and conplete gas evolution,.a solution of 1-Boc-4 15
(bronmoacetyl ) pi perazine (6 g, 19.5 mmol) in THE (40 M) was added via an
addi tion funnel. After 2 h, the reaction was quenched with the sl ow
addition of water and then diluted with ethyl acetate. The organic phase
was washedmwhhbtrsat @hiag HE B, a0l | r th MySO4,
fi.ltered and_ 20 concent regtgg I n val{:eao Qﬂrﬁgo%gfi uggy\/\%{gg{%%ehg% I n di et hyl
ether wit Wis&nWehet And tménes | driedkdNapdOdri &d1ltergiveanti 64 g (810) of an
of f mhltecggmggtragéa 9 NH &2 e B-4
1-Boc-4-[(1- pyrazolyl)acetrg/)JIv?a Pgé?ﬁﬁ é%%é%aré f$€%¥%§%§ qg%%

1. - Boc- 4- BUGAb 488t HT Figsavakeh zm%fmﬁmm@ dB@ﬂJm:dﬂmhaﬁel\B; n e
295.1 (M vi8e 13- i

1- Hoc- 4- [ Benzylggﬁﬁgfgg%y a%§%%§?ﬁ%ggg*ﬁkﬁﬁgggg%n El%mspgfaz n% .

(2- Ami notl‘ﬁsai‘ol“’ g |9ddéeic acid (10 g, 63.2 mol) was di ssol ved in

1, 4- di'oxang-f#RQcHtd,)and aqueous NaOH (6 M .100 nl), and the solution was

cool ed to 0-' CC. Benzyl chl or o-
CI-MS, m/e = 306 (M+1)

10 Intermediate B-2
1-Boc-4-{(imidazol-4-yl)acetyl]piperazine.
Method B-B
To a stirring suspension of sodium 4-imidazolylacetate
(0.5 g, 3.4 mmol) in DMF (25 mbL) was added diethyl cyano-

15 phosphonate (0.6 mlL, 4 wmol). After 5 min, Boc-piperazine
(0.57 g, 3.1 mmol) was added, followed by a solution of -
triethylamine (0.47 wl, 3.4 mmol) in DMF (20 mL). After 72 h,
the solvent was removed in vacuo and the residue was dissolved
in ethyl acetate and washed with satd ag. NaHCO3 and brine,

20 dried with MgS0Q4, filtered and concentrated to give 0.95 g of
pink oil.
1H-NMR
IS-MS, m/e 295.1 (M+1)

.. 25 Intermedlate B-3

“x

1- Boc 4 [(1- 1m1dazolyl)acetyl]plperaZLne.
Preparation of Starting Materials:

30 l-Boc-4-bromoacetylpiperazine.
To a stirring solution of bromoacetyl bromide (29.8 g,
148 mmol) in THF (250 ml) at 0 °C was added via an addition
furnel a solution of Boc-piperazine (25 g, 134 mmol) and

triethylamine (14.9 g, 148 mmol) in THF (75 mL). After 1 h, a



formate (20 nL, 82.2 mmol) was added, and the m xture was stirred at room
tenmperature overnight. The m xture wag4 10 dil uted wi t hidfPesemper ébder, and
the | ayers separated. The -water |ayer was cooled to 0 C, and the pH
adjusted to approximately 4 with agqueous HO (6 M. The white precipitate
formed was col |l ected by vacuumfiltration, washed with water and di et hyl

et her, and dried under vacuumto provide (2 15

Benzyl . oxycar bonyl am not hi azol -4-yl)acetic acid (7.5 g, 41%. 1H NM
(DVBO- d6) fefsl qMane e ine? : : [ ntially

equi val ent togthoscrag déggr?%%%w di ﬁnﬁe‘%ﬁgﬁ%tg?épﬁ%stl Lilt?%ggo%%nd was
prepar ed FEBY (3c4fértey padyeekdomyeani dhhilarers wgty sapetirtedcintl and

1- Boc-- pkReré&zd 2 (% ) - V& =.461 ). 25
Preparation o?;#{l}?ecﬁ %Zlg?gt“er%éga%mgdc- :Qlj'“hg'I %‘I :vgﬁ%jé&gg%ébu%di;&%(ere
prepared 8BEBrfindaEsFOshand jamdiivawdth netined ( Whehorga@ik, phksboesC- B, Met hod
CC or I : i ngi I 1al.s, unl ess ot herw se
30 descri bad: Shier pgonesGs, H1EahEs, Skl Yol PRIT R 0GR 01T
-pyridi nyg}vetisd dpilgekazohen 96Lighler @ubder2004 Met hod G A

D- Doc-Phepyl@gycine (8.4 g, 33.3 mmol ) and
1-[2-(4-pyridinyl)ethyl]piperazine hydrochloride (10 g, 33.3 mmol) were

di ssol ved!fnHOMM/(E5881r8) (MritiFgadled to 5 approximately -15 Cin an

i ce-met hanol. bath. Diethyl cyanophosphonate (5.5 nL; 36.6 Mol ) was slowy

added to the
10 _ Method B-C

To a stirring suspension of NaH (60% dispersion in
mineral oil, 2.34 g, 59 mmol) in THF (75 mL) was added
imidazole (1.46 g, 22 mmol) in small portions. After complete
addition and complete gas evolution, a solution of 1-Boc-4-

15 (bromoacetyl)piperazine (6 g, 19.5 mmol) in THF (40 mL) was
added via an addition funnel. After 2 h, the reaction was
quenched with the slow addition of water and then diluted with
ethyl acetate. The organic phase was washed with satd aq.
NaHCO3, followed by brine, then dried with MgSO,, filtered and

20 concentrated in vacuo. The residue was suspended in diethyl
ether with sonication, then filtered and dried to give 4.64 g
(81%) of an off white powder.
1H-NMR
IS-MS, m/e 295.2 {M+1)

25 o
) Intermediate B-4
1-Boc-4-[(1l~-pyrazolyl)acetyl]lpiperazine.
Prepared from pyrazole and 1-Boc-4-bromoacetylpiperazine
using Method RB-C.
30 1H-NMR

IS-MS, w/e 295.1 (M+1)



m xture. Triethylamne (18.6 ni, 1133:.2 mmol ) was added _dro mnse to the
sol ution.- The mixture was. stirred ag5-15 C for 2 h hhde &12PB%ed to
gradual ly warm to-roomtenperature 10 overni ght. The m xture was dil uted
“With ethyl acetate and water. The |ayers were separated, and the water

| ayer extracted with ethyl acetate. The organic | ayers were conbined,
washed with brine, dried (Na2SQ4), filtered, and concentrated under vacuum
The crude product was filtered 15 through a plug of silica gel (1.2 kg)
using 1: 1jg§é§ﬂgalgégx§5 acetate as eluent to provide

1- (Boc- D phenyl ¥C|n yl')-4-[2-(4- pyridinyl)ethyl]piperazine (10.6 g, 75%
as a | i ghttperréw %13&1121%1@:@1(@@ gping whiagsl-frglacety3] ¢ MH )

I nt er medi 5@ebn2ids, (Boc-D-Phenyl glyciiiyl) -4- [2- (2-pyridinyl)
ethyl ] pi, perazine. Prepared from Boc-D-phenyl gl yci ne and
1-[2-(2-pyridinyl)- 25 ethyl]piperazi ne usi ng Method G A 11:C - |
| H NMR(6D&l 3) (&ladv 42° dj ; -
(Boc-JJ- Phenyl (I yci nygtlm-%ZOl %Fyl()%kégjr%z% nyl) % % fj % %‘ggg%}‘ﬁaés Pr epar ed
f r om Boc- 9pS g R giy di-deddonpre (R20 ¢I) mnda 3qnybws NQMhyEinipkwmzine usi ng
Met hod- C- 5 1 oD o} M1 1 ember 2004

I nt er medi g@(’% C{a‘%&'&ﬁ( ocﬁg%ﬁd\ﬁcﬁ%‘?%y %54(3 ge'?%ylp%r a2| nyl )

et hyl | pi p&Parihe. (2‘?3r“épa|3§d2 fiimesrh) Bygs BMyIﬁgﬂyt}h@enmtakrE ¥&s(3-pyrid

stirred at room temperature overnight. The mixture was

10 diluted with diethyl ether, and the layers separated. The
water layer was cooled to 0 °C, and the bH adjusted to
approximately 4 with agueous HC1 (6 M). The white precipitate
formed was collected by vacuum filtration, washed with water
and diethyl ether, and dried under vacuum to provide (2-

15 benzyloxycarbonylaminothiazol-4-yl)acetic acid (7.5 g, 41%).
g NMR (DMSO-dg) .

CI-MS, m/e = 293 (M+1).

B. Using mgthods subgtantially equivalent to those described
20 in Method B-A, the title compound was prepared from (2-
benzyloxycarbonylaminothiazol-4-yl) acetic acid and 1-Boc-
piperazine (95%). '
i NMR (CDC13).
CI-MS, w/e = 461 (M+l).
.25

Pre?aration of Intermediates C-1 - C-28
The following compounds were prepared according to the
indicated method (Mgthod C-A, Method C-8, Method C-C or Method
C-D) from the indicated starting materials, unless otherwise
30 described.

Intermediate C-1
1- (Boc-D-Phenylglycinyl) -4- [2- (4-pyridinyl) ethyl]piperazine.



5 azinyl)ethyl] pi perazine using Method CGA 1H WR (CDC13 TLC Rf =0. 65
(100: 10: 1 CH2d 2: MeOH: NHAQH, Si 02, Angstech No. 02521}3 ?Gc%ﬂl?eérzﬂ%i ate G5
1- (Boc-D Phenyl glycinyl) -4- 2- (3-pyridinyl) ethyl] piperazine. Prepared
from Boc-D- phenyl gl yci ne and 1-[2-(3-pyridinyl)- ethyllpiperazi ne using

Met hod CGA. 1H NVR(CDC1l3) 15 d--M51 me = 425 (M+l) Internediate C6

1- (Boa- D- Phenyl gl ycinyl )-4-[2-(4-im dazol yl ) et hyl | pi perazi ne Prepared from
Boc- D- phenyl gl ycine and 1-[2-(4-im dazol- 20 yl)ethyll pi perazi ne using
Method CGA 1HNWR |S M5 W 414M%tf1%'%-)1a" nternediate C7 25 1- :
(Boc- - D-Phenyl gl ycinyl) -4- [2- (4-pyrazblyl) ethyll piperazine_ Prepared
from Boc- D- ph&‘i?PSl‘?%@%élgirY@ime[ 28 (4-pyrdzal ywnypl) eandy| | pi - per azi ne using

(Boc- D Py er s e Py e O R 8, 58 o epar e
f r om Boc-093ne HFFE| %%’?ﬁ’felvaﬂdim-m(@-(ﬂﬂq mld- and ot dast iyl | pi per azi ne using
Vet NOd 0 hpr@i b MR 1551k Aéhcbhbhod) ndth DogaRRY 2004
: cyancphosphonate (5.5 mLy 36.6 mmol) was slowly added to the
mixture. Triethylamine (18.6 wml, 133~2 mmol) was added
dropwise to the solution.  The mixture wasg stirred at -15 °C
for 2 h and was allowed to gradually warm to.réom temperature
10 overnight. The mixture was diluted with ethyl acetate and
water. The layers were separated, and the water laver
extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried (NapS04), filtered, and
concentrated under vacuum. The crude product was filtered
15 through a blug of silica gel (1.2 kg) using 1:1 hexanes:ethyl
acetate as eluent to provide 1-(Boc-D-phenylglycinyl)-4-[{2-(4-
pyridinyl)ethyllpiperazine (10.6 g, 75%) as a light yellow
oil,
1H-NMR (CDCLs)
20 CI-MS, m/e = 425 (M+1)

Intermediate C-2
1- (Boc-D-Phenylglycinyl) -4-[2- (2-pyridinyl) ethyllpiperazine.
Prepared from Boc-D-phenylglycine and 1-[2- (2-pyridinyl)-
.25 ethyllpiperazine using Method C-A.
. 1H-NMR(CDC13)
CI-MS, m/e = 425 (M+1)

Intermediate C-3
30 1-(Boc-D-Phenylglycinyl)-4-{2-({2-pyrazinyl)ethyl]lpiperazine.
Prepared from Boc-D-phenylglycine and 1-[2-(2-pyrazinyl)-
ethyllpiperazine using Method C-A.
1H-NMR {CDCl3)
CI-MS, m/e = 426 {M+1)



5 1-(Boa- D-Phenyl gl ycinyl)-4-[2-(l-pyrazol yl)ethyll pi perazine, Prepared

fr om Doc- D- phenyl gl yci ne and 1-[2-(1-gyrazol yl)- et hyl J$Pse?a2$ICsi ng
Method CGA 1HNWR |IS-M5 me 414.2 (M+l) 10 Internediate C 10 1-

-[Boc-D, L- (Pyridin-2-yl) glycinyll -4- [2- (4-pyridinyl) ethyl] -

pi perazine. Method C-B 15 To a stirring solution of ethyl

"Boc-D, L-(pyridin-2-yl)- glycine (16.3 g, -58.2 mmol) in 1, 4-di oxane (100 ml)
was added a solution of LiOH hydrate (2.68 g, 64 mvol) in water (100 nl).
After 2 h, another solution of LiOH hydrate (1.34 g, 32 mmol) in water (50
~mL) was-.added. Aft,e{: another 2 h, the 20 sol vent was evaporated in vacuo to
gi ve 13.56'4F5Pe8iR uiiie solid. A portion of the solid (3 g, 11.6 rmol)

was di ssolmeochD - My T yidh hy 8ok 20l (8dpl 01 8afinyl) ebhy 5] i) dildzeRe Was added
di et hyl cyanophosphonat 2.3 g, 13.9_mol), 25 N_N-diisopropyl et hyl am ne
(6 g, 46.4 ml%regﬁﬁe‘glhéﬁ?m Bop 2D Rhssyladyr Rt BAd girdér e Hldr ochl ori de
(3.8 g, slZafinymyethyl Bhiheriei heaed i) Mé@soal d-oved to slowy warmto room

t enper at ure over_g}:ﬂajteé The next norning, the solvents were renoved in

vacuo and YhéMRe Mas dissolved in ethyl 30 acetate and washed with
satd aq. NalCRg-ands b{ige 1ot hedy firi Ldeon: ki, Hie2 Jahiered, waNd
concentrated in vacuo. The residue was thenh dissolved in a mninmal vol une
of dichl ortsméthane and chromat ographed over silica gel, eluting with a
step gradient of 29.- through 10% nmethanol (with 2 N NH3) in

di chl oronet hane. 99 13 Decenber 2004
10 Intermediate C-5

1-(Boc~D-Phenylglycinyl)-4- {2~ (3-pyridinyl)ethyl]lpiperazine.
Prepared from Boc-D-phenylglycine and 1-([2-({3-pyridinyl)-
ethyllpiperazine using Method C-A.
1H-NMR (CDC13)
15 CI-MS, m/e = 425 (M+1)

Intermediate C-6
i1-(Boc-D-Phenylglycinyl)-4-[2- (4-imidazolyl)ethyl]lpiperazine
Prepared from Boc-D-phenylglycine and 1-[2-(4-imidazol-
20 yl)ethyllpiperazine using Method C-A.
1H-NMR
IS-MS, m/e 414.2 (M+1)

Intermediate C-7

. 25 1-(Boc-D-Phenylglycinyl)-4-[2- (4-pyrazolyl)ethyllpiperazine.

-,
s

" Prepared from Boc-D-phenylglycine and 1-[2-{4-pyrazolyl)-
ethyllpiperazine using Method C-A.
1H-NMR
IS-MS, m/e 414.2 (M+1)

30
Intermediate C-8
1- {Boc-D-Phenylglycinyl)-4-[2- (1-imidazolyl)ethyl]piperazine.

Prepared from Boc-D-phenylglycine and 1-([2-(1-imid-

azolyl)ethyllpiperazine using Method C-A.



The product containing fractions were conbined and co gﬁntrabedzgO vacuo

to give 2.31 g (47% of an off-white ggoam 1H NVR 5 | ﬂz

(M+l) Intermediate CG11 1- [BOC-D, L- (2-Methoxyphenyl)glycinyl] -4- [2-

~(4-pyridinyl) - ethyl]piperazine. 10 Method C-C To a stirring solution of

- Boc-D, L-(2-nethoxyphenyl)- glycine (2 g, 7.1 mmmol) and

1-[2- (4-pyridinyl)ethyl]piperazine trihydrochloride (2.4 g, 7.8 mml) in

- DMF (50 nL), was added HOBt (1.06 g, 7.8 mmol); and triethylamne (4.96

m., 35.6 h&-mmml) followed by DCC (1.61 g, 7.8 mml ). After stirring

over ni ght _at roo terrperature the m xture was filtered; and the filtrate

was conceﬁ% ?1%%§c3a T%b resi due was dissolved in ethyl acetate and

- washed with satd aq. NaHCO3 followed by brine, then dried with MgSO41
filtered %% ,oncentrat ed in vacuo. The residue was then dissolved in a

m ni nrum a At a(:ﬁecﬁ’l dr onet hane and chr onat ographed over sili ca gel ,

eIut|ru;5M1LhBacsmfﬂhaﬁ?agnﬁainfﬂ) QIQELQ155§¥J¥31?1)EQﬁ 5&%&&&

NH3/ met banol ) in di chl or onet hane. roduct “cont dl ni'n ractrons were
combi ned and c%ﬁ%%ﬁ F§8‘“|$P°2‘:‘P"@§8%19 @inge apdsl gl 7@ pyshzohglti t| e

conpound. etﬁ#ﬂ}ﬁiﬁéﬁdilk5-uﬁdé?‘ﬂgéh$d(&&ﬂ) Internediate C-12 30 1-
(Boc- D-Phenyﬂg%yC|nyl) -4 (thiazol-2-yl) ethyl] piperazine. Prepared
from1 12- zoI-2-yI)ethyI)p|pera2|ne di hydr ochl ori de and
Boc- D- phenylgsyaine quai ao(ietyhod C- A, except using dichloronethane in
pl ace g% DVF (80% . 100
Intermediate C-10
1-[Boc-D, L-(Pyridin-2-yl)glycinyl] -4-[2- (4-pyridinyl) ethyl] -
piperazine,
Method C-B
is To a stirring solufion of ethyl Boc-D,L- (pyridin-2-y1)-
glycine (16.3 g, 58.2 mmol) in 1,4jdioxang (100 wL) was added
a solution of LiOH hydrate (2.68 g, 64 mmol) in water (100
mL) . - After 2 h, another solution of LiOH hydrate (1.34 g, 32
mmol) in water (50 mL) was added. After another 2 h, the
20 solvent was evaporated in vacuo to give 13.56 g of off-white
solid.
A portion of the solid (3 g, 11.6 mmol) was dissolved in
DME (75 ml) and cooled to 0 °C. To this solution was added
dlethyl cyanophosphonate (2.3 g, 13.9 mmol),

'125 N;N-d;{gopropylethylamlne (6 g, 46.4 mmol) and then
1-[2-{4-pyridyl)ethyllpiperazine hydrochloride {3.8 g, 12.8
mmol) , and the reaction was allowed to slowly warm to room
temperature overnight. The next morning, the solvents were
removed in vacuo and the residue was dissolved in ethyl

30 acetate and washed with satd ag. NaHCO3 and brine, then dried
with NapSO4, filtered, and concentrated in vacuo. The residue
was then dissolved in a minimal volume of dichloromethane and
chromatographed over silica gel, eluting with a step gradient

of 2% through 10% methanol (with 2 N NH3) in dichloromethane.



1H NVR (CDC13). Cl-Ms, nle = 431 (C22H30N403S+1). 13 D$08nber 2004
Internediate C-13 5 1- (Boc- D Phenyl ggycinyl) -4- 3 December 2004

(2- benzyl oxycar bonyl anni no- thiazol -4-yl)ethyl]piperazine. Prepared from
1-- [2- (2-benzyl oxycarbonyl am not hi azol -4 yl ) et hyl | pi perazi ne

‘hydr ochl ori de and Boc- D phenyl gl ycine using Method CA (760). 10 1H NMR
(CDC13) . APCI-MS, W = 580 (Mrl). Internediate G 14 1-

(Boc- D Phenyl gl yci nyl ) -4 [2 (3-fl uoropyri din-4-yl )et hyI ] - 15

pi perazine. Boc: D- hen in [2-(3-fluoro-

pyr i di n-4-yI l{érg)%%fi?pl perg'%f"ﬁ n%sqrﬁ& %o‘ge OX%%%E%‘E) i ng

‘N, N di i sopeamenetrayédnimeacnoptacavef 2t 31 ef hyd7ani of andbiH-ehliesonet hane in
pl ace of % 890). 20 1H NWMR (CDC13) . APCI-M5, me = 443 (Mtl).

I nt er nedi a -15 1- (Boc-D-Phenylglycinyl) -4- [2- (2 -cyanopyridin- 4
-yl)- ethylg- NMR25 pi perazine. Method C-D 1- (2- (2-cyanopyridin-4-yl)

et hyl ] pé é14 6 % é&?& nmmol ) and Boc- D- phenyl gl ycine (1.39 g, 4.63
nmol ) wer e éso 2 (20 nmL) and cooled to -10 C. To this 30
sol ution, dlethyl cyanophosphonate (0.94 nL, 4.63 mvl) was added,

fol | oned b}_/nar%%hlilge fltrlethylamne(o 97 m, 6.9 nmol) in CHZC12(10
m,). The M xtur e was atowed to slowy Warmtoroomterrperature

over ni ght . 1-Tie@crDXLu{ 2-MsaRoslipbhirdd ) gMr& hnyWEt-@- [aRd4 L - @EneLs - Separ at ed.
The wat er ééﬁgﬁﬁpgggrazine.
10 | Method C-C
To a stirring solution of Boc-D,L-(2-methoxyphenyl) -

glycine (2 g, 7.1 mmol) and 1-[2-(4-pyridinyl)ethyl]lpiperazine
trihydrochloride (2.4 g, 7.8 mmol) in DMF (50 mL), was added
HOBt (1.06 g, 7.8 mmol), and triethylamine (4.96 mL, 35.6

15 mmol) followed by DCC (1.61 g, 7.8 mmol). After stirring
overnight at room temperature, the mixture was filtered; and
the filtrate was concentrated in vacuo. The residue was
dissolved in ethyl acetate and washed with satd ag. NaHCO3
followed by brine, then dried with MgSO4, filtered and

20 concentrated in vacuo. The residue was then dissolved in a
minimum amount of dichloromethane and chromatographed over
silica gel, eluting with a step gradient of dichloromethane
through 10% (2 N NH3/methanol) in dichloromethane. The
prodﬁct containing fractions were combined and concentrated in

.. 25 vacuo to give 2. 5 g (77%) of the title compound.
. 1H-NMR

Is-MS, m/e 455.1 (M+1)

Intermediate C-12
30 1—(Boc-Dfphenylglycinyl)-4~[2-(thiazol-z—yl)ethyl]piperazine.
Prepared from 1-[2-(thiazol-2-yl)ethyl)piperazine
dihydrochloride and Boc-D-phenylglycine using Method C-A,

except using dichloromethane in place of DMF (80%).



101 13 Decenber 2004 extracted with CH2Cl2. The organi €3 bay&hiserwene

conbi ned, washed with brine, dried ({4a2SQ4), filtered and concentrated
under vacuumto provide crude product (3.0,g). The crude product was
~purified by chromatography (Si02, 1000:10:1 5 400:10:1 '

CH2C12: net hanol : concentrat ed ammoni um hydroxi de) to provide 1-

(Boc- D phenyl glycinyl) -4- (2- (2-cyanopyridin-4-yl) - ethyl]piperazine
(1.61 g, 78%. 1H NWR (CDC13). CI-Ms, me = 450 (M+l). 10 Internediate C 16
1- [Boc- Difs- meR- @dcagephenyl ) gl ycinyl] -4- (1-nethyl piperidin-4-

yl?) pt per.azi ne. Prepafed from Boc-D, L- (2-chiorophenyl)glycine and 1- (1-
1.5 - met h§EpYPerV/@ - 437 11Ga¥aodzPre+Usi ng Method C-C, with EDCl in place
of ACC and HOAt in place of HOBt. 1H NVR IS-M5 nfe 451.0 (M+1) 20 '
I ntermedi ate G 17

1- [ Hoc- D, EBtexmeiate- 8=38) gl yci nyl | - 4- (1- net hyl pi peri di n-4- yl) piperazine
. Prepased. fsomBagy: ALk NT 8- ' ang Lo l-s o

met hyl pigpgr?dﬁn- 4-yIEh§iL§Ie#%*zﬂixﬂg EsF%ng%?hﬁgi%gyC vvio'glﬁiéﬁoi n 25 place of
DCC and HEALazlf-FdeéebkyHoEperapin®dR | nt er medi ate C 18

L-[ Boc- D, L- (2-ghtdduluar epgh fyl envi gl ek ibds s biflBbEKiazdl o -
pi peridin-4-yl)piperazine. Prepared om 7
Boc- D, L, - Y2 e¥hvllpdpetnting pydmprhtpyisienendabec-D-phenylglycine
1- (1- met hyLpidpkdtdion- 4=y }-pisper azi ne using Method G C

10 1m NMR (CDCl3).

APCI-MS, m/e = 580 (M+1).

Intermediate C-14
1- (Boc-D-Phenylglycinyl) -4~ {2- (3-fluoropyridin-4-vl)ethyl] -
15 pipera=zine. '
Prepared from 1~ (Boc-D-phenylglycinyl) -4-[2~ (3-fluoro-
pyridin~4—y1)ethyl]piperazine using Method C-A, except using
N,N-diisopropylethylamine in place of triethylamine and
dichloromethane in place of DMF (89%).
20 1m NMR (CDCl3).
APCI-MS, m/e = 443 (M+1).

Intermediate C-15
1- (Boc-D-Phenylglycinyl) -4- [2- (2-cyanopyridin-4-yl)ethyl] -
25 p}peragine.
T Method C-D
1-[2-(2-cyanopyridin-4-yl)ethyl]l piperidine (1.0 g, 4.6

mmol) and Boc-D-phenylglycine {1.39 g, 4.63 mmol) were

dissolved in CHCl; (20 whL) and cooled to -10 °C. To this
30 solution, diethyl cyanophosphonate (0.94 mh, 4.63 mmol) was

added, followed by a solutién of triethylamine (0.97 mL, 6.9

wmol) in CHCly (10 mL). The mixture was allowed to slowly

warm to room temperature overnight. The mixture was diluted

with water and the layers separated. The water layer was



with DIEA in place of TEA. 102 1H NWR IS—MS m e 485. 016 ekpmbar Begenber
2004 Internediate C19 5 10

1- (Boc- D Cycl opentyl gl yci nyl ] -4- (1 rret hyl pi peri di n-4-yl)- piperazine.
Prepar ed-from Boc-D-cycl opentyl gl ' yci ne and 1-(1-nethyl -

pi peridin-4-yl)piperazine using Method CG-C, with EDCl in place of DCC and
HOAt in place of HOBt. 10 1H NVR IS-M5, me 409.3 (M+l) Internediate C 20
1- [Boc- D Cycl ohexyl gl ycinyl] -4- (1-nethyl piperidin-4-yl) - 15 pi perazi ne.
Pr epar ed femdamedmi:yhlm{m . gl pied RE-gande Lidykr@ilyt - combined,

erdn4 ne usin thod CG-Cl.,.wth EDCL in Iace of DCC and
ﬂog\t : nl pl BE d?%aﬁljﬂ—? Nﬂﬁlg‘éwf -2|§§4}n1’éﬂtff§e§ E‘Nr@l§°rfc'rﬂn§ﬂ-’ﬁ'§ﬂ‘iiate C 21
1-[ Coz- Dﬁhﬁ%ﬁ vgkyemnyd .drodi6d- Pherebhylidet per.azgne. Tierayad from

4- (Chz- Dphe I CI n razine and 25 phenyl acet al dehyde usi ng Met hod
I-A, with %o 0% a%"é%loéi‘f%b PHRITIPIY 4E208r 3% Uifi: éyanoborohydrl de

and di c$1|@0axelohanEH¢m;me01aﬁ61 r@iﬂ&ﬁekaﬁe?dl%rmnoiﬁuﬂl\@dxgﬁéa t&PC -
T[eBoc4?)8L i%ﬂ#dszgr (B e%&%'&?i%}]ﬁmll -teldnipryerray R da Ry yl) -
- ethyllpiperazine (1.61 g, 78%). ~y
lg =R (CDCly).
CI-MS, m/e = 450 (M+1).
10
Intermediate C-16
1- [Boc-D,L- (2-Chlorophenyl) glycinyl] -4 - (l-methylpiperidin-4-
yl}piperazine. '
Prepared from Boc-D,L—(2—chlorophenyl)gly¢ine and 1-(1-
15 methylpiperidin-4-yl)piperazine using Method C-C, with EDCI in
place of DCC and HOAt in place of HOBt.
1H NMR |
IS-MS, m/e 451.0 {M+1)

20 Intermediate C-17
1-[Boc-D,L- (Quinolin-8-yl)glycinyll] -4- (1-methylpiperidin-4-
yl)piperazine.
Prepared from Boc-D,L- (quinolin-8-yl)glycine and i-(1-
methylpiperidin-4-yl)piperazine using Method C-C, with EDCI in
- 25 place of DCC and HOAt in place of HOBL.
lHNMR'

Intermediate C-18
1~[Boc-D,L-(2-Trifluoromethylphenyl)glycinyl]-4-(1—methy1-
30 piperidin-4-yl)piperazine.
Prepared from Boc—D,L-(2ftxiﬁluoromethylphenyl)glycine
and 1-(1-methylpiperidin-4-yl)piperazine using Method C-C,
with DIEA in place of TEA.



pi perazi ne. Prepared fromethyl Boc-D, L-thiazol-2-ylgl yspegaps zbhogl 13

Decenber 2004 103 net hyl pi peri di n-4-y{gopi perazi ne using Method G-B. | S M,

me 424.0 (M+l) Internmediate C-23 5 1- [Boc-D, L- (Bertzo [b]

t hi ophen-3-y1.) glycinyl] -4- (l-methyl- piperidin-4-yl)piperazine.

Prepared from Boc-D, L- (benzo [Db] bhiophen-3-yl) glycine and

1- (I -" met hyl pi peridin-4-yl)piperazine using Method CC, substituting EDCl

for DCC, N, N-dii sopropyl amne for 10 triethylam ne, and substituting

d| chi orogﬁk ne for . 1IH-NWR LCVM5S nfz 473.4 (MFl) Internediate G 24 15
[ Boc. pht haI en-1-yl)glycinyl] -4- (1-nmethyl piperidin-4-

yI )p| per azgnes, R/epassdof (ym)Boc- D, L- napht hal en-1-yl gl yci ne and 1-(1-

met hyi pi peri di n-4-yl) pi perazi ne using Method CGC, substituting EDC for

DCC and substituting N, N-diisopropylamne for 20 triethylam ne. 1H NMVR

| S- V5, Mmﬁéinéﬁi(alvbi p-iot er nedi ate C-25 25 1- [Boc-D, L- '

(2-Meth | phe | yci_nyl,] (1-

pi peri . é i LlB 1) |CB’§E§E%’% 133rY€bﬁ¥%h'4f r‘a'rdnBﬁlé%fP‘IPeridin ~4-y1) -

(2- et hylp;l@éﬁmlﬁmenyl )glycine and 1-(1-net hyI pi peri di n-4--yl)pi perazine
usi ng -Met hod C ni%tltu“ ng EDCl / HOAt _f or HOBt and substltutl ng 30
N, N- di i sopropyﬁ”?ﬁWFé Fem fRpe- rF%‘F]rRHeé‘ﬁVHQTYCHWNWﬁ 1-(1-wethyl-

piperidin-4-yl)piperazine using Method C-C, with EDCI in place
of DCC and HOAt in place of HOBt.

10 1H NMR
IS-MS, w/e 409.3 (M+1)

Intermediate C-20
1- {Boc-D-Cyclohexylglycinyl] -4- (1-methylpiperidin-4-yl)- .
15 piperazine. ‘

Prepared from Boc—D—cfclohexylglycine and 1-(l-methyl-
piperidin-4-yl)piperazine using Method C-C, with EDCI in place
of DCC and HOAt in place of HOBt.
1H NMR

20 IS-MS, m/e 423.3 (M+1)

Intermediate C-21
1-[Cbz-D-Phenylglyﬁinyl]—4-(2—phenethyl)piperazine,
Prepared from 4- (Cbz-D-phenylglycinyl)piperazine and-
25 phenylacetaldehyde using Method I-A, with sodium triacetoxy-
borohydride in place of sodium cyancborohydride and
dichloroethane in place of methanol (71%).
iy nvR (CDCl]).
APCI-MS, m/e = 458 (M+1),
30
Intermediate C-22
1- [Boc-D, L- (thiazol-2-yl) glycinyl] ~4- (1-methylpiperidin-4-yl) -
Piperazine.

Prepared from ethyl Boc-D,L-thiazol-2-ylglycine and 1-(1-



IS-M5, me 495 (Mtl) 13 Decenber 2004 104 Anal ysis for1X4tE3M®H64 Cal cd:
C, 58.27; H 7.74; N 11.32; Found: fg3 58.05; H, 7.63; N, 11.43. 5
Internmediate C-26 1- [Boc-D, L-Thiazol-5-ylglycinyl] -4- [2- (pyridin-4-yl)
ethyl] - piperazine. To a solution of Boc-D, L-thiazol-5.-ylgiycine (1.33 g,
5.15 mol ), HOAt (772 ng, 5.67 mol), 1-[2-(pyridin-4-yl)- 10
et hyl ] pi perazi ne di hydrochloride (1.55 g, 5.15 mmol) and triethyl am ne
(1.58 nmL, 11.3 nmmol) in DWVF (41 nm.) was added EDCI (1.09 g, 5.67 mmuol),
and the Mpdipkgnshét{@®d:-al fﬂg r Qkod8cly The sol vent was
removed..i n vaggg,éthe res?%gggg?a.engugéﬁﬁfgkloﬁéf%p%i i sopropyl al coho
(2:1) and IB5MRashée 44419 vdtel, satd aqueous sodium bicarbonate, dried
(MgS™4) and concentrated in vacua to an orange-brown oil. The crude
reaction product thus obtained was carried on to the next step w thout
further pdPteregdidee D@3 ntermediate G 27
1-[ Boc- I3, k- (iBoleh il t4HAZ0 L % a4 PY ! b Yl ) ethyl]
piperazine.[P?ngredtfronﬁ8%§§%#%g%%§ng¥L ?ﬁ%ﬂh %gl¥4b€FE§$§%ine and 1- [2-
(pyri di n- pdpprydertdtyl)piperazinme di hydrochl ori de using 25 procedures
substantially eguiyaleH, 4 0sLH056, 'Féfkg- e,_Jpreparation of
Internediate C 2%‘!.3 [ n.terr?eq}gg??% g(gé%% oc-l%,ia}:"-g'H 3 ﬁ) yeins ahd’
( 2- Benzyl dxydampbhylpinerddhhazatl)piperygineivsing Mdth®D d-2, (pyridin-4-yl)
ethyl] piRekaziperi kY eRRireeoL QR BRCxDs; ¢ i

R R ok O N VI GYEYAE™ SN 527 [2- (pyridin-4-yl)

L- (2- benzyl oxycar bonyl am not hi azol - y
et hyl ] 1§i paigihnbamine, and substituting dichloromethane for DMF.
1H-NMR

LCMS m/z 473.4 (M+1)

Intermediate C-24
15 1-[Boe-D,L- (Naphthalen-1-y1)glycinyl] -4- (1l-methylpiperidin-4-
yl)piperazine.

Prepared from Boc-D,L-naphthalen-1l-ylglycine and 1-(1-
methylpiperidin-4-yl)piperazine using Method C-C, substituting
EDCI for DCC and substituting N,N-diisopropylamine for

20 triethylamine.
1H-NMR
IS-MS, m/e 467.1 (M+1)

Intermediate C-25
. 25 %-[Boq;D,L-(2-Methylsulfonylphenyl)glycinyl]-45(1~methyl—
A ﬁipefiain~4-y1)piperazine.

Prepared from Boc-D,L- (2-methylsulfonylphenyl)glycine and
1-{i-methylpiperidin-4-yl)piperazine using Method C-C,
substituting EDCI/HOAt for DCC/HOBt and substituting

30 N,N-diisopropylethylamine for triethylamine.
1H-NMR
IS-MS, m/fe 495 (M+1)



di hydrochl ori de using procedures substantially equi val enpeésmbdrross
described for the preparation of intejgyediate C-26. 105 13 Decenber 2004

Preparation of Internediates DI - D28 The foll owi ng conmpounds were
prepared according to the indicated nmethod (Method D-A, Method DB, Method
D-C, 5 Method DD or Method D-F) fromthe indicated starting material,

unl ess otherw se described. Internmediate D1

1- (D Phenyl glycinyl)-4-[2-(4-pyridinyl).ethyl]piperazine 10 Hydrochl oride.

Met hod D - (oF enyl gl ycinyl) -4- [2- (4-pyridinyl)ethyl] -
pi perazi_.néméL g,% 5%2@%%@%4 %% anisole (50 nL) were dissolved in
met hanol and c@elled:t o2,0 58.2Cprent.r7at;ed, 161 Iagr ochl oric acid (40 nL, 300

mmol ) was adde pwi se to_th |.utign, and the mxture allowed to warm
to room terrperg‘togélgf heSthoét ﬁf'es}s)'tegrrlgd }g‘rzg’l' h, and the solvent and

ani sol e were renoved under vacuum The residue was suspended in diethyl

et her a ﬁﬂﬂi o) h. The solid product was filtered 20 and dried
under vggguum .%?g%(:)%r(?d& Pa at 50-60 C) to give

1- ( D- phenyl giBpei-By L) Tl z01(- 8- plarliyiimyti ] ed hid (pyrddani aeyingthgehploride (11.8
g, 89% as aevl\dgiz%ge hygroscopic solid. 1H NWVR (CD3QD) API-MS, W = 325
(MH ) 25 ‘R edi ate D-2 1-. (D Phenyl gl ycinyl) -4- [2- (2-pyridinyl)

et hyl ] piperaziteea sérwpaneds fBamD] 1,-(Boazdx{mienyligbyeé nyd 13- ?-, [ 2-

(2-pyridin: ul )ebhy! 1piRer@zine uging Method-D-A 30, R, §ED30D)

10 ethyllpiperazine dihydrochloride (1.55 g} 5.15 mmol) and
triethylamine {(1.58 wml;, 11.3 mmol) in DMF (41 ml) was added
EDCI (1.09 g, 5.67 mmol), and the mixture stirred at room
temperature for 18 h. The solvent was removed in wvacuo, the
residues taken up in chloroform: isopropyl alcohol (2:1) and

15 washed with water, satd aqueous sodium bicarbonate, dried
(MgS0O4) and concentrated in vacuo to an orange-brown oil. The
crude reaction product thus obtained was carriea on to the

next step without further purification.

20 Intermediate C-27
1-[Boc-D,L- (2-Methylthiazol-4-yl)glycinyl] -4- [2- (pyridin-4-
vl)ethyllpiperazinae.
Prepared from Boc-D,L-{(2-methylthiazol-4-yl)glycine and
1—[2-(pyridin-4—yl)ethyl]piperazine dihydrochloride using
-‘25 %Foqeggyes substantially equivalent to those described for the

preparation of Intermediate C-26.

Intermediate C-28
1-[Boc-D,L- (2-Benzyloxycarbonylaminothiazol -4 -yl)glycinyl]l -4~
30 [2-(pyridin-4-yl)ethyl]piperazine. i
Prepared from Boc-D,L- (2-benzyloxycarbonylaminothiazol-4-
yl)glycine and 1-[2-(pyridin-4-yl)ethyllpiperazine
dihydrochloride using procedures substantially equivalent to

those described for the preparation of Intermediate C-26.



APl -M5, mle = 325 (Mtl) Internediate D-3 1- (D Phenylg | - [ 2-
(2-pyrazinyl) ethyl] piperazine. 106 ¢h3 Decenber 2004 r§%§¥g%”€@8ﬁ1l-

(Boc- D phenyl gl ycinyl) -4- [2- (2-pyrazin-- .yl)ethyl]piperazine using

Met hod D-A. 1H NWR (CD30D) API-M5, nmle = 326 (Mtl) 5 Internmediate D-4 1-
(D-Phenyl glycinyl) --4- [2- (3-pyridaziztyl) ethyl] piperazine. Prepared
from 1- (Boc--D- phenylglycinyl) --4-- [2- (3-pyrid- azinyl)ethyl]piperazine
using Method DA 10 1HHNWR (CD3OD) IS-M5 nme 326 (M+l) Internediate D5
1- (D-Phenylglycinyl) -4- [2- (3-pyridinyl) ethyl] piperazine. i5 Prepared
from1- (Boc-D phenylglycinyl) -4- [2- (3-pyridin- yl_.)ethyl]piperazine

usi ng Method D-A 1H ﬁﬂ{gga@%@@mogéqq%;neﬂ?%tgs 3 (M358 20 Internediate
D-6 1- é D]; Phenyity ¥ol hyding %om%aundérﬁdfbdpf%%éd elcBytdmPenaghae.

Pr epare rom 1-(Boc- e cin -4-(2-(4--imd- :

ool by et TP o5 P e Boteh T Hethod rRnmethed B dvs, e 314. 1
(N?l) Ln&eTéThﬁdﬂDeFDbf Method D-F) frOﬁ thehi??icated startiﬁg d 1

1- (D Pheny cinyl)-4-[2-(4-pyrazo e pi perazi ne. Prepare rom 1-
(Boc-D-pheﬂéh%%%ﬁ%’n%?}eégdiIfa-1?%5%%¥%}gﬁé'30 yl) ethyl] piperazine using
Met hod- D- - A -

Intermadiate D-1

1-(D-Phenylglycinyl)-4-[2- (4-pyridinyl)ethyllpiperazine
10 Hydrochloride. '
Method D-A |
1-{Boc-D-phenylglycinyl) -4~ [2- (4-pyridinyl)ethyl] ~
piperazine (13 g, 30.6 mmol) and anisole (50 mL) were
dissolved in wethanol and cooled to 0 °C. Concentrated
15 hydrochloric acid (40 mi, 300 mmol) was added dropwise to the
solution, and the mixture allowed to warm to room temperature.
The mixture stirred for 1 h, and theée solvent and anisole were
removed under vacuum. The residue was suspended in diethyl
ether and sonicated for 1 h. The solid product was filtered
20 and dried under vacuum (0.5 torr, 66 Pa at 50-60 °C) to give
1- (D-phenylglycinyl) -4- [{2- (4-pyridinyl)ethyllpiperazine
hydrochloride (11.8 g, 89%) as a white, hygroscopic solid.
1H NMR (CD30D)
API-MS, m/e = 325 (M+1)
25
Tntermediate D-2
1~(D-Phenylg1yciny1)-4-[2-(2-pyridinyl)eghyl]piperazine.
Prepared from 1-(Boc-D-phenylglycinyl)-4-[2-(2~pyridin-
yvl)ethyllpiperazine using Method D-A.
30 1H NMR (CD30D)
API-MS, mfe = 325 (M+1)

Intermediate D-3

1-(D—Phenylglycinyl)—4~{2-(2-pyraziny1)ethyl]piperazine.l



1HNWR IS-M5, W 314.3 (Mrl.) 107 13 Decenber 2004 | nyepaedhsd©ob28 1-
(D Phenyl glyciny7.) -4- [2- (1-im dazgkyl) ethyllpiperazine. Prepared from
1- (Boc- D phenyl glycinyl)-4--[2-(1-imd- azolyl)ethyl]piperazi ne using
Method DA 5 1HNWR IS M, me 314.1 (Mtl) Internediate D-9 (PD7-H/C 045,
-046) 1- (D-Phenylglycinyl) -4- [2- (1-pyrazolyl) ethyl] piperazine. 10
Prepared from 1-(Boc- D phenyl gl yci nyl)-4-[2-(1-pyrazol - yl)ethyl]pi perazi ne
using Method DA 1HNWR IS-M5 nfe 314.1 (M+l) 15 Internediate D-10 1-

[D, L- (Pyridi mrép¥teq o yl I nyl y»efh i perazi ne.
Method D-B To a Stpl [ri ngﬂ@o&ut(%%%d%Tpﬁlgn %%%ﬁyldyq gl‘ll%il Fn éﬂﬂraz:.n?

gl yci nyl | ¥Webyllpipexazimenysieg Hﬂﬁt}iﬁﬁpﬁr%m ne (2 31 g, 5. 4 mml) in

di chl or oneihans (éb.oh) was added TFA (5 mL). After 6 h, the solvents were
removed in vacuo. T%e residue was partitioned between ethyl acetate and
satd aq. NEHCHMS: Bh® T 26 I(Mydls were separated. The aqueous phase was
extractefd with 25 500 ethyl acetate/dichloronethane, then 5%

ni et hanol / di chi oronet hane. The conbi ned organic extracts were dried with
MySO4, filteresgedhatedndentrated to give 1.66 g (94% of the title

conpound. ﬂJTdNHBen§£bi§%ﬂN§a)V$ BR6:3l p§§&5321ny1)ethyl]p1peraz;ne.
Prepared from 1-{Boc-D- phenylglyc1nyl) ~4-[2- (3-pyrid-
azinyl)ethyl]piperazine using Method D-A.
10 1H-NMR (CD;0D)
IS-MS, m/e 326 (M+1)

Intermediate D-5
1- (D-Phenylglycinyl}-4-{2- (3-pyridinyl)ethyll piperazine.
15 Prepared from 1-(Boc-D-phenylglycinyl)-4-[2-(3-pyridin-
yl)ethyllpiperazine using Method D-A.
1H NMR (CD30D)
API-MS, m/e = 325 (M+1l)

20 Intermediate D-6
1- (D-Phenylglycinyl) -4-[2- (4-imidazolyl)ethyllpiperazine.
Prepared from 1—(Boc-D-phenylglycinyl)—4—[é-(é—imid—
azolyl)ethyllpiperazine using Method D-A.
1H-NMR
- 25 Is-Ms, m/e 314.1 (M+1)
W
Intermediate D-7
1- (D-Phenylglycinyl) ~4-[2- (4-pyrazolyl) ethyl]l piperazine.
Prepared from 1-(Boc-D-phenylglycinyl)-4-([2-(4-pyrazol-
30 yl)ethyllpiperazine using Method D-A.
1H-NMR
IS-MS, m/e 314.3 (M+1)



Intermediate D-11 1- [D, L- (2-Methoxyphenyl) glycinyl{sp
(1-pyrazolyl) ethyl] - piperazine. 106§713 Decenber 2004 Péci;g{atfeéc?io?rom

1-[ Boc- D, L- (2- mret hoxyphenyl ) gl yci nyl | -4-[2- (1-pyrazolyl)ethyl]piperazine
using Method D-B. 1HHNWVR |IS-M5,, me 355.1 (M+l) 5 Internediate D12 1-
(D-Phenyl glycinyl) -4- [2- (thiazol-2-yl) ethyllpiperazine
Trihydrochloride. Prepared from 1-(Boc-D-phenylglycinyl)-4-[2-(thi azol 2- -
10 yl)ethyl ] pi perazi ne using nethods substantially equivalent to those
descri bed invdvaicaadt®-#-¢ 80% . 1H NVR (CD30D). Cl--M5, me = 331
(C17H22N408+€8 15 #n:([#ﬁr mediate D13 1- (D Phenyl gl im nyl) -4- [2-

( 2- benzyl oy ParbERY IR iTatA - 42 62 - (- ipifaeair s tha L bpipRr S@imey dr ochl or i de.

Method D-C 1- (Regabedhesn alYBboYD Jpted: 1%2 cir%z:ub@nrsyl PX¥sGAkhonyl ani no- 20
razine (520 ng g % was dissolved in ethyl

t hi azol - et hyl

acetate (l%z‘%ﬂ %5 fﬁ”é?ﬂréZ(LPEen‘E§ln9‘rH“§t ﬁﬁix”?tﬁ'e was cooled to 0 C, and a
sat ur at el golnuiRl on of HCl in ethyl acetate was added. The m xture was
allowed to warm t roomte erature and stirred for 4 h. The sol vent was
r enoved ..%‘”’ﬁnd@? ©vittim % brov’i de'the title conpound as a. white solid
(530 ng, quantitative). 1H NMR (CD30D). APCI-M5, mle = 480 (C25H29N503Sf1).

Intermediate D-9 (PD7-H7C-045, -046)
- 1-(D-Phenylglycinyl) -4-[2- (1-pyrazolyl) ethyl] piperazine.
10 Prepared from 1-(Boc-D-phenylglycinyl)-4-{2-(1l-pyrazol-
yvl)ethyllpiperazine using Method D-A.
| 1H-NMR
IS-MS, m/e 314.1 (M+1)

15 Intermediate D-10
1-[D, L~ (Pyridin-2-yl)glycinyl] -4- [2- (4-pyridinyl)ethyl] -
piperazine.

Method D-B
To a stirring solution of 1-[Boc-D,L-{pyridin-2-yl)-

20 glycinyl] -4-[2-{4-pyridinyl)ethyllpiperazine (2.31 g, 5.4
mmol) in dichloromethane (45 wL) was added TFA (5 mL). After
6 h, the solvents were removed in vacuo. The residue was
partitioned between ethyl acetate and satd ag. NaHCO3, and the
layers were separated. The aqueous phase was extracted with

- 25 50% ethyl acetate/dichloromethane, then 5%

%bthaﬁal/dichloromethane. The combined organié extracts were
dried with MgSO4, filtered and concentrated to give 1.66 g
(94%) of the title compound.
1H-NMR

30 IS-MS, m/e 326.1 {M+1)

Intermediate D-11
1-[D,L- (2-Methoxyphenyl)glycinyl] ~-4- [2- (L-pyrazolyl) ethyl] -

piperazine.



30 Internediate D-14 1- (D Phenylglycinyl) -4- [2- (3-14 pessaider bdpn- 4-yl)
ethyll - piperazine Trihydrochl oride.jgRrepared from 1-
(Boc- D phenyl gl ycinyl) -4- (2- (3-fluoro- pyridin-4-yl)ethyl]piperazine

~using a nmethod substantially 109 equivalent to Method D-A (98%. 1H NWR

(CD30D). APCI-M5, nmle = 353 (C19H23FN40O+1) 13 Decenber 2004 5 Internedi ate
D-15 1- (D Phenylglycinyl) -4- [2- (2-cyanopyridin-4--yl) ethyl) -
pi perazi.ne Trihydrochl oride. Method D-D 1- (Doc-D- phenyl gl yci nyI ) -4 [ 2--

(2-cyanopyri di ) | Lp 1. 29

anisole (5.0 ﬂfeijar%h frorffol v\!teEho\é él’%g ﬁ%ﬁ%@?@%ﬁlyﬁﬁy [nd cool ed
to -15 C HTDYJ:&ﬂCéY%IEQhYb}plménErmHm Methpdhya#.ochl ori c aC| d (1.2 ni,
11. 6 mol yyWaep added, and the m xture stirred at -10 C for 1 hour. The ‘
sol vents were rem)ved under vacuum and the 15 residue co-evaporated with
met hanol , Ifethanoie 3588 -tolMeiie, and nethanol and ethyl acetate to provide
I -(Dphgnyl glycinyl)--4- (2-(2-cyanopyridin-4-yl)ethyl]piperazine
trihydrochioride (600 ng, 100% as an off white solid. 1H NVR (CD30D). 20
Cl - M5, ni Enteld&fli@te P-12nt er medi ate D16

L0 A A VI B B 2 247

met hyl pi p'ér:-hbrdxxrbh}lo):pﬁperam ne using I\/Et hod D E. 1H NWR
Prepared from 1-(Boc—D—phenylglycinyl)~4—[é-{thiazol—2—
10 yl)ethyllpiperazine using methods substantially eguivalent to
those described in Method D-A (80%).
1g NMR (CD30D).
CI-MS, m/e = 331 (CyH9oN40S8+1) .

15 Intermediate D-13
1~ (D-Phenylglycinyl) -4-[2- (2-benzyloxycarbonylaminothiazol~4-
yl) ethyl]piperazine Trihydrochloride.
Method D-C
1- (Boc-D-Phenylglycinyl) -4~ {2~ (2-benzyloxycarbonylamino-
20 thiazol-4-yl)ethyllpiperazine (520 mg, 0.898 mmol) was
dissolved in ethyl acetate (10 mL) and anisole (1 whL). The
mixture was cooled to 0 °C, and a saturated solution of HCl in
ethyl acetate was added. The mixture was allowed to warm to
room'temperature and stirred for 4 h. The solvent was removed
T25 u%de; vacuum to provide the title compound as a white solid
(530 mg, guantitative).
lg MR (CD30D).
APCI-MS, m/e = 480 (CogHogNg038+1).

30 Intermediate D-14
1-(D-Phenylglycinyl) -4-[2- (3-fluorcpyridin-4-yl)ethyl] -
piperazine Trihydrochloride.

Prepared from 1-(Boc-D-phenylglycinyl}-4- (2~ (3-fluoro-
pyridin-4-yl)ethyllpiperazine using a method substantially



| S-M5, W (Mrl) 30 Internediate D-17 1- [D, L- (Qui noligp&eriber2bygi nyl)
-4- (1-met hyl pi peridin-4-yl) - pi.perggne . Method D-E To a stirring
solution of 1- [Boc--D, L- (quinolin--8-yl) 110 13 Decenber 2004

gl ycinyl]-4-(1--nmethyl pi peridin-4-yl)piperazi.ne (0.53 g, 1.13 mvol) and
anisole (0.62 nt, 5.67 mml). in dichloronethane (22 nlL) was added TFA
(2.2 m.). After 4 h, the solvents were renoved in vacuo, and the residue
was di ssol ved in met hanol 5 and | oaded onto an SCX colum (pretreated with

5% aceti c aCJ n hed with nmethanol). The col um was
washed _wWFEH e nge PE%%‘?%% ﬂt""gﬁ Yoduct was eluted with 30% (2 N
ammoni a/ ni‘emhﬂ-nnl():ngonm chl or onet hane The product containing fractions
wer e combj once t ed to give 10 approximately 0.4 g
(quantita of ?ﬁe tﬁ% a(cg@ ﬁ‘h&%lH NVR Internediate D18 1- (D, L-

(2- Tr|fluororrethyl phenyl) gl yai nyII -4- (1-methyl- 15

E)IZpﬂ: ?# 3%’?%%@%??%%% - I_Dr Srsgfﬁyr IrOT_(ll Erst?ﬁy:)p:_perl di n-4-yl) pi perazi ne
. using I\/Etho(b-DheEylglirN\fBr}aalzl-SSﬂN&-éﬁ@@&{ii@izﬁM-@l)&hkwmyer nediate D-19
%rga ?((:Eﬂ? ent gl yﬁ’éﬁ{/‘i’g’ﬁ %ﬁg&é]hylzlpl peridin-4-yl)- piperazine . Prepared
Method D-D
1- (Boc-D-phenylglycinyl) ~4- {2~ (2-cyanopyridin-4-yl1) -
10 ethyl]piperazine (580 mg, 1.29 mmol) and anisole (5.0 g, 4.64
mmol) were dissolved in methanol (10 mL) and cooled to -15 °C.
To this solution, concentrated (6 N) hydrochloric acid (1.2
mL, 11.6 mmol) was added, and the mixture stirred at -10 °C
for 1 hour. The solvents were removed under vacuum and the
15 residue co-evaporated with methanol, methanol and toluene, and
-methanol and ethyl acetate to provide 1-(D-phenylglycinyl)-4-
[2-(2~cyanopyridin-4-yl}ethyl] piperazine trihydrochloride (600
mg, 100%) as an off white solid.
14 NMR (CD30D) .
20 CI-MS, m/e = 350 (M+1).

Intermediate D-16
1-{D,L-~(2-Chlorophenyl) glycinyl] -4~ (l-methylpiperidin-4-y1) -
pipefazine.

-25  Prepared from 1-{Boc-D,L-(2-chlorophenyl)glycinyl]-4-{1-
methylpiperidin-4-yl)piperazine using Method D-E.
1H NMR
IS-M3, m/e (M+1)

30 Intermediate D-17
1-ID, L~ (Quinolin-8-yl) glycinyl] -4- (1-methylpiperidin-4-yl) -
piperazine,
Method D-E |
To a stirring solution of 1-{Boc-D,L-(quinolin-8-yl)-



(I -met hyl pi peridin-4-yl)piperazi ne using Method D--E.- 31%%&@0@@ e

309.2 (M--1) 30 Internediate D20 1-14phD Cycl ohexyl glycinyll - 4-

(1. -met hyl pi peridin-4--yl-) piperazine. Prepared from

1. -(Boc- D cycl ohexyl gl yci nyl ] -4- (1-nethyl pi peridin-4--yl)piperazine using
method D-E. 111 111 NMR I S-M5, mle 323.3 (M+1l) 13 Decenber 2004
Internmediate D-21 5 1- ED Phenyl gl yci nyl]-4-(2-phenet hyl) pi perazi ne. Mthod
D-F 1- (Cbz-D Phenyl gl ycinyl) -4- (2--phenethyl)piperazine (1.66 g; 3.63
mmol ) was dissolved in nethanol (46 nmL) with 100 Pd/c (394 ng) and
reaction gjydisyaiwas éﬁ%tﬂﬁil@d.péﬁltﬁﬂb&l mmplpéraﬂz).dwdnogérgfdr 185 E Only

50, conversion was O s' 0*t he atal ys r Qg

di at omace®ie! le A% 2145 6% Rrurer % ngs% ng&gﬁégﬁaﬁg' s

condi ti ongg,f q,ﬁasladhedThpA pza.tgahgz.;at VR efrd it By ethd: mtdurghtdl egiohaceous earth,

and the sol vent was renoved. under vag uumto v pound 15
(1.03 g; Bewgved in VREES (L3P BpT %waﬁ d% %Zéfl‘b?ﬁkl&gg?g?ernedl ate
D-22 2051548 1oddai 8a6b- 2n Y40y lcpTingy | ﬂprlét(réabed hwitgi (56r Bdihid-adid

pi perazine Tri hydrochl gride. Pr eE?r ed f

1- [ Boc- D, Lo (pef - 2ng ‘)’@?}‘}Fﬂ My ‘He‘:ltaf ﬁ']ét hyr][‘lb? pcec’r]‘luénrl n¥a%yY pk?eg‘erazi ne
usi ng Met §ogh Andkhahd it Bh& t}&[rpQﬁde)ﬁodtﬁﬂt unaat ethutt¥d withl 34%didX¥ane was used
in place of 25 saturated HC in._ getha ntratdon of the reaction
ammonia/methanol) in dichlorome ane e product containing
fractions were combined and concentrated in vacuc to give
10 approximately 0.4 g (quantitative) of the title compound.

1H NMR

Intermediate D-18
1-[D, L- (2-Trifluoromethylphenyl)glycinyl] -4 - (1-methyl-
15 piperidin-4-yl)piperazine.
Prepared from 1- [Boc-D, Li- (2-trifluoromethylphenyl) -
glycinyl]-4~(l-methylpiperidin-4-y1)piperazine using Method D-
B.
1H NMR
-20 I5-MS8, m/e 385.1 (M+1)

Intermediate D-19
1-[D-Cyclopentylglycinyl]—4-(1-methylpiperidin-4-y1)m
piperazine.
.25 = Prepared from 1- [Boc-D-cyclopentylglycinyl]-4-
h (1-methylpiperidin-4-yl)piperazine using Method D-E.
1H NMR
IS-MS, w/e 309.2 (M+1)

30 Intermediate D-20
1«[D—Cyclohexylglycinyl]—4-(1-ﬁethylpiperidin—4-y1)piperazine.
Prepared from 1;[Boc—D—cyclohexylglycinyl]~4—
(1-methylpiperidin-4-yl)piperazine using Method D-E.



m xture provided the title conpound as a crude residueid BatemMasSobsed
directly without purification. Interngdiate D-23 30 1- [D, L- (Benzo [Db]

t hi ophen-3-yl) glycinyl] -4- (1-nethylpiperidin- 4-yl)piperazine

-~ Trihydrochl oride. Prepared from1l- (Boc-D, L-- (benzo [b] thiophen-2 -yl) -
~glycinyl]--4-(l-nmethyl pi peri.din-4-yl)piperazine using Method A- A Part B.
In this procedure, saturated HCl1 in 1, 4-dioxane 112 was used in- place of
~saturated'HCl in nmethanol. LCVMS m z 373.5 (M+1l) 13 Decenber 2004

| nt er medi gte 24 5 1.- [D,L- (Naphthalen-1-yl) glycinyll -4-

(1-methyl piperidin_4-yl) - piperazine Trihydrochl oride. Prepared from 1-

[ Boc- D, LIS(Maphtfm.328n314{y+3d) glycinyl) -4- (1-

et hyl pi peridi n-4-yl) pi perazi ne using nmethod A--A, Part B. In this
procedure, saturated HCl in 1, 4-di oxane was used in place 10 of saturated
HC1l i n netth&rohedild¥e\PR21| S-M5S me 367.0 (M+l) Internediate D-25 15

J1)bi peradi ie. "B SORag 1 4~ pae e DR BEAERt oyl phenyi) -
gl ycinyl]-4-(1-methyl pi peridi n-4- yMigthqeedari ne using Method D- D. 20 1H NWMR
[, e M) SRS 8 Rk TBiBEEL s L1601
g; 3.63 mmol} was dissolved in methanol (46 mL) with 10% Pd/C
(394 mg} and reaction mixture was subjected to a balloon of
10 hydrogen for 15 h. Only 50% conversion was obserxrved; so the
catalyst was filtered through diatomaceous earth, and the
mixture was re-subjected to the same conditions for 17 h. The
catalyst was filtered through diatomaceous eaxrth, and the
solvent was removed under vacuum to give the title compound
15 (1.03 g; 88%).
1y NMR (CDCli).
APCI-MS, m/e = 324 (M+}).

Intermediate D-22
20 1-[D,L- (Thiazol-2-yl})glycinyl]l-4- (i-methylpiperidin-4-yl)-
piperazine Trihydrochloride.
Prepared from 1-[Boc-D,L- (thiazol-2-yl}glycinyl]-4-~
(1-methylpiperidin-4-yl)piperazine using Method A-A. In this
procedure, saturated HCL in 1,4-dioxane was used in place of

.25 saturgted HClL in methanol. Concentration of the reaction

o

mixture provided the title compound as a crude residue that

was used directly without purification.

Intermediate D-23 .
30 1-[D,L~-(Benzo[b] thiophen-3-yl)glycinyl] -4~ (l-methylpiperidin-
4-yl)piperazine Trihydrochloride.
Prepared from 1-[Boc-D,L- (benzo{b]thiophen-2-y1)-
glycinyl]~4-(1-methylpiperidin-4-yl)piperazine using Method A~

A, Part B. In this procedure, saturated HCl in 1,4-dioxane



To a stirred solution of crude 1-[D, L-(thiazol-5-yl)- ¢l ysidmdr 2084 [ 2-
(pyridin-4-yl) ethyl] piperazine (cirga 5.15 mmol) and anisole (11.2 nL) in
di chl oronet hane (42 nmL) at room tenperature was-added TFA (10.5 nl), and
‘the mixture stirred 30 at roomtenperature for 16 h before concentrating

I n vacuo. The product was isol ated using SCX i on exchange chromat ography. .
NVR 113 13 Decenber 2004 Internediate D27 1- [D,L-

(2-Met hyl t hiazol -4-yl)glycinyl] -4- [2- (pyridin-4-yl) - ethyl]piperazine.
Prepar ed fwasmided|Boglabelof (Zxtibbylit ic0zel métybpgl ycinyl] - 5

4-12- (pyridin-4-yl)ethyl]piperazine using procedures substantially
equivalengghg Pﬁ%§%ﬁhggébﬁbgd in the preparation of Internediate D-26. NWR
10 Internmediate D-28 1-. [D,L- (2-Am .nothiazol-4-yl)glycinyl] -4- [2-

(pyridin-4-yl) -.ethyl i perazine. A stirred solution of

1- ( Boc- D, Ltlc f%‘& %%%% 6§§bony| - ani not hi azol - 4-yl glycinyl) --4- [2-

(pyri di 5- 4~)[b) Le({igHe Al pRF B2} NQYLyd dnf LT L1 -G tRpLipbT@bL) 4 L4 . M Xt Ure
of HBr-acetiic_acjd 85000 35 nL) ,and acetic acid (70 nL) was heated at 60 C
for 6 h, PcBEFa&E-%n XﬂrgﬁﬁééﬁFFated in vacuo. The title product was

i sol ated usi ngrEépatadn fe¥ehanpRCh) Dot gatdRhkn -1 NMR 91318 epag a4 .on of
Internedi%%gﬁ Eaghe,fqllomﬁ g .conpounds were prepared according to the
| ndli cat ed PREPKIRLRVEEHGa LY AP IReORP e WS HEBROS (AR Fgrt B. ~ In

this procedure, saturated HC1l in 1,4-dioxane was used in place
10 of saturated HCl in methanol.

1H-NMR

I8-MS m/fe 367.0 (M+1)

Intermediate D-25
15 1-D,L- (2-Methylsulfonylphenyl)glycinyl-4~ (1-methylpiperidin-4-
yvl)piperazine.
Prepared from 1-[Boc-D,L-(2-methylsulfonylphenyl) -
- glycinyl]l-4- (1-methylpiperidin-4-yl) piperazine using Method D-
D.
20 1H-NMR
IS-MS, m/e 395 (M+1)

Intermediate D-26
1- [D,L- (Thiazol-5-y1) glycinyl] -4- 2~ (pyridin-4-yl) ethyl] -

25 piperazine. )

" 76 a stirred solution of crude ;-[D,L—{thiazol~5—yl)—
glycinyl]-4—[2~(pyridinj4-yl)ethyl]piperazine {circa 5.15
mmol) and anisole (11.2 mL) in dichloromethane (42 mI) at room
temperature was added TFA (10.5 ml), and the mixture stirred

30 at room temperature for 16 h before concentrating in vacuo.
The product was isolated using SCX ion exchange
chromatography ..

NMR



materi al, unless otherw se described. 25 Internedi ate &%%

1- Boc- 4- (Cbz- D phenyl gl yci nyl ) pi peraziyse. Method E-A %e-nﬁ) eér%g%l yci ne

(58.0 g, 203 mmol ) and 1-Boc 30 piperazine (41.7 g, 224 mmol) were

. dissolved in DM (1 L) and cooled to approximately -15 C in an

i ce-net hanol bath. Diethyl cyanophosphonate (37.0 ni, 244 nmol) was slowy
added to the mxture. Triethylamne (59.4 nL, 426 mml) was added

~'dropwi se to the solution. The m xture was stirred at -15 C 114 13 Decenber

2004 for J | Lowed to gradually warmto roomtenperature

over ni ght .%n ﬁ%gérjn&%rg %A/gs- diluted with ethyl acetate and water. The | ayers
wer e sepatafRedl:~ thifethel viatasroll-dyel) gldtinyd i edl- 02 ¢ (pyetildih-acel)at e. The

organic | .conbi ned, washed with 10%citric acid (2 x 500 mi)
SELE WS,

and bri ne, M), filtered and concentrated under vacuum The
crude product Weeparielt érend t-iBough, - {d-wgtdflshiamel gelyl{glPcing) using

1:1 hexanegs:et acetate as.eluent to provide 1-
Boc- 4- - C%z-[% B#ernlfﬂg gll gcﬁreﬁ%)h hzg%%%]farlzeul(eG@?f?n%,p%%d‘%gsa 10 col orl ess
oi | . 1H BWVRSCDOLNlyARPuivilae todSdbddVidepcPibpariat ithe pitepatarizedi ates F

15 The fol Low ng c < re prepared according to the indicated nethod
( Met hod F9h) %F%n‘%et%glg%iszc%\fed starting material, unless otherw se

descri bedwMRnt ernedi ate F-1. 20 |-Boc-4- (D pbenyl gl yci nyl) pi perazi ne.
Met hod F-A
10 Intermediate D-28
1-[D,L-(2-Aminothiazol-4-yl)glycinyll -4-[2- (pyridin-4-y1) -
ethyllpiperazine.
A gtirred solution of i—(Boc-D,L~2—benzyloxycarbonyl-
aminothiazol-4-ylglycinyl)-4-[2- (pyridin-4-yl) ethyl]lpiperazine
15 {crude, circa 4.2 mmol) in a mixture of HBr-acetic acid (50%,
35 mL) and acetic acid (70 wmbL) was heated at 60 °C for 6 h,
cooled and then concentrated in vacuo. .The title product was
isolated using SCX ion exchange chromatography;
NMR
20
Preparation of Intermediates E
The following compounds were prepared according to the
indicated method (Method E-A} from the indicated starting
material, unless otherwise described.
- 325 o
Intermediate E-i
1?BOC~4-(Cbz-D—phenylglycinyl)piperazine.
Method E-A
D-Cbz-phenylglycine (58.0 g, 203 ﬁmol) and 1-Boc--

30 piperazine (41.7 g, 224 mmol) were dissolved in DMF (1 L) and
cooled to approximately -15 °C in an ice-methanol bath.
Diethyl cyanophosphonate (37.0 mlL, 244 mmol) was slowly added
to the mixture. Triethylamine (59.4 wh, 426 mmol) was added

dropwise to the solution. The wmixture was stirred at -15 °C



| ' - Boc-4- (Cbz- D phenyl gl yci nyl ) pi perazine (69.5 g, 153 nmol) was di ssol ved
in ethanol (500 nlL). The mixture was q4degassed with nit3Bgeamtaid026o Pd/ C
(6.8 g) was added. 25 Hydrogen was bubbl ed through the m xture for 1 h, and
it was --maintained under a hydrogen atnosphere for 16 h. The Pd/ C was
renoved by filtration through cellulose. The filter cake was rinsed with
et hanol and ethyl acetate. The filtrate was concentrated under vacuumto
gi ve 1-Boc-4 30 (D phenyl glycinyl)piperazine (45.3 g, 93% as a |light
yel l ow sgbi-dz HHANVREEDAL e EL - Madud18 y—wSEh ﬁdwﬂbbh)té%ﬁéﬁé%d@%ce”ber

S

2004 Preparation of |nterpediates The fol |l ow ng conmpoun wer e prepared

“accor di ng°VerRHEL i ndPe ke uhst Wes ditisgdvErDh) eindmaceEatadht ed starti ng

material, wipbess MehebPese AICELPSthted, | BLET PRLI AR G dyer
1- Hoe- 4- (4- Met hoxybenzoyl - D- phenyl gl yci _ny1) pi per.azi ne. thod G A
1- Boc- 4- ( BFpFRINADMHERNGFY: feehztae (U2 grganistayeffolsre 10 was di ssol ved
in 1, 4-di exapenddt2@abhid aptknaber of 240 Fklqaps ﬂ\@ﬁ)(ﬁ%? ednd q%legxeg
y

Pot assi um_car bonate (36.4. 9, 263 mmol) was added, followed

p- met hoxyBEReGy{NagRPe) 1 delYtmred gnd woncephppted Mnken veawerst (Theed at room
t enper at Upu QY S AIEIBE. wad NE IFFEHT EnMRHL! J¢ [ 1uehegend ot hyl
acetate. The 1?I a erswevere separ ated and tﬁ'jé@water Iayeré%gtga?t ed with
ethyl ack8htesinghd :ér heranes:gFbyl aratateondi autEntndohpdowidsh 1ori ne,

dried, fibberedi@ndpCoRespididietyt fhilledibd8e 1189% 4, (453 '
met hoxxbenzoyl (D phengl gl ycglf %@tﬂ )%i gpej[ri{azi ne ?5&. 7 g% 9%‘3}?/(')5) a%s éﬂn
0 colorless oil.
1H-NMR (CDCl3)

API-MS, m/e = 454 (M+1)

Preparation of Intermediates ¥
15 - The following compounds were prepared accorxrding to the
indicated method {(Method F-A) from the indicated starting

material, unless otherwise described.

Intermediate F-1
20 1-Boc-~4-(D-phenylglycinyl)piperazine.
‘ Method F-A
1-Boc-4- (Cbz-D-phenylglycinyl)piperazine (69.5 g, 153
mmol) was dissolved in ethancl (500 mi). The mixture was
degassed with nitrogen and 10% PA/C (6.8 g) was added.

. 25 Hydrogen was bubbled through the mixture for 1 h, and it was
ﬁgintéihed under a hydrogen atmosphere for 16 h; The P4d/C was
removed by filtration through cellulose. The filter cake was
rinsed with ethanol and ethyl acetate. The filtrate was
concentrated under vacuum to give 1-Boc-4- ,

30 (D-phenylglycinyl)piperazine (45.3 g, 93%) as a light yellow
solid.
1H-NMR (CDCl3)
API-MS, wm/e = 320 (M+1)



off-white solid. 20 1H NVR(CDC13) API-M5, me = 454 (MH% Preparati on of

I nternedi ates H The foll ow ng conpounds, were prepared 56 %‘Fed‘l"tff’(j2984t he 25
i ndi cated method (Method HA) fromthe indicated starting material, unless
ot herwi se described. Internediate Hi. 1-

- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) pi perazi.ne 30 Trifluoroacetate. Mthod
H A 1-Boc--4- (4-Methoxybenzoyl - D--phenyl gl yci nyl ) pi perazine (20.0 g, 44.1
mmol ) was dissol ved in dichloronethane (50 nL) and anisole (20 nlL). To
this vigorously stirred mrebHEREiS okl fnisrbiiemaer 2004 added

trifl uor--oacetiﬁ?ea? q\}é)SO m.). The m xture was stirred _for 25 mn at room
tenperature. THE SO VENLRI \EIPOUBABVERFE PRGRATTARRAATAERE EesiRfie was

triturat ednibcsidiemethdd GOt 6daf ofrfD tRenindea 68 s awasng ol | ected by
filtration 5 aJ:rjéi]Udri id i n vacuum_ pi stol overnight to provide

1- ( 4- met hBRY Bty - B?ﬁh%%ﬂlﬂ‘llgi’éi A3¥9%856razi ne trifl uoroacetate (18.2 g,
88% assa light yellow solid. 1H NWR (CD30D ) API-M5 me = 354 (M+l) 10

Preparati gn of anpl es. The foll ow ng exanples of formula (1) were prepared
accor di ng PEeTHE 3 Eated nethod (Method I-A, Method I-B, Method I-C,

Met hod |-E%36E¥4H11-MeEhoﬁ&BéHﬁiyﬁz5—§Ee€?ﬂbﬁ9ﬁihyi?piB%i%&Qﬁbthe i ndi cat ed
starting materials, unless ot he_r WMSe?:hodeéPP[I bed.
1-Boc-4- {D-phenylglycinyl)piperazine (42.0 g, 131.5 mmol}
10 was dissolved in 1,4-dioxane {420 mL) and water (210 mL) and
was cooled to 10 °C. Potassium carbonate {36.4 g, 263 mmol)
was added, followed by p-methoxybenzoyl chloride (24.7 g, 144
mmol) . The mixture stirred at room temperature overnight.
~ The mixture was diluted with water and ethyl acetate. The
15 layers were separated and the water layer extracted with ethyl
acetate. The organic layers were combined, washed with brine,
dried, filtered and concentrated to provide 1-Boc-4-(4-
methoxybenzoyl-D-phenylglycinyl)piperazine (58.7 g, 98%) as an
off-white golid.
20 1H-NMR(CDCl3)

API-MS, m/e = 454 (M+1)

Preparation of Intermediates H
'The following compounds were prepared according to the
. 25 indicated method (Method H-A) from the indicated starting

material, unless otherwise described.

Interme@iate H-1
1- (4-Methoxybenzoyl-D-phenylglycinyl)piperazine
30 Trifluorocacetate.
Method H-2&
1—Boc~4~(4-Methoxybenzoyl—D-phenylglycinyl)piperézine
(20.0 g, 44.1 mmol) was dissolved in dichlorowmethane (50 mL)

and anisole (20 mL). To this vigorously stirred mixture was



Example | 1-(4--Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- phenet hyl pi per azi ne. 20
Met hod 1-A To a stirring solution of {4g(4--net hoxybenzby/Pecaprplrs(p4

gl yci nyl) pi perazine (0.05 g, 0.14 nmol) in nethanol (1 nL) was added
phenyl acet al dehyde (0.17 nL, 1.4 mmol), followed by acetic acid (0.05 i,
0.87 mml ) and then sodi um 25 cyanoborohydride (0.014 g, 0.21 mol ). After
2 h, the solution was |oaded onto an SCX col umm, which was pretreated

wi th 5% acetic acid/ methanol. The columm was washed with nethanol and then
the produsfdefdstmifivetoateticl@cid 5@ Ior.onEhaametu@eNwhbBst vt hanol ) . .

The produ taini,ng fract| ns, were ¢ nd _concentrated to give
%ﬁ%ﬁ Ia? 6gg%utreén al yt i cal 8%‘(%%% %ﬁe Sty éoduct was
dlssolvedunﬁe¥1Vﬁqumal Wh&LnasldﬁedmmhHnnmneaha@euamdhethammatographed over
silica ge d i chl gr onet ha f 0 acet at e,
fol | oned %?ngé%%éad%é”\#t ng‘ﬁj’fvo 1%57‘9T%°ﬁ%§’ﬁﬁe?8%%¥et%n%u§h{q% % N
NH3/netﬁannﬂ)dxxﬁdﬁluhaowmnnmh@detoﬂmeeqmdgHUCtoqmnmaﬂaing fractions were
conbi ned an |ve 022 349.-), of the title conpound.
1H NMVR 5illg @%Eﬁn&ggég ?M’ ARXEY l%eli od A): 100%tr = 27.44
mn. . Exanpiéltzaxbac(auawt tﬂc&cy&bgnzm&%} Rsphebydigt ek soBid [ 2- :
(4- pyrid| qb? B hyl ] pi perazi ne D ydrochl ori de. Method 1-B 1-
(D-Phenyl g yC|n& - [2- (4-pyridinyl) ethyl] piperazine
tri hydr ochPDrigle /e 6 B54 2(M31L)mmol ) and potassi um carbonate (2.0 g, 144.4
mmol ) yere di ssolved in 1, 4-di oxane (5 nm.) and
Preparation of Examples _
The following examples of formula (I) were prepared
according to the indicated method (Method I-2A, Method I-B,
Method I-C, Method I-D, Method I-E, Method I-F or Method I-G)
15 from the indicated starting materials, unless otherwise

described.

Example 1
}—{4-MEthoxybenzoyl—D-phenyiglycinyl)-4-phenethy1piperazine.

20 ‘ Methed I-2

To a stirring solution of 1-(4-methoxybenzoyl-D-phenyl-
glycinyl)piperazine (0.05 g, 0.14 mmol} in methanol (1 mhL) was
added phenylacetaldehyde (0.17 whL, 1.4 mmol), followed by
acetic acid (0.05 wk, 0.87 wmmol) and then sodium
7‘25 cyanoborohydride (0.014 g, 0. 21 mmol)} . After 2 h, the

sdlution was loaded onto an SCX column, which was pretreated
with 5% acetic acid/methanol. The column was washed with
methanol and then the product was eluted with 10/1
dichloromethane: (2 N NH3 in methanol). The product containing

30. fractions were combined and concentrated to give 63 mgrof
thick oil (90% pure by analytical HPLC). The crude product
was dissolved in a minimal volume of dichloromethane and
chromatographed over silica gel, eluting with dichloromethane,

followed by ethyl acetate, followed by a gradient of 2%



15 water (1 nL). To this solution, p-anisoyl chloride (650 pL, 4.62 muol)
was added. The mixture stirred at roomytenperature fol3 Be¢embEn@06d xt ure
was diluted with water, and the m xture extracted with ethyl acetate. The
organi c | ayers were conbi ned, washed with brine, dried (Na2SO4), filtered
and 20 concentrated. The residue was dissolved in nethanol and | oaded
onto an SCX colum (10 g, pretreated with 5% acetic acid in nmethanol and
washed with fmethanol). The by-products were eluted with nethanol (about 20
m.), and #brpvall Piodack N}éjﬂntaﬂamblh satdichiedomehhzmiea | Theet hanol . The

product col um c t.oay aph 5102 2C 2: CVA
20.1't6 ‘é‘@%oét?%%l en%an% grac Geps Wesredlcsosoflvg% ]ﬁi ﬁﬁ%‘ézfatéda%i HC1 in
di et hyl eghee hwa¥2Z2addddeto qﬂdnhedelﬂlé drompound .

net hoxybengoyls D- phenyl gl ycinyl ) -4-[2-(4- pyridinyl)ethyl]piperazine
hydrochl oride (370 nmg, 37% as an 30 off white solid. 1H NVR(CDCL3)

CT- VB, Bl @S=Ma5on/eVvi3P.0184:13 Decenber 2004 Anal ysis for C27H30N403. 2. 2

5604, H oe-bAe ey MEERERRL R ot < RErKEd ) 00 796 (R = 10,98 min

5 Exanple 3 1- (Indol e-6-carbonyl - Dphenyl gl yci nyI) -4- 12- (4-pyridinyl) -
et hyl ] pi_Eg_' 1%192 Method |-C 10 1- (DPhenyI glycinyl) -4-- [2- -

(4-pyridi ny'n%';e hyl ] pi perazine (1.0 g, 2.31 nmol), 6-carboxyindole (371
rrg, 2.31 W)Meﬂ@t{be(xﬂd;ﬂ@phénﬁﬂgwn)ﬂ-)Et-?)l\t-(m-@:yﬁi‘hdlﬂyﬁﬂ- mol ), and

(6%9 ethyl]lpiperazine Diydrochloride.

Method I-B
1- (D-Phenylglycinyl) -4~ [2- (4-pyridinyl)ethyl] piperazine
trihydrochloride (1.0 g, 2.31 mmol) and potassium carbonate
(2.0 g, 144.4 mmol) were dissolved in 1,4-dioxane (5 mL) and
15 water (1 wbh). To this solution, p-anisoyl chloride (650 pul.,
4.62 mmol) was added. The mixture stirred at room temperature
for 3 h. The mixture was diluted with water, and the mixture
extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried (Na,S04), filtered and
20 concentrated. The residue was dissolved in methanol and
loaded onto an SCX column (10 g, pretreated with 5% acetic
acid in methanol and washed with methanol). The by-products
were eluted with methanol (about 20 mlL), and desired product
eluted with saturated awmonia in methanol. The product was
'125 further purified by column chromatography (8102, CHoCly :CMA
20:1 £6 9:1 gradient). The product was dlssolved in methanol,
and HCl in diethyl ether was added to provide 1-(4- .
.- methoxybenzoyl-D-phenylglycinyl) -4- [2- (4~
pyridinyl}ethyl]piperazine hydrochloride (370 mg, 37%) as an
30 off white solid. |
1H-NMR (CDC13)
CI-MS, m/e = 459 (M+1)



ng, 3.00 nmol) were stirred in DM at roomtenperature overnight. The
precipitate was renoved by filtrationqgnd the 15 fil t FPecBrRE 2P at ed
under vacuumto a thick paste. The residue was dissolved in nmethanol and
purified by ion exchange chromatography (SCX resin, nethanol then
saturated NH3 in “methanol) to provide the crude product as a brown solid.
The crude product was purified by chromatography (Si 02, 20:1 20 CH2C12: CVA
to 6:1 CH2C12: CMA) to provide 1-(indol e-6-carbonyl -

D phenyl ghkypeilpyis ﬁfbx[ 226H3W40§1I2I’]2| )Ielhjylﬂ pipeoazing 1350 ny, 32% as an
of f white soli ltin g)lnt :75 80 IR(thlnflln') 25 11-1 NWR (CDC13
) Analysis for ts8ponabs: Statled ¥ cs- %@Pz 10-8%: 06: N, 7.54; Found: C
49.81; H, 5.33rodhd:/. 39¢c, HRL.@4AN&El, ysiss{ Mt hoda®) : >99% tr = 12.4 min. 30
Exanpl e 3 oIe n -Dphenylglycml) 4[2(4 pyrldlnyl)

et hyl | pi pglr aélé‘lréa ggglll%‘? Eée “Br Epar®d =t }8n¥

(i ndol e8- 6-car bonyl - Dphenyl glycinyl) 119 13 Decenber 2004

4-12-(4- ﬁérl dlgé/l:,)et hyl ] pi perazi ne using Method I-D (but using

di chloro as the initial solvent). IHNW IS M, nle 468.2 (M1l) 5

Anal ysi s ﬁeKIm&MEbanﬁ.JﬂC%ahgnﬁléi%Q1ngib ca: t£; (45%8%%15&1)6 14, N,

12.22; d .___Foynd: C, 58.86; H, 5.62; N, 11. 78 HPLC
Anal ysi s %Fé’h\lcﬁfp 32186 0 tr = 19.24 min.
Method I-C
10 1- (D-Phenylglycinyl) -4~ [2- (4-pyridinyl)ethylipiperazine

(1.0 g, 2.31 mmol), 6-carboxyindole (371 wmg, 2.31 mmol), HOBt
(312 mg, 2.31 mmol), EtaN (1.3 mL, 9.24 mmol), and DCC (620
mg, 3.00 mmol) were stirred in DMF at room temperature
overnight. The precipitate was removed by filtration, and the
15 filtrate concentrated under vacuum to a thick paste. The
residue was dissolved in methanol and purified by ion exchange
chromatography (SCX resin, methanol then saturated NH; in
methanol) to provide the crude product as a brown solid. The
crude product was purified by chromatography (Si05, 20:1 -
20 CHpCly:CMA to 6:1 CHpCly:CMA) to provide 1-(indole-6-carbonyl-
D-phenylglycinyl)-4-[2-{4-pyridinyl)ethyl]piperazine (350 mng,
32%) as an off white solid.
Melting Point = 75-80 o
IR (thin film)
25 1H NMR (CDC13)
' Analy51s for CagHagN404
Calcd: C, 50.12; H, 5.06; N, 7.54;
Found: C, 49.81; H, 5.33; N, 7.39.
HPLC Analysis (Method B): >99% ty
30

12.4 min.

Example 3a
1- (Indole-6-carbonyl-D-phenylglycinyl) -4-[2- (4-pyridinyl) -
ethyllpiperazine Dihydrochloride.

Prepared from 1-(indole~6—carbonyl-D~pheny1g1ycinyl)-



10 Exanple 4 1-(3-Chloroindol e-6-carbonyl - D-phenyl gl y¢inyl)- 4- [2-
(4-pyridinyl) ethyl] piper'azine. Prepgred from QSD%cgmbermim
3-chl oroi ndol e-6--carboxylic acid and 1- (D

phenyl gl ycinyl ) -4-[2-(4-pyridinyl)ethyl]piperazine using 15 Method I-C. .
Melting point = 100-105 C 1H NWR (CDC13) API-M5, mle = 502 (M+l) Anal ysis
for C28H28CIN502.1.2 H2O 20 Cal-cd: C, 64.23; H, 5.85; N, 13.37; Found:
C, 64.38; H, 5.74; N, 13.22. HPLC Analysis (Method B): 97.2%tr = 13.8
mn. Exarrﬁl d2444 m'lﬂ-dmlﬁatbylepidmh-azﬁneaxéﬁmgyMeslﬁb@mwl(@mtcuﬁyﬂg - 4-

[2 (4- pyr iy QEH%5%5ﬁéﬁﬂéh%'QSr L ne .| 1a SO veﬂ@” de. Prepared - from
I n

1-(3-chloro e-b-carbon
phenyl gl y@HnyMR - 4- [ 2- (4- pyr|d|nyl)ethyl]plpera2|ne using Method 1-D (but

usi ng di chlko a e.jnitial solvent). 30 1HNWR IS-M5 nie 502.1
(ML) 120%3{“%@”3%}%%%8 80511Q Halysis for C28H2$CIN502.2.0 HCL. 1.8 H2O

Cal cd: €, ABBlgFis Hor5 CH8H,Msdsl-1583; HCl ;2 lw B3d;: Found: C, 55.03; H, 5. 34;
N, 11.30; d, HRLC (Met 100, % tr = 24.55 mn. 5
Example 5 1- (%J&cfor oi ?Qngd'czfr‘ Sn%a @pﬁ@n%gl%ﬂﬁﬁ)

4-[ 2- (4- pyri di Fyundst hyl ]: pEpeseyzimes.Fzepar ad.ovpnel, 11.7s. '
5-chl oroi agplexe GRALROMLLE A 388 27¢PL 15.24 min.

10 Example 4
1-(3-Chloroindole-§-carbonyl-D-phenylglycinyl) -
4-[2-(4-pyridinyl) ethyl]l piperazine.

Prepared from 3—chloroindole-é-carboxylic acid and 1-(D-
phenylglycinyl) -4-[2- (4-pyridinyl)ethyllpiperazine using

15 Method I-C. _

Melting point = 100-105 °C
1H-NMR (CDPCls)
API-MS, m/e = 502 (M+1)
Analysis for CggHygClNgOg-1.2 HyO:
20 Caled: C, 64.23; H, 5.85; N, 13.37;
Found: C, 64.38; H, 5.74; N, 13,22,
HPLC Analysis (Method B): 97.2% ty = 13.8 min.

Example 4a
__25 1-(3-Chloroindole-6-carbonyl- D-phenylglycinyl) -4-
[2 (4- pyridinyl)ethyl}plperazine Dlhydrochlorlde.

Prepared from 1-(3-chloroindole-6-carbonyl-D-
phenylglycinyl)-4-{2- (4-pyridinyl)ethyl]l piperazine using
Method I-D (but using dichloromethane as the initial solvent) .

30 1H NMR '
IsS-MS, m/e 502.1 (M+l)



10 phenyl glycinyl)-4-[2-(4-pyridinyl)ethyl] piperazine using Method |I-C.
Melting Point = 106-110 C IR (thin flbn) 1H NWVR ( CDC1f3 pdé&eridr 200, nle =
502 (M.1) HPLC Analysis (Method B): .7%tr = 14.9 mn. Exanple 6 1-

(I ndol e- 2-car bonyl - D- phenyl gl yci nyl ) -4 [2- (4-pyridinyl) - 20 ethyl]

pi perazi ne. Prepared fromindol e-2-carboxylic acid and 1- (D-phenyl -
glyc.inyl) -4- [2- (4-pyridinyl) ethyl] piperazine using Method I-C
Melting . point = 1H NWR (CDC13) 95-100 C 25 IR (thin film API-M5, nfe
468( M+l) Analysis farf d;%&@%@hﬁ%ﬁ% b7 oHZO1 - ikﬁ 0:C, 67.53.; H 6.55; N,
14. 06; Found C%?£7 00;_ H N, 14, 0 _HPLC Anal SIS (Met hod B):
96. 5%t r 3 g2 p 8.37; 5.58; N, 11.53; Ci, 17.

1- ( 3- Met hyl i ndEbch— car lm)nyls &2 phenyl gk yay nyh).s04-ci 2- 1-;(.15-69wi di nyl)

et hyl ] pi 121 nber 2004 Prepared from

3- rr)ét ]h5| P%gfée--%l%%rsoé‘%‘?@e )i 'd WRd3 1t (%24 55 min.

phenyl gbycinyl ) -4-[2-(4-pyridinyl)ethyl]piperazine using Method I-C
Mel ti ng p%kgﬁpfqu__GS C 5 1H NWR (CDC13)

I

1-(5-Chloroindole-2-carbonyl-D-phenylglycinyl) -
4-[2-(4-pyridinyl)ethyl]piperazine.
Prepared from 5-chloroindole-2-carboxylic acid and 1-(D-

10 phenylglycinyl)-4-(2- (4-pyridinyl)ethyl]lpiperazine using

Methed I-C.

Melting Point = 106-110 °C

IR (thin film)

1H-NMR (CDClgz)
15 API-MS, m/e = 502 (M+1)

HPLC Analysis (Method B): 88.7% ty = 14.9 min.

Example 6
1- (Indole-2-carbonyl-D-phenylglycinyl) -4-[2~ (4-pyridinyl) -
20 ethyl]piperazine.

Prepared from indole-2-carboxylic acid and 1~ (D-phenyl-
glycinyl) -4-[2-{4-pyridinyl)ethyllpiperazine using Method I-C.
Melting point = 95-100 °C |
1H-NMR (CDCl3)

25 IR (thin film)
API-MS, m/e 468 (M+1)
Analysis for CpgHygN5O5+1.7 HopO:

Calcd: C, 67.51; H, 6.55; N, 14.06;

Found: C, 67.00; H, 6.10; N, 14.,02.

30 HPLC Analysis (Method B): 96.5% t, = 13.5 min.

Example 7
1- (3-Methylindole-6-carbonyl-D-phenylglycinyl) -
4-[2- (4-pyridinyl) ethyl]}piperazine.



IR (thin film API-M5 nle 482 (Mi-1) Analysis for C29H31N502-1.6 H2QO
Calcd: C, 68.24; H 6.75; N, 13.72; 439 Found: C, 68. 2% Dbberbbodr@ooll, 13.78.
HPLC Anal ysis (Method B): 93.6%tr = 13.3 min. Exanple 8 1- (4

= Met hoxybenzoyl - D- phenyl gl ycinyl.) -4- [2- (2 -pyridinyl) - .15 ethyl]

pi perazi ne. Prepared from 4-met hoxybenzoyl chloride.and 1-

(D-phenyl glycinyl) -4- [2- (2-pyridinyl) ethyl] piperazine using Method
1-B. Melting point = 168-180 C 20 [a] 25D -87.7 (c 1.00, nmethanol) 1H NMR
(CD30D) CI - M5, Pr¢paredd SgofniMi-Inethydlindoke f&1caChdkgDNG 02 21 Q@1 10 (BH20:

Cal cd: C, ; : 2; 23..0,.12..9 .25 _Found: C, 58.88; H,
6.25 N, f’g‘gi‘g;ig]éjfm%éﬁz"%f%Héﬁ'éyﬁﬁgl"?’é]r’se ROBSBFZ1RY W8y = 12. 2 nin.
Exanpl e 9Metho@d3I€hl or oi ndol e- 6- car bonyl - D- phenyl gl ycinyl) 30 4- [2-

(2-pyridi . J]..piperazine, Prepared from 3-chloroindol e-6-carboxylic
acid and Tﬁé E%E%:%Anﬂﬁtgl'yglﬁné‘%) C4-10- (2--pyridinyl) ethyl] piperazine
usi ng MetlEodMR- &DMNABIt i ng point = 93-96 C 122 13 Decenber 2004 [a] 25D
-72.4 (c g 6% hic));ul rofform 1H NVR (CDCl1l3) Cl--M5, me = 502 (Mtl) Anal ysis
for CosredRBORt 4700

API-MS, m/e 482 (M+1) ' .

Analysis for CzgH31N502-1.6 Hy0:
Calcd: C, 68.24; H, 6.75; N, 13.72;
10 Found: C, 68.25; H, 6.66; N, 13.78.
HPLC Analysis (Method B): 93.6% ty = 13.3 min.

Example 8§
1- (4-Methoxybenzoyl-D-phenylglycinyl}-4- (2~ (2-pyridinyl) -
15 ethyllpiperazine. )
Prepared from 4-methoxybenzoyl chloride and
1- (D-phenylglycinyl)-4- [2~ (2-pyridinyl) ethyl]piperazine using
Method I-B.
Melting point = 168-180 ©°C
20 [el23p -87.7 {c 1.00, methanol)
1H-NMR (CD30D)
CI-MS, m/e = 459 (M+1)
Analysis for Cg7H3gN405-2.0HCL-0.9H,0:
Caled: C, 59.21; H, 6.22; N, 10.23; Cl, 12.95,
.25 Found: C, 58.88; H, 6.25; N, 10.19; C1, 13.2s.
. HPLC Analysis (Method B): 97.5% ty = 12.2 min.

Exaﬁple 9
1~(3-Chloroindole~6-carbonyl—D-phenylglycinyl)-
30 4-{2-(2-pyridinyl)ethyl]piperazine.

Prepared from 3-chloroindole-6-carboxylic acid and 1i-(D-
phenylglycinyl) -4~ [2- (2-pyridinyl)ethyllpiperazine using
Method I-C,

Melting point = 93-96 o(C



5 Calcd: C, 66.04; H 5.07; N, 13.75; d, 6.96; Found: C, 65.94; H 5.61,;
N, 13.74; 4, 6.91. HPLC Analysis (Mzphod B): 98.3% t i3 patdhder®obs Exanpl e
10 10 1- (I ndol e-6-carbonyl - D- - phexayl gl ycinyl) -4- [2- (2-pyridinyl) -

et hyl ] pi perazine. Prepared fromindol e-6-carboxylic acid and

1- (D phenyl gl ycinyl)-4-[2-(2-pyridinyl)ethyllpiperazine using Mthod I-C
15 Melting point = 73-78 C[a]25D -90.9 (c 0.25, chloroform | H NWR
(CDC13) Cl-Mb, me = 468 (M+l) Analysis for C28H2$N502.0.6 H20: 20 Cal cd:

C, 70.30; (126,362 N 14 G4x; Faund. 0.39: H 6.30: N, 14.62. HPLC
‘Anal ysis (Methdd B): ot S5t [Htprtrmy Exanpl e 11 25 1-

[ 4- Met hoxy-HeN¥ByY (CHSM3) (pyridin-2--yl) glycinyl] 4- [2- (4-pyridanyl)
et hyl ] pi peragkne, AL iJl)gq,rzoqmﬂri de. Prepared from 4-net hoxybenzoic acid and
it

1-[D, L-(pyridin- 2--yl) glycinyl] -4- (2- (4-pyridinyl) ethyl] piperazine

usi ng Met RBalysi€ L0 CogHpBROS-0MB, Hofibe 460.3 (Mi-1) 923. 13 December

2004 Angl ysi s EQ[ad26H2ONEQ3. 3, 5 HCk. 4. H2O cd. G 47 37: H, 6.19; N,
10.62: Found: G, 47.17; 'H,§5(.§47'5;¢|N}5'§6'.§g 1re ek yss'ldgss’( Met hod A): 100%
tr = 10.48 mi nFomdianple §9.94; H, 5.61; N, 13.74; Cl, 6.91.

HPLC Analysis (Method B): 98.3% ty =-14.1 min.

Example 10
10 1-(Indole-6-carbonyl-D-phenylglycinyl)}-4-[2-(2-pyridinyl)-
ethyl]piperazine. )
Prepared from indole-6-carboxylic acid and
1- (D-phenylglycinyl) -4-[2- (2-pyridinyl)ethyl]l piperazine using
Method I-C.
15 Melting poinkt = 73-78 °C
[@125p -90.9 (¢ 0.25, chloroform)
1H-NMR (CDC13)
CI-MS8, m/e = 468 (M+1)
Analysis for CpgHypgN505-0.6 Ho0:
20 Calcd: C, 70.30; H, 6.36; N, 14.64;
Found: C, 70.39; H, 6.30; N, 14.62.
HPLC Analysis (Method B): 98.3% ty, = 14.1 min.

Examéle 11
- 25 1-[4-Methoxybenzoyl-D,L- (pyridin-2-yl) glycinyll] -
4~[2-{4-pyridinyl)ethyllpiperazine Trihydrochloride.

Prepared from 4-methoxybenzoic acid and 1-[D,L- {pyridin-
2-yl)glycinyl]~4- {2- {(4-pyridinyl) ethyl]lpiperazine using Method
I-C.

30 1H-NMR
IS-MS, m/e 460.3 {M:1)



1- [3-Chl oroindol e-6-carbonyl -D, L- (pyridin-2-yl) glycinyl] -4- [2-
(4-pyridinyl)ethyl]piperazine Trihydrgghl oride. Preparegd

3-chl oroi ndol e- 6- carboxylic acid and Q?O 1- [D,L- (pyri dP%&é&%ﬁr 20(g)fltyci nyl ]
-4- (2- (4-pyridinyl) ethyl] - piperazine using Method |-C. 1H-NI\/R 1S- V5,
me 503.5 (Mf-1) Analysis for C27H27N602C1. 3 HC1-5 H20: 15 Calcd: C,
46.16; H, 5.74; N, 11.96; d, 20.19; Found: C, 46.10; H 5.59; N, 11.68;
c, 20.29. HPLC Anal ysi s (I\/Et hod A): 99%tr = 18.64 min. Exanple 13 20 1-

[ 3-Met hyl AﬂdD}@:sﬁ-ﬂb&* bopith 55 3(BYREHI A w20yl ) glycinyl] -4- [2-
(4-pyridinyl)eth IG]( perazine.” Prepared from 3-nethylindol e-6-carboxylic
acid and 1- (X3C%pyri i nt2327) Hryei k8 M- 49-62: (4-pyridinyl) ethyl] -

pi perazi ne umm—gllMat hodcl - £ 126 i{H-gdl\/FgJ & Mpg. ke 483.5 (M+rl) HPLC Anal ysis
(Method A): 99%tr = 16,14 nin. Ie 14 30 1- [ I ndol e- 6- car bonyl - D, L-

(pyri di n- 3PG$ \RApajaisig [Methaq 2\)(4159/ i & iy PetRy™Pi perazi ne. Prepared
fromingol e-6-carboxylic acid and 1-[D, L (pyridin-2-yl)glycinyl] -4- [2-
(4-pyridinyl) et hyI ] pi perazine wusing Method I=C 124 13 Decenber 2004

| H NVR | B¥afge 2 469. 3 (M+1) HPLC Anal ysis (Method A): 1006 tr = 12-87

‘mn. 5 Exg ﬁftﬁﬂ%roindole 6 ~-carbonyl-D L- (p dln 2-y1) glycxnyl] 4-[2-
1- (I ndol e- 6 car bonyl - henyl gl yci nyIS pyr| yl)-
(4-pyrid1ny1)et yl]plpera21ne Tr1hydrochlor1 e
Prepared from 3-chloroindeole-6-carboxylic acid and
10 1-[D,L-(pyridin-2-yl)glycinyl]-4-{2- (4-pyridinyl)ethyl] -
piperazine using Method I-C.
1H-NMR
IS-MS, m/e 503.5 (M+1)
Analysis for Cg7Hp7NgOoCLl-3 HC1-5 HpO:
15 Calecd: C, 46.16; H, 5.74; N, 11.96; Ci, 20.19;
Found: C, 46.10; H, 5.59; N, 11.68; Cl, 20.29.
HPLC Analysis (Method A): 99% £, = 18.64 min.

Example 13
20 1-{3-Methylindole-é-carbonyl-D,L-{pyridin-2-y1)glycinyl]-4-(2-
(4—pyridiny1)ethyl]piperazine:
Prepared from 3-methylindole-6-carboxylic acid and

1~ D, L- (pyridin-2-y1l)glycinyl} -4- [2- (4-pyridinyl) ethyl] -
piperazine using Method I-C.

. 25 1H-NMR

. IS-MS, m/e 483.5 (M+1)
HPLC Analysis (Method A): 99% t, = 16.14 min.

Example 14 _
30 1-[Indole-6-carbonyl-D,L- (pyridin-2-yl)glycinyl]-
4-[2~ (4-pyridinyl) ethyllpiperazine.
Prepared from indole-6-carboxylic acid and 1-[D,L-
{pyridin-2-yl)glycinyl] -4- [2- (4-pyridinyl) ethyllpiperazine
using Method I-C.



ethyl | piperazine. Prepared fromindol e-6-carboxylic acid and 1- (D-phenyl-

glycinyl) -4- [2- (3-pyridinyl) ethylqi perazine using, g$@:
Mel ting point = 82-87 C [cc]25D -116j%m(c 0. 25, nethano??E %f%b4 film
.l HNVR -(CDC13) API-M5, mle = 468 (M+1) 15 Analysis for C28H29N502. 1. 25 H20:
- Caled: C, 68.62; H, 6.48; N, 14.29; Found: C, 68.49; H, 6.39; N, 14.13.
HPLC Anal ysis (Method B): >99%tr = 12.3 mn. 20 Exanple 16 1-

(I zi dol e- 6-car bonyl - D- phenyl gl ycinyl ) -4- [2- (2-pyrazinyl) -

et hyl | pi pegramisne. Prepared fromindol e-6-carboxylic acid and 1-(D-phenyl -
egC|nyI) 4 2- (2 razinyl)ethyl]pi perazine using Method 1-C, 25 Melting
Poi nt = fc“tg]g%-” 9é"+4)(c 0.23, chloroform) 1H NWR (CDC13) IR (thin

film APﬂIPﬂ}@Aﬂﬁl?sﬂﬁg(lﬁé\@Idd) A9 064 ys) & 9roCRiEN02. 1.6 120 Cal cd:
65.20; H 6.32;: N, 16.90; Found: 49: H 6.02; N, 16.54. HPLC

Anal ysi s (thhod B): 98.5%tr = 13.6 ruin. 125 13 Decenber 2004 Exanple 17
1- (I ndgl gz&imgiay gnyl - D- phenyl gl yci nyl) -4- |2- (1 I m dazol yl) -
ethyl]plpera2|ne Prepared from i ndol e-6-carboxylic acid and 1- (D phenyl- 5

gl yci nyl ) 2 2{¥Aqle- fneabossl-p- EPWY]}%YIS@P’&%M%' i Bgrweidwl)--

ethyllpiperazine.
Prepared f£rom indole-G-carboxyllc acid and 1-{D-phenyl-
glycinyl) -4-[2- {3-pyridinyl)ethyl]l piperazine usging MethodVI—C.
10 Melting point = 82-87 °C
[al25p -116.0 {c 0.25, methanol)
IR (thin film)
1E-NMR (CDClsz)
API-MS, m/e = 468 (M+1)
15 Analysis for CpgHogNgO9-1.25 Hg0:
Calced: C, 68.62; H, 6.48; N, 14.29;
Found: "~ C, 68.49; H, 6.39; N, 14.13.
HPLC Analysis (Method B): >99% t, = 12.3 min.

20 Example 16
1- (Indole-6-carbonyl-D-phenylglycinyl)-4-[2- (2-pyrazinyl) -
ethyllpiperazine.
Prepared from indole-é6-carboxylic acid and 1- (D-phenyl-
glycinyl};4*{2—(2—pyrazinyl)ethyl]piperazine using.Method i-C.
.. 25 Meltlng Point = 53-58 °¢C
{a]st -91.4 (c 0.23, chloroform)
1H-NMR (CDCl3)
IR (thin £ilm)
API-MS, m/e 469 (M+1)
30 Analysis for CpgHpgNgO3-1.6 HyO:
Caled: C, 65.20; H, 6.32; N, 16.90;
Found: C, 65.49; H, 6.02; N, 16.54.
HPLC Analysis {Method B): 98.5% ty = 13.6 min.



C. 1IHNWR IS-M5 ' nfe 457.3 (M+l) Analysis for C26H28N602-1.1 H2O 10
Calcd: C, 65.55; H 6.39; N 17.64; 4bgund: C, 66.01; i D&edber Dhodl7. 14.
HPLC Anal ysis (Method A): 99%tr = 19.66 min. Exanple 18 15 1-

~ (I ndol e- 6- car bonyl - D- phenyl gl ycinyl ) -4- [2-- (1-pyrazolyl) - ethyl]

- pi perazine. Prepared fromindol e-6-carboxylic acid and 1- (D phenyl -
glycinyl) -4- (2- (I-pyrazolyl) ethyl)piperazine using Method I-C. 1H -NWR
20 1S-M5, me 457.2 (M+l) Analysis for C26H28N6C2. 1.3 H2O Cal cd: C, 65.06;
H, 6.43; Bkanpldbd7 Found: C, 65.39; H, 6 53 N 16.98. HPLC. Analysis

“(Met hod... 1 >97% tr, = 22.98 min. 25 Exa

1- (1 ndol e? Bt’c%ﬂ?"&@n rc"t‘fliﬂwﬂypgrpﬂml)vc&nﬁlz% i2ri{dasigazolyl) -

et hyl ] pi pefﬁlﬂ]@_p@thgﬂﬁ@cm oride. Prepared fromindole-6-carboxylic acid

and 1- (Dphenyl 30 g é'__l nyl ).-4-[ 2- (4- |mdazonI(£l et h{ kﬁl perazi ne using
e

Method |- C. W, 1oApLe 285 <aFbORwL ¢ 1255 3npe heyg¥4 Anal ysi s
for 0265‘)12@%@)141-"@1—ﬁ&nﬁagzo@i)&h%;@}gﬁez%mﬁ uBidg Mddhok3189; 4,
12.30; Found: C, 51.82; H , 12.12. "HPLC Anal ysi s
(Method AY: 94%tr = 17.78 min.

1H-NMR -

IS-MS,'m/e 457.3 (M+1)
Analysis for CygHpgNgOp-1.1 HpO:
10 Calcd: C, 65.55; H, 6.39; N, 17.64;
Found: C, 66.01; H, 6.23; N, 17.14.
HPLC Analysis (Method A): 99% t, = 19.66 min.

Example 18
15 1-(Indole-6-carbonyl-D-~phenylglycinyl)-4-[2- (l-pyrazolyl) -
ethyllpiperazine.

Prepared from indole-6-carboxylic acid and i—(D—phenyl—
glycinyl) -4-[2- (1-pyrazolyl)ethyl] piperazine using Method I-C.
1H-NMR

20 IS-MS, m/e 457.2 (M+1)
Analysis for CpglygNgOp-1.3 HyO:

Calcd: C, 65.06; H, 6.43; N, 17.51;
Found: C, 65.39; H, 6.53; N, 16.98.
HPLC Analysis (Method A):>97% ty = 22.98 min.
.25
" Example 19

1- (Indole-6-carbonyl-D-phenylglycinyl) -4- {2~ (4-imidazolyl) -
ethyllpiperazine Dihydrochloride.
Prepared from indole-6-carboxylic acid and 1-(D-phenyl-
30 glycinyl)-4-[2-{4-imidazolyl)ethyllpiperazine using Method I-
C.
1H-NMR
Is-MS, m/e 457.3 (M+1)



5 Exanple 20 1- (Indol e-6-carbonyl-D-phenylglycinyl],-4- [2- (4-pyrazolyl)
- ethyl] pi perazine Hydrochl oride. Prepgred fromindol etbpsedrisesops acid
and 1- (D phenyl- 10 glycinyl) -4- [2- (4--pyrazolyl) ethyl] piperazine
using.Method 1-C. 1HNWR IS-M5, me 457.3 (M+l) Analysis for
C26H28N602. 1.3 HC1.1.75 H20: Calcd: C, 58.32; H 6.17; N, 15.70; d, 8.61,
15 Found: C, 58.31; H, 5.72; N, 15.48; .4, 8.37. HPLC Analysis (Method A):
>98% tr = 19.95 m n. Exanple 21

1- (1 ndol eAﬁa%a%-_g_gr@é,g ?%@hq%ﬁ?&‘ gyglﬁa}l o %%0(3 pyridazinyl)- 20 ethyl]

pi per-azi.ne car boxyl fc acid and 1-(D-phenyl -
gl yci nyl) - 4- [ Z&13dpyri d@ziShy6p ; elhyd |35 pdh a2d i@ usiing1ke3hod |- C. Melting

Point = 219-227.,.Cawith de Si i o S5yl ( 1 5[ U125 D -53.90 (c
0. 25, dinet hyIZE%suI f oxi d‘gﬁ Gﬂn%? I\)té % 042—N4E|?é§l(l\él\:§ﬁl;a)lc—ipﬁ%2 :Anal ysi s (Met hod

B): >99% HPLG Mmlgsipn (MBhad Adpl 849Xy = 17.78 min.

1-[ 4- Meghoxybenzoyl - D, L- (2- met hoxyphenyl )gI ycinyll- 4- [2-
(4-pyridinyl)ethyl]piperazine. Prepared from 4- met hoxybenzoi ¢ acid and
1- (D, L- (2Exemle @Ryphenyl ) glycinyl] -4- .(4-pyridinyl) et hyI ]

?:vﬁf; azi ng_ pek 6 L8 L 23 RAe fisbshe&opgﬁl}\ﬁwesl.i (2- (4 tEy Ry M, e 489.1
ethyl]lpiperazine Hydrochloride.

Prepared from indole-6-carboxylic acid and 1~ (D-phenyl-
10 glycinyl)-4-{2- (4-pyrazolyl)ethyllpiperazine using Method I-C.
1H-NMR '
I8-M3, m/e 457.3 (M+1)
Analysis for CpgHygNgO5-1.3 HCL-1.75 HyO:
Calcd: C, 58.32; H, 6.17; N, 15.70; C1, 8.81;
i5 Found: C, 58.31; H, 5.72; N, 15.48; Ci, 8.37.
HPLC Analysis (Method A): >98% ty = 19.95 min.

Example 21
1- (Indole-6~carbonyl-D-phenylglycinyl) -4-{2-(3-pyridazinyl)-
20 ethyl]piperazinel
Prepared from indole-6-carboxylic acid and 1-(D-phenyl-
glycinyl)-4-[2- (3-pyridazinyl)ethyl]piperazine using Method I-
Cc.
Melting Point = 219-222 °C with decomposition
.25 lH NMR (CDCl3)
| [a]25 -53.9° (c 0. 25, dlmethyl sulfoxide)
API-MS, m/e = 469 (M+1)
HPLC Analysis (Method B): >99% t, = 12.8 min.

30 Example 22
1- [4-Methoxybenzoyl-D, Ii- (2-methoxyphenyl) glycinyl] -
4-[2-(4-pyridinyl)ethyllpiperazine.
Prepared from 4-methoxybenzoic acid and 1-{D,L- {2-meth-
oxyphenyl)glycinyll -4-[2-~ (4-pyridinyl)ethyl]piperazine uéing



Anal ysis for C28H32N404.0.5 H20 5 Calcd: C, 67.59; H 6.68; N, 11.26;

~Found: C, 67.57; H, 6.49; N, 11.11. HBEC Analysis (MthpfedmbRbogf0tr. =
3,6.02 mn. Exarrple 23 10

1-[i ndol e-5-carbonyl - D, L- ( 2- net hoxyphenyl ) gl ycinyl ] --

4-[2-(4-pyridinyl yethyl]pi perazi ne D hydrochl oride. Prepared from

I ndol e- 6-carboxylic acid and 1-[D, L-(2- nethoxyphenyl) glycinyl.]'-4- [2-
(4-pyridinyl) ethyl] piperazine using Method I-C, followed by Method I-D.
15 1H NVRudhdSI-nle 498.0 (Mr1l) Analysis for. C29H31N503. 2.1 HCL. 2.5 1120:
Calcd:” C .56.25; H 6.20; N, 11.31; d, 12.02; .Found: C, 56.56; H, 5.83;
N, 11.21:V&™™R> 13 20 HPLC Analysis (Method A): 100%tr = 17.24 nin.

Met hods fm @gawbegaﬁﬁ (M32)The conpounds of Exanples 24 and 25 were
prepared %%/ cqupli ng_Boc- D-4- car boxam . dophenyl gl ycine to the appropriate
25 ani ne Ard¥YsEBCEPECReeasePual -3 Ja®t hod G- C), deprotection with TFA/ DCM

(simlat to Meizhed: DB)caQ;d; ggupﬂilngggo &; api is; 4-chl orobenzoic acid with
EDCI /HOAt (simlar to Met h Q). Ie 24 30

1- [ 3- Ani n¥R¥R%h| or Sbeﬁ%o'iﬁlr- Eéa(& A% %x&ﬁh ddpheny! ) gl yci nyl . ] -

4- (2- phenybd MHalpERer atdtiRa BPLGof M3t hQd=Ggrda mik. 1min. LCVS Mrl 521.
NVR 128 13 Decenber 2004 Exanple 25

1-[ 3- Am no- 4- chl or obenzoyl - D- 4- car boxani dophenyl gl yci nyl) - 4-
benzyl pi petagiiRe 23

10 1-[Indole-6-carbonyl-D,L- (2-methoxyphenyl)glycinyl} -
4. [2~(4~pyridinyl) ethyl]piperazine Dihydrochloride.
Prepared ffom indole-6-carboxylic acid and 1-[D,L-(2-
methoxyphenyl)glycinyl]-4- [2- {4-pyridinyl)ethyllpiperazine
using Method I-C, followed by Method I-D.
15 1H-NMR
I8-MS, m/e 498.0 (M+1)
Analysis for CggH3z3Ng503-2.1 HCLl-2.5 Hp0:
Calcd: C, 56.25; H, 6.20; N, 11.31; C1, 12.02;
. Found: C, 56.56; H, 5.83; N, 11.21; €1, 12.13.
20 HPLC Analysis {(Method A): 100% ty = 17.24 min.

Methods for Examples 24 - 25
The compounds of Exémples 24 and 25 were prepared by
coupling Boc-D-4-carboxamidophenylglycine to the appropriate
25 amlne with EDCI/HOAt (smmllar to Method C-C), deprotectlon
w1th TFA/DCM (similar to Method D-B} and coupling to 3-amino-
4-chlorobenzoic acid with EDCI/HOAt (similar to Method I-C).

Example 24 - _
30 1-i3-Amino-4-chlorobenzoyl-D-(4-carboxamidophenyl)glycinyl] -
4- (2-phenylethyl)piperazine.
HPLC (Method C) rt 1l.1lmin.
LCMS M+1 S21,
- NMR



5 HPLC (Method C) rt 11.4mn. LCMS MF1 512. NWVR Exanple 26 10 1-

[ I ndol e- 6-car bonyl - D- (4-carboxypheny{gggl ycinyl] -4- (43 petdwbear 2004

pi peri di n-4-yl)pi perazi ne. By coupling of

Boc- D- 4-car boxymnet hyl phenyl gl ycine with

1- (1- met hyl pi peridi n-4-yl)pi perazine using HOAt and EDCI (simlar to

Met hod C-C), followed by TFA deprotection (simlar 15 to Method D- B)
coupling to indol e-6--carboxylic acid using HOAt and EDCl (sinmilar to
Met hod I-C) followed by hydrolysis of the nethyl ester with Iithium

hydr oxi de HPL% (Method C) rt, 6.05mn  LCM5S M+l 504 20 Nnmr. Exanple 27
1- (4- Met hEXIBBUS A - D- phenyl gl yci nyl ) - 4- (4- pi peri di nyl methyl ) - pi per azi ne
TrifIuoroaeqsanmﬁndyi-Eh&a&&n&ﬁﬁ&yyﬂb-Staﬁigdg;mmabgﬁéﬁ%1§%¥6@a§1)sgnipecotic
aci d. Isog%gecg%ic aci,d (15.0 g, 116 mmmol) was dissolved in THE (300 30
m) , wat &FPFYERIRRSRZAR86 N NaOH - (40 nl) . Di- tert-butyl dicarbonate

(26.6 g5 HR2CcMmmddhosng)addeds atigiri.he m xture stirred overnight. The

m xture “@ﬁydi&Ut%Q Wth water and ethyl acetate, and the |ayers

separ at ed: fie ﬁbté#'layers were extracted with ethyl acetate, and the
organic | aymrs 129 13 Decenber 2004 discarded. The water |ayer was dil uted
wth KHSO4 (2 N, pH4) and extracted with ethyl acetate. The organic |ayer
was washed with brine, dried (Na2SO4), filtered and concentrated to
provi de 1gRaspiss pecotic acid (23.9 g, 90% as a white

10 1-[Indole-6-carbonyl-D- (4-carboxyphenyl)glycinyl] -4~ (1L-methyl-
piperidin-4-yl)piperazine. ‘ ;
By coupling of Boc-D-4-carboxymethylphenylglycine with
1- (1-methylpiperidin-4-yl)piperazine using HOAt and EDCI
(similar to Method C-C), followed by TFA deprotection (gimilar
15 to Method D-B}, coupling to indole-6-carboxylic acid using
HOAt and EDCI (similar to Method I-C) followed by hydrolysis
of the methyl ester with lithium hydroxide.
HPLC (Method C) rt, 6.05min
LCMS M+1 504
20 Nmr.

Example 27
1-(4-Méthoxybenzoyl-D~phenylglycinyl)-4-(4-piperidiny1methy1)-
piperazine Trifluoroacetate. |

25

Preparation of Starting Materiais

l-Boc-isonipecotic acid.

Isonipecotic acid (15.0 g, 116 mmol) was dissolved in THF (300
30 mi), water (150 wlL) and 6 N NaCH (40 mhL). Di-tert-butyl

dicarbonate (26.6 g, 122 mmol) was added and the mixture

stirred overnight. The mixture was diluted with water and

ethyl acetate, and the layers separated. The water layers

were extracted with ethyl acetate, and the organic layers



5 solid. 1H NVR(CDC13) API-M5 nle = 230 (M1) 1-fcc -piperidine-4

- et hanol . 10 1-Boc-isonipecotic acifg(10.0 g, 214 mp] ). a5 L | ved in
THE (400 L) and cooled to O C. A solution of BH3-THF (1%8 m,eqféﬁl&)i n THF,

180 mvol ) was added slowly.. The m xture stirred for 1 h at 0 C and was
allowed to warmto room tenperature for 12 h. The m xture was careful ly
quenched with 15 water and diluted with ethyl acetate. The water |ayer was
extracted with ethyl acetate. The organic |layers were conbined, washed

with bring;séded. (Ne2SQB e il'ag@{- b Ad 1 EANGAR &8d,t rﬁ,og;hd@)
1- Boc- pi.per i di ne- 4- net hanol % 8 g, 850) as a white sSolid. 20
1H NVR( coead)exApachRed it ethyd pretabe.1- B -9HIseCdiA¥ed-w&& boxal dehyde.

D met hyl  gadfkden(BrbndTl ard@a’ (HA0, ) Vegi hSs] Wad bondandiaghkor onet hane
(100 m.) and was cooled to -78 C. al’'yl  chloride (3.65 nmL, 41.8 mmol) was

added. TheC m5avdAe 3rBeediEoripecgbi¢iafiaT23 Y 9,580 i an avthiseded a

sol uti on @fiis. Boc- piperidine-4-nethanol (7.5 g, 34.8 mmol) in :
di chl or onet hane %;]Lrg m.), and the mixture stirred for 1 h. Triethyl am ne
(9.7 30 ntE-BREPrkel) was added slowy and the nixture stirred at -78 C

for 30 M gpaung Waraed 39 reamytenperature oyer the course of 1 h. The
m xture was diluted wwth water and the | ayers separated. The water | ayer

was extracted with dichl oromethane and the organic |ayers conbined, dried

(Na2SH4) , 1 fddd-oHpdr286ad- A mbdnrgenber 2004 concentrated to provide
1- Boc- pi peri di ne- 4- - car boxal dehyde (6.75 g, 91% as a yellow oil.
1H NVREEDEBpc-1sonipecotic acid (10.0 g, 214 mmol) was dissolved in

THF (400 wmlL) and cooled to 0 °C, A solution of BH3-THF
(180 mIi, 1 N in THF, 180 mmol) was added slowly. The mixture
stirred for 1 h at 0 °C and was allowed to warm to room
temperature for 12 h. The mixture was carefully quenched with
15 water and diluted with ethyl acetate. The water layer was
extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried (NasS04), filtered and
concentrated to provide 1-Boc-piperidine-4-methanol (7.98 g,
"85%) as a white sgolid.
20 1H-NMR{CDCls)
API-MS, m/e = 220 (M+1)

l-Boc-piperidine-4-carboxaldehyde. _
Dimethyl sulfoxide (3.5 mL, 48.7 mmol) was dissolved in

.25 Qichlqyomethane (100 mL) and was cooled to -78 °C. Oxalyl

. cilofiéé (3.65 mh, 41.8 mmol) was added. The mixture stirred
for 30 min. To this solution was added a solution of 1-Boc-
piperidine-4-methanol (7.5 g, 34.8 mmol) in dichloromethane
{15 mI), and the mixture stirred for 1 h. Triethylamine (9.7

30 mL, 69.6 mmol) was added slowly and the mixture stirred at -78
°C for 30 min and warmed to room temperature over the course
of 1 h. The mixture was diluted with water and the layers
sepafated. The water layer was extracted with dichloromethane

and the organic layers combined, dried (NasS0,), filtered and



APl -M5, nmle = 214 (M1) 5

1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl )¢a8- (| - Boc- pi peri digtpfeamblePBhdw! )

pi perizine. Prepared from 1-(4-nethoxybenzoyl - D-phenyl gl ycinyl Erg pi per azi ne
trifluoroacetate and 1-Boc-pi peridine-4 10 carboxal dehyde using Method I-A
(but using sodium triacetoxyborohydride in 1,2--dichloroethane)(85%.

1H NVR( CDC13) 1-(4-Methoxybenzoyl - D phenyl gl ycinyl)-4-(4-piperidinyl- 15
met hyl ) pi perazine trifluoroacetate. Prepared from

1- ( 4- netheﬁy&gﬁﬁmatbthehﬁf&@iﬁévQLBMb)pfbéfhdlne 4-cazboxaldehyde

Doc- pi perlaﬂ -4-yl e % $) perazi ne_using Method H A (90% . I\/EItlng Poi nt
= 70-72 C'8i Th HeQdipodFi HFEYIRYW(RBE) 20 1H NVR(CD3COD) APT-MS, mie = 451
(M 1) Anzyienss(dbat 4 9326H34N403 2.5 TPA-0.4 H2O Calcd: C, 50.12; H 5. 06;
N, 7.54; _Found: 9 ; H_5.33; "N 7.39. 25 HRPLC Anal ysi s (I\/Et hod B):
97. 1% RTAM M54 1 el\/Et?n%ls“’f"ﬂ-r’ Exanmpl es 28 - 29 Unl ess ot herwi se indi cat ed,
using Method I-A the title corrpounds were prepared from

1- (4- met hoxybenzoyl - Dphe IgI CI n %\¥4 (4 30 piperidinyl met hyl) pi perazi ne
trifl uor ohc &t Atesbemgb ?H%W ?éﬂ ghrdienyldetof 1 i@aomdpeEiaipt & 28

1- (4- Met heprydRA9Y L_p&@fﬁgﬂ glycinyl)-4-(1-nethyl pi peridin-4 131 13
Decenber 2004 Pyl net g % p| pera2| ne. Prepar ed from par af or mal dehyde (569% .
IR (KBr) repare o (4-methoxybenzoy1 D-phenylglycinyl) -
piperazine trifluoroacetate and l-Boc-piperidine-4-
10 carboxaldehyde using Method I-A (but using sodium
triacetoxyborohydride in 1,2-dichloroethane) {85%).

1H-NMR (CDCl3)

1- (4-Methoxybenzoyl-D-phenylglycinyl) -4~ (4-piperidinyl-
15 methyl)piperazine trifluorcacetate.

Prepared from 1-(4-methoxybenzoyl-D-phenylglycinyl)-4-(i-
Boc-piperidin—4—ylmethYl)piperazine using Method H-A (90%).
Melting Point = 70-72 °C with decomposition
IR(KBr)

20 1H-NMR (CD30D)
API-MS, m/e = 451 (M+1)
Analysis for CygH34N403:2.5 TFA-0.4 Hy0:

Caled: C, 50.12; H, 5.06; N, 7.54;

‘Found: C, 49.81; H, 5.33; N, 7.39,.

.25 gPLC Analysis (Method B}: $7.1% RT=14.3 min.

Methods for Examples 28 - 29
Unless otherwise indicated, using Method I-A, the title compounds
were prepared from 1-(4-methoxybenzoyl-D-phenylglycinyl)-4-(4-
30 piperidinylmethyl)piperazine trifluorcacetate and the indicated
aldehyde or ketone.

Example 28
1—(4~Methoxybenzoy1-D-phenylglycinyl)-4~(1-methy1piperidin—4-



1H-NVR(CD30D) 5 Cl-M5, nfe = 465 (Mi-1) Exanple 29
1- (4- Met hoxybenzoyl - D-phenylglycrnylh3g (1- |sopropyl 3 December 2004
pi peri.din-4-yl met hyl) pi perazi ne Tri hydrochl ori de. repare rom acet one
using Method 1-A, followed by Method |[1-D (but usrng nethanol in place of
et her/di chl oronet hane) (72% . Melting Point = 172-180 C wth deconposition
IR (KBr) 1H-NWR (CD30D) 15 CI-M5, nfe = 493 (M+l) Analysis for
C29H40N403.3 HCl: Calcd: C, 55.85; H 7.34; N, 8.98; Found: C, 55.63; H,
7.32; N, gimethyHRlipednaliysis (Method B): 98.2% RT=14.4 min. 20 Exanple 30
1- (4- Methoxybenzoyl - D- phenyl gl yci nyl ) - 4- (2-cycl opentyl et hyl ) - pi perazi ne 25
Prepar at i on of PBteanedngrivat prrafiosmal GintdspeB6§) acet al dehyde. Pr epar ed from
2- cyclopeﬁRyKEthnol using the Dess-Martin oxidation (Dess, D. B.; Martin,
J. nhmﬁ?ﬁgl pyoc- . 30 1991, 113, 7277). The al dehyde was used with
trace anDunts of Bt her and met hyl ene chl oride present due to volatility of
product 5 CHE-MFR 1EDE1355182+13 Decenber 2004
1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- (2-cycl opentyl et hyl ) - pi perazi ne.
Prepared from cycl opentyl acet al dehyde using Method 1-A (58a) .

Example 29

1- (4-Methoxybenzoyl-D-phenylglycinyl) -4- (1-izopropyl-
piperidin-4-ylmethyl)piperazine Trihydrochloride.
10 Prepared from acetone using Method I-A, followed by Method

I-D (but using methanol in place of ether/dichloromethane) (72%).
Melting Point = 172-180 °C with decomposition

IR (KBr)
1H-NMR (CD30D)
. 15 CI-MS, w/e = 493 {M:1)
Analysis fof CooHg4N403+3 HCL:
~ Caled: C, 55.85; H, 7.34; N, 8.98;
Found: C, 55.63; H, 7.32; N, B.66.
HPLC Analysis (Methed B}: 98.2% RT=14.4 min.
20 '
Exanple 30 .
1- {4-Methoxybenzoyl-D-phenylglycinyl) -4- (2-cyclopentylethyl) -

piperazine

"~ 25 Preparation of Starting Materials:

-,
-

Cyclopentylacetaldehyde.
Prepared from 2-cyclopentylethanol using the Déss-Martin
oxidation (Dess, D. B.; Martin, J. C.; J. Am. Chem. Soc.,

30 1991, 113, 7277). The aldehyde was used with trace amounts of
ether and methylene chloride present due to volatility of
product. '
1H NMR (CDClj3)



5 1H NWR (CDC13) Exanpl e 30A-,

1- (4- Met hoxybenzoyl - D- phenyl gI ycinyl )12%- (2- cycl opent yl et hdehibePbo®d azi ne
Hydrochl ori de Hydrate. 10 Method I-D To a stirred sol ution of

1- (4- met hoxybenzyl - D- phenyl -- gl yci nyl)-4-(2-cycl opentyl et hyl ) pi perazi ne
(260 mg, 0.58 mmol) in ether (10 nL) and nethylene chloride (1 nL) was
added hydrogen chloride as a 2 N solution in ether (about 2 nL), and 15
.the resulting precipitate was filtered to give 1-(4

met hoxybenz oy ludenpioBih SbyiCiDLhbny fo lyieiayah 0ped dyc1@bayky Difigrazi ne
hydrochlorjde as a pale yell ov%/ so?’ﬂg &llH NVR ( CD3CD % %/B Q%e = 450
(M+1) 20 &ﬂ'ﬁﬁ%l?eﬁor CZ7H35N303 HCI 0.5 O Cal cd: C 65 51; H, 7.53; N,

8.49; Found: E@ep@ée@krc'ﬁh ﬁc&alﬁghﬁé\ﬂfﬂﬂ@ ﬁeéﬁ@&m D): >99%
RT=15.84 Melting Point = 25 Example 31 1-

(4- Met hoxﬁﬁaﬁzoyl D- phenyl gI yC| nyI ) -4- (3-pyrrolidinyl) - piperazi n‘e

Trlflucgoggq,n@thD@Q Preparation of Starting Materials
(R -(+)-1-Boc- 3- pyrroI|d| nol. To a stirred solution of (R) -- (+)

-3-pyrrolidinol (2 g, 22.96 mmol) in tetrahydrofuran (60" nlL) and water (30
nm) was 133 13 Decenber 2004 addeflyglisiteeBhabutyl dicarbonate (5.27 g, 24.15
nmml ) and 3 N sodi um hydroxi de (16 rrL) and the resulting solution was

stirred fir{%MethamsberioRioDphanyigludingd) r 4p(R yivcdiceanbptrthyl) 0. 74 g,
0. 34 mvl g yas Addetyanskiiigidel BiaAravas stirred

10 Method I-D
To a stirred solution of 1-(4—ﬁethoxybenzyl-D—phenyl-
glycinyl) -4- (2-cyclopentylethyl)piperazine (260 mg, 0.58 mmol)
in ether (10 mL) and methylene chloride {1 mL) was added
hydrogen chloride as a 2 N solution in ether (about 2 miL), and
15 the resulting precipitate was filtered to give 1-(4-
methoxybenzoyl-D-phenylglycinyl) -4- (2-cyclopentyl-
ethyl)piperazine hydrochloride as a pale yellow solid.
1H NMR (CD3OD)
IS-MS, m/e = 450 (M+1)
20 Analysis for CyqH3s5N303-HC1-0.5 HpO:
caled:  C, 65.51; H, 7.53; N, 8.49;
Found: C, 65.67; H, 7.58; N, 8.13.
HPLC Analysis (Method D}: >99%, RT=15.84
Melting Point = 190-192 °C |
.25

N

Example 31
1-(4-Methoxybenzoyl-D-phenylglycinyl) -4- {3-pyrrolidinyl) -

piperazine Trifluorocacetate.
30 Preparation of Starting Materials
(R) - (+) ~1-Boc-3-pyrrolidinol.

To a stirred solution of (R)~(+)-3-pyrrolidinol (2 g,
22.96 mmol) in tetrahydrofuran (60 miL) and water (30 mL) was



5 overnight. The reaction was diluted with water (40 nL) and extracted
wth ethyl acetate (2 x 150 nlL). The 4ggnbi ned or gani c1Exbéeasics 2084 € Washed
with 2 N-potassium hydrogen sulfate (200 nmL), saturated sodi um bi carbonate
(2 x 150 nmL), Dbrine (150 nlL) and dried over magnesium sul fate. Renoval of
10 solvent in vacuo gave (R)-(+)-1-Boc-3-pyrrolidinol (4.21 g, 98% as a
yellow oil. 1H-NWVR (CDC13) 1-Boc-3-pyrrolidinone. 15 Prepared from
(R -(+)-i-Doc-3-pyrrolidinol using the Dess-Mrtin oxidation (Dess, D. B.
Martin, Jadded dh tARE - b@ﬂmd:!.%ﬁ?rbon&&.gl(s 3%3g, 724 74 &a¥l) andhh NVR (CDC13)
20 1- (4 thhox enz |, - D- nyl gl ycinyl)"'-4- 1-Boo -.3- pyrrolidinyl.)-
pi per azi n&°9HrR F?% %5 ) me RS e e BLRA TRAIEIGRy ¥RFY | ) pi per azi ne
trifluorogestadce ﬂﬂdslhBOQtr%t@éE:eri:@iéﬁ)Qﬁ det:agtl\}m dahcdvib&he 25 1H
NVR (CDClZ% % (4- Met hox benzoyl D-phenngIyC|n¥ (3- pyrrolldlnyl) -
Tt4 19-udr34cBhatle vamr agdpd pid e Solution was stirred

pi perazin
1- (4- mes hgyydenmd .- Drabenyd i wé)aﬂdt?ad Boen3wadd (40 wl
pyrrolldlnyl)p|pera2|ne usi_ ng Met hod | H NVR CDSOD thods for
Exanpl es S¥ttadizd ek Wblﬂﬂodicﬁtﬁt(ﬂbb% }Ué.sﬁgm%bdu énestybor ohydri de
134 13- Degggditic 20@4akbs h@r@hﬁ@h@&oﬁﬂﬁ%hféﬂﬁséiﬁﬁ Qlyae gunds were
prepared from 1-(4-nethoxybenzoyl--D--p al yC|nydé pyrrolldlnyl)--
pi per azi n81t¥3%9 PSaE%Iai%ﬁﬁﬂﬁﬂtﬁﬁes?¢ﬂﬂﬂb&Féar%P%R#%/ 15Qetione. 5

brine (150 mL) and dried over magnesium sulfate. Removal of
10 solvent in vacuo gave (R)-(+)-1-Boc-3-pyrrolidinol (4.21 g,

98%) as a yellow oil. '

1H-NMR (CDCl3)

1-Boc-3-pyrrolidinone.

1is Prepared from (R}~ (+}-1-Boc-3-pyrrolidinol using the
Dess-Martin oxidation (Dess, D. B.; Martin, J. C.; J. Am.
Chem. Sog¢., 1891, 113, 7277} ({85%).
_1H NMR {CDCl3)

20 1-{4-Methoxybenzyl-D-phenylglycinyl)-4-(1-Boc-3-pyrrolidinyl) -
piperazine.

Prepared from 1-(4-methoxybenzyl-D-phenyl-
glycinyl)piperazine trifluoroacetate and 1-Boc-3-pyrrolidinone
using Method I-A (69%).

.25 1H NMR (CDCl3)

1- (4-Methoxybenzoyl-D-phenylglycinyl) -4~ (3-pyrrolidinyl) -
piperazine Trifluoroacetate.
Prepared from 1-(4-methoxybenzyl-D-phenylglycinyl)-4-(1-Boc-3-
.30 pyrrolidinyl)piperazine using Method H-A.
.1H NMR (CD3OD)

Methods for Examples 32 - 33
Using Method I-A (but using sodium triacetoxyborohydride



Exampl e 32 1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ), 4- (I|-nethyl pyrrolidin-3-
yl) pi perazine. Prepared from paraforngldehyde (209 . 4DplkE R AGWCL3 )
Exanpl e 33 1-(4-Met hoxybenzoyl - Dphenyl glycinyl)--4-(1-isopropyl- pyrrol
~idin--3 -yl) piperaz ine . 15 Prepared from acetone (59%. 1H NVR (CDC13 )
Met hods for Exanples 34 - 46 Unl ess otherw se indicated, the products of
Exanpl es 20 34-46.were obtained from 1-(4-nethoxybenzoyl - D- phenyl -

gl . yci nyl ) pi perazine and the indicated aI dehyde or ketone using Method

1A Exarple 94 ASniord BN RENERY s RARBIXLO VELI M eadaa <

(2-pyridyl. methyl) - peraZi ne. rom 2-pyri Car boxal dehyde
(489 . 1+ Mvmqtsowsbem@mwepm}y@mmnaﬁyﬂmrmélmayln@t hod A, RT =

21.70 m n, F]Egt% Exappt

1- (4- Met hoXy enZ(I)lyI ﬁm}% e)'/:gltﬁy?r)ld trtQBlBS%F d i dell'ﬁyfi pI per azine. 135
13 Decenbegt@@os Prepar ed from 3- pyri di necar boxal dehyde (42% . 1H NMR
|S-MB, gie 444.9 (Mrl) Analytical RPHPLC, Method A, RT = 17.84 nin (99% 5

Exanpl e 36
Example 32

1-(4-Methoxybenzoyl-D-phenylglycinyl)—4- (1-methylpyrrolidin-3-
vl)piperazine. '
Prepared from paraformaldehyde (20%).
10 1H-NMR(CDCl;)

Example 33
1- (4-Methoxybenzoyl-D-phenylglycinyl) -4~ (1-isopropyl-
pyrrolidin-3-yl)piperazine.
15" Prepared from acetone (59%).
1H-NMR (CDCl3)

Methods for Examples 34 - 46
- Unless otherwise indicated, the products of Examples
20 34-46 were obtained from 1-(4-methoxybenzoyl-D-phenyl-
glycinyl)piperazine and the indicated aldehyde or ketone usging
Method I-A.

Example 34
.25 1-(4-Methoxybenzoyl-D-phenylglycinyl)-4~(2-pyridylmethyl) -
. p;pefaéine.
Prepared from 2-pyridinecarboxaldehyde (48%).
1H-NMR
IS-MS, m/e 444.9 {(M+1)
30 Analytical RPHPLC, Method A, RT = 21.70 min (100%)

Example 35
1-(4-Methoxybenzoyl-D-phenylglycinyl) -4- (3-pyridylmethyl) -

piperazine.



1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) _; 4- (4- pyridyl net hyl ) - pi perazi ne.
Prepared from 4-pyridi necar boxal dehng5(45% 10 1H NdbhdSeniver 2@@3@ 444 9
(Mr1l) Anal ytical RPHPLC, Method A, RT = 18.36 min (99% Exanple 37 1-
- (4- Met hoxybenzoyl - D- phenyl gl ycinyl ) -4- (3- pentyl ) pi perazine. Pr epar ed
~from 3-pentanone (88% . 1HNWR |IS-M5, me 424.0 (NH) Anal ytical RPHPLC,
Method A, RT = 23.62 min (100% 20 Exanple 38 1-
(4- Met hoxybenzoyl - D- phenyl gl yci nyl ) -4-cycl opentyl pi perazine. Prepared
- from cycl opentme@aeed 9500m LigyVRinLSiboxibdenyde 44250 .(M4- 1) Anal yti-cal
- RPHPLC, .Methaod A, RT = 20.76 mn (100% Exanple 39
1-(4- Met h&%zoyl - D- phenyl gl yci nyl ) - 4- (4- net hyl cycl ohexyl )- 30
pi per azi neg-i¥ epgeedad r®nMdyet hyl cycl ohexanone (46% 1HNWVR | S- M5, W
450. 0 (Mtl) Anal |caI RPHPLC, Method A, RT = gn (isoner 1), 27.74
136 13 De%%?r}d@l%‘é Wy Mebher By REgagl84 ‘6111 CEL
(4- Met hexybenzoyl - D- phenyl gl ycinyl)-4-(tetrahydrothiopyran- 5
4-yl ) pi perazi ne. _Prepared fromtetrahydro-4Ht hi opyran-4-one (86-0.).

Example 36

1- {4-Methoxybenzoyl-D-phenylglycinyl).s4- (4-pyridylmethyl) -

piperazine.

Prepared from 4-pyridinecarboxaldehyde (45%).
10 1H-NMR
IS-MS, m/e 444.9 (M+1)

Analytical RPHPLC, Method A, RT = 18.36 min (99%)

Example 37
15 1-(4-Methoxybenzoyl-D-phenylglycinyl)-4-(3-pentyl)piperazine.
Prepared from 3-pentanone (88%).
1H-NMR
IS-MS, m/e 424.0 (M+1)
Analytical RPHPLC, Method A, RT = 23.62 min (100%)
20
Example 38
1-{4-Methoxybenzoyl-D-phenylglycinyl) -4-cyclopentylpiperazine.
Prepared from cyclopentanone (95%).
1H-NMR
.25 IS MS, m/e 422.0 (M+1l)
' Analytlcal RPHPLC, Method A, RT = 20.76 min (100%)

Example 39
1- (4-Methoxybenzoyl-D-phenylglycinyl) -4- (4-methylcyclohexyl) -
30 pipérazine.
Prepared from 4-methylcyclohexanone (46%).
1H-NMR
IS-MS, m/e 450.0 (M+1)
Analytical RPHPLC, Method A, RT = 27.07 min (isomer 1), 27.74



IHNWR IS M5 nie 453.9 (M) Analytical RPHPLC, Method A, RT = 22.96 mn
(100% 10 Exanple 4]. 13 December 2004

1- (4- Met hoxybenzoyl - D- phenyl g] . yci nyl ) 4 (2-1 ndanyl ) pi perazi ne. Prepared
~fram 2-indanone (92%. 1HNMR 15 IS-M5, nmfe 469.9 (M) Anal ytical RPHPLC
- Method A, RT = 26.32 nin (1009 Exanple 42 .

| - (4- Met hoxybenzoyl - D- phenyl gl yai nyl') - 4- benzyl pi per azi ne. 20 Prepared from
benzal dehyde (87%. 1H-NWVR IS-M5, mie 444.0 (Mrl) Anal yt i cal RPHPLC,

Met hod A mEl E=me?82Mn (96% 25 Exanple 43 :

1-(4- Methoxybenzoyl - D- phenyl gl yci nyl ) - 4- (cycl ohexyl - net hyl ) pi per azi ne.

. Prepared from cycl ohexanecar boxal dehyde (86%. 1H-NVR 30 IS-M5, nfe 450.2
(M-1) AnekasplealsoRPHPLC, Method A, RT = 28.07 mn (94% Exanple 44

Gocenber 004 RS S Oraehent i b e RS bR 2.0

(M)  Amal y¥il)gdlpeRRERLE, Met hod A = 29.62 mn (94% 5
Prepared from tetrahydro-4H-thiopyran-4-one (86%).
1H~-NMR : -

IS-MS, m/e 453.9 (M:1)
Analytical RPHPLC, Method A, RT = 22.96 min ({100%)
10
Example 41
1- (4-Methoxybenzoyl-D-phenylglycinyl)-4-(2-indanyl)piperazine.
Prepared from 2-indanone (92%).
1H-NMR
15 IS-MS, m/e 469.9 (M+1)
Analytical RPHPLC, Method A, RT = 26.32 min (100%)

Example 42

1-(4-Methoxybenzoyl-D-phenylglycinyl) -4-benzylpiperazine.
20 Prépared from benzaldehyde (87%).

1H-NMR

IS-MS, m/e 444.0 (M+1)

Analytical RPHPLC, Method A, RT = 25.78 min (96%)

_ 25 Example 43
| ii(4;ﬁ££hoxybenzoyl-D—phenylglycinyl)-4-(cycloﬁexyl—
methyl) piperazine.
Preparéd from ecyclohexanecarboxaldehyde (86%).
1H-NMR
30 IS-MS, m/e 450.2 (M+1)
Analytical RPHPLC, Method A, RT = 28.07 min (94%)}

Example 44
1- (¢-Methoxybenzoyl-D-phenylglycinyl) -4- (4-heptyl)piperazine.



Exanpl e 45 1- (4- Met hoxybenzoyl - D- phenyl g3. yci sayl).-,4- (4-pyranyl)

pi perazine. Prepared from pyran-4-ong7(95% . 1H NVR A{Dpéseriier 2ohe 437.9

(MHl) Analytical RPHPLC, Method A, RT = 18.46 mn (97.5% Exanple 46 1- (4

«=NMet hoxybenzoyl - D- phenyl gl yciny].) -.4 -cycl ohexyl pi perazine. 15 Prepared

- fromcycl.ohexanone (quantitative). 1HNVR |IS-M5, W 436.0 (M +-1)

~Anal ytical RPHPLC, Method A, RT = 23.43 mna, (100% 20 Exanples 47 - 50

~Preparation of Starting Materials 1-(Cbz-D- Phenyl gl yci nyl) pi perazi ne.
Prepared from 2e¢fdoedDipbanylgdptingyt) (gohqc- - pi perazi ne 25 using Met hod

H A The product was dissolved in ethyl acetate and washed with satd

aq. NaH | oned by brine, then dried with MgSH, filtered and

concentraﬁdeSn:macuﬁz 08%%e3) 1H-NVR 30 IS-M5, me 354.2 (M+rl) . Analysis

for C2023N303. 0.2 .H | c 67. 28; 61; N _11.77; Found: C
67 1. 1 Aaagkbidel FruebR. larnca Al Bl do dagnin todey

1- (Cbz- B—phenngIyC|nyI) 4- (1- met hyl pi peri di n-4-yl) pi perazi ne. Prepared
from (Chz: 0y, chinyl)piperazine and 1 -nethyl pi peridin-4 -one using
Met hod | - BF ?%% |ng sodium 5 triacetoxyborohydride in 1,

2- di chl or aethamedhdsdBeByoyl I+gidRy 1y Sydfay17Le- 45 lp R ¥t} biperazine.
Prepared from pyran-4-one (95%).
1H-NMR
10 I5-MS, m/e 437.9 (M+l) )
Analytical RPHPLC, Method A, RT = 18.46 min (97.5%)

Example 46

1- (4-Methoxybenzoyl-D-phenylglycinyl}-4-cyclohexylpiperazine.
15 Prepared from cyclohexanone (quantitative).

1H-NMR

IS-MS, m/e 436.0 (M+l)

Analytical RPHPLC, Method A, RT = 23.43 min (100%)

20 Examples 47 - 50

Preparation of Starting Materials

1-(Cbz-D-Phenylglycinyl)piperazine.
Prepared from 1- {Cbz-D-phenylglycinyl) -4-Boc~piperazine
.25 us;ng Method H-A. The crude product was dissolved in ethyl
. acetate and washed with satd aqg. NaHCO3, followed by brine,
then dried with MgSO4, filtered and concentrated in vacuo
(85%) .
1H-NMR
30 IS-MS, m/e 354.2 (M+1)
. Analysis for CygHz3N303°0.2 Hy0:
Calcd: C, 67.28; H, 6.61; N, 11.77;
Found: C, 67.10; H, 6.46; N, 11.63.



Anal ysis for C26H34N403= Calcd: C, 69.31; H, 7.61; N, 12.43; 10 Found: C,

69.36; H 7.71; N, 13.14. . 138 . 13 December 2004

1- D- Phenyl gl yci nyl - 4- (1- net hyl pi peri di n-4-yl) pi perazi ne D hydrochl ori de.

- To..a stirring suspension of 50 Pd/C (0.6 g) in ethanol 15 (25 nlL) under

" nitrogen was added a sol ution of 1-(Cbz-D

phenyl gl yci nyl ) - 4- (1- et hyl pi peri di n-4-yl)pi perazine (2.6 g, 5.77 mmol)

and acetic acid (1.6 nL) in ethanol (50 nlL). The flask was placed under

vacuum ang- (¢kz -at-pRe PR Brodas 1) epl @%thﬁmbbp@z‘/ﬂi@g@ﬂyﬁbﬁkbéﬂﬁine After 4
e

<h; diat omaceous earth was 20 added and t m xture was filtered through a
-pad of di atomaceous earth and concentrated in vacua. The residue was

disSO!ved in ebfphragetode @he-bGhnaas gs iyl addhiadghndhe stirring
solution to precipitate, the di hydrochloride salt. The m xture was filtered

and the sHITFRESBEFLET £ PREUBSIR MathgryE-B. W (gdaat FedtyWe) of the

ti'tle conppiivhtokipbbvbhydriMa A €, BldiBibMsbihane) (49%) .

"1- Boc- D- Phenyl IyC|nyI-4-(1-nethy1p|perldln-4-yl)p|pera2|ne. 30

Boc- D- Phg? 0.0 g, 159.2 mml) and 1- (1--nethyl

pi peridi ntd-yd ) pi/eensdzinenf:33. 1 g, 175.1 nmmpl) were slurried in anhydrous
di chi oronet hane (1.5 L) under N2. The m xture was then cooled to -15 Cin
an i ce/ MetPrbatYS £9Fi €2eRAdeCae  (26.6 nL, 191.0 nmol) was added sl owly,

mai ntai ni ng t he1k39 13 Pecgyrhgr 004 diemper apuf$, at -15 C, fol | owed by sl ow
addition of diethyl cyanophosphonate (29.0 niL, 191.0 nmol ), again
mai nt at®i ng t EHTat - 16 ©9-PRe HeattFlonNmi k2 uk%e was allowed to warmto

room tenperature overnight. The reaction was then quenched with 5 the
addition of satd NaHCO3 (500 M), and the |ayers were separated. The
aqueous | hyRrPReaylghEpingd riadiotethylpiperidin-4-yl)piperazine

Dihydrochloride.
To a stirring suspension of 5% Pd/C (0.6 g) in ethanol
15 (25 wh) under nitrogen was added a solution of 1- (Cbz-D-
phenylglycinyl) -4- (1-methylpiperidin-4-yl)piperazine (2.6 g,
5.77 mmol) and acetic acid (1.6 mb) in ethanol (50 wL). The
flask was placed under vacuum and the atmosphere was replaced
with hydrogen {(balloon). .After 4 h, diatomaceous earth was
20 added and the mixture was filtered through a pad of
diatomaceous earth and concentrated in vacuo. The residue was
dissolved in ethyl acetate and HC1 gas was bubbled through the
stirring solution to precipitate the dihydrochloride salt.
The mixture was filtered and the solid was dried in vacuo to
.25 give 2.6 g (quantitative} of the title compound.
. 1H-NMR |
IS-MS, w/e 317.3 (M+1)

1-Boc-D-Phenylglyuiny1—4-(1-methy1piperidin-4-yl)piperazihe.
30 Boc-D-Phg-OH (40.0 g, 159.2 mmol) and 1-{i-methyl-
piperidin-4-yl)piperazine (32.1 g, 175.1 mmol) were slurried
in anhydrous dichloromethane (1.5 L) under N5. The mixture
was then cooled to -15 °C in an ice/MeOH bath. Triethylamine

{26.6 mL, 191.0 mmol) was added slowly, maintaining the



di chl oronethane (3 x 1 L). The organic |ayers were conbined, dried over
Na2SO4, filtered and concentrated infgacuo to give a ¢f gg@er%ér 2004
Purification using (Biotage) Flash 10 Chromatography with 7.5% (2 M NH3 in
MeOH) in THE gave 53.6 9 (81% of the title conpound. 1H NI\/R(DI\/SO de) 8
- 7.33(m 5H, 7.12 (d, J =81 Hz, i H , 553 (d, J =8.1Hz, 1 H),
3.3 (m 5H, 2.72 (d, J =11.3 Hz, 2 H, 223 (m 3 H, 2.09 (s, 3 H,
2.03 - 1.86 (m 2 H, 15 1.76 (dt, J =9.7, 1.8 Hz, 2 H), 1.56 (m 2 H),

1.36 (s, felberderdSatnles 4°1=_‘8 2611l by@ié@lad'dlﬂf%hr@f Gledyn0

racem zati on had occurr ed.

1- D- Pheny FYpryepirgaARhengtey 6240 [!Ilii'pei?l:h‘-hﬂmo}ﬁ ) pryfeima raABtafmityy deophl or i de.
1- Boc- D | Ci th n- erazine (49.6 g,
11001 ol vhe S soips Pt T RS Rk ettt o8 S et s

bubbl ed thempg:hattmea sekuhight f oTh25réyction. bas numa,n akholed hﬁu}pr mat i on of
a white | e e nove acuo to give 48.3 ¢
(95% of FhE Q‘{lﬁi’?{lencl‘;?}p%%%d BbS 0S¢ oot e %ﬁYRIWFa"( O d6) 8 12.08
(be, 1 H) pepdr®3=d.bsTha &quec&sQZa{rbﬁ was2 tHen &t&&.c(‘déﬂ with) , 7 54 (m 2 H),
7.47 3 4. 49 I ,. 3.91 (b

2 H), (gn 5dib 1%’5‘?“8@"%‘%?0 t ggligs mini l_?dﬂr%:s ‘gﬂ ?SB“'be@dMs n1<(a >

316. 24 (Nﬂiiedum&ﬂﬂa@s%nbmrltaﬁ}eé ésﬁneroabei?tmﬁa vE¥GE o %ﬁvet herw se
descri bed, the uct __of .each of H% 47- 50 3 Prepare from 1- (D
phenyl gl y&i ﬁr'l’“-)1 AP 1- nePhYHS éPFd??l“}ﬁ)[ BF3Efa di hydrochl ori de and

t he i nilb cabednacigtaphiyngs tethed (2 G (W4t An ﬁedﬁDCIlnl nerI a&ee of3.0Cg) . Exanpl e
47 (81%) of the title compound.
1o ¥MR  (DMSO-gg) & 7.33 (m, 5 H), 7.12 (4, J = 8.1 Hz, 1 H), °
5.53.(d, J = 8.1 Hz, 1 H), 3.31L (m, 5 H), 2.72 (4, J = 11.3
Hz, 2 H), 2.3 (m, 3 H), 2.09 {s, 3 H), 2.03 - 1.86 (m, 2 H),
15 1.76 (dt, J = 9.7, 1.8 Hz, 2 H), 1.56 {m, 2 H), 1.36 (s, 9 H).

IS-MS, m/e 416.27 (M+1).

Chiral HPLC indicated no racemization had occurred.

20 1-D-Phenylglycinyl-4- (l-methylpiperidin-4-yl)piperazine
Trihydrochloride.
1-Bogc-D-phenylglycinyl-4- (1-methylpiperidin-4-y1) -
piperazine (49.6 g, 119.1 mmol) was dissolved in anhydrous
MeOH (1 L) and HCl (gas) was bubbled through the solution for
25 2. h 15 min, noting the formation of a white precipitate. The
solvents were removed in vacuo to give 48.3 g (95%) of the
title compound as an off-white foam.
1H NMR  (DMSO-dg) & 12.08 (bs, 1 H), 11.03 (bs, 1 H), 8.92 (bs,
2 H), 8.79 {(bs, 1 H), 7.54 (m, 2 H), 7.47 (m, 3 H), 5.66 (5, 1
30 H), 4.49 (m, 1 H), 4.26 (bd, 1 H), 3.91 (bs, 2 H}, 3.5 - 2.8
(m, 9 H), 2.69 (s, 3 H), 2.4 - 1.8 (m, 4 H}. IS-MS, w/e
316.24 (M+1).



1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- (1 - met hyl pi peri di n- 4-

yl ) pi perazine. 10 Prepared from 4-netjagxybenzoi c aci d {1888embekidod/R | S- M5,
"'me 451.0 (M1) Analytical RPHPLC, Method A, RT = 16.76 mn (100% 15
Exanpl e 47a 1- (4-Methoxybenzoyl.-D- phenyl glycinyl) -4- B

(1- net hyl pi'peri di n-4- yl)pi perazi.ne D hydrochloride. Prepared from

1- (4- met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- (1- et hyl pi peri di n-4-yl ) pi perazi ne
using Method 1-D (but using 20 dichloronethane as the initial solvent). 1H
NMR Anal ysSesefak FEaSHA8EdNSEkcdpl HlotheawliB: defeatitdd, Cthé8pfiudd, 7. 00;

N, 10.22; _Found: .C_ 58.92: .79; N, _10.19, 25 HPLC Anal ysis (Method A):
100% tr =1 7°9%" G, Bx ﬁ%‘feﬂzﬁ (¥3F FOTRPES %E/‘H?Hés(:bs?)
1[§4-N@thphgﬁgﬁ%?xﬁiﬂﬁiiﬁheﬁyh?kﬁgiﬁ?@ér%?iﬁléH%l{pﬂgﬂﬂ@&%hdin-4[

yl) Pi perazine 1- D Phen yGlI -4- (1- net | per i di_n-4-yl)pi perazine
o] byl ochi B hsrgag oy dhe) Spilesitd 2edR oSy ihaly do ety

di chl or snEDORNM (El@Genbf.DAM .t he slurry was added triethyamne (6.9 ni,
49.3 mmol ), causing the solid to go into solution after approxi mately 15
m n. p-Anisoyl chloride (2.1 141 13 Decenber 2004 nmL, 14.1 mmol) was added,
and the ressdpsnagtirred for 1 h. The react, on was quenched with the

ayer vast RIS RPE P LSRRG LML 3Ex ot PP AELGtdoLs 5
| ayers weyk)pipddazade.dri ed over Na2SO4, filtered and
10 Prepared from 4-methoxybenzoic acid (19%).
1H-NMR
IS-MS, wm/e 451.0 (M+1)
Analytical RPHPLC, Method A, RT = 16.76 min (100%)

15 Example 47a
" 1~ {4-Methoxybenzoyl-D-phenylglycinyl) -4- (1L-methylpiperidin-4-
vl)piperazine Dihydrochloride. '
Prepared from 1-{4-methoxybenzoyl-D-phenylglycinyl)-4-(1-
methylpiperidin-4-yl)piperazine using Method I-D (but using

20 dichloromethane as the initial solvent).

1H NMR

Analysis for CpgHpgClNg05-2.0 HCL-0.5 Hy0:
Calcd: C, 58.64; H, 7.00; N, 10.22;
" Found: C, 58.92; H, 6.79; N, 10.19.

25 HPLC Analysis {Method A): 100% t, = 17.14 min.

o,

% .

Example 47 (Altermative Synthesis)
1-(4-Methoxybenzoyl-D-phenylglycinyl) -4- {1l-methylpiperidin-4-
Yl)piperazine. .

30 1-D-Phenylglycinyl-4- (1-methylpiperidin-4-yl)piperazine
trihydrochloride (5.0 g, 11.7 mmol) was slurried in anhydrous
dichloromethane (100 mL). To the slurry was added
triethyamine (6.9 mh, 49.3 mmol), causing the solid to go into

solution after approximately 15 min. p-Anisoyl chloride (2.1



concentrated. The crude material was purified twce using (Biotage) Flash
Chr omat ogr aphy, elutixg with 5% (NH3 444 MeOH) in di chi®pesdrhiesieooa give
1.4 g (261k) of the title conmpound. 1H NWVR (DMSO-d6) S 8.65 (d, J = 7.7 Hz,
1H, 7.88 (d, J =8.8 10 Hz, 2 H, 7.35 (m 5 H), 6.97 (d, J =8.8 Hz, 1
H , 6.40 (d, J 7.7 Hz, 1 H, 3.80 (s, 3 H, 3.48 (m 3 H, 2.72 (d, J:
11.3 Hz, 2 H, 2.39 (m 3 H, 2.09 (s, 3 H, 202 (m 2 H, 1.77 (dt, J =
1.8, 10.2 Hz, 2 H), 1.59 (d, J =11.0Hz, 2 H, 7.30 (m 2 H. 15 1S-M5

m e 450. 2@ Mtd) 1 .mnfod]y DRs=addbid, 6 AnfCeitk GRackeél) stiAral ¥sis1 fior
C26H34N4AC3H20: Calcd: C, 66.64; H 7.74; N, 11.96; Found: C, 66.79; H,
7.41: N, T egﬁeagﬁ}qgkgﬁﬁ|guggphed with the addition of water (100 mL},

1- (1 ndol ea@dcend onyyleris- RBLAYS&AGILBY | ) -Hre haiBbhy | RiyRES Kdkn- 4-
yl) pi per a-zal n (mw ar ed froqulndol e- 6-car bO)t(zg?l C amlﬁ% 65% . 25 1H NWR

e.
|S-MS, m EXEBGC‘CZ“? MR ghshifrmathrprp(Tx ROPHBY A, TP 29¥8°%B nmin (100%
Exanpl es48ay80s were combined, dried over Na,SO4, filtered and
1- (1 ndol e- 6- car bonyl - D- Ehenyl gl ycinyl)-4-(1- math%( pi per.idin-4-
yl .) pi per &?Pﬁ%n’ﬁarg/ﬁﬂlr -ochP8r faEle pmayerrlesaPrEl figshtwice using

1- ('nd0|e1§16@é Wﬁa@hpbﬁﬁ&matq?rthyz eluting with 5% (NH 1n MeOH)
glycinyl)-4-(1-neth EI peri di n- perazine using nethod |- D'(but using

di chl or ondBhakehieyr ePRi 9 F1vo vérﬂ)(%ﬁZOiStl%d@rPé@r CQ@MHE(-aan e 48
(N(][ﬁ(rjg?;u car botr?f/’FOSD 5?1enyq gI5 éfihyl{) 4- gl -n’etJhy}pri ePPaiG 47 = 8-8
10 Hz, 2 H), 7.35 (m, 5 H), 6.97 (4, J = 8.8 Hz, l H), 6.40 (d, J
7.7 Hz, 1 H), 3.80 (s, 3 H), 3.48 (m, 3 H), 2.72 (d, J = 11.3
Hz, 2 H), 2.39 (m, 3 H), 2.09 (s, 3 H), 2.02 (m, 2 H), 1.77
(dt, J = 1.8, 10.2 Hz, 2 H), 1.5% {4, 0 = 11.0 Hz, 2 H), 1.30
(m, 2 H).
15 IS-MS m/e 450.26 (M+l).
[alp20 = -87.62 (c=0.02, MeOH).
Analysis for CpgH3zaN4043-H30:
Caled: C, 66.64; H, 7.74; N, 11.96;
Found: C, 66.79; H, 7.41; N, 11.94.
20
Example 48
1- (Indole-6~-carbonyl-D-phenylglycinyl)-4- (1-methylpiperidin-4-
yl)piperazine.
-Prepared from indole-6-carboxylic acid (65%).
25 1HNMR
IS~MS, m/e 460.2 (M+1)
Analytical RPHPLC, Method A, RT = 16.68 min (100%)}

Example 48a
30 1-{Indole-6-carbonyl-D-phenylglycinyl)-4- (1—methylplper1din -4-
yvl)piperazine Dihydrochloride.
May be prepared from 1—(1ndole-6-carbonyl—D-phenyl—
glycinyl) -4~ (1-methylpiperidin-4-yl)piperazine using Method I-

D (but using dichloromethane as the initial solvent).



yl ) pi perazine. 5 7ndol e--6-carboxylic acid (16.0 g, 99.3 mml) and

1- D- phenyl gl yci nyl - 4- (1- net hyl pi peri digs- 4-yl ) pi per azi ne3 Detdrtystrooghl ori de
(42.3 g, 99.3 mol ). were slurried in anhydrous dichloronethane (1 L) under
N2. The m xture was then cooled to -15 Cin an ice/ MeCH bath. Triethyam ne
(58.1 10 nm., 416.9 mml) was added slowly, maintaining the tenperature at
-15 C, followed by slow addition of diethyl cyanophosphonate (18.1 ni,
119.1 mol ), "nmaintaining the tenperature at -15 C. The reaction m xture
was allowed to warmto roomtenperature overnight. The reaction was then
15 quenched with the addition of satd NaHCO3 (500 nlL), and the |ayers were
separ at ed=*3RIy ffeJBitrRAlivigaSyrRBeESit racted with dichl oromethane (3 x

500 ni). Ihexmﬂaeniscchay@ﬁﬂ-\mg;ﬁenfggn@aﬁs}a) dgi eﬁ-n@&my@s%ﬂiﬂ-t ered and
concentrated to give a crude oil. Purification was perfornmed us.ing
( Bi ot age) YEI BB ZAFL0Rr onat ogr aphy, eluting with 8.3% (2 MNH3 in MeOH) in

GHCL3. sThe pragugle-ostMlaladl hats! o o'el cosortiqad apd concentrated in
vacuo to give 45.1 (99% of the title conmpound. 1H NVR (DMSO-d6) 8 11.35

(s, 1 H),lsPephgwladyeinyD-44A1-nethylpiperiddn-4-yiYpiperppine 7. 60 - 7.45 (m

S H - 7-49ihydﬂbdﬁioﬁﬂhe3(iﬁa3 96-gg.ﬁtmmoi);wgrecgﬁﬂ%ri%dkﬂn’ 6.09 (d, J =
7.7 H, 1 H) L 3.6 (m 3 H), 5.72°(d, J = 11.3 Hz, 2 H, 2.40 (m 2 H),
2.09 (s, anhygrous Gscg}ar?rczﬂq#)hanf. ¥ Yldfunder-Ng. | Theomixkpre wag, 1.59 (d,

J = 11.3 ol 31 (Mo2s 0 DVB 8 168. 0. 166. 4,
138. 0, 13??‘3’,1 2"1%?8, t%zs%n, ¢ ig%%%cf%égﬁﬁj%'& gfg%%%%’a’ilfé’. 3,581?8. 1
111. 5, 1Q04L.2, 478 .81 pmobD. Gas PidEd SBowly,48aSptafhihg 4he8tedberbtd2 2, 27. 7,
276 15,15 1 E PR ML B0 areli® (60 02 T

cyanophosphonate (18.1 mL, 119.1 mmol), maintaining the

temperature at -15 °C. The reaction mixture was allowed to
warm to room temperature overmight. The reaction was then

15 quenched with the addition of satd NaHCO; (500 mL}, and the
layers were separated. The aqueous layer was then extracted
with dichloromethane (3 x 500 mL). The organic layers were
combined, dried over NajS0O,, filtered and concentrated to give
a crude oil. Purification was performed using (Biotage) Flash

20 Chromatography, eluting with 8.3% (2 M NH3 in MeOH).in CHCl3.
The product containing fractions were combined and
concentrated in vacuo to give 45.1 g (99%) of the title
compound.
1y NMR (DMSO-dg) & 11.35 (s, 1 H), 8.65 (d, J = 7.7 Hz, 1 H),

_"_25 798 (s, 1 H), 7.60 - 7.45 (m, S H), 7.40 - 7.25 (m, 3 H},
" 6.48 (t, T =2.0 Hz, L H), 6.09 (d, 7= 7.7 Hz, 1 H), 3.5 {(m,

3 H), 2.72 (d, J = 11.3 Hz, 2 H}, 2.40 (m, 2 H}, 2.09 (s, 3
H), 2.05 {(m, 2 H), 1.77 {(dt, v = 1.1, 10.2 Hz, 2 H), 1.59 (d,
J = 11.3 Hz, 2 H), 1.31 {m, 2 H). '

30 13C NMR (DMSO-dg) § 168.0, 166.4, 138.0, 135.1, 129.9, 128.4,
12g.2, 128.0, 127.6, 126.6, 119.4, 118.1, 111.5, 101.2, 79.1,
60.6, 54.7, 53.7, 48.5, 48.3, 45.8, 45.4, 42.2, 27.7, 27.6.



13 Decenber 2004 A portion of the free base was isolated froma chloroform
5 - ethyl acetate solvent system as ciggstalline m aterizbesdphih 2008
birefringent by m croscopy. From DSC and TGA, the naterial was found to be
a solvate containing 0.5 nol chloroformper nol of free base. The

chl orof orm sol vate was found to have a broad endot herm about 148-158 'C
foll owed by a 10 sharper endotherm (peak at 194.4 OC) as the nelting poi nt
of the desolvated free base. Exanple 48a (Al ternative Synthesis)

1- (I ndol e18=gar bﬁ@hg&@@ewﬂ% ycinyl)-4-(l-inethyl pi peridin-4- 15
yl ) pi per.azi ne ochlorid 0o a solution of

1- (i ndol ei@n%ﬁ‘ bomy3- D8 p e/l gl y MROH] ) ~-

4- (1 -met hyl pi peri di n-4-yl)pi perazine (14.5 g, 31. 6 mol ) in anhydrous

di chl oronet hane (300 nlL) and anhydrous MeOK (150 nL) at 0 OC was added KCl
in Et20 (32.2 Aripor3io2 afivthe fAbtebadd) waysphexlamid|froh ai chldivdogal vents

96! k titl d. 1H NMR

1512 3 SOV, A0S 1ol 50beRly LIS LIS PO, 11 R

, 7. 6was hirkfmingdnt)by uﬁcréseoﬂy BE(rnsm gs¢f)and T&A48tks, 1 H), 6.11 (d,
LT = 7. 3 1 2. 66 , 3
IS-M5, m & 51%513?% “’%F?g“‘f‘ %ﬂ bB iOSél aé"f 871“6%{1'6"@1 ?/e@’lo. Anal()slsi S 1|‘_?)r
C27H33N502hloo @i be? 2D oflHred: b@e 61‘1‘@8 c]rﬂ.oﬂoﬁﬂ'm Boldadd &asCl, 7. 34;
30 F d: C, 60,95 H 6.91; N, 13.03 Th duct db
bot hog Re ﬁ%%d:%ﬁ‘aﬁfaﬁp?’éoaﬁﬁndaﬁﬁe@éﬁ?ﬁ% 11‘3%1 A te ‘érp Lﬁg‘?llu]\%@eg;gleﬁégl s) yWas

found §g Qﬁa{r—%ﬁr Je%ﬁo%ﬁe%cgdr%%r ag0pé D Rey V%/Qrﬁféhhgitgﬁgzgfd:&magg to be

anor phous sis by m scopy s glassy non- ringent
parti cl est,:hgr@bsolvated free base.

Example 48a (Alternmative Synthesis)
1- (Indole-6-carbonyl-D-phenylglycinyl) -4~ (1-methylpiperidin-4-
15 yl)piperazine Hydrochloride.
To a solution of 1-{indole-6-carbonyl-D-phenylglycinyl)-
4- (l-methylpiperidin-4-yl)piperazine (14.5 g, 31.6 mmol) in
anhydrous dichloromethane (300 ml) and anhydrous MeOH (150 ml)
at 0 °C was added HC1 in Etp0 (32.2 mL, 32.2 mmol). After
20 approximately 5 min, the sclvents were removed in vacuo to
give 15.1 g {96%) of the title compound.
g NMR  (DMSO-dg) & 11.40 (s, 1 H), 10.3 (bs, 1 H), 8.68 {(m, 1
H), 7.99 (s, 1 H), 7.6 - 7.4 (m, 5 H), 7.4 - 7.3 (m, 3 H),
6.48 (s, 1 H), 6.11 (d, J = 7.3 Hz, 1 H), 4.08 (bs, 1 H), 3.6
25 -=1.5 (bm, 15 H), 2.66 (s, 3 H). | ‘
| IS-MS, m/e 459.26 (M#l). |
[@1p20 = -83.67 (c=0.01, MeOH).
Analysis for CyqH33Ng5Op-1.1 HC1-1.7 Hy0:
Calecd: C, 61.03; H, 7.30; N, 13.18; Cl, 7.34;
30 Found: C, 60.95; H, 6.91; N, 13.03; Cl, 7.00.

The product prepared by both the method of Example 48a
and Example 48a {Alternative Synthesis) was found to be the



anal ysis by DSC failed to reveal a nelting point, in agreement with

anmor phous material. Using a mcrobal ggge flow system 43pddagHef behaal

mat erial was cycled through a vapor pressure isothermdeterm nation, where
the material deliquesced, then allowed to deydrate. Upon dehydration,
there were formed crystals which were birefringent by mcroscopy; .and a
nmelting point of about 174 C was denonstrated for the newy 10
crystallized, hygroscopic material. Exanple 48b

1- (1 ndol ex8¢ | veianyl h=4-( 1- 1 pi |,di n-4-
yl) pi per_a[zn?%g%' T umar %gggﬁ%éﬁgi %Jr]roéer g&érggﬁyi s%%%gg%%]eb tly prepared
by di ssoM¥f¥esedny Bhesedaaglessy mentimsifrdngestoparidgdesanagnd warmng to

about 50 : : C ti.0 i : I E _[’g%1r wo nol ar
equi val en%gé%?gjfsﬁ ri %eag%ualae(:?grg g%?(%%plaeﬁgg%l}g%gcﬁﬁgfeg?h%e% adde (for
exanpl e, usth On@Ephgugingedgipldn Usinetchanokrobrlancen fdowpsystiasn in 3 nl 95%
et hanol }. o) | ' I, L i | o, ' L.on and
dryi ng, 2;t ﬁggpé%%(ﬁ& g'i glgg %{ﬁngﬁgag{’%ﬁ%(ﬁ tlclz1 r%)g%iél i%a?&%egg%%%%k with a sharp
mel ti ng pdsethenn desgrmustiConhy wbSE: 16 sabprealdeliquesced, then

3- Met.hyl | | -cafl - D iayl) -4-
gl- met hgl %Pg@?ﬁﬁ? g:a gﬁ?%’%ep'er g@»ﬁﬁgﬁ&l&’r eagéf%ld ?trl%rn(?i were formed _
3- et hyl | advéealss cdribbxyere Higedrisgogt bylHichMRTRY ;| Snlise mdleisgd. 3 (M)
Anal yti cal RPHPLC, .Mt h RT =.22.20 min, (98% 145 Decenber 2004
Exanpl e 58°%42F (%@P&%o?ﬂﬁgpe?%‘f’ cdaer‘Tl?élﬁgFfa‘-:ﬁ pﬁ’é"nﬁpﬁl 9%‘1}%% ) -4-
(1- et hy| pi-peraiized, yhy@iqaiopicN@aterial .

Example 48b
1-{Indole-6-carbonyl-D-phenylglycinyl)-4- (1-methylpiperidin-4-
vl)piperazine Difumarate.

15 The difumarate salt is conveniently prepared by
dissolving the free base in methanol or 95% ethanol and
warming to about 50 °C {(for example at a concentration of 460
mg in 15 mbh). Two molar equivalents of fumaric acid (for
example 232.2 mg) are then added (for example, as a 0.25 M

20 soluticn in methanol or as a suspension in 3 mk 95% ethanol).

Following cooling and crystallization, and isolation and
drying, the product is obtained as thin crystalline needles,

with a sharp melting point at about 213 °C by DSC.

25 Example 49
1-(3-Methylindole-6-carbonyl-D-phenylglycinyl) -4-
(l-methylpiperidin—4-y1)piperazine.

Prepared from 3-methylindole-6-carboxylic acid (50%).
1H-NMR
30 IS-MS, wm/fe 474.3 (M+1)
Analytical RPHPLC, Method A, RT = 22.20 min {98%)



Prepared from 3-chl oroi ndol e-6-carboxylic acid (76%9. 5 |IH NVR | S-M5,
tit/e 493.9 (Mrl) Analytical RPHPLC, 4NBthod A RT = 2213@90@%{392@@4)0%
Exanpl e 51 10 1- ( 3-Chl oroi ndol e-6-carbonyl - D- phenyl gl yci nyl ) -4

(4- pi peridinyl xnethyl) pi perazi ne Di hydroahloride. Preparation of Starting
Materials: 15 1-(1-Boa-pi pers.din-4-yl nethyl)pi perazine: To a stirri ng

sol ution of 1-Boc-piperidine--4-carbox- aldehyde (2.4 g, 11.3 mol) in THE
(60 ML) and -acetonitrile (15 nL) was added pi perazine (4.85g, 56.3 mmol).
After stExamglige fSor 5 h, sodiumtriacetoxyborohydri de (2.87 g, 13.5 20

mol ) was and .t e reacti on was_al |l o d to,st over ni ght. The next
nor ni ng, gﬁj cg?]\?é"ﬁf"? REF o TEHRPSY L bl - PR )}Yﬁ 47 on and the residue

was di ssokyeﬁletuI@hbyéhdaﬂe&qtlepap\é@&h;e&latWI ce Wlth satd ag. NaHCGOB,
foll owed by water ge dried qver filtered and ,concentrated in
vacuo. 25 The#’ﬁ? 2FGE Bt HeHHORPS ‘P%“grﬁaﬁé" OXVETC 994788l 5 el uting
with a step-geadi ent of 2% through 15% (2 N ammoni a/ nethanol) in

di chl or onet hane. The rod ct_containing fractions were conbined and
concent r at®d™m “V&cﬁ g“r'[’v’e’ 4.03 g (48% of the title conpound. 30

1H - NVR | ndf5rcid=e ﬁ@ﬂpﬁc,(l\ﬂ!éaholﬁﬁ 18r Decenlagr m200d100%)
1- (Cbz- D Phenyl gl yci nyl ) -4-(1-Boc- pi peridin-4-ylmethyl)- piperazine.
Prepared from Cbz-D phenyl gl yci ne and 1-(1- Boc- pi peri di n-
4-yl met hyk}aigaes d2i ne usi ng Method CG-A. The title conpound 5 was purified
by chrorrato?3racphy over S|I|ca% eluting with_ a

hloroindole-6-~carbonyl- D-phenylgly01ny1) 4-

(4-piperidinylmethyl)piperazine Dihydrochloride.
Preparation of Starting Materials:

15 1-(1-Boc-piperidin-4-ylmethyl)piperazine.

To a stirring solution of 1l-Boc-piperidine-4-carbox-
aldehyde (2.4 g, 11.3 mmol) in THF {60 mL) and écetonitrile
(15 mL) was added piperazine {4.85 g, 56.3 mmol). After
stirring for 5 h, sodium triacetoxyborohydride (2.87 g, 13.5

20 mmol) was added and the reaction was allowed to stir
overnight. The next morning, the solvents were removed by
rotary evaporation and the residue was dissolved in ethyl
acetate, washed twice with satd ag. NaHCO3, followed by water,
then dried over MgSO4, filtered and concentrated in vacuo.

25 The re31due was then chromatographed over 31llca gel, elutlng
w1th a step gradient of 2% through 15% (2 N ammonia/methanol)
in dichloromethane. The product containing fractions were
combined and concentrated in vacuo to give 4.03 g (48%) of the
title compound.

30 1H-NMR
IS-M8, m/e 284.3 (M+1)



step gradient of 1%to 3% (2 N ammoni a/ met hanol in dichloronethane. 1H NVR
| S-M5, mle 551.3 (M+l) 10 |- (D Phenykgl ycinyl) -4- 13 December 2004

(1- Boc- pi peridin-4-yl methyl) piperazine. Prepared from

1- (Cbz- D- phenyl gl yci nyl ) -4-(1-Boc piperidin-4-yl et hyl) pi perazi ne using

Met hod F-A. "1H-NVR 15 IS-M5, nfe 417.8 (M1l) 1- (3

- Chl oroi i adol e- 6- car bonyl - D- pbenyl gl ycinyl) -4- (4

- pi peridi ny]inethyl) pi perazi ne D hydrochl oride. Prepared from

3- chl or oi et f5-GRLROXY ¥ &1.AA1d 4304 Hod BipePidin-4-ylmethyl) -
phenyl gl.yci nyl ) - 4-( 1-%0%-% plgr;li)di nh-%ﬁ rrgl yl )lp:iLT)eraltrzi ne ES)I ng Methods
| -C, D B,PEHMIEAZPIS-usi ng di chl oronet hane in place of ether/dichloronethane

as an initial R LS: 494, 23 (ML) p25. si.s f or
S 7hB2Nb02Cs, 2 SR I g MR b oo 4 ada (M) pes, AR

18.06; Fountretdylipingrasineg upingNiethod) £-A¢ | Thy t@hle ppmpgurical RPHPLC,

Met hod A, Sl 4 1N 9 : . :
1 (3 Vet T e B P o R At s2Fjoq 5oL, elucing with 2
(4- pi peri grely | FEHpnfpppet aAin 3Dl Ayl ragiend g/ Wethandl dpared from

3- - met-hyl §neo] Srficanhexylic-acid and 1-(D-_,

phenyl gl yci nyl ) - 4- %1- Boc- pi peri di n-4-yl net hyl ) pi perazi ne using 147 13
Decenber PBOOMMREt hods |-C, D-B, and |-D (using dichloronethane in place of
et her/ di cht Qromet Ragg,as @i, fynitial solvent). 1HNWR IS M5 nfe 474.2

(M)
10
1- (D-Phenylglycinyl)} -4- (1-Boc-piperidin-4-ylmethyl)piperazine.
Prepared from 1-{Cbz-D-phenylglycinyl)-4-(1-Boc-
piperidin-4-ylmethyl)piperazine using Method F-A.
1H-NMR
15 IsS-MS, m/e 417.8 (M+l)

1-(3-Chloroindole~6~carbonyl-D-phenylglycinyl)} -4-
(4-piperidinylmethyl)piperazine Dihydrochloride.
Prepared from 3-chloroindole-6-carboxylic acid and 1-{D-
20 phenylglycinyl)-4~(1—Boc—piperidin-4—ylmethyl)piperazine using
Methods I-C, D-B, and I-D (using dichloromethane in place of
ether/dichloromethane as an initial solvent).
1B-NMR
1S-MS, m/e 494.2 (M#l)
25 Analysis for Cp7H3gNg0pCl-2.2 HC1-3.0 HO0: ‘
. T .C;icd: C, 51.61; H, 6.45; N, 11.15; Cl1, 18.06;
Found: C, 51.40; H, 6.12; N,  11.02; C1, 17.80.
Analytical RPHPLC, Method A, RT = 20.59 min (100%)

30 Example 52
1- (3-Methylindole-6-carbonyl-D-phenylglycinyl) -4~
(4-piperidinylmethyl)piperazine Dihydrochloride. .
Prepared from 3-methylindole-6-carboxylic acid and 1-(D-
phenylglycinyl) -4-(1-Boc-piperidin-4-ylmethyl)piperazine using



5 Analysis for C28H35N502.2.3 HO-4.0 H2O Calcd: C, 53.42; H 7.25; N,
11.13; 4, 12.95; Found: C, 53.14; Hyuz5.71; N, 10.99; QDGC%QFQOM

Anal ytical RPHPLC, Method A, RT = 20.23 min (100 % 10 Exanpl e

1-[ 4- Ch3. or obenzoyl - D- phenyl gl yci nyl ] - 4- benzyl pi perazine Txifl uor oacet at e.
Boc- D- phenyl gl ycine (753 ng, 3 mmol ), TBTU (2- (1H (benzo-
triazol-l-yl)-1,1,3,3-tetranethyluroniumtetrafl uoroborate) 15 (963.3 ng, 3
mvol ), diisopropylethylamne (894 nmg, 6 mmol) and 4-benzyl pi perazi ne (525
My, 3 MOhdnki=e IC@”bbDEd drdty BVp S&Qmmmmgré&ééﬂ&g Q‘Aefaﬂé tog The

reaction mxture was taken into dichloromethane (25 ed w th water
(50 nlL) ofleher\Fdsblarencthnng wsess. intt ipde spdveRfle: was treat ed with TFA (5
m.) for lidppd the excess TFA evaporated in vacuo. Triethylamne (1 nli)
was added and evaporated in vacuo. This m xture was then divided into
three equbf-Yar fde &At-paM+Mas then treated with a mixture of

4- chl org)b&gglq;ﬁsaq;bg & é@ﬁﬁjé(%gzl?’nﬁm)é oHeBb . 25 (148.5 ng, 1.1 mol) and
EDCI (191 nyg, 1) % that had been stirred for 5 min. The

reaction m xt. lﬂeé—cﬂas s‘t'-'4 rfedt2ovEr ny gbit;, Ndi Rt 237 Fdh WRaP8r and

acetonitile, aRfngapplied 4 rlq(:t hy Eofy .pllhl‘l fhcadi qiy b)inFLgpar ative RPHPLC
to give the title conpound, (120" ng) . NI\/R'By sim nmet hods to

t hose desdrdlddces RRERBTe Mstrhofde?, beI=0\E|0n63c¥3¥ﬁ?)oUr€UJS @ere prepared: 148
13 Decenber 2004 Exanple 54

1-[ 4- Chl or obenzoyl - D- phenyl gl yci nyl ] - 4- (2- phenet hyl ) pi per azi ne

Trifl ubt ofeeaspdice 53

1-[4-Chlorcbenzoyl-D-phenylglycinyl] -4- benzylplperazine

Trifluorocacetate. ’
Boc-D-phenylglycine (753 mag, 3 mmol), TBTU (3—(1H-(benzo—

triazol-1-yl)-1,1,3,3-tetramethyluronium tetrafluorcborate)

15 (963.3 mg, 3 mmol), diisopropylethylamine (894 mg, 6 mmol}) and
4-benzylpiperazine (525 mg, 3 mmol) were combined in DMF (10
mk) and stirred overnight. The reaction mixture was taken
into dichloromethane (25 mh) washed with water (50 mb) and
evaporated to dryness.

20 The residue was treated with TFA {5 mL) for 1 h and the
excegs TFA evaporated in vacuo. Triethylamine (1 mL) was
added and evaporated in vacuo. This mixture was then divided
into three equal parts. One part was then treated with a
mixture of 4-chlorobenzoic acid (156.5 mg, 1 mmol), HOBt

.25 (148 5 mg, 1.1 mmol) and EDCI (191 mg, 1 mmol) in DMF (3 mb)

' that had been stirred for 5 min. The reaction mixture was
stirred overnight, diluted with water and acetonitile, and
applied directly for purification by preparative RPHPLC to
give the title compound, (120 mg).

30 IH-NMR

By similar methods to those described in Example 53 the

following compounds were prepared:



1HNVR 5 M5 MALDI TOF M -i = 462 Exanple 55

1- (4- Chl or obenzoyl - D- phenyl gl yci nyl | -#4g( cycl ohexyl met hyd Decepitper2agd ne
Trifluoroacetate. 10 1H-NVR M5 MALDI TOF M -1 = 454 Exanple 56

1-[ I ndol e- 6-carbonyl - D-phenyl gl ycinyl]-4-[2-(thiazol-2-yl)- 15

et hyl ] pi perazi ne Fwdrochloride Prepared from 1- (D phenylglycinyl) -4- [2-
(thiazol--2-yl) - e'thyllpiperazine trihydrochloride and

i ndol e-6-carboxylic acid using nmethods substantially equivalent to Method
|- C fol | opedynRy st hod 1-D. 20 Mel ting-Point = 135-142 Cwith
deconp05|t|on 1H NVR (CD3OD). APCI-MS, me = 474 (C26H27N502St 1) . HPLC
Anal ysi s %h&%TﬁhiOBPbe@BofméﬂﬂphEntlgEY¢muyll25 Exaphpnetiyl) Nopdxaaiplee 57)

Exanpl e 5§@iﬂiuéﬂdﬁggtéﬁé carbonyl - D phenylglycinyl] -4- [2-
(3--fluoropyridin- 47yl ) et hyl | pi perazine. Prepared from

1- (D phenytigh¥ii nyl ) - 4-[ 2- (3-fl uoropyridin- 4-yl)ethyl]pi perazine and

i ndol e- - garbeps werag g a nethod substantially equivalent to Method
|-C (66% . 149 1H NRR %grnnﬁg. APCI - M5, rule = 486 (C28H28FN502+1). 13

Decenber 2004 Exanple 58b 5 1- [Indol e-6-carbonyl-- D phenylglycinyl] -4-
[ 2- (3=f|ﬁ§5ﬁ5§giyg.ixj,- -
1-[4-Chlorobenzbyl-D-phenylglycinyl]-4-(cyclohexylmethyl)-
Piperazine Trifluorocacetate.
10 1H-NMR
MS MALDI TOF M+1 = 454

Examplie 56
1-[Indole-6~carbonyl— D-phenylglycinyl] -4-[2-(thiazol-2-y1}-
15 ethyllpiperazine Hydrochloride.

Prepared from 1-(D-phenylglycinyl)-4-[2-(thiazol-2-yl)-
ethyllpiperazine trihydrochloride and indole-6-carboxylic acid
using methods substantially equivalent to Method I-C followed
by Method I-D. ’

20 Melting Point = 135-142 °C with decomposition.
g MR (cD30D) .
APCI-MS, w/e = 474 (CygHpgN50pS+1).
HPLC Analysis (Method B): 98.8% & = 14.2 min.

.. 25 E;cample_ 57
(No Example 57)

Example 58a
1-[Indole-6~carbonyl~ D-phenylglycinyl] -4~ [2- (3-fluoropyridin-
30 4-yl)ethylipiperazine.
Prepared from 1~ {D-phenylglycinyl) -4-[2- (3-fluoropyridin-
4-yl) ethyllpiperazine and indole-sucarboxylic acid using a
method substantially equivalent to Method I-C (66%) .



4-yl ) ethyl ] pi perazi ne Hydrochl oride. Prepared from
1- (i ndol e- 6- car bonyl - D-phenngIyC|nth9 13 December 2004

(2-(3-fluoropyridin-4- yI)ethyI]plpera2|ne using a nethod substantially
-equivalent to Method I-D (89% . 10 [a] 25D -98.8 (c 0.30, nmethanol) Melting
-Point = 135-145 C wth deconposition. 1H NVR (CD30OD). APCI-M5, me = 486

(C28H28FN5C2+1). TLC Rf = 0.44 (7:3 CH2Cl2: CMA) 15 Anal ysis
for.C28FBlhBCn 1.25 HC1-1.2 H2O Calcd: C, 60.84; H, 5.77; N, 12.67; d,
8.02; Foup (ggéllﬂ H 5.86; N, 12.34; d, 7.88. HPLC Analysis (Method
B): 98. 296tr = . 20 Exanpl e 59a 1- [Indol e-6-carbonyl --

D- phenyl gB%I-rﬂBJ.] m/d-=[4986 ((LogHgnBPy@ieliin- 4-yl)et hyl | pi perazi ne. Met hod
|-E 1- (D Phenyl glycinyl) -4- [2- (2-cyanopyridin-4-ylethyl) -- 25
pperazine trihydrochloride (580 ng, 1.26 mmol)., indole-6- carboxylic acid
(205 ny, EX@MPMﬁn@B? HOBt (171 ng, 1.26 mmol), and triethylanine (0 88 nL,

6.9 Mo 0 t hi |on

1.89 nn%?} was ad dgdkaﬁgkﬂ ﬁ?éﬁiﬁigﬁ S0 ?%dEa g% %?%BBY uge

over ni ght 4- fiﬁﬂﬂhygmpaBQﬂeai;e(B@Grq@qunmﬂeheptane (20 nL) were added and
sol i ds rennvqgﬂgg % |££$%|0Q1n h s Iv§%%% ge 2%EF%{%ﬁng%§§gﬁ%gggrFhsand

resi due re-diss "uene e Keela

renoved byz%t&ﬁﬂabropyrﬂdmn4m~yﬂvethylkﬂipewazhnd wsidy watetthadd brine, dried
(Na2SH4) , % 0,13 ng 0 centrated under vacuumto
provi de cru e pro aleftng? gFﬁﬁg érggg % was purified by

Chronalmg[@pﬁﬁ36880§° (400G 0] OmdthazdD: 10: 1 CH2C12 : et hanol : concentrat ed

amoni um . . . ‘os
Melting Point = 135-145 °C with decomposition.

1 NMR (CD30D) .
APCI-MS, m/e = 486 (CogHagFNgO+1) .
TLC R = 0.44 (7:3 CHoCly:CMA)
15 Analysis for CogHziN3O4-1.25 HC1-1.2 HyO:
| Caled: C, 60.84; H, 5.77; N, 12.67; Cl, 8.02;
Found: C, 61.14; H, 5.86; N, 12.34; Cl, 7.88,
HPLC Analysis (Method B): 98.2% tp = 13.2 min.

20 Bxample 58%a
1- [Indole-6-carbonyl— D-phenylglycinyll-4-{2- (2-cyanopyridin-
4jy1)ethy1]piperazine.
. Method I-E
1- (D-Phenylglycinyl)-4-[2- (2-cyanopyridin-4-ylethyl) -
- 25 g}peragine trihydrochloride (580 mg, 1.26 mmol), indole-6-
' carboxylic acid (205 mg, 1.26 mmol), HOBt {171 mg, 1.26 mmol),
and triethylamine (0.88 mL,.6.9 mmol) were dissolved in DMF
(20 mL}. To this solution, DCC (390 mg, 1.89 mmol) was added,
and the mixture stirred at room temperature overnight. Ethyl
30 acetate {100 wi} and heptane (20 mL) were added and solids
removed by filtration. The solvents were removed under vacuum
and residue re-dissolved in toluene/ethyl acetate (200 mb,
1:1) and solids removed by filtration. The filtrate was

washed with water and brine, dried (NajS04), filtered, and



hydr oxi de) to provide the sub-titled compound (443 ny, 71%. 5 1H NMR
(CDC13). TLC = 0.3 (200:10:1, CH2Q 2:q&gt hanol : concent raf G&L-AHEP BhaYM
hydr oxi de) -1 Exanple 59b 10 1- [Ixidol e-6-carbonyl -- D phenyl gl ycinyl] -4-
~[2- (2-cyanopyridin- 4-yl)ethyl]piperazi ne Hydrochl oride. Prepared from
1-(i ndoyl - 6- - car bonyl - - D- phenyl gl yci nyl ) - 4-
- [2-(2-cyanopyridin-4-yl)ethylipiperazine using nethods .substantially

equi val ent to those described in Method 1-0, is (96%. [(X]25 D -92.0(c

0. 27, met hghpal [ it = - . H 0D) 20
CAPCI-MB, nie =rg1t543¥% % ‘E‘:z%%%%ﬁg%%?ﬂ's%ﬁ@?g?%é%%Lﬁ‘%z%ﬁe?f‘&ﬁ&.‘é}".\”f“& 1- 0.9 H20:
Cal cd: C, Ths. girderpredys: wys pBr8liedChy Fhu@ratcmewply G3i®g.53; H, 5.68; N,
15.41; d .7 HP. |y Si A ; 0 = .m n. 25 Exanpl e
50 1- [ 4 Bt hoenzont - ip St et Bl cbettnaed faindhy
 (1- et hy| pyieastigien- Boypypiisisr hée neulHdtded| eruippeind Reépamed 7&dm 1- [ D, L- -
:(Z-Ch'OEODﬁQQMihéﬂbxgiﬂy'] -4 30 (1-nethyl piperidin--4-yl)piperazine and
‘p-ani soyl chloride si ng procedures substantially equival ent to those
descri bedTL¢ rr Ne3hdd09 : B : IusCHgCH: vistbeoabt ¢enmerftortaduanusiidimoxane and

TEA for Kg§5§gxﬂ&y)lomed by Method I-D. 1H NMVR 151

Example 59b
10 1-[Indole-6-carbonyl—- D-phenylglycinyl] ~-4-[2-(2-cyanopyridin-
4-yl)ethyllpiperazine Hydrochloride.

Prepared from 1—(indoyl—6~carbony1-D-phenylglycinyl)-4-
[2-(2—cyanopyridin—4-yl)ethyi]piperazine using methods h
substantially equivalent to those described in Method I-D,

15 (96%).
[@]25p -92.0° (¢ 0.27, methanol)
Melting Point = 156-169 °C
IR(ATR) .
1H NMR (CD30D).
20 APCI-MS, m/e = 493 (CogHygNgOg+1).
Analysis for CogH3qN304-1.1 HCl- 0.9 Hy0:

Calecd: C, 63.44; H, 5.68; N, 15.31; €1, 7.10;

Found: C, 63.53; H, 5.68; N, 15.41; Cl, 6.88.
HPLC Analysis (Method B): 98.9% £, = 15.2 min.

.. 25

- -
. :

E;ample 60
1-[4-Methoxybenzoyl— D,L-(2-chlorophenyl)glycinyl] -4-
{1l-methylpiperidin-4-yl)piperazine Hydrochloride.

Prepared from 1-([D,L- (2-chlorophenyl)glycinyl]-4-

30 {l-methylpiperidin-4-yl)piperazine and p-anisoyl chloride
using procedures substantially equivalent to those described
in Method I-B, using dichloromethane for agueous dioxane and
TEA for KpCO3, followed by Method I-D.
1H NMR



13 Decenber 2004 I1S-MS5, nmfe 485.3 (M1l) Analysis for C27H32N502Cl1. 2. 2

HQ 2.0 H2O Calcd: C, 53.14; H 6.31;4s8,.'11.48; O, 18 BSemien2oos C,
53.04; H 5.86; N, 11.36; d, 18.13. 5 HPLC Analysis (Method A): 100%tr ;
19,78 m n. Exanple 61-. 1- [4--Methoxybenzoyl-D--- (2--ch3. orophenyl)
glycinyl] -4- (1l-methyl- piperidin-4-yl)piperazine Hydrochloride. 10

‘1-[ 4- Met hoxybenzoyl - D, L- (2- chl or ophenyl ) gl yci nyl ] - 4-

(1- et hyl pi peridin-4-yl)piperazine (8.20 g, 18.16 mvol) was divided into 2
g lots angseggh /@l 4@§§3dh§§grved in a mxture of chloroform (1.0 ni),
I'sopr opanol {13,nL and heptane (26 nlL). These sanples were then

i ndi vi duafP§LEHTd feo e e 0pslugi AgEPr-@pér HePve chiral HPLC (Chiral cel

OD, 8 x 34 cmcaldit cNgsyi{ih, 3% s9PrPPan0LE 653 hept age with 0. 4% DVEA. for
21 ninat aflowrate of 350 nL/nn). Analytical’ HPLC 6f the the racemc

m xture (Chirde@d:08; 3360% H505nhe: alutlitndéwi €h IBL3i-sopr opanol / 65%
hept anes"‘hbﬂc%@@méﬂ%fﬂ)m RoodM:,2Q detgsthon at 260 nm reveal ed two
e

peaks, baseline resolved. The fractions fromthe preparative HPLC runs
containing the peak with the shorter retention tine were conbined and
concent r agRghyhl \GACUO to give 3.71 g of isomer 1. The fractions containing
the later running isomer were conbined 25 and concentrated to give 3.80 ¢
of i sonerl2[4Bfeft banzexkiRrdi2i-chletonhenyi hglyeint ds 4-dlendeyisomer 1 to

be over tgh,iiims, A0Ge) POl &Y, AR 450 4qaNd on that basis, isomer 1
was tentatively assigned as tzhe D-1soner. Isoner.1 was then

chr omatBgr aphel rdletipkyhenzpail -PBh of agdh lQuaph ey DEylgpd ngh] -5 30 nm KP- Si |
amront /e Faral PAPST AR T RiBe g oo By AR ] e Pt ons
wer e conbfltetdethdnto 2 g lots and each lot was dissolved in a mixture
of chloroform (1.0 wmL), isopropancl (13 wmL) and heptane (26
mbh) . These samples were then individually chromatographed
15 using preparative chiral HPLC (Chiralcel OD, 8 x 34 cm,
eluting with 35% isopropanol/65% heptane with 0.4% DMEA for 21
min at a flow rate of 350 mL/min). Analytical HPLC of the the
racemic mixture (Chiralcel OD, 4.6 x 250 mm, eluting with 35%
isopropancl/65% heptane with 0.4% DMEA, 1.0 mbL/min, UV
20 detection at 260 nm) revealed two peaks, baseline resolved.
The fractions from the preparatiﬁe HPLC runs containing the
peak with the shorter retention time were combined and
concentrated in vacuo to give 3.71 g of isomer 1. The
fractions containing the later running isomer were combined
25 qu concentrated to give 3.80 g of isomer 2. Biological
evaluation of the two samples revealed isomer 1 to be over ten
times more potent than isomer 2 and on that basis, isomer 1
was tentatively assigned as the D-isomer. Isomer 1 was then
chromatographed over silica gel {Biotage Quad 12/25 System, 25
30 mm KP-8il [32-63um particle size] columns, eluting with a
gradient of 0-6% 2N ammonia/methanol in dichloromethane) and
the product containing fractions were combined and
concentrated. The residue was then redissolved in

dichloromethane and to this stirring solution was added 1 M



concentrated. The residue was then redissolved in dichioronethane and to
this stirring solution was added 1 M4kp2 13 Decenber 200Bedd@ibdrz0dd et hyl
ether (4.33 nL, 4.33 nmol). The precipitate was filtered and dried in
-vacuo to give 2.3 g (490) .of the title conpound. 1H NMR 5 IS-M5, W 485.3
“(Mrl) Analysis for C26H33NAO3C1-1.3 HC1.0.5 H2G Calcd: C, 57.68; H, 6.57;
N, 10.35; Cl, 15.06; Found: C, 57.42; H, 6.76; N, 10.06; d, 14.89. 10
Exanpl e 62 1- [Indol e-6-carbonyl-- D, L- (2-chlorophenyl) glycinyl] -4-

(1- et hyl p¢ | diiR+fY! QPLperazi i hydro rid QBQIFToa
stirring is%c:):lptej:{ﬂli E)Hr%%g]fiy%, %%%eéﬁl %?%e%??g@%@nyl ]‘PT-h-e %& tate

4- ( 1- et hy&pi Hlerheded- ang| dpiedeinzvaruy ¢o488vey, 2.8 31 (ARH) Joff the

di chl or ongf padedapolthy. and DMF (2 nl) was added indol e-6- carboxylic acid
(0.233 g, 1.44 mvol). The solution was cooled to 0O C and DEPC (0.218 ni,

1. 44 mmol 3R added. After 24 h, the solution was concentrated in vacuo
and thegregigdle “342%5439.@ geghved in 5% acetic acid/ methanol and | oaded onto
an SCX colum. The colum was washed with nethanol, and then the conpound
was el ut elnad v ss or( 92 6 zaindslCh/ et Fdol) 5i¥20di ¢hl or omet hane. The product

cont aini ng frqﬁlidaqsc\!\egﬁ_sc?c;ogbig%grﬁd Ggneentaat gd pp, vacuo. The residue
f i Ag

was then 25 chromat ograp ovér silicd gel, eluting'wth a- gradient of O-
5% (2 N ammoniEgund:h&no$d - 421 Hi chl trolet BANS; Aai A4.8he product containing
fractions were conbined and concentrated in vacua to give 0.6 g of
off-white solid. The HCl salt was then prepared using Method I-D to give
290 nyl¢ 3ERgmnde t93e titl e

i-[Indole-6-carbonyl~ D,L-(2-chlorophenyl)glycinyl] -4-
(1-methylpiperidin-4-yl}piperazine Dihydrochloride.
Méthod I-F
To a stirring solution of D,L- (2-chlorophenyl)glycinyl] -
15 4-(l-methylpiperidin-4-yl)piperazine (0.458 g, 1.31 mmol) in
dichloromethane (5 mh) and DMF (2 mL) was added indole-6-
carboxylic acid (0.233 g, 1.44 mmol). The solution was cooled
to 0 °C and DEPC {0.218 mL, 1.44 mmol) was added. After 24 h,
the solution was concentrated in vacuc and the residue was
20 dissolved in 5% acetic acid/methanol and loaded onto an SCX
column. The column was washed with methanol, and then the
compound was eluted with 50% (2 N awmonia/methanol) in -
dichloromethane. The product containing fractions were
combined and concentrated in vacuo. The residue was then
25 chromatographed over silica gel, eluting with a gradient of 0-
5% (2 N ammonia/methanol) in dichloromethane. Again, the
product containing fractions were combined and concentrated in
 vacuo to give 0.6 g of off-white solid. The HCl salt was then
prepared using Method I-D to give 290 mg (39%) of the title
30 compound.
10 NMR
IS-MS, m/e 494.2 (M+1}



30. conpound. 1H NVR IS-MS, me 494.2 (M+1l) 153 13 Decenber 2004 Anal ysis
for C26H33N403C1 -2.2 HC1.0.5 H2O Calggd: C, 54.38; H 6388gerhber2008;, O,
19.76; Found: C 54.08; H 6.12; N, 9.59; d, 19.44. HPLC Analysis
(Method A): 100%tr-= 21.59 mna -5 Exanple 63 -

1-[ I ndol e- 6- carbonyl - D- (2- chl orophenyT) gl yci ny1] - 4- ( 1- net hyl -

pi peridi n-4--yl)pi perazi ne D hydrochl ori de.

1- - [ I ndol e- 6- car bonyl - D, L- (2- chl or ophenyl ) gl yci nyl | -4-(1- 10

rrethylpipgﬁ'g'igr4- Plper agi (18 E'imd retical) was divided into
0.5 g lots %n eSaC%JII) glzgﬁégﬁ |3§:slo%\7%§1{| n a'str;lieligt'ure of isopropanol (5 n)
and heptane (20rItd: CThé4e38 sanhplée3sSwelie 246n Chdi V9 disd | y chr omat ogr aphed
usi ng prepar ai chir LC (Chiral cel . 8qX eluting with 15
30% i so- - pr opz%%i ; 70?’h§%fg€'e%vﬁ gnﬁig.’ ngo [ﬁ\&'f %% 11’23161&&;] at a flowrate of
370 nl/ m BPLC Alrd Wsical (MEPh@l gf) it Re0Batem @1.59xnime (Chiralcel OD, 4.6 x
250 mm .eluting with 300 isopropanol/70% heptane with 0.2% DVEA, 1.0

m./mn.,; U detection at 260 nn) reveal ed two peaks, baseline resolved. 20
The fract Esaspie i t he preparative HPLC runs containing the peak with the

shorter ret | 14 I e Comi n n ﬁg_)! nLtated jn.vac 0 give 2.8
g of i sorrgr?‘%?a%ee ¢ %ﬁ%?%%g&g@nfggﬁ?%%l eqlgg Eé’r'%{ﬁgr#l Rd’ ’lnggﬁ’é#" wer e
conbi ned magecidigert-yd) pdpévaginee D2hPArocidfonisiener 2. Bi ol ogical .25

oval uat fon of 1 el SRTELE ekt STRch i P iy OB L1 5 o
as t helDd mevhetpigesdniBn-4-yl)piperazine (18.8 mmol theoretical) was

divided into 0.5 g lots and each lot was dissolved in a

mixture of isopropanol (5 mL) and heptane (20 wmh)}. These

samples were then individually chromatographed using

preparative chiral HPLC (Chiralcel OD, 8 x 34 cm, eluting with

15 30% iso-propanol/70% heptane with 0.2% DMEA for 14 min at a
flow rate of 370 mL/min). Analytical HPLC of the racemic
mixture (Chiralcel OD, 4.6 x 250 mm, eluting with 30%
isopropanol/70% heptane with 0.2% DMEA, 1.0 wmlL/min, UV
‘detection at 260 nm) revealed two peaks, baseline resolved.

20 The fractions from the preparative HPLC runs containing the
peak with the shorter retention time were combined and
concentrated in vacuo to give 2.8 g of isomer 1. The
frac;ions containing the later running isomer were combined
and concentrated to give 2.80 g of isomer 2. Biological

- 25 anluagion of the two samples revealed isomer 1 to be about
100 times more potent than isomer 2; and, on that basgis,
isomer 1 was tentatively assigned as the D-isomer. Isomer 1
(2.6 g) was then redissolved in dichloromethane, and to this
stirring solution was added 1 M HCl in diethyl ether (5.26 ml,

30 5.26 mmol). The precipitate was filtered and dried in vacuo
to give 2.4 g (48%) of the title compound.
1H NMR
IS-MS, m/e 494.0 (M+1)



(2.6-g) was then redissolved in dichloronethane, and to this stirring

sol ution was added 1 M HCL in diethyl4ggther (5.26 nlL, BODBchbarnmbl. The
precipitate was filtered and dried in vacuo to give 2:4 g (48% of the
title conpound. 1H NMR I S-M5, nie 494.0 (M+1l) 154 Analysis for
C27H32N52C1. 2. 1 HC1-0.7 H2O 13 Decenber 2004 Cal cd: C,-59. 31; H, 6. 36;

N, 12.81; d,13.62; Found: C,59.57; H 6.41;'N, 12.42; d,13.31. 5 Exanple 64
1-[ I ndol e- 6-car bonyl - D, L- (qui nol i n-8-yl) gl ycinyl]-4-(1-nethyl -

pi peri di ny4; | i ' oghl ailde. ,Prepared from
i ndol e- 6- ?gi?%@% &?&g??gﬁ%?r%oﬁ%%& %q%?*#c) 0, 7 58!
8-yl ) gl yci nyl |Caled:1Crebhyd i gior 6dB 6 49,y I1RpBher@ki A8 -.6i;ng 10 procedures
substantial ly | valent,tQq, t hos sgfihed, in t.hod.l1-C fol |l oned by
Met hod | -D. TH@ f%ak'p%%'udt%%ag'gguﬁﬁfﬁgd4gy %¢§6§r§%rve RPHPLC (VWdac
C18, 90a A through 65a A; A=0.01%aq. HCl, B=acetonitrile). 1H NWR 15

| S- M5, Er% éééﬁéﬁﬁwhl) Anal ysi s for C30H34N602.1.9 HCl.3.0 H2O Calcd: C,
56.84; H, 3 ; N, 13.26; d, 10.63; Found: C, 56.79; H 6.81; N, 13.12;
d, 10.621-[HriqeArfalcpsheny(ive, o dqdinoBigh -8yl ¥ gkydiny8d v 11 -2&cHpdanpl e 65

(1: et hy | BB B B it L L T rom
3- chl or oi ndol ePEEardotybn Cimloild-ancari@byDiclacid) dandol, DA{Guindligl-yci nyl ]
-4 (1_n%£9¥ié&§%¥ﬂf&hDé:éinéEh&lpiperidin-é-yl)piperazine using
10 procedures substantially equivalent to those described in
Method I-C followed by Method I-D. The final product was
purified by preparative RPHPLC (Vydac C18, 920% A through 65%
A; A=0.01% aqg. HCl, B=acetonitrile).
1H NMR
15 IS-MS, w/e 511.1 (M+1)
Analysis for C3gH34NgO3-1.9 HC1-3.0 Hq0O:
Caled: C, 56.84; H, 6.66; N, 13.26; CL, 10.63;
Found: C, 56.79; H, 6.81; N, 13.12; Cl, 10.82.
HPLC Analysis {Method A&): 98.6% &ty = 17.84 min,
20 o
Example 65
1-[3-Chloroindoieusvcarbonyl-D,L-(quinolin-s—yl)glycinyl]-4-
(1~m§thylpipefidin—4-yl)piperazine Hydrochloride.
Prepared from 3-chloroindele-6-carboxylic acid and
- 25 Q%L-(qgénolin—s—yl)glycinyl]14~(1—methylpiperidin-4—y1)—
piperazine using procedures substantially equivalent to those
described in Method I-C followed by Method I-D.
1H NMR ,
IS-MS, m/e 545.0 (M31)
30 Analysis for C3gH33NgO,Cl-1.6 HCl-1.5 H50:
Caled: C, 57.15; H, 6.01; N, 13.33; Cl, 14.62;
Found: C, 56.86; H, 5.64; N, 13.02; Cl, 14.37.
HPLC Analysis (Method A): 100% .tr = 25.08 min.



pi perazi ne using procedures substantially equivalent to those described in
method |-C followed by Method |-D. 1Hs)VR | S-M5, m e 5¥BEDEcembet p0GH

Anal ysis for C30H33N602Cl1.1.6 HCLl.1:5 H2O Calcd: C, 57.15; H, 6.01; N,
13.33; d, 14.62; Found: C, 56.86; H 5.64; N, 13.02; d, 14.37. HPLC -
Anal ysis (Method A): 100%tr = 25.08 mn. 155 13 Decenber 2004 Exanpl e 66
1-[ 3- Met hyl i ndol e- 6- car bonyl - D, L- (qui nol i n- 8-yl ) gl yci nyl ] - 4-

(1- nmet hyl pi peri di n-4-yl) pi perazi ne Tri hydrochl oride. Prepared from

3-nethy!i@%9551@-§?rboxy!ic acid and 5 o _ _ _
D, L- (qui-nol 1 n=-8-yl ) gl yci nyl]-4-(1-nethyl pi-peridin-4-yl)- piperazine using
pr ocedur es -dab¥etiliindpe eqrdariionyi -P ol t daclipstriliaiyicanikl hbd | - C
foll onwed hy Mgt iebk gidth ] 0 Analysis for
(:31|436N605t s ﬁ%j"zk’éa 3%#%#’5‘8%?4’{%2”5@&% ésﬂ}ﬂ’)ﬁéiz 34;:°d, 15.62;
Found: C, 54.4Brepareg FEomN\-mkeXh@lin@ble-¥ocogboxyPlCC atvidl pails (thhod A) :
Q9% tr 5
1- E4- thhoxybgﬁalﬁhlﬁé EE?%ﬂ?{ uoronﬁ%hthﬁéﬂ§?3rﬁ%ﬁﬁ nny--4-
(1- nreéI hyl mlpegamrw; msyhgyppmes;mme Bymwulaﬁiﬂeeqtﬁnadamb y dtﬁ/é?h?%s: n?:
procedur e ia v ribed in od |-
fol | owed %eEP E%QP %ﬁﬁﬁﬁﬂﬁ;é?ﬁgﬂﬁﬁyégg%bg%s?ﬁﬁffIhPLC Anal ysi s (Met hod
A) : 9896tﬂH;NE® 18 min. Exanple 68
IS-MS, w/e 525.1 (M+1)
10 Analysis for C37H3gNg05-3.0 HCl-2.6 Hq0:
Calcd: C, 54.68; H, 6.54; N, 12.34; Cl, 15.62;
Found: C, 54.41; H, 6.25; N, 12.00; Cl1, 15.%9.
HPLC Analysis (Method A): 99% &, = 23.06 min.

- 15 Example &7
1—[4-Methoxybenzoy1-n;nn(2mtrifluoromethylphenyl)glycinyl}—4~
(l-methylpiperidin-4-yl)piperazine Hydrochloride.

Prepared from using procedures substantially eguivalent
to those described in Method I-C followed by I-D.
20 1H NMR
IS-MS, m/e 519.0 (M+1)
HPLC Analysis (Method A): 98% t, = 20.18 min.

Examble 68

. 25 %:{g-ggthoxybenzoyl—n—(2—trifluoromethylphenyl)glycinyl]-4-

| {i-methylpiperidin-4-yl)piperazine Dibhydrochlioride.

1-[4-Methoxybenzoyl-D,L- (2-trifluoromethylphenyl) -
glycinyl] -4~ {1L-methylpiperidin-4-yl)piperazine (6.14 g, 11.8
mmol) was divided into 0.5 g lots and each lot was dissolved
30 in a mixture of isopropanol (20 mL) and heptane (30 mb).

These samples were then individually chromatographed using
preparative chiral HPLC (Chiralpak AD, 8 x 40 cm, eluting with
45% isopropancl/55% heptane with 0.2% DMEA for 18 min at a
flow rate of 450 wh/min). Analytical HPLC of the racemic



25 1- [4- Met hoxybenzoyl -D- (2-trifluoronethyl phenyl), glycinyl] -4-

(1- et hyl pi peri di n--4-yl) pi perazi ne Bisgydrochi ori de. 13 December 2004

1-[ 4- Met hoxybenzoyl - D, L- (2-trifl uoromnet hyl phenyl)

gl ycinyl]-4-(1--nmethyl pi peridin--4--yl)piperazine (6.14 g, 11.8 mmvl) . was
divided into 0.5 g lots and each | ot was dissolved 30 in a m xture of

| sopropanol (20 nmL.) and heptane (30 M.). These sanples were then

i ndi vidual Iy chromat ographed using preparative chiral HPLC (Chiral pak AD,
8 x 40 crmuigtuté n@rhdirblpa¥580, sopr epaee | vnhS¥Lhephqnei ot tass0. 2% DVEA for 18

mn at a .flow ratﬁ%gfsozéﬁo m_/m'n?& Angl ytical HPLC pf the racemc 156 13
Decerber 266RTPR3H EhePEdar kb, 042% 0% ity ™A ngVwi t h 45%

| sopr opanaktb&th diepitane ovhimh *bvd% BYEAro beBkBl / bhsel e dekBti-é@n at 260
rim reve basel i ne reso] ved. The fractions fromthe

ed_two peaks,
prepar at i %gel-ﬁ_@?t?ﬁ? %BH‘Pa‘Fl?ﬁ R SPRERE T H ETRCWF RS t FRE SHTAPEr Eht ent i on
ti me wesepearbirigd takd sh6oree Hdtaheton Nt MRC wark OcGhtyihed And Of isoner 1.
The fractions contajni ng@t he | ater running'isoner were conbined and

concent r afEACERNHFE 228VECH SR GER 2:° i FLodPRBFT eval™igtion of the two

sanpl es r gvgatishd soMeRidit® e Q¥ebr LAY i BBGe P OF-DRbRABLnddan i somer
2; and, on?&hat basis, i.sonmer, 1 .was tentatively assjgned as the D -isoner.

| somer 1 gdd7eqcenkEetefeho reides 2obvadel H-S9MER| Br onk icghd to this

stirring eveluitiyh Wastaddeg baMphled idvedtilgbhybobher dol@edobdy 11 4
mol ) . The,precrcF)ltate was filtered and dried in vacuo to 15 give 2.8 ¢
(75% of FRES? T POABBENERAR AHORRR 2508 RPetBPb PRsigh1isaRel visis for
C27H33NAORER. detiGlbitedyHROs il ds Ghue TP-i43mel. 61ddheN1 208:g)0 , 12. 04;
20 Found; C, 52.06; H 6.03; N 9.41; d, 11.91. . .
was then redissolved in dichloromethane and to this stirring
solution was added 1 M HCl in diethyl ether (10.4 wh, 10.4
mmol} . The precipitate was filtered and dried in vacuo to
15 give 2.8 g (75%) of the title compound.
1H NMR
IS-M8, wm/e 520.1 (M+1)
Analysis for Cp7H33Ny03F-2.1 HCl-1.4 HoO:
Calcd: C, 52.43; H, 6.14; N, 92.06; Cl, 12.04;
20 : Found: C, 52.06; H, 6.03; N, 9.41; C1, 11.91.

Example 69
1-[Indole-6-carbonyl— D,L- (2-trifluoromethylphenyl)glycinyl] -
4—(1;methylpiperidin—4—y1)piperazine Hydrochloride;

.125 . .Efgpared fxrom 1-([D,L-{2-trifluoromethylphenyl)}glycinyl} -
4-(1-methylpiperidin-4-yl)piperazine and 6-carboxyindole using
procedures substantially equivalent to those described in
Method I-C followed by I-D.
1H NMR

30 IS-MS, m/e 528.0 (M+1)
Analysis for CggH3sN5OoF3-1.9 HC1-2.5 Hy0:
Caled: C, 52.39; H, 6.10; N, 10.91; Cl, 10.50;
Found: C, 52.12; H, 5.61; N, 10.71; Cl, 16.63.
HPLC Analysis (Method A): 97% &ty = 21.10 min.



Exampl e 69 1- [Indol e-6-carbonyl-- D, L- (2-trifluoronethyl phenyl)glycinyl]

- 4- ( 1- net hyl pi peri di n-4-yl ) pj peraz,jispe Hydrochl ori de.3 2&hRitrpangsd from
1-[D, L-(2- trifluoronethyl phenyl)glycinyl}-

4- (1- et hyl pi peri di n-4-yl) pi perazi ne and 6- carboxyi ndol-e using procedures
substantially equi'valent to those described in Method I-C followed by I-D.
IR NWVR 30 IS-M5, mle 528.0 (M+l) Analysis for C28H32N502F3.1.9 HCO 2.5 H20:
Calcd: C 52.39; H, 6.10; N, 10.91; d, 10.50; Found: C 52.12; H, 5.61

N, 10.71; d, 10.63. HPLC Analysis (thhod A): 97%tr = 21.10 min. 157 13
DecenbeL‘2004 Exanpl e 70 1- [ 4-Methoxybenzoyl-- D-cyclopentylglycinyl] -4---
(1--nethyExath@eﬂDdin-4-y|)piperaznne D hydrochloride. 5 Method 1-G To a

stirring S0} Ut f t 388 ) was added DCC
(0. 684 g,fzi.dét’ir%(%gf’%‘f bé?%‘i"r% o2 gYe it vigive a‘ldéld A mgé%ﬁ

p- met hox yipigrezdidd nad it Yl pkdAazige ﬁhﬂyﬁnwnhl¢riﬂui

1- (D-cxglopentngIyC|nyI] 4-(1 10Mgg$ % er|d|n 4-yl ) pi perazine (0.683 g,
2.21 nmmol) in DM (9 nlL). After S ? rng overni ght, the solution was
filtered; andTat hest:u.htxmg, e;amsld:»maﬂedlomt 00 a38aSGX eobumﬁmﬁnr gty eated with

o7 Ot HESAET  RBROLo G RSk U, Fekdehy. i gl v washed
f ol | owed égﬂuhu@hlwaan&mdmwhe.sBmetimnumfcp metwmxyhannglﬁracid(uni4ware
conbi ned an%,NrF ncen agg vacup Lo giye é} v (70% 1H NVR;, | S-M5,
me 443. £ %)%) 8? he f]T:;t %qﬁtygg ¥rit cé"nﬂ&und The HC1 salt was
pr eparxd m&hhujpwbéhﬂdhﬂ—43yﬂ0p@pdfa21ne (0.683 g, 2.21 mmol) in DMF (9
mbh} . After stirring overnight, the solution was filtered; and
the filtrate was loaded onto an SCX column (pretreated with 5%
acetic acid/methanol and washed with methanol). The column
was washed with methanol and then the product was elﬁted with
15 1 N ammonia/methanol followed by dichloromethane. The product
containing fractions were combined and concentrated in vacuo
to give 0.687 g, {70%, 1H NMR; IS-MS, m/e 443.4 {M+1l}} of the
free base of the title compound.
The HCl salt was prepared using Method I-D to give
20 737 mg (95%) of the title caﬁpound.
1H NMR
IS-MS, m/e 443.4 (M+1)
Analysis for CpsH3gNgO3-2.1 HC1:2.0 HpO:
Calcd: C, 54.08; H, 8.01; N, 10.09; Cl, 13.41;
-4_25 o ‘Found: C, 54 35; H, 7.76; N, 10.06; Cl, 13.64.
HPLC Analysis (Method A): 99.4% ty = 17.84 win.

Example 71
1-[Indole-6-carbonyl— D-cyclopentylglycinyl]-4- (1-methyl-
30 piperidin-4-yl)piperazine Dihydrochloride.

Prepared from indole-6-carboxylic acid and 1- [D-cyclo-
pentylglycinyl] -4- {1-methylpiperidin-4-yl)piperazine using
procedures subétantially equivalent to those uged in Method I-
G, using HOBt in place of HOAt and EDCI for DCC, and Method I-



20 737 mg (95% of the title conmpound. 1H NMR I S-M5, mle 443.4 (M1)
Anal ysis for C25H38N403-2.1 HCO -2.0 H2Q: Calcd: C, 54.18DeddmirQLo4 N,
10.09; d, 13.41; -.25 FFQund: C, 54.35; H, 7.76; N, 10.06; d, 13.64.
- HPLC Analysis (Method A): 99.4%tr = 17.84 mn. Exanple 71 :
1-[ I ndol e- 6- car bonyl - D-cycl opentyl gl yci nyl]-4-(1-nethyl- 30
pi peri di n-4-yl)pi perazi ne D hydrochl oride. Prepared from
i ndol e- 6-carboxylic acid and 1-[ D-cycl o- pentyiglycinyl] -4-
(1- et hyl pi.peri di n-4-yl) pi perazine using procedures substantially
equi valent _tqQ those used in Method I- G using HOBt in place of HOAt and
EDCl for BECM™&nd Method | 158 1 3 Decenber 2004 D. 1H NVR IS-MS, nmle

452.3 (M+Ik- ﬁsalm,sés;gfp@ GRGHB7N502-1.9 HO 2.5 H20: 5 Calcd: C, 55.18; H,
7.82; N, 12.38; 1.90: Found: C, 55.46; H, 7.47: N, 12.35; d, 11.79.

HPLC Anal 87 %Yﬁétfrm GrpHa 78607 % 5 HEL" 2 15 Hp@:mi n. Exanpl e 72 10
él E)Lelr :Vegrﬁxﬁbi?‘?ﬁd er ?zfﬁgl %@ﬁ%L %Lﬁ?l)p%lljjlﬁaéépg?ég%f S 4- met hoxybenzoi c
acid and 1-[D-% %:‘P‘ghe%'yl S5gt§ithy7142; (Iir riét Byl ptheriding-4-yl ) pi per azine
l|\J/ZIt Egd pf Q_PE%H Nwﬁibﬁtm,gkhi@%u%s%ﬁl? t 119.5903}? _| n Method 1-G and 15
Example 72
10 1-[4-Methoxybenzoyl— D-cyclohexylglycinyl] -4~ (1-methyl-
piperidin-4-yl)piperazine Dihydrochloride.
Prepared from 4-methoxybenzoic acid and 1- [D-cyclohexyl-
glycinyl]-4- (1-methylpiperidin-4-y1)piperazine using
procedures substantially equivalent to those in Method I-G and
15 Method I-D.
1H NMR
Is-MS, m/e 457.4 (M+1)
Analysis for CpgHqgN403:2.0 HC1l-0.6 HyO:
Calcd: C, 57.79; H, 8.06; N, 10.37; Cl1, 13.12;
20 Found: C, 57.54; H, 8.02; N, 10.19; -C1, 13.22.
HPLC Analysis (Method A): 100% &, = 19.35 min.

Example 73
1-[Iﬁdole-6-carbony1— D-cyclohexylglycinyl] -4- (1-methyl-
f25 pipe;;éép-4-yl)piperazine bihydrochloride.

_ Prepared from indole-6-carboxylic acid and 1-(D-eyclo-
héxylglycinyl}—4—(1—methy1piperidin—4~y1)piperazine using
procedures substantially equivalent to those in Method I-G,
substituting HOAt for HOBt and EDCI for DCC, and Method I-D.

30 1H NMR
IS-MS, m/e 466.3 (M+1)



Anal ysis for C26H40N403.2.0 HC1.0.6 H2O Calcd: C, 57.79; H 8.06; N,
10.37; 4, 13.12; 20 Found: C, 57.5459H 8.02; N, 10.10Dedeinbet30@2. HPLC
Anal ysis (Method A): 100%tr = 19.35 mn. Exanple 73 1-Ci adol e-6-carbonyl -
- D-cycl ohexyl gl yci nyl j-4-(1-nethyl - 25 piperidin-4-yl)piperazine

D hydrochl ori de. Prepared from i ndol e-6-carboxylic acid and 1- [D -cycl o-
hexyl gl yci nyl') - 4- (1- met hyl pi peri di n- 4- yI)plperaZ|ne using procedures
substantial ly eqU| val ent to those in Method I - substituting HOAt for

HOBt and I NI\/R | S-M5, me 466.3 (Mrl)
159 13 Decenper 25%%3 o8 B gaRaiE 1 e boo oo:  Cal o C
56.08; H, 7. BGlall‘dd 12, 13§ OLH., H1278%5; 1\Fou19d11£<335,6 12988H 7.47; N, 12.11,
Cl, 12-76. ySgk A 20. 08 mMn. 5
Exanpl e 74a I %: % car'b nyll? gh)’he%%% n’y'I]]2 7& (2- phenet hyl) -
pi per azi nTéPLCPrPepdufede Kidehtod @GD: phersd dhyei 29198 -wtin.( 2- phenethyl) - 10

pi perazé ne and i ndol e-6-carboxylic acid using nmethods substantially

equi valent to those described in Method 1-C (62%. IH NVR (CDC13) APCI - M5,
m e = 467EXdidle 728 Exanpl e 74b |- findol e-6-carbonyl - D phenyl glycinyll

-4 (2'pthTiééEﬂélslcarbonyl— D-phenylglycinyl]-4- (2-phenethyl) -
piperazine. ) |
Prepared-from 1- (D-phenylglycinyl) -4~ (2 -phenethyl) -

10 piperazine and indole-6-carboxylic acid using methods
substantially equivalent to those described in Method I-C
{62%) .
1H NMR (CDCla).

APCI-MS, m/e = 467 (M:1).

15
Example 74b
1-[Indole~6-carbonyl- D-phenylglycinyl] -4- (2-phenethyl) -
plperazine Hydrochloride.

Prepared from 1-{indolg—6-carbony1—D—phenylglycinyl)-4-

20 (2-phenethyl)piperazine using methods substantially equivalent
to those described in Method I-D {96%).

[@]25p = -96.8 °C (c 0.25, methanol).
Melting Point = 210-215 °C (dec.)
1y NMR (CD30D) .
» 25 HPLC Analysis (Method B): 98.6% ty = 16.5 min.
Analysis for CpgH3gNg02°1.0 HCL-0.5 Hp0:
Calcd: C, 68.02; H, 6.30; N, 10.94; Cl, 6.92
Found: C, 68.21; H, 6.32; N, 10.78; Cl, 6.78
APCI-MS, m/e = 467 {M+1)

30
Example 75
1-i{4-Methoxybenzoyl— D,L-thiazol-2-ylglycinyl] -4- (1l-methyl-
piperidin-4-yl)piperazine.

Prepared from 1-{D,L-{thiazol-2-yl)glycinyl] -4- (1-methyl-



pi perazi ne Hydrochl oride. Prepared froml -

(i ndol e- 6- car bonyl - D- phenyl gl yci nyl ) 18- 20 (2- phenet hiA BefegeeazP8t using

nmet hods substantially equivalent to those described in Method I1-D (96-0.)

... [OL] 256 D=-96.8 OC (c 0.25, nethanol). Melting Point = 210-215 CC
(deQ ) 1H NVR (CD30D). 25 RLC. Analysis (Method B) : 98 - 6%tr = 16.5 mn.

Anal ysis for C29H3ON402-1-0 HClI-0.5 H20: Calcd: C, 68.02; H, 6.30; .N,

10.94; d, 6.92 Found: C, 68.21; R 6.32; N 10.78; d, 6.78 ‘APCI-M5, nfe

467 (M ipéﬁid@ﬁaqpyﬁ)Sﬁbérﬁg%%e”EL SMEB¥E ae E%£¥gghgggi 2-yl gl ycinyl |
(1-ne eridi'n-4 pI per azi ne. Pre are rom
1 tD L- (t?# ﬂ?ﬁ?@l@%ﬁhﬂﬁjFrﬂv(subﬁﬁﬂﬁwtlnngﬂﬂIErDecenber 2004

pi peri di nléoryw_laﬁm Prkfitnd (el BoLAI Al By R B0 ARV bunGRL QUL 8 U1 N0

met hod 1-B, substltu | sopropyl et Tanmine for
carbonatedﬁﬁﬁu§ﬁwﬁ$hﬁﬁﬁlﬁy?Cdp@hneronethane for di oxane. 5 1H NMR LCNB m z
458. 4 (M 1g)ypixanpl e 76a 1- [4- Met hoxybenzoyl.-D, L- (benzo [Db]
t hi ophen-3-yl) glycinyl] -4- 10 (1-nethyl pi peridin-4-yl)piperazine.
Prepar ed ¢z @p8L4 }%@Hzo (b] thiophen-3-yl) glycinyl] -4-
(1- met-hyl pi peridi n-4-yl)pi perazine trihydrogchl oride and anisoyl chloride
using nmethod G A, substituting triethylam ne
: Example 76a

1-[4-Methoxybenzoyl-D,L- (benzo [b] thiophen-3-yl)glycinyl] -4-
10 (l-methylpiperidin-4-yl)piperazine.

Prepared from 1-[D,L-(benzo[b]thiophen-3-yl}lglycinyl]-4-~
{(L-methylpiperidin-4-yl)piperazine trihydrochloride and
anisoyl chloride using method G-A, substituting triethylamine
for potassium carbonate and substituting dichloromethane for

15 dioxane.
1H-NMR
LCMS m/z 507.4 (M+1)

Example 76b
20 1-[4-Methoxybenzoyl- D,L-benzothiophene-3-ylglycinyl]-4-
(1-methylpiperidin-4-yl)piperazine Dihydrochloride.

Prepared from 1~ [4-methoxybenzoyl-D,L-(benzo{b]thiophen-
3-yl)glycinyl] -4- (1-methylpiperidin-4-yl)piperazine and 0.2 N
HCl, followed by lyophilization.

.25 L&MS m{z 507.4

Example 77a
1- {4-Methoxybenzoyl— D,L-naphthalene-1—y1g1?ciny1]-4-
{(1-methylpiperidin-4-yl)piperazine. ,

30 Prepared from 1-[D,L~(naphthalen-l-yi)glycinyl]-4—
(1-methylpiperidin-4-yl}piperazine trihydrochloride and
anisoyl chloride using method G-A, substituting triethylamine
for potassium carbonate and substituting dichloromethane for

dioxane.



for potassium carbonate and substituting dlchloronethane for 15 di oxane.
1H-NMR LCVB nlz 507.4 (Mrl) Exanpl e 1ggb 20 1-[4- Met hotybERgmBler2004
D, L- benzot hi ophene- 3-yl gl yci nyl ] - 4- (1 aaet hyl pi peri di n-4-yl) pi perazi ne
~.Di hydrochl ori de.: Prepared from 1-(4-nethoxybenzoyl -D, L-(henzo(b]thi ophen-
“ 3-yl)glycinyl]-4-(1-rmethyl pi peridin-4-yl)piperazine and 0.2 N HCI,
foll owed by |yophilization. ..25 LCMS mz 507.4 Exanple 77a
~ 1- (4- Met hoxybenzoyl - D,L-naphthalene-l-ylglycinyI]-4~
~(1- et hyl iR di n-4-yl ) pi perazine. 30 Prepared from
"1-[ D, L-(na hthalen 1- yl)%§g0|nyl] 4 (1--nethyl pi peridin-4-yl)piperazine
trihydro géearlf - Qi }I chl oride using nethod G A, substituting
triethylan1ne for potassium carbonate and substituting dichioronethane for
di oxane. 161 1HNVR IS-M5 me 501.0 (N%l) 13 Decenber 2004 Exanple 77b 5 1-
[ 4- Met ho XEP5RmRAGy 7 7 D L- napht hal ene-]. -yl glycinyl] -4-
(1- met hy i peiedh eraﬁlx{‘%ﬂ@h @ﬁecmﬁgl%myﬁ egared from
1-[ D, L- (n]PhthaIe - -yug C|n¥ met hyl pi peri di n-4-yl ) pi perazine and
0.2 N Hcid my &pK mizmna@ﬁnemﬂ&wmlmvsemZ 501.4 (M)
Exanpl-e 78 Prepared from 1-[D,L- (naphthalen-l-yl)glycinyl]-4-
(1-methylpiperidin-4-yl)piperazine and 0.2 N HCl, followed by
lyophilization.
10 1H-NMR
LCMS w/z 501.4 (M+1)

Example 78 .
1-[Indole-6-carbonyl— D,L-naphthalene-1-ylglycinyl]-4-
15 (1-methylpiperidin-4-yl)piperazine.

Prepared from 1-[D,L-(naphthalen-1-yi}glycinyl]-4-
(1-methylpiperidin-4-yl)piperazine trihydrochloride and
6-carboxyindole using method I-C, substitutuing EDCI for DCC
and substituting N,N-diisopropylamine for triethylamine.

20 IS-MS m/e 510.0 (M+1)

Example 79
1-[4-Methoxybenzoyl-D,L- (2-methylsulfonylphenyl)glycinyl] -4-
(1-methy1piperidin-4-yl)piperazine Hydrochloride.

.28 Prepared from 1-{D,L-(2-methylsulfonylphenyl)glycinyl]-4-

' {1 methylplperldln 4-yl)piperazine and anisoyl chloride using
Method I-B, substituting triethylamine for potassium carbonate
and substituting dichloromethane for dioxane. The HCL salt
was prepared by Method I-D, substituting ethyl acetate for

30 dichloromethane.
1H-NMR
IS-MS, w/e 529. (M+l)



1-[ I ndol e- 6-car bonyl --- D, L- napht hal ene- 1-yl gl yci nyl ]-4- 15

(1- net hyl pi peri di n-4-yl ) pi perazi ne. Rgepared from 1- T3 egember 2004

(napht hal en-1-y1) glycinyl] -4- (1--nethylpiperidin-4-yl)piperazine
.trihydrochl oride and 6-carboxyindol e using nmethod I-C, substitutuing EDCI
~for DCC and substituting N, N-diisopropylamne for triethylam ne. 20 | S- M5
me 510.0 (Mtl) Exanple 79 1- [4-Methoxybenzoyl-D, L-

(2- et hyl sul f onyl phennyl) glycinyl] -4-.

(1- et hyl prpeslaliao- 4-yl ) pi perazi ne Hydrochloride. 25 Prepared from

1-[D, L-(.2+ Il sul f onyl nyl )glycinyl]-4-_- ] ,

(1E met h§/| &FE%%%‘?S‘}?’%’ ﬁ%fg?'h]géﬁﬁ%grﬁghh?%"lliﬁi‘k’aﬂ’l%‘?ﬂnéfrlildé"usi ng Method I-B,
ZUbﬁfitUt i[nﬁ(ﬁaﬁieh}myf i gaﬂn&ﬁﬁnﬁag&fé\:&ﬁldml a{r&r)dminariaag Eubsti}]uéi ng

i chl or onet ha or_.di oxgne.. The HCl salt S prepare Met hod 1- D,
substituting gﬁlﬁ S&&&Fﬁ?es?]d’rtli?ﬁ of C%T"@FBH%’B}H%I‘&@“"C Iaﬁ-lﬂll\/}F/f’q%-“f%, me 529.
E) ML- ]( : %_51620 J:&ncﬂlec,e lr.tbem, BPMZJ‘E&@@ZIPEeyﬁ%l_izgiiﬂyﬂﬂfovﬂmgﬂi‘@&in—4-y,1 ) -

, L- i azgl] -5- v cinyl]-4- - - ridin-4- e pi per azi_ne

Di hydrochﬁg#}l’g]eg"gﬁ%aélg?i ?4%’%?35%|-Bt'|“§f%o1anﬂ-ﬁ%%‘¥oé eﬁ'@oi -2 760 g, 5
5.0 mmol ) in BMF (40 ki) (Wl axddedSERLY Oly.0isNYl ] 5 - F-mdody- (BN ighiturd- Y1) -
et hyl ] pi perazine (circa 5.0 n’m)lgr and HOAt 8750 ng, 5.5 mmol) in DVF (40
m) was alaBdSERE=Y 2E0BOYN, PEPSTARYNY £OFha0 Nt x 13Ttk thRagoktetY ed at room
t enper at ugembedd 20: Racabd the: seb¥@ids weRBOVEELH Nip/ d3eUahidhsed@si dues were

t aken ,n chloroforny 10 isaqpropyl alcohgl (2:1) and washed wth satd
sodi u BbFﬁaP’a‘%Ri’a?t éﬁ@?ﬁ@l a%@duénﬂh‘%&%’%ylﬁﬁcﬁa@it%&tl@d with

chl or of or piéaapuy. alrBeudodislphdse3 masaBdek Nextabbieredith
chloroform:isopropyl alcohol (2:1) (x3), and the combined
organic extracts were dried (MgSO4) and concentrated in vacuo.
The crude product was purified by preparative RPHPLC; and the
15 product fractions concentrated, taken up in
chloroform:isopropyl aleohol (2:1), washed with satd sodium
bicarbonate, dried (MgS04) and concentrated in vacﬁo. The
free base thus obtained was dissolved in methanol and treated
with 2 equivalents of HCl in ether and evaporated to dryness.
20 The residue was dissolved in water/acetonitrile and freeze
dried to yield 786 mg of the.title compound.
LCMS M+1 466
NMR

_ 25 Example 81
£1[4¥ﬁ££hoxybenzoyl— D,L-(2—ﬁethylthiazol-4-y1fg1yciny1]-4-{2-
(pyridin-4-yl) ethyllpiperazine Dihydrochloride.
Prepared from 1-[D,L- (2-methylthiazol-4-yl)glycinyl]-4-
[2- (pyridin-4-yl)ethyllpiperazine and 4-methoxybenzoic acid

30 using methods substantially equivalent to those described in

Example 80.
LCMS M+1 480
NMR



organic extracts were dried (MgSO4) and concentrated ipn vacuo. The crude
product was purified by preparative RgHPLC, and the 15 EB?‘E?(H”M 2094t i ons
concentrated, taken up in chloroformisopropyl alcohol (2:1), washed wth
«:8atg-sodi-um bi carbonate, .dried (MySO4) and concentrated in vacuo. The
free-base thus obtai ned was dissolved in nethanol and treated wth 2
.equivalents of HO in ether and evaporated to dryness. 20 The residue was
- dissolved in water/acetonitrile and freeze dried to yield 786 ng of

the.titl exconyleund. LCIVS Mtl 466 NM 25 Exanple 81 1-[4-Methoxybenzoyl -

o hyéfo”ﬁ‘# AR BP0 b e Rt ey Gy el myt

[ 2- (pba- (@yméiwgqnmﬂthmppj:;a&damﬂanﬂlﬂydﬂﬁdm&ybagz0| C aC| d 30 using
‘rret hods’ bstantlg e |vaI ent_to tho?‘e descrl Exanpl e 80. LCMVS
Wi 980 TRFSS TEobdeatibiD ot AR Y A INEC PR, HeNZoy - D, L.
(2- ani Mot pyagalindayyl) egilmn ﬁ!ﬂ)e]traz‘lme[ anfpyridinbdbrhrei dYddiki peLagi ne

Di hydrochl qri %ﬁ B}PP

1- (Boc- Dur_t'é'l f ﬁq%alpy?@py@wp) to 4t}[°f’55 described in Example

(pyridin-goyl)ethyllpiperazine and 4-nethoxybenzoic acid using nethods
substantlal }Sy eqw vaI ent to those described in Exanple 80. LCVS M+l 481
NNR 10

NNR

10
The following compounds are prepared using similar
procedures to those described above and the appropriate

starting materials:

15 i—[Indole-G—carbonyl— D-phenylglycinyl] -4~ [2~(2-aminothiazol-
4-yl)ethyl]lpiperazine. (For example by coupling indole-
6-carboxylic acid with Intermediate A-10, followed by

deprotection of the amino group.)

20 1-[Indole-6-carbonyl-D-phenylglycinyl] -4-[2~ (2-methylpyridin-
4-yl)ethyllpiperazine.

1-[Indole-6-carbonyl-D-phenylglycinyl] -4-[2- (2-trifluoro-
methylpyridin-6-yl)ethyll piperazine.
25
' iﬁ[iﬁdgie-s—carbonyl-n—(2-chioropheny1)glycinyi]-4-'
[2- (pyridin-4-yl)ethyl]l piperazine.

1-[Indole-S-carbonylnn-(2-ch16ropheny1)glycinyl]-4-
30 [2-(pyridazin-3-yl)ethyllpiperazine.

1-[Indole-6-carbonyl-D- (2-chlorophenyl)glycinyl] -4-
[2- (imidazol-1-yl) ethyllpiperazine.



The foll ow ng conmpounds are prepared using simlar pr hose
descri bed above and the appropriate qgharting naterlalgyggégﬁ@ykﬁoa

[ I ndol e- 6-car bonyl -- D-phenyl gl ycinyl] -4- [2- (2-am nothiazol- 4-yl)

et hyl ] pi perazine. (For exanple by coupling . indole- 6-carboxylic acid with
I nt ermedi ate A-10,” followed by deprotection of the am no group.): 20 1-

[ 1 ndol e- 6-car bonyl - D- phenyl gl ycinyl] -4- [2- (2-nethyl pyridin- 4-yl)
~ethyl]piperazine. 1- [Tndol e-6--carbonyl-D phenylglycinyl] -4- [2-

(2-trifluer | )
-1- (Tndole96?cd£§%n |?%&%§£%?ﬂ org %%g§ %5ﬁeggﬁ?§?§§3ff%ﬁ A (Pyridin--4-yl)
et hyl ] p|ﬁérézm¥dﬂqurPTH@béEhiiMpapbrmgdne-D-(2 chIorophenyI)egC|nyI] 4- 30
[2-(pyridazin-3-yl)ethyl] Piperazine. 1- [Indol e-6-carbonyl -
(2-chl orophenxiyl)glycinyl] -4- [2- (im'dazol-1-yl) ethyl] plpera2|ne. 164

13 Decenbér[Enmnﬂ€b5=CPrhduW¥&H}£aapbb@@dpﬂ@ny@2gtY¢in&1ﬂhanyI)glycinyI] --4--
(2- (imdgzol-- ) e FEr AN [ I ndol e- 6- car bonyl - D-
(2- chlg?og% k §b4n§F¥Ll§#ﬁ§) éraf%??hzol 4--yl) ethyl] piperazine. 1-
(4- thhoxybenzoyl D, L- (quinolin-8-y3.,) glycinyl] -4- (1- nethyl

plperldln I QPR Zi,ne.q 10 ;Assa taco Nz, hibiti assays The
ability o ¥'ﬁ g:grrpoun ﬁgi?3%P¥?$igh 3#?§£}ﬁégﬁﬂeq g Yiited in one
or nore oﬁipémnd1ﬂ44ewﬂmgliﬁuamﬁneLnhibition assays, or in other st andard
assays known to those skilled in the art.

10 Assay protocols
Enzyme Inhibition assays:

The ability of a test compound to inhibit factor Xa may be

" 15 evaluated in one or more of the following Enzyme Inhibition
assays, or in other standard assays known to those skilled in
the art.

Enzyme Inhibition Assay 1
20
Enzyme assays were carried out at room temperature in 0.1M
phosphate buffer, pH7.4 according to the method of Tapparelli
et al (J. Biol. Chem. 1993,268,4734~4741) . Purified human
factor Xa, trypsin, thrombin and plasmin were purchased from
.25 Alexls Corporatlon, Nottingham, UK. Urokinase was purchased
. from Calblochem, Nottingham, UK. Chromogenic substrates for
these enzymes; pefachrome-FXA, pefachrome-TRY, pefachrome-TH,
pefachrome-PL and pefachrome-UK were purchased from Pentapharm
AG, Basel, Switzerland. Product (p-nitroaniline) was
30 quantified by adsorption at 405mm in 96 well microplates using
a Dynatech MRS000 reader (Dynex Ltd, Billingshurst, UK). Km
and Ki were calculated using SAS PROC NLIN (SAS Institute,
Cary, NC, USA, Release 6.11) Ky values were determined as

100.9pM for factor Xa/pefachrome-FXA and 81.6pM for



Enzyme Inhibition Assay 1 20 Enzyne assays were carried out at room
temperature in 0.1M phosphate buffergspH7. 4 accordi ng13t[§e‘t‘eﬁ‘ébqfrgpﬂ‘bd of
Tapparelli et al (J. Biol. Chem 1993, 268,4734-4741). Purified human

. factor Xa, trypsin, thronbin and plasm n were purchased from25 Al exis

Cor poration, Nottingham UK. Urokinase was purchased from Cal bi ochem
Not t i ngham UK. Chronobgenic substrates for these enzynes; pefachrome-FXA,
pef achr ome- TRY, pefachrome-TH, pefachrome-PL and pefachronme- UK were
purchased from Pentapharm AG Basel, Switzerland. Product (p-nitroaniline)
was 30 qubRRSi@esachgene iiton InhiomansEack GSuaItionEcYe¥s at es using a

Al cut at o TR Shs PP sre R ool soff it Crce
6. 11) Km detwsscyweife Kiehessnreadnas wak) @o8Fifuosd flycicompxal @i adlhone- - FXA

d 81.6M 6 mber, .2004 i fachr ame- TRY. | nhi bi k
ol ut 1 onsr wer et b2 IR itniga b AL 3aBRAR Y R X Moom S0M ana M

Accuracy of Ki neasurenments was confirmed by conparison with Ki values of

known inhibitors of . factor .and .t sin. 5 In .agreepent. W th published
data. bonbaddhsertin AEHE il aRee T Beppandul BEREP:eY ichebPR and
ur oki nasexay tdryfisival tbsomtin,lphMbmitl Mnd3366A n2R0RAERNKL BQRMs of

respectively. NAPAP inhibited thrombin with a Ki value of 3nM Conpounds of
the 10 ihvefiti atMfer &398imEO08MnaRD Q0PN TESPSST ivRéEe MRRAR/s. Enzyne

| nhi bi ti ofnWasiased tHERP: 4 3Gl aXR: AR uBUBRN AT ORInBoURES JHGRased from
Enzyme 15 Research Laboratories (South Bend, |ndiana, USA). O her
pr ot eas@siHEE FFpHEEEhEPURD e Paval 2 EHEEEsIn ARiesRDgERRYS -

Enzyme Inhibition Assay 2

Human factor Xa and human thrombin were purchased from Enzyme
15 Research Laboratories (South Bend, Indiana, USA}. Other '

proteases were from other cowmercial sources. Chromogenic

para-nitroanilide peptide protease substrates were purchased

from Midwest Biotech (Fishers, Indiana, USA).

20 The binding affinities for human factor Xa were measured as
apparent association constants (Kass) derived from protease
inhibition kinetics as described previously.&:b,c,d The
apparent Kass values were obtained using automated (BioMek-
1000) dilutions of inhibitors (Kass determinations are

;325 performed in triplicate at edch of four-eight inhibitor

- concentrations) into 96-well plates and chromogenic substrate

hydrolysis rates determined at 405 nm using a Thermomax platév

reader from Molecular Devices (San Francisco). For factor Xa

inhibition, the assay protocol was: S0 pl buffer (0.06 M tris,

30 0.3 M NaCl, pH 7.4); 25 ul inhibitor test solution (in MeOH);
25 pl human factor ¥a (32 nM in 0.03 M tris, 0.15 M NaCl, 1

mg/ml HSA); finally, 150 pl BzIleGluGlyArgpNA (0.3 mM in water)

added within 2 min to gtart hydrolysis. Final factor Xa was



para-nitroanilide peptide protease substrates were pur sed  fr M dwest
Bi otech (Fishers, Indiana, USA). 20 g binding affiniff@guwgprﬁﬁ n factor
Xa were neasured as apparent association constants (Kass) derived from
protease inhibition kinetics as described previously. a, b, c, d The
apparent Kass val ues were obtained using automated (Bi oMek- 1000) dil utions
of inhibitors (Kass determ nations are 25 perforned in triplicate at each
of four-eight inhibitor concentrations) into 96-well plates and

chronmogenic,sybstrate rolysis ra det er gi ned .at .4Q5 nm,using a

Ther rmmatx']3 pf a’#g' §88e#£¥foﬁﬂ‘%¥/§%‘8%| a%Dé’\?FSe‘gé‘i%nﬁfla EP8co)®*%For factor
Xa i nhi betanderd kerassayn el eant pbste I bsbubf edofta®brd tris, 30 0.3 M
NaCl, pH 7. 25 | inhibjtar .test solution.(in . 25 1 human factor
Yo (32" mippRbungS o prch CidbibR ecieeprealibh " ok ed? Aash 00 |

Bzl | e uGyPegpNAd( o3 siMh nnkdbetdr asdeatwativm whithnptedsdead t

hydrol ysis. .Final, factor. s, 166 13 Dec [ 2 3.2 nM_ Free [ Xa] and
bound [%aﬁy%?fé’sdﬁt éph%%%‘?%v%ﬁtf"?%a%o‘ ?f‘grr:gg? aof(c)&?\‘?egoﬁ'ﬁr?]he{?’s&ne pl ate
by use of nofdcmxPia) : sappavarg kasseach [mbhlpPlEgr [mgneentration and .
appar ent Kﬁsﬁﬁ cql%glat d for each inhihitor, concentration which produced 5
hydr ol ysi $¥phhiiliionthet wedht 2 8BPARH IR 55t VEHET Gt POFRERED 258M f act or
Xa) : appapgidxifesely the idnderse[ &f]tld JKi=fokEbhe /xddpbbkiee I b] . The

appar ent -Kas "valu?s so obtained are approxi nptely the inverse of the K
fof the rbopUTHiare LARPEIART & FEP abhkasohe AppLLitynet viRathbi [ty of
nmean 1@oappgiedtic Kass valwas sdebeniha®htatheheisinglebsubsts ate -
concentration was +/- 15% The assay system Km was neasured as 0.347 +/-

0. 031 nﬂﬂf?ﬁﬂﬁ?tQQH}OVnﬁﬁsvﬁﬁ§ 18%11 The apsay s%ﬂﬁ%ﬁwﬁm was measured

as 0.347 +/- 0.031 mM [n=4]; and Vmax was 13.11 +/- 0.76

PM/min.

15 Kass values were determined with thrombin and other proteases
usging the same protocol with the following enzyme and
substrate concentrations: thrombin 5.9 nM with 0.2 mM
BzPheValArgpNA; XIa 1.2 nM with 0.4 mM pyroGluProArgpNA; XIIa
10 nM with 0.2 mM HDProPheArgpNA; ﬁlasmin 3.4 oM with 0.5 mM

20 HDValLeulyspNA; nt-PA 1.2 nM with 0.8 mM HDIleProArgpNA; and
urokinase 0.4 nM with 0.4 mM pyroGluGLlyArgpNA; aPC 3 nM with
0.174 mM pyroGluProArgpNA; plasma kallikrein 1.9 nM with D~‘
ProPheBAxgpNA; bovine trypsin 1.4 nM with 0.18 mM
BzPheValArgpNA.

25 L
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15 Kass val ues were determned with thronmbin and ot her1£éote ses %SI ng the
same protocol with the follow ng enzyje and substrate R & &0p

thronbin 5.9 nMwith 0.2 nM BzPheVal ArgpNA; Xla 1.2 nMwith 0.4

mM pyrod uProArgpNA; Xila 10 nMwith 0.2 nM HDProPheAr gpNA; plasmin 3.4 nM
with 0.5 mv 20 HUval LeuLyspNA nt-PA 1: 2 nMwith 0.8 nM HDI | ePr oAr gpNA;, and -
urokinase 0.4 nMw th 0.4 mm pyrod ud yArgpNA; aPC 3 nMwith 0.174 nM
pyr od uPr oArgpNA plasma kallikrein 1.9 nMwi th D-- ProPheArgpNA; bovine

trypsin 1 with 0,18 BzPhe al Ar 25 Gt L ons (a) Ssall D3, JA
Basti an,- Bg/lltfﬁ:ss IR BugME &ﬂ?rcgg SBRIRSE SETASRL Denny, DD

dera, DSS@létbiwcht’s,Q MhenetufdNadeipety RﬁlaH&UﬂQhJ.péA]arlﬂ |Br1ham§<| TJ Kohn,
HS Lin, wi t mth, Richett, K Takeuchl KJ
Thr asher, Oﬂ‘f‘?’l ?’?és)Jr ty ég“?ﬁt(lé? éé 3 %:%49?ar{ly§7l7&hang Di basi c

Benzo( bl t hi ophenes Derivatives as a Novel Class of Active Site Directed
Thronbl r. 2004 | S . _Det ) ion of the Serine

Pr ot eas& JI%ZI viﬁy, %gt Eﬁ%ftt(rr E’#g ?%/'péé’lrﬁt i ‘g‘{[us 2 dEBi FH Ty
orientati (B}nRoBefv&aﬂ, @Te BhdRa34 8% 3483uéPO WD JEnéb) ISrdHifi-gﬁze JJafd aft, DS

G fford- W Coff Robey Shuman, GE Sandusky, ND
Jones, NN%% '56 E'IHWYJ&{ g‘ﬁﬁi %f Bf IW’&%ISTR?HW% n

| nhi bitor toREf@éaG:d:axi.OSEfaegﬂizi‘cﬁ\'thosSeHémﬂﬁD@QSlTiﬂmt(-1932) .173-183
(1996). 10 (c) Smith G-, DS Gfford-More, TJ Craft, N Chirgadze, KJ
"Ruterbories, TD Lindstrom JH Satterwhite. Efegatran; A New Cardiovascul ar
Ant i coagul(ant smith New BAst cLpgd-abbse f OrT theft Can dilowpezkarkfPatient. Ed. R

Pifarre. EEQLEBB%%&%? EBSLiﬂég%fom, JH Satterwhite. Efegatran: A New
Cardiovascular Anticoagulant. In New Anticoagulants for the
Cardiovascular Patient. Ed. R Pifarre. Hanley & Belfus, Inc.,
Philadelphia (1997) pp 265-300.

15
(d) sall DJ, JA Bastian, NY Chirgadze, ML Denny, MJ
Fisher, DS Gifford-Moore, RW Harper, VJ Klimkowski, TJ
Kohn, HS Lin, JR McCowan, ME Richetit, GF Smith, K
Takeuchi, JE Toth, M Zhang. Diamino Benzo[bithiophene

20 Derivatives as a Novel Class of Active Site Directed
Thrombin Inhibitors: 5. Potency, Efficacy and
Pharmacokinetic Properties of Modified C-3 Side Chain

Derivatives. In press, J Med Chem (1999).

.25 In general, the compounds of formula (I) exemplified herein
have been found to exhibit a Ki of 10 puM or less in Assay 1
and/or a Kass of at least 0.1 x 106 L/mole in Assay 2.

The ability of a test compound to elongate Partial
30 Thromboplastin Time (Prothrombin Time) may be evaluated in the

following test protocols.

Partial Thromboplagtin Time (Prothrombin) Test Protocol



Phi | adel phia (1997) pp 265-300. 15 (d) Sall , JA BaSK?’ﬁ i wg % gadze
M. Denny, M} Fisher, DS G fford-Morgg R\NHar per, Kohn,

HS Lin, "JR McCowan, ME Richett, G- Smith, K Takeuchi, JE Toth, M Zhang.
D am no Benzo(b)thi ophene 20 Derivatives as a Novel C ass of Active Site
Directed Thronbin.Inhibitors: 5. Potency, Efficacy and- Pharmacoki netic
Properties of Mudified CG3 Side Chain Derivatives. In press, J Med Chem
(1999). 25 In general, the conpounds of formula (1) exenplified herein

have beenvéﬁ&@éi B0 kb Lo iy of ﬂxgopé\/'zw ('oe§§sanﬂ #5583k, and/or a Kass
of at least 0.1 x 106 L/nole in Assay 2. The ability of a test conpound to

el ongat e PéF’E‘"I“éEF EgutRiBapopees iaf Fi vielymr @tfhﬁﬁhb@?la@ﬂ]ﬁ@): ey eval uat ed

in the fobigidiGhe @3boRl Ol PEOlHoRaLL] Al wE}feog‘eﬁakééédfb Time (Prothronbin)
Test Protocol 168 13 Decenber 2004 Venous bl ood was col | gct ed into 3.24

(0.109m EPREBHuEAtiont Akt e0vadrataermintes sp Yioll uneseh, avitidoagul ant

to nines yokupks,of Rl 98de Jivgibhegdic&l!s were separated by
centrifugation at 700g for ten mnutes to yield plasm, which 5 was frozen

at 700C u"ﬁoube:trfe:qm lbe. tdot perdoplnot heldsast wakOpipettal dswa wasa pi pett ed
into in a | ass test tube, 1l of test conpouynd in DVBSO was added, and

al | oned tBL98F i 78%0vir! %o HRPRUEFROWBOLNOPMSR AT 308, Mt hest er
tissue t 5@@? r (el isen dded,

gl | owed t%iie)qw i%fg?)efmf g@gﬁ\% m nutE‘;'e}é1 rﬁf%%l% ?85}11 o %%ng%m cal ci um

chl ori de H@ﬂl@inet@emvdsladdedthmmbppilasm)e nelagkentngl-lell'éma tEdebclatmearas tilted

three $hMgR) Jdf Wl? 2008002 SURIYiblae $8E0RIS wihliel .t Nfog,ga0ent s and

of warm (37°9) 25mM calcium chloride solution was added to
initiate clotting. The test tube was tilted three times
through a 90° angle every five seconds to mix the reagents and
the time to clot formation recorded. Data from a series of

1s 6bservations and test compound concentrations are analysed by
a SAS statistical analysis program and a CT2 {(Concentration
required to double clotting time) for each compound is

generated.

20 Compounds of the invention were found to signifiéantly

elongate the partial thromboplastin time (Prothrombin. time)}.
Alternative Prothrombin Time and APTT Protocols

;?25 Coagulation Determinations. Prothrombin Times and APTT values
. were determined in HUMAN PIASMA with a STA instrument (Stago).
BioPT is a special non-plasma clotting assay triggered with
human tissue factor (Innovin). Possible binding to albumen or
to lipid was assessed by comparing the BioPT effects in the
30 presence/absence of 30 wmg/ml human albumen (HSA) and 1 mg/ml
phosphatidyl choline (PC). Inhibitors were delivered in 50%
MeOH vehicle.



the time to clot formation recorded. Data froma series of 15 observations
and test compound concentrations are sggal ysed by a SAkS BecambgriZeed

anal ysis program and a CT2 (Concentration required to double clotting
time) for each conpound is generated. 20 Conpounds of the invention were.
found to significantly elongate the partial thronmboplastin tine
(Prothronbin tine). Alternative Prothronbin Tinme and APTT Protocols 25
Coagul ation Determ nations. Prothronmbin Tines and APTT val ues were

det erm negpyn AEMAN PLASMA with a STA instrunent (Stago). BioPT is a

speci al..non-pl asna clotting assay triggered with- human tissue factor

(1 nnovi n) 75 Pk S isismabChtirely BaxctairbDade Gitrated | Neymhlnwas assessed by

conpari ng i effects in the 30 presence/ absence of 30 ng/m human

al bunren (Eé\%‘h B]‘L!ﬁ%!?s’}ﬂmg/ m  phosphatidyl choline (PC). Inhibitors were

del i ver ed2nubQ%stMechli ehi cl e. 169 13 Decenber 2004 APTT ASSAY 75 ail
plasma Citrol Baxter-Dade Ctrated Normal Human Plasma 25 N. 1 test sol'n 5
75 111 SAZEinl Bsshisy PREfer Atades acbdvaepsh Seppriepiastifcdpareate @ minnin,. @
37 75 Al %@Cl%@( 02 M PT ASSAY 10 75 pl plasma 25 Al test sol'n 75 1

sal i ne i nCtbate mn. @370 C 75 pl Innovin Baxter-Dade Reconbi nant Human
Ti ssue Faggonl Imcd@gmiougsiamof the invention were found to be potent
inhibitors of factor Xa.

PT ASSAY
10 75 ul plasma
25 pl test sol'n

75 pl1 saline incubate 1 min. @ 37° C

75 pl Innovin Baxter-Dade Recombinant Human Tissue Factor

15 Compounds of the invention were found to be potent inhibitors

of factor Xa.



= 1"yN 170 13 Decenber 2004 Clains 1. A serine protease i nhi bitor conpound of
~formula (1) C51 Rz/X -~X/Y |-, L/ Lp(D)f0 wherein: (i) RBPegambeerPe? 10(i)
~phenyl optionally being substituted in the 3 and/or 4 position by halo,
/nitro, thiol, haloal koxy, hydrazi do, alkyl hydrazido, am no, cyano,

hal oal kyl , aIkyIthio'"aIkenyI, al kynyl , acylam no, tri or difluoronethoxy,
car boxy, Cg_ ony MeOQ2-- or R, and optionally substituted at the 6
position y]f§ am no, hydroxy, halo,. alkyl, carboxy, alkoxycarbonyl,

cyano, am do, anlnoalkyl al koxy or alkylthio; (ii) naphth-2-yl optionally
substltuﬁfd a&&the 6 or gos ition by hal o, hal oal kox hal oal kyl , cyano,
nitro Fydrits & 5°t§ Rkail bl P%eﬁfﬂpoﬁmﬁyﬁﬁ wIRIlE afid opt i onal |y
20 substltuted at the 3 position by am @y, hydroxy, halo, alkyl, carboxy,.
-cyano, ami do, ani noal kyl, al koxy or aIk Ith|o 171 13 Decenber 2004 (rii)

i soqui nolin-7-yl, indol-5 yl, in gL\w/JY {- -5-yl, indazol -6-yl,
benzot bi azol - 6-yl or benzisox -5- t onal Iy substituted at the 3
position by hal o, hal oal koxy, “hal oal kyl, cyano, nitro, am no, hydrazido,
al kyl thi o, al kenyl, alkynyl or Rij; (iv) benzi m i dazol -5-yl or
benzot hi azol - 6-yl optlonally substituted at the 2 position by am no; 10
(v) thien--2--yl or thien-3-yi optlonaIF$ stbstituted at the 4 or 5

posi ti onwhgrkdhe, hal oal koxy, hal oal kyl, cyano,

Ro represents:
| 10 (1) phenyl optionally being substituted in the 3-and/or
ng 4 position by halo, nitro, thiol, haloalkoxy, hydrazido,
alkylhydrazido, amino, cvano, haloalkyl, alkylthio, alkenyil,
alkynyl, acylamino, tri or difluoromethoxy, carboxy, acyloxy,
MeSOp- or Ry, and optionally substituted at the 6 position by
15 amino, hydroxy, halo,. alkyl, carboxy, alkoxycarbonyl, cyano,
amido, aminoalkyl, alkoxy or alkylthio: -
(ii) naphth-2-yl optiocnally substituted at the 6 or 7-
position by halo, haloalkoxy, haleoalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl oxr Ri14 and optionally
20 substituted at the 3 position by amino, hydroxy, halo, alkyl,

carboxy, cyano, amido, aminocalkyl, alkoxy or alkylthio;



nitro, am no, hydrazido, alkylthio, aIkenyI al kynyl or R1; 5

3, 4- net hyl enedi oxyphenyl , 2, 3- dlhydr6|ﬁdol 6- yl, 13 December 2004
3,3:dichloro-2-oxo-indol-6 yI or 1-nethyl - 3- anlnoindazoI-S-yI, 15 (vii)
benzot hi azol - 2-yl, imdazo[1, 2-a]pyrimdin-2-yl or _ :
tetrahydroi m dazo[ 1, 2-aj pyrim din-2-yl; 172 .13 Decenber 2004 (viii)
pyrazol -2-yl optionally substituted at the 5 -position by hal o,

hal oal koxy, -hal oal kyl, cyano, nitro, am no, 5 hydrazido, alkylthio,

e o " RS MpeBBholRl il e e

al kyl t hi-&6~ y&hkémﬁhzo&k%y@yl bEnB&th@ZiobyB%Qi3o¥|béﬂtt@b&bhﬁl&&b@ﬂjtuted at

the 6 positi.on 0] oal koxy,, hal oal kyl, cyano, ni am no,

hydr azPd&P éP%?ﬂﬁH %bé %gH§F 3?k§ﬁ§|3oP°ﬁ&?l?§i?Ybéﬁ§8vUB gOﬁﬁK&&Mronal|y
substLtuhadoaukyhe 8yaposi hiiefobyamihop, hiwdaaxyo, halleylahkyl,, aaaebony,
cyano, anln al kyl, al koxy or alkylthio and at the 5 or 6 .1

posi tion E}YHX oorh 134l koxy, hal oal kyl, cyano, nitro, amino, hydrazi do,

al kyl thi o, a|KQﬁy|be@&Kwﬂsz©& Bhifl 6x|bénkadnhaaoyL609ul@@@hbﬁaiugstltuted
on the ind n|trog§n atom by al kyl and optionally substituted at the 5

or 6 poSi §GﬁtH§eﬁa & tﬁél8aPQ§%§loﬂaPBaF%§P°'cyano nitro, 20 am no,

hydr azpdo, alkwbtmhgenabkgmybr ahk¥Ays- o1 5§tloﬁél&y)shB§th§t£H at
substituted at the 5 position ﬁ am no, al o, al kyl, carboxy,
aIkoxycaFB@nﬂlOIC?aRSSléﬁPHobY ﬁiﬁoahﬂ%Pa PKBxyhéﬂoéﬂkyﬂt coraand

opti onal h&[t@:@bsbkn&%bedh§'ﬁratz|i‘@c3 99&};&990byamﬁéﬁylhamﬁlrvh%yorhﬁl qal kyl
cyano, nitro, 25 anino, drazi do I o, alken ﬁlj or
(xiyv) benzo[bﬂﬁﬁﬂoéhénmetéwleaﬁﬁéﬁaypgegnbst?tﬁréahaﬂrph@dog —§ogilti on by
ar#'no, thBQ&chh%EQFZaloQﬁl—1n86_rlb@X¥l §¥aNOmet AP A8-aRTHBIRLKY Ly -8l Kgxy or

alkylthlo and at the 5
(vidi) benzothlazol 2-yl, imidazo{l,2-alpyrimidin-2-yl or

tetrahydroimidazo{l,2~-alpyrimidin-2-y1;



position by hal o,. hal oal koxy, haloalk I cyano, nitro, am no

hydrazi do, al kyl thi o, al kenyl, al kynyl Rlj; with t He %emhegao%at R2
cannot be ami noi soquinolyl; Rl represents hydrogen hydroxy, al koxy, al kyl,
al kyl am noal kyl ., al kanoyl, hydroxyal kyl, al koxyal kyl, al koxycar bonyl ,

al kyl am nocar bonyl , al kyl am no, carboxyl, 35 carboxynethyl, am do or
am donet hyl ; 173 13 Decenber 2004 R j.represents hydrogen, hydroxy, alkoxy,
al kyl , alkanoyl hydr oxyal kyl , alkoxyalkyl, al koxycar bonyl ,

-alk | ami no, car 0X I 1. do _pr, am domnet - 5 -X-X-is
T (e BB peS T PR ta Rl ‘GBS EFRRER BE e oinar  tut ec:
pheny: ' gmaﬂuﬂﬂnlﬂwrhean,ﬁambaZQny, hapbah¥isl, pbpa?bfinﬁgrptyﬁﬁmﬁf,l

rro oxaz | 1 azo r ra oxagzo i m dazo
1y2 4- %hﬁ%ﬁf 7 F@?gb}Phi33%&98E§|aig§§¥FnPalﬁ Y pyri dazi nyl , Y
qui nol yl, |soqw>d)olplemdben§rmf upyhonamggzeﬁbsemyht@a ayctnal Bypogifipn or a
phenyl grou sub tltuag E%h n which Xi is a bond, 0, NH or CH2 and
R3i is pﬁ%h@?”‘byiﬁ Pxﬁyr @?ouﬁyﬁﬁ?roﬁéFF9 18M&0Bst i t ut ed by R3a;
each R3any@&%aqm@en@nkyaeﬁ&a$eanﬁehyd;og@@ynpydbexu al koxy; aral kyl oxy;

al kyl ; al kyl am noal hydr o car box ox yal kyl ;
al koxycar bony|{X) aIPV%&H\ﬁo&érﬁéﬁ&Pnaléﬁ1ﬁBﬁﬁFﬁgP e@IﬁFchG}éCERFQtlon

(1- GChalb@n%ﬁu@nl%gloa@kakaxnaabamﬁyhanbpgnoanhmerohahﬂlnsyano nitro;
t hi ol algﬁ{thlo al sui enyl al kyl sui phonam do;

al kyl ani K aﬁﬁéﬁylal&ﬂﬂﬁ@éekpﬁih?ﬂylhaPéBYRB%yorhﬁloalkyI a group of the
formila - C(X3x§ﬁ81%kﬁ%%fﬁwhéL9un05§lbﬁa@1grs§b§e§tu€€é apdcRL2;ar e

i ndependent |y sel ected from hydrogen ethz or together with
ths ni t r BGE tdosmbo 3RRER bﬁéy05we halo, Blkyt, carboky. cyano,

amido, aminoalkyl, alkoxy or alkylthlo and at the 5 or 6
15 position by halo, haloalkoxy, haloalkyl, cyanco, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or R1q7

(xii) indol-2-yl optionally substituted on the indole
-nitrogen atom by alkyl and optionally substituted at the 5 or
6 position by halo, haleoalkoxy, halocalkyl, cyano, nitro,

20 amino, hydrazido, alkylthio, alkenyl, alkynyl or Ryy:

(xiii) indol-6-yl substituted at the 5 position by amino,
hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano, amido,
aminoalkyl, alkoxy or alkylthio and optionally substituted at
the. 3 position by halo, haloalkoxy, haloalkyl, cyano, nitro,

25 amino, hydrazido, alkylthio, alkenyl, alkynyl or Ryj7 or

‘(xiv) benzo[b]thiophen-2-yl optionally substituted at the
3 p031tlon by amino, hydroxy, halo, alkyl, carboxy, cyano,
amldo amlnoalkyl, alkoxy or alkylthio and at the 5 or §
position by halo,. haloalkoxy, haloalkyl, cvano, nitro, amino,

30 hydrazido, alkylthio, alkenyl, alkynyl or R1j7 with the
proviso that Ry cannot be am1n01soqu1nolyl'

R1 represents hydrogen, hydroxy, alkoxy, alkyl
-alkylamlnoalkyl, alkanoyl, hydroxyalkyl, alkoxyalkyl,
alkoxycarbonyl, alkylaminocarbonyl, alkylamino, carboxyl,

35 carboxymethyl, amido or amidomethyl;



attached forma pyrrolidin-1-yl, piperidin-I--yl or morpholino roup; or
WAl -OCH2O- which is bonded to two adPacent ring aton® @?Feﬂ‘ibergﬁ‘?ﬂ 174 13
Decenher 2004 -L-Lp(D)n is of the formula: ""'3- ) NRr 5 in which R is
-(CH2)c--Rc, -CHReRf, -CH2-CHReRf, -CH2-CH2--CHReRf, or Rg in which c is 1
or 2; Rc is thienyl, thiazolyl(which my bear an am no substituent),

| sot hi azolyl, oxazolyl, isoxazolyl, pyrazolyl, imdazolyl, pyridyl (which

may bear an. aIEk s:tdgadwwits Zhl‘_{)ldl@@lelnphdmyyilr,oxw a[Lkaxyarmm&_sful phonyl ,

- al kyl am car b nyl m.na, 0X acetyl chl oro,
f1 uor o, 2‘ 0"1 Cg‘i 3‘ktyltﬂ'f ﬁ%‘%&‘ﬁféﬁ%ﬁ %’%ﬁ‘ﬁ&k’ﬁ\a’ Ef’ﬁé' y, nitro, :
hydr oxy, /ﬁlﬁwmﬁlmomdmm air@eiyyle thiy 1t etmadel v k3 dbae \qur}ber 2004

substi tuent), m di ny yridazinyl, pyrazinyl or phenyl ch may
bear at5rret hyl,” "hy"15a %Hodl met hyl ami no, car boxy,

- _di al kyl am neisudtg{@@dat&({)kﬁlssgﬂphonyl am nosul phonyl, 5
al kyl am nosul phonyl al kyl am nocar bonyl , ' am no, am do, al koxycarbonyl,

acetyl am no, meprefslemtrso ancyﬁ@r'ioonﬁétlb’oﬁya,a sablsbiy;lta'dt'r phelnydr,oxy,

al kyl sul m azql vl . an . qtetr ach of Re and
Rf |ndep<8,4r3§cqpqyal %1%t“£>) r'o%é%ag‘%l _’Sg'la%ﬁyjh EIE@EEI&H éyclug 5EN Y

(whi ch- mpy i lgelar Jasdmtdm amomdn,ia(zbl&@),*alp&ma\;cpl(yu 36}{Ia;zdlig>lyal kyl, (1-

SC)aI I [0):4Y} r.nonyl - qr .et hoxygar l, sbtituent at the 3-

or’ 4- %és.ﬂm%{% l *e})%%’%?lmd‘%zo‘i 'bgaf§§ é’ ; o, (1-3C)al koxy,

(1-30 h)pd,arramyaaiﬂrWL, (Elyris@zingl, , qmambdw,, liBbk]uiyloa[yﬂlony)lenQbfuryl,

1(_'at hoxycarb%%n o, ].15 S bsot | tl_{fegﬁ g_ﬁ( %L 2 & popht i OE) - .
et r ahydrop f’rﬁ T &R arsthi 55’§7I|pan f Vi PoYroPEGPR- 3-yI (which may
bee}r a @m@mum iy, Rakx3Chial kevtyh i- 36) by BoadyabkyN 6t 8Gpaiakyl |,

R3; is phenyl, pyridyl or pyrimidyl group optionally

15 substituted by R3y:
each R3; independently fepresents hydrogen; hydroxyl:;

alkoxy; aralkyloxy; alkyl; alkylaminoalkyl; hydroxymethyl;

carboxy; alkoxyalkyl; alkoxycarbonyl; alkylaminocarbonyl;

aminomethyl; CONH,; CHpCONHp; (1-6C)alkanoylamino;

20 alkoxycarbonylamino; amino; halo; cyano; nitro; thiol;
alkylthio; alkylsulphonyl; alkylsulphenyl; alkylsulphonamido;
alkylaminosulphonyl; aminosulphonyl; haloalkoxy; haloalkyl; a
group of the formula -C{X3)N(R11)R12 (wherein X3 is 0 or S and
R11 and R1Z are independently selected from hydrogen, methyl,

=y 25 ethyl, or together with the nitrogen atom to which they are
attached form a pyrrolidin-1-yl, piperidin-1-yl or morpholino
group; or '
A

—OCH20 - which i5 bonded to two adjacent ring atoms in Cy; and



car boxy, methoxycarbonyl or ethoxycarbonyl substituent at the gosition),

pi peridi n-4-ylI" (which may bear a hydrlidfy, anino, 20 (1133@gcembestfu4 (1-30)

"hydroxyal kyl, (1-3C) al kyl, carboxy, methoxycarbonyl or ethoxycarbonyl

substituent at the 1- position), or indan-2-yl; and Rg is

2- met hyl sul phonyl phenyl which may bear a 4-fluoro substituent or Rg is

di oxobenzo[ b] t hi ophen-7-yl; 25 or a physiologically-tolerable salt thereof;

provided that Lp(D)n is not of the formula (K): sot (K) 30 wherein X2 is

fluoro or. hy n. 17 3 cer . 2004 2. A conpound according to Claim

1, wherm%JhQiﬁ)% ﬁ%‘%pﬁﬁban " substituted: phenyl, pyridyl,
.-thienyl, thiazolyl, naphthylo pi peri or cycloalkyl group; 5 each-

R3a is independently sel ected fRbom hydrogen) hydroxyl, nethoxy, ethoxy,

met hyl , ethyl, methyl am nonet hyl j pgthyl hydr oxynet hyl ,

car boxy, nethoxynethyl, nethoxycarbonyl, car bonyl ,

nmet hyl am nocar bonyl, di net hyl am no-ca am nonet hyL,, CONHZ2,

CH2CONH2, 10 acetyl am no, met hoxycar bonyl am no, et hoxycarbonyl am no, t-

but oxyX akb oyt el o, Lant HH2 kd o, ~@Htaio, SHadCHReRro, thiol
met hy'thléﬁ %é/éﬁw ® Orlyf Retmlwﬁi&rp@fiyll offes hYﬂlsuiQhﬂ@i’éanl ot hyl

nethy[sulp n do; sl | phonyl am do,z; net hyl am niosul phony
ami no smtpmmyl mmunmdmr ars aming lﬂﬂbﬁf@ﬂh@%}thndlwthiﬁmbﬁbt hyl ;

and &P%H 1S Pé 48 f”ﬁg’r 141 Vﬂhf&bﬁal $ ﬁ@%l CHReR
ff,, -CH? , 7 Oi)ﬁl ch c*s 1 or 2; i p ri or p}%enyl :
(mhich ph@mybem@yan alkylsulphonyl, aminosulphonyl,

10 alkylaminosulphonyl, -alkylaminocarbonyl, amino, amido, (1- .

?fﬁ 4C)alkoxycarbonyl, carboxy, acetylamino, chloro, fluoro,
cyano, (l—'3C)alkyl', trifluoromethyl, methoxy, ethoxy, nitro,

hydroxy, alkylsulphonylamino, tfiazolyl or tetrazolyl



20 bear a fluoro, chloro, nmethyl, CONH2, SO02NH2, nethylaninosulghonyl,

di met hyl ami nosul phonyl , nethoxy or néPhyl sul phonyl sulssPeaemdst $Y0%ach of
R and Rf independently is hydrogen or Cl-3alkyl; or CHReRf is cycl opentyl
(which may bear a nethyl, ethyl or hydroxynmethyl substituent at the 3- or
25 4 posi-ton), cyclohexyl (which may bear a nethyl, ethyl or

hydr oxynmet hyl , (1-3C) al kyl, carboxy, nethoxycarbonyl or ethoxycarbonyl
substi t ugibsali thid@td, PvrdmBashyioNbyriligtiAPYdr 8p¥E20nd1Yby phenyl
tetrahydrothfébyranﬁi-gp, pyrro?idi%yfé- yl mhigg nayngearrapl?ﬁgihyl
subst i t udMPyichpmaer bgiag- 2- FELBY Ll wWipERY haliBear dimethEl Apinsubseirbeent,) or
| ndan- 2- i 51334 aRA nolsti1 pndRLAY | sukphenybrbapY! uhigh a 4-fluoro
substitue#ﬁ o#qag FSS7.%6-1?1¥-diogopengo[b thiopﬁen?g?%PBﬁ?;7 13 Decenber
2004 32 Alkyrpadnessdobedvag BékElaminecarbensl m 2ninper amadR2 represents:
(i) phenyl | I Y1 0ei skhiut Lp~th d/ 4 IL.tion by

fl uoro, c%lorg, &%gngl'igg%F§%?tro?' gﬁ%?ggfoﬁ%ﬁﬂgg ,8??P?ru3§§§8 Héxy,

am no, cydhexy.t miftlreer bydrbxly, adkhybuhpbonylaminocatbdrgoladebaxy,

McS02- -, I QX t hyl oxycC hyl_am no,
ethylaniﬁgQ§%Z§ﬁ¥gog%gggéﬁgfﬁ%gél §g§u§§t5?3§%§ §¥1$§Q§§¥b388§§&r¥§004 at

t he 6 podiydirogeny caniCnozahygiloxpr CHBgRe, issthokgpanbphyl(vhichanayor

o 078, Bl B SUREARLY, ISR 4031 SYIERY P L 05 el gty 301 oo

~ posi ti on 3 &l kg, ncagbolxydr meyhoagdaopbnghabtyethoxybarbopgdi tion with

anino, o Qi) PR YLogBll o0el| VoSSR R
. bear a hydroxy, amino, (1-3C)alkoxy, (1-3C)hydroxyalkyl, (1-

f;ﬁ 3C)alkyl, carboxy, methoxycarbonyl or ethoxycarbonyl

15 substituent at the 3- or 4-position), tetrahydropyran-4-yl,
tetrahydrothiopyran-4-yl, pyrrolidin-3-yl (which may bear a
.hydroxy, amino, (1-3C)alkoxy, (1-3C)hydroxyalkyl, (1-3C)alkyl,
carboxy, methoxycarbonyl or ethoxycarbonyl substituent at the-
l-position), piperidin-4-yl (which may bear a hydroxy, amino,

20 (1-3C)alkoxy, (1-3C)hydroxyalkyl, (1-3C)alkyl, carboxy,
methoxycarbonyl or ethoxycarbonyl substituent at the 1-
position), or indan-2-yl: and Ry is 2Z-methylsulphonylphenyl
which may bear a 4-fluoro substituent or Rg is A6-1,1-
dioxobenzo{b]thiophen-7-y1;

ity 25 or a physioleogically-tolerable salt thereof;
\ provided that Lp(D)n is not of the formula (K) :
—380,

/N
— ) X,

(K)

@

= I

30 wherein X5 is fluoro or hydrogen;



or hydroxy; 10 (iii) isoquinolin-7-yl, indol-5-yl, indal-6-yl,

i ndazol -5-yl, indazol-6-yl, benzothi'd8ol-6-yl or benZldscsrter 8044
‘optionally substituted at ‘the 3 position by chloro, brono, am no, nethyl
or nethoxy (preferably indol-6-yl optionally substituted at the 3
position by chloro, brono, nethyl or nethoxy); 15 (iv) benzi m dazol-5-yl or
benzot hi azol - 6-yl optionally substituted at the 2 position by am no; (v)

t hi en-2-y2. or A hi@ipdmd aamoir@ﬁakgl Yosahatikt at eerhatretil@ 4 or 5 position by
met hyl t hi o, fre hyJ or acetyl; kBB 4- et h Ienedloxyphen I '
2, 3-di hydr oi ndoY - A oPtiosg or UDSEASHERAG! Péle%ylor pyridyl,

1- met hyl - tautaénﬁp,l rlﬂﬂ%(ﬁol@‘l}ﬂ ,napﬁn\thlyﬂ beapet-iidaagli- o2 )é'ycloalkyl group;
i m dazq[ 1, 2- a] pyr.i m di n- 2- or tetrah ydroi mi dazo[ 1, 2-a] pyri mdi n-2-yl;

(viii) Dyrazolee= Riudst |lt“lfiiteé’&néltenﬂillré( Sepgsteronh 1o ﬁé’tdfﬁﬂgenr(l X)

pyri d- 2- My dddPnaldet ioaRst idtwosd, aheth§16 BRI, omek&ylyl%%ﬁwn@t@l (x)
pyrid-3-yl optlonally substituted at the 4 position by~ chloro; >¥%

benzof ur - L& tpaifianar heilh s tivdgegymgthihe 936€§#ﬁuOWGF%QﬂYm9ﬁbyinethyI or

met hoxy, Iﬁétﬁ&@yc’%ﬁorgrlpo%'thbgk@cla)éb%&ﬁw meed 1§m9n%tca%%n§1]p08' tion by
nethoxy,ﬁ%é%Q} I ndol optlonally Substituted on the in ni trogen

at om by ¥HQWQﬁ¥ &ony lsupsinepesyay, CANHE, ofHECOPHI,ti on by

fluorq,g il arbi ( bsti tuted at
the 5 p03|t|3ﬁiggigﬂog$§%bg§%agPu 3Q§§%ﬁ9d§g§$&g opt?%%g?l% substit uted

at the 3 pgsrtyenrhnpylemioce eminerhfiluoge, 178103oDecynber, 2004 o(xi V)
i toro, chlarg i et oAb SuaphbYA " byt dftenord bne ' of o
p0$|t|(N]mgphyhﬁnkphaﬂﬂLgrmethyﬂhyﬂphonylamldo, ethylsulphonylamido,
et methylaminosulphonyl, ethylaminosulphonyl, aminosulphonyl,
15 trifluoromethoxy and trifluoromethyl; and
-L-Ip(D)p is of the formula:

O .
PG
in which Ry is -(CHz) c-Rg, -CHReRf, -CHp-CHRgRf, or Ry in
which ¢ is 1 or 2; Ry is pyridyl or phenyl (which phenyl may
20 bear a fluoro, chloro, methyl, CONHy, SOoNHo,

methylaminosulphonyl, dimethylaminosulphonyl, methoxy or
rethylsulphonyl substituent); each of Rg and Ry independently

is hydrogen or Cq_3alkyl; or CHRgRf is cyclopentyl (which may
bear a methyl, ethyl or hydroxymethyl substituent at the 3- or

:25 43Eposition), cyclohexyl (which may bear a methyl, ethyl or

- hydroxymethyl, (1-3C)alkyl, carboxy, methoxycarbonyl or

ethoxycarbonyl substituent at the 3- or 4-position),
tetrahydropyran-4-yi, tetrahydrothiopyran—4~y1, pyrrolidin~3-
yl (which may bear a l-methyl substituent),. piperidin-4-yl

30 (which may bear a l-methyl substituent) or indan-2-yl; and Rg
is 2-methylsulphonylphenyl which may bear a 4-fluoro

substituent or Rg is 16—1,1~dioxobenzo[b]thiophen—7~yl.



hydr oxy, or nethoxy. 180 13 Decenber 2004 4. A conpound accordin to Claim
3, wherein R2 is: (1) phenyl, 2-ami nddglenyl, 3-am nopHéiigcempepsf

fl uorophenyl , 2-anino-4-f|uorf|pheny|, 2-ani no- 4- chlorophenyl,

2- - am no- 3- br onophenyl, 2-am no- 3-nitrophenyl, 2-am no-4- nitrophenyl,
3, 4-di net hoxy- 5- am nophenyl, 2-am no-4- nethyl phenyl,

2- am no- - 3- et hyl phenyl , 2-am no- 3- net hoxyphenyl, 181 13 Decenber 2004
3, 4-di amnOphanbbmp%uaddh@%&aaR N¥l, c3=am Nowd- fcllla%p@hemﬂerem R
3-ami no- 4- chlt or ophenyl, 3-am no-4-bronmophenyl, 3-am no- hyd roxyﬁ%enyl
3- ani no- XSPALESRREL hyl phenyl , 3-ami no-4- 5 nethylphenyl

3-am no-- 4- met(hgxy f

3- chlorophenylhqs g%%g%g 2%t&§§%29%2%@¥hg éubSEg?%R%%Lqﬁﬁoxyphemﬂd/or
4- chl o?oﬁhé’ﬁ’?lltl@ncF?NOIféHQIOhy§hé5@9fﬁheWI0mO4 dleider o nd-tredr oxyphenyl ,
4-chlor Odgfl%trla EEP%E%' £ J.%E.h@'irgm%t% 20 |1?1@>y| cykny onmophenyl, 4 10
br ono- 3- net hyl pheny i odophenyl, 2-cyanop eny b cyanophenyl ,

4- cyanopli&h Lluogom@yawéﬁrr@ﬁméﬁhe@yl v121ylhy@t|a@b|@hre'nylacetoxy, MeS0Op—-,

2- hydr ox o] I ro I t hyl phenyl ,

2, 4- d|hy§¥§£§§#2né¥gn§§% 8%ﬁ§§§6x§%ﬁ§§¥| m%tﬁgﬁgggﬁ¥ﬁéﬂgPhoxyphenyI 4 15
dlfluoromﬁthwiyphanylethyﬂamﬁhaopmnemhdmphen Iop¢1dnalﬂWumnmnﬂnhyﬂnhenyI

4- et hyl t hi ophenyl , 4-- met hoxycar bonyl pheny!, 4-acet oxyphenyl, 4-
nethanesulfonylphenyl, 3- et hyl phenyl ., 3- nethyI-S-aninophenyI,

4- et hyl phenyl, 4-vinyl phenyl, 4-nethoxyphenyl, 4 20 ethoxyphenyl,

4- met hoxy- 3-chl or ophenyl , 4-nethoxy-3-- net hyl phenyl, 3-nethyl am nophenyl,
4- et hyl am nophenyl, 4- et hyl am nophenyl or 2-am nomnet hyl phenyl; (ii)
na?hth-z-yl, 3-am nonapht h-2-yl, 3-hydroxynapht h- 2-



yl or 6-hydroxynaphth--2-yl; 25 (iii ) | soqui nolin-7- yI i ndol
i ndol -6-yl, 3- chlorroindol-6-yl, 3-b¥8nmoindol-6--yl, H'&Hefﬁé% 6-yl
'3- met hoxyi ndol - 6-yl, indazol -5-y| , . 3-am noi ndazol - 5- yI i ndazoi - 6-1j1,'
bcnzot hi azol - 6-yl, 3-am nobenzi noxazol -5-yl; (iv) benzi rri dazol - 5-yl,

2- am nobenzi m dazol -5-yl, or 30 benzothiazol-6-yl; (v)
thien-2-yl,.5-nethylthien-2-yl, 5-nethylthio-thien-2- yl,

5-acet yl t hi en<2- yheof pdsigr-@r Py, afiny, %Wmmylﬂmmhooxmphﬁnyycarbonyl,
2,3--dih indal 3- n

et hyl S 2er 68 afidne i SR PIR S T Ak BA Y8R an ene 4

i m dazo[ POZi&FpPr Py @ﬂﬂlzlrylamérlo t einwhy dredihvildaiopl, @ealjlpyrmrnrmm}o%-yyl

(viii)s5 dﬁ&%b@!&%@'t& w! poéggléﬂ% M% 0299‘4?95%% g Cg'rll@ré)é:}:ylr&n%llz yl
(x) pyrid-3 | oropyrid--3-yl; 5 (x benzo
5-chl oro@&nf)éfeuf" 29%‘-:1031 WHERh I bat 7% d‘rydzccwy)fs met hyl benzof ur - 2-yI

6- met hoxybenzqfltir) n%p}ahh £xg1 )opﬂl@ﬁ'alayylsubétibhlﬁc@'é@@hez 6y| osition
5--chl OI‘%I ridol - - et hX' i ndol - 2-y - met hoxi ndol - f

y
6- met hox n&éjﬁrﬁan%)%ﬁ&ni P‘r@tﬁ';}lPStJrH{F(ﬂd Syt e(ﬁlppyltlon by amino
5-fl uor0|didhhrdﬁoyir or (XI v) benzo[ b]thi ophen-2-yl, 5- ch| or o-

benz%la] t hi op en-l gl chl.or obenz {é—-t hi ophe 183 13
Decenber 2004 F11A f:%?r% 15‘080?’8(@“‘?% ?'(N3ln%%?%lfh Wris
sel ect ed 11’n|damo®ﬁé v, themzibthimbal {#v-y1 tax QdénﬁlSBkSleSS(ﬁl)o;ﬁtﬂc)nally
substituted at the 3 position by chloro, bromo, amino, methyl or
methoxy (preferably indol-6-yl optionally substituted at the 3
3 position by chloro, bromo, methyl or methoxy); |
15 (iv) benzimidazol-5-yl or benzothiazol-6-yl optionally
substituted at the 2 position by amino;
(5) thien-2-yl or thien-3-yl optionélly substituted at the 4
or 5 position by methylthio, methyl or acetyl;
(vi} 3,4-methylenedioxyphenyl, 2,3-dihydroindol-6-yl, 3,3-
20 dichloro-2-oxo-indol-6-yl or l-methyl-3-aminoindazol-5-yl;
(vii) benzothiazol-2-yl, imidazo{l,2-alpyrimidin-2-yl or
tetrahydroimidazofl, 2-alpyrimidin-2-yi1;
(viii) pyrazol-2-yl substituted at the 5 position by methyl;
(ix) pyrid-2-yl optionally substituted at the 6 position by
25 chloro;
{(x) pyrid-3-yl optionally substituted at the 4 position by
chloro;
{xi} benzofur-2-yl optionally substituted at the 3 position
o bg chloro, methyl or methoxy, at the 5 or 6 position by methyl and
30 at the 6 position by methoxy;
(xii) indol-2-yl optionally substituted on the indole
nitrogen atom by methyl and optionally substituted at the 5 or 6
position by fluoro, chloro, bromo, methyl or methoxy; .
(xiii) indol-6-yl substituted at the 5 position by chloro,
35 fluoro or hydroxf and optionally substituted at the 3 position by

chloro or methyl; or



(F) I3 (B') . . (E) (G) (C) (H) .5 wherein X4 is or S, Rl3 is

sel ected from hydrogen, fluoro [except/&or (C) ] , chﬁﬁ‘%ﬁe&beﬁé’g%l and
‘R14 is selected from hydrogen, nethyl, ethyl, fluoro, chloro, and nethoxy
and R15 is selected from hydrogen, nethyl, fluoro, chloro and am no. 10 6.
A compound according to claim5, wherein R2 is 4- chl orophenyl,

4- met hoxyphenyl , 3-armi no-4-chl orophenyl, indol- 2-yl, 5-chloroindol-2-yl,

i ndol - 6--yl, 3-chloroindol-6-yl or 3- nethylindol-6-yl. 184 13 EEcenber
2004 7. A coi oun ccor n ne . of Ia| lto wherein Cy i

sel ected from'* ﬁg %engqu??g Rﬁﬁxo glwﬁggépﬁ Y §§b§§P§BF§@‘ﬁF0ﬁﬁ@ S
and NMe;.3 ;ﬁos;utaoslebgctfedoﬁ:born:ﬁla@e Sr Me'this, sahaCb%élbh@ml S, NH and
NMVe; Y |s cte fro geg am,nQo and neth R is selected from
hydr og8n3 uPESH?P | 66 &, e PP?FFFBHrBHE?HVPrOWEFﬁéﬁfo nBefiyhi o,
rrtethylﬁgﬁmbxgylo@nﬁetﬁekpylsulphonyl Rmis selected from hydrogen,

nmet hyl, fluoro, chloro, trifluoronethyl, nmet hoxy, nethyithi o,

met hyl sul phin, yl,

had |



15 net hyl sul phonyl , carboxy, nethoxycarbonyl and a gro of the formula
-C(X3)N(R11)R12 (wherein X3 is 0 or 98hd R11 and R12* i@%cth?é gefHent I y
"selected from hydrogen, nethyl or ethyl or together with the nitrogen atom
to which they are attached forma pyrrolidin-1--yl, piperidin-1-yl or-

nmor pholino group); 20 Rp is selected from hydrogen and.fluoro; or 185 13
Decenber 2004 Ro and R or Rmand Rp forman -OCH2O- group; or :.-Ro and R
together with the ring to which they are attached 5 forma 5 or 6 nenbered.
aryl or etergfgy r|n %rhereln t he Qeter ar r|n contains 1 or 2
het er oat 3ns sé& EOMBRYPFoRCRTALBgeRC GX94EN an hetritr R2 d8é of Rol and Rot
i's hydrogen aﬂd)th@h@hﬁy&r s-afanopBeBy 1A gom@uaghaﬁgqr dQngmtlﬁoamL one of
claims_1 _to 7 where Cy i.s selected from phen 2- chl or ophen

2- netth?ﬁH@ﬁ?Phencha?ﬁéﬁ&?Ppﬁeﬁ}Porﬁ§P?8Y Jy? aB&PPd4EQPﬂ°rPﬁ%@ﬁ¥éqyl

t hi en- 32yla.mlmL@nb%ombphw@ao Q—Mhanb%dﬁiﬂkb%héhylt hbazglind-yl.

t hi azol - ¥ t hi azol -5-yl and_qui ngl i n-4- A conpound as cl ai ned
in any oRétePrbeavis 2 ﬁod8met%ﬁéﬁe§naRFnP§h§n¥éHR8RﬁmlneH2 ~“CHReRf or

- CH2- CH2nHRORLHGHQUD- 218mi AcCBIRAYRY 1R ehlAl, Mod Lai.

--CHReRf is ngZ gropy , 3-pentyl, gyglopg%tyl a@%gﬁoée§$g?oﬁgﬁh%h91

4-met Ryl cycl ohexyl , tetrahydrothio-pyran-4-l, pyrrolldln 3-yl, 1-

met hyl pyrrolidin-3-yl, 1-(2-propyl)pyrrolidin-3-yl, piperidin- 4-yl,
1-nethy|piperidin-4-y| 1- (2-propyl) plperldln--4--yl or indan-2-yl. 25

.r 11. ' A conpound as clained in claim10, wherein R is 1-

met hyl pi peridin-4-yl. 12. A conpound as clained in any one of Clains 1 to
11, in

£



30 which the al pha atomin Y is carbon and has the conformation__ that would
result from construction froma D-a-dfilnoaci d NH2- CH( dy)ReseRendide t he NH2
represents part of X-X. 186 13 Decenber 2004 13. A conpound as clainmed in
Caim1l, which is selected from

..-l--(I'ndol e- 6-car bonyl - D- phenyl gl yci nyl ) -4-[ 2- (4- pyridinyl) -

et hyl ] pi per azi ne; 1--(3-Ch|oroindoIe-6-carbony|-D-phenylglycinyI)-

4-[ 2- (8- @¢M1ﬁjﬁmgngghﬂqubpépézﬂdeminmphenyl 3-amino-4-fluorophenyl,
§ﬁ)g?;2?az?ﬁg%&yl %hﬂ%?%ﬁ%%% XC|%¥ %1no 4- bgomophg%&alpgrhghgo4h—

1- (I ndot. évBlmasvipdreny-1D- Bhaming-deicaybpbx4methyaphehyilpesi-dininé~4-

P IS phen L 3 A RC A BREgRYBRS BYhy | 2o 1poERRbRpL. 4-

pi peri di rEldrofoi-paraaniphenyl, 3-chlorophenyl, 3-chloro-4- hydroxg&enyl,

o o O B2 BB, 2P b YR *a TR OV,

pi peri di

1- ( ﬁ :\/Et hqpqa:bﬁdyd mwn%} ( a=bhubkueeeﬁgab¢k9bae}awg| nﬂcmbk?%@él— |

met hy plperl in-4 pi per azi ne siologically-tolerable salts

t her eof . "S¢-TWAP Q§d§ ﬁgﬁ8§°cpapﬁ§gogﬁﬁéfﬁyﬁv1§ ~bRRMERhEEYLL (#ndol e- 6- -
carbomwltﬁkﬁhemwmyﬂhyyﬁhbhy4 (3~ ﬁaabyhghpgrlgLeyaﬁopﬁghgnpega2|ne or a
physi ol ogically tolerable salt thereof. j. A phar naceut i cal _conposi ti on,
whi ch co%ﬁ' RYdamd 08N8n°?538¥1clélﬁ§6n9n5aﬁ?18ﬁEhSPYéia?ns to 14

t oget her nyidrdsahergast 2—@9@;:@&%@&%%&3&%}1&19«@0eBtﬁ%‘ﬁoﬁshéhgﬁ Ok_
ex0|p|en%§_16' " A conpound-as clainmed in any o Caifs 1°t6 14, for
use in t P&ﬁ%YTﬁTWQEQY&PhﬁngéwaUﬂddégyéFaﬁﬁﬁﬁepﬁlanQ 8ne of Claims 1 to

147 for e eReskasieae , oB-aymedkanenthakybhenyicayment of a. thronbotic

dlSord%rdlfluoromethoxyphenyl, 4-trifluoromethoxphenyl, 4-
trifluoromethylphenyl, 4-methylthiophenyl, 4~
methoxycarbonylphenyl, 4-acetoxyphenyl, 4- _
methanesulfonylphenyl, 3-methylphenyl, 3-methyl-5-aminophenyl,
4-methylphenyl, 4-vinylphenyl, 4-methoxyphenyl, 4-

20 ethoxyphenyl, 4-methoxy-3-chlorophenyl, 4-methoxy—-3-
methylphenyl, 3-methylaminophenyl, 4-methylaminophenyl, 4-
ethylaminophenyl or 2Z-aminomethylphenyl;

(ii) naphth-2-yl, 3-aminonaphth-2-yl, 3-hydroxynaphth-2-
yl or 6-hydroxynaphth-2-y1;

25 (iii) isoquinolin-7-yl, indol-5-yl, indol-6-yl, 3-
chloroindol-6-yl, 3-bromoindol-6~yl, 3-methylindol-6-yl, 3~
methoxyindol-6-yl, indazol-5-yl, 3- am1n01ndazol S-yl, indazol~-
6x§l benzothlazol 6-yl, 3- -aminobenzisoxazol-5- -yi;

(iv) benzimidazol-5-yl, 2- amlnoben21m1dazol -5-yl, or
30 benzothlazol o-yl;
. (v) thien-2-yl, -5-methylthien-2-yl, 5-methylthio-thien-2-
yl, 5-acetylthien-2-yl or thien-3-yl; |
(vi) 3,4-methylenedioxyphenyl, 2,3-~dihydroindol-6-yl,
3,3-dichloro-2-oxo~indol-6-yl or l-methyl-3-aminoindazol-5-yl;

35 (vii) benzothiazol-2-yl, imidazol[l,2-alpyrimidin-2-yl or

tetrahydroimidazo{l,2-alpyrimidin-2-yl;
(viii) 5-methylpyrazol-2-yl; |



187 13 Decenber 2004 18. A pharnmaceutical conposition conprisi ng a conpound
as ,claimed in any one of clains 1 t$214 for use to cbohBegemPes 2084 onboti c
‘disorder. 19. A conpound of fornula | as clained in claim1l and naned in
any of the Exanples herein, or a physiologically-tolerable salt thereof.
-ar 10 20. A conpound of the formula O N,_2 NCH3 NH2 or a salt thereof,
in which Cy is as defined in Cdaiml. '

(ix) 5-chloropyrid-2-yl;

e {x} pyrid-3-yl, 6-chloropyrid~3-yl;

5 (xi} benzofur-2-yl, 5-chlorobenzofur-2-yl, 3-
methylbenzofur-2-yl, 5-methylbenzofur-2-yl, 6-methoxybenzofur-
2-y1; _

(xii) indol—Z—yl, 5—-fluoroindol-2-yi, 5-chloroindol-2-y1,
S-methylindol-2-yl, 5-methoxindol-25yl, 6-methoxyindol-2-yl
10 and l-methyl-indol-2-yl; '
(xiii) 5-fluoroindol-6-yl; or
(xiv) benzo[b]thiophen-2-yi, 5—chioro~ benzo[b]thiophen-
2-y1 or 6-chlorobenzo[blthiophen-2-yl.

-~ .
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5. -A compound according to Claim 2 or Claim 3, wherein Ry is
o selected from one of the foimula (A') to (H'):
Ris
: R13@/ /
. Ry .. N
[] ¥ o H
_ Ry (A) (B) (CY
. Ria ‘
Sppads e
' E Ris _ g
: o)y - (E)
X, %
(F (G)
N
Rm"ﬂzz::[:.a
PRar N
(H)

- 5 wherein X4 is O or S, Rj3 is selected from hydrogen, fluoro
. [ékcéﬁf*for (C')], chloro or methyl and Rigq is selected from
hydrogen, methyl, ethyl, fluoro, chloro, and methoxy and R1g

is selected from hydrogen, methyl, fluoro, chloro and amino.

10 6. A compound according to claim 5, wherein Ry is 4-
chlorophenyl, 4-methoxyphenyl, 3-amino-4-chlorophenyl, indol-
2-yl, 5-chloroindol~2~yl, indol-6-~yl, 3-chloroindol-6-yl or 3-—
methylindol-6-yl.
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.. A compound according to any cne of claims 1 to 6, wherein

Cy is selected from:

P

10

15

20

R R

m

A
b1

lllluuQ—‘
X g:u
)
aQ
—=
[11E0}
N\
Y
Hrn,y / / s
*

o

Py
2

e,

o,

%,
-
=

N—N H
AN N R Ny Rm
) © @\,L/
é Ro é R or é
wherein:

X' is selected from O, S and NMe;

X'' is selected from O and S;

X'" is selected from O, S, NH and NMe; _

Y' is selected from hydrogen, amino and methyl;

RO is selected from hydrogen, methyl, fluoro, chloro{

":-'

trlfluoromethyl methoxy, methylthio, methylsulphinyl and
methylsulphonyl;

Ry 1s selected from hydrogen, methyl, fluofo, chloro,
trifluoromethyl, methoxy, methylthio, methylsulphinyl,
methylsulphonyl, carboxy, methoxycarbonyl and a group of the
formula -C(X3)N(R11)R12 (wherein %3 is O or S and R11l and RrR12
are independently selected from hydrogen, methyl or ethyl or
together with the nitrogen atom to which they are attached
form a pyrrolidin-1-yl, piperidin-1-yl or morpholino.qroup);

Ry is selected from hydrogen and fluoro; or



R
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Ro and Ry or Ry and Rp form an -OCH2O0- group; or

-~Ry and Ry together with the ring to which they are attached

5

10

15

20

form a 5 or 6 membered aryl or heteroaryl ring (wherein the
heteroary ring contains 1 or 2 heteroatoms selected from
nitrogen, oxygen and sulfur);
one of Ry1 and Rgy is hydrogen and the other is Rg.

“3,
8. A compound according to any one of claims 1 to 7 wherein
Cy is selected from phenyl, 2-chlorophenyl, Z2-methoxyphenyl, _
4-carbamoylphenyl, pyrid-2-yl, pyrid-4-yl, thien-2-y1l, thien-
3-yl, furan-2-yl, furan-3-yl, imidazol-2-yi, thiazol-2-yl,
thiazol-4-yl, thiazol-5-yl and quinolin-4-yl.

9. A compound as claimed in any one of Claims 1 to 8,

wherein Ry is a -CHRgRfg, -CH2-CHRgRf or -CHp-CHy-CHRgRf group-

10. A compound as claimed in claim 9, wherein —CHRgRf is 2-

propyl, 3-pentyl, cyclopentyl, cyclohexyl, 4-methylcyclohexyl,

 tetrahydrothio-pyran-4-yi, pyrrolidin-3-yl, I1-

25

30

methylpyrrolidin-3-yl, 1-(2-propyl)pyrrolidin-3-yl, piperidin-

"4-y1l, 1l-methylpiperidin-4-y1, 1-(2-propyl)piperidin-4~yl or

indan-2-yl.

11. A compound as claimed in claim 10, wherein Rr is 1-
methylpiperidin-4-yl.

S, )

12. A compound as claimed in any one of Claims 1 to 11, in
which the alpha atom in Y is carbon and has the conformation
that would result from construction from a D-a-aminoacid

NH2-CH(Cy) ~COOH where the NHy represents part of X-X.
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13. .A compound as claimed in Claim 1, which is selected from:
.~1-(Indole-6—carbonyl-D-phenylglycinyl)-4-{2-(4-pyridinyl) -
ethyl]piperazine; .
1~(3—Chloroindole—6—carbonyl—D—phenylglycinyl)—
4-[2-(4~pyridinyl}ethyllpiperazine; .
1-(4-Methoxybenzoyl-D-phenylglycinyl) -4~ (l-methylpiperidin-4-
vl)piperazine; -
1-{Indole-6~carbonyl-D-phenylglycinyl)-4- (I-methylpiperidin-4-
yl)piperazine; ' '
1- (4-Methoxybenzoyl-D-(2~chlorophenyl)glycinyl)-4-{l-methyl-
piperidin—-4-yl)piperazine;
1- (Indole-6-carbonyl-D-{2-chlorophenyl)glycinyl) -4~ {l-methyl-
piperidin-4-yl)piperazine; -and
1-(4-Methoxybenzoyl-D—-(2-trifluoromethylphenyl)glycinyl)—-4-(1-
methylpiperidin-4-yl}piperazine;
and physiologically-tolerable salts thereof.

14. A compound as claimed in Claim 13, which is 1-(indole-6-
carbonyl-D-phenylglycinyl)-4-(1-methylpiperidin-4-
ylipiperazine; or a physioclogically tolerable salt thereof.

@:l A pharmaceutical composition, which comprises a compound
as claimed in any one of Claims 1 to 14 together with at least

one pharmaceutically acceptable carrier or excipient.

16 A compound as claimed in any one of Claims 1 to 14, for

- use in therapy.

30

€D. Use of a compound as claimed in any one of Claims 1 to 14
for the manufacture of a medicament for the treatment of a.

thrombotic disorder.
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18. 'A pharmaceutical composition comprising a compound as
-claimed in any one of claims 1 to 14 for use to combat a

5 thrombotic disorder.

15. A compound of formula I as claimed in claim 1 and named
in any of the Examples herein, or a physiologically—tolerable
.. salt thereof. .

10
20. A compound of the formula

O

o I 3 e
~ NH,

or a salt thereof, in which Cy is as defined in Claim 1.



