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particularly reactive Ser residue. Examples of serine
prpteases include trypsin, tryptase, chymotrypsin, elastase,
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
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,
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
processges, 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.
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, immumology, inflammation and

infectious disease.
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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.
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formul a (LerthiMbalydiddide Fad @hinbidbGuiddiGRe d@@YQaEi\ﬂas”%éngﬁg(Qi ven in

the specification, are inhibitors of the serine protease, Factor Xa and
are usef uP PHLFRelinophrifift stde chpdpoars eanldenti 8k HetEOTs1 O8ERI NE

PROTEASE |5k Bk TER k3R CORRSF 12 2@41 D 5t initenthep p&d@t@umkioraQePoUNnds
which are inhibitors of serine proteases and to pharnaceutica
conposi Bi bRZEREEY SuRAEndHh T Wes 897 RLETHe iy gshRERL IMAUSETRLAAN or

ani mal bodyor dPg1 S§Id-RGiPARE s are a group of proteolytic enzymes
whi ch have a common catal ytic tdechanistn characterized by a
Surprisingly, it has now been foilnd that certain other
aromatic cowpounds also show inhibitory activity against
seriﬁe proteases, in parﬁicular Factor Xa, despite the lack of

10 the amidino or l-aminoisoguinoline functionality previously
believed to be crucial for activity as a factor Xa inhibitor.
Many of these 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)



particularly reactive Ser residue. Exanples of serine proteases include
trypsin, tryptase, chynotrypsin, elastpase, 10 thronbi n13gbeaembar 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 Vila, 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 protease inhibitors play a
central role in the regulation of a wide variety of physiological process
i ncl udi ng coagul ation, fibrinolysis, fertilization, 20 devel opnent,

mal i gnancy, neuronuscul ar patterning and inflammation. It is well known

t hat these conpounds inhibit a variety@f circulating proteases as well as
proteases that are activated or releasqd in tissue. It is also becom ng
clear that serine protease in L;ﬁ%musxﬁhhipkﬂﬂQkitical cellular ,25
processes, such as adhesi on, rati &n, freke radical production and
apoptosis. in addition, aninal experi s indicate that intravenously
adninistergﬂmﬁgggne protease inhibitors, variants or cells expressing
serine protease inhibitors, provide a protective effect against tissue

damage. 30 Seri Re yamotesasest nhi bitors have al so been predicted to have
a wde variety of

potenti als benef i g al in the treatpent of disease in
clinical areas I.(su);:h pglslé%%;cglf)%lg?}falbré’ug‘éjr%ﬁu’osﬁa@%%|Jog;t,hepal Aty
medi ci ne, ifRERGHEYY byi helameitmn anhdol, naeeki di 13 Decenber

S1d8
2004 |1 n pardlikgUhpdr52GoNe-R1 06 £358,5N0L D Lqr s, may, be beneﬁlcial in the
‘treatment of,,thronbotic diseases, géﬁE%é;oaagﬁbhy%¥ﬁ%%thﬁpprHé&¢¥xl,arthritis,
car ci nom, met ahomgcyYlamino,  tri or difluoromethoxy, carboxy, acyloxy,

MeS503- or Ry, and optionally substituted at the 6 position by
10 amino, hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano
amido, aminoalkyl, alkoxy or alkylithio; ) ’
(ii) naphth-2-y1 opticnally substituted at the & or 7
position by halo, haloalkoxy, haloalkyl, cyano,
hydrazido, alkylthio, alkenyl, alkynyl or le

nitro, amino,

: 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;



restenosi s, atheroma, trauma, shock and reperfusion injury. 5 Thus for
exanpl e an inhibitor of Factor Xa has gval ue as a therap@scembagemia as an
anticoagulant, e.g. in the treatnent and prevention of thronbotic
~disorders'. 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 Cl 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 inhibﬁuunsdeﬁ-yenﬁngoaggiﬁqgﬁgtigﬁg%fEiIQ%gsgroteases with

negativel y ihargsd B |.ficity pockets, and 20 nost eRPHHipnt he
serine prottg{;ses thrdc}r?%ﬁﬁgk%hgl%ﬁ%rwﬁr@aml”ytll-"‘actacm'm?&a. The Factor Xa

i nhi bi t or s BOTERIdC. adkgAthion, avléeppl erilixghlyy aseful for the prophylaxis or

treatment of thgenbehiggdys as,apopngst ‘ot hers venous
4 e %ﬁ@gﬁ%ls@ﬁ% &t thesé mesdaidnal

t hr onbosi,s, | pronary enbollism a

i schaeni as,S bﬁsg%g@d%&’?ﬁk%h it oadkfl c eyebo'al ni trher, 0owlesbS. They

potenti al | wmaaeidmnaﬁkpltlmié,h%ﬂ(éﬁﬁi,”%ll‘i(yﬂ%l gy e vessel closure
r

associ ated w thethro tic. therapy and stenosi’s, e.g. after
t ransl uni nal (_:o,(r olrr}ar ;ggg!rj\}é‘fﬁ'b%“é’gt ?pg¥°nqg31@’a§§bﬁj?i$ﬁ¢bdgaoftmma coronary or

peri pher al PEFte¥iedyaptineg, wwbaymﬂbenanﬁﬁpfca\@ggglf a‘FYata“ﬁ’C(ass patency in
ors‘o

| ong term ahea®dialinshskPat i act.or ~Xa I nhibit Thi's invention
may, with benefjt, ot mlp%araﬁr}tg Yagrccﬂ}%ﬂ 1dRCehétaphe vl tdr &n

ant i coag}ul ERP W hDYahaie f dideelhode dhlastign @fawbt hn gt Ir Qb yti c
agent~” 3 18y@ecamber a2RPrchio, alkenyl, alkynyl or Ryj; '
‘ (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 Rys;
{xiii) indol-6-yl substituted at the 5 positio; by amino,

hydroxy, halo, alkyl, carboxy, alkoxycarbonyl,
aminocalkyl

15

cyano, amido,
. alkoxy or alkylthio and optionally substituted at
the 3 position by halo, haloalkoxy, haloalkyl, cyano, nitro
20 amino, hydrazido, alkylthio, alkenyl, alkynyl or Rl-; or '
{xiv) benzo[b]thiophen—2-yl optionally substitited at the
3 pqsition by amino, hydroxy, halo, alkyl, carboxy, cyano
amido, aminoalkyl, alkoxy or alkylthio and at the 5 or ¢ ’
) Eos%téon by halo, haloalkoxy, haleoalkyl, Cyano, nitro, amino
.. 25 hydrazido, alkylthio, alkenyl, alkynyl or Riq; ’ ’
with the proviso that Ry cannot be aminoisoguinolyl;
R1 represents hydrogen, hydroxy, alkoxy, alkyl, '
alkylaminoalkyl, alkanoyl, hydroxyalkyl, alkoxyalkyl
alkoxycarbonyl, alkylaminocarbonyl, alkylamino, ’

carboxyl,
carboxymethyl, amido or amidomethyl ;

30

le Tepresents hydrogen, hydroxy, alkoxy, alkyl

alkanoyl, hydroxyalkyl, alkoxyalkyl

alkylamino, carboxyl, carboxymethyl
-X-X- is -CONH-;

. alkoxycarbonyl,

. amido or amidomethyl;

35 Y {the a-atom} is CH;



It has been reported in WO99/11658 and W99/ 11657 that certain benzam di ne
and ami noi soqui nol i ne derivatives carrgying a bul ky |ipépRcembes2@® 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) 1d. fad ; 5 Where.conmpounds of the
i nventi on have, %%/en ested. ?ﬁgé‘gé%%n\%zge%@ ﬁugﬁga‘é% t e lsuperi or oral
bi oavai | abi FYT¥Yin “RiffEri $8Aaaptil baaphtlivdi, nespeisaimmed fural§ 99/ 11658.
Al so, it ha;srztmégm,fmﬂﬁﬁohgu,thgotqg@gypﬂslgg%& g igvoexrgzl g(r}}lperform

excel lently; r ln_ tine _assay ( Whet orrpar0 ‘20 to

ani noi soqui 'Hg _|atr?§§ygf Of's'iryrhglqg}’“?é%"ﬁﬂl}'ka é&fi%l‘:wa@*ﬁ@mluct ure- The PT

assay is a BOd@iranybn mesdpzangl | tquinclyi dgkyaas £d Lrect acting
ispgaceenied HhabrdlyL

Factor Xa igpdidch | ; mwell in the PT assay are nor€ likely to
be good antit hr_of@rté)o 1(@5%559%{%9?%%5?%&PB?W%-%H%benzam de

conpounds aP¥PStdfubedydRagXpotemtiigh ¥ptis Bnbost e, oNEABEagRL £ and in
US 3268513r#i il 18m ) q u re.su ted as potential
i sl pheddy 1BMpPOREPT Y 46 rEQ co%é‘ﬁﬁ Gosptlég,%ﬁ'ﬁ[

anti bacterigl._agents, .However, the nove € present
i nvention h%f/beszggg'tlt%%%r &3péen suggested as 30 potential serine protease

i nhi bi tot8. Thusavh wgd rbpoasermes agRe6§er Ney YN J %Qk%rx(}\,(i des a serine
prot ease 'rHEAQk§95x§¥)%H%§TQ 81k}f¥dl%£§1é§f- hydroxymethyl; carboxy:

: ; : OXY ;
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(x3)N(R11)R22 (wherein X3 is O or § and R1l and R!2 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;

/. -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,

¢yano, (1-3C)alkyl,
hydroxy,

carboxy, acetylamino, chloro, fluoro,
trifluoromethyl, methoxy, ethoxy, nitro,

alkylsulphonylamino, triazolyl or tetrazolyl

substituent), pyrimidinyl, pyridazinyl, pPyrazinyl or phenyl



4 wherein: 13 Decenber 2004 R2 represents: 5 (i) phenyl optionally being
substituted in the 3 and/or 4 positign by hal o, nitro,i3thecembehat@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, hydr?ﬁ¥bﬁhalo, al kyl, carboxy, cyano, am do, am noal kyl, al koxy or
al kyl thi o; (Y4100 mgpgbeaold mrefhyl, Wl amy o gtpdol -6-Yyl, indazol - 5-yl,

i ndazol - 6- Yhialbk%liéfﬂiﬂci,gﬁ%hbgﬂl yo’ engii%r%%z’ ofig‘@?‘?hﬁla“éaﬂ:oﬁam%y,
substituted at .the 3 position by HA'SHLPhanyal kaninoRd drangal, kyl , ~ cyano,
nitro, am nd!“HydiBaeFekehoaily| ebkdarahkemtonylal kymd iRl (1)

benzi m dazoi}i&xybaﬁmor@qr}zgbggggg{,fn@- ij PRt on | 1 gubstituted at the 2
posi tion g)ye%[gg(go; ﬂg#Ptgli en-2-yl of B erﬁ’-’3-§1 @ | TR ymetlyst t ut ed at
25 the 4 or b5 positT o byYHAPEY: Iidikgaswkpbeny hahied Kytriaey@pp, op Ni 1O,

ani no, hydr%&traselel keubshi ouent kerykn ¢ Iﬁ%nxljdof[ Rl &)vi ) ‘

3, 4- net hyl q@b@gﬂw%l 5 gksi-di r}__ydroi ndal™- 6-yl £ ependently is

3, 3- di chi or,0- 2- 0x0-1 nddI38-y¥  or°"1 “HRe’ty 1L s3cvalnnraitydazohi &h hay (Vi)
benzot hi azd1®%-§ | hydusixgazaflne, A1PYC) &by 2(y13@rhyd§?x a1

t et rahydroi]ﬂ)dazpi,l,caﬂbgyr irﬁg%'}}zé%@,gn ﬁlvi 1) pyrazo -§-y}iyldpt(i16nal |y
SUbStitLﬁéﬂ£u%Et}£§%é% a[t)_-osdion v ha q,y'a?B YRy cagkpesl kyl , cyano,
nltrqh am no, the 3- or 4-position), cyclohexyl (which may

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)



hydrazi do, al kylthio, alkenyl, alkynyl or Rl; 5 13 Decenber 2004 (i x)
pyrid-2-yl optionally substituted at tghe 5 position by3dembeaboad 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,
haloalkoxy, hal oal kyl , cyano, nitro, am no, hydrazido, alkylthio, alkenyl,
al kynyl or Ria; (xii) indol-2-yl optionally substituted on the indole
nitrogen atom by al kyl and optionally substituted at the 5 or 6 position

by hal o, hal oal koxy, hal oal kyl, cyano, 'tro 15 am no, hydrazido,

al kyl thi o, al kenyl, alkynyl or Rj; (xi |ndol 6-yl substituted at the 5
position by am no, hydroxy, hal gX alk al koxycar bonyl, cyano,
am do, am noal kyl, al koxy or yltﬁlo a ptlonally substituted at the
3 position by hal o, haloalkoxy, hal oal kyl, cyano, nitro, 20 am no,

hydr azi do, al kylthio, alkenyl, aIkynyI( Rli; or (xiv)
benzo[blthW@ﬁﬁéhHQ yl optlonally substltuted at the 3 position by am no,
hydr oxy, hal o, ﬁglggpreggﬁggxy, cyano, am do, am noal kyl, al koxy or
alkylthi%.and at ' the 5 or osition by hal o, haloalkoxy, hal oal kyl ,
cyano, itro, AMn® e?leP%ﬁcﬁ@ildM b%\lmgylstlmutualeldemyl theal Kyuagloer Ri d:

with the prmpbsuidiﬁbyRBa@anﬂmtzQe @Hidlo' B [epresents
hydr ogen, al kyl, alk an1no£%%x%{ aYE%noy Or hydr oxyal kyl ,

alkoxyalkyl Q53ﬁ% Pbo fnoefﬁ??%nﬂﬁﬁ@é?ﬁﬁhyﬁlkaﬂkyianﬁﬁQ@ngarboxyl

al ynyl, acylamino, tri or difluoromethoxy, carboxy, acyloxy,
MeSOz- or Ry, and optionally substituted at the & position by
amino, hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano,
amido, aminoalkyl, alkoxy or alkylthio;

10

(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

optionally substituted at the 3 position by halo, haloalkoxy

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

e

substituted at the 2 position by amino;

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

(v} thien-2-yl or thien-3-yl optiocnally substituted at
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;

25

(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, cyano,

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



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

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 cycl oal kyl 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
optionally substituted by R3a; 10 each R3a represents hydrogen; hydroxyl;

al koxy; aral kyloxy; pyalllaylzryal dp itk 10| Joapk t 1 b8 MehRYS ; ﬁ’dart?:%ﬁyﬁz

&g%ﬂzkylw %&;OXy gﬁf‘ﬁoahégy%ggygg?%%ﬁgp g‘%ﬁtﬁg’m Qg.%%g hal o; cyano;
nitro; thi dllydralzkw: mlckylahkyl salikenyhy |alkyBydl ¢ay IRgul phenyl ;
al kyl sul phonani dm aéﬂﬁbamwswﬁmm sx&%ﬂ@?&é@%@”%he E%&a‘ 81y,
hal oal kyl Qup fornul a Ci d'% l%)lrl?ﬁlz (wherern X3 1s or S
and R11 a'?'nob“’R%? %q?&gﬁﬁﬁde?ﬂlic?lgé YEHOY riorh iy dABgBA: net hyl , et hyl ,
or toget helnydmatzhd@hahhyﬂthgen #ikenyl 0 adxyalhl tderq,are attached 20 forma
Donded to 150 adr BEERE 203 aPb P R B A i s TR T o mul &
i ) LNNR amino, hydroxy, halo, alkyl carboxy, cyano, amido,
aminoalkyl, alkoxy or alkylthio and at the 5 or 6 position by
10 halo, haloalkoxy, haloalkyl, cyano, nitro, amino, hydrazido,
e alkylthio, alkenyl, alkynyl or Rij:

(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;



t inwhich R is -(CH2)c-Rc, -CHReRf, -CH2-CHReRf225 --CH2-CH2- CHReRf, or
Rg in which c is 1 or 2; Rc is thienyhg thiazolyl (whilgbemapbbezii0dan 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,

(1-3C al kyl ,"trifluoronethyl, methoxy, ethoxy, nitro, hydroxy,

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

nmet hyl , net hyI no, dine am no,  carboxy, dial kyl am nosul phonyl,

al kyl sul phonyl , a?’ﬁ ﬁBs?Btb‘PfﬁﬁgrY R3a AURsAH 15‘Fﬁeﬁo§¥}ﬁm4e)midlélf ksHiem@lnocar bonyl ,

am no, am d@,,azog.llkqggy,ﬁ@;ﬁorbg ggj%;yla r%%i] ?;Io: fluoro, cyano, nethoxy,

5 ethoxy, nitro, hydroxy Iphon zolyl or tetrazolyl

substi tuent); &aeh Raa Jﬁes%]r‘?ﬁtﬁ frﬁd@@mﬁ@ntml mpthcsge rethsgyCL- 3al kyl ; or

CHReRf is gug dr.ox am no, (1- SC) aI koxy,
( 1- 3C) hydr ox aI'E%PﬁM @Eai Eyi;, car q@%ﬁ%{"ﬁ%%

et hoxycarb 3‘% methotykreri®nylor ethopaaiibingd) | cycl ohexyl (whi ch

may bear gedhy ﬁ%alﬁéﬂ:,@ 1 3C) h yal kyl, (1- 3C)al kyl,
car boxy, methoxycarbony or &%?%xycar(t%%yﬁ ﬁﬁ%‘?ﬁ#ﬂé 2the 3- or

4-posi ti onmgcoﬁi‘zr, adnﬁdyxmuﬁ@,nméuwycalﬁ&,w@ﬂm;ir 5&% %
pyrrolidin- (which may bear a 15 hydroxy, amno, al koxy,

(1- 30 hydrh%;?m@ybonvéam@@ aning, | flupbe,bokdpro, nerdmxmrdi)onyiolor .
et hoxycar baswb e s bt Ak nﬁlheetthé&ﬁbﬁ #tg?i%@“ d| 4 yl (which may

bear _a° hydr ox am no 3C)al’ kox (1-3C) al kyl,
car boxy,Pé tﬁ% #&F‘Ilg@ mﬁmlarmleahlpabnyﬂhe 1 20

posi tion), eumanaelaéwgndﬂya, %ﬂn&lﬁﬁnﬁ,nﬁggwoma@enyl

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

PR

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, tetrahydrothiopyran-4-yl,
pyrrolidin-3-yl (which may bear a 1-methyl substituent), piperidin-4-y1
(which may bear a 1-methyl substituent) or indan-2-v1; and Rgq is
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):



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-t¢l erable salt thdB&etehber200d

hal i de, phosphate or sulfate salt or a salt with ammoniumor 25 n organic
am ne such as ethylam ne or nmeglumne); 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, hydrazi do, alkyl hydrazido, am no, cyano,

hal oal kyl , al kylthio, al kenyl, alkynyl, Oacyl amno, tri or difluoronethoxy,
car boxy, acyloxy, MS02- or Rl, and opth®enally substituted at the 6
position by 10 am no, hydroxy, car boxy, al koxycarbonyl, cyano,
am do, am noal kyl, al koxy or_alKyl t hkp; apht h-2-yl optionally
substituted at the 6 or 7 posihi ha 6%Ikoxy, hal oal kyl , cyano,
nitro, am no, hydrazido, alkylthte!/ al ke al kynyl or Rla and optionally
15 substituted at the 3 position by arf'L(po, hydr oxy, hal o, al kyl, carboxy,
cyano,- am do. an Qoal ky%, al koxy or alkylthio; (iii) isoquinolin-7-yl,

i ndol -5-yl, Thdol £8- VF £14n¥e, 8F-hwixageni ndazol - 6-yl , benzot hi azol - 6-yl or
benzi soxazol - 5-l theptdupraindy sobsid tintesk &in,t bRe 32105 tiQp by halo,

hal oal koxy carbon, preferably has the conformation

that would result from
construction from a D-a-aminoacid NH2-CH(Cy) -COOH where the
NH; represents part of X-X. It will be appreciated 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



20 hal oal kyl, cyano, nitro, am no, hydrazido, alkylthio, alkenyl, alkynyl
or Rj; (iv) benzimdazol-5-yl or bengethiazol -6-yl opts bredrhiyer 2008st 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 RLl;, (vi)

3, 4- net hyl enedi oxyphenyl, 2, 3-di hydroi ndol -6-yl, 3, 3-

di chl or o- 2- oxo-i ndol - 6-yl or 1-methyl-3-am noi ndazol - 5 yl; (vii)
benzot hi azol - 2-yl |n1dazo[1 2-al pyrimdin-2-yl or

t et r ahydr oi ni ples. a]fprﬁmcaﬁlﬁrz‘f§4ues( O ycwe%@om 2 -FHReRE i onal | y

substltutedHQLcHﬂgﬁ 5 orPosir4 i r aakkexyy | oal_kuhy~£yano,
nitro, am no Ié:dram do al(ﬁﬁl t hi 0, %i Eg%;l al kﬂnom ? Yl% Decenber

2004 (i x) C¥GPRETHN SﬁF%%%mly 4OBRERYL Y OE?XY%e ‘BEtp‘@é'#Yfiif@hhlfb‘y hal o,

hal oal kox;syrm@qmsybyrgamn-@ Y0, 1 A py Pyl AZifle 1Al kyLhi o, al kenyl,
al kynyl or )il’l d- opt i onal | y sugst ituted at ‘the 6 position 5

by hal 0 R&EP B%&M Héma?rwi Péparini-tloe, 1ake e loippaidindb;

al kyl t hi oy1al fe(wjproﬁifkylﬂi@eﬁrdlﬁlfl ~{Xidndepaghus=¢ryl optionally
subst it ut ed at_the 3 position am no, hydroxy,” hal o, al kyl, carboxy,

cyano, ani do, "ReR REafRyPE téwéywm 12 i QRFHi 8 BFREsHrathaabuerfer positi on

by 10 hal ar haloaldeayy lp@gmnkm ic¢yano, nitro, am no, hydrazido,
al kyl t hi o, al kenyl, E or g ém i) indol-2-yl optionally substituted

on the indole P?ﬁfterréﬁéﬁ %to‘rﬁ I9F ﬁhﬁy onda optEphatBy- substituted at the 5

or 6 p@sitionpkhabe, Hajpal koxy, haloalkyl, cyano, nitro, 15 am no,
hydrazi do, al kylthio, aI kenyl, al kynyl or Rlj; (xiii) indol-6-yl

substituted at ﬁ%rﬁbﬂjﬁsﬂhlﬂm{%m i 9o the formula:

)\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,



hydr oxy, hal o, al kyl, carboxy, al koxycarbonyl, cyano, am do, am noal kyl,
al koxy or al kylthio and optionally substituted at the13Deosinbera2dO8y 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)thi ophen-2-yl 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 position
by hal o, hal oal koxy, hal oal kyl, cyano, nitro, amno, 25~hydrazido,

al kyl thio, ken al kyn or with the proviso that R2 cannot be

ami noi so,qﬁ‘fa P C ar}?%flyrlep%%'é%‘ﬁt%ﬂﬁ%%%beerW&PéQyon@r koxy, al kyl,

al kyl am nmatkyiamia'i % Yibny Dy dlighey at-Kathincadkikpal Kby mainefyycar bonyl ,
al kyl am noc rbon yl am no, carboxyl, 30 carboxymethyl, am do or

am donet h§fF; T?& resent s hydrogen, hydr oxy, al koxy, al kyI al kanoyl ,
hydr oxyal kyl , gyrﬁﬂflé)ﬂablﬁl l@@(&l%atﬁﬂéwé 1 qhﬂbﬁ%&@,be%@r BaXthino
car boxymetg% or am donet hy - X- X- Y (the a-atom
CH, 10 %3° E‘é%é“fntﬁoowmzﬁﬂsﬂan 1@5@?6%1% P%adg%ubé‘flﬂtqh &gy beenya

pyridyl, Ehheny) cyddd,asetifl 2Rk BYhordidienndciihe Ofudnig!, 0al kyl group;
each R3a is sel-ected frexn yydr ogen, hyd=W, "nethoxy, ethoxy, aethyl,

et hyl , mPK?%%@%WyPYrﬂ?mlhyl ami nar et hyl , hydr oxynthyl, 5 caxboxy,

met hoxynt hyl , %EQP@ﬁ’AELy akhoXVeRr DN YLy T . o huhaimesexpopy! |
di met hyl ar ni no car bony am nonthyl L, COwW, CONH2, acetyl am no,

met hoxycaYBon@Y‘é%ﬁ%l‘ noRYFEFHBahy ¥ hni quaﬂlﬁuﬁok%/cdlﬁ'ﬂ@wpéniml am no,

fl uorogoChhod®zoLyRRA, BYEsDin il , oy @INyht hior; Byl sulpbenyl .
et hyl sul phonyl , omat hyl sg phenn ? lﬂ }K/%th | sul phonrl J(}M BJY

et hyl sul PKbny? A URFoPNEi Ayt :nésemwld detrhy| én‘f‘?fﬂ@[ﬁpﬁﬁéﬁy# -yl
am nosul phynyl g r{diddreREChFI RN -80¢1 .

Yet more preferably, Rc is pyrazolyl, imidazolyl,
pyridyl, pyridazinyl or pyrazinyl.
i5 Preferably Ry is pyrid-2-v1, pyrid—B-yi or pyrid-4-yl.
Most preferably, L is CO and the lipophilic group -Lp(D)n

is selected from the formulae:

20



trifluoronmethyl; and -L-Lp(D)n is of the formla: 0 ~' ~LNC>-R, 15 in which
Rri S- (CH) GRC, - CHReR f , -CH2q4CHReRf , or Rg i18 Dedeeoibec20®t 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 |ndependently IS
hydrogen or O -3alkyl; or GVeRf is cyclcpentyl (which may bear a 20 nthyl,
et hyl or hydroxyni ethyl substituent at the 3- or 4-position), tycloh6W
(which may bear a nethyl, ethyl or hydroxynethyl substituent at the 3- or

4-posi tion), tefrahydropyran-4-yl, tetr othicpyran-4%yl,
pyrrolidin- i y bear a 1-nmthyl substituent), biperidin-4-yl
(which may bear\ a | /heth uent )\ or iffdam2-yl;/an\R is 25

2- ni et hyl sul pho bear \ fluor stit t. or Rgis

k6 - 1, 1 -dioxobe=o [b] thiopphens7-yl; or a physiol ogircal’fy-tol erable salt
thereof; provided that Lp(D)n is not of the forma (K): 11 (K) wherein X2
is fluoro or hydrogen. 13 EEceanT—2Q04 In the conpounds of the invention,
the al pha atom 5 carbon, prefegably jpas the conformation that would result
from -construction froma D-a-am noa |d H2- CH( CY) - COOH where the NH2

represents part of X-X. It will pprecp-a :d kﬁat the conpounds of

formula (1) may exist in racemc or chirg and that the preferred
D-i soner may be administered in a 10 racs r'xture with the L-isoner, or
alone. In the compounds of the invention, \ti/ess ot herw se indicated, aryl
groups preferably contain 5 to 10 ring atons optionally including 1, 2 or
3 het eroat ons sele ted\fromO, N

o o0

-
L OO
OO <D



and S; al kyl, alkenyl or alkynyl groups or al kylene noieties 15 preferably
contain up to 6 carbons, e.g. Cl-6 or4£1-3; cyclic grdapscemberst®¥ly have
ring sizes of 3 to 8 atons; and fused multicyclic groups preferably
contain 8 to 16 ring atons. The linker group (X-X) fromthe R2 group to the
al pha atomis -CONH. 20 The al pha atom (Y) is a CH group. 25 12 13
Decenber 2004 Exanpl es of particular values for -CHReRf in a -CHReRf, -CH2
--CHReRf or -CH2 -CH2 -CHReRf group are 2 --propyl , 3 --pentyl ,
cycl opentyl, cycl ohexyl, 4-nethylcycl ohexyl, tetrahydrothio-- pyran--4-yl,
pyrrolidin-3-yl, 1-methylpyrrolidin-3-yl, 1-(2 5 propyl)pyrrolidin-3-yl,
pi peridin-4-yl, 1-methylpiperidin-4- yl, 1- (2--propyl)piperidin-4--yl and
i ndan-2--yl  Wien Rr is of the fornula -CHReFtt a preferred value for Rr
is 1-methyl piperidin-4-yl. Preferably Rr is of the formula -(CH2)c-Rc. 10
Preferably c is 2. Preferably -L-Lp (Dnis of the fornmula: LNNRr in
which Rr is -(CI12)CGRc; in which cis 2; Rcis thienyl, thiazolyl (which
may- bear an ami no substituent), 15 isothiazolyl, oxazolyl, isoxazolyl,
pyrazol yl, imdazolyl, idyl (which may bear an am no, nethoxycarbonyl,
carboxy, fluoro, cyano¢, -nejnhyl, nethylsulthﬁVT\\aninosulphonyl,
met hyl am nosul phonyT d¥% di am nosul /1 or }-tti f 1 uor onet hyl
substituent), pyrimdin yri dazinyl, ggeg§%§%yhyl

, methyl,

§r phenyl (which
phenyl may bear a fluoro, chlor o] am

et hyl sul phonyl ,
am nosul phonyl , “

5

““—H/_h_\h —\ R
=

10 wherein;

m represents 0 or 1;

x0 represents CH or N;



met hyl am nosul phonyl, di nmet hyl am nosul phonyl, nethyl am no, dinethyl am no,
car boxy, nethoxycarbonyl or nethoxy sgbstituent). 25 F"BQE@@@JEBWO% is

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, di net hyl am nosul phonyl, fluoro, cyano, nethyl or

trifluoronethyl substituent), pyrimdinyl, pyridazinyl, 30 pyrazinyl or
phenyl (which phenyl may bear a fluoro, chloro, cyan, nethyl, am no,
met hyl am no, di net 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 may bear an amno 5 substituent), pyrazolyl, imdazolyl,

pyridyl (which gy r fluoro met hyl or trlfluororrethyl
substituent), pyri dazSny%1 resenﬁ:aéfn%//lsu"?étlt%’?“e Pt ePepEpyt Re Higg,

t hi azol - 2-ylit ﬂsaﬁﬁlﬂﬁthﬁaﬂfﬂm 4rydr}z$ en PH1849kLq PYLA
pyri dazi n- 3; m_daz g |'ﬁ1 ago g‘t[ﬁ{/c{m'llpyrazllwr)ls'?l%j]onyl

I
pyrid-. 2-vyl aﬂp%/lamdmgsu h?ﬁ/}f]l da&kW'amJg‘OFIaEBP@b&:r isghipoy| amPdayanopyri d- 4-yl ,
2- met hyI pyrablkaky;darbonyﬂ taddthyuenon®! 1By 6] defirol,, Yet nmore preferably, Rc
i s pyrazokyl, imdazolyl, pyridyl, pyri dazi nyl or ‘pyrazinyl. 15 Preferably
Rc is pyrid- 2- yl, pyrid- 3- yl or pyrld 4-yl. Most preferably, L is CO and
the lipophilic group -Lp(D)n is selected fromthe fornulae: 20 N 14



--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 DédBepenbacifduhen 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, acetylamnoy—m"—r—r —o.

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 speeihhs, L{thbRyJdre g, 'Hnggehydroxgi alkylsulphonylamino,
triazolyl and tetrazolyl, and

when R3 is present as a substituent on a saturated ring
f

1t is selected from hydrogen, hydroxy, amino, (1-3C)alkoxy

5 (1-3C)hydroxyalkyl, {1-3C)alkyl, carboxy, methoxycarbonyl and
ethoxycarbonyl.

Preferably m is 1

For example specific Lp(D)n grbups include

. u@

\_/“ \'-—/N —“D”@N\

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, thienyl,

L

Ehlazolyl, naphthyl, piperidinyi, 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



NN/ NI - - \-Y - P, 10 wherein R is hydrogen or (1- 6C)alké@
Preferably R is hydrogen, methyl or eghyl. More pref s apPgmber 3084hydr 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 cycl oal kyl group, or a phenyl group substituted by R3i Xi in which Xi
is a bond, 0, NH or CH2 and R3i is phenyl, pyridyl or pyrimdyl group
optional Iy substituted by R3a The cyclic group (Cy) attached to the al pha

carbon i s (QRER Y ggbgy n ) aI R3a substituted phenyl, pyridyl 18
13 Decenber. 2004 (?B’?h as ﬁ % ? |8Y§1 14 9r) py Ehéemyly | (suck hi eny |

(such as ffi Bt fFYErOFhF “ﬁ§’¥91) tnﬂmza291y(sdbmu&b a§1$gﬁra§0 12y
t hi azol - 4- yhizgolt-fai- &Z.Obr5tlyiézolr1®pPih%’lnaﬁjﬁﬂ 1 Sfsul Phths %@% f' peri di ny
(such as pP@ﬁ 4 # ¥L& 23 ¥ SUC o a CyCP .
Exanpl es o AR 8F H@ i) %9dﬂ6@@ﬁlkhydrmmyﬂas @Jkoxy,
such as Fﬁﬁéﬂhamvlegnouy, or aral kyl oxy, such as 10 benzyl oxy; al kyl,
such as methyl mhnglbyl of Oéalﬁél‘%&g?‘ ailleléy:lfbr SR%(;h a?:g: -
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 dimethylamincmethyl;
hydroxymethyl or carboxy;
for alkoxyalkyl: methoxymethyl ;
15 for alkoxycarbonyl : methoxycarbonyl or ethoxycarbonyl ;
for alkylamlnocarbonyl methylaminocarbonyl or
dlmethylamlnocarbonyl,
aminomethyl, CONH; or CH,CONH,;
(1—6C)a1kanoy1amino, such as acetylamino;
20 for alkoxycarbonylamine: methoxycarbonylamino,
ethoxycarbonylamino or t-butoxycarbonylamino;
aming;
for halo: fluoro or chloro;
cyano;
25 nitro;._
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;



met hyl am nonet hyl or dine thylam nonet hyl; hydroxynethyl or carboxy; for

al koxyal kyl : met hoxymet hyl ; 15 for al kgxycarbonyl : net héRpeambeiilior

et hoxycarbonyl ; for al kyl am nocarbonyl: nethyl am nocar bonyl or

di et hyl am nocar bonyl ; am nonet hyl, CONH2 or CH2CONH2; . -

(1-5C) al kanoyl am no, such as acetyl am no; 20 for al koxycarbonyl am no:

nmet 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 kylthio: nmethylthio; for alkylsul phonyl: nethylsul 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 nosul phonyl : net hyl am nosul phonyl or et hyl am nosul phonyl ;

am nosul phdwyl 2 g3md of bREosbieaxy: -Efkfihygreneihoxy;  for_hal oal kyl :

trifluoromet hyh:pih9 .13 Resenber. 2004 ;%rméﬁgrgﬁ o“x'teﬁgl’f’o’fgr]nﬂsao o%

-C(X3) N(R11) R12 (wherein x3°T% FogPendenily ralectnd Rrewmanwdicedependent |y

selected f Frﬂ‘l]y'dre(?é‘é'ﬁn Onetégdtheet hith the HOGRIREN aWbhNed H&i%t rogen atom
. Byl

to which they are adthanb@ded . m ralidin-l-yl, PiPeridin or 5
mor phol i RO gE QI -~ CONH2, -CO\IHNE?Y?%@;D]I\][%&/B)%,Yl-'(%’éf’ﬁ“ﬂifim“lﬁl or
m RO group: -CONHp, -CONHMe, -CON(Me)y, -C(S)NH,

-C{S)NHMe, -C{S)N(Me) 5, pPyrrolidin-i-ylcarbonyl, piperidin-1-
ylcarbonyl or morphol inocarbonyl; and
~OCH0- which is bonded 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

30



--C(S)NHWe, -C(S)N(Me)2, pyrrolidin-1-ylcarbonyl, piperidin-I- ylcarbonyl
or norphol i nocarbonyl; and - OCH20- whpgh is bonded t o e cashB&Sitioar i N9
atons in Cy. Preferably X3 is O 10 Exanples of nore specific values for
R3a include hydrogen, hydroxyl, nethoxy, ethoxy, nethyl, ethyl, 15 20 25
30 20 13 Decenber 2004 hydroxynethyl, car boxy, nethoxynethyl,

nmet hoxycar bonyl, ethoxycarbonyl, nethylam nocarbonyl,

di met hyl am no- car bonyl , aninonethyl CONH2, CH2CONH2, acetyl am no,
nethoxycarbonylanlno ethoxycarbon amno, t 5 butoxycarbonylan1no am no,

fluoro, cRYSFEYMSIHNS, e9Epey, methoxveetnil, meERgxXydnronydt hyl sul phonyl
et hyl sul p@ﬂﬁl&l:ycaﬂ%h yl saéﬁmraﬁlmo@amaﬁywl @Haauhﬁmrﬂﬁfo-%%nyl

sul phonyl ani cl o, am nosul phonyl ethy am nosul phonyl ,

ani nosul pﬁWmetk{YﬂlrfPéWmn&Wzbr?WW?hyl bromo, - OCH2O- (whi ch
is 10 bO”ﬂ@%héé&é&NBoﬁgﬂﬁﬁfﬁE réEH%legﬂﬁoﬂfléaﬁhoang C(X3) N(R11) R12

(wherein X3 is 0 or S and 2 are independently selected from
hydr ogeh, b%%@#KHaWQOHE@ﬁW¥n®r FEFer hELureh dReroni k¥awgen catom t o whi ch t hey

are attached.d Orﬂﬂlﬁleﬁé%yﬂHld mgkhypé% oﬂﬁr@"éﬁ%}%ﬂ&}%g gfol ino group).

i 5 Mbre exanples of specific val'ues i ncl hydr oxyl ,
met hoxy, BeHssdsulpaeRyl, ¢HM15U1DPGﬂE%¥WﬁkhyBthE%ﬁQﬁDQPDY&Bmh@qynethyI
met hoxy cap DORYA sLho¥NSaFPon

di net hyl am no- éggnbﬁg B g%? o%%hKﬁF%E¥$ iﬂﬁﬁfﬁtx§@%f°sul nﬁno 20
met hoxy c akBoyuananes! OéYho&EwﬁﬁﬂmgnwbéhYlM)bnmebthﬂ@qﬁm’H@hybhnlmo ami no,

fluoroy o ChbA oY R8s als L&t ring atoms in Cy) and -C(X3)N(r1l)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).

15 More examples of specific values for R3zj include
hydrogen, hydroxyl, methoxy, ethoxy, methyl, ethyl,
hydroxymeﬁhyl, carboxy, methoxymethyl, methoxycarbonyl,
ethoxycarbonyl, methylaminocarbonyl, dimethylamino-carbonyl,
aminomethyl, CONH,, CH,CONH,, acetylamino,

20 methoxycarbonylamino, ethoxycarbonylamino, t-
butoxycarbonylamino, amino, fluoro, chloro, cyano, nitro,
thiol, wethylthio, methylsulphonyl, ethylsulphonyl,
methylsulphenyl, methylsulphonylamido, ethylsulphonylamido,
methylaminosulphonyl, ethylaminosulphonyl, aminosulphonyl,

- 25 t;iflugyomethoxy and trifluoromethyl.
Preferably R3; is hydrogen, hydroxyl, methoxy, methyl,
.amino, fluoro, chloro, ethylsulphonylamino, amido or
methylaminocarbonyl,
Preferably Cy is selected from:
30



thiol, nethylthio, nethylsul phonyl, ethylsul phonyl, nethylsul phenyl,

met hyl sui phonyl am do, et hyl sul phonyl apgq do, net hyl am nasuldamel 2004

et hyl am nosul phonyl, am nosul phonyl, .25 trifluoronmethoxy and
trifluoronethyl. Preferably R3a is hydrogen, hydroxyl, nethoxy, nethyl,

am no, fluoro, chloro, ethylsuiphonylam no, am do or nethylam nocarbonyl.
Preferably Cy is selected from. 30 21 13 Decenber 2004 5 Y or 1.0 w
.erein; X s selected fromO,'S and NMe; X111 is selected fromO and S; X
"' ' is selected fromO, S, NH and NMe; Y' is selected from hydrogen, am no
and nethyl; Ro is selected from hydrogen, nethyl, fluoro, chloro, 15
trifluoronethyl, nethoxy, nethylthio, nethylsul phinyl and nethyl sul phonyl;
Rmis selected from hydrogen, nmethyl, fluoro, chioro, trifluoronethyl, -
met hoxy, nethylthio, methylsul phinyl, 22 13 Decenber 2004 net hyl suphonyl,
car boxy, methoxycarbonyl and a group of the formula -C(X3)N(RII)Ri 2
(wherein X3 is Oor S and RL.1 and R12 are independently selected from
hydrogen, nmethyl or ethyl or 5 together with the nitrogen atomto which
they are attached forma pyrrolidin-I-yl, piperidin-I-yl or norpholino

group); ~
R Ry, Ry
R /:z:jg ==
‘ Re™ N R NAX
L
Ra
Yl
./ 5.
PR, ROG Rl
S R
S . ~ ~ m
i1 ' N
QC 77 ?g_ly I =N
N—N :
NN N\ R NQT//RW
s s
o = =
! R ! R
= = ar -
S wherein:
-3 '
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,



Rp is selected from hydrogen and fluolo; or Ro and Rmor Rmand Rp form an
-OCH2O- group; ar Ro and Rmtogether whth the ring' to whbDeberhb&0ane
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

met hyl , ethyl, prop-2-yl, phenoxy, hydroxy, ethoxy, benzyl oxy,

prop- 2-yl 0ox nitro m no, acetyl am no, nethylsulfonylan1no
di et hy! 2T LRHREGYL et tRsRsy. MEFRPGHOTERIY| e [V BT the

met hyl sul fenyila t-enik3bntyl 1hile, (wh@fénblﬂ:’Wl%Ubf@ﬁ)@ arfimRthSé!hclﬁqlmd or
thi azo

car banoyl yl 20 thien f urany i m dazol yl ,
(opt i onal %ﬁe S%@SEIH%FEH]Q}S c?48)71 fﬁ%‘btl‘rﬁqﬁ?ﬁenr s%"tﬁlﬂoloirn?l:hﬁ%&r
qui nol i nyl . YEt nor e preferably, Cy is selected from phenyl, 2-

chl orophenyl , met,hoxyphenyl , 4-car banoyl henyl pyrid-2- yI 25

pyri d- 3? %/ ‘ﬁ}?ﬁ §ik ﬁ \Flgetrl‘ﬁtésr?gfn ptog I‘H%H’%SCPI they rase aEfpchedr an- 3-yl

i m dazol - fozbhh a tﬁ%:&b@h.dz?nyi-,ylt hbaF@i»icﬂhyJL-lylt Bi:aaﬁ&iph%mho %\?)hyl |
n- an

i soqui-nolin-5 uinol i n-8 qui nol'i yl,  qui nol

qui nol i n- %y’ls @ﬁé’?‘ggxgﬂ?ﬂ‘ é"é’%f’gﬁﬁlfﬂé% Hlyetey ‘a%?e 4- - ami nophenyl 4-N- 30

net hyl am mafm . oft- RN\ é&icﬂlaﬁetfwh)&mdmg@nygm@p rggt hyl phenyl
4-f| uor ophenyl hydroxyphenyl

2-fiitoro 3 quoroph
4- et hoxy‘gheﬁi%)/? Roy FRgeblSy FhGBrHEWﬂ wBiBhoFe A mATRo phEAhed

2- et hyd t ez ol sho¥l 6 denbEida Lpi,pess dié%eéoxkylcyﬁ&g{)%mubmcm ohexyl,
napht h- |d¥| 2 23 13 Decenber 2004 am not hi azol -

2-trif1 udrOfARIRIVpRaAY| Comaimst hy Pt h# distrerpptons n'iﬁ]tﬂﬂtﬁil Bremy| phenyl
3- br onopheivlogedr, 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-



cyanophenyl and benzo(b)thi ophen-3-yl. Yet nore preferably Cy is sel ected
from phenyl, 2 5 chlorophenyl, 2--nethgxyphenyl, 4-carb@apeydmbamposd
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. Most preferably Cy is phenyl. In another
aspect R2 represents: (i) phenyl optionally being substituted in the 3
and/or 4 position by halo, nitro, thiol, haloal koxy, hydrazido, 15

al kyl hydr aZimgaotluimzed - 4 cyhn g - tidifdabkonlet hah paydityhi, 0 3-al kenyl ,  al kynyl ,

acyl am no, wethyDihidiphkH j(prgatnm;w,i | oxy MSO2- or Rl1, and
optionally subst.i tlgﬂgjed gt the 6 pog‘?ﬁ}%ﬁ)}%gh m’n)é, bﬁ?f‘&?@ﬁ‘,ﬂha{’b, al kyl ,
car boxy, alREREEWIngPS ksnarib! thigrhen-anvhoal kyl , al koxy or al kyl thio; 20

ﬁ i :) Iniuoht h- 2. -3dt eptieopsdferanisti tis @l_@lé‘été&‘hﬁfg@mof)gtznyp,lo%i-ltigﬂ by PEI O’|
al oal koxy, , gya nitro,. amno, razi do,” al kyl thi o, al kenyl,
al kynyl )(()5?/ Cﬁ?gi‘%%lgg%%f i %nné?rﬁ%oxygbsgﬂ't dt S8 RAPHERSIBLs | Ry -Byyhni no,
hydroxy, h&VEidzx}., thtenowl, thaev,3-gii diyraarizreal Khraralskoxy or

al kyl t-hi o; id®adidi-2-L300tH NRIJIN> 75y ¢ i; B! 4k 0do) - 6-yl | | ndazol -
5-yl, indazoL-Q{yI, g nzothiazo?-%y'ﬁj%%gggﬁgi§6x§§6??8£fy?x 8pdi onal Iy
subst i t ut e@aP°HE*3Yposi ti on by hal o, hal oal koxy, hal oal kyl, cyano,
nitro, amino, Hjctaprdberably i ds dleeByd, £rod kwaMi1 0ro R1j; 30 (iv)

benzinidﬁﬂggtﬁb%g?ﬁa enzo h'azol-Gﬁ | .optional,l substituted at the 2
posi ti on by &M S EIQ,’ ' t‘ﬁi%ar%l_bf_“‘ﬂ’l% é/’r{YrJri gﬂéﬁﬁl‘%ﬁﬁf'?%nal |y substituted at
t he 4ﬁbr 5 posiMasénPEgfemily 16yl dal ptoeayl.hal oal kyl, cyano, nitro, anino,
hydrazi do, al kyld hihernal keipder 8L K¥q¥le b R
{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-y1, indazol-

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

<Pptionally substituted at the 3 position by halo, haloalkoxy,
haloalkyl, cyano, nitro, amino, hydrazido, alkylthio,
alkynyl or Ryy; |

alkenyl,
30 {iv) benzimidazol-5-y1 or benzothiazol-6-yl optionally
substituted at the 2 position by amino; '

(v) thien-2-yl or thien-3-yl 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—d1ch10ro—2~oxo~indol—6-yl or l-methyl-3-aminoindazol-5-y1;



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 |-nmephyl -3-am noi ndazed pacethher2$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 hal o, hal oal koxy,
hal oal kyl , cyano, nitro, am no, hydrazido, alkylthio, alkenyl, alkynyl or
Rl; (x) pyrid-3t#ii)opensethiazcduBsylt vmddaze [ t2eaf pgosmidinn-2-19 &y hal o,

hal oal koxy rebad r@ﬂmd&i@ﬂpz-'&']F{zleﬁﬂaUQa y1hydrazido, alkylthio, alkenyl,
al kynyl or R1; (xi,). benzofur-2 tional |y substituted at the 3 position

by ami no, hydro nl)]aﬂﬁra%ﬁ’]kﬁ YXCQP 11¥y%‘Hﬁt1té?ﬁFGoata‘Fﬁq1éal kyl, al koxy
or al kyl t hiposinibrabyt hals, dta]ﬁ)alﬁoppslﬂallaallbyl haiyanohahﬂai-ckoébfmnbal oal kyl,

cyano, nid 0, Ike |, al kynyl or Fﬂj (XII)
i ndol - 2-}§%90E%¥%ﬁhlFyﬁggggﬁgtugggn% Fﬁ déF.%ynltrogen at om by alky

and optional |y SudsPrridedtwk optéosably SebgmmeUG@nabytheji)pdmatmamkoxy,

hal oal kyl, bgYRNQ, ’ih'aﬁ.b@lk@:%'afﬂaﬂgallb)yﬁr Q-?hﬁi& ra't'%'tmn?ma' kenyl, al kynyl
or Rij; (XIII} i ndol - subst it ut ed posi t1on by am no,

hydr oxy, h&V¥8T3% o ﬁékyl?Wﬂbrélbﬁnﬁ%dGFBYHY%F¥yﬁ1 icar boxy,
alkoxycarbonyl bdyapgrlana{&n o@muaﬁadigﬂsubéifﬂnabdohtatkﬂ|é L1 ¢ 86

| h h hi
Al oal Koy i sk e Ehoker® igaBREIL Ctxglo "G  BBAAS) ) Chi o, A

hal oal koxy, al kenyl ,
al kynyl or1@@f32%*h-é%kv}tﬁenzapbknhlopﬂﬁmnﬁlyh:G@IlonalIy substituted at

the 3 positionghy %ghQquP¥QHQX¥pt{Eﬂéllyaggﬂgtlﬂﬁi ROXY: ¢ Y A0,
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;



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, niéro, am no, hydiapecsmbealdopht hio,
al kenyl , al kynyl or R13. Exanples of particular values for substituents
that may be present on R2 are: for halo: fluoro, chloro, brono or iodo;
35 nitro; thiol; 25 13 Decenber 2004 for hal oal koxy: difl uoronethoxy or
trifluoronethoxy; hydrazido; for al kyl hydrazi do: nethyi hydrazi do; am no;

5 cyano; for haloal kyl: trifluoronmethyl; for alkylthio: nmethylthio; for
al kenyl : vinyl; for alkynyl: ethynyl; 10 for acyl am no: acetyl am no;
carboxy;. for acyloxy acetoxy, hydroxy; for alkyl: nethyl or ethyl; .15

am do (CON ? @g}noa .¥i am nonet hyl ; and for al koxy: nethoxy or
et hoxy. Pre eraB % 8p ?ﬁﬁﬂmﬁ§h§ﬁ%é¥?FE%%&PQﬁmetBﬂXQ, substituents

sel ected frigfdrerideo, chioro, amino, nmethyl, 20 ethyl and methoxy.
Exanpl es - offd%a&lkﬁlﬁfﬁféééhH?Smééﬂylﬁgdfﬁéiﬂo;hydrogen; |
amino;
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, alkylamlnoalkyl such as
'dlmethylamlnomethyl, or alkanoyl, such as acetyl;
.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;



hydroxy; for, al koxy: nethoxy or ethoxy; 25 alkyl, such as nethyl or ethyl,
al kyl am noal kyl, such as "-di nmethyl aggnonmet hyl, or al kapeyémb&ugipsas
acetyl; for hydroxyal kyl: hydroxymethyl; for al koxyal kyl: met hoxynet hyl ;
for al koxycarbonyl : nethoxycarbonyl; 30 for al kyl ani nocar bonyl : T —
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 ar ethyl, or al kanoyl, such- as acetyl; for hydroxyal kyl:
hydr oxynmet hyl ; for al koxyal kyl: methoxynethyl; 5 for al koxycarbonyl:
nethoxycaquQyL'hgo[ algﬁlanino: nmet hyl am no, ethyl am no or di nethyl am no;
car boxyl or car%of?he?ﬁ XX RF AP CONH2) or ani domethyl. In yet another
aspect R2 rPdpybsemch: agOmé¢tihyplengthynt b@n@iﬁahcﬁqi,nguégbgéiat tt?ﬁ!-i n the 3
and/or 4 pgosi ﬁ}%@glﬂyypr@dﬁgﬁé% brono, iodo, nitro, cf'lléf ubr orret hoxy,
trifluoron%thoxy, am no, cyano, ]25 30

or alXKoxyalkyl: methoxymethyl;

> for alkoxycarbonyl: methoxycarbonyl; -,

for alkylamino: methylamino, ethylamino or dimethylamino;

carboxyl or carboxymethyl; and

amido (CONHy)} or amidomethyl.

In yet another aspect Rp; represents:
| 10 (i) phenyl optionally being substituted in the 3 and/or
—y 4 position by fluoro, chloro, bromo, iodo, nitro,

difluoromethoxy, trifluoromethoxy, amino, cyano,

15

20

25« . -

30



27 13 Decenber 2004 trifluoronethyl, nmethylthio, vinyl, carboxy, acetoxy,
McSQ2-, hydroxy, methoxy, ethoxy, mnebhyl, methoxycar bthpkcemipetdogs ami no,
et hylam 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 chloro, am no, vinyl, nethylam no,
nmet hyl or nmethoxy, 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-yl, indazol- 5-yl, indazoi-6-yl, benzothiazol-6-yl or
benzi soxazol - 5- yl optionally substituted at the 3 position by chl oro,

bromo, 15 ariraeludwindyhy®! ABERMMEN6PIERGE Al HoR Phi.00al 1y
substituted at the 3 position by chl oron?bronn ong ?e%%xf tMlego&y) (1v)
benzi mi dazolfWSrg3y omefsbaxyt hem%GmwhydptmmmIXWarsubglJ tut ed at the 2

position by sarh{ps ( | ..ar, thj I i on Iy substltuted
at the 4 or 5 gosnlut%?)on\%h&?réef%\%to% o %’?GF" rt){on%?;y SRRAH

3, 4- - et hyl é’ﬁe&.%x@@?@ﬁwonzbz wwydrrmdmwranyab;o, methoxycarbonyl
3, 3-di chl OJQyZn@m— laRdAbmEenyl QretardMyD a zOV -9 yds, (vil)
benzot hi azol - éz/ i m dazo('1 y g; Syrim 3 %ll'efyl %Bgtggat d 3% e
tetrahydr0|ﬁpaé.kﬂWL -&Pbyrprniﬂhﬁﬂz ydnyl(vmauﬁwlpynazolmétnyl substituted at
the 5 positimBnéyy, Uﬂshali Xt IpEM YQPYIdif 3 k! s X I or
6- chloropyrld 3-vyl; %% %enzo ur-CZEJro Fyﬂgiéﬁfgr éd%o gr9¥y
and optlonally at the 6 p051t10n with amino or hydroxy),
(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) isoguinolin-7-yl, indol-5-vyi, indol-6-yl, indazol-
>-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) benzothlazol-Z-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 (x1i) benzofur-2-yl, S—Chlorobenzofur—E—yl, 3-

methylbenzofur~2—yl, 3-methylbenzofur-2-yl or 6-
methoxybenzofur—Q—yl;



met hyl benzof ur-2-yl, 5--nethyl benzofur-2-yl or 6-- nethoxybenzofur-2-yl; 28
13 Decenber 2004 (xii) indol-2-yl optpgnal ly substitutedDesemtidaeoosndol 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 methyl, 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 -amno- 4 -nit rophenyl, 2-am no-4-nmnethyl phenyl,
3, 4-di am nophenyl, 3-am no-4 15 fluorophenyl, 3-am no-4-chl orophenyl, 3
-am no- 4 -bronophenyl, 3-am no-4-hydroxyphenyl,

g- ani no- 21- ca{ boxwﬁn hy}qahlzenﬁyl %ptﬁﬂﬁ\d]ﬂ'y éubmttumékigbﬁnyim J.ndole
-am no- 4-ne (0)4 e , r,op uor o cyanop
3 ol or opnotyF PSR AR of I RO B R R o e Lt AbRb AR GHER At T 5 or
j-cﬂloro-g-HWSﬁﬁxthebylfldoﬂ? @ﬂﬂﬁf@,3mEMdLOM¥wﬂ?an Eethox%l I

- chl or o- 3- et hy ny chl ar o- 3- X nyl_, r onopheny
4-bron0-3-nethy|%ﬁé§yl1hﬂ9 gi%ES@ﬁ3E§$#e§-%£gﬁﬁbﬁeﬁ9P1t%°%9%hophenyl
4- cyanophehyﬁloapr-fﬁydrgxypH&yQMoxyZamwdnquna&mye@hbxypbeﬂ@&,at the 3

3- hydr oxyphegy! y henyl , 2, 4-di hydroxyphenyl, 3,4 25
dlhydroxyphghy tlé@ ﬁg §é£é¥ -Flet 98§§ heﬁgl 4- difl uoronet hoxyphenyl,

4- trlfluoronethowyphehyhzonb}tnndbhaofbﬂﬂtbgﬂiﬂﬁﬂlﬁ@,sébﬁeifﬁﬂédﬁheﬂh%nyl, 4-
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-



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

3- et hyl phenyl, 4-nethyl phenyl, 4 30 ygnyl phenyl, 4-nme{hoxydhesroos4 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-am nonaphth-2-yl,

3- hydroxynapht h-2- 5 yl or 6--hydroxynaphth-2-yl; (iii) isoquinolin-7-yl,

i ndol -5,yl, indol--6-yl, 3- chloroindol-6-yl, 3-bronoindol-6-yl,

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

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

3- anlnobenz@Sh@%Mphbn51ylq—ﬂétﬁbxv}3tuﬂlbrﬁbmﬁ%gJ-5 ¥ethoxy-3-

2- am nobenzipi enzot tHi en-2-yl,

5- nethylthlen %ﬁéﬁgngl 3ﬁﬁﬁ¥ GERR NI L3 ?%thgiéﬁkﬂQHHQﬂYén poyl or
thien-3 860Y3am3n49h€mygﬂqané&amquﬂutmylphéhy3~d|hydrcn|1dol 6-yl, 15 3,

TS o i e (1)
tetrahydrélHidﬁ%éfﬁy@rgwxnaphhthﬁylz yl; (V|||) 5 met hyl pyrazol -2-yl;  (ix)
et ony o el R

5- et hyl benEijctfrOJEdﬂ Gﬂﬂmeﬁhbxywmtluﬁ -y13- )Bl-meﬂxylj)ndd’]_d(@l_ yj_,
5--f|uor0|ngggtg Y heio Pz or 25 .t 5- et hyl i ndo

5- et hoxi ndol - 2y ,d%§ﬁ§t16x3hﬁ 6ﬂ'%“§h Haginoindaga- ﬁ“ﬂdollﬁggﬂol (xiii)

5. quorOIndBTyb ﬁﬂZQﬁhlaZOl 6~yl, 3-aminobenzisoxazol-5- -yl;

10 (iv) benzimidazol-5-yl, 2- ~aminobenzimidazol-5- yl, or

benzothiazol-6-y1;
(v) thlenf2—yl, 5-methylthien-2-yl, S-methylthio-thien-2-
yl, S-acetylthien-2-yl or thien~3-yl;
{vi) 3,4—methylenedioxyphenyl, 2,3-dihydroindol~6—yl,
15 3,3—dichloro~2—oxo—indol—G-yl or 1~methyl—3-aminoindazol~5—yl;
(vii) benzothiazol-2-y1, imidazo[l,2—a]pyrimidin—2—yl or
tetrahydroimidazo[l,Z—a]pyrimidin—Z—yl:
(viii) S—methylpyrazol-Z—yl;
{ix) 3-chloropyrid-2-yl;
20 (x)  pyrid-3-yl, 6-chloropyrid-3-yl;
{xi) benzofur-2-yl, 5—chiorobenzofur~2~yl, 3-
methylbenzofur—2~yl,
2-yl;

5—methylbenzofur—2—yl, 6-methoxybenzofur

t

| (xii) indol~2-y1, S~fluoroindel-2-y1, S-chleroindol-2-yl
25 %—methylindol—2—yl, 5—methoxindol—2~yl, 6
and l-methyl—indol—Z—yl;

!

-methoxyindol-2-yl

{xiii) 5—fluoroindol-6-yl, or

(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'):



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

6- chl orobenzo[ b] t hi ophen-2-yl. 30 Prefgrably, R2 is sei®Deeshmiigr@mone of
the formulae (A1 to (G) : 30 RI3 R15 (A) (D) I R13 (B) (E) (C) (G)
wherein X4 is 0 or S, R13 is selected from hydrogen, fluoro [except for
(C)], chloro or nmethyl and R19 is selected from hydrogen, nethyl, ethyl,
fluoro, chloro, and nethoxy and s R15 is selected from hydrogen, nethyl,
fluoro, chloro and anmino. Mire preferably, R2 is of the formula (A)
(wherein R14 is selected fromhydrogen, nethyl, ethyl, fluoro, chloro, and
met hoxy _.and R15 is sel ected from hydrogen, nethyl fluoro, 10 chloro and
am no) or of the fornmula (B') (wherein R13 is chloro) or of the formula
(C) (wherein R13 is selected from hydrogen, nmethyl and chloro) or of the
formula (D) (wherein R13 is selected from hydrogen, nethyl, fluoro and
chloro) or 13 Decepber 2004 31 13 Decenber 2004%of the fornmula (E)

(wherein R13 is -gen) or @f th formula ( erein R13 is chloro).
Yet nore preferd is 4- nyl, 4- / :
R _
(] (] - H
R, ) (B') (C)
R
~C)
N
— H Ry
(DY (E)
R13 S
T~
(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



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- gpthylindol-6-yl.1ADetdetserR0gr oup of
particular interest is 3-am nobenzi soxazol-5-yl. - -1 Yet nore preferably,
R2 is of the formula (A') or (d) and R13,Rl4 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,

nmet hyl or chltoro. Another preferred conpound of the present invention is
one of the formula: 15 N N-CH3 NHCOR2 wherein Cy and R2 are as herinabove
defi ned. @fptks daEglaofPbunvhereineRyy dsehydrogemt iconoffstiet the formul a:
NHCOR 2 ggrmﬁggeyd1)nghg§%fﬂuil§Cigrghfg%ohere|nabove defined. Especi al

mention may be nade o

1- (I ndol e- 6- cafompreCppheiaiglyy cRpyly -4-chiogdphenli.didnyl ) - -

oy o e L e L BT B phonyl 41 yci nyl)

-4- (1- ﬁeﬁﬁ%migmlda nyd4. indqdi-gerizi hechlzzoigddedemierr204

methylindol-6-yl. Another Ry group of particular interest is
3-aminobenzisoxazol-5-yl. -
Yet more preferably, Rg is of the formula {A') or (C')
and Ry3,R34 and Rjg are as defined hereinabove.

10 Most preferably, Ry is of the formula (A'} and Ry4 is
methoxy and Rjg is hydrogen or of the formula (C') and Rjjz is
hydrogen, methyl or chloro.

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;



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; 32 13 December 2004

1- (4- Met hoxybenzoyl - D- (2- chl orophenyl ) gl yci nyl )--4. - (1- net hyl -

pi peridin-4-yl)piperazine; S : e
1- (1 ndol e- 6- car bonyl - D- (2- chl or ophenyl ) gl yci nyl ) -. 4- (1- et hyl -
pi.peridi 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 hereof.. 10 Compounds in this group have been found to have good oral
exposure and a desirabl e pharnmacol ogi cal /toxicological profile. The
conmpounds of the. invention may be prepared by conventi onal chem cal -
synt heti ¢ rbutlesode - &ycarbohes-BHhehd1dd st ted b e,fol |l owi.ng exanpl es.
The corrpounplgpqge{.g@igeqr mul a (]Ia;cp mag e}L p?‘g%grtgd(lb%/(netcgﬁ%ﬁ%%eg“tdﬁ&‘i'x- X- bond
from appropriate interredi ates. For exanple, when -X-X- is -CONH, by
reacting a tolfplhreenseyl tir (atichl ¢ddihent RN iQy) ) Lalp{ Qdtryith a
conmpound ofpireeidinforTybap&Rs L], under conditions known for the

for mat.i ong °f~(1?180f‘”j6qe bsnd. The reaction is conveniently carried out in
the presence of a benzotPraybik-Bashiriaphgent) Bvehngd) 44+ (1-methyl-

hydr oxybenZ3Perad ot -on. ) pipgchcixy; 7amzabenzotri azole, in an inert organic
sol vent sucih @sméei wEth B de or 25" Met hyene chl oride. The reaction
mxture is ui a%takéhgfg%ﬁq%négaﬁgp ehoge HERY T hgl vrjeml) stchlas

di cycl ohexyl% §|‘" §rdde- dry)pigedaristehy| ani nopropyl ) - 3- et hyl car bodi i i de
added. O hemdsphyainiegheagppt I S e known in the art, for
exanpl e : such %3%%%5%§&I Fh%ggé reactions can al so be

?d”l acid Qn?l i dg
used to Tormi nt aIrEg s 8. thighoEeur divai heerhdoabdves -Bave gbodoral
- exposure and a desirable 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-
formula (10):

» by reacting a compound of the
HpN-Y-(Cy) -L-Lp (D), 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 acid halide, such as Ro-

30 Cocl.
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):



Compounds of the formula (1) in which R is -(CH2)c-Rc may al so be
prepared by reductive coupling a conpggnd of the 35 fdBmMecampdrddodd3 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 oroét 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
formul a R2-000H, under 15 conditions own for the formation of an am de
bond, for exanple as described hereiﬁgbove for formng a conmpound of
formula (1), followed by deprotectiony The cgnpoiynds of fornula .(13) may be
prepared by reacting an apﬁgopﬁkaﬁé/1+ cted glycine of fornula (14) Cy
Pg2NH'" Y /OH Tt 20 O in which pg2 reprgsenys an/am no protecting group

t hat can be

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

Pgl 1§ -
gt is t butoxycarbcnyl, Pg? may be benzyloxycarbonyl) with a

compound of formula {15)



selectively renoved in the presence of Pgl (for exanmple, when Pgl is

t - but oxycar bonyl, Pg2 may be benzyl oxygarbonyl), w th & Decampmar2@06f
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 fornmula (16): TY Y PeNHNNR VT Oin which Pg3
represents an am no protecting group, such as t- butoxycarbonyl. 1.0
Compounds of fornula (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 perfornmed in the presence of

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

di met hyl formam de. The tenperature i g—Togveniently in the range of fromO
to 100 C. .-Compounds of fornula ( whisch R is -(CH2)c-Rc, may 20
' a %19) be prepared by reacting a
A ich Pg4 represents an am no

but oxycarbonyl, with a conpound of
conmpound of formula (18) Pg 4 N, NH

protecting \greupamiieCBoA8 fodming 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)



H NNPg' 13 Decenber 2004 under am de bond form ng conditions, followed by
sel ectively renoving the protecting ggoup Pg2. ConpoutdiBecdmitdre20Dér nmul 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 am no
protecting group, such as t- butoxycarbonyl. The internediates of formula
(16) and the corresponding 10 am nes wi thout Pg3 are believed to be novel,
and are provided as a further aspect of the invention. Conpounds of
formula (16) nmay be prepared by reacting a conpound of fornmula (14) with a
conmpound of forrmula (17) HN _R 15/und am de bond form ng conditions.
The reaction is conveniently perflrmed iNPg he presence of diethyl cyano-
phosphat e. Conveni ent sol vents inclhgg_gﬁides, such as di et hyl f or mam de."
The tenperature is conveniently in thé range of fromO to 100 C. 20
Conpounds weidekoamiden Hohd) foAmivhy dorRitisns ( Gdllowdd, byayeladtheepyepar ed by

reacti nhg a_conpou of fornmula (18 5 P4/ V2 g in which Pg4 represents
an ani no 5%%?25? ﬁg“@ﬁﬁﬁg?ggfﬁglQEééth%utoxycarbonyl, with a conpound of
formul a (19) 36chpobadenderth20@Eérmula (10) in which X is CONH may be
s prepared by deprotecting a compound Sf the formula {(16):
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)




~Rc followed by renoving the protecting group, Pg4. The reaction is
conveniently perforned in the presencggof an acid, suchd Bscerabatdondaci 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 fornmula (19a) Z-(CH2)c-Rc 10
i n which Z represents a | eaving atom or group, such as net hanesul f onyl oxy
or benzenesul f onyl oxy, followed by renoving the protecting group, Pg4.
Compounds of formula (17) in which R is s(CH2)c-Rc may al so be prepared
by reduci ng conpounds of formula (2Qy/or ¥ formula (20A) 0 Pg Pgsf QN -Re
O (20) (20a) R in which Pg5 and each represent an am no protecting

o oup, PotCTHERed GG NG prPLLPNR oBbpb TR 1D s rBaRLER oo o o
reduci ng agenatnvenicintiy berfwmyed hnathetiersesuehof am teetidahydenfas an.
Formul a ( TAFE WP TsT oo SORURRE FRMRERES (oPiuBE Het B th 2 under
am de bénéthameing conditions. Alternatively, conpounds of fornula (20) may
be prepared by (@aGhE00,2 LOMOUNG AT LOMMR {18 Wi LR, B_Gemound of
also be prepared by reacting a compound of formula (18) with a
compound of formula (19a)
Z- (CH5) ¢-Re
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 / \
" \_/ }-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 0f 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



formula (21a) 30 37 13 Decenber 2004 HOOC-( H)yc-1X (21a) in which Xis a
hal ogen atom such as bromne, followgg by reaction w thDaceromp@ond of
formula (21b) s HRce in the presence of a strong base, such as sodi um

hydri de. Hence the present invention also provides a process for the
preparation of a conpound of formula (1) conprising: a) when -X-Xis __. .___
-CONH, reacting a conpound of fornmula (10) with a conpound of 10 fornula
R2- COOH, under am de bond-form ng conditions; or b) when R is -(CH2)c-Rc,
reacting a conmpound of formula (11) with a conpound of (12); wherein R2,
X, Y, C, c and R are as herei nabove defined and fornulae (10), (11) and
(12) are as hereinabove defined, followed if a salt is required, by
form ng a physiologically 15 acceptable salt. An am no acid of formula (23)
Cy I /YOH H2N O or an N--protected glycine of forrmula (14) may be
prepared (for exanple) by one or nore of the follow ng nethods: 20 (i)
fromaryl or heteroaryl al dehydes WPEC{EH).S%% ecker synthesis or

nodi fications thereof, via Bucherer-B rkgs hydant oi n synthesis, or via the

Ugi methodology ("Isonitrile Chem stry“, Ugi |. Ed.; Academic: New York,
1971; 145- 198 @hich Klis nihsloapomen;suitesdtdntins followdi byseryaniviiescompoiddeng, A
Ugi, I. Anq@mula%ﬁ;p Int. Ed. 2000, 39, 3168; "Amno Acid

5 _ HR,

in the presence of a strong base, such as sodium hydride.
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

s

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



25 Derivatives by Milticonponent Reactions", Dyker, G Angew, Chem Int.
Ed. Engl. 1997, 36, 1700; and also sgg "A new C ass of3 Casambdridoioe

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

. Lindhorst, T.; Bock H; Ugi, |I. Tetrahedron, 1999, 55, 7411.) with renoval
and repl acerrent of protecting groups; (ii) fromstyrenes via Sharpl ess

nmet hodol ogy (J. Am Chem ~ Soc. 1998,120, 1207-1217) 5 (iii) fromaryl
boroni c acids via Petasis nmethodol ogy (Tetrahedron, 1997, 53, 16463-16470)
Nith renmoval and replacenent of protecting groups; (iv) from aryl and

het er oaryReaebi?R" adiigdhorgt a Tvafosk Hhazi ¥gtr ob- (B fmahediren, R9B, 536- 540)

or by oxi EBE' o011 hohlieweded Gy ah@di:'&ﬁié?:'%néag SR Qhg PEEEL NT

groups; or (v) fromexisting aryl glycines By manipul ation of functi onal
groups, fQRiexare &t fy@lekﬁsa\trié)@hg.&pbé@g Re¥LBASLRS, @8l hadi sy assisted
carbonyl ation of tri tes derived from hydroxy groups and further

mani pul at F8R- ot 9the Xar B8RYt 1% st ers to 15 give carboxylic acids by
hydr ol ysi s, car boxani des_ by activation of the carboxylic acid and coupling
with anPnddil) AfFdesilab ?ﬁ?lﬁ“i%§cﬂ€%c‘f3iaor?eﬁﬁs’c%é“%’r°6%’}91ﬂc acid; (vi) from
al i phati ¢ (Teardsidr; apg7nosy arlgaaﬁlfsmt)em@uc&énsvaql dghydes and ket ones
using a Hor ner - Enmons reaction with N

benzyl oxyEﬁPb%?l‘?}Te)n"a°§h8§ﬁ%‘%ﬁﬁ5‘g19y5?7ﬂ‘ép9trr| met hyl ester (Synthesis, 1992,
487-490) ; (vi I“%e from OXI mes of formula cy N.~~COOPg 11-11 in which Pg
is a car bé?c‘” p#’c"ﬂ G¥g 288 R erWrY%oet&qtllGnac?%s (OFlﬁ‘Bng‘ﬂ $hich Oy is a

het er oar ybzga@umﬂmosylaeheéﬂ@armvf I 998 -uyPey ey find=@hBYl afollowed

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.

_ COOPg

0

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

compounds of formula



39 C1 ON~~COOPg 1-11 Alternatively, oxinmes may be prepared by
nitrosation of a conpound of fornul aggy- CH2- COOPg, ort3yeqesser 260 of

hydr oxyl am ne with a conpound of forrmula Cy-CO- COOPg). 5 A starting
material for the preparation of a conmpound of formula (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
the subsequent reagents to be enployed) w th phosgene, 10 di phosgene,

tri phosgene or N, N carbonyl diim dazole t@ gi ve a reactive conpound of the
type PGNHN(Cy) COC1 or PGNHN( le (wherein PGis a protecting
group). This internedi ate may be -used #s has beendescri bed above 15 for
the carboxylic starting reagents where|[the al pha atomis carbon. The
skilled person will be aware that at tain stages in the synthesis of a
conpound of forrmula (1) it may be MeCess@PRPp protect a reactive
functional group in the 20 nol eddl e to prevent unwanted si de-reactions. The
protection of am no and carboxylic acid groups is described in MQm e,

Pr ot ect i ngalGeonpsivel ) gatnes (Hngmb&t pyepaﬁcbwrmE’tﬁS&tM 0943, and Greene

and V\ﬂts Prot ec ou e hesis, 2nd. John Wley &
Sons, Ny, °Pggeu 50%'1“3@ %‘f %’@r%@@ﬁgp t FRECETRY |ncI ude Cl-C6

al kyI gr cmgrﬂmsyrdnmaﬁa m&thyia cigtyind 6f bfdartulandyteangdoparyl (Cl- C4) al kyl
9 B et hoxy bRnS A e A EE R e kb1 DT SRR SR et 1SSRPBRRI 9T

2, 4, 6- -t rigeeinyh benizy lwhelrenghy dphaaBbom 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
descrlbed in McOmle, 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-



30 trityl; silyl groups such as trinethylsilyl and t 40 13 Decenber 2004
butyl dimethyl silyi; and allyl groups ggch as allyl andi3lPecember 2004
(trinmethylsilylnethyl) prop- |-en-3-yl. Exanpl es 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 am no protecting groups include 10
benzyl oxycar bonyl (CBz), t-butoxycarbonyl (Boc) and benzyl. In another

aspect the dyrvest hahv1eiates C f O repari.ng a conpound of
forimul a | c&(rlp??(iasi}p Sﬁes&ggéciﬁ&%wcgﬁ%ﬁfn u%#) % orar%ﬁP’g_ "('rllg)l': R2' - X- X-Y
(Qy') -L-Lp'Edfehe 4 Yjimethy Wfé’_tpeﬂne?@-}’lls_ R2 (as herei nabove defined) or
Er?E )eclt ed m@%xa“§;%O£ asniber gtﬁaw?:}i@gdgfédiﬁd)(ptgy ?ﬁ%’]&%‘é} %?%lc,y and §

p n" is e ove defined) or protected Lp ; providing
at | east one p?o% ;%Ctl h§ g?’gﬁ‘g‘%}s"fﬁrfSE‘é‘ﬁf? %P HABESR ¢ pRRS5MESi cal |y

tol erabl & sSal-6s2EBAL.bE3-20 Eveinadkydi rpbemeilhOgss kridwn , i phéma ac cglt will
be under st catokpatpidigr-ice U, r a, (| isglated 1 n the
form of salpth%zoi siolzl\?rt eggpglnci)ch%&ﬁgrmﬁégzgn%%c@lﬁﬁsgl o"l%oegrieég!?y

tol erabl e) P and tHhat FaffYshe ertorelly mpbssituted fos enensfobe omel uded

Wi thin. theséspecdhatipgedd Of-esealkihvaid cohc, En&kdgvel internedi ates
described herei br@frelPLAWR D Brolbd NeTHBall snc1ude

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) (1) !
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(D}ly {(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



and salts thereof, are provided as further aspects of the 41 13 Decenber
2004 invention. The conpounds of thegqnvention may beinOsidmisdreneqs 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 conveni ent adm nistrative form
e.g. tablets, powders, capsules, solutions'; dispersions, suspensions,
syrups, sprays, suppositories, gels, emulsions, patches etc. Such
conp05|t|ons contai n conponents 10 conventional in pharmaceutica
prepar ati SRES™&' Y diluents, carriers, pH nodifiers, sweeteners, bul king
agents, and f'r:faiet hexmpachiy eongert SnvBnef @i allyy behadehiipashrbi o iy | be
sterile and in ol ution or suspen;bon forn1SU|tabIg%for |n%ection or

i nf usi on. %ﬁgﬁnﬁ FELEFonS - Formte FOFtFRIC B AERELIA b ARt (v&nti on. The
fol | owi ngraceaExang esamiyphau}rm@eué; CBhn@eOrfﬁtﬁthh]l@mre @fr conpounds

accor di g to t i nvent mul ati on gECenb 2004 Hard gelatin
capsul e IFRPrEpHe*u FW?W%M ow Y CCI“W&“E PM%°%5 10 i5 Quantity

(my/ capsubéhiAtdiared Agr ey el iSher sdwiiidted2@0e Maghesikeug st ear at e10

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.



Tot al 460 ng The above ingredients are mxed and filled,ipnto har elatin
capsules in 460 ng quantities. 20 2..443 Formul ation 21% eﬁ%@%ﬁ%@szoo4
Tabl ets each containing 60 ng of active ingredient are made 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 nma 15Total 150 ng The .active ingredient, starch, and
cellul ose are passed through a No. 45 nesh U. S. sieve and m xed

t horoughly. The 20 solution of polyvinylpyrrolidone is mxed with the

resul tant powders which are t heff® %%ﬁ“%hﬂbugh a No. 14 mesh U. S. sieve.
The granul€s so produced are dried at 50C and passed through a No. 18 nesh
U. S. sieve. TE% §odifn1parbOXénetQ¥I starch n%ggesiun1steanate, and tal c,
previously pad®¥d 98ITHTFFRSGLRED. 3450 PrERATeS §518Bebhe LRI HBA added to
the granules which, after m Xxi ndinqe@tieatpt essed on a tablet machine to
yield tgblets each weighing 150 ng. Viewed fromthis aspect the invention

provi de ot ease 30
i nhi bitor according to the invention together with at |east

Quantity
{mg/capsule}
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



“one pharnmaceutically acceptable carrier or excipient. T har uti cal
conposition may al so optionally conprige at |east one1$§??ﬁgvﬂgﬁgg
antithronbotic and/or thronbolytic agent. 44 13 Decermber 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 nmethod of treatnment of the human or non-human ani mal body
(e.g. a 5 mammulian, avian or reptilian body) to conbat (i.e. treat or
prevent) a condition responsive kd.inhipitor. Viewed froma further
aspect t-he invention provides a %%%Eﬁ%gt%gbffeatnent of the human or

non- human ani mal body (e.g. a manmalian, avian or reptilian body). to
conbat a it sive ri r e iphibitor. (e.g.

condi L on R et EERAARSRYCod ) 51 PeBE R S B BPL G ad B
inhibitor), said nmethod conprising &ditiomsstering to said body an effective
amount @f a serine protease inhibitor according to the invention. 15 The
dosage of —the-imhrbitor—conpound—of—the—nvent—onr—w-t++—depend upon the
nature and severity of the condition being treated,. the adm nistration
route and the gi eci.es of the patignt. However in general,
quantities of ﬁ#%ﬁﬁ?@%@féﬁﬁa¥b0 nol / kg bodywei ght &?qu%e adm ni stered. 20
Al'l publicatiofisar@dferred to herein are hereby incespatated by reference.

The invention \ descrihed further with reference to the
foll ow ng non-*%%#?%%ﬁgtggéﬁ%ﬁ(ﬁ?fauggsﬁwbrinental 13§ cenber 2004

10 Polyvinylpyrrolidone 4 mg
Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg
Talc —1 mg

i5 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.



Abbrevi ati ons used follow | UPAC- 1 UB nonencal tua:e. The follow ng
abbrevi ati ons are used throughout: aggq (aqueous), 5 eqtl Recdrntdra@0p4

equi val ent), Boc (tertiary-butyl oxycarbonyl), CMA (chloroform nethanol,
concentrat ed anmoni um hydr oxi de 80:18:2), DCC .

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

(di net hyl et hyl ami ne), DMF 10 (di nethyl f or mam de), DMSO (di net hyl sul f oxi de,

perdeuterated L for.NVR), EDCl (1- 3-€i t hyl am nopr opyl,).- 3- et hyl -

car bodi j.ni de hydr ochl TUE) Fu%qti{‘(c a@%’f"ﬁ |t %é\f‘é{F%}mﬁtRﬁm{i&?h 0l ), HATU
((O (7- azab=npdt ri seninel pybredsd , ihhdbt ebr sacdrihiyy UE® MHEMinvention

hexaf | uor qphosphat e HOAt - hydraxy-7-aza 15 bepzotri azol.e HOBt
(1- hydr ox;%?qore%@gt 'r“?%azfo SRt G (“fﬁd@ﬁ}/’mﬁﬁ? f%ﬁrnﬁﬁ‘ée”?i?qd‘iet’fi@ﬂr %ﬁat ogr aphy),
| S-M5 (i orcrsgatagnhass thepaahan gy ddbdHRuGad reaiass ebfase: ly.gh- performari ce

liquid 0 egraphy)_.,. SCX (str.an ation exchange resin), TFA

(trifl o (%ce :';Lég%tia TanroF ’(é%%%?%dﬁ&am ,‘30‘1‘%%9 (bhish FageF 29

chr omat ograg@venw) té dnddsioal addpemsivbi totagid BEGib{hd ferential scanning
calorime' try), .TGA (thermal .gravinmetric nal,ysis), Al sqlution
concentrati onsvzji‘re"éecga Ogsgeggﬁlgl%|a§ps}%|&e-_légeﬁ%&%%éar&mggw e stated.
Reagent s weitkodbbhi neththweam af wafd @itan Aor Qfont BOTERS GrBlma30uhges. | R neans
an infrare(d spect rum was_obt aj ned. 1NWVR VVR, or MR nmeans a

g , . NIVR 1L+ 1H
proton nmaghedi c?r'ed g8/ sPELAT T TeBthkAhhedrhek? 99PetaRal ysis (Met hods
A to Dpo( Metddtisy redpdacicdStd 4 Gexind0piohease! UhRimitddy qel fnear 46 13
Decenber ZOOAcliignadi ent of 90/.10 rr&Jhrougckll_ 50/ 50 go. 116 TFA in water / 0.1%
TEA con i0n such as a thrombotic disorder responsive to a factor
Xa inhibitor), said wmethod comprising administering to said
body an effective amount of a serine protease inhibitox
according to the invention.
is The dosage of the inhibitor compound of the invention
will depend upon the nature and severity of the condition
being treated,. the administration 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.



in acetonitrile) over 40 mn, 1 nL/mn. (Method B): Waters Symmetry, C18
(4.6 x 250 mm) colum. The 5 elutionggystem consistedldDetemizar20g4adi 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 L Dnedd yant A consi sted of agTFA (0.1% and eluant B 90% MeCN
in aq TEA(UT: gradient elution (0 mn. 2098 15 then 20%to 100% over
" 15 mn.) ; Luna C18 (2.1x150 mm 5pM particle size). (Method D):

M o 0sor b 0 el 80280, 4L SN ofle ) Whhelsaleln cqggtsted of
to 10: 90 @@l5%ﬂ'@dhbrelvii@)icﬁﬁs %eTEAeﬁ_ntIafmigh@htr:i | &) . oeejuedbsij n at 30 C
o0 i 58004 b B Lo A 0t Bl LSS Op g 2l 200 1 unless
spectra) CwWer écobimifioed : OnethdicSGi exndht AHMAX antnbhian Nealeeigebul i zer  and
1L 99en 88 L RE SR RS L Bt T gl (Chem el
i nserti on (dieslepeeithane) ¢rDEPC Clidethgl cyaiphaspRonaBslEe, Wipkhzi ng met hane
o5 the reaushloga MO IEL) ek @talatad b ater, desongld on onisatior
2004 | nogddénathyIfdrinami&ppcidisrat(ddfetiy) "sulfokbde, i petditeage«@f a
product iQgiEg£qﬁmbheEBE9d?fI(g¥§%m@%ﬁ$l£§¥ﬂé¥¥o%%lyigtgéhyl~
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



chiral starting material, for exanple D phenylglycine. 5 Preparation of
Starting Materials and | nternedi ates jgternedi ate substd Dedeetbeg9e4 ne
conpounds for starting materials and iInternediates, including those in
whi ch the 10 ami no group and/or the carboxy group is protected,
conveniently nmay 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 proc&durtgo\é\}uh 15 a di fferent internediate. In particular, it may
S

be convenPERt* 804h0 lehrougioap/ - Gl 'ﬁ?@l’éﬂ"iﬂt@ﬁ 4 Br%@é‘i’F&t i on,

rather tRhanaceraiiicka1py ObRGE i4R0nPh OUD mARBReVi ations, in addition to
others listed herein, 20 include: TEMPO

2,2,6,6-tetranethyl -1-piperidinyloxy, free radical; (DHQD) 2PHAL:

hydr oqui ni(é figod ,B4-: pma%aaf@zsém@u{; @it (ack; x240 ) LBLukQUNGrROt t omed;
PPh3, tri Egenfllrghos hi ne; 0c20 or_Boc anhydride: di-tent-butyl
di car bona orb BYBLEBaFaRT it st of n} WisdrdpaRdieHE fram RE:5 Theé®¥f ol | owi ng

CONPOUNdSTRE £n HALN AN 0020088 dinenien) @ si.pdi ¢atad vl IﬂﬁdHédMe/t hod KE- A)
fromthe indicated starting matertals, unlgss otherw se described. 30
| nt er medi 4P e KEEFR EFh(}'H3%“i}o QYFEnSPi Hilp- yicddeved &Y (e2RoBFKEM To a

stirring embei) Qroeka8ibrOrmaUisN@kh Nerdel @1 dwOrat8 s AMRL)mip, THE (500 ni)
at -78 C was added dropwise a 1.3 M 48 13 Decenber 2004 sol ution of

sec- but yl PPFEHi IR a9 Berformed stnpis yom vRlees idirswing. nateds 5 nin,
di et hykpoxal ate (8 n1_ 58.3 mmol ) was added; and the sol ution was aI | owed

to slowy warmto room .
{Method C): Shlmadzu 1C6 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.



tenperature overni ght. The next norning, the reaction was 5 quenched with
the addition of saturated aqueous NH4g}; and the sol vehDew@sbere@oded 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 wwth MgSO4, 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 acet ate/ hexanes. The product contai ni ng
~ fractions were conbi ned and concentrated in vacuo to give 5.88 g (53% of
~-the titl.e conpound. 15 1H--NVR IS-M5 nme 230.1 (M+l) Internediate KE-2

- Et hyl oxolgudersiald- 3nythietsenifiCaPiepardd "f oont'S- brionudie neinenet and

di et hyl ox KE- me 230 : '
| nt er medi at %K%wépﬁlfg/gé% q}%lpaOdPégl\#acedgt %/Sgllnmngr wﬂtg‘f Ig"ask (500 an)
under ar goehir#} t&t@dtmghmate&ﬂ'naiol fbheemnrmieeb phepylohedme .and dr oppi ng
funnel , gwas 30 added anhydrous ether (100 cn8) with stirring. This was
cooled to -78 Cand 2 Mn-butyllithium (60 cnB8, 120 mmol) was added. A
sol uti on Bfepitatiiophpézstertilfy Hatébiahs an0@nkenhediateanhydrous et her (100
cnB) was then added by dropping funnel over, 30 mnutes. This was all owed

- to stir for 1 -hour to give 49 13 Decenber 2004 a peach suspension. To this
was added di etInterprdiate {ulttd tucaB, glykiseg cohBOumdm|for 3pk8ting 0 give a

br own SO'H&E&%&&lS 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



resulting in a tenperature increase to -30 C. This was allowed to cool
back to -78 C and stirred for 30 mnujgs. 5 Reaction mbhiDeogrmert3004H 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 magnesi um
sul phate, and 10 concentrated in vacuo to give an orange oil. This was
purified by flash chronatography (10% et hyl acetate/ hexane) to give a

yel | ow oi | 7 31 39. 47 mmol 40% Yield]. 1H NNR (CDC13) ; 1.-42 (3H, t)
. 4.45 (28° H)"long’feﬁe(:IPPtlQ) Ticgiyy (Y53 Py 4§-5 ™oddedpedi ate KE-4 Ethyl
0Xx0- t hi azekclolbaart.at ﬁfté’f@&ﬁ%d ﬁi@@&.ﬁlhlcﬁéQh@ea(’Bjniil etsRyk @maly@te using
Met hod 20 KE_ﬂ@ﬂ£Q this. case the t enper.at ure was held at -35 C and n-

but yl I i t hi*Efh # are B IRlFirR W%c?e“@fﬂeéeléo BRASHIY PREENEO| FPom

cycl ohexagempdMird Svibnidhi. 1¢heOnéMlnornihg) Nt RAALBr KR Et hyl
oxo-iso%uinolin- | acet ate, Prepared from 8- gronnlso%wunollne and di et hyl

oxal at e® GEFAGH kbe pddifiern phit fHPREeFuRFIeYa AHefLi nap@xeires f or

30 sec- bukplvent matgnrlemoea&lﬂh%@ﬁs IR rek Sald, walf 23@10:6Md) Anal ysis

for C13H1] NO3: Cal% C, 68.11; H 4.84; N,_6.11; 50 Found: C, 68.11; H
5.00° N, pegyeen et yl acetate and satd aq. NaHCO3, "the layers were

separated; and then the aqueous phase was washed with brlne,
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



13 Decenber 2004 Preparation of Internediates OX-1 - OX-9 The foll ow ng
conpounds were prepared according to ghpe S indicated h@Dbcamijdvi2Ofed 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
‘Method OX-A To a stirring solution of ethyl 2-pyridylacetate (12.6 g, 76.3
mmol) in acetic acid (19 nL) at 5 C was added a solution of sodiumnitrite
(6.05 g, 87 7 mol) in water (12 nL) at a rate sufficient to maintain the
internal erature bel,ow 15 15 C. After ete ddltlon nd an

‘addi ti onal % ﬁ\ﬁ SUSRS QR tT%ﬁﬁﬂlSSUaﬁLa%%%ﬁFhﬁgrcﬁcmé’d 19 resul ting
white premidpi tate gasi2i hin6l e daprasireto Wilvie wabeswn slditdgn, NaHCO3,  and
again with water. The solid was then dried under vacuum to give 14.1 g
(950) of RS EE NG h‘br?p(‘}&ﬁﬁerWPHlWaﬂes-tHS 31 €-19ZFhds(¥A4)  Anal ysi s

5140 N, AP E Sron Ry NG e A Bl g 39, PERNES )1 acerat e,
Usi ng th?eR‘yaa@cédurreoroiftofieklkbﬁtlraINM{zAl(a:‘mlﬁhi m ca, 30 Hungarl ca, 114(3-4),
nyar oxyi 1 no- pyPch iy NEIa e R sipoa® Peiap i mead Y
3- pyridi nyﬂodueuane(mm om3bugith viigbeote. sﬁ.’krihlgl\lﬁ& 30 minutes.

Ether layer was separated and washed with saturated

bicarbonate (ca. 80 cm3), dried over magnesium sulphate, and

10 concentrated in vacuo to give an orange oil. This was ‘
pﬁrified by flash chromatography (10% ethyl acetate/hexane) to
give a yellow oil (7.31 g, 39.47 mmol) [40% Yield].

1H NMR (CDCl3); 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;



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

Et hyl Hydroxyi m no-quinolin-8-ylacetagg. Method OX- B ToDecesebariZ0ng
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
“hydr oxyl am ne hydrochloride 10 (2.67 g, 38.4 mmol). The m xture was heated
to reflux; and, after 7 h, the heating mantl e was renoved and the sol ution
was allowed to stir overnight at roomtenperature. The next norning, the

sol vent was repewetl | @, vagup and thger gl gugswas partitioned between ethyl
~acetate-and satd ag. NaHCO3. The 15 | ayers were separated and the organic
phase was washed with brine, dried with Na2S04, filtered and concentrated

i n vacuo. prépera©dl WeNnf OaBMNRS L 66E VS Labkzgd from _
~di chl oromet hane/ hexanes to give an initial crop of 2.5 g of the title

conpound as an™®t ficdioréng gtanpounds | eRksd PERPRTSd arcordisg o sdond crop.
The ot Beknkk g40dq WRS hbReMAGRREBYL 1S MeRhod 364 %) e gL due was

di ssolved in a mninmal amount of dichioronethane. The solution was then
chr omat ogiBPRetYY atarsing meatpatiale| wtlass AEhareodn desgribedt at e/ hexanes,
then 40% ethyl acetate/hexanes, and finally with ethyl acetate. The 25
product containing fractions were conbi ned and. concentrated in vacuo to
gi ve 1.94I§t6¥m?4£;qﬁ PEelconpound for a conbined vyield of 4.75 g (81%.

[ NVR 30k iy ey ddcaydnd. LMl ol gLpraRALRLE O 4 ELhy -

Hydr oxyi m no- qui-nol i n- 5-yl acet at e. epared from et hyl
oxo- qui-fol i n-5-yl -acet at e usi ng 5¥ethod 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,



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

| nternedi ate OX-5 Ethyl Hydroxyi m no-ghi azol - 5-yl acet aGbPecenaber 2006, | 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 hydrochl oride (3.78g, 54.43 mmol) were then added
to give an off-white suspension. This was brought to ref lux at 85 Cfor 1
hour. Reaction nonitored by TLC (60% hexane/ethyl acetate; s.m r.f 0.5,
prod. r.f 40ydg). 15 Reaction cool ed and concentrated in vacuo. Product

" taken up - |n ethyl acetate (c.a. 200 cnB) and washed with 5a hydrochloric
aci d' sol uttiSoHs, Budwy| 188eft®) | @2er.1wéd+1ri ed over magnesi um sul phate and
evaporated to dryness to give a creamsolid (6.372g, 31.825 mmol) (941.
Yield]. 20 1H NMR (CDC13); 1.40 (3H, m, 4.40 (2H, m, 8.06 (1/3H, s),
8.78 (1/ 3Hnteymediag® QZF3H, S), 8.98 (2/3H,s). Internediate OX-6 25

\I/E\:%l et anof‘mn%eérljryox%é%%rgo %&%;%tel% rat%%a 11% 3(r:|k§da£:| d (f2|5acszlr<78§ 13/gscggzjed
and cooled to O C wi,th stirring. Methchdsm@@l ution was added the ethyl
o 2 ARl MR AR o %M T BBl ) iy (10
(1.683 g, (245393 2oimpl) nimatidraned (t48)mMawathadded dedisinoakbyt oveer an hour
keepi ng tQE.1&%§P%ﬁﬁ%u&%oPFlfg%Ig%eg'by hydroxylamine hydrochloride
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



53 13 Decenber 2004 To a separate r.b. flask (500 cnB), water (180 cnB) was
added and cooled to 3 C. The reactiongsol uti on was pour®beddinbdreobhe 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
concentra%%% ﬁ Q%%O and treated to flash chromat ography (50% 10 et hyl
acetate/n L e¥ yield a orange oil upon concentration in vacuo (0.60
g, 3.00 mol) [13%yield]. 1H NWR (CDC13) 1.35 (3H m , 4.35 (2H, m) , 8.4
(1H, s) ’13{- (1H, S), 14.4 (1H, s). 15 Internediate OX-7 Ethyl '
a- Oxi m no- hyl t hi azol e-4-acetate. This was prepared from et hyl

-y-chl or o-1saMexi myaess .acgmearet ate (1.44g) using the nethod of Hat anaka et
al. 20 (Journal of Medicinal Chem stry, 1973, 16(9), 978-984) to yield the -
titled compound (0.64 g). 1H NWR (CDC13) 1.35 (3H, t) , 2.7 (3H, S) , 4.35
(2H, ) , Tht2rmédthts)ox-525 Ethyl y- Chl oro- a- oxi mi noacet oacetate. This was

prepared fr eth m noacet o ceta e (1.73 g) using the nmethod of
Hat anaka eEt%gl %g’é‘tﬁyﬁﬁ O8F PRARF T Al e én%?ﬁés-try 1973, 16(9), 978-984) to

yield the titl &'d sorpouEdasB0({do 446) . wid ladddd €EPAEBRy1l o2-(3H t), 4.3
(2H a. ‘%hlazg% 5-§Qacetate (6(363, 5& qughgbn%o2g€h§§é¥tecgg naterlal by
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,



54 13 Decenber 2004 Ethyl Oxi m noacetoacetate This was prepared from et hyl
acetoacetate (10.00g) using the nmethgg of Fischer (O tfhDecerBystdeegi s Col | .
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-yl acetate 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 oxo-isoquinolin-8-ylacetate usi ng, Method OX-B. INVMR IS M5 nle
245.0 (M 1) 25TRnalIBRaFatsr rRsHlAKo35 0Tl wetes3(1RP: o) qwas: N,

11.47; Fo i-aC 3 X 4 X Pre 10N ' er redi at es
AL-1 AL- S%E%hgnfﬁo??%vﬁd:a Oc%an%duhlﬁgévjre%;&ﬁrgfelp%?ie lgglcg?‘%i%%&%eoc{ the

i ndi cat ed tretthedcéMetwedrAlvi £h o3t IVetii hgdad -tenf £681éda-o I-RdPEated starting
mat eri al s,, .unl ess ot her w se descri bed. .55 13 Decen‘o;r 2004 I nternedi ate
AL-1 R S-Wnﬁ?i’iptqrbuts(%yéﬁﬁ’w&ﬁ?ﬁ%-"‘3‘%1-‘1 Hy8r 8%yet43p PBERSene. Met hod

AL- A Sod§ WpvedEexbHer (3 gﬁnﬂte@%e%ﬁiﬂﬂﬁe V@%lpg_it‘éélﬂ'é/ et 8 oc. The
solution was allowed to warm to room.Eemperature and stirred
-overnight. The product was extracted with diethyl ether {(ca.
3x150 cm3) and washed with water. The ether layér was
concentrated in vacuo and treated to flash chromatography (50%

10 ethyl acetate/n-hexane) to yield 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.



5 water (220 nL), and 20 nL of the resulting solution was renoved-and
added to potassiumosmate (410 ng, 1.44 mmol ). The reMaDBLAFb&GPDOYM

hydr oxi de solution (200 nL) was added to a stirred solution of t-butyl
carbamate (9.9 g, 84.5 mol) in n-propanol (110 m.) followed by freshly
prepared t-butyl 10 hypochlorite (9.65 nL; 83.5 mol ). After stirring for 5
mn, the solution was cooled to 0O C. A solution of (DHQD) 2PHAL (1.30 g,
1.67 mmol) in n-propanol (110 nL) was added, followed by a solution of
3-bronostyrene (5 g, 27.31 mmol) in n- propanol (220 nL), followed by
dropwi se addition of the 15 potassi um osmat e/ sodi um hydr oxi de sol ution. The
reacti on v#thylsbkimbitbaedabgbhte Sat ur at ed aqueous sodi umsul fite (150 nl)
was added, and_the reaction was_stirred_for 15 mn., The aqueous |ayer was
separated and &Rt aBePLmPEReet A £EBYL2eetoncesabenll0- 0Pgd U8t ned
organi c | ayer scwR6® MBFIRGhwrt lo2Rdid Ben amsk i iced 10ves1 MaS04; 3 Renoval  of
sol vent under vacuy %ye the crude product which was purified by

chr omat &gﬁaﬁﬂyto(gjrﬁ%gf e3E3thed HTFPOLAT {icdtSalé -t hen rechr omat ogr aphed

| oading with toluene, gradient elution with hexane - 4:1 hexane: et hyl
acetate) to give the title product (4.18 49% . 25 Melting Point = 90-91
C 1H Nf (1633%‘%) (COEI)eine§i 48% A)22385 (3H! s), 4.3 (2H, q), 8.8

R- 3- Met hoxyerr Beny| - (1-t - but oxycar bonyl am no- 2- hydr oxy- et hyl ) benzene.
Method AL-B In a glass liner containing a stirrer bar was placed Pd(QAc)?2
(871 ng, 3.88 mmol ), PPh3 (1.96 g, 7.47 mmol, NaQAc 56 1 3 Decenber 2004
(1.48 Q.0 HtQdmeatdde axdgDMF (82 nL). To this stirred

BEthyl 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
IS5-M8, m/e 245.0(M+1)
25 Aqgl;lalYS:_LS for Cy3H1oN4O3: )
Caled: 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.



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

car bonyl am no- 2- hydr oxyet hyl ) benzenes§4.27 g, 13.5 nmd Dedembde b4 82 nl).
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

bri ne (1x§ nd d ed over MgSO4. Renoval of solvent under vacuum gave the
crude proddcf HSALJurified by chromatography (silica gel, gradient

el ution wr-B- Bﬁoﬁ&/ommbhtoﬂf@@&/ym&mwh@d@bﬁyédgrlt)h@nfzbhbe product
(3.53 g, 89% . 15 Melting Point = 73-75 C with deconposition 1H NWR

(CDC13). API-MB, me = 240 (M CAH¥®¥Rd 1Mt nedi ate AL-3 20 R-3- Cyano-

(1-t-but Oxycarbsmﬂr@myﬂanﬁlaadmweghyéj . PLRERNE. wadr BRAAGA! O
anost rene was prepared using the

3- cyanost§ ﬁ g5|n t hod {
met hod ded@FFbeltt ﬁﬁﬁt?%dﬂPéﬁthe'?ﬁﬁqé ing saluiiogvrRagCDCL3)
Pr epar at i @amoted- @tﬁ@@&bﬁr eaepotE@sauﬁt bétit® quspeRs] on 1af mm

ol).
met hyltriphe hosphoni um brom de ( 209.71 nnDI) I n dry THE ( 750.
nL) at O %ge ﬁaﬁ?m@@ ﬁP@FB@e‘W%lQﬁd%ﬂlg% (380 fuigy Was( 8ddpg, t@. 5 Min

hexanes, aoztﬁarmaluﬁbﬁ OF X8 waéamerrﬁ%@ 59 éogbmatz;e@p%awﬁ 3-
Cyanobenzaldeh de ( 190. 65 nnDI was adde solid in 5 g batches,

and the mxPEP aW%k §@-rW%d Bl Loyseh %nﬁ@%ﬁ@ﬂrEreﬁﬁ%ﬁdnqjﬁptY1he reaction
was quenchegobRiywir (938 hie §a7 slém&epeM%rtea%o%ﬁqn\ge%rv\@smmmved

under vacuum The residue was dissol ved

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



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

preci pitated using ether. The solid wes filtered throughDeckratbedrp@0gous
earth, and the filtrate was concentrated. 5 Distillation by Kugelrhor at 90"
C/ 33 Pa (0.25 mm Hg) gave the product as a colorless oil (15.5 g, 62%.
Boiling Point = 90 Cat 0.25 mmHg. 7-H NWR (CDC13). 10 Preparation of

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

PAE- C h PAE:D or PAE-E) fromthe indicated starting materials, 15
unl ess ot hé'r %%sg d?egc 34 pEel) | frd it ta ge‘“EAE Fopbaid, sl_tlrr%

E}deyrl di radl).gh;bﬂhﬁ&; Etdtt;éldl EskeTut idve bl OR- PAToho2 Q1 Jio- s ek U h tion of et ;tyl .
y roxyl m no I n-2 -acetate in ethan 175 L) an
gl aci al aceatrrbpé’%gé?‘amc( Toﬁ%t%é8n§%®d9%27aad the r’i‘i“‘)‘?tLE E‘gwas shaken

in a hydrt\ﬁagmnaBQOﬁL)a.ppmt wesulERlg anlati6spher pu@éeci\mrtfhgﬁmtﬂégéh 1 bar
(45 pm% fao i he m xture_was f||teredthroug 25 d,iatorn ceous
earth ard a@é#l? ﬁ??‘atjetﬂ 3 FLYEEES. PRRRSWESTRRRS as Thg SEPelafn THE/ H2O
(1/1, 240 dgHa)gaadeédreat edWikh lﬁiéré)el’off cdstartd h@b@é&bﬂﬂ@lse ¢ 142369, 65.2
mol ) -and _sodi um bi carbonate )., After stirring at room

t enper at ure f GPEMFECYRR, WaS| G b‘%fi\tasreanc%ﬁttneaeéar?n fidcEE8eand t he residue

30 was parmxbugnedmatnvaeeaua Shecaneneph et i tinear BatiderPkang: Was washed
with brine, dried o magnes] um sul fate filtered and concentrated in

vacuo. ThEEFREE #& é’fartﬁlr WaShPRTIIEE Laver iFoMBERY 4Pt BEERTsi|ica gel,

el uti ngon {ak)aaglieppife (185 agh@ndridid s0e2AgRiNY| rReGStAL & Bolvent

di chl oronet hane to gi ve 58
under vacudm 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



13 Decenber 2004 8.11 g (72s) of the title conpound as a yellow oil. 1H NWR
|S-M5, me 281.1 (M+l) 5 Internediatgy PAE-2 Boa- D, L- {3Ppgerleindp0¥ gl yci ne
Et hyl Ester. Prepared from ethyl hydroxyim no-pyridin-3-ylacetate using

Met hod PAE-A. 10 1H-NWR IS-M5, W 281.1 (M+1l) Internediate 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. fornmic acid (50 nL) at 0O C was added zinc dust (2 g, 31 nmol).
After 1 min, the 20 m xture was filtered through di atomaceous earth and the

filtrate RRSVFRLIAF FFOVEA. Weer: JRGHAT AR TREsArR JVashdisealved wit h

net hanol , ibhehprethitiaiVagothttd Tiirt Nafd 3 1i@hiny MHNS 18 rof odi g8l Wy oNet hane
and (2 N NH3 in, nethanol). The product containi ngihéractlons wer e conbi ned

and conceRFFSIRH-ATPD HSRgUSERSY -gi FBe2sokidy vaF Eilrrrest dhgeuahl (1S-Ms, nmie
231. 0 (MrEihtondbeodl leatBnldmit D3 MRkt dansdbsabmatien. THE (40 n)  and
to this stl_rrLff sol uti on was added tri et%yl amne (1.4 n, 10.2 mml),

fol l owed ByS8i1taiion byyKugebehagorét 80 (SC/E3g Pag (8. 39 wmdla) . 9aTe evhel5 i n,

the sol vepkowast raMyved1bLiiyasuA1andst ey, g@shdue was partitioned between
ethyl -acetate and water. The organic phase_was then washed with satd aq.

NaHCO3, dried with Na2SOM, filtered and concentrated in vacuo. The residue
was Boiling Point = 90 °C at 0.25 mmHg.

1 ¥MR (CDCL;).
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



di ssolved in a m ni nrum vol une of dichl oronethane and 59 13 Decenber 2004
chromat ogr aphed over silica gel, elutggmg with 5% et hyl 1hBessstker 2084 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)
.Intermedi ate PAE-4 Boa-D, L-(5-quinolinyl)glycine Ethyl Ester 10 Prepared
from ethyl hydroxyi m no-quinolin-5-ylacetate using Method PAE-B. 1H NMR

| S- M5, MeSM.O(MiJ) 15IMemmMMeF%E

R e SRR L

2-trifluoronethyl benzal dehyde (1 g, 5.7 nmmol) with stirring was added
2,4-dinetggXﬁ$§nzylanine (0.86 nL, 5.7 mmol) and nethanol (2 nmL). After 5
mn, the I on was diluted with toluene 100 nL and concentrated in
vacuo (twieeys, e r ezndue (wes) t hen di ssol ved i n anhydrous nethanol (12 nl)
25 and_1, 1-di net hyl - 2- (et hoxycar bonyl oxy) ethyl isonitrile -
[Tetrahgdron, 55 (1999) 7411-7420] (0.9 g, 5.7 mmol) was added, foll owed
by 4- nethmﬁyémmﬁﬂﬁarea@hﬂ 20 87 g, 5.7 mol). After stirring for 72 h, the

sol vent ved in and, the I due was chromat ogr aphed over
silica gef? ’5{}? gp\ﬁrl"ﬁ BHllolcdne gFﬁ%’f'irﬁg%lr 300 ethyl acetate in hexanes

t hr ough 500 ertygarcetaba thflehyaesxy Tt ryaiai ncoNfRidRitAgef racti ons
wer e conbi ned an %Pcentrated in vacua; and then the residue
using Meth
10
1H-NMR

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



was di ssolved in ethyl acetate, washed with satd ag. NaHCO3, dried with
Na2SO4, filtered and concentrated to gyve 1.76 g 60 131DBeeember 20064 (48%
of thick oil (NWVR IS M5 me 633.0 (Mt1)). The oil (0.5 g, 0.79 muol) was
then dissolved in toluene (5 nL) and concentrated in vacuo (twi ce) to give
a white foam The residue was then dissolved in THE (3 nL) and potassium
tert 5 butoxide (0.11 g, 0.95 mmol) was added. After 15 mn, 12 N HCl
(0.079 niL, O: 95 mmol ) was added and the solution was al lowed to stand

over ni ght %_? e ref erator. _The next norni n%b the solvent was renoved

and the r ESTYMR-SHEEP ﬁ oD gHdrado6Yere Mtinga Ve 5% gl g2 FR T 80% et hy|
10 acet atEnlBﬂemesThghﬁr&iw@bne@iEﬁtgﬂﬂigcf;ﬁaﬁéI@'j:% WekBin&Pnbi ned and
concentrate %ﬂ\£e032 g (79% of the title _conpound. 1H NVR 15 | S-ME5, -
m e 518. 0°F ‘i%ﬂ EPREdi 5P TipRE265 OB ILofst Pﬁ.%%%@%ﬁlﬁe et hyl
ester. To ar.b. flask (250 cnB), D,L-(5-th-iazolyl)glycine ethyl 20 ester
(4.60 g, 24.7 mol) was added to tetrahydrofuran (c.a. 100 cnB) wth

stirri na 18- W%e a yellow solution. BOC anhydride (5.439g, 24.948 mmol)
and triet bgivgmnye 63278 oid) 2.75g, 27.17 nmmol) were then added with
stirring for 1 hour. Reaction nonitored by TLC (60% hexane/ethyl acetate;
s.m r.f 25 0.05,.prod. r.f. 0.5.). The reaction concentrated in vacuo and
pr oduct taﬁeélmgmjjamee‘phgh;acet ate (c a 150 cnB), washed wth 5%

- hydrochl oric acid sol ution ,. and saturated bicarbonate (ca.

30 cnB). BPRH-Rder gPénP]alWl)\H&é’clﬁﬁ%’éPﬂv&s RBgnesi um sul phate and

evaporaped to mHepaess toometdiyie hgArSkPIiRighihdl A2 Dy1aedrd Qe MOI )

[--100% Yie| d
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



11i NWR (CDC13); 1.30 (311, t), 1.48 (9H, s), 4.28 (2H, q), 5.68 (1H, br.)
, 7.88 (1H - s) , 8.78 (1H s) . 61 g@ 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 - oxi m noacetic acid ethyl ester (6.37 g, 31.825 mmol) to
ethanol (c.a. 80..cnB) with stirring. 50% Formc acid solution 5 (50 cnB)
was added with zinc dust (5.10 g, 81.83 mml) and allowed to stir

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

0:3, prod .08, Reaction_sol uti Ll tered over diatomceous earth
and’ Fi v tabel cohoiekapst TR adagte mn/S was -haditiaa + abpre sl 1o wi th

anhydr ous {pos agslmmscambvna&& aMEnpaDshidiveidakant dPudie Y5lmL) and
20Q cnB).. This was washed with

chIorofornfls%IEroaol sol ution 5’;\

sat ur at ed“BP¢ 1?0"?;1"“%0“@(&@7 CHES K 9e?’h1'ﬁ%19fr'r@§\ ‘unt8&l phate and

concent r akegidiue uaGlIohtn @isbIdell GMMTHIOI(3 () 68nd, pc%s%@umméﬁt{ 78%
4.22

Yield]._ 1 CDC13) 1.25 2H, br.) ., 2H, q),
4.85 (174 g&%, 0((0( “1H, 95)0 % WOQHVE‘%)addﬁﬁrer Hare iﬂAEx 71226“(

N- Boc- D, Li€- { i @0k, ) ol 95 @19t Wb R51et ahd 8n8 0hita®nOfad, L-

(4-thi.azol 3/\’]!3% %ﬂym n% Elh% ester _(0.460 2.470 mmol) in tetrahydrofuran
(20 cnB), sLAnd; Qyedghy| iy e Fenaigerateso gheoned i) and
triethyl ambaeind, e e6Bvert 443 FeRbved Hﬂdstﬂasré‘éidﬁ/@‘%afso .25 stir for 1
hour and tl[;e sol ut| concentrat ed in vacuo. The oil was taken up in ethyl

acetate (EHEONEY QYR SHliA2 PRS0 HYEEBENYLEE G Mcrlh¥b| ution (c.a. 20

cnB), aﬂdaﬁéﬁa&@-tleﬂ he®@fksiM hincapboa@ie phtl hofg (FravtidfsChiBle This was
then dried over %ne5| um sul phat e and concentrat ed in vacuo to yield an
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, =).



30 orange oil (0.709 g, 2.477 mmol) [--100%yield]. 1H NWVR (CDC13) 1.15
(3H t), 1.35 (9H, S), 4.1 (2H m, 545 (1H d) , 5.17D¢EMHbedP0047.3 (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 conpound (0.46 g). 1H NWVR (CDC13)
1.25 (3H, t), 1.8.2.3 12H, br.) , 4.1 (2H, m , 4.75 (1H, s), 7.25 (1H,
d), 8.7 ( k0 | nternediate PAE-8 N -Eoc-D, L-

(2- met hyl F?ég%f@H@VP?EfV¥hﬁ%nﬁtﬁ?@gEgFgFrTo a solution of

D, L-(2-net hyl t1o azal.b4- 71a4H esoecd)hy lwaseati@sd (G-32iago1#1 982 mol) in
tetrahydrof uran (2 .Chﬁ%, was _added dj -text-butyl dicarPonate (0.475 g,

2. 180 moPFEHPASSFi 8ty ISHhvhec P8 B0% -2hsdr 22483 niBPY Hhis was al | owed
t‘ok stir éenaﬁolwmu:aandot&mﬁ)sqkuggfuu331®genhsg%embﬁTicgagu@}fi?ﬂtiﬁPiI_was -
taken up ip_et acetate. (c.a. c shed wit .50, hydrochloric acid .
sol uti og ((59 a‘?“@éo W@ﬁﬁ?,gé%‘%é”é:&t GHAt ég‘?s)ts\gai‘ th % ErfdngrelsAttion (c.a. 20
cnB8). Thi almsel dd hﬁwslzlﬁ)rdw@ldligmer rmgm&burmawitr&@del [bgndwonclegirat ed in
vacua -to | e a oW Ol 0.654 g, 2.177 mo -100% vyi e . 3-H NW\R

( CDC13) 1.‘%"(3*#13"35‘;??%\4\%5“@ FeS)S-,"g-z.ref(%r?r@%gda. ¥t (3954, 5.3 (1H,
d) , 5.7 Rd&bt®Pn s610t{dH FiSkered ot didtMabdadidicazeh- 4ny! ) gl yci ne Et hyl
Ester, This_ was prepared from ethyl -a-oxim no-2-nethylthiazol e- 4-acetate
(0,62 g) ELHERThEOREERBEASE it SAEHS ofDAF, Yoq RARTARSOFS WBHI%i nal

Chem st.0Yywid® EhhylB08), pdbs984) cdbcifhivy ahd pReddet kedesapaund 0. 40 g) .

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).



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 Decggber 2004 | nt er nbEiDatentAR2094 Boa- R-
(4- Hydr oxyphenyl ) gj yci ne 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 m xture was stirred rapidly
to all ow thorough mxing for 4 h. Hexane-(75 nL) was added and the organic

| ayer sepgy Lﬁgﬁggﬁﬁ?ﬁgﬁg}ﬁ%ﬁ%}%?ﬁ% um 10 bi carbonate solution, then

bri ne and the phdate. The drying agents was
filtered of f ameisasikegrépdded Erbint &tByTHE AR AY AP BG40 8EYRESS,
finishing wth % hi gh vacuum punp to remgve the_last traces of di-t-butyl
di car bonat'd: 6% @ #5897 wided o6 HabamersC4d by dfB3g/BIRngE) gl yci ne

Met hyl EsteeibtyssDaibealikdey, Ti®7a,diy (2P0 Jrs-bBagernopkad radnd; eotd om

fl ask, equi @sed 20 with a | ow tenperature thernoneter, a septum for

ni troger “CB9EMEYel%AE Ghot her for introduction of thionyl chloride by
syringe, was added R-4-hydroxyphenylglycine (12.5 g) and dry nethanol (24

nm). The gixture waca §tirred magnetic stirrer) and cooled to an internal
t enper at ur & B¥R.YPIF) udity B chl di et ot IRE: BEihg % kyREngR! - t hi onyl
chlori de wassagoed s)dr opa sgud, 034 hegepolrad e@xture over a period of 10 mn.
(Care: the reaction of thionyl chloride with nethanol is very exothermc
and rate of addition should be such that the thionyl chloride is

ef fici apt uesthediedol BhB-g¢ he m xture and 30 that the tenperature does not

ri se above -20 C._ Once the
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
0il 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).



addition was conplete the mxture was allowed to warmto room tenperature
overnight (16-18 h). Dry ether (150 ng} was added and!3 Recambar@0ppt. 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-Tri f | uor omet hanesul . phonyl oxyphenyl ) gl yci ne Met hyl Ester

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

met hyl ester (19 g) in dichloronethane (400 nmL) was added 2, 6- |utidine
(9.44 nL) and 4-di net hyl am nopyridine (1.65 g) and 10 the m xture cooled in
an ice bath. Trifluoromethanane- sul phonic anhydride (13.74 nL) was added
over a peringgruedbaterinAE-and then the reaction left to warmto room

t r at ..Th .sol yti hed with wat 2 x 150
my N At fedr o e g M BB ESE m 15 bi car bonat & (150
mL) . The or ganfosa vwerierrddd adixtiteh ofaghesihytiroxybpdate ARdihBeRstguapor at ed
t il . ' ifi¢ ' l.ash, ch t hy, (Si 02 250
0. o ut Pngken i difiatiRe, Big SR ERiie bARRE PR ada -, Sh! Bt oret hane)

Pure prodd@F fiaetilonsandeweteonisoned) anche \sa@geaai e bnd ipdh-ehbng @20 with a
16%0 VIS THBERR e e A 1 B Rl SRRl aedrveaapidi§ °0' 1 ¢
Boc- R- (4- et hbkye arlmamypighheiyindgIfyei 8eh MetHayhnEs{ ey nlYelhgdadfda D
et hanol £33, B0 oS 1aVa? Mgt eRal WP whabe i kapaneotam rg),
pal | aditombfchybatsteate (2260 Mhhen brine and then dried with magnesium

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
1y 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%.



triethylamne (10.2 nL) and di nethylormam de (72 nL) were placed in the

gl ass liner of pressure (Parr) reactoggand the react of3 Beesamsr@d04 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 system. Carbon nonoxide gas was then carefully introduced (use
extrene care -the gas cylinder is pressurised to far beyond the bursting
disc 5 pressure of the Parr, ideally use a pressure regul ator 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) Car bon nonoxi de was then added
to -6.8 bk MMROO psig) and the stirrer started. The vessel was slowy
heated to 65 oC 10 internal tenperature and then stirred at 65 oC
overnight. (At the early stages nore carbon nonoxi de was added to maintain
-6.8 bar Iﬁma&mpéngté Pasaopl e was renoved after 18 h and exanined by tic.
When c h ction s caool,ed -.30 . _the gas released and the
vessel uéhed %I@E Wﬁi?mfﬁﬂgf?ﬁﬁiﬁﬁPPgéa e ggéFEFl?%ékﬁgﬂétion m xt ure
was part|Eauameﬁydhe¢nmnn1dathyl acetate and water, and-the organic |ayer

washed wth M. hydr oc c acid nd t he turated sodi um _bi carbonat e.
The sol ution %Esad bof N@gﬁﬁ e@ag% KEGXYRPERALSHYSABE 0gr aphy of

t he resulddtmyloebtgavE 2@)t ha @itﬂﬂﬂtﬁbmeﬁﬁﬁﬁe byaolol @L) 10ad Mded0% s1H NWVR
Eotor | Profaradr (S ot Rea: # 1T B RGO Ron ) o83 SheRg! ol yo! ne
met hyllcesﬂ'&ar mardubenzydled caheh itsd machbt hpﬁfl%&om@chéiﬁhﬂéﬂ NVR
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



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 ycgge et hyl ester BeDd@nbec@ffér 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
evaporati on 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 )gI ycine Methyl Ester. 10 Method PAE-E To a

sol uti on of, Boc (4-.car hox n cine neth ster in DVF (30
nL) was ad edplg:b% ‘i’6 8 XS (%‘dn%%) gathd = ec}l fpﬁatég g‘g%m and
the m xt ureresi toe:derffcﬁ)l’e ald styyehekoos waolsysgenn. aﬂaﬁbohaﬁl&l@ﬂﬂié)Ubbl i ng
i n amoni a 15 as for 5 m_n.. The méturée s stirred for 2hat room

a

t enper at urdESagSt HaP FACGERH N FerHGT EabEtEAY RS Redt6i93F water. The
aqueous scdyﬂhnderv\b@ pdssaeiesh Wot fag béjdode thethytstaeet aiecand the

;:onbi nec% Qr asghgs %?%ed vmthe]&{e@gi The organl C s%gon was evaporat ed
o an o SpBRFFi ¥I Ysh TRIGRELEY FSF 0%
di chl or onatddare/ theetﬂnelssaeetai e Q 8 85% JIOG»O gbig) Bac--R- @dpgar PPO(
PAE- 15 o) { A28 ATRRL BOSER-BBRe RIS Gho P ik fy FUBS(98) pr apar ed
f rom Boc- Rda&beﬁrrbmcyﬁjalénwhégin&i laadéﬁtthw 688t Bar aiyd pRLLY! &MA NGeUsi Ng
met hod PA%&Errer started. The vessel was slowly heated to &5 °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 compiete, 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 was dried with MgSO, 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



30 1H NWR 67 13 Decenber 2004 Intermedi ate PAE-16

N- 4- Met hoxybenzoyl - N- - 2, 4- di net hoxybeggy! - D, L- (qui nol i ki Dacemier PG4I 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" INVR |IS-M5, me 287.0 (Mtl) Internediate PAE-18 Et hyl

Boc- D, L-i i nal i n-8-vylglycine.. 20 Prepared fr et hyl :
hydr oxyi MRS | Sl iARo P AFRLYAd A BB CAREPAGIRELIIL PAY 6100 PPhAe% ase,
reacti on hydtogevaftennat 1 aginf foRs2 condwehedadvef tH: Wakalfet lwwned by

concentration and artitioning of the residue between 3/1
chl or of or %rff"s’fﬁ) l@b’aﬁf}ii SEIRPIAEE AN APE | SNYBBH 3T S W& PRoERRIBN was

carri ed oghemgl 2B ypriaw ausiyl @eseri bexb «Byrefsrati on was performed using
silica 5gel chromat ogr aphy (Bi otage Quad System) eluting with 100 ethyl
acetate”in nmethylene chloride. INVR 30 IS-M5 nie 331.0 (M+l) Analysis for
Cl8H22N204m @®at cd: C, 65.44; H, 6.71; N,. 8.48; Found: C, 65.05; H 6.67;
N, 8. 49. —
Intermediate PAE-14
Boc-R~ {4-carboxamidophenyl)glycine Methyl Ester.
190 Method PAE-E
To a solution of 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

%y S

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



68 13 Decenber 2004 Preparation of Internedi ates PAA-1 -- PAA-28 The

fol | owi ng conpounds were prepared accgfding to the intiBaeserarePhdd

(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. Internedi ate PAA-1 Boc-D, L- (2-chlorophenyl) glycine. Method
PAA-A 10 2-Chl orobenzal dehyde (20 mmol, 2.252 nl).,and 2, 4-di -

nmet hoxybenzyt am ne (20 mmol, 3.004 ni) were added together and stirred for
2 hours. DCM (5 nL) was added and any water separated and renoved.

t ent - But y Intesnediate PABO1AmMol , 2.262 nl) was added and stirred for 10

min, fol | quadybvnagfidrogtLe. 45 (BAetHkbeha45p ) (quilihishg. was cont i nued

for 3 days. The reaction mxture was then tieated with TFA (30 nL) and
triet hyl sividgédyesngMetbailt Betsch the mixture was evaporated to dryness, 6

M HCL (100 ni)padded,y %Q"gmgn}ﬂgi[rwg%g—&—eéal%ldgﬁ &é‘imﬁnggh&mﬁgﬁdoc’ stirring

rapidly. The m xture was 2 to cool and extract Et CAc (50 nmL
x 2); tkePA¥gleous fraction was evaporated to dryness and treated with 2 M
NaOH sol ution. The m xture was extracted with EtOAc (50 inL x 2); excess
boc anhydride (5.2 g) in dioxane (20 nL) was added to the aqueous fraction
and stirré# BYBrnight. The 25 uiixturp was extracted with diethyl ether
(100 nL x 2), acidified to pH 1l (conc HCl) and extracted with Et QAc (50 niL
X 2)-. The conbi ned organic fractions were washed wth water and

evapor at edutgraegdirss BdEddY hi gh vacuum The product Boc --2-

chl or oghepyk, !Lyﬁé,é‘%,(ﬁ--t%??; _27_ 1 %Q 1H NVR (CD3 CNVD20) 7.3 (4H, m ;
5.5 (1H, 86;91.3 (9H, s). T Tigtosite.
Prepared from ethyl hydroxyimino-thiazol-2-ylacetate .
using Method PAE-B. In 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.



286 (M+l) 69 13 Decenber 2004 Internediate PAA-I1

(R) - Benzyl oxycar bonyl - (2- chl or ophenyl }gl yci ne. Prepar et Peesber 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 yci ne. Prepared from 2-chl orobenzal 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 internmediate_anm nonitrile was:perforned
with et hyPFERIEAHR Braletemadinles &bt dt 6 BMb-2%has further purified by
addi tion of H@hgEmlliowihg @hpRueas wevdd prepsréoldamndiby eeoant ation of

t he not her, Quor to 1S isolate the sem solid hydrochloride salt. BOC

|, '
prot ect i onP3F 5% "SPAG et RofaBrhdh 1 Siekeads Pty Jethed Btfi%enper at ure
over a pemegibdfrron®, hpgthandahhe & MchoWt PASLFONE MRS thReiddId®dawi t h
ethyl acetate jn place of ethyl ether. 20 1HNVR IS-M5S mle 284 (M1)
| nt er medi SFFPAR ?‘atBS&@%fL-‘{'é?FFu%"rl'éﬁﬁ‘l“éﬁ?l fEPTEIRRE: . 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-( 9??%’7%?%@? yci ne. Prepared from 4-fl uorobenzal dehyde using

Met hod PAAoé-p it (VRhICESENRh1fedhd2H M, 6.9 (2H m, 5.0 (1H, s); 1.3
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)



70 (9H, S). Ms 270 (M+l) 13 Decenber 2004 Internedi ate PAA-4

Boc- D, L- ( 2- net hyl phenyl ) gl yci ne. 5 Prgpared from 2- net i/Peeamiard8f$de usi ng
Met hod PAA-A. 1H NWR (CD3CND20) 7.3 (4H, nm) ; 5.5 (1H, S); 2.5 (3H, s) ;
1.3 (9H, s) . M5 266 (Mtl) 10 Internedi ate PAA-5

Boc-D, L- (3-thienyl)glycine. Prepared from 3-thi 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 uorophe% %/ |ne 20 Was obtained by treating
' D, L- 2-f Ludtb Atg FEAAL’ (Al drich) with Boc anhydride (1.1 eq) and 2 M

NaCH (I eqg) +anﬂﬂl¢aog}ahrbeﬁwaquscmi@pmm§@)geﬁ@mehed above yi el ded the
protected am no acid.. 25 19 NVR- Internedi ate PAA-7

Boc- D, L- ( 2- met HERATREN T Y1 3 Cher o Birtife #5E RSt 22 Msthedy®enzal dehyde usi ng

Met hod PASh#&xpBéssl BNWR Fla 13 sDeqeodpey #1Q40! 6 e n2dizatei PAA-7, alternative
preparati on Boc-D, L-(2-nmethoxyphenyl)glycine. Prepared from
2- met ho?ybenzal dehyde using nmethod PAA-F. In this case, the reaction was

cool ed torftérdaficne afflii) Alternative preparation
) Boc-D,L- (2-chlorophenyl)glycine. o
- Prepared from 2—chlor6benzaldehyde using method PRA-F. In
this case, 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.

1H NMR (CD3CN/D2O) 7.3 (2H, m); 6.9 (2H, m), 5.0 (1H, s); 1.3



5 of 2-nmet hoxybenzal dehyde and was then allowed to sti t rqo
tenperature overni ght. Extraction of ffie internediate @rﬁ?%ﬁaﬁnﬁ}eﬁp%ms

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 fi naI extraction was perfornmed with dichloronethane in place of ethyl

et her. NMR | 80.1 (M1) Analysis for Cl4HI9NGG Cal cd: C,

59. 78; H é 81; Nyé4|¥§gn{(ﬁ1égund C, 59.68; H 6.78;, N, 4.95. 20

I ntermedi ate PAA-8 Boc-D, L-(2-trifluoronethyl)phenylglycine. Prepared from
2-trifluo 4Nz ehyde using Method PAA-A .. 25 1H NWR

I nt er medi gtgggﬁ% ?%\gr%atl ve preparation Boc -D, L- (2-

trifl ]tcjlor oRethy} %b@mergirmetwl)wyﬁmpar ed f r om
2-
Lri 1 yor omet byl benzal BEhVAIG, isi A0 AL Nosh, RARSLE, LA Sakaze

reactlon t enperatiure was n on o

2-trifluoronet hyl benzal dehyde and the reaction was allowed to stir for 2
h. Extractlon of the 72 13 Decenber 2004 int,ernediate amnonitrile was
per f or med 15 ¥IMR efQRAICNEDRR)Y T8 (#Hace) pf5 &t H}H;a&bta&té 438, was; furd her
purified QgHadg, tipn et (rlf!xgil) gas to the ethereal extracts fol I owed by
decant ati on

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



the nother liquor to isolate the sem solid hydrochloride salt. 2 OC
protection of the amino acid was perfpfmed fromO0 oC t'& DeSHMeE Pr@’erature
over a period of one hour and the final extraction was perforned with
~ethyl acetate in place of ethyl ether. 10 1H-NVR IS-M5 me 318 (M1)

I nt er meédi 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, Zn_@efﬂi@ii)atienpﬂﬁt-'?f-aﬁe ggF%Vé\;/a%xte ggagiggnts were renoved in vacuo

~and the.residue 20 was dissolve washed wi th diethyl ether.
The aqueBes-PHasE -meshonpphenildofiivetineo pH 3 with solid citric acid and

t ted wit ‘ te. ' ith
B B T N (S e L R T AN

of the tifnetohseeed. tRE #eaRonSwMS, cond eB080 00 (Wi IBefomeeadditiiane PAA- 10
Boc- Dy L2 (2 e Ry Y BT Rl SPRRCELL R e, R85 7R R 73
| S-MB, n ee®OFra0-uritoyerBidecenibatr2004or wfethedintiaredAaid
BOC'D“(3'5%£HEH¥E¥IiE)gggcﬁégkormed with ethyl'ether in place of ethyl

acetate and was further purified by addition of 1 M HCl in

ethyl ether followed by filtration of the crystalline

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

R

- 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 Prepared fromR--3-brono- (1--t-butoxycarbonyl am no-2-

hydr oxyet hyl ) benzene using Met hod PAAL. Melting Poi nt 13DgeRimoesZ084 i ¢ h
deconposition 1H NWR (CDC13) 10 API-MS, nie = 286 (M CO2H F-1)

I nt ermedi 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 NaHCO3 (3 mlL). The reaction mnmxture was cooled to O C. To

NS SLSUAREN DS, R0 KB L 1R QTR opRRPR, (191 T,
(136 ny, PGag8 eFRYhyAndchlb@® antl 88sr furthezsuyrifiet dgdeddifhen ofeacti on
was sti ”@lg.‘lf %sat Lghteth Qréalh e?t[%rgcgs %qll%%)e!}la eca(n%'a%ig}i) #as added.
The reaction s al l owe lt'lo Warmto room ‘tenperature overni gh?. Acet one
was r enovééeundierew ddguoraned XHeole thederpsodddt hydsogidotiite osslt bet ween

eyl aget e adke A" o TE. A0HRAUS.I AYRL, WaRcuARNEd M b BLlv] acetate

(2x) and 57wt citricracl extractéed with ethyl
acet ate (4epn Fempexsitirpedver gaperiedtofcine wore amd dthe dieal MySH4. Renoval

A SN, B U B G R R P RRa T S Ene i D00
Boa- D- (3etpaneophenyl)glycine. Prepared from :

R- 3--cyan- (1-t - but oxycar bonyl am no- 2- hydr oxyet hyl ) benzene usi ng Met hod
PARC 10 1H-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



5 1H NWR (CDC13) API-M5, mle = 221 (M CAH9+1) Interrredi:}allt’)e P Jzﬁ éLO
Boc- D-- (3-et hanesul f onyl ani nophenyl ) 7gl ycine. To a st I+ PFH§ &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 mml). 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 etrByksacktat goang waigr. The aqueous |ayer was acidified to pH 2
wth KHSO4 and extracted twice with ethyl acetate. The conbi ned et hyl
acetate extracts 20 were washed with water, dried with Na2SO, filtered and
concent r atigdelReyReOnhR-gi ve 17.51 g (63% of a white solid. 1H NWR

IS-M5, me 357.0 (Mi) .25 Internedi ate PAA-15

N- Boc- D, LBOS-Pnf3Rnoyrrheyct kelycirg-a r. b. flask (150 cnB), was added

Boc- D, L s( 5- t hi pzgdadle}iglry6h ne L1RYho €81 & - HutoRPclrbdy 1dhifmb) to 30 ethanol
(c.a. 100 cnB) with_stirring. 2 M Sodi um hydroxi de ‘solution (25 cnB, 50

mol ) was PHEEeEY ity lAPrBaReE tWpisg Metlpd FPAARC. Reacti on nonitored by TLC
(60% hexane/ et hyl 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 cnB) aff§lyird FPBEerbe? 0 G *Fa¥hicl dHcHPeshioncetate (c.a. 30 cnB).
Aqueous | ayefmiagep@ghdified to pH 2 with concentrated hydrochloric acid

and
10 API-MS, m/e = 286 (M-CO5H4+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)



product extracted with 3:1 chlorofornmisopropanol sol ution réc. a. 3x60

cnB). The organic |ayer was dried ovefq magnesi um5 sul H]Q?%e ?ﬁi%@@ﬁporat 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 Internedi ate PAA-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 nmmol) in nethanol (c.a. 15 cnB), was added 2 M sodi um

hydr oxi de .47 , 40 mmol) and allowed to stir for 90 mn. The
sol ution \Jf\éée‘é"bené'ea Frg%%blo% n vacua and taken up in water (c.a. 20 cnB).

The aqueoBscen (B-icgRnvplenyidgnedinét h et hyl acetate (c.a. 20 cnB), and then
acidified to H2 wth 5% hydroch]oori cid sqlution,.(c.a. 50 cnB). The
product was e%orreg’&r?am%\f?‘?‘n Beh Va%%"e{létté%(l%’é}fc%y&ﬁﬁ‘}go'%?i ed over
magnesi unhgditphattéylahdnoane eat ngtestHod vaguo.to yield a pale yellow oil
(0.582 g, 2.254 mmol) [910 yield]. .25 1H NVR (CDC13) 1.35 (9H, s) , 5.5

(1H, d)°, 5.8 (ill, d) , 7.°35 - (1H d), 8.75 (1H d), 9.8-10.2 (1H
br.). Intéunedi GCPAA- 17 N Boc- D, L- (2- et hyl t hi azol - 4-yl) gl yci ne. 30

Vet hod P2 B om0 eIt oy 5). 26 (3h 9. 5.4 (1h4 d), 50
(1H, s), 7.1 (1H, s). 76 13 Decenber 2004 Internedi ate PAA-28
N- Boc- D, Liﬁgérl?lge 13éltgxgac§_r&onyl am no--4-thiazolyl)glycine.
10 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 bath was removed; and after an additional
30 min at room temperatﬁre 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



Is prepared fromD, L-(2-benzyloxycarbonylam no-4 5 thiazolyl j ne. The
benzyl oxycar bonyl protecting group isygrenoved fron1tH§%%ﬁFé?%Pé%ﬁgnino
group at a convenient point in the preparation of a final conpound using a
conventional nmethod, such as, for exanple, heating a solution of an

i ntermediate in HBr/acetic acid at 60 C, foll owed 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

nmet hod of , : i on. F. 15 St ac i -J em Soc.
Per ki n.Tr gﬁ%ﬁ?&(ﬁ%&z@e@ﬁﬂﬁ%ﬁg (Fh%érfrd;g?“a?é %—Féﬁéjs @ayer ™
Boo- R- ( 4- petddkyedrivonil pheith agngentrnteD hydrackbimitd eidf and
- Boc- R- (4- C | ) al,yci 6 in THE. (10
) s aBRCH Y ot RO Y Al YRl BB T e e (7
m.). The {(mistuBx60 mmedi. at Bhey drgeaie biywudywaandrimkroves mignesioared. After
-30 mn, cti ction.to [ | e yl...25 apetat (20 nL) and
wat er (EO%%E?Hﬁﬁggngﬂggégg%ﬁﬁf ﬁg gq ég%gQOIg?%?ﬁ%gﬁgﬁgﬁgdgo%ﬁi aqueous
sol uti on Wds4acydi¥41.6¢ wnoh) 2{Mzhydedbdhl oric acid and extracted w th ethyl
acetate (3 x 20 nl). The organic solution was then washed with water x 2
and brine x 2, dried with MgJSO4 and evaporated to give the nono 30 ester
(650 mg, 9BWWMR p(EmClhy ;t kc35 1EIENVR) 775 160 dilpdiht & B8A-(28, 13) Det.asber 2004
Boc-R—(4-wgﬁho§pr§Q%I% yciyne. Boc-R-(4-hydroxyphenyl)glyci ne nethyl
ester was cohverted to ot-%iﬁ-nethoxyphenylglycine usi ng the al kyl ati on
met hod10

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).



5 described by Basak et al.(Tetrahedron Lett. 1998, 39 3(6728, ‘§§§§ 4886) ,
fol lowed by hydrolysis of the nethyl ester with [ithi um%y droxide ' in
aqueous THF. 1H NWR 10 Internedi ate PAA-2I

N- 4- Met hoxybenzoyl - N- 2, 4- di . net hoxybenzyl . - D, L-(2-trifl uoro-

met hyl phenyl ) gl yai ne. Prepared from

N- 4- met hoxybenzoyl - N- 2, 4- di met hoxybenzyl - 15 D, L-

(2-trifluoronethyl phenyl) glycine nethyl ester using nmethod PAA-B (3

equi val ents of LiCOH hydrate). 1H NVR IS-M5, me 503.9 (m+ 1) 20

I nt er nedi-at e PAA- 22

N- 4- Met homheme@iaﬁ‘é a4~ et hoxybenzyl D, L-(thien-2-yl)- gI yci ne. Met hod

PAA-E 25 h b 1, 1
equi v) nl}z)?g rsvlﬁ 15(;f eﬁ‘ﬁ’i 8%? : on| ct gz%lgég(glg’cl o

3, 4-di rret hoxy bes zytezired (550r893 = IZSBe&ymﬁﬁycaﬂ:bmtﬂlatrhnof—le owed by
gl yoxyl 15 The reactign was

al | owed "t & %?F?fn“;}rgqéé’lﬂ%ur S l'%ft %Ff’zﬂﬂo’é’fciaerpoﬂﬁﬁgﬁﬁnﬁ%lflﬁng%Illsant

preci pi t atremeaed f ftdre e Bﬂﬂazd}@&haﬁilm tdrompt Ayl £ neorelhaehtepdintaf ford 9. 3
g (780) of, 4- di ne hoxyb zyl thien-2-yl)glycine as an off-white
solid (I é“l\/gﬁérﬁ%ep?ﬁ'@ &FH“+°€) fﬂtnﬁér? Tﬁ?“ﬂi‘% Pﬁif‘%oﬁ iPRVERBIRAl 6. 3 Mol , 1
equi v.) waetik8dl3sueresheror Mdngles ohdad ighaasel @it 3¢ &) and 1 N sodi um

hydroxide (20 nmL) at rt. To this solution was sinultaneously added ani soyl
1nterme iate 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-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



chloride (2.78 g, 16.3 mml, 1 equiv.) in 20 nL of ac sodi um
hydr oxi de in dropw se fashion. After gyirring at 5 rtegﬂﬁgﬁﬁﬁgr?ﬁgyreaction

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 rArdigiipe/ pgazyy - D L- (thien--2-yl) glycine. To a solution of
N- 2, 4- di.met hoxybenzyl - D, L--(thien-2- yl)glycine (1.0 g, 3.2 mol, 1 equiv)
in 6 nL oPodcRt rdtehhexgrhenylofolwgiee- at rt was added triethyl am ne (0.97

m., 7.0 mmol, QUi o it 0 z rt- 0

car bony! oxyi m‘]?f%ij-Rz%h?@%%%%%ﬁ??%ﬁ%&%l( 5."‘?7%1( 3%8399%%@0?‘? 0. 95
equi v) . AFPeBogthrdimegharyphemwlainiine using theaslkpletien detbodd with
wat er agdgugshed Nidh pakheres The {Tegymé&&h%aetmggwe%gag?gsf' ed wth 0.5

Mcitric acid and the product was extrgcted into dieth ef. The
conbi ned "2883r4fffilo Fhidevedudive hydshbylsig o9f bhenwethird edtevewisindi um

sul fat-e, fil{ehkhy@Rdi6aN afford 0.38 g (29% of the titled
conpound as a cru&% yg%ﬁgmﬁgﬁ%&gkgg- . We 408 (m+1). 30 Internediate

PAA- 24 Boa-D, L-isoqui nolin-.8-ylglycine. Prepared from et hyl

Boc- - D, L- Lgogsk nol i n- 8-yl gl yci ne using Method PAA-B. The product was
precipitated froma basic 79 13 Decenber 2004 aqueous sol ution by adjusting
the pH*fo 3 with solid citric

Intermediate PAA-21
N-4-Methoxybenzoyl-N~2,4-dimethoxybenzyi-D,L-(2-trif1uoro-
methylphenyl)giycine.
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-white solid
(1S-MS, m/e 308 (m + 1)). '
A portion of the solid (5.0 g, 16.3 mmol, 1 equiv.)'was



acid. INNNR IS-M5 W 303.0 (Mtl) 5 Analysis for C16H%ﬁg204.0.3 @g()
Calcd: C, 61.73; H 6.15:. N, 9.00; Fegnd: C, 61.62; H°=BSEbeR20%* g4,

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
conplete. A solution of |-naphthal dehyde (31.0 g, 0.22 mmol) in 40 nlL of

met hanol ded and t resul tant .m xture al.l.o stir at
room te_rrpé?%f%ir]‘gé% ?)?‘ ? ﬁ%g%‘é?s(g%Aﬂfgd%f?‘fﬁo#; oéqs'ﬁ“ hmﬁ{'dsrf)’?{l%ﬁ\t,\@fn \f\r/rt"at'g t hen
added andathet cr utte thisdscutiam exsraioiddadBouslo dbd8dcaniseylconbi ned
organi c | ayers. wer she i.th ter, dried,ov 2904, filtered and ‘
concent raF%§°¥%&\e€1f@dr gad]c%f\ﬂ&dgmf#?.fﬁ 1(‘:fr’zd%nrzg({si“gﬁé’%v\ﬁge%‘?ﬂeor?é‘ﬁogr aphed
over silkcE gediurehybirog & tilh dirbpwild: FaEhOhe: CHXEe?, stOrgime a5 g of a
light brown gil. This material was then dissolved in 250 25 nL of 5 N HCl
and was®h&5t B th refPexreastion vasrqlesc tPof "Watdaredvasdiiiedol to room

tenperatugg pthie phieehel WaRr ahl R4 angr ¥iSd Yddaneropgs ni ght .
Filtration of the m xture afforded 13.6 g‘h(.zga) of the title conpound as
-

| i ght broffitreFied dr&o Be nyernicphsie m dhgogonpimad praania nhesesber 2004

were washed with brine, dried over sodium sulfate, filtered,
and concentrated to afford 5.1 g (71%) of the titled compound

10 as a white golid.
I8-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



Part B: Doc-D, L-Naphthalen-I-ylglycine. To a sol ution ¢f pecember 2004

D, L- napht hal en-1 -yl gl yci ne hydrochl orygle (13.6 g, 57.2 mvl) and 2 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,
and conceniguabed salgiive B¢ ddjPtifd%%heofpd e Bi wieh cosmpaurdtasca |ight
browmn foam .INVR IS M5 me 300.1 (M1) 15 Internedi ate PAA-26

Boc- D, L-(2a- “hyl t hi ophenyl ) gl ycine. To a sol ution of

-2- (et hyl thnvm) benzal dehyde (15 g, 98.7 mmol) in 100 nL of ethanol was
added a i car banat 23.1 g, 296 mmol) and a sol ution of potassium
cyani de ( ‘gl,g]’lﬂée ﬁ%nre‘?nl(“)“”r)n 100 nL water. The reaction was heated and
stirred mtanalQsCs f oo @1@Hﬁgm§54.mi5ch2m me the reaction was concentrated
under reduced Ergs&ure. The %?vreoduct was_extracted into ethyl acetate; and
the conbi ned orgafitc phalts’dere WadRed wit%brine, dried over Na2SO4,

filtered and cesaedir at,ed1.dhe 5o esulrand gar,ude residue was taken up in
70 mL of ethyl acetate, and 70 nL of 5 N sodi um hydroxi de was added. The
reaction was heated to reflux for three days after which tine the ethyl
acet at e wasiteemaieskair@daras educed pressure. To the aqueous m xture was
sequent. i alsBléy atrzlrged 00 nL of digxane, 30 Bac20 (42 g, 192 mmol), and 100 ni
of 2.5 % FFH g2~ 1o lYEdB8 on was then heated at reflux for 48
h. After r cooling to roomtenpergdtdss phlerreaction was diluted with
wat er and _t he aqueouszhase was washed with ethyl_ ether. The

Part A: D,L-Naphthalen-l-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: of 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 5 N HC1 and was heated to reflux for 9 h. The reaction
. “’ﬁ Lo M
was allowed 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)



aqueous | ayer was then acidified to pH 2 and the productwas 81 &? Decenber
2004 extracted into ethyl acetate. Thggconbi ned organi %%Ppgﬁfg re
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 oronmet hane: net hanol : aceti c aci d)
provided 5.0 g (17% of the title conmpound. 1H-NVMR ES-M5s nfe 296 (M 1) 10
| nt er medi at e PAA- 27 Boa-D, L-(2-nethyl sul fonyl phenyl)glycine. To a sol ution

of boc-D, lpf,23- g8t hyld ki ep Ly.C I , 15-2 mol) in 75 nL of
met hanol was -added a so u?%%é%age%Si&%%c?ngg, 23.mMmmol) in water. The
reacti on was sfPri esplationooinll,énpephatinien-dry2ghycine hyditpchlerive t he

rethanol was o goyPd WS LROUCRISBERSS Ul/AolhE, POAYGL y8s Gxact ed

into ethyl acet ate and t he comnbi ned organi ayers were wa h brine,
dri ed overinvj8onl{qf tlededioxant evdcehtmlatdd weber Mamfedded 4835 4P (879 of

the title oupd. N - : %ﬁé)%ﬁ : .25 _1.Nn diate
PAA- 28 Boc@%{rali- (benzo mh%%e%gﬁgéﬁ- -y %S%E?él)?tl%l\/g;e %g&gtraepar ed by
t he, net hdgrmperktiet jfpr 3. hetftagr. which Mbidne Chensolg8on 385 1BBG3HEE96. 30
Preparat i nteredi Sl The fal | o unds were
pr epar ed g%c%];{dlbngfto t%gggi%tg\ilcgt 3@%%‘%%‘%@9t ﬁ%ﬂdé]%lr%%glggﬁé?%od A-B) from
t he i ndi cdthet extractiadyinbo BtiGhics, andl Hys ambéned sergheder ehethcts

were dried over NapSO4, filtered, and concentrated to give 14

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 ggsul;ant crude residue was taken up in 70 mL of ethyl
| aéetate, and 70 mL of 5 N sodium hydroiide 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



82 13 Decenber 2004 Internediate A-1 1-[2-(4-Pyridinyl
hydrochl ori de, Method A-A A 1-Boc-pigerazine (30 g, 2
4-vinyl pyridine (40 g, 5 216 nmol) and acetic acid (12.9 g, 215 mol) 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 with satd NaHCO3. The

| ayers were separated. The 10 water |ayer s extract.ed b€t hyl
acet at e. oXbhga@@nrintol ayeys a/ceat@téenb?%dm“&’g?ﬁ‘gdo Wih re%ge: “dri ed

Na2SoH4 filt nty, dovdh e efproctmt, wad purified b
502 ont REE RISy "B tp P oiere FoBae i oA oo i ,

rovi de Boc- [2 (4- I\/% g nyl ) et hyl ] pi per azi ne
(55.9 0, BhA¥nesatad (nbf aﬁﬁor@ 25 756l Pg. 2 % Cl-M5, me = 292

(M1) B Bog-4-] 2- Sk-Bwhi mzu e (h‘z&xtg el8%ign, 20 mmmol )
was di ss&“ﬂrﬁ"?ﬁt’{fﬁ 5 ng %chgr%_ ggm V\gés coal eg ¢ GgSaturated HCL in
met hangl o718Q1ntd gmﬂ addedhlmnqmneﬁFQ‘EWlalaFS ‘a ?C Harmto room

t enperature for .1 W3 $ 16 0BG, ed under vacuum and
provi ded PrPVE§e?45 h@l gll e?ﬁ% ] pi perazine hydrochloride (23.8 g, 92%
.25 as a wite SO|Id 1H-NNR(CD30D) A-M, . mMe = 192 (M1) Alternatively,

St hyl %e?izg&rr azi ne

1 ~g

1 Doc- 4--% 4-pyridinyl)ethyl] piperazine (1.0 g, 3.43 nmmol) was
di ssol ved" hyl ether. Ethyl 30 acetate (15 nL) saturated with HClL was
added, angkiMie mfextoseM-stiirred for 30 min at roomtenperature. The m xture

was

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

with brine, dried over MgSOa, 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.




concentrated under vacuum and provi ded I-[2-(4-pyriding|%- ethyEL§%perazine
hydrochl oride (900 ng, 87% as a tan gplid. 1H NWVR( cegrber , mMe =
192 (MHl) 13 Decenber 2004 Internmediate A-2 1-[2-(2-Pyridinyl)ethyl]

pi perazine. 5 Prepared from Boc- pi perazi ne and 2-vinyl 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. 1HNVR (CD3CD) 15 CI-M5, mfe = 193 (M1)
| nt er medi - - -+(3-Pyridazinyl) ethyl] piperazine. Prepared from
Boc-pipergéﬁ$é?€hﬁ§?§[§i%ylpyridazine 20 (prepared using the nethod

descri bedt b2 J(4 Gyerhdi8pt) e tiGdpipeCanimm hyti®86h14682.1633) usi ng Met hod
A-A. 1H NVR (CD30D) API - M5, nie‘:ﬁ%Q%m@N§%% 25 Internediate A-5 1~[ 2-
(3-Pyridinyl) ethyl]piperazine. thod A

1- Boc- 4- [ £3- pyk¥iBfionpliperetind pi3gepazR e n®10 g4 -PtoPipprddineass@dged to a
solutio eTHR 0. Min TH 0.3 mL,.78.6 mml) .in THE (200 niL)
at 0 C QT%%G %Rﬁ(c%ailr}r égﬁ/aége eat’sd dt éE?é ?'u% 1? o'rmgl% Arf Eﬁ‘g%gdl’?o room

t enper at ueghardle (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)



excess borane was quenched with nethanol and 3 N HCl. The mxture stirred
for 3 h at roomtenperature, and the gplvents were rehdbeeenbrIé00¢acuum
The crude product was purified by 84 13 Decenber 2004 chronmat ography (S102,
- 4:1 CH2Cl12: CVA) to provide 1--[2-(3 pyridinyl) ethyl.] piperazine (2.82 g,
oil. 1H NVR (CD30D) 5 API-M5 W = 192 (M+l) 36!0 as a light yell ow
Internmediate A-6 1- [2- (4-1m dazolyl)-ethyl]piperazine. Prepared from

| - Doc-4-[(4-imdazolyl)acetyl]piperazine 10 using Method A-B. 1H NWR

| S- M5, me1dmd, Znfevi=liobnieemedi ate A-7 .15

1-[2-(1-1 m dazol yl ) et hyl ] pi perazine. Prepared from

1-Boc-4--[(1-imdazol yl)acetyl]pi perazine wusing Method A-B. 1H NWR | S- M5,
m e 181. 4ATHdddAnedBtentornedi ate A-8 1-12-(1-Pyrazolyl)ethyl]piperazine.

25| 14 NVRIT EVE e B b R br it at o A b 1 o ol A B
(2-Thi agol - 2- yhedghirelipifpon aBddipiperazine and 2-vinylpyridine using

Method A-A.

1H-NMR (CD30D) -

CI-MS, m/e = 192 (M+1) '

10 Intermediate A-3
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



30 A A solution of Boc20 (26 g, 120 mml) in nethylene chloride (50 nm)
was slowy added to a solution of ethgy piperazin-I--§$Beeernber 3006 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 et hyl 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
hydrochloride (4.3 g, 44.1 mmol) was dissolved in nethylene chloride
(25.n) . Theomakbht&shpaEs oS00 § c148chm t'y 0p, Of

trinmethyl al um ryuméf%}.ll rn??'ﬁfq ér?%bl Z 1 M ?Frﬁ’gﬁﬁgﬁg)im& (fs3l ow y added.
The mi xt urRYTiGigys) eihyiedparasing f(@r-8309m $6Bn@swas Laghbvieal ko war m t o
room tenpgnature and stirred for 3-0 mn. The m xture was then cooled to
0 C, and a solution of ethyl 4-Boc--piperazin-l- ylacetate (10 g, 36.8
mol ) was HEHIYE dFB)se. After 15 min, the cold bath was renpved and
stirring centmuegd/overiyghjn. ) 15 The mxture was diluted with ethyl
acetate and water. The |layers were separated, and the water |ayer
extracted with ethyl acetate. The organic | ayers were conbi ned, washed

W th -bringtedhe8datdNadgOt), filtered, and concentrated to provide

N- met hoxy- N- net hyl - 4- Boc- pi perazi n-1-yl acetami de as a |ight 20 yel |l ow oil
(6.02 g, Srd-{hatridngdivi) ethybaipsraniitfg. The product was used without

further purifigabhOiag Jéilog@ﬁééén{lqlﬁ)(z;-%ﬁ/%o%gaégf.ggdéfg#gg&%é C. n-Butyl

lithium (1 Min hexanes, . , 12.2 mo to a
sol uti dif éEipgbMerrthifaBol e (2.0 g, 12.2
TH-NMR

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



mol )" in diethyl ether (50 nL) at -78 C. The m xture stirred at -78 C for
1 h. Then, a solution of N-nethoxy-N-ggethyl-4- Boc-pi p&rBgtamberygbétet ami de
(3.0 g, 10.4 mmol) in 30 tetrahydrofuran was sl owy added- The m xture was
~allowed to slowly warmto -20 C and stirred for 4 h. The m xture was then
diluted with water followed 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 concentrated.

The crudegpi PeMe twabdSeRrdd I18R1Y va 0 TR QILBRHY é@ﬂ ﬁ 9.1 - 6:1
CH2C12: CVA), to provide 1-Boc- --zz-oxo-- 2-thi azol -2-'yl e y?)pr perazr ne

(2.2 g, oBbPexRzip-l-gdpeetais Gl §. 1}¢WRB€CE)01133)1:€ erolws me = 312
(Mf-1). Dy gmBo@ifii3- 0xo-2-thiazol-2-ylethyl)piperazine (5. 0 g, 16.1
mol ) was di ssolved i'n nethanol (25 nL). To this 10 sol ution, 'nmagnesi um
sul fate (SIg¥Swdy/ eadded? f¥tdowed by p-tosyl hydrazine (3.9 g, 20.2 mmol).
The m xgure was stirred for 48 h and then filtered, and the filtrate

concentrated under vacuum The residue (6.0 g about 12 nmol ) was
redi ssol vBd i N tHathemy N(usthydapina ndydresgibderiget (4 eBcert,oﬂybbrrmmﬂdri de (10.1

g. 48 ol vasedadad TNy ,18s deguedel p, ld wGveLDNt . The

m xture was cooled to concentrate The
m xt ure wasedtd dvied 78o°%arand @ rodutiempdr é&mrﬂetlawchlslrﬂlnumd(éédr 1 h. The

it ure vgs, SANOERHGAL e & o) VLTRG24 ackloop A SCX col um

(30 g, pretreated with 5% acefi ¢ acid |n net and wa Wt h
met handf ¥E9EFANredThE droddcr 3tamie|andedasi ahloerdirtat wdranmniaem

2¥Sagxbfggﬁﬁ%éﬁ?‘ééiﬁ%°5n&5%rﬂd) £80034 RS0 AR n BB HalNERL, vacuum  The
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,



was then purified by chromatography (SiQ2, 12:1 - 4:1 25 CH2C12: CMA) to
provide 1-(2-thiazol-2-ylethyl)piperaggne (1.9 g, 57%3 Detgmbe00EDCL3) .
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

- Hydrochl oride. 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 bonyl ani not hi azol - 4-yl ) acetyl ] pi perazine (850) . 1H

NVR (CD3CRha Ebndbht Med. 34%nd Mitkie pPodideWRILALEsfd by
1-[2-(3-Fl uoropyridi n-4-yl)ethyl ] pi pefrazine Trihydrochl grl de. A n-Butyl .
l'ithium (fbﬁowgﬂg%l”é’né&lozfs A:1 64641 NGl 20&MA) 100 atravde LoBeetound

bottomflasl(zasﬂoﬁﬁiﬂﬂi%%miﬁryﬂéﬂ%yﬁgﬁiﬁ%n)azin@%%'g',tiﬁ%)v\% ool ed to 0 C,

and a solution_of N, N diisopropylamne (9.0 nL, 65 Tmo in THE (25 nlL) was

slowy ad@é8rleme Hileture was stirred at 0 C for 20 min and was cooled to
-78 C. A d4l Mk Oofcsdi,3-f 1 uoropyridine (20 g, 206 15 mml) was added

dropwi se (tenperature of m xture kept below - 70 C), resulting in the
formation 6?554 r®E pr 8depil¥atle. The mixture was stirred at -78 C for 4 h.
Et hyl ene oxide (4.6 M in THF, 67.2 nmL, 309.mol) was slowy added, and the
m xture. allowed to warmto roomtenperature overnight. The m xture 20 was
di | uted wPth whtReCzrd 2cpRet 2- tinlsgoll aeybetbmlo pé ppuaainad, (5.and, t he wat er

layer extach efnd )t RiaCHATk Zo1vNE 10 MDA 1AY®5Srn) . To this

10 solution, magnesium sulfate (2 g) was added, followed by
p-tosylhydrazine (3.9 g, 20.2 mmol). The mixture was stirred
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-



wer e conbi ned, washed with brine, dried (Na2SO), filtered, and
concentrated to provide a dark brown gil. The residue WaBecgupsrii08d by
chromat ography (Si02, 19:1 - 6:1 CH2Cl12: CvA) to 25 provide
3-fl.uoro-4-(2-hydroxyethyl)pyridine (6..7 g, 23% as a tan oil. 1H NWR
(CDC13). C-M5, me = 142 (M+l). 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 m.) and cooled"to 0 O C. To this solution, methanesul onyl

chl oride (2. 0Q,n . 2. s ,added dr.opw se. The mixture, stirred at O
Ctor 1 ,h_[_%78%%&%ﬁroﬁﬁggké?%ggogﬁ%%t&éﬁ?ggeﬁxgllgéggﬁﬁ@rnez004 and the
| ayers sep@S&ted. The water | ayer was extracted with CH2Cl2. The organic
| ayers wery ' qu washed wirth brine, dried (Na2S®™4), filtered, and
concentrat ed under 3va3u'um to provide
3-f |l uor o- £I-Bspenfraresyl’f dmyloxyet hyl )pyridine (5.2 g, 5 83% as a pink
oil. 1HNNWR (CDC13). O -M51 W = 220 (Mrl). C.

3- Fl uor 6- 4- ( 2- net hanesul f onyl oxyet hyl )pyridine (5.2 g, 10 23.7 mmol) was
di ssol ved InteDhediz3% m-}1 1- Boc-pi perazine (8.85 g, 47.4 mmol), K2CA3 (3.3

, 23.7 [), 3.6 23.7 2C8 (7.7.0, 23.7 |
gdded, an 't[éé(y%%( U gyﬁg%fré'c%hzggﬂ%]f%péfgz I.leﬁr%L%d%PﬁPgm' -\(,:vg(r)Fed to

roomtenperature and diluted with water and ethyl acetate. 15 The | ayers
wer e separatedn_@l%ncéifltgﬁ%ﬁvater I yer.emtracted with ethyl acetate. The

organi c | &yer s™W@ PhET, CudsHel IR0 | e, Ml (8802 (TERKSOMPS fil ter ed,
and concerhaaged twmeerouad UbBtomoEDaS iRl disoted iwitofrHpr eskiGin)and DIVF.
The resi dug, 835, Aleisd ¥aS LOoifths &N eha®Rdsditlon Sl GYOrS Vere
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 CH»Cl,. 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,



20 separated, and the water |ayer extracted with diethyl ether. The

organi ¢ |l ayers were conbined, washed with brine, dried?3PRaem0)200¢ | tered,
and concentrated under vacuum The crude product was purified by

chromat ography (Si 02, 15:1 - 6:1 CH2Cl12:CvA) to give
1--Boc-4-[2-(3-fluoropyridin-4 25 yl) ethyll piperazine (6.2 g, 84%. 1H
NVR (CDC13). C-M5 me = 310 (Mtl). D.

1- Boc-4-[2-(3-fluoropyridin-4-yl)ethyl]piperazine (6.0 g, 30 19.4 mmol)

was di ssol [ 2 ) . sol nL).. To this solution,
concent.r..ata\é%dﬁ?%r oc %%%]%lgpgglg‘aé%'wﬁﬁg) e’%%g gag%gdw%%\de}ﬁfeacrﬁe%t Hreistirred

for 1 .h. TeCdalvehlrs amgrsicr bagered wandecomizimadn wasipsdwiides aryeé| ow sol id.
The resi dyg; nded, | ) et_hyl oni.cated for 1 h. The 89 -
13 Decenber 123\333”’%#%‘%& %\qk%{s:&rféejac’ofg%é eagégg%%%g%r%s PRATT SfH™ 5Rd the solid
dri ed und@®royadgudrfbiquoodi d2-etane3ul £ oy opsyeittiyh) gyrydinet Mgl 2 pyper azi ne

trihydrechlheni % 21.0,.484% as an off white solid. 5 1-H NVR (CD30D) .
C-Ms, me :)2%5 %%ﬁflé’& +1). Intermediate A-12 1- [2--
(2- Cyanopy# ¥MR- 4CBEY3)et hyl | pi perazine. 10 A. Ethyl 4-pyridylacetate (20

g, 121 mmply) aas de 0 uspension of LJAIH4 (9.2 g, 242 mol) in
di et hyl et ﬁeﬁd‘é?G%gg rrL2T0 I5|ﬂ5%)zhaceous earth (about 50 nL) was added to aid

stirring. The mxture stirred overnight. The m xture was 15 cooled to 0 C
o ot LIS 45 QU ey SRR e iER 08 L e
filtrafl® B@s7 mmol) was dissolved in DMF (65 mbL). 1-Boc-piperazine

(8.85 g, 47.4 mmol), Ky5C03 (3.3 g, 23.7 mmol), Nal (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 x})gthyl]piperazina (6.2 g, 84%).
. lm NMR (CDCL3).
| 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



concentrated under vacuum The crude product was purified by

chromat ography (Si02, 40:1 - 20:1 CH2&J2: net hanol) to bt Betaiebeg@004

4- (2- hydroxyethyl )pyridine (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 mmol ) and 25 triethylamne (10.1 nL, 66 mml) were dissolved in CH2C12
(100 nL) and cooled to -78 C. To this solution, tert-butyl- dinmethylsilyl
chloride (11.0 g, 66 nmol) was added. The mxture was allowed to warmto

room t enpehidce ¥t redNg, Watlher S Al 8a20asH et kY198 a bed of
Si02 and eluted 30 with 100:0°-- 10:1 CH2Cl12: met hanol to provide

4- [ 2- (t er 9riggh Ypdehetanirs F9|psapidenyt [2 plA-fdraecprsiding4-970-.) 1H NMVR
(CDC13). GyMen i 0% ) er 42 C

S L2 (1o By ol el ar ey Fom Roe Tonrt e T15576°° 83 %EE1) vas

di ssol ved Watt€H#eI» (200 nl). To this solution, mchl oroperbenzoic acid
was addefl 3nepwhecsadpit.i on stirred at roomtenperature for 72 h. The
solution was washed with 5 aqueous NaCH (1 M and | ayers separated. The
water | ay&IW8s méxtT ZdPedCmiiisB¥a2&12. The organic |ayers were conbined,
dried-(K2C®), filtered and concentrated under vacuumto provide
4-[2-(te.rt--butyldi nethylsilyloxy)ethyl]pyridine-N oxide (13.4 g, 83%.
10 1H NVRI¥pEpemgyiiateA-i8 mfe ; 254 (Mrl). D.

4-[ 2- (t estyRytybdepmidpph-s byl idi;ng-N-oxide (13.4 g, 52.9
mol ) was GNPl tr%%‘hﬁgg)r%gﬁ?ﬂ%. Jfr?%fm%s 105 mol ). Trimethylsilyl
cyani dé928.4 nlL, 212 mml) was added and the-nixture heated to 90 C for 3

h. The moguremthyl 4-pyridylacetate (20 g, 121 mmol) 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 ?riethylamine {10.1 mL, 66 mmol) were dissolved in CH3Cly (100

ﬁi)'éﬁavcooled to -78 °C. To this éolution, 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).



was allowed to cool to roomtenperature and stand overni ght- The m xture
was partitioned between water and CH2gj2. The |ayers ereslsardPed and
wat er | ayer extracted with CH2C12. 20 The organic | ayers were conbi ned,
washed with water and brine, dried (K2C03), filtered and concentrated to
provide a dark oil (14 g). The residue was purified by chronmatography
(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 yellow oil.

1H NWVR 13) 4 6~ 0hero 2 o

4--[2--%?3‘0 t-étt)% J%F%‘F‘éﬂ%@%&%% %1’?12;'%3’-) SAGRYEistRe By i s g, 488

mol ) and®4 S8PLt ("6 Sispelveshiny Chp®hmi (AR0f bor i dEo (thiM aldtden,73 nl, 73

ol ) Wefﬁr—eﬁféﬂﬁséﬂagn%oietg%q Q%tga‘aéi%ﬁ and é%iﬁt{iﬁ,qﬁ g&ig,?g Jenperat ure
s di et hy

overnight. The mxture wa uted wth water an acetate. The
| ayers wEPEBMskp@mespEdrantor %2 hat eFhe Bpdutdenr wes edkaliethwitihy| 91 13

Decenbeg 20040@€ 8-ake. T§] ' e conbi shed w th water
“and brine, ggr(i)ed (Nq2é%)4 ? ﬁcﬁ?g&gﬁég ac%g\r%%ght rat ed‘.%%%ﬁe!\%(%siwtﬁe was
purified Bytraetrthtd§haghyCisi 0Zhe5ordardi Tagers mettmmokpited provi de
2-cyan- 4- (32= hyd hy o (4.4 v an off white solid. 1H
NVR ( CD01§%IQ%:| {If\)?/)éjbg?/‘é tl%%e%?? éorfc?irgbeg%dgzs vacuum -to

2- Cyano- 4p¢evigairioxdyet gk gyrtivddhwe ¢y 13:id 128y hedhyl wesidifle dissol ved in
pyridine: (2585144 34 |) and CH2C12 (40 nL) and cooled to O C. To
this sol u?{con, i)lenz'4e ésg?%qg}r)\yl chloride (4.5 nL, 34.8 nmmol) was added and
the m %@urB W ol®§1l3sde stir at roomtenperature overni ght. The sol vent was

renoved UEH%S,V%FMU@ 3h4l bjp+e:\”r_esi due was purified by

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



15 chromat ography (Si 02, 20:1 CH2Cl2: ethyl acetate) to provide a 2:1

m xture of 2-cyan. o-4-[2-(benzenesul f gpyl oxy) et hyl ] py? HPFRIMDS Y04
2-cyano-4-(2-chl oroethyl)pyridine (6.0 g, 84*-.). 1H NWR (CDC13). Cl - M5,
me = 167 (C8H7/CIN2+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 nmol )-was dissolved in
DMF (50 25 pL).and heated to 80 C overnight., The m xture was allowed to
cool to.r G6RtRERperieurEganic diaveredvere FARierd artpedy Fithdgtae. The

layers wergsepanal ef-iaad (fhoso)pt Ckil AYeda 0t basdsstMirkh ettpd acetate.
The organic | ayers were co i ned, washed with water and brine, dried

(Na2SO1) , resddpp| vy dyrrafiied dnt shrparbepiarlyr (FiRaum%:d FHeGke: a dark oil
(6.0 9). Thenahdde ﬂH%@Ed&‘ﬁ@@%ﬁbiheﬂz%&&&?ﬁﬁﬂgﬁ@minéSt@.?@ 1000: 10: 1
ydr ox

- 200:10: 1 CH2Cl 2: net hanol : concentrated anmmoni um I de) to provide

1- Boc- 4-9 B( X&) afd R Cdtnviits |spdifly| | pi perazine (4.0 g, 70%. 92 13
Decenber 2@04pkH&dE (CDC13). TLC Rf = 0.5 (200:10:1

CH2C12: met hanol : concéntrat ed ammoni um hydroxide). 5 H

1- Boc- 4- [ X ¥Sey B 5y iitdi M#L)\d ) et hyl | pi perazine (4.0 g, 12.64 mol) was
di ssolved in nmethanol (60 nmL.) and cooled to 0O C. Concentrated hydrochloric
acid (10.4 nL, 126 mmol) was_ added and the m xture stirred for 1 h. The
sol vents Viere 2rendired -URdeydxaseetiy dhey istiegahbrated 29nwmeel hia® net hanol ,

a 10 1l Hdsdlice@fidgihanohd t o WeNGr, &yl f kdh ) Yah tdhe8L had@lmr,) The
resi due was dried undér vacuum overnight to provide crude
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-chlorcethyl)pyridine (6.0 g, B84%).
1y NMR (CDC13).

CI-MS, m/e = 167 (CgHqClNg+1) and 289 (Cq4HpoNo035+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
(SiOz, 1000:10:1 - 200:10:1 CH3Cljp:methanol:concentrated
ammonium hydroxide) to provide 1-Boc-4-{2-(2-cyanopyridin-4-

yl)ethyllpiperazine (4.0 g, 70%).



product (4.5 g). Half of the product was dissolved in nethanol,
concentrated anmoni um hydroxi de was agged, and sol ventxDoganeer éfebed under
vacuum The residue was purified 15 by chronmat ography (Si 02,'100.10:1
CH2C12: net hanol : concentrated anmoni 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 fol |l owi ng conmpounds were prepared according to the indicated nethod
(Met hod B-A, wiRt hastiByB or Method B-C) from the indicated starting

mat eri al.s, _unl ess ot herwi se described. 25 30 Internedi ate B-1.

1- Boc- 4- EFECOHEi 1ty )(208¢ 49 1 hiGHerh2 Rethangdrkencerrat @b empppéimzi ne (12
g, 64 mohydrdxpys)i dyl acetic acid (8.85 g, 64 nmmol ), and HoBt (8.64 g, 64
mol) were dissolved in DMF. To this solution, EDCl (14.7 9, 76.8 mmol)
was added in portions. The m xture becane honogenous and was stirred for

3 h. The g, Xt ufepdwas-Ghl ys egh M §81a Ehby -ﬁég—g . (dhg layers were
separated, and the aqueou.se% 3&53 13 D?ggme? %14 ex%&%ct(gdgvé’th et hyl
acetate. TReShrHEtlc vRaySiss washelhangl H6farkl and doolled, tadrd ed

(Na2SO4) , ot | t @sitbntaaled CRPERIMNIALEE 4OLPT QY. 980A, YEld %@(ﬁg: j,ds The crude
I C

product was Bguri fied by recrystallization from hexanes: oronet hane to
5 provi de2ddedcand [(hs- pyrreryatizeedyfqpilpdr-azThe galemty, w6ge) as a white

solid. 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



1H-NWR (CDC13) Cl-MS5, me = 306 (Mtl) 10 Internediate, B-2 1-Boc-4- |

(i mi dazol -4-yl) acetyl] piperazine. pgthod B-B To a si?P??‘?ﬁ@beét%g%nsi 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 nL, 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 DV (20 m.). After 72 h, the solvent was renoved in
vacuo and the residue was dissolved in ethyl acetate and washed with satd
ag. NaHCG%:@;&acbéan@ltrZQet e My$LY, r ‘ye%%c ed to
give 0.95 g of I nk oil ﬂi'h‘ ch\ég% S Ng%n? gag%% QQ](%[E% F’nt e‘%irredl ate
B-3 1- Bodiith. ppier mnhbeipe) a@m%ﬂ Ifﬂﬁpéﬁ?@)zll rféltPré@armd on of Starting

Mat eri al s co’ﬁgegitggaé(ﬁ tty Y. z To S of

br onobacetyl bhrom_de g%%&é AQ}&QB@ %é\ﬁ'ldHE g‘%o&%ﬁé gg 0gglflgwasgladded
via an addﬁriléhedf*%rr@crx%@lhwmoaf fB@‘& hsivpaegzdhchI@®mpiha8d ol ) and
triethylsamaei16441% 1 r 4. 13
Decenber ?004 few grcg:,m;1 4?3”524:%\%%/1;5‘%%76‘“ th gﬂrﬁggt (ueret}’vvgé §9Tut ed with
ethyl acet?®t & Yh¥tediddifater. The |l ayers were separated and the organic
phase ‘was l\ﬁagﬂgqlcmiﬁ 1 Maqg. citric acid, brine, said ag. NaHCO3 and
again with brine. The organic phase was 5 then dried with MyS04, filtered,
and .conceftirifed™ § % 30a (Mol) gi ve 382 g (93a) of an of f-white powder.

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



IHNWR -, IS-M5, mfe 251.3 (M CAHO9+1) 10 Met hod B—C To a stlrr%%a
suspensi on of NaH (60% di spersion in ggineral oil, 93 I n THE
(75 mL,) was added imdazole (1.46 g, 22 mmol) in srrall portions. After
conplete addition and conplete gas evolution, a solution of 1-Boc-4 15
(bronmoacetyl ) pi perazine (6 g, 19.5 mol) in THE (40 M) 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 organi ¢ phase

vas washedel fhaddidt dge wOAHIFhoo bt WRH ik DEL Noao (10 dGl Gt th MISOL,

filtered and concentrated in vacuo resi ue was suspen n di et hyl
et her wi t RE8Bhi 2558, anferoXd waspod P delvedst vexg \/@pﬂraneg arf810) of an

of f whit ecpEWIRYanikHh rph%lyg %% WBnel’ §5499 % ggmé% \f2,_51 & pyrtefj ate B-4

1- Boc-4-[ (1- yrazoly )acetyl| pi'perazine. Prepar azol'e dnd
1. - Boc- 4- BR*b pemiminung eitrieod BhE. oRfrrdild mwases«va\ﬁ m e

295. 1 (M vhdn 9&::];'931 %.‘E?L”E%%% a%ﬂ:?i‘ﬁ m;zﬂ{ ¢ %SnP Re a d in vacuo .

to
1- Hoc- 4-[ ( 2- Benzyl oxycar m no ace y pi perazi ite . 5 A
(2- Ani not B89 038 £ @ (8881 i of aei dEETGhige @@emml ) was dissolved in
1, 4- di-oxapg-#490 nL) and aqueous NaOH (6 M _ 100 nl), and the solution was

cool ed to 0-'OC. Benzyl chloro-
15-MS, m/e 251.3 (M-C4qHg+1)

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 .
" 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)



formate (20 nL, 82.2 mmol) was added, and the m xture was stirred at room
t enperature overni ght. The nixture wagg 10 dil uted wi t hidPesamper@Pher, and
the | ayers separated. The water |ayer was cooled to 0 C, and the pH
~adjusted to approximately 4 with aqueous HO (6 M. The white precipitate
formed was coll ected by vacuumfiltration, washed with water and di et hyl
ether, and dried under vacuumto provide (2 15

Benzyl . oxycar bonyl am not hi azol -4-yl )acetic acid (7.5 g, 41%. 1H NM
(DVSO- d6) .rnEbriBaifEe 5=5293 (MH1) . B. Using nethods substantially

equi val ent to those described 20 in Method B-A, the title conpound was
prepar ed fr8RFt2- b ABasyeny trompnykhnind) tiigrzod-§+ylagsdwili~aci d and

1- Boc-- pigfdgesakige(95?s) . 1H NWR (CDA 3). CI-M5, r/e = 461 (Ml). 25
Preparation of Internediates C1 - C- 28 The foll owi ng conpounds were
prepared according to the indicated nmethod (Method CGA Mthod C B, Mthod

G- C or Method (&R ddsthe-4ngdi If i terial s ot herwi se
30 descri bed. I(nt er]_hec{ji at tggfc-df ryli)%@%gg%%%& Fsggngflgij%mﬁ?wn&ﬁé (2- (4

- pyri di nyldisephyed Bt dertadionanedl08 Wek arse raRE0USs NMUiDHA 6GMA 100

D- Doc-Phenyh gl ¥£¢ : o _

1-[2-(4- pgdrti)gi ﬁﬁ?ﬁﬁ%ﬁﬁﬁgﬁ%’?gﬁne %/%ic;oc Iooricde ?sz}bl cﬁ.ogo nmol ) were

di ssol ved formpiE (HOWIn B2addwedd| was t addedappréxthatwlxturé5wasi n an

| ce- et Nanek PNt Dok tmp &YARGRNGILANIHS (302 fhiculd Gal™!) was slowly
10 diluted with diethyl ether, and the layers separated. The

water layer was cooled to 0 °C, and the pH 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.



m xture. Triethylamne (18.6 nL, 133:.2 mmol) was added _dropw se to the
solution.- The nixture was. stirred apg-15 C for 2 h EhHeGRPEI28%hed t o
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 prioduct was filtered 15 through a plug of silica gel (1.2 kg)
using 1:1 hexanes:ethyl acetate ggs¢ghdeRtato provide :
1- (Boc- D phen\p/ql %{;@%Ci nyl)-4-[2-(4- pyridinyl)ethyl]piperazine (10.6 g, 75%
as a |ight yeP-5&F-Bh¢nylogdyrire (b 3. 2@-@|mmgi)rﬂnﬁ:: 425 (M)

I nt er nedigl @.-Ga2pdsi - j 2l =4 =5 A2-(RYr Ldi pyl
ethyl]pi,pé%éging% ‘%5%%&?%59??%* é%%#f$%h%%§§%?%%?ﬁ%géﬁé SHELE

1-[ 2- (2- pAM9ldi MgFR- Abssakved [ipi PUF afh0fe nhdi And Medisfl CoA. 11:C - | _

| H NVR( : o 4455 s at e G- 1- :
(Boc-JJ%?ep:r?Im%Eié%lgﬂsfa&C %g ég&%eyﬁgflkl%ﬁgr%ﬁ%] Dgieglel?gzi ne. Prepared
f rom Boc-< FPEPYRhelSaRdml: 3©-6 (odYr was nglowly edipdli po pereazi ne using

thhOd'Caﬁﬂ%tu%aiNN$¥£g%E5§Emi - éﬂﬂi,' 265 ( ) slgd enber 2004
Internmediate G4 1- (Boc-D Pﬁ%n&%] ycCl nyﬁ'? ﬁ‘“ﬁ%ﬁ ?% pyr'?%gm nyl )
et hyl | pi poRrife. toPrpardatirom B Diphung| ghy cstngraddat- {25 (3 pyri d
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 azinyl)ethyl] pi perazine using Method CGA 1H WR (CDC1l3 ) TLC Rf=0.65
(100: 10: 1 CH2d 2: MeOH: NHMQH, Si 02, Angftech No. 02521§3 P§C¢RP¥ri84i ate C 5
1- (Boc-D Phenyl glycinyl) -4- 2- (3-pyridinyl) ethyl] piperazine. Prepared
-from Boc- D phenyl gl ycine and 1-[2-(3-pyridinyl)- ethyllpiperazi ne using
Method CGA. 1H NVR(CDC13) 15 Ad--Ms51 mfe = 425 (M+l) Internediate C6

-1- (Boa- D- Phenyl gl ycinyl )-4-[ 2-(4-i m dazol-yl) et hyl | pi perazi ne Prepared from
Boc- D- phenyl gl yci ne and 1-[2-(4-im dazol- 20 yl)ethyll pi perazi ne using
Method CGA 1HNWR |S-M5 W 414.2 (M-i) -Internediate G7 25 1-

- (Boc- - D--Phenyl [2- (4-pyrazblyl) ethyllpiperazine_ Prepared
from Boc- O ‘L%’é'%&? g% ':ri]é and 1-[2-(4-pyrazolyl)- ethyl]pi-perazine using

Met hod C A- (HchRPhéxﬁrMyc%?lﬂJiﬂ- 2 -((Mﬁ%rl&hﬂd?ﬂ@ e8BYL Bl b eleraBide,

(Boc- D Phenyl gl ycin 1 i m dazolyl) eth pi per a2| ne. Prepared

|']
from Boc- D- phe FET‘%‘&% n?c’&‘n% ‘(@e(nflgﬁ’ﬂm%ﬂdy%“é?h %éazi ne using
Met hod @Aazﬁ@llatmmpﬂp%rusm@d@ﬁ@matm $in 13 Decenber 2004

| nt er medi ate C-9
H NMR (CDCl3)
TLC Rf=0.65 (100:10:1 CH5Cl,:MeOH:NH4QH, SiO,, Analtech No.

g2521)

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+l)

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.



5 1-(Boa- D-Phenyl gl ycinyl)-4-[2-(l-pyrazolyl)ethyllpip zi ne, repared
from Doc- D phenyl gl ycine and 1-[2-(1-pgrazolyl)- ethyl?%ﬁsg?Q%Wﬁgogsing
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 CB 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 nL)
-was added a solution of LiCH hydrate (2.68 g, 64 mol) in water (100 nl).
After 2 h,mmmkher solution of LiOH hydrate (1.34 g, 32 nmmol) in water (50
m) was--a %egI 'A%# er _angther 2 h, the 20 solvent was evaporated in vacuo to
give 13.56°G"8t BT A%%-fe MEblid. A portion of the solid (3 g, 11.6 nmol)

-~ was dissolved in DWF (75 nmL) and cooled to O C. To this solution was added

di et hyl cyanophosphonate (2.3 g, 13.9 mmwol ), 25 N, N-dii sopropyl et hyl am ne
(6 g, 46. %nﬁﬁ%ﬁg%r&? idn  1- [ 2- (4-pyridyl)ethyll pi perazine hydrochl oride

(3.8 g, 512-8Boev!Bherdgl {6 F19AALIED ( zloqwﬁeﬁﬂyﬁﬁﬁde\éa\é@ﬁ@.to room
t enperature overni ght. The next norning, the solvent’s Were renbved in
vacuo and the }?’é%?agi?él HaS™ B d)pheny ko brFie 3pdateit 6 -mydaratiki:- wi t h

satd ag. NehEOPpasskadrinBeusifieMelhbgde-Mi th. Na2SO4, filtered, and
concentrated in vacuo. The residue .-was then dissolved in a mninml volune

of dichl or8i¥hane and chromat ographed over silica gel, eluting with a
step gradizenfis, af/e2212.5hpeugh 10% met hanol (with 2 N NH3) in
di chl orl?)rret hane. 99 13 Decenber 2004
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
DMF (75 mL) and cooled to 0 °C. To this solution was added
diethyl cyanophosphonate (2.3 g, 13.9 mmol), |
'125 N;N-di%gopropylethylamine (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.



The product containing fractions were conbined and concentrated in vacuo
to give 2.31 g (47% of an off-white g§oam 1H NWR 5 1EPREEMbEE2004 26 3
(M) Internmediate C-11 1- [BOC-D, L- (2-Methoxyphenyl)glycinyl] -4- [2-
(4-pyridinyl) - ethyl]piperazine. 10 Method CC To a stirring solution of
Boc- D, .L-(2-net hoxyphenyl)- glycine (2 g, 7.1 nmol) and
1-[2-(4-pyridinyl)ethyl]piperazine trihydrochloride (2.4 g, 7.8 mol) in
DMF (50 nmL), was added HOBt (1.06 g, 7.8 nmol); and triethylam ne (4.96

m, 35.6 1 I d.b .61 g, 7.8 I After stirring
overni ght g{ rgc%rlﬁd{l‘génpcgo\r,l\%faﬁf%’}%@%il%ﬁrg‘@eﬂ?aéqulg%%‘fle‘_ﬂ}& and the filtrate
‘was concentomtesdt raned aouxacihbetds egivéue . 3RSy @i7$$obresh io¥ midaykeacet at e and
mashed\Mt£b§§td aq. NaHCO3 followed by brine, then dried with MgSO41
filtered an 0 concentrated in vacuo. The residue was then dissolved in a
m ni nrum andHMRof di chl or omet hane and chromat ogr aphed over silica gel,

el uting ,_;)/\Af%]_b%'ﬁ'gnzlgc%r%ggﬁ@h f dichloronmethane through 10% (2 N

NH3/ net banol ) ne. The product containing fractions were
conbi ned and concentrated in 25 vacuo to give 2.5 g (77% of the title

conmpound. H - NVR | S- me 455.1 (M+rl) Ipternediate G 12 30 1-
(B(r)n(::)- D Phe%ngﬁed:lm)‘/ag%é? é\ﬁ'ﬂ' [2- (thiazol-2-yl) ethyl] piperazine. Prepared
from 1- 12-X4 fHomzDl L2¢23-HMeehbyilpingan g2 yaeny i Ay dro ¢l wftidg ngngl- .
Boc- D- phenyl Iéci ne_using Method G A except using dichloronethane in
pl ace of E%ﬁ'l:g(l oK Hoge-
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.
. IH-MMR |
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%).



1H NVR (CDC13). Cl-Ms, nle = 431 (C22H30N403S+1). 13 Detpbbefnhet044
Intermediate C-13 5 1- (Boc-D-Phenyl giggci nyl) -4- [2-

(2- benzyl oxycar bonyl anni no- thi azol -4-yl)ethyl]pi perazine. Prepared from
-1-- [2- (2-benzyl oxycarbonyl am not hi azol -4 yl)ethyl | pi perazi ne

hy'dr-ochl ori de and Boc- D -phenyl gl ycine using Method C-A (760). 10 1H NWR
(CDC13) . APCI-MsS, W = 580 (Mtl). Internediate C 14 1-

(Boc- D-Phenyl gl ycinyl) -4- [2- (3-fluoropyridin-4-yl)ethyl] - 15

pi per azi neH ﬁ}m@p@m@q from 1- (Boc- D-phenyl gl yci nyl)-4-[2-(3-fl uoro-
pyridin-4- et hyI p| perazine using Method C- A, except using

N, N-dii sof# | SR Fah? he(FanHaloNa@38f1 )i et hyl ami ne and di chl or onet hane in
pl ace of DMF (890) 20 1H NVR (CDC13) . APCI-M5, nle = 443 (M+l). '
| nt-er medi ate G 15 éBoc D- Phenyl gl ycinyl) -4- [2- (2 -cyanopyridin- 4
-yl)- et h'y’P]:em‘?ff}a&lep rd¥ine. Method C-D 1- (2- (2-cyanopyridin-4-yl)

t hyl T30 e ine (1.39 g, 4.63
) 8§ R 0 SR PR 1o 1 o6
Sol utl on 4. nmo was a e
fol l owed by a ﬁ%ﬂéﬁ:’e@”f?&mtf twl?gﬂﬁmo&gﬂgzbwguamotmég 111 CH2C12 (10

m,). The m xture was al tos room tenperature
over ni ght Y1W%]Pﬂ9?§am dmderpeblomdeh apdt Bec dhohiehelfhyeis: separ at ed.

The wat er yLayenAdSd c-a (76%) .
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



101 13 Decenber 2004 extracted with CH2Cl2. The organi q3IpR¢emse VIR
conbi ned, washed with brine, dried (f4g2S504), filtered and concentrated
under vacuumto provide crude product (3.0,g). The crude product was
purified by chromatography (Si 02, 1000:10:1 5 400:10:1
CH2C12: net hanol : concentrat ed ammoni um hydroxi de) to provide 1-
(Boc- D phenyl gl ycinyl) -4- (2- (2-cyanopyridin-4-yl) - ethyl]piperazine
(1.61 g, 78%. 1H NMR (CDC13). CI-M5, me = 450 (Mrl1). 10 Internediate C 16
1- [ Boc- D, éxtafstenl wi iphemydl), gI yme’l)drbanﬂc 1alyavet brkpi geididiear 4-
yI)p| perazm%1 C.lPre red. fro ? QPJ or o enyI)gI ycine and 1- (1-
.5 -met hypi peri cJI PR i é? z %Seé 8¢ CEeRtERERdi n  pl ace
?f ACC gndmlr&a@:t viagurh ae® iovit@Bt crikdd MYBah&: MS,. 0”@@ 4530 drid) 20
nt er medi at

1- [ Hoc- D, Lp}fcﬁﬁ:cnofqaﬁ BaTAGigAy RY nsomRt e gr el ISt PRer 189 1yr) pi per azi ne
Pr epar®dt 60 :am: BOCHzcﬁ],zL-n(etwaﬂ@iidbrﬁrehhi-@te(@la&axoﬁﬂdmlhﬁéromde) to

reL Pl Pl iy AL P BELIE Lot Ky o G L R0 0y Bl ace o
1-[Boc= D, Let(!&l]pubémm&t(hybp@pyyls)%gl,yC| nyl] -4-(1-met hyl - 30
Boc- b, L, - (7 (0 BB Bt hyt phenyl ) gl yei ne  and
1- (1- net hytpiMser jndé n= 450 )(pi-0er azi ne using Method C-C
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.



with DIEA in place of TEA 102 1H NIVR IS—MS m e 485. 014 Mskamis ddggenber
2004 Internediate C19 5

1- (Boc- D Cycl opentyl gl yci nyl ] -4- (1 rret hyI pi peridi n-4-yl)- piperazine.
Prepar ed-from Boc- D-cycl opentyl gl ' yci ne and 1-(1-nethyl -

pi peridi n-4-yl)pi perazine using Method GC, with EDCI in place of DCC and
HOAt in place of HOBt. 10 1H NWVR 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 perazine.
Prepared from Boc-D-cycl ohexyl gl yci ne and 1-(1-nethyl--

Apihperi'di,.-nyﬁ-w pi perazine using Method CGC1L wth EDCl in place of DCC and
HOAt in piaaes ofm/MOBE5.AHMNMR 20 |1 S-MS, me 423.3 (MHl) Internediate C 21
1-[ Cbz- D Phenyl . gl yci nyl .]-4-(2-phenet hyl ) pi perazi ne. Prepared from ‘
4- (Cbz- D- phenyl gl yci nyl ) pi perazi ne and 25 phenyl acet al dehyde usi ng Met hod
| -A W t hisesinsaitatieaceioxy borohydride in place of sodi um cyanoborohydride
and di chI o] oet hane | ace .of ,met hanol, (719 1x NVR (CDC13) APCl - V5,
me = 48817 M7 19@°hﬁ?5 HEtLICAPEL oA - (1-hethyipiperidint4-y1) -

1-[ Boc- D, bil(,éfuﬂm_ 2-yl)glycinyl]-4-(1-nethyl pi peridin-4-yl)-

Prepared. from Boc-D-cyclopentylglycine and 1- (1-methyl-
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-



pi perazine. Prepared from ethyl Boc-D,L-thiazol-2-yl gl yzDaerast 2bogl 13
Decenber 2004 103 net hyl pi peri di n-4-yggpi perazi ne using Method G- B. [|S- M5,
me 424.0 (M+l) Internmediate C-23 5 1- [Boc-D, L- (Bertzo [b]

t hi ophen-3-y1.) glycinyl] -4- (l-nmethyl- 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-diisopropylamne for 10 triethylam ne, and substituting

di chi or orrq{er&gzg'\g%ﬁér%_,;_}9%%%F?L%ﬁg7?&hgg&é)3 I nternmedi ate G 24 15

1- [Boc-.D, L- t hal en-1- nyl’] 1- et hyl pi peri di n- 4-

yl ) pi per aZiSm¥S, Prép a3 O riMmiBoc- D, L- napht hal en- 1- yi gl yci ne and 1-(1-
met hyi pi peridi n-4-yl) pi perazine using Method C-C, substituting EDC for
DCC and substituting N, N-diisopropylamne for 20 triethylamne. 1H NWR
| S- MBS, m &nkgFmediake C423t er nedi ate G- 25 25 1- [Boc-D, L-

(2- Met hy aulzfl‘seeybpbﬁtwéﬂz%' 5§ LV ddnents -?i{#@)&%lﬂ-n&- {1-methyl-
pi peri . di n- -y[)Elpera2|ne. repared fro c-D, L-
( 2- net hy| pdpPsa¢ipterA)pdgcaninand  1- (1- met hyl pi peri di n- 4--y1) pi per azi ne

usi ng Met hod GCpLapa st ioUkbag ED ?]:/F%bf@f' ?grgﬁl:_\-]g%; and _substituting 30
N, N- di i sopr opyl et%yl amine for tri th )? amE n]e. e 1)g'1yc1ne and
1-(l-methylpiperidin-4-yl)piperazine uging Method C-C,
substituting EDCI for DCC, N,N-diisopropylamine for
10 triethylamine, 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)



I|S-M5, me 495 (Mtl) 13 Decenber 2004 104 Anal ysis for1£24384%p04 Cal cd:
C, 58.27; H 7.74; N, 11.32; Found: {g4 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 nL, 113 mol) in DVF (41 nL) was added EDCI (1.09 g, 5.67 mmol),

and the mxture.st F%%eg%ggiaggggg_ tenperature for 18 h. The sol vent was

renoved .i N vacuo, taken up in chloroform isopropyl alcohol
(2:1) and 15 w&aefed: wiqh S8atef ,Hsat.d4aqu¥eols. 3qdi um bi carbonate, dried

(MgS™) and CO%G’EE[ at@d g’a_r]ﬂégc[aggt%é?nyg&f%% -_brovvn oil. The crude

reacti on product us obtai r o the next step without
further purification. 20 Internediate C 27

1-[ Boc- Q LIA%%I&Q%& rg‘azzb.ol -4-yl)glycinyl]-4-[2-(pyridin-4- yl) ethyl ]1 (2.

pi perazine.” Prepared ffom Boc-D, L-(2-net hylthiazol -4-yl)qglycine and
(pyridi n- -3~ EHox -8t hyThiqriole s aylgie «dinkl il d< td Ofpyade diis i agy D tpRagedur es
substanti alJ [ yalent to those described for the preparation of

| nt er medi aqléyeé%%flel nternedi ate CG28 1- [Boc-D, L-

(2- Benzyl oxycamboayéahitionhbazBdc-4, Yl thihyei Brhhgideidd (233(gyridin-4-yl)

o ? ) Leﬁlz&le ‘éxy%@g%bﬁ;!fogﬁ{ T3 ol 9%:"[)%‘?“@ ycilde BvErdin 122y pyri di n- 4-y1 )
et hyl ] Yt parlgdil péperazine 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.



di hydrochl ori de using procedures substantially equival
descri bed for the preparation of intejyedi ate C 26. 10??5&%%%%%%2% 2004

Preparation of Internediates DI - D28 The foll owi ng conmpounds were
prepared according to the indicated nethod (Method D-A, Method DB, Method
D-C, 5 Method D-D or Method D-F) fromthe indicated starting material,

unl ess otherw se described. Internmediate D1

1- (D- Phenyl gl ycinyl )-4-[2-(4-pyridinyl).ethyl]piperazine 10 Hydrochloride.
Met hod D-A 1- (Boc- D phenyl gl ycinyl) -4- [2 (4 pyridinyl)ethyl] -

pi perazi.ne (13 g, 30.§ _nmol) .and nlsole % re di ssolved in

net hanol and cool ed t 0*FE. té’Bﬁc% e 6 53'1":%?30 hroP7%8 acid (40 nL, 300

mmol ) was addedrier c&pMsm:tgu doigowsdd Werenprafdrddachb¥dine tal kpwed to warm
to roomte [ t he sol vent and

rature ure stirre -
ani sol e we’r Eetﬁ]ﬁ%‘g &?&%Bﬁn’?”ﬁ'hg‘eﬁ:ggéd%@'vﬁ%tgag ffded in di et hyl
et her ansl Iﬁ@tlfhcﬁ:ﬁn})@ BﬁrMétHa)d bhe) sedud tReOdbEicanes Etbit@!@d 20 and dried

under vacuum Pa at 50-60 C) to gl ve
1- (D- phenyt %ﬁ:ﬁaﬁyl )‘milef"? C(tﬁ‘eﬁ'ﬂ??ildrﬁﬂc)ré ¥t ] pi per azi ne hydrochl oride (11.8
g, 89% as a white, hygroscopic solid. 1H NVR (CD30D) API-M5 W = 325
(MH ) 25 1 nterrre :.atte D-2 1-. (D Phenylglycinyl) -4- [2- (2-pyridinyl)
ethyl] pipet Br2pared from 1- (Boc-D-phenyl glycinyl) -4- [2-
(2-pyridi nz- w)I&iehyhbpy@.ﬁiml-@e[ﬂs(%y%ﬁbﬂﬁlﬁ:hﬁynﬁﬂpéﬁﬂw ( CD30D)
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



APl -M5, me = 325 (Mrl) Internediate D-3 1- (D-Phenyl gllygle@éﬂqgerszm[z-
(2-pyrazinyl) ethyl] piperazine. 106 ¢4 Decenber 2004 Prepared from 1-

(Boc- D phenyl gl ycinyl) -4- [2- (2-pyrazin-- .yl)ethyl]piperazine using

Met hod D-A. 1H NVR (CD30D) API-M5, mle = 326 (M+l). 5 Internediate D-4 1-
(D-Phenyl gl ycinyl )" --4- [2- (3-pyridaziztyl) ethyl] piperazine. Prepared
from1- (Boc--D-phenylglycinyl) --4-- [2- (3-pyrid- azinyl)ethyl]piperazine
using Method D-A 10 1H-NWMR (CD3CD) IS MS, nme 326 (Mrl) Internediate D-5

1- (D Phenyl gl yeep¥téd -Ho th Lspirpe S Prepared
from.1l- (Boc- Dphgny | gl ycﬁlg (ﬁg’c—FB/[phm@h?Yéiy&r%&i) * [9 (ﬁﬁfr}?p. %er azi ne
usi ng Met HoW S5BX1 1 RipaIRineDeob)g Meithes Dpde = 325 (I\/H) 20 I nternediate
D6 1- (D #fbhemn gbmg@@)yl) -4- [2- (4-imdazolyl) ethyl]piperazine.

Prepared from 1- (B?c D%henyl glycinyl)-4-(2-(4--imd-

azol . yl) et3BA M5 p® 4zt nfudMmg) Met hod D-A. 1HNVR 25 IS MS, mle 314.1
(Mtl) Ingernediate D7

1- (D Phenyl gl yci nyl ) -4-[ 2- (4-pyrazol yl ) et hyl ] pi perazi ne. Prepared from 1-
(Boc-Dpheﬁaqeé-'H? F-ﬁé?)”-4u4 [2- (4-pyrazol- 30 yl) ethyl] piperazine using

Met hod- D- -A (D- -Phenylglycinyl) -4-[2- (3-pyridazinyl)ethyll piperazine.
Prepared from 1-(Boc—Duphenylglyéinyi)~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)



) 107 13 Decenber 2004 | n{-£f tgelts 8ok 8 1-
(D Phenyl gl yciny7.) -4- (1-im dazeiyl) ethyllpiperazine. repared from
1- (Boc- D phenyl glycinyl)-4--[2-(1-imd- azolyl)ethyl]piperazine using
Method DDA. 5 IHNWR IS M5 nmle 314.1 (Mtl) Internediate D9 (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-

1H-NVR |S-M5 W 314.3 (M1,
[ 2-
4- -

[D, L- (Py:l:ntfﬂrliheaa.;l;é gHeg/cinyl] -4- [2- (4-pyridinyl) ethyll - piperazine.
Met hod I}B astllzi1 sol ution of 1%800 DL%‘)./Lrldan - 20
gl yci nyl ] 1yP-pheny 9Wﬁ”€1ﬁyﬁjé?hﬂjlﬁil aradbT Hethy é&lﬁera&’we-mml ) in

di chl ororret han@&,ﬂér&)fﬂﬁﬁﬁ 1aqQH68-Thhehf18Lyciifihen - (8- - 4hig-sol vents were
partltloned bet ween et hyI acetate and

removed in vac The resi due was

satd agq. l\%ﬁ%@g ehipyllmiderpgiae susidie MekBaR @t The aqueous phase was
extract el v-mr25 500 et hyl acetate/dichloronethane, then 5%

ni et hanol / di chi or gnet hane. The conbi ned organic extracts were dried with
MySO4, fi 1%%MEd 328 thderfMat ed to give 1.66 g (94% of the title .
compound. 1H-NVMR 30 IS-NS, We 326.1 (M) _ '

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.



Intermediate D-11 1- [D, L- (2-Methoxyphenyl) glycinyl{3pdeentir=2004
(1-pyrazolyl) ethyl] - piperazine. 168813 Decenber 2004 Prepared from

1- [ Boc- D, L- (2- met hoxyphenyl ) gl yci nyl | -4-[2- (1-pyrazolyl)ethyl]piperazine

~using Method D-B. 1H-NVMR IS M5, me 355.1 (Mrl) 5 Internediate D-12 1-

(D-Phenyl glycinyl) -4- [2- (thiazol-2-yl) ethyll piperazine
Tri hydrochl ori de. Prepared from 1-(Boc-D phenyl gl ycinyl)-4-[2-(thiazol-2--
10 yl)ethyl]pi perazi ne using nethods substantially equivalent to those

described in 9 1H - m.e. & 331
(CL7H22NAOS+ 19@ kel Exbll 74 teotiolHR( 4 qé%%%‘&fl’ﬁllﬁﬁ?ﬂ%ﬁg‘[ (-

(2- benzyl dkyrywdromyl) abhpblhiezekide yéimeg Melthpd perBzi ne Tri hydrochl ori de.
Met hod D- Gl Boc- D- Phenyl gl ycinyl) -4- [2- (2--benzyl oxycarbonyl am no- 20
t hi azol - 4-yl) et hyl ] pi perazine (520 ng, 0.898 mmol) was dissolved in ethyl
acetate (I8-M%) mwied35Ai-30(+¥)1 nl). The nixture was cooled to 0 C, and a
saturategd solution of HClL in ethyl acetate was added. The m xture was
allowed to warmto roomtenperature and stirred for 4 h. The sol vent was
renoved . Igbexmrfbiabeabud®nto provide the title conpound as a. white solid

(530 M, guERtddAlgehes A MR (GORRODY 0 ¥5Ch1 Vounf 1% i5480: { S25HRONBO3SH 1)
Trihydrochloride. _
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 (Cy7HpoN40S+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



30 Internediate D-14 1- (D Phenyl glycinyl) -4- [2- (3-f4d psdcpiberbdpn-4-yl)
ethyll - piperazine Trihydrochloride. g epared from 1-

(Boc- D phenyl gl ycinyl) -4- (2- (3-fluoro- pyridin-4-yl)ethyl]piperazine
using a nethod substantially 109 equivalent to Method D-A (98% . 1H NWR
(CD30D). APCl-Ms, me = 353 (Cl9H23FN40+1) 13 Decenber 2004 5 Internediate
D-15 1- (D Phenylglycinyl) -4- [2- (2-cyanopyridin-4--yl) ethyl) -

pi perazi.ne Trihydrochloride. Method D-D 1- (Doc-D phenylglycinyl) -4- [2--
(2-cyanop rigg i perazine (580 ng, 1.29 mmol) and

-4--yl). - .10, et hyl |
ani sol e .(5: 5@62F6§9 %%H¥¥1&EPE(3$§ ol ved in nethanol (10 nL) and cool ed
to -15 C lHTMR Hiceyeb) ution, concentrated (6 N) hydrochloric acid (1.2 ni,

soi vent s VRYEHEnElEi Hirer G abanadtihe. 15 resi due co- evaporated wi th
nmet hanol , methanol and tol uene, and nethanol and ethyl acetate to provide
{71 by dr ook SFFISAEE00° H, 1009 s an of f whi te sol 1d. Lt NVR (CODBOD) . 20
-G -M5, M B- o-Feni Ml yeidyieunddi §2 ecanbpyridin-4-yl) ethyl] - _ _
B L oo, £ Y 6 ) g era e
met hyl pi peri di n-4-yl) pi perazi ne usietgoliebtmd D-E. 1H NWR
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-
méthylpiperidin-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 S-M5, W (Mrl) 30 Internediate D-17 1- [D, L- (Qui nol{Np&sethber2byi nyl)
-4- (1-nethyl piperidin-4-yl) - pi.persggine . Method D-E To a stirring
solution of 1- [Boc--D, L- (quinolin--8-yl) 110 13 Decenber 2004
_glycinyl]-4-(1--nethyl pi peridin-4-yl)piperazi.ne (0.53 g, 1.13 nmol) and
anisole (0.62 nL, 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 ssolved in nethanol 5 and | oaded onto an SCX colum (pretreated with
5% acetic acid in methanol and washed with nethanol). The colum was
washed {bwlhaagl(laml;ﬁﬁ@ip&hﬁdm-mdqdopmpsr@meedomﬁﬂ hg 3096132 N
amoni a/ met hano I n,di chl or onet hane he fagacti ons
wer e conbfre a’ﬁzﬂi esheehe r h-&4 M vadiio “F‘ogz)l ve qg%r%{ggtﬂn%%eel(ﬁ 4 g
(quanti t agi,Vve)apladaka Al (E:z comppuncttekHiNMR tint evalgeindtewexd8 1- (D, L-
(2-Trifluoromet hyl phenyl ) aﬁlal nyl |

pi perl di nrgm?ﬁrg%llﬁepfgg fAe. é:ﬁ‘ﬁr EﬁS]chﬁn("fsnﬁhg ]g%is in methanol
(2-trifEugremesdndapbany! an -scuglcytinay | (pretitated hwigh 5ér kdebid-adidi per azi ne

Met hod D- E. _.1H NWVR 20 | e 3 M 1 5 1 D19
liSI[ rlilf](,ycl é%e%?%h@%c?ﬁ?l Yashqd WH'ENEW E ﬁ§dl né‘lzle ‘%c}lumﬁ)ji g‘%ggmscnke ) ePrepar ed

from 1- ( Beee P-hett=0RQNENE Gt Bt RYk. brd&uct was eluted with 30% (2 N
ammonia/methanol) in dichloromethane. The product containing
fractions were combined and concentrated in vacuo 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.



(I - et hyl pi peridin-4-yl)piperazine using Method D--E 3lbbdMLdroolb, Ve
309.2 (M--1) 30 Internmediate D-20 1-144D Cycl ohexyl gl ycinyll -4-

(1. -met hyl pi peridin-4--yl-) piperazine. Prepared from

- 1.-(Boc-D-cycl ohexyl gl ycinyl]-4- (1-nethyl pi peridin-4--yl)piperazi ne using
“method D-E. 111 111 NVMR IS-M5, me 323.3 (M+1l) 13 Decenber 2004

Internmedi ate D-21 5 1- ED Phenyl gl yci nyl ] -4-(2-phenet hyl) pi perazine. Method
" D-F 1- (Cbz-D Phenyl gl ycinyl) -4- (2--phenethyl)piperazine (1.66 g¢g; 3.63
mmol ) was 4¢i ggRl ved in nmethanol (46 nmb) with 100 Pd/c (394 ng) and
.reaction mxture was subjected to a balloon of 10 hydrogen for 15 h. Only
50, convedSi-¥A, wabke G#SeBveédil)s' o*the catalyst was filtered through

.di at omaceous earth, and the mxture was re-subjected to the sane -
conditions for 17 h. The catalyst was filtered through di atomaceous earth,
and the dJolteemedimds: De@bved under vacuumto give the title conpound 15

(1,958, oMLl o SRS M Bl 7)1 T
pi perazine Trihydrochl oride. PrepaMethdd OrF _ o o _
L0 L Rl el -l MBS,
in place gfi 2563 ameldt gds HO ssolvest hamoéthd@oyic daEr ab) owiid dse pagact i on
(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



m xture provided the title conpound as a crude residueidpatemreoosed
directly without purification. Intermggi ate D23 30 1- [D, L- (Benzo [D]

t hi ophen-3-yl) glycinyl] -4- (1-nethylpiperidin- 4-yl)piperazine
-Tri-hydrochl oride. Prepared from1- (Boc-D, L-- (benzo [b] thiophen-2 -yl) -
gl ycinyl]--4-(l-methyl pi peri.din-4-yl)piperazine using Method A--A, Part B.
In this procedure, saturated HCL in 1, 4-di oxane 112 was used in place of
saturated' HCl in methanol. LCMS ml z 373.5 (M+l) 13 Decenber 2004

| nter nedi atags Ds@d iIn hlackDof -s{duapbbdakeEn -ilr Yerhghyr) nyl | - 4-

(1- met hyl piperi di -y1) - _piperazine Trihydrochl oride. Prepared from 1-
[ Boc- D, L&'c?[%aﬁﬂ%%éérl]-{%}f) glycinyl) -4- (1-

met hyl pi peri di n-4-yl) pi perazi ne using nethod A--A, Part B. In this
procedure, saturated HCl.in 1, 4-di oxane was used in place 10 of saturated
HCL in netlﬁgﬁﬁ?‘?g}l% 5R%4| S Msnie 367.0 (M) Internmediate D-25 15

1- D, L- ( & etihyts (hdmratapbanyly0igy ¢b Dy 14 ((h-aethylpiganiadiba-d1) -
yl) pi perazi,ne. Pr eeg e fro%g 1-11,Boc- D, L- (2- net hyl sul fonyl phenyl) - ,
gl yci nyl ] PAPEI3HiR 3{’-" gFPeRR*49Gr ) pi perazine using Method D- D. 20 1H NMR
| 2- NBé- me 393;:&%@@ ﬁ&eﬁnf‘fdimicglg%?ﬁueﬂphdtﬁlebl(ﬂ'i')'g%@inyﬁ} =¥yl 1.9l ycinyl]
-4 [2- (%%Ehyiéﬁpéfgghnga—%i;piberazgﬁémﬁé¥ggn%éthod A-A, Part B. In

this procedure, saturated HC1 in 1,4-dioxane was used in place

10 of saturated HCl in methanol.
1H-NMR
IS-MS m/e 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- (pyridin-4-yl)ethyllpiperazine (circa 5.15
mmol) and anisole {11.2lmL} in dichloromethane (42 mL) ab 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



To a stirred solution of crude 1-[D, L-(thiazol-5-yl)- | [ 2-
(pyridin-4-yl) ethyl] piperazine (cirp@ 5.15 mol) andgia%:éés%%{%ér(zgq{iz m)

di chl oronet hane (42 nmL) at room tenperature was-added TFA (10.5 nl), and

. the mxture stirred 30 at roomtenperature for 16 h before concentrating

i n vacuo.- The product was isolated using SCX i on exchange chromatography. .
NVR 113 13 Decenber 2004 Internediate D-27 1- [D,L-

~(2-Methyl thiazol -4-yl)glycinyl] -4- [2- (pyridin-4-yl) - ethyl]piperazine.

Pr epar ed sqidB9CsH- DL L- (2-nmethyl thiazol-4-yl)glycinyl] - 5

4-[ 2- ('pyr%%?%?%ﬁ[a}%%t Ry% pi perazi ne using procedures substantially

equi val en-IB, RhithMedbyithbehli-d-vyholyapyildt £ ob2 - giydidierfegdl)at e D-26. NWR

10 Inter ' -, [D,L- (2-Am.nothiazol-4-yl)glycinyl] -4- [2-
"iebp foindladie

(pyridin- i perazine. A stirred solution of ‘
1- (Boc- D, L- 2- bexeparedy € soth dnyiBocani hrof{ himet byl dhidzpy-ai-w} ) ylye iyl 2-

(pyridip-4-yl) 1 _piperazi .15 (crude,.circa 4.2 mol) in a mxture
of HBr-gcgt?fc @]{})&(1 %O&P@B&%LX)DL?BW%CZ&%EC%%% R%er(ff“jreﬁ/as heated at 60 C
for 6 h, scbstautimidyt bemiGiratntoatieskd kdegacibed The thiet beepiadiioh was

| sol at-ed [ SCX . change chromat ography'. NMR 20 Preparation of
| nt er medi §?eggﬁe%§lgg F%V\Aﬂ’ﬁg conpounds were prepared according to the

i ndi cat edneRt hod (Met hod E-A) fromthe indicated starting

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 mL) 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



material, unless otherw se described. 25 Internediate B-1

1- Boc- 4- ( Cbz- D- phenyl gl yci nyl ) pi per azijge. Met hod E- A 15 @eserprrsdPPél yci ne
(58.0 g, 203 mmol ) and 1-Boc 30 piperazine (41.7 g, 224 mol) were
dissolved in DM (1 L) and cooled to approximately -15 Cin an

I ce-met hanol bath. Diethyl cyanophosphonate (37.0 niL, 244 mmol) 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 2oh ang amas wak! QVESE0 Lo SEHRS |1‘ly"‘@«§ﬁ1ti£b R L eSO Ak
overnight. The m xture was diluted with ethyl acetate and water. The |ayers

were sepaP&?EEFggﬁnj The Vkﬁﬁﬁrela9%rd1¥%ﬁﬁﬂaﬂ%gﬁ SiHeH ecryrtactithte. The

organi c | axess. wenn@ Yagerbinad supshaddV khalole GideC1agéd (2 x 500 ni)
and brine, dried SO4 flltered and concentrated under vacuum The

crude proBBEFaGiRS f’"llFPe? '} RCgtigke a g O5PaRLF il eFEl e 2 ' kg) using

1:1 hexgnegueided, a:aehaaewﬁ%l Qlonedirtie REQM ¥2 500 mi) and brine,
Boc- 4- - (Chz- D-phen% egC|n plpera2|ne (69.9 % 7699 as a 10 col orl ess

oi . 1H RFE Oghp| £ er@é and spnceRirake ﬁﬂ}dﬁrl gacwRry nttemedi ates F

15 The. f ObL-é N HABROWESSE RIS AT PRAREH BCEPES A 19 ibhege] Ndi Gat ed net hod
(Met hod F- Af fggﬁlthe |nd|é%tgﬁestart3%g n%%%glal 1Uﬁ es 81 ﬁé?ﬂﬁse

descri bed¥g! ftwingdi: At Bexanes :zhhyl mretatepephehyany o B?P‘)’Jgiepéram ne.
Met hod F-Aoc-4- {(Cbz-D-phenylglycinyl)piperazine (69.9 g, 76%) as a

10 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
' malntalned under a hydrogen atmosphere for 16 h. The Pd/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)



| ' - Boc- 4- (Cbz- D phenyl gl yci nyl ) pi perazine (69.5 g, 153 nnol) was di ssol ved
in ethanol (500 nL). The m xture was 44@egassed with niﬁ%ﬁ‘iﬁﬁ"“b@.ﬁﬁgo%% Pd/ C
(6.8 g) was added. 25 Hydrogen was bubbl ed through the m xture for 1 h, and
it was - nmaintained 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
yellow solid. 1H NVR(CD@i3pard¥icdVBs Mheermafiiteh &-1) 115 13 Decenber
2004, Pr epar ati% oflf Lnt er redi at es .G The foll ow ng conpounds were prepared
according to the GHdPEARS FHRMBES (KRKhEFBRRFA f 2HRLHEY) halitBR ed starting

mat eri al , indiessedieehols euatar@ GbRY. £i%on ther ikei ddtedGstarting

1- Hoe- 4- (4- Met haxybenzoyl - D- phenyl gl yci_nyl) pi perazine. Method G A

1- Boc- 4- ( BRpRE 'gW‘@Fﬁ | S eSS %%S?%?.e@-g, 131.5 mmol) 10 was di ssol ved
in 1, 4-di oxane (420 nL) and water (210 nL) and was cooled to 10 C

Pot assi um carbonate (36.4 g, 263 nmol) was added, followed by
p- met hoxyﬁﬁﬁ‘i’gﬁ‘ﬁé%ﬁ%ﬁrae (24.7 g, 144 rmmol). The mixture stirred at room

t enper-at up.epew-ef Nj4g e thostited oyt U SpN@s 1di b4t 861 Whideaatige  and et hyl
acetate. The 15 layers were separated and the water |ayer extracted with

ethyl acetate. The organic |ayer3'48P€ €thbined, washed with brine,
dried, filter Eﬂ'm*a‘-d4GQDCﬂmﬂﬁb¢l§}clﬁ’Yﬂrﬁﬁe@32in@o@lﬁﬁ'og é‘; 131.5 mmol)
p

et hOXXg e‘rJEzlg y&is%oplbrgg.yligl %/'C!il —rgi.loxaxlag e(r 48220| ?n%) ( gg{i 7wa er ((?loarﬁlx)anand

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



off-white solid. 20 1H NVR(CDC13) API-M5, me = 454 (Mrlé Preparati on of

I nt er medi ates H The fol | owi ng conpoundg were prepared btleeeabry 2084t 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
nmol ) was di ssolved in dichloronethane (50 nL) and anisole (20 nlL). To

t hi s vi gordded ytitfilupedace titcureidassd ¥6:)13 Dee ambaur2004s asidieted

trifluoro tic Aacl di( __The, m xt ur stirred for 25 mn at room
t enper at urﬁés e so &e%’?%rr%rm Berahpted Tﬁ'ﬁgg?lw%%%u%er?hﬁet?oe‘%%#ue was
triturat ednder etdeaumandThe oresidiie dwdortdGurihed The etbkirdandis col | ect ed by

filtratio gnq H.ed.,n .a vaguum pi st ol _ov i ght. to provide
1- (4- et hg§<>y enz&d‘;llf-o?D?%hmelr{ly gﬁ‘;g%isn%])&pi%ﬁgr goi{ectha iEJVI B fataem o (18.2 g,
88% asSaahidghtigfelinow saduiwh pidtbNMYxCRFOD §o ARtoviBe- mMe = 354 (M+1) 10

e oL 97 aALSRe L B SN ST SRRl R 8 (4 ers preparec
Met hod | - BrifbidwodcetEre Mitthad gl - #8or ddehddight @ellowl 56Xid he i ndi cat ed
starting ﬂﬁlﬁﬁﬁ(’dm%onﬁml ess otherwi se described.
API-MS, m/e = 354 (M+1)
10
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 wés 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%



Example | 1-(4--Methoxybenzoyl - D- phenyl gl yci nyl ) - 4- phenet hyl pi per azi ne. 20
Method |-A To a stirring solution of ¢47(4--net hoxybenzty/Dewmites 2004

gl yci nyl) pi perazine (0.05 g, 0.14 nmol) in nethanol (1 nL) was added
phenyl acet al dehyde (0.17 niL, 1.4 mmol), followed by acetic acid (0.05 ni,
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 pr odu@hrmmhdmit dd Wmtglh@thandlbkﬂmrﬂin:mbmtaﬁnl& NHBhé n et hanol ) .

The produ ractions were nd_congce ted to glve
o3 g of PrRinR: ardeBdpiy BRI CAN oY B TRl et Dot was
dissolvedgnﬁeaorﬁzﬁ gal(3¢H) wre thk dichd arompeithdne and chromat ogr aphed over
silica gegﬂ_ﬁﬁyting wi th dichl oronet hane, followed by ethyl acetate,

foll owed by a gradient of 2% 117 13 Decenber 2004 through 100 (2 N
NH3/netﬁaﬁ5FmSjnm@ﬁ&ﬁBovoﬂBUhane The product containing fractions were

conbi ned La 349.-) of the title conpound
1H NVR Sﬁle%c 4?@%‘%\/@‘? Ve e ?é ‘?(‘Wt ‘hod A): 100%tr = 27.44
m n. .Exanple 2 1- (4 Met hoxybenzoyl - D- phenyl gl ycinyl) -4- [2-

(4- pyr|d| ¥£$ et hyl ] pi per azi ne EXydrochIorlde Met hod 1-B 1-

(D- Phenyl g c?nyl -4- [2- (4-pyridinyl) ethyl] piperazine
tr|hydroch#04+Mhth@kyﬁegzoﬁﬂ4thﬁﬁﬁyieguiqga0ass[zHM4;@&anah§1)(2 0 g, 144.4

mol) 96T Sefll PR P Lt bl 3kang S M) and
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)



15 water (1 nL). To this solution, p-anisoyl chloride {650 pL, 4.62 muol)
was added. The mixture stirred at roomd enperature fot® BeFEMEsI@0Re xt ur e
was diluted with water, and the m xture extracted with ethyl acetate. The
organi c | ayers were conbi ned, washed with brine, dried (Na2SQ4), filtered
and 20 concentrated. The residue was dissolved in nethanol and | oaded
onto an SCX colum (10 g, pretreated with 5% acetic acid in nethanol and
washed with methanol). The by-products were eluted with nethanol (about 20
), and desilyeds pioddghi;MidLc . vi 101 satiutgbed. anfmyia in net hanol . The
product -was ZSC%féé.her %ur'fled %%/ col utm_ chr opat ography (5102, CH2d 2: CVA
20.1't6 9:1 gradrent). The ?)‘rgc?du §e® difesdPvBd i n nethanol, and HCL in

di et hyl ether Wasdddedct osprom: te &-%%- w, 10.46.

met hoxybe | - D-phenyl gl yci nyl)-4-[2-(4- pyridinyl)ethyl]piperazine

hydr ochl Olﬂlégé %%aiﬁfsﬁﬁy (%9%°‘£§3)én9936“0f% vhitPe?$ g%, 1H NVR( CDCL3)

CT-M5, Ble = 459 (M+l) 118 13 Decenber 2004 Anal ysis for C27H30N403. 2. 2
HC1.1.1 HZQ. 0.4 Cl: Calcd: C, 55-91; H 6.26; N, 10.63; Found: C

56.04; H 555N 10.46. HPLC Analysis (Method B): 99.7% tR = 10.98 nin.

5 Exanpl e13 (ind¢lerdtlcarbotyl 0ppentt PRRIinydd V&L ] 0o-pdrila2ay - pyridinyl) -
et t]yl 1 pi ng‘aﬂel?'e rI\/lef[,hod I-C 10 1- (D Phenyl glyciny ) -4--"[2-
(4-pyri di Ayt - WA PErazine (1.0 g, 2.31 nmml), 6-carboxyindol e (371
ng, 2.31 mmol ), HOBt (312 ny, 2. 3kemsBlz.cEt3N (1.3 nL, 9.24 mol ), and
DCC (6%9 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)
' A;alyéié 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 = 12.4 min.
30

Example 3a
1- (Indole-6-carbonyl-D-phenylglycinyl) -4-[2- (4-pyridinyl) -
ethyllpiperazine Dihydrochloride.

Prepared from 1-(indole~6—carbonyl-D~pheny1g1ycinyl)-



ng, 3.00 nmmol) were stirred in DM at roomtenperature vernj ght. The
precipitate was renoved by filtrati omqgand the 15 filt P%&@C%R@e@@flat 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 nmnmethanol) 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 glydRny#)Pyidingd) pyny tipigerethyé \yipgr Hetned (B350 (War udRlg as an

of f whitegssalid ing_Pojnt ~=.75-80 IR, (thin film 25 11-1 NWR (CDC13
) Anal ysi s ?or &ﬁf’t@k%og:s a?c]d":lz:&?%ﬁ&l‘fntﬁ,' 5.06; N, 7.54; Found: C,
49.81; H, 15. B8R N, 7.39. HPLC Analysis (Method B): >99%tr = 12.4 mn. 30 -

Exanpl e 3aq_4a(indol e 6-carbonyl - D- phenyl gl yci nyl ) -4-[2-(4-pyridinyl)-
et hyl | pi pg'rgarills'nermﬂae ﬁ%&r‘gcﬁ]ﬁ% )I de. Prepared from 1-
(i ndol e5- BnsdydbnyiorDCpRBRYNady-ai.wy Y1 - 410 HL®: Decenber 2004

G chi or omet hare s&t ne. Chi B afSs B Bntd? NHAnAE Shs 87408, 2 (W) 5
Anal ysis for (P@HRDNS02C]. 98 HGL. 2,05 Maliedo7 L, cb8.140;7sH, 6. 14; N, -
12,725 pebt ey B Shoglh  Palhe du 0T O 1T
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-
fﬁ-(4¥§yridiny1)ethyl}piperaéine Dihydrochloride.

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 '
IS-MS, m/e 502.1 (M+1)



10 Exanple 4 1-(3-Ch|oroindo|e-6 carbonyl D- phenyl gl ycinyl ) - 4- [2-
(4-pyridinyl) ethyl] piper'azine. ? gred from 13 December 2004

3-chl oroi ndol e- 6--carboxylic acid an

phenyl gl yci nyl)-4-[2-(4- pyr|d|nyl)ethyl]plperazine using 15 Method |-C.

Mel ting point = 100-105 C 1H NMR (CDC13) API-MS5, mle = 502 (M+1) Analysis
for C28H28CLN502.1.2 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. Examphelgai®Sfdr d:3uChbongndolenbi cardenyl:. - D-phenyl gi ycinyl) -4-

[ 2-(4- pyrldlnyé%gt%yl]p era2|ne Di hydrochl oride. Prepared from

1- (3-chl oroi nd car H, 5.58; N, 11.53; C1, 17.51;

phenyl gl yci nyl Fednd 2- (4myﬁsdwylﬁ e{shyhllmpquaabggclisHll&ﬂszl‘gthﬁ/g IanD (ggtz .
using dic r,0 and the_initial solvent - e

( Mr1) 120%@‘30&5%% 3816& ﬂﬂalf‘)ysﬂé’ofértmlzeﬁﬁl\ﬁﬂ? 2.0 HCl.1.8 H2O

Cal cd: €, 55.37, H 5.58; N, 11.53; d, 17.51; Found: C, 55.03; H 5.34;

N, 11.30; ECI é? HPLC Anal ysi s (thhod A): 100 %tr = 24.55 min. 5
Exampl e 5 Tm Ior0|ndole 2- car bonyl - D- phenyl gl yci nyl ) -

4-[2-(4- pll’-l(dl-ﬂblidﬁﬂiﬁdlepﬁp@éﬁidn% n%@&ﬁrl@dy&&ﬂm)-
5-chlorol gdql & 2 SN ) Selt 30 0azida
Prepared from 5-chloroindole-2-carboxylic acid and 1-(D-
10 phenylglycinyl)-4-(2- (4-pyridinyl)ethyl]lpiperazine using
Method I-C.
Melting Point = 106-110 °C
IR (thin £ilm)
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.



10. phenyl gl ycinyl )-4-[2-(4-pyridinyl)ethyl] piperazine using Method |I-C.

Melting Point = 106-110 C IR (thin fighnm) 1H NVR ( CDCL3) Dé&erAfir-20bB, nle
= 14.9 mn. Exanple 6 1-

(4-pyridinyl) - 20 ethyl]

502 (M.1) HPLC Analysis (Method B):
- car bonyl - D- phenyl gl ycinyl) -4- [2-
Prepared from i ndol e-2-carboxylic acid and 1- (D phenyl -

“(I'ndol e-2

pi perazi ne.

88. 7% tr

glyc.inyl) -4- [2- (4-pyridinyl) ethyl] piperazine using Method |-C
oint = 1H NWR (CDC1l3) 95-100 C25 IR (thin film API'-M5, nie
468( M+1) Anal yBrepdusnd €28m29NGEhylIniB0e - CalazthoxFli67adid] ankl, 16(55; N,

Melting p

1a- 00 Pl Oy B0 g by O A0 s dth empnd

96.5% tr

anpl

1- ( 3- Met hylethdd| £=®- car bonyl - D- phenyl gl yci nyl ) - 4- [ 2-

ethyl]pip
3- net hyl i

n oxyl'ic acid and 1--(D

‘i{&gf_%ﬂgég%%gtbgsggggrmcer 2004 Prepared from

8155%&&‘3"&5' S (Method B):

Bing
(4-pyridinyl)

phenyl gl5y GERYME - 4GTHCR(04- pyri di nyl ) et hyl ] pi perazi ne using Method |-C.

Melting p

10

15

20

25

30

PRI %Ry © 5 THNWR (CDCL3)

API-MS, m/e 482 (M+1) ' -
Analysis for CzgH31N502-1.6 Hy0:

Calcd: C, 68.24; H, 6.75; N, 13.72;
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) -

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

[a] 23y -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; C1, 12.95,
Found: C, 58.88; H, 6.25; N, 10.19; Cl, 13.26.
HPLC Analysis (Method B): 97.5% ty = 12.2 min.

Exaﬁple 9

1~(3-Chloroindole~6-carbonyl—D-phenylglycinyl)-

4-{2-(2-pyridinyl) ethyl]piperazine.

Prepared from 3-chloroindole-6-carboxylic acid and 1i-(D-

phenylglycinyl)-4~[2~(2-pyridiny1)ethyl]piperazine using

Method I-C,
Melting point = 93-96 °¢



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; 49 Found: C, 68.2% Dblne £BooN, 13.78.
HPLC Analysis (Method B): 93.6%tr = 13.3 nmin. Exanple 8 1-

- Met hoxybenzoyl - D- phenyl gl ycinyl .) -4- [2- (2 -pyridinyl) - .15 ethyl]

pi perazine. Prepared from 4-nmet 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)  Clppy/B5 ni-gez- 459, § for C27H30NA02. 2. OHCL. 0. 9H20:
‘Calcd: C 59,27 5(% N&%o&g?r)%’ﬁlz 95 25 Found: C 58.88; H

6.25 N, HH-NHR @DClj:Q 26 HPLC Anal ysis (Method B): 97.5%tr = 12.2 nin.
Exanpl e 9eglys( Q‘ll_orsglzanLf 6- car bonyl - D- phenyl gl yci nyl) 30 4 [ 2-
(2-pyridinyl Bet hyl ] pi perazi ne Prepared from 3-chl oroi ndol e- 6- carboxylic
acid and dnpEvshneind Glappp¥492 -0441520( 2--pyridi nyI ) ethyl] piperazine

using NMethod fzfagMel tisng.po 3: 2 ce 2004 [a] 25D
-72.4 (c 0.61, J:chl orofo'rcrrjsg ?CB?HSB% é% ! E)f 502 (M+1) Anal ysis

for 028H28N502F@n1;i:|-|20 C, 65.94; H 5. 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)



5 Calcd: C, 66.04; H 5.07; N, 13.75; d, 6.96; Found: C, 65.94; H 5.61,;
N, 13.74; d, 6.91. HPLC Analysis ( hod B): 98. 3%t Exanpl e
10 10 1- (I ndol e-6-carbonyl -D- - phexaylt?tgg’l ycinyl) -4- €3 ?Séef)f?/%r % 1) -

- et hyl ]-pi perazi ne. Prepared from i ndol e-6-carboxylic aC| d and

1- (D phenyl gl yci nyl )-4-[2-(2-pyridinyl)ethyllpi perazine using Method |-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. BO;Ahtﬂﬁsﬁﬁ Eol¥, cééH }IHSOBFgugdHC;Q,; 1@039 H 6.30; N 14.62. HPLC
Anal ysi.s. (Met hod %)3 = 14 m n. n‘gl e 11 25 1-

[ 4- Met hoxyben 1L- EpytTdi- B -§139gMNycaAyPPi 4- [2- (4-pyridanyl)

et hyl ] pi per azi g#@inf-i hydcoc,b} ar.dg. Er-ﬁj).arned 1br 8/ 4- net hoxybenzoi ¢ acid and
1-[D L-(pyridin- 2--yl) g inyl] -4- 4-pyridinyl) ethyl] piperazine
usi ng NEtﬁBEI C jnadysig WPRK@% IVBOO% n‘he —48@ 3¥(‘NH1 1) 923. 13 Decenber
2004 Anglysis for C26H29N503.3.5 HCl.4 H2G Calcd: C, 47.37; H, 6.19; N,
10.62; Found:  C,_ 47.17; H, 5.75; N, 10.56. HPLC Anal ysis (Met hod A): 100%
tr = 10. 4B%AMPLe 5-2Exanpl e 12

1-[3-Chloroindole-6-~carbonyl-D,L- (pyrddin-2-yl)glycinyl] -4-[2-
(4-pyridinyl) ethyl] piperazine Trihydrochloride.
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.



1- [3-Chl oroindol e-6-carbonyl -D, L- (pyridin-2-yl) glycinyl] -4- [2-
(4-pyridinyl)ethyl]piperazine Trihydrgghl oride. Preparggd Eé@ﬁ% r 2004

3-chl oroi ndol e-6-carboxylic acid and 10 1- [D,L- (pyridrn- fi gl ycinyl]
cwzb-. (2-- (4-pyridinyl) ethyl] - piperazine using Method I-C. 1H—NNR 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 Analysis (Method A): 99%tr = 18.64 min. Exanple 13 20 1-
[ 3- Met hyl imd@dre- 6- car bonyl - D, L- (pyridin-2-yl) glycinyl] -4- [2-
(4-perd|q¥!%ethjl]p| erazine. Prepared from 3-nethylindol e-6-carboxylic
acid and % S(B9Pi i Ayl ) glycinyl] -4- [2- (4-pyridinyl) ethyl] -

pi per azi nﬁpmlmwaibométﬂéd 35 LbMVR | S- MB, e M@ A83. 5 (Mr1) HPLC Anal ysi's
(Method A): 99%tr = 16. m n. Exanple 14 30 1- [Indol e-6-carbonyl-D,L-

(pyridin-2- yI)egC|nyI] - 4 [ 2-(4- pyr|d|nyI)ethyIIplperaZ|ne Pr epar ed
from i nglokgarsieanigoxylic acid and 1-[D, L (pyridin-2-yl)glycinyl] -4- [2-
(4- pyrldlnyl et hyl ] pi perazine wusing Method |1-C. 124 13 Decenber 2004

| H NVR |1 5= (gslo e &- ﬂ%@b@lf(hvpryhmks%ﬂﬁapyé?s4(%t(ﬁoam}d1qﬂ06 tr = 12-87

mn. 5 ExgemE piPerazine.
1-(Indol e-6- Cai{rt()a%ra%!aa f::pc?mer:]egd%llgm nga{rboxyggc(gcz.p raln?il gyl(l)) h 1-
~pheny.
glycinyl) -4-[2- (3-pyridinyl)ethyl] piperazine using Method I-C.
10 Melting point = 82-87 °C
[a] 25 -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.



ethyl | piperazine. Prepared fromindol e-6-carboxylic acid and 1-(D phenyl -
glycinyl) -4- [2- (3-pyridinyl) ethyligi perazi ne usi ngi3mideamhet 26b4 10
Melting point = 82-87 C [cc]25D -116.0 (¢ 0.25, nmethanol) IR (thin film

~ IHNWR (CDC13) API-MS, me = 468 (M+1l) 15 Anal ysis for C28H29N502. 1. 25 H20:
. Calcd: C5 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 pexasgme 17Pr epared fromindol e- 6-carboxylic acid and 1-(D-phenyl -

‘gl ycinyl):- 4. yrazmyl)eth | ] pi perazi ne using Method |- 25 Melting
Poi nt = 53° 5%“1?(1(3 ?2‘3@? Cglflzrncezﬁn@yl?eﬁr%%bﬁo-r% g‘lxmmqm@m) IR (thin

{1 APbchtherdsind Ma-1) 30 Analysis for C27H2ENGO2. 1.6 H2O Calcd: C
65.20; H, 6.32; g Found: C, 65.49; H 6.02; N, 16.54. HPLC
Anal ysis (Met mpéfe 9BE I ipdoLe 18- qrrbggl 1q Apifh apdcbniferPiEy2 Exanpl e 17

1- (1 ndel grfeiranbhony 2 Drphiennhab el ybHh,1 fipdrziht- hﬂﬂ@zﬁé’éﬂ&d

et hyl ] pi pera2| ne. Prepared fromindol e-6-carboxylic acid and (D phenyl - 5
gl yci nyl )$4- C2- (1-i ni dazol yl ) et hyl ] pi perazi ne usi ng Method |-

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)



C 1IHNWR IS M, ' me 457.3 (Mrl) Analysis for C26H28N602-1.1 H2O 10

Calcd: C, 65.55; H 6.39; N, 17.64,

HPLC Anal ysis (Method A): 99%tr = 19.66 min. Exanple 18 15 1-

(I'ndol e- 6-car bonyl - D- phenyl gl yci nyl ) -4- [2- (1l-pyrazolyl) - ethyl]
pi perazine. Prepared fromindol e-6-carboxylic acid and 1- (D phenyl -

glycinyl) -4- (2- (I- pyrazol yl') ethyl)piperazine using Method I-C

20 | S M5, nfe 457.

H 6.43;

{pgund: C, 66.01; + DBceerMood 7. 14.

1H - NWR

2 (M+l) Analysis for C26H28N6(2. 1.3 H2O Cal cd: C, 65. 06;

fork N, 16.98. HPLC. Anal
(et hod A 22 S0 EorLCYStiglanat: 2 Hiotla & Bo: & nalysis
1- (1 ndol e- 6- caﬁ@:ﬂtﬂﬁ‘yl - D- @heriy16§l yBi n@l%ir437[ 21% 4B3miCdazdRydQ) -

et hyl | pi per azifg, Q. hydr@crg ra'zderfl2 ‘%4 d f)gq J r@iol Q?G j4arboxylic acid
I'm dazo y

and 1-(D-phenyl- 30 gl yci ny
Met hod | - HRLC ApayyRi

)eth

['pr perazine using
is| SiBodTRe 1 494% T Mr1Y - 1&6“118 Decenber 2004 Anal ysi s

for C26£28N602.2.1 HC1.4.0 H20: Calcd: C, 51.60; H 6.35; N, 13.89; d,
Found: C, 51.82; H, 6.04; N, 13.56; O, 12.12. HPLC Analysis
(Met hod A¥xampbs 20 = 17.78 min.

12. 30;

10

15

20

25

30

1- (Indole-6- carbonyl—D-phenylglycinyl)w4 [2- (4-pyrazolyl) -
ethyl]lpiperazine Hydrochloride.

Prepared from indole-6-carboxylic acid and 1~ (D-phenyl-
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:

Caled: C, 58.32; H, 6.17; N, 15.70; C1, 8.81;

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)-
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
1H MR (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.

Exémple 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



5 Exanple 20 1- (Indol e-6-carbonyl-D-phenylglycinyl],-4- [2- (4-pyrazolyl)
- ethyl] pi perazi ne Hydrochl oride. Prepared fron1|ndoleﬁﬁD%%%qQ%&bb@ acid

and 1- (D phenyl- 10 glycinyl) -4- [2- (4--pyrazolyl) ethy

using Method I-C.. 1HNVR IS-MS, me 457.3 (M+Hl) Analysis for

C26H28N602. 1.3 HC1.1.75 H20: Calcd: C, 58.32; H, 6.17;

pl perazi ne

N, 15.70; O, 8.61;

15 Found: C, 58.31; H, 5.72; N, 15.48; d, 8.37. HPLC Anal ysis (Method A):
>08% tr
1- (1.)ndol emérigay eay! . - D- phenyl gl yci nyl ) - 4-12- (3- pyridazi nyl )- 20 ethyl]
plpera2|ne ‘Prepared fromindol e-6-carboxylic acid and 1- (D phenyl -

egC|nyI):%]?51(3-pyridazinyl) et hyl ] pi perazi ne using Method |- C

= 19.95 mn. Exanple 21

Poi nt = 21922 riZeWe g $, degnaposi tion 25 1H NVR (CDC13) - [U125 D
0. 25, dlneth | .sul foxide APl - M5, nie 469 (M+l) HPLC Anal ysis (Mt hod
>09%Araysis §oF retapNaRanpt e B2P

1-[4- Neﬁhoxybme.-ﬁl-D Lc(%vrfgbhOﬁyp@ea"ayl ol yeizwl 1 - 4- [2-

B) :

(4- pyrldlnyl)ethyl
1- (D, L- (2

%- oxyphehyi®: &lyEid§t M- 413 (4-pyridinyl) ethyl]

?:\/ﬁ; azi n@pw i3 1$21s laqéi%an‘mer ZP0% Met Boflg loLCminlH NVR | S M5,

10

15

20

25

30

Example 23
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.
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.
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
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 - _
1-{3-Amino-4-chlorobenzoyl-D- (4-carboxamidophenyl)glycinyl] -
4- (2-phenylethyl)piperazine.

HPLC (Method C) rt 1l.1lmin.

LCMS M+1 S21,

. NMR

Mel ting

-53.90 (¢

gera2|ne Prepared from 4-nmet hoxybenzoi c acid and

me 489.1



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. HplgC Anal ysis (Metiwlembthogdotr. =
3,6.02 mn. Exanple 23 10

1-[i ndol e-5-carbonyl - D, L- ( 2- net hoxyphenyl ) gl yci nyl ] - -
4-[2-(4-pyridinyl)ethyl]piperazine D hydrochloride. 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 |-D.
15 IHNWR IS M5, nfe 498.0 (Mtl) Analysis for.C29H31N503.2.1 HC1.2.5 1120:
Cal cd: G, _56. 2?' % 6.20; N, 11.31; d,:12.02; .Found: C, 56.56; H, 5.83;
N, 11.21; Effla’,“P % . 20 HPLC Analysis (Method A): 100%tr = 17.24 mn.

Met hods f ar- [Exanites -24lordbedif, ICOIROSAEn: BX BHRA- ;13 1304 2b- wer e

pr epar ed coupl i ng ,Boc- D- 4- car boxam . dophenyl gl ycine to the appropriate
25 ami ne. ﬁygﬁﬁ?%ﬁ%&f‘ecsi mlar to Method C-C), deprotection with TFA/ DCM

(simlan weLibi{heathdd B) apdicotglni.ng to 3-am no- 4-chl orobenzoic acid with
EDCI / HOAt Eﬁli mlar_to Method I-C). Exanple 24 30

1- [ 3- Ami n&H3cHibrdBenzoy! - D- (4- car boxani dophenyl ) gl yci nyl . ] -

4- ( 2- phenwmt hyl ) pi perazine. HPLC (Method C), rt. 11.1mn. LCVMS Mrl 521.
NVR 128 13 Decenber 2004 Exanple 25

1-[ 3- Am no- 4- chl or obenzoyl - D- 4- car boxam dophenyl gl yci nyl ) - 4-

benzyl pi pekagbhDe.26 '

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 HPLC (Method C) rt 11.4mn. LCMS MF1 512. NWVR Exanple 26 10 1-

[ I ndol e- 6-carbonyl - D- (4-car boxyphenyjohgl yci nyl ] -4- (s gBIIWLer 2004

pi peridin-4-yl)piperazine. By coupling of

Boc- D- 4- car boxymet hyl phenyl gl yci ne with

1- (1- met hyl pi peri di n-4-yl) pi perazine using HOAt and EDCI (sim'lar to
Met hod C-C), followed by TFA deprotection (simlar 15 to Method D B),
coupling to indole-6--carboxylic acid using HOAt and EDCl (simlar to

Met hod | - € sdaldeanedriy M@h&g& v dihgrsetiidn eske) K? 0 Egt.m um
hydr oxi de. HPLC ( Met hod 5min LCMS ML 504 20 Nmr.' Exanple 27

1- (4- Met han REFFEFESD- wﬁhﬁt@w}caﬂ%atm (Zopi PEAGNFRURE IWAS) - pi per azi ne

Trifl uor opgedad & tﬂ5b£’ize@ard%%en 4,599,311 DO ML LAl SoredRdiagni pecotic
aci d. |sonipecot, |lc acid (15 ( 115 r?}‘lio was di ssol V%%icl n %IEIEQ(BOO 30

n) , watE? RER¥GIRLY- %%Jssqnlm&@#lq @@rlﬁ‘L)m -Dig. 981 - patyIwhigiecar bonat e
(26.6 g5 dQRidmol) was added and the m xture stirred overnight. The

m xture was diluted Wth water and ethyl acetate, and the |ayers

separ at edH PR fBEEB) | ayers were extracted with ethyl acetate, and the
organic’| ayengs, 12913 Pereppqn 2004 discarded. The water |ayer was diluted
wth KHSO4 (2 N, pH4) and extracted with et hyl acetate. The organic |ayer
was washed with brine, dried (Na2SO4), filtered and concentrated to

provi de 1155%_53%;:93%14;@%%@3. 9 g, 90% as a white

10 1-Boc-isonipecotic 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 dlchloromethane (100 mL) and was cooled to -78 °C. Oxalyl

| chlorlde (3.65 mL, 41.8 muol) 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



5 solid. 1H NVR(CDC13) API-M5 nle = 230 (M1) 1-fcc -piperidine-4

-met hanol . 10 1-Boc-isonipecotic aciqg(10.0 g, 214 IDed | ved in
THE (400 nl) and cooled to O C. A solution of BH3- THF 1880%?8%&%0 THF,

180 mvol ) was added slowy. The mixture stirred for 1 h at 0 C and was
allowed to warmto room tenperature for 12 h. The m xture was carefully
quenched with 15 water and diluted with ethyl acetate. The water |ayer was
extracted with ethyl acetate. The organic |layers were conbined, washed

with bri neonékﬂtﬁfit(eﬁa2§qgﬁav:ﬂcdé tleésg B rlwﬂgeﬂlé@f&gcatlaeﬂf'@é( i de
1- Boc- pi.per |d|ne4 t hanol 50) as a white solid:

1H NIVR( 33> A1 2 ﬂ?eaﬂ’egﬂ@w( M’-il) 1- Boo- pi peri di ne-4-car boxal dehyde.
Di met hyl $Hlﬁm<aam61g$ 5 m., 48.7 mmol) was dissolved in 25 dichl oronet hane
(100 m) and was cooled to -78 C. Oxalyl chlorjde (3.65 nL, 41.8 mmol) was
added. THEFRNGuMéesti #+2d™#dr 30 min. To this sol ution was added a .
sol utiom of 1-Boc- piperidine-4-nethanol (7.5 g, 34.8 mml) in

di chl or onet hane and the m xture stirred for 1 h. Triethyl am ne
(9.7 30 nt; %@@%%P?nmsl%@éenﬂmwgﬁd -¢hélrBoqwipesidinett at -78 C

for 30 mymthy1abBdrifidoom tenperature over the course of 1 h. The
m xture was diluted wwth water and the Iayers separated. The water |ayer

was extract ed REPRTEF cFFAR dmdthaneherdarreYsrhaphenylglycéngbhbi ned, dri ed
(Na2SO8) , pfpdteriad aﬂﬂfﬂ@&oa%e@aeen&?& 12004 ﬁ@g&ﬂﬁfﬁt gd to provide

1- Boc- pi peri di ne- 4--car boxal dehﬁ (6.75 as a yellow oil.
1H N Qiggggoxaldehyde using Method I~ A (but u51ng sodlum

triacetoxyborchydride 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-



APl -M5, nle = 214 (Mtl) 5
1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl }434- (| - Boc- pi peri yl)
pi peri zine. Prepared from 1-(4- nethoxyﬁenzoyl D-pheny?1 B%Fwﬁ#?gbglpera2|ne
trifluoroacetate and 1-Boc-pi peridine-4 10 carboxal dehyde using Method 1-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- met hgiwmbehyb)giperphenyl gl yci nyl ) - 4- (1-
Doc- pi peri di n-4-yl met hyl ) pi perazi ne using Method HA (90%. Mlting Point
= 70-72 C wi t hPxkeraygdoSiroinoprtdX of KBl Jeldfic]l HERWR( CD30D) APT-MS, nmle = 451
(M-1) AndRyd$KBrfor C26H34N403.2.5 TPA-0.4 H2O Calcd: C, 50.12; H, 5.06;
N 7.54; E gﬁg j(%{29 81; H, 5.33; N, 7.39. 25 HPLC Anal ysis (Method B)

. 1% RT= i m n. t hods for Exanples 28 - 29 Unl ess otherw se indicated,
u3|ng Vet BEdME , An/ 4 ke 465t B+rTlonpounds were prepared from
1- (4- met hoxybenzoyl - D- phenyl gl yci nyl ) -4-(4 30 piperidinyl net hyl) pi perazi ne
trifluoroacetate and the indicated aldehyde or ketone. Exanple 28
1- (4- Met h&xgbphe 034 - D-phenylglycinyl) 4 (1 net hyl pi peridin-4 131 13
PeRC(erILEE; %094 Mé{?%le}nzgkf% -p enylg yc ny (id flifmsooaﬁrraf OELma‘l dehyde (56% .

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 (XBr)
1H-NMR (CD30D)

. 15 CI-MS, w/e = 493 (M+1)
Analysis for CooHg4N403+3 HCL:

Calcd: C, 55.85; H, 7.34; N, 8.%8;
Found: C, 55.63; H, 7.32; N, 8.66.
HPLC Analysis (Methéd B}: 98.2% RT=14.4 min.
20 '
Exanple 30

1- {4-Methoxybenzoyl-D-phenylglycinyl) -4- (2-cyclopentylethyl) -

piperazine

"~ 25 Preparation of Starting Materials:

-, .o
- —

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)



1H-NVR(CD30D) 5 Cl-M5, nfe = 465 (Mi-1) Exanple 29

1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl )13%- ( 1-i sopropyl - 13 December 2004

pi peri.din-4-yl methyl) pi perazi ne Trihydrochloride. 10 Prepared from acetone
using Method 1-A, followed by Method |[-D (but using nethanol in place of

et her/di chl oronmet hane) (72% . Melting Point = 172-180 C wi th deconposition
IR (KBr) 1H-NWR (CD30D) 15 CI-M5, nmle = 493 (M+l) Analysis for

. C29HA0N403. 3 HCl: Calcd: C, 55.85; H, 7.34; N, 8.98; Found: C, 55.63; H,

7.32; N, B. 661tk &MabyISIns phik: ﬂ?&cﬂh 1984 2% FEhhdpéniTetnyd] -Exanpl e 30
1- (4- Methoxybenzoyl - D- phenyl ngci% )-4- {2- cycl opent yFe?Ei;r/I ) - %l perazi ne 25
Pr epar at i DX &rti ng Materials: Cycl opentyl acetal dehyde. Prepared from

2- cycl opent yl etiepaekausidg 48 opessy MydrandeRyadaldion fPegsa Ra B.; Mrtin,
J. C; J., Am_ Chem Soc., 3%9%,&113, 7277?@The aI@Idehyd(zdwas used with
trace anoffft¥ -of ether and net hyl ene chl oride present due to volatility of
products g {M¥R ¢ $) 132 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) .

’ BExample 302,

1- {4-Methoxybenzoyl-D-phenylglycinyl) -4- (2-cyclopentylethyl) -
Piperazine Hydrochloride Hydrate.
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 (CD30D)
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 |

e

. 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 1H NWR (CDC13) Exanpl e 30A-,

1- (4- Met hoxybenzoyl - D- phenyl gI yci nyl 434- (2-cycl opent yl £f bydambdpiopes azi ne
Hydrochl ori de Hydrate. 10 Method I-D To a stirred sol ution of

.1- (4- net hoxybenzyl - D- phenyl - - gl ycinyl)-4-(2-cycl opentyl et hyl ) pi perazi ne
(260 ng, 0.58 nmmol) 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

et hoxybegdaed -d3-Reryb@tyCidivhinoflate - @.ehogentylrs eddeyh) Bhdet azi ne
hydrochl.ori de as %Ffpale yellow solid. 1H NVR (CD3OD) I S-M5, me = 450
(Mrl) 20 BAGTWRiydrerids 70 g 3- ped otle peeplteng splvkiopswas: H 7.53; N,

8.49; - Fopotirdd 05 67h. Hanbthlic %r&é@ofHE!théﬁeimmya aQVetheshdds >99%
RT=15.84 Melting Point = 190-192 C 25 Exanp

(4- Vet hoxybefy Sl OD3FnERY g1 Agasd -and (‘@e ?P?‘%‘FJ&H AS) SEipFefer azi ne

Tri fl uog 0g¢etat 3§ﬂ1t 30Tﬁ’éep@e[@etlloanw9§ ﬁﬁfttédnqll&ﬁtﬁé&él (40 mL) and
(R -(+)-1-Boc- rrolidinol. To a stirred solution o

2 3-pyrrol PEFFRATED withootlyd AesERten(3 e AeRywRbf urkhe (%&14%91 and wat er (30
) was 183yadi Deserhets 204 addadg dirsdierat Nb,gwésgimrr%@a &n(5.27 g, 24.15

mmol ) and 3 N sodi um hydroxide (16 nl), d the resulfing soI ution was
stirred fe¢lerae (RA8t Wt govrasedosodiun @FFaE’B@%‘:%‘@aP‘béﬁ&t@L) (0.74 g,

0.34 Mol pries @ddedrpNgnd RE-i2€] BieP MNpRslh! 5€8FFate. 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



5 overnight. The reaction was diluted with water (40 nL) and extracted
with ethyl acetate (2 x 150 nL). The jggnbi ned organi ciexbedfibet JB4e Washed
with 2 N potassium hydrogen sulfate (200 nlL), saturated sodi um bi carbonate
(2 x 150-nl), brine (150 nL) and dried over magnesi um sul fate. Renoval of
10 solvent in vacuo gave (R)-(+)-1-Boc-3-pyrrolidinol (4.21 g, 98% as a
yellow oil. 1H-NWR (CDC13) 1-Boc-3-pyrrolidinone. 15 Prepared from

(R -(+)-i-Doc- 3- pyrrolidi nol usi ng the Dess-Martin oxidation (Dess, D. B.;

Mart i in G o 7. CDC13
20r 1I n(4 Nefihc?xébewgl -Dp enyI gPyc 9&[]3 C]Oﬁ?#%%o‘}é@;?ﬂe%r%‘g{l nyl § _ )
pi per azi nk: (Pmstae ¢1lellX"@hﬁBYh910be!€¥Yzlyl 4pl{ primympoliglipgl hyl ) pi per azi ne
trifl f@ﬁi | 690 25 1H
NR/IR (&1 Ia'atzq'{éngrﬂ_}ﬁoxy enzoy éﬁl eny gﬁ%{:%‘g??@:gﬁ%(yé g?/rrol/? di nyl) -

pi per azi neetiref.| uor oacet ate. Prepar ed from

1- (4- me hoxybenzyl - D- phenyl gl yci nyl) -4- (7. -Boc-3- 30
pyrrolidinyl)piperazine using Method HA. _|H NVR (CD30D) Met hods for
Exanpl es B@mpl®33esi ng Met hod I -A (but using sodiumtriacetoxyborohydride

134 13 eS8 at 2+ qﬁg ds wer e

pr epar ed rg% el%?%n%%#l 8@& ?’wl g:agc%én%‘flpi—:nggpyrro% I dinyl)--

pi per azi nel kxpdiferaginacet at e and the |nd| cated al dehyde or ketone. 5
Prepared from paraformaldehyde (20%).

10 1H-NMR(CDClj3)

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.



Exampl e 32 1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ), 4- (I|-nethyl pyrrolidin-3-
yl) pi perazine. Prepared from paraforngkdehyde (209 . {HhdddilN¥R66PC13 )
Exanpl e 33 1-(4-Methoxybenzoyl - D-phenyl gl yci nyl)--4-(1-isopropyl - pyrrol
.idin- 3 .-yl) piperaz ine . 15 Prepared from acetone (59%. 1H NVR (CDC13 )
- Met hods for Exanples 34 - 46 Unless otherw se indicated, the products of
Exanpl es 20 34-46.were obtained from 1-(4-nmet hoxybenzoyl - D- phenyl -

gl . ycinyl)piperazine and the indicated al dehyde or ketone using thhod
1-A Exanpl e Iedardd (Hobi-hoxybenzedboRaplenydql yisyl ) - 4-
~(2-pyridyl.nmethyl) - - piperazine. Prepared from 2-pyridi necar boxal dehyde
(48% . 14N IS Ms, ne 444.9 (M1) 30 Anal ytical RPHPLC, Method A RT =
21.70 mi nz$409%mn/Exaap| e %1)

1- (4- thhox benzo I-D- hen IyC|nyI i d hyI) pi perazi ne. 135
13 Decenb®? F?Pé %yr‘%%rnéga% ‘a‘%/d%de (429 . 1H NMVR

| S-MS, gle 444 9 (N%l) Analytlcal RPHPLC, Met hod A, = 17.84 mn (999 5
Exanpl e 36
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



1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) _; 4- (4- pyridyl net hyl ) - pi perazi ne.
Prepared from 4-pyridi necar boxal dehydgg(45% . 10 1H NMRDb&Mer 2008 444.9
(M+1) Analytical RPHPLC, Method A, RT = 18.36 mn (99% Exanple 37 15 1-

- (4- Met hoxybenzoyl - D- phenyl gl yci nyl) -4- (3-pentyl)pi perazine. Prepared

- from 3-pentanone (88% . 1HNWVR [|S-M5, nie 424.0 (M+l) Anal ytical RPHPLC,
Method A, RT = 23.62 nmin (100% 20 Exanple 38 1-

(4- Met hoxybenzoyl - D- phenyl gl yci nyl ) -4-cycl opentyl pi perazine. - Prepared
from cycl npen(izomee £95% . 1H-NVR 25 IS-M5 me 422.0 (M4-1) Anal yti cal
RPHPLC,.-Met hod A, RT = 20.76 nmin (100% Exanple 39

. 1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- (4- net hyl cycl ohexyl )- 30

pi per azi nEzalﬂ_praned from 4- et hyl cycl ohexanone (46% . 1H NVR |IS-M5, W
450. 0 (M | somer 1), 27.74

136 13 De )Hﬁ«}f % ?%Fi)f E';;g%,'\a’%f&%@%me atz)tﬂtmhlfdm hiopyran-
(4- Met hﬁxgbﬂ)@ﬂﬁu@:ﬂﬂ@nyl gl ycinyl)-4-(tetrahydrothiopyran- 5
4-yl)piperazing DL eRAUES 2L Lot S S sl oy an- gL one (86-0.).
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 (52%).
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.



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] . yC|nyI) 4 (2- |ndanyl)p|pera2|ne Pr epar ed
«from 2-i-ndanone (92%. 1HNWR 15 IS-M5, me 469.9 (Mti) Anal ytical RPHPLC,
- Method A~ RT = 26.32 min (100% Exanple 42
I -(4-Met hoxybenzoyl - D- phenyl gl yai nyl ) - 4- benzyl pi perazi ne. 20 Prepared from
- benzal dehyde (87% .- 1H-NVR IS-M5, me 444.0 (Mtl) Anal ytical RPHPLC,
Met-hod A, RT =PRé&paiarifron969eptanbranpde)43
17(4-thhﬂ§¥ﬁﬁ§zoyl-D-phenylglycinyI)-4-(cycIohexyI- met hyl ) pi per azi ne.
Prepared fto ycl ohexanecar boxal dehyde (86% . 1H-NVR 30 IS-M5, me 450.2
(M-1) Anabylscah/<RRISELC, (WEi)hod A, RT = 28.07 min (94% Exanple 44

s B AREOAN R P AR e o S o
(M) Asal ytical RPHPLC, Method A = 29.62 mn (94% 5

Example 45

1- (4-Methoxybenzoyl-D-phenylglycinyl) -4 - (4-pyranyl) piperazine.

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.



Exanpl e 45 1- (4- Met hoxybenzoyl - D- phenyl g3. yci sayl).-,4- (4-pyranyl)
pi perazine. Prepared from pyran-4-ongg(95% . 1H NVR 19pLSiMsr 2ohe 437.9
(MHl) Analytical RPHPLC, Method A, RT = 18.46 mn (97.5% Exanple 46 1- (4

. - Met hoxybenzoyl .- D- phenyl gl yciny] .) -.4 -cycl ohexyl pi perazine. 15 Prepared
- from cycl ohexanone (quantitative). 1HNVR |S-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 irorbz-D-phanPrghpnivyah yel wiﬁgtﬁyﬁﬁg?eﬂdmmzwﬁzéeﬁém Met hod
“HA. "The crude product was dissolved in ethy acetate and washed with satd
~aq. NaHCC3, followed by brine, then dried with MgSH4, filtered and
concentrat ed ivkepacd £ESP%chz-b }M\{§v1 ck e MpigeRz3ad. dndM-1) . Analysis
for C2023N303.0.2 H2O, _Cal cd: C,H%7. 8?33, 6.%&? %ﬁ 11.77, Found: C,

67.10; H, 1oy IRiPeFigEn-4rope] ysing dAsdpd2fon (but using sodium

1-( Chz- & pheqd bby¥hydridel 10B1 Nyl BidpabkrdbPndne)l (4dizher azi ne. Prepared
‘from (Cbz-D phenyl gl yci nyl) pi perazi ne and 1 -nethyl pi peridin-4 -one using
Met hod I--H{(”ﬁﬂﬁ usi ng sodium 5 triacetoxyborohydride in 1,

2-di chl orpetiane)/e( 48103 ahht NVR IS M5, nje 451.3 (M)

Analysis for CpgH3gN403: '
Caled: C, 69.31; H, 7.61; N, 12.43;
10 Found: C, 69.36; H, 7.71; N, 13.14.

1-D-Phenylglycinyl-4- (1-methylpiperidin-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



Anal ysis for C26H34N403= Cal cd: C, 69 31; H 7.61; N, 12.43; 10 Found: C
69.36; H 7.71; N, 13.14. 139 13 Degember 2004

1- D- Phenyl gl yci nyl - 4- (1- net hyl pi peri di n-4-yl ) pi perazine Di hydrochl ori de.
~To a stirring suspension of 50 Pd/C (0.6 g) in ethanol 15 (25 nlL) under

" nitrogen was added a solution of 1-(Cbhz-D

phenyl gl yci nyl)-4-(1-nmet hyl pi peridi n-4-yl) pi perazine (2.6 g 5.77 mol)
and acetic acid (1.6 nL) in ethanol (50 nlL). The flask was placed under

vacuum andehnperadums pher es Wes 6P Akl nyVhidly ki egsh &f%}m% L After 4
h, di atomaceous eart:h was 20 added and %’he m xt ure was ter through a

pad of dFYEBPRRITRASNEELL F2 Bl Thontehid Amed) i rrAicuAaiTheining deopwas
di ssol ved_in hy as vvas bhl ed. t hr ou the stirring
aL"-g4 e, DAL a{%&égﬁy%lr o"q‘n a?ﬂ i % Wg r &Wls filtered

sol ution {6 precipitate Forrd
and t he sbbenpeywisirgr mdmxghkacuu‘héowél&l@nveaa tﬁlem @quﬁﬁhédl aficne) of the

title cP

1- Boc- ¥ eny%dc}jglé;o%lyf)f S?il\@nﬁgﬁ%p?‘%erl 0 h- %"‘W)hﬁ JEYESF ere 30

Boc- D- Phgs@bia:(‘aﬂiﬂadll gThéS@qtﬂeaumll)ayaﬂdnah thén- @ﬁilﬁiﬂted with

G et or ondt PR T G2 T S aBRe 1R, e comtideto 15 C. |
an icel I\/Ed]fhb@tdwerTNiaQSOyJ “affilnered 26nd ddngeﬁ@ﬁa&dmml yavas wldades! oy,

malntalnlngth 13_Decenber, 2004, t e ture 15C foll owed by sl ow
addition of dl%? hyﬁ% %h&%%ﬁ&n‘é?’é‘?(z( ﬁg?ﬁef_) B9 ol ), again

mai nt aII.m agrbmtmgmphylﬁliﬂz 7LI5¢ 1(2a¢ tNE3N 11 MEOH)E e gual favedAt.g yarmto
room &ig)t u%eﬁ%ﬁc&{: The reactlon was then quenched with 5 the
addltlon at ? d??“ﬁt’}m and the | ayers were separated. The
aqueous | ayefmrwas(pMien exty act8d M thm), 7.12 (d, JF = 8.1 Hz, 1 H), °
5.53.(d, J=8.1Hz, 1 H), 3.31 (m, 5 H), 2.72 (&, 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).



di chl oronethane (3 x 1 L). The organic |ayers were conbined, dried over
Na2SO4, filtered and concentrated injygcuo to give a €3 De€hdr.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 NVR (DWVBO -d6) 8
7.33 (m 5H, 7.12 (d, J =8.1 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, Geh&ral SridSedute: 4Hc2pt (M lgthehti sal ddiRixGHed]i ené gs-diuct

racem zatl a %C%.x g I'ﬁ% 0

1- D- PhenyPgI(fl )ﬂ FIPRE WA 5P ks RSEPAEGH) BT PRrsdPae  Tri hydrochl ori de.
1- goc D- pjlbhelyﬂﬁmmyltu 4-3( almtﬁymiw:lddhg{fyw@rpema&ehgzi ne (;19 6 g,
119.1 nmo ssol.ve an [ ous 1L nd HCl g S), ,was

bubbl ed tﬁl%\,\%ﬁ qu‘r}é’%gFu?l? hFoFXg’écafEdha?.lg.‘gﬁ%? ’%(Fgﬁoﬁgifé Yt i on of
a whi t e5pEBCI pit atfleceThe DA .vents were renoved in vacuo to give 48.3 ¢
(95% of the title conmpound as an off-white foam 1H NVR (DVSO-d6) 8 12.08
(be, 1 H, 11.03 (bs, 1 H, 8.92 (be, 2 H), 8.79 (bs, 1 H, 7.54 (m 2 H),
7 47 (m Exzh&plés:i% (s, 1 30H, 449 (m L H, 4.26 (bd, I H, 3.91 (bs,

s,!3 H, 4 - 1.8 4 H, ISM, ne

316 24 (Wi 3 h?%%‘mi%gﬁg%@?tz)@r@ Bﬁlqg%i)ﬁb&ﬁ?ﬁ‘é‘%ﬁﬁéﬁd%% herwi se
descri bedyllﬂs@emazduet of each of Exanples 47-50 was prepared from 1-(D
phenyl gl yci nyl 1-neth I di_n-4-yl) Zi di hydr ochl ori de and
the in bcat ed gd%ei &&ﬁgnﬁﬁo%é‘t'l%g‘;‘f’x@e(%qlﬁ g?ﬁ‘%D& ﬁr}n pl ace of DCC). Exanpl e
47 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,

“x

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



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-netfygxybenzoi c aci d {31B88embeit200WR | S- M5

" 'me 451.0 (M1) Analytical RPHPLC, Method A, RT = 16.76 mn (100% 15
Exanpl e 47a 1- (4-Methoxybenzoyl.-D- phenylglycinyl) -4-

(1- met hyl pi peridin-4- yl)piperazi.ne D hydrochloride. Prepared from

1- (4- met hoxybenzoyl - D- phenyl gl yci nyl ) -4-(1- nethyl pi peridi n-4-yl) pi perazi ne
using Method 1-D (but using 20 dichloromethane as the initial solvent). 1H

NVR Anal ygsirs fori %%1386&5159&1&1 Oah@ltlﬁle YeldéBion G ebedCrop81 64, H 7. 00;
N, 10.22; _Found: C, 58.92; H, N, 10.19. 25 HPLC Anal i/SI S (NEt hod A):

100% tr =7TP¢ J9Rqiion E’?ﬁnﬁ?%ﬂqﬁgd( ﬂF‘E’ér‘Pﬂft BFEiEioR (Rkwater (

1- (4- Met hambené%aye&s.— pBeaysdMai By ) -rthe hogiBbhy | RiyRaY kdisn- 4-
yl') Pi perazi ne. -.D- Phe ngl glycinyl -4-(1- et hyl PI peri d| n- 4- yI ) pi per azi ne

trihydr ocﬁF‘EF?‘a'ée‘% BVIthdl? 1°ir9ﬁﬁ‘jp?n€va§3 st dPPi BY i n Ththparees
di chl or gmethape D cdkbind®, tcﬁqeal Hr&y wBgsogddedh ddiei Ryan ne (6.9 ni,

49.3 mmol ), causi ng the soli dt go into “solution after approximately 15
M n. p- AnFSBSERHAIGS deThe. ‘1“?431“‘%9%%%#’6& PYpbEief twigelusiag ) was added,

and the reagbi }StF*lranﬁdCﬁ%maﬂt Ape drachbopi vRssHusRched Middy the
addi tion of vva?g; (100 m), raﬁ 4 éé S \%erjé sep at‘gl?(eid The Igqueous

| ayer wasitefifhtedetiens 'él‘P(ﬁﬂV@réﬁétﬂha ¥ 30% 4y t'rFLt'-)le Thepagibous 5
layers weng gubi ffso-aL) efl £%87 (Fa25Q g G LT f4nand gg (q, 7« 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), 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 1H-WR_
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).



concentrated. The crude material was purified twce using (Biotage) Flash
Chr omat ogr aphy, elutixg with 5% (NH3 445 MeOH) in di chippsedrhesieobs 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 =88 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, 2202 (m 2 H, 1.77 (dt, J =
1.8, 10.2 Hz, 2 H, 1.59 (d, J =11.0 Hz, 2 H, 7.30 (m 2 H. 15 1S M
me 450.26 (Mtl) . [a] D20 = -87.62 (c=0.02, MeOH). Analysis for
C26H34N48H20: _ Cal cd: _.C, 66.64; H, 7.74; N, 11.96; Found: C, 66.79; H,
7.41; N, Frewple 4§ dRirprratiye Synthesis)

1- (1 ndol e16{tRddInl-cRrpoePY g phehPyddydngd) 0BL I RiRe bdL8r fitin-4 -
yl ) pi perazj ne, Prepared fron1i%ﬁblg-%}%argbxylic acid (ESBQ. :%% 1H NWVR
| S VB, m BLURtReXa@iPey Anal ytical RPHPLC, Method A, RT = 16.68 nin (100%

Exanpl e548a 3Cﬁndole-6-carboxylic acid {16.0 g, 99.3 mmol) and
1-(IndoIe-6-carbony|-D;phqulgly0|nylg;4-(?:nethylphper|d|n-4-
yl .) pi per AzP b vy 5By br4 e -TRbhY beinsrd fan ot ¥ ®rhperazine

1- (i ndol ec Bt EERRM brPaPNeY 3 g, 99 3 mmol) were slurried in :
gl ycinyl)-4-(1-nmethyl pi peridin-4-yl ) pi perazi ne using method I- D (but using
di chl or onBeh¥Heouss dERBLeFeRGtAIang o ek JundexoNy 3 [RicembakupeOmsExanpl e 48

101 nclor e R8BI U Rt 4R VER Y 9T Py P By (58 2
10 mL, 416.9 mmol} was added slowly, maintaining the temperature
at -15 °C, followed by slow addition of diethyl
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) 6 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.



yl ) pi perazine. 5 7ndol e--6-carboxylic acid (16.0 g, 99.3 nmol) and

1- D-phenyl gl yci nyl - 4- (1- et hyl pi peri diga- 4-yl ) pi per azi ng3 pbédniednoghl ori de
(42.3 g, 99.3 nmol ). were slurried in anhydrous dichloromethane (1 L) under

N2. The m xture was then cooled to -15 Cin an ice/ MeOH bath. Triethyanm ne
(58.1 10 m., 416.9 mmol) was added slowy, maintaining the tenperature at
-15 C, followed by slow addition of diethyl cyanophosphonate (18.1 ni,
119.1 mmol ), "naintaining the tenperature at -15 C. The reaction m xture
was al | oned-f®, @ BsbozEopmyenperature overni ght. The reaction was then
15 quenched with the addition of satd NaHCOB (500 nL), and the layers were
separated{aMHa)&quéﬁuﬁﬂlégeﬁ(masmeﬁﬁh extracted wth dichloronethane (3 x
500 mL). The organic |ayers were conbined, dried over Na2SO4, filtered and
concentrated to give a crude oil. Purification was performed us.ing -

(Bi ot age) Fl ash Ortdhnonhtidyr dphky, bateitwasg lepldcdl Inof2a MiNG-dfexrieCH) i n

CHC13. The fra |ons [ nbi ned _an on entrated in

vacuo to gi v%ggg%%tetg?g %ﬂ%&t ﬁgs \Q%ng%il}%dle % dj( d6) 8 11.35

(S 1 H) w8s 65l (e ridigent. Hylﬂm,crﬂ:sé{)py 25‘1:35;!19880 4wl TGh,Hhe 7.60 - 7.45 (m
4 25 ( 6.48 .. 0, Hz, , 6.09 (d, J =

> 7 My, %ﬁerl%l s %“‘;’%w{% beya 7%"‘((‘{:1'3‘te con%i?%“ﬁz,o'% E%% 2.40 (m 2 H),

2.09 (s 6h1¢ﬁqfdkﬂ05e¢nm02 df) frike7Hagat , The=cRldxoftm2sblvat Hhs 1.59 (d,

J = 11.3 Hz, t;g,&.slégm 2 H.. 30 13c:N|vRSiD|vs d6) 8 168.0, 166.4,
138.0, 13504nd fishhgve 3gbrpad padosherm abgut 13484158) 3¢, cfolipyed by1m 1

11 ARt o igh, ¥ ms g 4D B Bttt i of2y 7

the desolvated 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



13 Decenber 2004 A portion of the free base was isolated froma chloroform
5 - ethyl acetate solvent systemas qpystalline m aterizahedatireh2t@s
birefringent by microscopy. From DSC and TGA, the nmaterial 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 point
of the desol vated free base. Exanple 48a (Alternative Synthesis)

1- (1 ndol ex§n6ay Bephe @) Uk Juct slabibASLLY | BBEpEL st 15

yl') pi per.azi ne drochlorid a solution
1- (i ndol em&ErEegdmyy lshowe caghdsslyy opnyb)refringent particles; and

4-(l-nmeth y 1 I y aeramz] rous
di chl orone Xhﬁiﬂﬁé %D%E) k%lir?l %y%%g%a'(sl %E&SE 1@% Eﬁj W ln was added KC1l
in Et20 (82tR mormug nmglalAf t UsiRD aaptpr:mbm@%/ fsom suysttetm sol vent s

were re xﬁg 6:5!1 1@1%‘10m%9?_§ﬂl\/84a£5 %%ﬂaé %%ﬁ)%hgﬂf tdéa%(oy 5%83 ound. 1H NVR

(DI\/BOd , 7. 99 (s, |
, 7. 61sot7hemn @eteBuihation, gherd ti@ (afeBidd deliguescé¢d, thed), 6.11 (d,

H)

LT = 7.3 6 (s, 3 H .

| S- V5, mg;ﬁcﬁ%%ecg) cy(l(\j/% gga‘?% UJB Ed) %%té%ﬁ( cé%gjiglwg%ggcgle nal ysis for
C27H33N50erEstaliCIhich weee IGadefdin@nts byOBickhschm80; aNd 4Xel&ingl , 7. 34;
30 Found: _C, 60 5' H L. N 13.03; C .00. The product prepared by
both the RetHod fabﬁk‘gng?‘g Hgyas a%‘?f‘%?&ﬁﬁ?%géf (tﬁlet’ég‘ﬁ:g‘fi ve Synthesis) was
found 1o beystherlliddd] 3nipesitdenic2@eRNQ- hydrochl oride salt and to be

anor phous. Analysis by mcroscopy showed gl assy non-birefringent

particles; and
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%)



anal ysis by DSC failed to reveal a nelting point, in agreement with

anor phous material. Using a mcrobal agge flow system 13pddagRFbgbpal

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 nmaterial. Exanple 48b

1- (1 ndol eefamgreb @yl - D- phenyl gl yci nyl ) - 4- ( 1- net hyl pi peri di n- 4- :

yl) pi per.azi I fumaragte. 15 The di f umar at alt is conveniently prepare

by di ssofvﬁ"ﬁ%@%?g8fﬁé§écar’il?°ﬁﬁghﬁﬁﬂeqyﬁggg%’é’f 451 and warming to
about 50 Qi{dfevhy@pdppkedih-fy@ORGpaEaaison of 460 ng in 15 nl). Two nolar
equi val ents of _fumari.c_acid (fqor exanple 232 2 2 are then added (for
exanpl e, as aQfef‘oarﬁfizﬁr%'&l?U'tcfbgﬂ?rPﬁnﬂ%nf?fasn‘&arBngE Q XtpdA€Fbn in 3 nL 95%
et hanol 3. 1guBmy ow ng cooling and crystallization, and isolation and

drying, the product is obtai rsed as thin crystalline needles, wth a sharp
mel ting pbr s atVgphdae 3191y DSC. 25 sanple 49 1-

( 3- Met-hyl Ansipherdeac arhony) -MR4Maanyl, okyct md Jse- fkin (100%)

(1- met hyl pi peridi n-4-yl)pi perazine. Prepared from

3- et hyl i ndol e- 6-carboxylic acid (50%. 1H-NVR 30 IS-MS, me 474.3 (M1)
Anal yti cakxiidRd €1 Method A, RT = 22.20 min (98% 145 13 Decenber 2004
Exanple 50 1- q(% Chl or,oi ndol e- 6- car bonyl . - D Rhenylﬂl ycinyl) -4-

(1- met WY1 br prGiicReAngr} o eraphomygl -D-phenylglyelayl) -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 ?Fe regidue was then chromatographed over silica gel, eluting
wfth'é;étep 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)



Prepared from 3-chl oroi ndol e-6-carboxylic acid (76% .

5 I HHNWR | S- M5,

tit/e 493.9 (Mrl) Analytical RPHPLC, 4¥gthod A, RT = 223 Be&ribecn 20490%
Exanpl e 51 10 1- ( 3-Chl oroi ndol e-6-carbonyl - D- phenyl gl yci nyl ) - 4-

(4- pi peridi nyl xnet hyl ) pi perazi ne D hydroahl ori de.

Material s: 15 1-(1-Boa-pi pers.din-4-ylnmethyl)piperazine. To a stirri
sol ution of 1-Boc-piperidine--4-carbox- aldehyde (2.4 g, 11.3 mmol)
(60 ML) and acetonitrile (15 nL) was added pi perazine (4.85g, 56.3

After stir tci.-wﬂ-%eﬁﬁmgw@ﬂmm-hti(fsﬁcg@iggs:@aym qﬁm@%hﬁ)i .ght 13. 5

mml ) was added and t

nmor ni ng,

e react’ion was owed to stir ove

Preparation of Starting

ng
in THE
nmol ) .
20

. The next

PHeeiPent s were renoved by rotary evaporation and the residue

Foll oved by waraPe e hehr o s B prUfF il il FTUSR0E B
vacuo. 25%Thinetdnildpépanazintrenséngolieting dphed Bhertidilei campmind el uting
with a steps ghadiAal 8 %&ﬂ&g,gg]?ﬂf% @1&@9*&@1’,%&&@%& hei i a

di chl oronet hane. The ptro

ct co ng fractions were ¢c

i ned and

in

n
concent r afe’P igragdenl 06 ¥ v 83032 N (a@pisfmetkanali tthe conpound. 30
1H - NWR | $ M5 o8 128403 (ML) 146 13 Decenher 2004
1- (Cbz- D Phenyl gl ycinyl)-4-(1-Boc- pi peridi n-4-yl nmethyl)- piperazine.
Pr epar ed ¥{dWEbz- D- phenyl gl yci ne and 1-( 1- Boc- pi peri di n-

4-yl et hytg phPerdzl 88, Usi

by chrogatography over silica gel, eluting with a
1

15

20

25

30

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

I8-Ms, m/e 417.8 (M+1)

1-(3-Chloroindole~6~carbonyl-D-phenylglycinyl)} -4-
(4-piperidinylmethyl)piperazine Dihydrochloride.

Prepared from 3-chloroindole-6-carboxylic acid and 1-{D-
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)

Analysis for CpyH3aN505Cl-2.2 HC1-3.0 Hy0: ‘
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%)

Exanmple 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

ﬂﬁthod C-A The title conmpound 5 was purified



step gradient of 1%to 3% (2 N ammoni a/ met hanol in dichloronethane. 1H NVR
| S-M5, me 551.3 (M+l) 10 |- (D Phenykglycinyl) -4- 13 pecember 2004

(1- Boc- pi peridin-4-yl methyl) piperazine. Prepared from

1- (Cbz- D-phenyl gl yci nyl ) -4-(1- Boc pi peridin-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'Ch|Oro'ﬁEEHdEEBTC@EbQXNJ'éhé“ﬁ—%_Qﬂgiﬂq(d}bhggromethane in place of

phenyl gl.yci nyl ) - 4- %1- Boc- pi peri di n-4-yl met hyl ) pi perazi ne Using Methods
1-C, D B, e&liF /I iphLagphRgtRanh agr aneibbii@li sopvar® of et her/ di chl or onet hane
as an iniigagjusol vent). 1HNWR IS M5 We 494.2 (Mrl) 25 Analysis for '
C27H32N502C1. 2.2 HO -3.0 H2O Calcd: C, 51.61; H, 6.45; N, 11.15; d,
18.06; Fb¥mf, @/e547402 {419 12; N,.11.02; O, 17.80. Analytical RPHPLC,

Met hod &\ a3 y5i20£38 Al ). 23 | :
1- (3- Mot byl 1 ndol s 3 cg%%é%&% Ehgnﬁ?ﬂ‘f@é’?ﬁ?% _4-
(4- pi peri di nylS€CRy| ) pi Berszi4?e Birhyd?ocM.ofld®3 7 .Clpr &2aP8éd from

3--methyl i ndolggu@ycar boxyldL 1aGi ¢ apdzsls 6D 30 99, €1, 13

phenyl gl yci nyl ) -4-(1-Boc-pi peridin-4-yl'nethyl)pi perazi nélaéi ng 147 13
Decenber 2oy tueedoBBHPLG, MatBodafd RT F @9sRAgnER cHH0 et hane in pl ace of
et her/di chl oromet hane as an initial solvent). 1HNVR |IS-M5 me 474.2

Vi1
( ) 10 Example 53

1-[4-Chlorobenzoyl-D-phenylglycinyl] -4-benzylpiperazine

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
exceas 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 wg, 1 mmol), HOBt

.25 (}48.5_mg, 1.1 mmol) and EDCI (191 wmg, 1 mmol) in DMF (3 mb)

' tﬁat'hé& 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:



5 Analysis for C28H35N502.2.3 HO-4.0 H2O Calcd: C, 53.42; H 7.25; N,
11.13; d, 12.95; Found: C, 53.14; Hy4gh.71; N, 10.99;13Decekdbet2004

Anal ytical RPHPLC, Method A, RT = 20.23 min (100 %9 10 Exanple 53

1-[ 4- Ch3. or.obenzoyl - D- phenyl gl yci nyl ] - 4- benzyl pi perazi ne Txifl uoroacet at e.
Boc- D- phenyl gl ycine (753 ng, 3 mmol ), TBTU (2- (1H (benzo-
triazol-1-yl)-1,1,3,3-tetranethyluroniumtetrafluoroborate) 15 (963.3 ng, 3
mmol ), diisopropylethylanmne (894 ng, 6 nmol) and 4-benzyl pi perazi ne (525
ng, 3 mmh;:aﬁ{ﬂée sgonbined in DMF (10 nlL) and stirred overnight. The
reaction m xture was taken into dichloronethane (25 nlL) washed with water
(50 L) ahd[4<SHpsrheagoyb-ThppeayiglRoidiid - £ e (2 dehensddyll) pipexhatinen TFA (5
m) for loh; el didiGerg¥EeSs TFA evaporated in vacuo. Triethylamne (1 niL)
was added and evaporated in vacuo. This mixture was then divided into
three equad-P#ts. One part was then treated with a mixture of

4- chl orgbﬁgzl@mblaq, 6. 1 mml) HOBt 25 (148.5 ng, 1.1 nmol) and
EDCI (191 nmg, bF &I‘lf) D%lfﬁgs that had been stirred for 5 min. The

reaction mxture was stlrred overnl ght, diluted with water and
acetonitihe,. @r]ed gsapplied directly for purification by preparative RPHPLC
to give thetitle conmpound, (120 ng). 30 1H NVR By simlar nmethods to

t hose des&r [‘b'éﬂﬂ{Oﬂ‘OE%amJe-IE{i)hEhElglmzlnyM Ré- Caplanedylmetkyrepar ed: 148

13 Decenbgs., 200 l;xg.gp
1-[4- Chlngg enzoy #1%#1 gc;‘?&aﬁ?/r] 4- (2- phenet hyl ) pi per azi ne

Trifl udfoddaiMi e.
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-f1uorqpyridin-
4-yl) ethyllpiperazine and indole-sucarboxylic acid using a

method substantially equivalent to Method I-C (66%) .



1HNVR 5 M5 MALDI TOF M -i = 462 Exanple 55

1- (4- Chl or obenzoyl - D- phenyl gl yci nyl | 444 (cycl ohexyl met hyl3)Becemper 2804 e
Trifluoroacetate. 10 1H-NVR M5 MALDI TOF M -1 454 Exanpl e 56

~1-[ I ndol e- 6-car bonyl - D- phenyl gl yci nyl ] -4-[ 2-(t hi azol -2-yl)- 15

et hyl ] pi perazi ne Hydrochl oride. 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 l ong y({%{gmdl-D 20 Melting-Point = 135-142 Cwth

-decorrp05| t I on. (CD30OD). APCI-M5, me = 474 (C26H27N502St1). HPLC
Anal ysi s PREEHEU BYe 98189 (CngH23BNZOIN.. 25 Exanpl e 57 (No Exanpl e 57)
Exanpl e 58a 1- tlndol e-6-carbonyl - D-phenylglycinyl] -4- [2-
(3--fluoropyridin- 30 4-yl)ethyll piperazine. Prepared from .

1- ( D- phenfxapnads F9b) - 4-[ 2- (3-fl uoropyri di n- 4-yl)ethyl ] pi perazi ne and

I ndol e- B-¢a li_¢_ac] n an _yewvalettol\/bthod
| Goty oS- Frfer ity - e T LA P kB Sy 1
Decenber 2004 @b@ﬂrﬂ)ﬁap%i&elﬁyﬁmdﬂ@:@ecar bonyl -- D-phenyl gl yci nyI ] -4-

[ 2- (g'fluoronkﬁgrEéJffom 1-{indole-6-carbonyl-D-phenylglycinyl) -4-

[2- (3-fluoropyridin-4-yl)ethyl]piperazine using a method
substantially equivalent to Method I-D (89%).
10 [a]l25p -98.8° (¢ 0.30, methanol)
Melting Point = 135-145 °C with decomposition.
1 NMR (CD30D) .
APCI-MS, m/e = 486 (CpgHagFNsOg+1) .
TLC Re = 0.44 (7:3 CHpCl,:CMA)
15 Analysis for CogHziN3O4-1.25 HC1-1.2 HyO:
. Qalcd: C, 60.84; H, 5.77; W, 12.67; Cl, 8.02;
Found: C, 61.14; H, 5.86; N, 12.34; Cl1l, 7.88,
HPLC Zmalysis (Method B): $8.2% ty = 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



4-yl ) ethyl ] pi perazi ne Hydrochl oride. Prepared from
1- (i ndol e- 6- car bonyl - D- phenyl gl yci nylqpg4- 13 December 2004

(2-(3-fluoropyridin-4-yl)ethyl]piperazine using a nethod substantially
~equivalent to Method I-D (89% . 10 [a]25D -98.8 (¢ 0.30, nmethanol) Melting
Point = 135-145 C with deconposition. 1H NVMR (CD30OD). APCI-MS, me = 486

- (C28H28FNsC2+1). TLC Rf = 0.44 (7:3 CH2C12: CMA) 15 Anal-ysis
for.C28H31IN3D4. 1. 25 HC1-1.2 H2O Calcd: C, 60.84; H, 5.77; N, 12.67; O,
8.02; Foy 1 : 7 P ysis (thhod

"B): 98.2% ?‘?ce:r%ra@%dmé!ﬁd& V%E"ggm o) pjs"éé’%% ﬁundfoF%-%nggr t& yrﬂ@)

. D- phenyl gFheigsptle pgodyck waz Dyaquﬁmﬁr bt ehrauatodeeinl| pSper.azi ne I\/bt hod
1-E 1- ( | ychayl 4 ( p e

pper azi n?ﬁ?ﬁdr&och gér(lj} e & gg%@l "?afﬁéggg é/ﬁcqa‘ln% 5&{1 5@}6 mboxyl ic acid

- (205 ny, IILY@JBDW))tOI—EBtVJ(dZWEhﬁgSMtZBlﬁMQmPOUMd (£48 etdny 7% ne (0.88 ni,
- 6.9 mMmog )1M@mﬁzq§§§9£yed in DM (20 M.). To this solution, DCC (390 ny,
'1.89 Mol ) was a and the m xture stirred at roomtenperature

over ni ghtTLGFh)H 330280 et Qutlo CEQOL pinetiadoheprngrat20ed dmmearimmadded and

sol i ds filtration. The sol vents_were renoved under vacuum and

resi due re- sso ved in toluene/ethyl acetate (200 nL, 1:1) and solids

renoved by filtration. The filtrate was washed with water and brine, dried

(Na2S4) , E;%égl & @dy, and 150 13 Decenber 2004 concentrated under vacuumto

provi de cr roduct (800 ng). The crude product was purified by

chr omal®gt ab?ﬂﬂo(lg- 2card@nQ—-1 0-pheny2§0y¢ Onl ICH2AR2 (2reyremiriddoncent r at ed

anmont UM 4 _v1) ethyll piperazine Hydrochloride.

Prepared from 1-{indoyl-6-carbonyl-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

- -
w .

Example 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



hydr oxi de) to provide the sub-titled compound (443 ny, 71%. 5 1H NMR
(CDC13). TLC = 0.3 (200:10:1, CH2Q 2:4=gt hanol : concent r &3 Beceanap 2004

hydr oxi de) -1 Exanple 59b 10 1- [Ixidol e-6-carbonyl -- D phenyl gl ycinyl] -4-
-12- (2-cyanopyridin- 4-yl)ethyl]pi perazine Hydrochl oride. Prepared from -
1- (i ndoyl - 6- - car bonyl - - D- phenyl gl yci nyl ) - 4-
[2-(2-cyanopyridin-4-yl)ethylipiperazine using methods substantially

equi val ent to those described in Method 1-0, is (96%. [(X]25 D -92.0(c
0.27, nethaogs) oVl LigBY 3Pﬁj‘ = 156-169 C IR (ATR) . . iH NWR (CD30D) 20
APCI-MS m e =493 (C29H28 602 1) Analysis for C28H31N304.1.1 HCl- 0.9 H20:
Cal cd: C, Ap3lysis lﬁorscasHsstonﬁlsz 2@101 “2-80H20Found: C, 63.53; H, 5.68; N,

15.41; O, 6.8&khicdPeC Mpajysis (Meihad Bh: 488. 806 tyg 5915.2 min. 25 Exanple
60 1- [4- et hoxybenzoyl - D, L- ('2-ch% or'ophenyl) gl ycinyl'] -4-
(1- et hyl pi perFem:4Cy| $pi Yor &zi Aelby df.odAl-8Fi d&l. THr.dgared from 1- [D, L--

(2-chl OBORBEGYAz)aJSJs\i%' @Mé&ho&lA?)O Gdosed ) RbDg I -4-yl) pi perazine and

p- ani soyl chloride using proce ures substanti al y equi val ent to those
described in Method |-B, using dichloronethane for aqueous di oxane and
TEA for Kgehie1d ¢Jal-owed by Method I-D 1H NMR 151

1-[4-Methoxybenzoyl-D- (2~ chlorophenyl)glycinyl] -4~ (1l-methyl-
piperidin-4-yl)piperazine Hydrochloride.

10 1—[4—Methoxybenzoy1-D,L—(2-chlorophenyl)glycinyl}-4-
(1-methylpiperidin-4-yl)piperazine (8.20 g, 18.16 mmol) was
divided into 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



13 Decenber 2004 IS-MS5, nmfe 485.3 (M+l) Analysis for C27H32N502ClL. 2. 2

HCl 2.0 H2O Calcd: C, 53.14; H 6.31;45) .'11.48; d, 18 BSembeswnds C,
53.04; H 5.86; N, 11.36; d, 18.13. 5 HPLC Analysis (Method A): 100%tr ;
-19.78 mn. Exanple 61-. 1- [4--Methoxybenzoyl-D- (2--ch3.orophenyl)
~glycinyl] -4- (1-nethyl- piperidin-4-yl)piperazine Hydrochl oride. 10

1-[ 4- Met hoxybenzoyl - D, L- ( 2- chl or ophenyl ) gl yci nyl ] - 4-

(1- nmet hyl pi peridi n-4-yl)piperazine (8.20 g, 18.16 mvl) was divided into 2
g lots angcgagh dlgrthwseﬁaas%vgg A & %X&..ﬂ ofrhghg%e geel- O L),

i sopropanol (13 niL) and heptane ese sa

i ndi vi dua¥#§ %ﬂ%ﬁo@ﬁ@pﬁ@@dlsnumm@ ytpeﬁavatil-\ﬂegcﬂrlﬂa) cMPIl:@E:( Ch| ral cel

D, 8 x 34iefd cdlplihAg W th 35% i sopropanol / 65% heptane with 0.4% DVEA. for
21 mn at a flowrate of 350 nL/mn). Analytical HPLC of the the racemc
mxture (EHi¥8 cel OD, 4.6 x 250 mm eluting with 35% isopropanol/65%
hept aneg W & hyd). 4“//JeD|}1{§§\ 31“@,, /mn, U 20 detection at 260 nm reveal ed two
peaks, baseline resol ved 'F'he fractions from the preparative HPLC runs
cont ai ni nnaksipak G&d;ﬂeiﬁh@ﬁhoh%ﬁ{qle@eﬁtﬁzm time were conbined and
concentrated i Cug t v.e ope eygfractions containing
the later runn('l%nl\éﬁl sgrre%\%esr eHgo%%?ﬂg BE and cdn-cl}igntrat ed to give 3.80 ¢
of isonmer 2. Biwindgi €al 5evAl:ullt | Or76f M haot \; SAnplldsBgeveal ed isoner 1 to
be over ten tines nore potent than isoner 2 and on that basis, isomer 1
was tentatively assigned as the D-isoner. Isoner.1 was then

chr onmal & gEsgrirdee S2er si lica gel (Biotage Quad 12/25 System 25 30 nm KP-Si |

[ 32- 63um paffidfdie.- %I 1! I pt of 0-6% 2N
amoni a/ met Eano In &g} mfﬁane;gﬂg'%g Wﬁ%%ﬂrgl ?&con‘% aining fractions
wer e conbllmgﬁqhmiplperidin -4-yllpiperazine Dlhydrochlorlde.

Method 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}



concentrated. The residue was then redissolved in dichioronethane and to
this stirring solution was added 1 M4g32 13 Decenber 209DekiEhben00#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 conmpound. 1H NVR 5 I S M5, W 485.3
(Mrl) Analysis for C26H33N4A03C1-1.3 HC1.0.5 H2O Calcd: C, 57.68; H, 6.57;
N, 10.35; C1, 15.06; Found: C, 57.42; H, 6.76; N, 10.06; C, 14.89. 10
Exanpl e 62 1- [Indol e-6-carbonyl-- D, L- (2-chlorophenyl) glycinyl] -4-

1- met hyl pi ol -yl ) Ri ' ] lopide. Method I-F T
Stirring BaREaE ek Kol B e R BT 1 0
4- (1- et hyl pi pealafi:n4- G8) p8 pét.a®bi.a6; (9. 4586g, CL,3L9Ax ) in

di chl or onet hanfo&fq-”%);TﬁaquNF (%.%)- Mas, %%de@%ibngg_lési 6- carboxylic acid

(0.233 g, 1.44 mmol). e sol ut'i on"was cooled and DEPC (0.218 ni,
1. 44 nmol EPREsierddesd s AMeeho@A)h, 100Rhetsof 11.68 wis. concentrated in vacuo
and the.resi due was 20 di ssolved in 5% acetic acid/ nmethanol and | oaded onto
an SCX “colum. The colum was washed with nethanol, and then the conpound
was el ut e8@xample 33 (2 N anmoni a/ net hanol ) -in dichl oronet hane. The product

cont aini ng_f ' My n oneentr I n, vgcuo,. The residue
was t hen gg%ﬁ?%%%’[%&%%ﬁ%’é%z'ggﬁ'sﬁap %%ﬁﬁﬁghf? %‘%1{/\]%% é:_neﬁl%% ent of O-
5% (2 N apiperidiretdraidbireredinchbébhpdesdiale-idagai n, t he product contai ni ng

(7ot ons ver ey CIae o0 ROtpeB L LA B S AIGR0. 0 00T
290 ngi¢3eethpipideeidink-e-yl)piperazine (18.8 wmmol 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)



30. conpound. 1H NVR IS-MS, me 494.2 (M+1l) 153 13 Decenber 2004 Anal ysis
for C26H33N403CI -2.2 HC1.0.5 H2O Calgd: C, 54.38; H, 3 BbcerMber20ds;, C,
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. o

1-[ I ndol e- 6- car bonyl - D- (2- chl or ophenyT) gl yci ny1] - 4- ( 1- net hyl -

pi peridi n-4--yl)piperazine D hydrochl ori de.

1--[1ndol e- 6- car bonyl - D, L- (2- chl orophenyl ) gl ycinyl | -4-(1- 10

met hyl pi p '%9-4- | per azi (18 m_l theQretical) was divided into
0.5 g lot ghgn esac%x% o?%\/\%@&tﬁ]@%o Vlegﬂl n A’ ﬁ?(?(ture of i sopropanol (5 ni)
and hept ane (20a¥9: CThBSe3l salipbeds mav.e 12h8A; i Gt iddé&l;| y chr omat ogr aphed

usi ng prepar aﬁg‘}%ggi' Lg%t%iﬁu& (gha%ali\g/oel 2-802(, ié sm eluting with 15

30% i so- - propano e "W th fof 14 nin"at a flowrate of
370 mL/mn). Analytical HPLC of the racemc mxture (Chiralcel OD, 4.6 X
250 mm Seb%%%:g? Wig h 300 isopropanol/70% heptane with 0.2% DVEA, 1.0

m./ mn., etection at 260 nm reveal ed two peaks, baseline resolved. 20
The fract teh$ndeleméa-kerbempatali-iguiitiGo-8aygl telyainylig 4t he-meeal-wi t h t he

shorter Lg?s%i%ét,ii_g?%ﬁeemczq@i ggg%ﬁlo%hgﬁggﬁgntrat ed in vacua to give 2.8

g of iso ons “contarni ng ater running i sonmer were
conbi ned and cererentedateon tindgilee 6 2c80baydfici sehdrar® DRLel(gglwslin-. 25

cuauat’ o ) SR SATH SRS QYRS LISt el e B0 1 0 11 T o
as t helD psopedurdssembetdntially 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:
Calcd: 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 )
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.



(2.6-g) was then redissolved in dichloronethane, and to this stirring
solution was added 1 MHCL in diethylysgther (5.26 nl, B0Décenfbemaob). The
precipitate was filtered and dried |n 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)glycinyl]-4-(1-nmethyl -

pi peri di nﬁaﬁgi@é}@r azi ne Di hydrochl oiide. Prepared from

I ndol e- 6- carboxylic aci.d and D, L-(quinolin-

8-yl)dgl yc|1r'r>IF3]-Meﬂh}(12-n#eihy$mMﬂnDAL*y(%Ppéi-az&ﬂeUmgnﬂrm ptocedur es
subst ant i gll 0, -C foll owed by
Met hod | - .1 )ﬁﬁmﬂ egg?%%u%ylm§39gg§§{4$q% Egdrr epar at | Ve RPHPLC (Vydac
C18, 90a A t hr BugppeSafran Ao:tdid%iandoldiGeaBbaret ohiaaid ehd 1H NVR 15

| S- VB, 1 20 Cal cd: C,
56,84, B, 6 oaT RO Sy Vgl Q&Eﬁnﬁ%ﬁ%@%@ # 9%“81 N 1812
d, 10. 62 pipHPaTiynalsisg spXddstdvagsArubagliat iy —edid Bl emtnto26hds@anpl e 65
1-[ 3-Chl y! i nol.i n- | 1-4-
( 1[ nmet hy?%%lpggl chglr ?‘%]peIr a%z :fr?éﬁ]'%’%& Hgﬂlbé é&g}'éﬂaggr 13d from

3-chl oroi rwfoNHRG car boxyl Ic acid and 25 D, L- (g iinolin-8-yl) glycinyl]

S MELNMS DI RAL 153501 - iy
10 Analysis for C37H3gNg05-3.0 HCl-2.6 Hq0:
Caled: C, 54.68; H, 6.54; N, 12.34; Cl, 15.82;
Found: C, 54.41; H, 6.25; N, 12.00; Cl1, 15.%9.
HPLC Analysis (Method A): 99% &y = 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



pi perazi ne using procedures substantially equivalent to those described in
method I-C foll owed by Method I-D. 1HsdVR | S- M5, m e S5UbDecentet POGH

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; O, 14.37. HPLC
Anal ysis (Method A): 100%tr = 25.08 mn. 155 13 Decenber 2004 Exanple 66
1-[3- Met hyli ndol e- 6- car bonyl - D, L- (qui nol i n- 8-yl ) gl yci nyl ] - 4-

(1-net hyl pi peridin-4-yl)pi perazine Trihydrochloride. Prepared from

3-nmet hyl i ndeters- tcanhaxphkcma,cmd eamdas® mm, eluting with 45%

D, L- (qui-nglin--8- ycC 1- eridin-4- | perazi ne usmg
procfagureéL 885%?3&%’91/%5 h%é'ﬂ%%lwéﬁp ?OZ%IPP@@% aegc‘Fli‘/B'g‘d)ﬂ H%I\/Et hod | -
fol | owed Hy&t%ﬁhﬁd de- o At NMRcbTellBrwdipRahdd. Bagdtine 1R s80ySi S for

C31H36N602 g 2.6 H2O %?'Cd C, 54.68; H 6.54; N, ,12.34; d, 15.62;

Found: C, Ty ong SEou\fhe prggareyive) dPRE rupp) RRIYEFstMet hod A):

i9zztkbfh§3a§6wiMH1thb5sﬁéﬁﬂ@%€iﬁﬁéntlon %ﬁ?ﬁ wgre ??m?lned an? A
- E4- oxybenzo ri or one n cinyl]--4-

(1- met hyl ﬁPé‘é?J?‘a’f e&i 7P BEP 4A ﬁgvﬁy%ir%%loc%r f?ﬁéme’%r]ép '%‘6 from usi ng

pr ocedur egraubsdi idoathyneqyi vl aater tAuiHI0gL 1 d666F iRad icBrpBidd | -

fol | owed b}./1 l--D. 20 1H NVR IS-M5 me 519.0 (M+1l) HPLC Anal ysis (I\/bthod

A) 98%tf3 %%nq%ltizﬁaﬁe E‘R%@V@ @88 g of isomer 2.  Biological

- evaluation of the two samples revealed isomer 1 to be over 100
10 times more potent than isomer 2; and, on that basis, isomer 1
was tentatively assigned as the D-isomer. Isomer 1 (2.7 qg)
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 Cgp7H33NgO3F-2.1 HCl-1.4 HyO:
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 . Prepared fxrom 1-([D,L-{2-trifluoromethylphenyl)}glycinyl} -
4- (1 methylplperldln 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)
Bnalysis for CygH3sNgOgF3-1.9 HC1-2.5 H,0:
Calcd: 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% t, = 21.10 min.



25 1- [4- Met hoxybenzoyl -D- (2-trifluoronethyl phenyl), glycinyl] -4-

(1- et hyl pi peri din--4-yl)pi perazi ne Qskhydrochi 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

i sopropanol (20 nL) and heptane (30 M.). These sanples were then

i ndi vidual Iy chromat ographed using preparative chiral HPLC (Chiral pak AD,
8 x 40 cm eluting with 45% i sopropanol/55% heptane with 0.2% DVEA for 18
mn at a flowrate of 450 nL/mn). Analytical HPLC of the racem c 156 13

Decenber 2G0uple Z0ure (Chiral pak AD, 4.6 x 250 mm eluting with 45%

I sopropanpl / 53% tane w.th 0. 2% DVEA, 1.0 m /nin, d tion at 260
¥ event T eRY AR T B et e e T s aR B O e

pr epar at i pipedRidEnr 4 Agl ooideiaiing DiteydrScheakidét h t he shorter retention
tinme e conbi ned and concentra i ua to give 2.9 g of isoner 1.
The :‘Af%ctions containing the |at ré‘feg]?%%n]?/%g' i somer were conbined and

concentrated o gi sei2rihgy soflluksamesi ZOBBi ¢b iy, 2e9al mmdijorinof the two
sanpl es rSYE l.ed. i soner to er. . 100 10.tines,norg _potent than isoner
; ﬁ‘z g%' s adldergerngg ?%aé;m}t dnt %t?%/e Sl&sm gﬁeﬁh’a% the D--isoner.

2: and, on that SI'S, 1SS0
| soner 1 {Aukigh waasaddweh a edlilasidyed prmdtichareoxetbaaei@nt taoat hi s

stirring _s i on s added 1 MHCL in.diethyl .ether (10.4 ni, 10.4
ool e g o e 4 pt e G et adhs Lo 15 gl ve 2.8 g
(75% 1f dethyiptibertdimpoinyd) pipbadiRed $oME83 nd e 520, mbMrLn Anadl Ysi s for
C27H33NAQ3R2. 1_HCL. 1, 4. H20:  Cal cd: 6. 14 06;: O . 12.04:

CoraavaiEe L 0180 Glet B itk 1 I, S
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 eluted 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;
26, Found: C, 54.35; H, 7.76; N, 10.06; Cl, 13.64.
HPLC Analysis (Method A): 99.4% tp = 17.84 min. .

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-



Exanpl e 69 1- [Indol e-6-carbonyl-- D, L- (2-trifluoromethyl phenyl)glycinyl]
- 4- (1-nethyl piperidin-4-yl)pjperaz,jsge Hydrochl ori del3 Récdritepaoed from
1-[D, L-(2- trifluoronethyl phenyl)glycinyl}-
-~ 4- (1- met hyl pi peri di n-4-yl)pi perazi ne and 6-car boxyi ndol e using procedures
substantially equivalent to those described in Method t-C followed by I-D.
IR NVR 30 I S-M5, nfe 528.0 (M+1l) Analysis for C28H32N502F3.1.9 HO 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; pd, 10.63. HPLC Analysis (Method A): 97%tr = 21.10 mn. 157 13
Decenber- 2004 Exanple 70 1- [ 4- Met hoxybenzoyl-- D-cycl opentyl glycinyl] -4--
(1--methy|l-H BWBeridin-4-y|)piperaznne D hydrochloride. 5 Method 1-G To a
stirring gsehuki of/&f4dd0Bt (4Q3888 g, 2.87 mmwol) in DV (2 nlL) was added DCC
(0.684 g, 2.6 m,m;%(é To this solution was added a sol ution of
p- met hoxy BBAZBFLS 9% (oeHaols0y,1 -2, §5LnPof JHofnd
1- (D-cyel opentghpbyci Ryl bs414 1 {0 mgthykpiperidi p; 4-yl )pi perazine (0.683 g,
2.21 mmol) in DNE@§9 nL)? %éié% g??%fiﬁg:%sg?higﬁt,ﬁkﬁﬁ’solution was
filtered; and FOH¥ ¥ |G aPeddmadi| Gaddd ®ntl®.a6; SCX, cal.mwn (pretreated with
5% aceti gpagi ghiBidy was.h pth methapol ). The colum was washed
w t h nmet hanol agggihgﬂqyﬁgﬂgéggdc?gﬁgg gﬁdié%'&?t%“ﬁB 1 N ammoni a/ net hano
foll owed by dichioronmethane. The product containing-fractions were
conbi ned gﬂgmgggogptrated in vacuo to give 0.687 g, (70% 1H NWR, |S-M5
me 443.4 (Ml )) of the free base of the title conmpound. The HCl salt was
prepar &8 dsffginEiaedenzoyio Qyioyelohexylglycinyl] -4~ (1-methyl-

piperidin-4-yl)piperazine Dihydrochloride.

R )

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; -Cl, 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)



20 737 ng (95% of the title conpound. 1H NVR I S-M5, nie 443.4 (M+l)
Anal ysi s for C25H38N403-2.1 HC -2.0 H2Q: Calcd: C, 54.18DeddmiBrdg4 N,
10.09; d, 13.41; .25 FFQund: C, 54.35; H 7.76; N, 10.06; O, 13.64.
~HPLC Analysis (Mt hod A): 99.4%tr = 17.84 min. Exanple 71

1-[ I ndol e- 6- carbonyl - D-cycl opentyl gl yci nyl ] -4-(1-nethyl- 30

pi peridin-4-yl)piperazine D hydrochloride. Prepared from

i ndol e- 6- car boxyl ic acid and 1-[D-cyclo- pentyiglycinyl] -4-

(1- et hyl gj ne g rQcedures substantially

equi val. ent t . @oggéugﬁ%ﬁ%#&l@t %o }Fa % oug érglg HOBt in place of HOAt and
EDCI for DCC mdNeChoﬂGJOBLS& 173Bdecsmer12P0Z D.12.BE;NVR | S- M5, nle
452.3 (Mr1) A i,s~foO 02-1. 0: 5 | cd: C, 55.18; H,
7820 N, 12 3g OB g %‘6% ind: Z’b §5§?6%1H 47 R 12.35 d, 11.79.
HPLC Anal §&LG P(IWIYEDEI AmethcﬁBAT% $7.8% "t.1%. 76. 08 nnlrExarrpI e 72 10

1-[4- MVeg hoxybenzoyl - D-cycl ohexyl gl yci nyl j -4-(1-nethyl -

pi peri.din-4-yl)pi perazine D hydrochioride. Prepared from 4-net hoxybenzoic
aci d and Bxdupleydlehexyl - gl yci nyl 1-4- ( 1- net hyl pi peri di n-4-yl) pi perazi ne

i R B T Sl O e
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-



Anal ysis for C26H40N403.2.0 HC1.0.6 H2O Calcd: C, 57.79. H 8.06; N,
10.37; d, 13.12; 20 Found: C, 57.54gpH 8.02; N, 10.@@@‘@1”,'391@%. HPLC
Anal ysis (Method A): 100%tr = 19.35 m n. Exanple 73 1-Ci adol e-6-carbonyl -
-.D-cycl ohexyl gl yci nyl j-4-(1-nmethyl - 25 pi peridin-4-yl)pi perazi ne

D hydrochl ori de. Prepared fromindol e-6-carboxylic acid and 1- [D -cycl o-
hexyl gl yci nyl ) - 4- (1- met hyl pi peri di n-4-yl ) pi perazi ne using procedures
substantially equivalent to those in Method I1-G  substituting -HOAt for

HOBt and f i -CGH Metihade )y 16 SR, | S5 e 466.3 (Mrl)
159 13 De%%rej} ?og%A)ng%s. B B S MR lBgol 6. 4201 3 C
56. 08; H, cll@pide\usipgnetigd 11B, sgubstigmsdngQy, 1661i29: H, 7.47; N, 12.11;

CL, 12 76 o fRal Yoning 4 08 Pun RrfbonBed dda 3 in. 5 =~
Exanpl e 74a IIg_il:)d'ﬂ['}l ndo#e- 6-%ar onép-gﬁ%mmer?%rgfﬁc‘f ny#{d -SX'-gS ’2?‘8%%%1 hyl) -
pi per azi néicipremesiane ofwr dipRaphenyl gl yci nyl ) -4- (2-phenethyl) - 10
pi per azé ngz gk | ndol e- 6-carboxylic acid using methods substantially
equi val ent to those described in Method 1-C (62%. |IH NVR (CDC13) APCI - V5,
me = 4670¢MH M/ z #5658 %afibt’® 74b |- findol e- 6-carbonyl - D phenyl gl yci nyl |
-4- (2-phene'thyl) - -
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.



pi perazi ne Hydrochl oride. Prepared froml -
(i ndol e- 6-carbonyl - D- phenyl gl yci nyl ) 454- 20 (2- pheneth??f&F%@P%ﬁ¥Wé usi ng
nmet hods substantially equivalent to those described in Method I1-D (96-0.)
. [[OL] 25 D =-96.8 OC (c 0.25, nethanol). Melting Point = 210-215 CC
~(deQ ) 1H NMR (CD30D). 25 RLC. Analysis (Method B) : 98 - 6%tr = 16.5 nin.
Anal ysis for C29H3ON402-1-0 HCI-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 (MHp-x@& Exanple 75 |- 14-net hoxybenzoyl - D, L-thi azol - 2-yl gl yci nyl |
-=4- - (1-pethyl - piperidi | ) pi perazine. Prepared from

1- tD L- (t¥d i”&‘solm /8- 393 i Jéﬂr*a¥|]-4-(3-net hyl 4 160 13 Decenber 2004
pi peri di n-4-yl)pi perazine trihydrochl oride and ani soyl chloride using
nmet hod 1- B, substltutlng N, N-di - i sopropyl et hyl am ne for potassi um
car bonat SETEP §u5§?|tut|ng di chi oronet hane for dioxane. 5 1H- NVR LCVS ni z

458. 4 (dVI:rJr)4 ﬁé@ﬂ&kﬁ;&%y&— bén Med &eﬁéoylyrﬁylemﬁ?n;o [ b]
t hi ophen-3-yl) gl ycl nyl 4- 10 - me eri ) pi per azi ne.
Prepared frdmt ?Yl?ti’?_m%ib"eﬁzﬁl{mp%%zéﬁﬁeﬁ gxtc}ttgc@cy ddgyl ] - 4-

(1- met-hyl pi pemi-dbaeds Vi ﬁ}eI‘[gzll_,D&éﬁhtmgéﬁgflﬂr)lgq%caﬂgl] api soyl chloride
using nmethod G A substltutln? triethyla
(1- methylplperldln 4-yl)piperazine and 0.2 N HCl, followed by
lyophlllzatlon
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-méthy1piperidin-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)



for potassium carbonate and substituting dichioromethane for 1
1HNVR LCVB nfz 507.4 (Mrl) Exanpl e 1g6b 20 1-[4- Met hbkyeesmksy R0
D, L- benzot hi ophene- 3-yl gl ycinyl ]-4- (1-aaethyl pi peridin-4-yl)pi perazi ne

. Di.hydr.ochl ori de. Prepared from 1-(4-methoxybenzoyl -D, L-(henzo(b]thi ophen-

- 3-yl)gtycinyl]-4-(1-nethyl pi peridin-4-yl)piperazine and 0.2 N HC1,

foll owed by |yophilization. ..25 LCVS niz 507.4 Exanple 77a

1- (4- Met hoxybenzoyl - D, L- napht hal ene- 1-yl gl yci nyl ] - 4-

(1- net hyl Brpewleiao 4-yl ) pi perazine. 30 Prepared from

1-[ D, L- (nap n-1- cin (1--net er -4- yI)plpera2|ne
trihydr oc%l’gsf%t ° bzﬁ%&%%yln )éhl(BH%Vé’luél SY?&‘E‘W% ﬁi substituting
triethylaﬁ?H99yfiﬂ1anP§$Sétﬁ@ﬂq@&b@fﬁ&iﬁeﬁDdh?ﬂ@ﬁ&hﬁdﬁﬂ&&g di chi or onet hane for
di oxane. 161 %E—NNR S- ( Mt Decenber 80 Exanple 77b 5 1-
[ 4- Met hoxybenzoyI> sthrre aﬁﬁﬁqﬁ&Pgnﬁf]4 WﬁtBP§E $hAqic geid (760 mg,

(1- net hgl pi. peddai)n- 4——>{b) p+ pﬂ{ﬁkbmes%h)gd&eﬁhy])} +4lefa- (B&@D@ix@d& Hiom

T SR R R R

Exanmple 78n DMF (40 mL) was added EDCI {1.05 g, 5.5 mmol). The mixture

5 di oxane.
004

was stirred at room temperature for 20 h, and the solvent
removed in vacuo. The regidues were taken up in chloroform:
10 isopropyl alcohol (2:1) and washed with satd sodium
bicarbonate. The aqueous phase was back extracted with
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



1-[ I ndol e- 6-carbonyl --- D, L- napht hal ene- 1-yl gl ycinyl]-4- 15

(1- met hyl pi peri di n-4-yl ) pi perazi ne. Rggpared from 1- [T Pgcember2004

(napht hal en-1-y1) glycinyl] -4- (1--nethylpiperidin-4-yl)piperazine

=t rihydr-ochl ori de and 6-carboxyi ndol e using method 1-C, substitutuing EDCI
forDCC ~and substituting N, N-diisopropylamne for triethylamne. 20 | S-MS
-me 510.0 (M+l) Exanple 79 1- [4-Methoxybenzoyl-D, L-

- (2-rmet hyl sul fonyl phennyl) glycinyl] -4-.

(1- et hy | BtgpeiliedBR- 4- y| ) pi perazi ne Hydrochl oride. 25 Prepared from

1-T D, L= 2- net ul fonyl phenyl) gl ycinyl]-4- - .
(1- met hyl%pin%é%iﬁﬁﬂ%ﬁﬁ%ﬂb‘e%a’?ﬂ {%'aﬁigr\é°lah%%’o‘§/’1'4eh’%ﬁm‘él%lﬁé" Met hod | - B,
substi t ut Inyplytrii @1hy4 arl )Re hi DT p PAYASS heND IRy dXRalleriagd substituting '
~di'chl oronget hane for dioxane. The HCl salt was preRared by Met hod 1-D,
subst i t utrP3EERY FT IR et 2Becr Br Lt aierF B AR iA@1Y FERXIVR 4742v5, i e 520.
(M -].)s 164 idiResepbest 200 pi frdmilne 88dls {etdRbOUNBEIZ Wdid using
D, L- (t hi azal _gi_@yl Zpgllég ny| ﬁ 4- [2-- (Ey“ din-4-yl)et Qﬁ%p" per azi ne
Di hydr ocfFHCFE. SHESPREALE e THHRYHE bP Wi HsRebehedi i &°8Pie60 my, 5
5.0 mml )gg. 1-- [D,L- (thiazol-5-yl)glycinyd] -4- [2-- (pyridin--4-yl) -
ethyl ] pi perazine (circa 5.0 mol) and .HOAt (750 ng, 5.5 mmol) in DWF (40
m.) was d Mt 3%1.05 gl, 5.5 mvl). The m xture was stirred at room
tenperatungk for 20 h, and the solvent renoved in vacua. The residues were
t aken up in chloroform 10 isopropyl alcohol (2:1) and washed with satd
sodi unt® bi carbonate. The .aqueous. phase was back extracted with '

chl or of or m i s@peopylicWitRhebmpctinds @%3) préput-dd@seagbsigtiar

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.



organic extracts were dried (MgSO4) and concentrated | 58&%&3 E@ﬁ crude
product was purified by preparative Rg@PLC, and the produ ¢t Aractions
concentrated, taken up in chloroformisopropyl aIcohoI (2:1), washed with
satd. sodium bicarbonate, dried (MgSO4) and concentrated in vacuo. The
free base thus obtained was di ssolved in nethanol and treated wth 2

equi valents of HC in ether and evaporated to dryness. 20 The resi due was
~dissolved in water/acetonitrile and freeze dried to yieId 786 ng of

the.title,c e _45 N@thoxybenzoyl
-'D, L-(2- neth?ﬁaﬁlazol §¥§?%% ;%Ié%/ é%éaggyglégf )ethyllplpera2|ne
Di hydroahﬂérKIMﬂdqu;pérEa)éthmﬁ]biPPEEZine (2- nethylthlazol 4-y).) glycinyl]
-4- [2-(pyridin-4-yl)ethyl]piperazine and 4-met hoxybenzoic acid 30 using
met hods substantially equivalent to those described in Exanple 80. LCMS
Ml 480 AMRIAGIL<ES -Peckart -I2004 cEkampleny2) §ly¢ikNHt-Hexybenzoyl - - D, L-

2- t =4 il ' .= 4- - i di n-4-yl)ethyl]pi '
oy oohise iAol b S pdialdid pyr 04y ety i perazine
1- (Boc- D, L- 2-am not hi azol -4-yl glycinyl)--4-12 5

Substant 4 1y B yPeREL P s e SR PR Rlc - el

NNR 10 piperidin-4-yl)piperazine.
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



The foll ow ng compounds are prepared using simlar procedures tq those
descri bed above and the appropriate qgsarting nmateri a|g5_83@en1t1er 2004

[ I ndol e- 6-car bonyl -- D-phenyl gl ycinyl] -4- [2- (2-am nothiazol- 4-yl)

. ethyl ] pi perazine. (For exanple by coupling indole- 6-carboxylic acid with
I nternediate A-10, followed by deprotection of the amno group.) 20 1-

[ I ndol e- 6-car bonyl - D- phenyl gl ycinyl] -4- [2- (2-nethyl pyridin- 4-yl)

et hyl ] pi perazine. 1- [Tndol e-6--carbonyl - D-phenyl gl ycinyl] -4- [2-
(2-trifluoro- methylpyridin-6-yl)ethyl]piperazine. 25

1-( Tnd-oll,.etml'tfwﬁg PoeCiYor éphbb&ﬂojrgﬁgeﬁﬂﬁyﬁqludilopﬁ-wﬂ%/ri di n--4-yl)

et hyl i LDe. .1 d = Q-.carbonyl . - - o] yl)gl.yei nyl]-4- 30
[ 2- %/pllrgo g‘%ﬁ%e‘%ﬂte#h%] %ﬁﬂﬁgr{ggz?’%‘%&e Feﬁ %%oﬁupg{’cgp@gnaﬁcgﬁm'
(2-chl or opbemaayt gl ¥ii ngddurehenfEd-wdd modétohed byt ombplyidorpiwiehazi ne. 164
13 Decenb 4 1- - [lndole-6G-carbonyl -D-, (2-¢hl orophenyl)glycinyl] --4--
(2- (ini ok o é%fs;ﬁf [éf‘ﬁ?’f‘]’ml’plg%g‘i’lf%e‘ﬁ f?‘cf‘g’]ﬁ&gﬁ &5 g’é?%%ﬂ%f?%/}
(2-chl o ophenyl )glycinyl] -4- 5 [2- (pyrazol-4--yl) ethyl] piperazine. 1-

4- Met hoxybenzoyl - D, L- . (qui nal.i n-8-y3. lycinyl]l -4-. (1-nethyl-

f)i per i-di n¥‘2-§ﬁﬁo%%mﬁgrt a‘z"#\%.p@%lﬁgggyg%ﬂd% 8%8%/ m]éﬁf{?nén*lﬁ%}rtﬁ?ifé‘ﬁt%says: The
ability ofaa tmsgtsicgnpbuotbirg phhsdin shdctpek Xemaswwibh kiSrawalsuaked i n one
or nore of _the foll ow n‘g En%me I nhi bition assays, or in other standard

assays knbwrto 2HYse3 3% PPN andd04nY. respectively. NAPAP

inhibited thrombin with a Ki value of 3nM. Compounds of the

10 invention were found to have activity in these assays.
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: 50 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



Enzynme Inhibition Assay 1 20 Enzyne assays were carrie ut at room
tenperature in 0.1M phosphate bufferyggpH7. 4 accordi ngjdst eﬁ'gbeﬁggﬁ%d of

Tapparelli et al (J. Biol. Chem 1993, 268, 4734-4741). Purified human
factor Xa, trypsin, thronbin and plasm n were purchased from25 Alexis

Cor poration, Nottingham UK. Urokinase was purchased from Cal bi ochem

Not ti ngham UK. Chronogenic substrates for these enzynes; pefachrome-FXA
pef achr ome- TRY, pefachrome- TH, pefachrone-PL and pefachrone UK were

pur chased_f

Pent aph Bas i tzerl and (p-nitroaniline)
was 30 ,qu%h%i |edgﬁyga%§r pﬁr}%bﬁoﬁ? m'i 9% %%Wmﬁl EB AEEsing a
Dynat ech ¥RSUDYd eadees (dynde IshdeBpidﬂeng@husstof ldl@fthﬁPr@nd Ki were
cal cul at ed SI n S SAS Institu Cary. NC, USA Rel ease
605) o O3 HER, P8 RO, HIHEN CHE CARPPE SR (S FPPREPPEAGAR oo, . FXA
and 81. 6I\/l:ébdfu)]aﬁidl3oi‘:)eeml’oamhaﬁ%oirqcnmenﬁ:p&fmhrmﬂe:hTﬁﬁ’odddﬁﬂ bitor stock
solutio

[ re re t ZSO an d at 500M 50M and 5M
Accuracg BYdRg Yr‘lsé‘é;sﬂl ﬂf@o ?FFI% ngrﬁfzr %foﬁ ORFEH @i 2val ues of
known i nhifi falitﬁ‘orOfXaﬁ aca@aﬁ@tandsérymlﬂn 13/ [BspOrgeaent with published
dat a, ~-ben phi bj t ed factor thro asm n and
ur oki nase%ﬁbn}(’ﬂ %e] [\; rdes- of ThesaRP2 ‘T\'ft Iéﬁ%% YRR ] Ba"f-‘@%%lﬁre
respect i vepyroNARARLNEhEI 18k rislr oFbEle Wit o Hhe ialspeceivénM Conpounds of
the 10 i-pvention found to have, actiyity ip these assays. Enzyne
| nhi bitioh™ Qg%-’aﬁp V\ﬁﬁl RPEaRs 6 2R Shir htﬁ‘ﬁ };?ﬁ’r% IEYwRF R chased from
Enzyne:o lspheseal WaskabeledHidetsrhitioed iBend, simgianabstidye - her
prot eases were fromother c rmerC| al sources. Chronpgenic

concentration was + 15%., The assay system Km 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

Citations
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Takeuchi, XJ Thrasher, JM Tinsley, BG Utterback, S-CB
Yan, M Zhang. Dibasic Benzo[b]thiophenes Derivatives as

a Novel Class of Active Site Directed Thrombin



para-nitroanilide peptide protease substrates were pur sed m M dwest
Bi otech (Fishers, Indiana, USA). 20 The binding affin.%?QEC%Wﬁef ﬁﬁn factor
Xa were neasured as apparent association constants (Kass) derived from
protease inhibition kinetics as described previously. a, b, ¢, d The
apparent Kass val ues were obtai ned using automated (Bi oMek- 1000) dilutions
of inhibitors (Kass determ nations are 25 perfornmed in triplicate at each
of four-eight inhibitor concentratlons) into 96-well plates and

chr onogeni.¢c, $ btrate roI i_.s.rates er,m ned t 405 nmusing a
Ther rmrnatxlI%lFl éorseadélr %‘f‘ﬁ 83&?‘é\r ng& cggrf%%n 19 87EPsco). For factor
Xa i nhi bsetleat:lwthfy aﬁswcmﬁmhvﬂaﬁ Reﬂ&tllobuﬁips a(:ﬁl @8ndihgis, 30 0.3 M

NaCl , pH bi. t t fi 25 | human factor
Xa (32 n AF.S‘“"'i‘a%uixr/}trg’m” ‘%?wzﬁaé:?% %49??9/(#9 HoA): finally, 150 |

Bzl | ed u@ yArgpNA (0 3 mMMin water) added wthi n 2 mn to start

hydr ol y | FLN s_16 enber 2 nM_Free [Xa] and
bound | me%e%3é§%$ %ﬂegi?&% D% gé%fggi ﬁﬁﬁrd 3Gn FREYHAe plate
by use of ESabbmeP,r ®T shhiniay esE candasky,| My bbhes, qormﬁ&tgéaképrhzﬁfld

appar ent S cal cul d for h inhj bitor, conceniratlon whi ch_ produced 5
hydr ol ysi ?ei 'ﬁ?\?]bsfcfrf on%bg?%bgh %g‘rah’aa %‘6‘1 GFRE el MRS S(BebatedM f act or

Xa) : appabenfedtssirs BEn. | THrdmbbEfl | Héhdsts 2BEb] 73 - idﬁl{hbgslb] . The
apparent Kass "val ues so obtained are approximtely the inverse of the K

for the respective inhibitors [1/appKass = app Ki]. The variability of
mean 1&oanparm:ttﬂ<at&s v8l gesfail-ebsiagdratichlie, sk nghiargsdest rare -

concentra N, vas, +/ - EéSﬁ; %’hcf?assa gg/%:t emhlfm vvas#és%%ured as 0.347 +/-
0.031 nM ﬁf iR vitex DS | S SFE LGy i FEegatran: 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 Richett, 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



15 Kass val ues were determned with thronmbin and ot herﬁg@ote 2[0 %SI ng the
same protocol with the follow ng enzygg and substrate COREERRF 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 nmM HDI | ePr oArgpNA; and
urokinase 0.4 nMw th 0.4 mm pyrod ud yAcgpNA; aPC 3 nMwith 0.174 nM
pyrod uProArgpNA; plasma kallikrein 1.9 nMw th D-- ProPheArgpNA; bovi ne

trypsin lydnohd Widowhs Hédﬁ@c@éﬁV%%gﬁ% (0250% atFOhsyiG@) Sall DI, JA
Bastian, SL Briggs, JA Buben, NY Chirgadze, DK C awson, M. Denny, DD

G era, DSCEFFeF FASULRBBRE, tWaRHALper vokumeofs ant iggaguliantote kiineT] Kohn,

HS LN vdRaeoman1008. Patikotita G M de MERREGNE] oy K Takeuchi, K-
Thrasher, JM Tinsley, BG Utterback, S-CB Yan, Zhang | basi c

Benzo( bl t AEBEREMSRLDON 2ht 7983 T3 tanNoimites ssybelddmlassas viiddi r ect ed
Thronbi § J84 dIRcerbehod0Qf:dinhebipLs. 1. Determination of the Serine

Protease Selectivity, Structure-Activity Rel ationshi ps and Bi ndi ng

Or i ent at Un. prAh Che-der JAEDA4CE YLOKE waS pHYeiSind lin€h, il Cralt, DS
G fford- Nb man, KD Kurz, E Roberts, RT Shuman, CE Sandusky, ND
Jones, ??%a‘b‘?& t&ﬁﬁf B pickssh. congoymnd 9%?%9&%@@14%@% n

| nhi bi tor ?f;‘l{ wra EL£984d ARarSE r&l’f}{u%r%os )?—lgfoﬁt -183
ar 10

(1996). Smth @ %S G fford- ﬁ’)ore é’fﬁllrg KJ
Rut er bor i E@ncfl'@tl_alndi;ﬁsew @H@@bpéamﬁtm)t e:ea@feaQat(HalenaAE&lemcmmecﬂ,ovascul ar
Ant i coggu{lgﬂt . In Anﬂ Lil:| ant s a thef Car di ov,asctul ar Pat ient. Ed. R
Pifarre |¥§F(§. ugile o equilibrate for two wminutes. 100pl

of warm (37°) 25mM calc1um 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

15 observations 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.



Phi | adel phia (1997) pp 265-300. 15 (d) Sall DJ, JA Bastian, NY Chirgadze,
M. Denny, M) Fisher, DS G fford-Morgg RWHarper, VJ W PR&WKIZ04]  Kohn,
HS Lin, "JR McCowan, ME Richett, G- Smth, 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 Pharmacokinetic
Properties of Modified CG3 Side Chain Derivatives. In press, J Med Chem
(1999). 25 In general, the conmpounds of formula (1) exenplified herein
‘have beenabgungsdor exhl bit a Ki of 10 pMor less in Assay 1 and/or a Kass
of at least 0.1 x 106 L/noble in Assay 2. The ability of a test conpound to
el ongate Pérl@l @1 BOATRL brdbHagernDIdencitpebedionsial Ti ne) may be eval uat ed
in the %%%st protocols. Partial Thronboplastin Tinme (Prothronbin)
Test Pr ot oco Decenber 2004 Venous bl ood was collected into 3.24
(0.109m bs5ipbdieyd selithate vacutainer tubes at 1 volume of anticoagul ant
to nine volunes of blood. The blood cells were separated by
cent ri f Bgdkih-Agtirofgxter-Rasde Arhivaied Sephalepkisddma inghbate 2 Wwds frozen
at 700C urrrlutLll & ired. To performthe test, 100l of plasma was pipetted
into in a grass test tube, 1l of test corrpaund' in DMSO was added, and
al | oned t 9swgr neda 534Q.oyak) two m nutes. 100 of warm (370) Manchester
(tissue thronbopl aS| n) reagent (Helena Biosciences, 10 UK) was added,
allowed to equilibrate for two mnutes. 100l of warm (370) 25nM cal ci um
chloride gl gédon was added to initiate clotting- The test tube was tilted
three tines through a 900 angle every five seconds to mx the reagents and
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.



“tHe time to clot formation recorded. Data froma series of 15 observations
..ghd test conmpound concentrations are Hfal ysed by a SAS RBecembsr28ed

anal ysis programand 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
(Prothrorglia tsi nme). Alternative Prothronbin Tinme and APTT Protocols 25
Coagul ation -

term nations. Prothronbin-Tines and APTT val ues were
determ ned in HUVAN PLASMA with a STA instrunment (Stago). BioPT is a
speci al rlon-pl asma .clotti ng assaill tri %ger ed with hunman tissue factor

(I'nnovi nY-" PodsibitdTi RECHGACE APBdkehO8r Compoung @ fnd® rasslessdd by
conparing the Bi oPT effects in the 30 prgsence/ absence of 30 ng/m hunman

-al bumen (HSA) and 1 ng/m  phosphatidyl |choline (PC). Inhibitors were
delivered in 50% MeCH vehicle. 13 Recenmbgrp@P04 APTT ASSAY 75 ail
plasma_Citrol Baxter-Dade Ct ed mal ~Himan Plasma 25 N. 1 test sol'n 5
75 1112 Actin Baxter-Dade Activated Cephal opl astin incubate 2 mn mn @

37 75 Al CaCl2 (0.02 M PT ASSAY 10 75 pl plasma 25 Al test sol'n 75 1
saline incubate 1 mn. @370 C 75 pl Innovin Baxter-Dade Reconbi nant Human
Ti ssue Factor 15 Conpounds of the i nvent? onwere found to be pot ent '

i nhi bi t owherefinfact or Xa.

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;



|-N 170 13 Decenber 2004 Clains 1. A_serine protease jnhibitor conpound of
formula (1) C51 Rz/X -~X/ Y |-, L/ Lp(BY" wherein: (i) R3Dessmbeed?  10(i)
phenyl optionally being substituted in the 3 and/or 4 position by hal o,
nitro, thiol, haloal koxy, hydrazido, alkylhydrazido, am no, cyano,
hal oal kyl, al kyl thi o, alkenyl, alkynyl, aeylamno, tri or difluoronethoxy,
car boxy, acyloxy, ~MOQ2-- or R, and optionally substituted at the 6
position by-.15 am no, hydroxy, halo,. alkyl, carboxy, alkoxycarbonyl,

cyano, am do,,.aninQal kyl. l.ko r al thio, (ki) maphth-2-yl optionally
Subot tuted aitind g 2g8tnodsboHY Rl St BER, Cinbed R il o derRR I ano.
nitro, abi-yd, imyidiredi-doylal kghtbthiaabkebylyl akkpsaykiebxRibiamdyaptionally
20 substi tut.ed t he 3. positi,on by, am no, hydroxy, halo, alkyl, carboxy,
cyano,gaﬁF% N3 oEPPﬁﬁgggFE8x9t0¥h8F§yPPﬁ?£}°T7éylgag86eﬁﬁﬁPaééﬁfy%iii) '
i soqui nohian-o&lyyl,i kganob- witrbndahifioyl hydpdaiab; - alkyYkhibndaz®en§yl .
benzot hi a -6-yl or benzisoxazol-5-yl 5 optionally substituted at the 3
posi tion® yﬁHﬂoPrhgﬂdélkoxy, hal oal kyl, cyano, nitro, am no, hydrazido,

al kyl thio, al keryl benalilyB¥ko®r5RHL; ofi BenbetRiALLUABOK15vpk i@hally
benzot hi azol - §-yl optionall% substituted at the 2 position by am no; 10
(v) thi efibstifuted g EResypogpfigRabPyYy2@apSiituted at the 4 or 5
position by hakg, thakeabkoryorhdheahkylyiCc¥pB®onally substituted at

the 4 or 5 position by halo, haloalkoxy, haloalkyl, cyano,
nitro, amino, hydrazido, alkylthio, alkenyl, alkynyl or Rq;
| (vi}) 3,4-methylenedioxyphenyl, 2,3-dihydroindol-6-yl1,
i 3,3—-dichloro-2-oxo-indol-6-yl or 1—methyl—3—aminoindazol—S-yl;
15 (vii) benzothiazol-2-yl, imidazo{l,2-ajpyrimidin-2-yl or
tetrahydroimidazo{l,2-alpyrimidin-2-y1; '



nitro, am no, hydrazido, alkylthio, aIkenyI al kynyl or R1; £

3, 4- net hyl enedi oxyphenyl, 2, 3- dlhydr6|3dol 6- yl, 13 December 2004
3,3Jdich|oro-2-oxo-indol-6 yI or 1-nethyl - 3- an1noindazo|-5-y|, 15 (vii)
benzot hi azol - 2-yl, i mdazo[1, 2-a]pyrimdin-2-yl or

tetrahydroi m dazo[ 1, 2-aj pyrimdin-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,

al kenyl , alky i i d- 2=yl tional substitufed at the 5

ol kenyl .l ks 0 BealbtloPus! sl o0l SHBLLY,syogtLLuLed @t the 5

alkyltrﬂ4posﬂﬂ@mmybg ahapnyhambaﬂkbxyx)ha&ohﬂkﬁlylcgahbpnﬁityo$ubﬁihbuted at

the 6 positjon, 10 haI Iko Y, | oal k gcyano, nitro, am no,

hydr azi’d % 4¥ d% i kﬁﬁkgﬁﬁ ﬁ?ﬁ r GEE E éF) benzotur-Z yl optionally

substi t ut ed at(lbd)ep@nﬁesn-yaoapbyoaamg shMét@KMtehah@ tBEk¥l posathexy.,

cyano, 0, hﬁ§a|§¥ al oig gﬁ Ikzlthlo and at the 5 or 6 .15

posi tion y ] Rﬁ% RaPd K?r ¥93R0, "hFEPo, 2B Ao, hydra2|do

aIkyIthlg,dﬁggyaﬂ , aalk yamho raﬁkbn (xi b} kiAgol o2- gk ;optional |y substituted
i’ ’ K’ Q Y 16 S’ h

on the indole nltro&en atom é and optionally substituted at the 5
or 6 positiod®y RYTdI-RalbaP EiynaﬁéYoéP?§F1t69§ﬁoa nFheo® POShhking,

hydra;od%y-@bhxltmbqoaakBQleha@bKYth O&Kﬁab, ﬁitkb? hRgab; 6-yl
substituted at the 5 position i am no, droxy, halo, alkyl, carboxy,

alkoxycaﬁbﬁﬁﬁﬁld@yaﬁé vathde, 2 Hﬁﬁﬁéik?ikYBYkon BiLal kyl thi o and

optional ly Suq%h!t%b%QOQBr Qh§13089§bﬁh9@%b¥uﬁ§£9tu€éh°§£k9K¥ zhal oal kyl ,
cyano, nitro, 25 am no, hydrazid X nyl, al kynyl or Rlj; or
Su

(Xiyv) be POSHISLOR Syharipoy| hggerskal hs bgiky&te@a§PO$Me cgapoesition by

ZFLSFthpgﬁgﬁﬁyaﬁaghgalﬁ&&ylalﬁeg906¥ at¥genioalhdOatraghgogl kyl ¢ al koxy or

15 position by halo, haloalkoxy, haloalkyl, cyanco, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Riq47

(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 le; 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;



position by hal o,. hal oal koxy, hal oal k I cyano, nitro, am no,

hydrazi do, al kyl thi o, al kenyl, al kynyl Rlj; with t He ﬁﬁeﬂ\ﬂeégo‘?‘hat R2
cannot. be am noi soqui nolyl; Rl represents hydrogen hydr oxy, 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 kyI al kandyl Hepdremeydlsk Yy dralgieoy y alykyloxyal kakypegr, bam}cly,l,

Ik | r bax d d 5 XX i
o o AR R T et e TR sREPE) e subst ¢ ut ed:
phenyl Adhkykhﬂlndidanﬂquﬂhl&%Qhwkym@&mbﬂhybmlﬁbpeﬁldmmﬂbmet anyl ,

pyrrolyl, i soxg% yI ?t)w azol ylr.pyrazolyl, oxazolyl, 10 im dazol yI
1, 2, 4- h| adi az ==tHi adi azolyl, pyrimdinyl, pyridazinyl,

qui nol yl, isoqui é/la_aq%ﬂaof W g, benzot hi enyl or cycloal kyl group, or a
phenyl group substituted By R3iXi in which Xi is a bond, 0, NH or CH2 and
R3i is phenyl CspwaaiydsarrtSpm wipdyllongrldyp Ropt isuhakliyutBdsubbkentilted by R3a;

each RBaPléﬂiq tI Pﬁyd Eﬁyd % . Iéox .._aral.-kyl oxy;
cRC P SRS oD aeNla Y RS GL B s B ACXEL AT
al koxycammndl,ylal h;dcammxiqrcir bamplthlaamlrydmpmtlazoﬂlgﬂlIHprﬁlzim:@ﬂHZ;
(1-6C Ilg1 Q 0; (}] I_ car.bo am;ng; ,a hal cyano; nitro;
thiol : 18 %%CY%%W ‘alky glull%p éﬁ’;azo )9 Ryl su?’phe%hﬂadéﬁ%yﬁé’&rphonam do:
al kyl am mnmﬂrrplmnmu,, qummmﬂlpiydnquullmallgal kasxbguhabmgnkybenaofg&qup of the
formul a C(‘]X t?@lmé"é) (—:Lr?eg_:}( rs 91 1 and R12 are
mdepender‘?t ted’ﬁ‘r Virdgerd, ollflgt’hﬁlr a5 2B&PHy| 9T8HPt oget her with
th% ni t r codrstattamead byhirel} ®iheyn abdch X; is a bond, O, NH or CH, and

R3; is phenyl, pyridyl or pyrimidyl group optionally

15 substituted by R3y:
each R3; independently represents 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 '
"

—OCH20 - which i5 bonded to two adjacent ring atoms in Cy; and



attached forma pyrrolidin-1-yl, piperidin-I--yl or norpholino roup; or
WAl - OCH2O- vihich is bonded to two adftacent ring ato @@p@&g}zeraa% 174 13
"Decenber 2004 -L-Lp(D)n is of the fornmula: ""3- ) NRr 5 in which Rr 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),

i sot hiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imdazolyl, pyridyl (which
may bear an aI kyI sul phonyl, anmi nosul phonyl 10 al kyl am nosul phonyl ,

-al kyl am ny 0, - car boxy, acetyl am no, chloro,

f1 uor o, c@a )(11 %%)%{nk% fta aor orret hyl , methoxy, ethoxy, nitro,

hydr oxy, al kyI sul phonyl am no, tol azol yl tetrazolyl 175 13 Decenber 2004
substituent), pyrimdinyl, pyridgazinyl/ pyrazinyl or phenyl (which may
bear a nethyl, nmethylam no, di i CRbowy,

- _di al kyl am nosul phonyl , al kylsul phonyl ; am nosu?%honyl , 5

al kyl am nosul phonyl , al kyl am nocar bony no, am do, al koxycarbonyl,

acetyl am no, chloro, fluoro, cyano, nethoxy et hox nitro, hydroxy,

aI kyl Sul Fhonyi e o, 18 rt 6t ha~ Parr "t(éfiﬁea&f)-l yTClézrb@ltI ¢Rent): each of Re and
'”dePftEFﬂgltEﬂI ~EER RYITO98E. Oy ReRfp 1 S¢ C’é’k?l@xl?g

(which na b%ar a h’ijldroxy 9 am no ) I koxy I-% lh ydr oxy Fkyl (1-

30) al kylthm%bbyy wlmm?hdk%ahewhﬁn cﬁmJélCh %tbblmgmt) s @tbmmlal, t he 3-

or 4- posi Ll oMy Cy é&?ﬁ%%m beds & ) al koxy,
(1-30 hydéoxyyjf JF 1- al asi{]boxy,:L iA%gi;yca é&ﬁlgﬁ: :
et hoxycanébfbriwaQSals LmklemmhcatyltheaanﬁuMPMYll on)

-tetr y _(_WhICh may
e Y Ahand HLSUGAI ARG, BRI TS
4C)alkoxycarbonyl, carboxy, acetylamlno, chloro, fluoro,

cyano, (1—'3C)alkyl', trifluoromethyl, methoxy, ethoxy, nitro,
hydroxy, alkylsulphonylamino, tr.iazolyl or tetrazolyl



car boxy, met hoxycarbonyl or ethoxycarbonyl substituent at the gosition),
pi peridin-4-yl (which may bear a hydr'dRy, anino, 20 (1133egcembesziV4 (1-30)
hydr oxyal 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 nmay bear a 4-fluoro substituent or Rg is

di oxobenzo[ b] t hi ophen-7-yl; 25 or a physiologically-tolerable salt thereof;

prOVIdedsh%%%lkogakni7gy@@hla&n§me Lg&ﬂahaiﬁ§;: p§95z1ﬁ§1 3¢ wh%hgun X2 is

fluoro or hydrogen 13 Deceiber nmpound_according fo Caim
1, wher eilyhigh mgya#eéﬁtﬁoﬁ&thlesae§bB%@m%oPeddloﬁ§hylampypudyarboxy,

.- thi en.lﬁllaltk@ﬂl%%ﬁln)blsul aBhLAY! amwgmgwﬁyloraﬁyﬁbgah{sxb joup; 5 each-

R3a is | ndependent | se?octed from hydrogen ﬁ r'ox Xy, ethoxy,
met hyl ? étlﬂﬁmlamﬂ@pﬁwlmonaﬁcet ﬁ}kylamﬁ@@ﬁy’bow on@mhyo, apddoxynet hyl ,
carboxy, qgh@&%% , bo th bo

met hyl am noca bony%ayhdlﬁggﬁggéﬁgﬁg c§¥ 8ﬁ§f Egﬁ§%éhegﬁgﬂ?f Efﬁﬁ??y’
CH2CCNH2eth@xaoemyta@hnbydweﬁﬁox§¢§Wb§nyphﬂnmb§menhoxycaabohyﬂawtno, t-

ot byl € S R s S oagt et By Fch SR 48 B, BhiEBrRabhyRY 1o

nethylsuhgﬁawgbanpdoCleghﬁkyiulphoﬁﬁRaﬁfdbsncyelhyéanyhoﬁwhmhhnmby et hyl

o neapE G ARG LAREY 1118 B4 b oFE BB AR AL o e

ff,, -CHZC@HR&Qlﬁ,cambagyunmehho&hcarbonyloorZetﬁbxysapbongyl or phenyl

- (which ph%%%%ltd%nt at the 3- or 4-position), cyclohexyl (which may

. bear a hydroxy, amino, (l1-3C)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 Ry is AP-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)

@

% Lt e

30 wherein X5 is fluoro or hydrogen;



20 bear a fluoro, chloro, nmethyl, CONH2, SO02NH2, nethyl am nosuIBhonyI

di met hyl am nosul phonyl, methoxy or rgbhyl sul phonyl sdidRecember $904ach of
'R and Rf independently is hydrogen or Cl-3alkyl; or CHReRf is cyclopentyl
(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
substituent atA tdwmpbumat addeesiihigomb, Clhehr ahydhepyian- 4-yl ,

t et rahydr ot hi'opyr an rr n- - may bhear neth |
suﬁsti;u;gg) ¢§}$ﬁ|Qﬂligilf?hﬁb;(ﬁﬁgcﬁ“ﬁﬁilﬁéﬁﬁgg Pgﬁﬁﬂﬂyhézﬁﬁ§bﬂpifnt) or
I ndan @il R:hias & n Wl I @ 1ean ro
substltuentlor R |;_7 gﬂﬁ 1--d|o§bgeﬁgg£ tﬁ?b hen- %%b %aigrtéggnber

2004 3.2 A co Iﬁhtdﬁhﬁﬁgepﬁnéﬁgﬁ%ylsﬁ e@F&ﬂnigomwﬁéﬂé@ﬁeRz represents:
(i) phenmi¥dmﬂsxpp,alﬂétﬁzﬁdymg BRI, t et s P('ln Ehayd, aﬁl@/t%la%ﬁo%% 10N by

fluoro oro, brono, iodog, nitro, Iuoronethoxy frifluoromethoxy,

ani no, cﬁﬁ@ﬁthx#amlwe&#éftlhywdmwﬁ:wér FREPOX Yo aFisbpX vaedthydy,
M SO2- -, méﬁﬁgéyaaﬂﬂﬁﬁhpx%th%%@%é!b@%§ﬁ¥|me%ﬁ&ﬁ%ﬁﬁ%%ﬁggﬁ%Bgl met hyl ami no,

et hyl am no, or &am do d optional |y substituted , cénber 2004 at
the 6 pos#%m%ﬁhxﬁﬁmﬂﬁQﬂ§arW@@ﬁéxyamﬁpewﬁﬁhY#Btﬁ@%ﬁ@ar@ﬁaﬁpNHZGyano or

ami nongy w&e&ﬂﬂﬁ{@bInbétm%%lar%hg&h}n%sd b%hbkt§cérboﬁ 9.[% by chl oro,

am no, vinyl,” methyl'am no hoxy, 57 option ‘the 3
p05|t|onhmﬁ9$xﬁﬁﬁhpnﬁlﬂmw@pex?mla@d £éup@ﬁalb?loap tﬁaaBOpogutm@n wi th

SBL.”?. R A T e A R e
methylsulphenyl methylsulphonylamido, ethylsulphonylamldo,

A
R 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.



or hydroxy; 10 (iii) isoquinolin-7-yl, _indol-5-yl, indal-

i ndazol -5-yl, indazol-6-yl, benzothi'dZol-6-yl or ben2|§3%ﬁﬁ@ﬁfgﬂgﬁ
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)
thien-2-gl. or af kioRodnd aeRbreNAl ¥osehstind ut od Al ke A4 er2iRPHS 1 ON by
nethyl thi o, methyl or acetyl; (vi) 3,4-nethyl enedi oxyphenyl,

2, 3- dlhy5P8Fﬁ§§P$G-yl 3,3 20 di chl or o- 2- oxo- i ndol - 6- yl or

1- net hyl.- 3- amiqi n 5¢ i1ky) I s

|n1dazo[1 2- a]p?rlgﬁéﬁk} ?ﬁklonﬁi ?.bgzgégﬁgFﬁgggu}%gyéfbyrln1d| %{oﬁ
(viii) pﬁr&?@ﬂizﬂylb§U§§PP#9be§héprPhe Topesi thioge by itatchyl ; (i x)

pyr i 0- 2l rRBLEORRILS QDL e BTk S BASHY, ORy Ao, 20 chl oro; ()
pyrid-3-yl optional ubstitute he 4 p05|t|on by ‘chloro; (xi)
benzofurtzlﬁﬂu@ﬁpm@ﬁ lyiLy @@bbwﬂtbﬂ@d gunwﬂe gag®QBWhomd@ﬁaﬂWlaM@SCmpthyI or
met hoxy, oS 6 posi tion by
nethoxy,h XII% i'n %%P I %%??% Fg%ég%étﬁ%%Pe%y%ﬁ %h i'fdol e nitrogen
at om by m@thyﬂamnuoepﬁtbﬂéﬁmyngubgtBmud@d andtb@tiomahay padistticu tad
fluoro, chloro, brono, nethyl or methoxy; (xiii) indol-6-yl substituted at
the 5 position by chloro, 35 fluoro or hydroxy and optionally substituted
at the 3 position by chloro or nethyl; or 179 13 Decenber 2004 (xivV)
benzo[ b] t hi ophen-2-yl optionally substituted at the ..:3 position by
fluoro, chloro or nmethyl, and optionally 5 substituted at the 5 or 6
pgﬁition by fluoro, chloro, nethyl,

B,



hydr oxy, or nethoxy. 180 13 Decenber 2004 4. A conpound according to Claim
3, wherein R2 is: (1) phenyl, 2-ami nofRenyl, 3-ani nophergcemPeagilh-3 5

fl uorophenyl, 2-am no-4-fluorfl phenyl, 2-am no-4-chlorophenyl,

2- - am no- 3- br onophenyl, 2-am no-3-nitrophenyl, 2-am no-4- nitrophenyl,

3, 4-di met hoxy- 5- am nophenyl , 2-ami no-4- mnethyl phenyl,

2- am no- - 3- et hyl phenyl , 2-am no- 3- net hoxyphenyl, 181 13 Decenber 2004

3, 4- di am nophertylthe3 6 5pal$ iniiano pplye Ayl no 3- Eyd naxvd- filuerepheryheoxycarbonyl ,

R e
3- am no- AsidiRoxhphanaro, 2 afiner opheylyl methyfllapéng, 3neyanbphemdthoxy,
JChy oroapatthai 08 & BOSEINSIY o BRI N o1y
4- chl or 02%- t%ét RyPPHEFAn WALEhRBLBO RPEtYHPRenyl , 4- bronophenyl, 4 10
bronD'3'nEthy“Eﬂ@nYkphﬂhL@dﬁphﬂﬁﬁbnaai9Y§ﬁQQB§@W%ed3%:Q¥§9Q9h§8¥htion
4- cyanophenyl , 3--cyano-5-am nophenyl, 2- hydroxphenyl,
2- hydr oxfy4¥l¥€fﬁ6¥y%?$rﬂﬂt}°§-aﬁ}8r DWpH t,e%-ath§glao§ypﬂ§ hetoRy | pheminoe
2, 4-di_'hyd:rxohyﬁlﬁefay}, 3, 4- di hydr oxyphenyl, 3-hydroxy-4-net hoxyphenyl, 4 15
o 11 uggorst DOMBeTL oLt uosarel ngsoheny oyl Lyor onctind phey!
et hanesunflenylphenyl blzoehiybphedyyl oBteeidipbxbzant-hophestionally
4ot noy ol el ber LR BV ORI EAgRS SREy P REny
4-nethy|awthephemprgfemahﬁwhﬁhdqin@mﬂ&ngptkmnazianbnbneihytgmmﬂgﬂthqij)
Qaght h- Zb%lsit§bﬁrrf)§loé}?imltob' g'rwno, SIEMPW%QBBR% ;
s (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 l1-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



yl or 6-hydroxynaphth--2-yl; 25 (iii) |squ|noI|n 7-yl, 1indol

i ndol -6-yl, 3- chlorroindol-6-yl, 3- bt &noi ndol - 6--vyl, ﬁﬁ ‘?ﬁé@A 6-vyl,
‘3- et hoxyi ndol - 6-yl , indazol-5-y|, 3- an1n0|ndazol-5-yl |nda20| 6-1j1,"
bcnzot hi azol - 6-yl, 3-am nobenzi noxazol -5-yl; -(iv) benzinidazoI-S-yI,

2- am nobenzi m dazol -5-yl, or 30 benzothiazaol -6-yl; (v)

t hi en-2-yl,.5-met hyl t-hi en-2-yl, 5-methylthio-thien-2- yl,
5-acetylthien-2-yl or thien-3-yl; (vi) 3,4- nethylenedioxyphenyl

2, 3-- d|hydr0| dal - 0X0-i.ndo

1- met hyl - it ﬂd&%&lﬂ’é%ﬁhlogg%?. bBR%&PHia&}éﬁ Sﬂbﬂiltuted at the

I m dazo[,B goahmibmgl #13oyb, OEhlbebr aEYﬁlé@hliﬂldaéﬂhl tabpyniri di n-2-yl;
(viii) _b- gg I%ér zol -2-yl: 182 13 Decenber 2004 (ix) 5-chloropyrid--2-yl;
(x) pyri & tugedpbr GBS PaST 36y PosEEiop) byehlyrie. 2oploro, methyl, -
5-ch|orohgﬂ&@kyg-aryhetﬁoxyethyIbenzofur-2 yl, 5-net hyl benzof ur-2-yl,

6- met hoxybenzofur- 2-yl; (xii) indol-2-yl, 5-f|uoroindo|-2-y|,
5--chloroiridol-2-yl, 5-nmethylindol-2-yl, 5-nmethoxindol-2z.y1,

6- met hoxyi ndol -2-yl 10 and 1-nethyl--indol-2-yl; (xiii)

5-fl uoroi ndol -6-yl; or (xiv) benzo[b]thiophen-2-yl, 5-chioro-
benzo[b] t hi ophen- 2-yl or 6-chl orobenzo [b].thlophen 2--yl . 183 13
Decenber 2004 5. A conmpound according to daim2 or Caim3, wherein R is
sel ected fromone of the fotnula (A") to (H): R13 R15 (A") (D)



(F) R13 (B) . . (E) (G) (C) (H) 5 wherein X4 is Qor S, Rl3 is
sel ected from hydrogen, fluoro [except8%or (C) ] , chidPeresiberndbdd| and
"R14 is selected from hydrogen, methyl, 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-am no-4-chl orophenyl, indol- 2-yl, 5-chloroindol-2-yl,
i ndol - 6--yl, 3-chloroindol-6-yl or 3- nmethylindol-6-yl. 184 13 Decenber
2004 7. A conpound .accordi ng tqQ any one of ¢l ai 1,to 6, wherein Cy is
sel ect ed ¥ ronf* SRPPRUNfL acc §91N9N¥8r Cga\?ﬂeﬁei Hgg?ems Rgef&cted fromo, S
and NMe;, X' (i sehealad fZl’-@miﬁoﬁzﬁ@n§1,X3"—ain5.n8>ﬁhéﬁ§f&d bramifo-3~ NH and
NMe; Y. i s selected_from hydrogen, amno and nethyl; 10 R _is selected from
hydr ogen £ 1ReERPREN®ly o5 A ARG R5 L 1uPrPPREBY dme LRI NRst s} O rRRPRMYhI O,
rrtethyl subphinBy-BReémopRERYLS UPPRARYL-3RAL kS opBkaG €d 2L har Ry drogen,
met hyl, fluoro, chloro, trifluoronethyl, methoxy, nethyithio,
net hyl Supﬁﬁirﬁ,pyp,nyl, 3,4-dimethoxy-5-aminophenyl, 2-amino-4-

methylphenyl, 2-amino-3-methylphenyl, 2-amino-3-methoxyphenyl,

.‘-‘
-



15 net hyl sul phonyl, carboxy, nethoxycarbonyl and a group of the_ fornula

- C(X3) N{Rll) R12 (wherein X3 is 0 or $%4nd R11 and R12 13&tecembaedident Iy
'sel ected 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<$M4ﬁdnam;nqnh$ﬂwd wﬁuéhduh@ynapeeayﬂacBedmlﬁoFaquaoio@he&yﬂenbered

aryl or Ay i nothe. heteroar Lalns 1 or 2
heteroatons se gtc%ﬂ?gbkﬁgﬁ (ogen lBQy%e% épb %& 6Me25r 4Rl and Rot
S hydrogenhaanﬂheudLhéﬁamsnae4 t@rBox&me@hy&phén@Qcosdamgnﬁg4ary one of
cl ai s sl t erei;n IS s lected fr I chloro eny

2- et haxyBng q%ﬁ ey, a@%éﬁ&?Pp Oﬁypgﬁngg % E&PP&OE e Lehifen- 2-yI
thlen-:3ﬁmuoﬂdﬁaamy&nﬂphehyﬂan33chﬂprbghdayml 2-¢h10§bpazgyd%gkbhenyl q
t hi azol t hi I | and conpound as clai ne
in any oﬁyy@FQﬁ ﬁ? féF%YQ% nxﬂ Pékﬁny%HRéRFhloﬁﬂz 2CHReRf or

- CH2- CH2- Wyp@‘femm ﬂ@ch&\oﬁt@#ﬁguﬁldraii:y@héh?‘l@d ﬂncflh.ﬁk‘ﬁl—lg,— wher ei n
--CHReRf ig.2- propy y ycl opent cl ohex

4- et hyl & 31 7§H38§ h"@eﬁgPﬁﬁpEeQPX pdi SPWBPHSBy}h 41

met hyupywr@m@m«r%tﬂylpheﬁ%iprqp}zbhaghe\ﬁwl R 3yﬁhopﬁbﬁ?i' din- 4- yl

1- et hyl er n--4-- i ndan- yI 25
.rma d pl)Pe“g{ﬁrﬁlkﬁa cFé(naﬁ‘éHhFHY Fai el R?I’

nFZénomﬁeﬁ@Fﬁo eP§11 2~

net hyl pi Wdrdix@h‘émﬁl P2nybreqypaundcAsxghbakBd, | B-APUraRpnehyY, akos 1 to
11‘ 'n hydroxy-4-methylphenyl, 2,4-dihydroxyphenyl, 3,4-

dihydroxyphenyl, 3-hydroxy-4-methoxyphenyl, 4-

15 difluoromethoxyphenyl, 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, imidazo[1l,2-alpyrimidin-2-yl or

tetrahydroimidazo{l,2-alpyrimidin-2-yl;
(viii) 5-methylpyrazol-2-yl; |



30 which the al pha atomin Y is carbon and has the conformation that would
result from construction froma D a-af2noaci d NH2- CH( A Devemberg8e+ t he NH2
‘represents part of X-X 186 13 Decenber 2004 13. A conpound as clained in
Caim1l, which is selected from

..-l--(I'ndol e- 6-car bonyl - D- phenyl gl yci nyl ) -4-[2-(4-pyridinyl)- 5

et hyl ] pi perazi ne; 1--(3-Chl oroi ndol e-6-carbonyl - D- phenyl gl yci nyl ) -
4-[2-(4-pyridinyl)ethyl]piperazine;, 1-

(4- Met hoxybenzaqyl - D- - phenyl gl yci pyl ) --4-- (I|-nethyl pi peridin-4-

yl ) pi per azi ne;z(l%d Q-—Cpl orgpgrxgkg—yi;

1- (1 ndol.e- 6- caxhonyplyrDdpBenyl gbyehnytrdp¢rid-pseihyl pi peri di n- 4-

yl) pi perazi ne;, | '

1-(4-- Rt hoxy§&t2 oPEPBOEST R 81 opReRPL PEPYENRGEY L 227 Y1 meBhiy| -

pi peri di fed¢nylbRinPefaz-neyl, S5-methylbenzofur-2-yl, 6-methoxybenzofur—

1- (I ndol e- 6-car bonyl - D- (2- chl or ophenyl ) gl ycinyl )-4-(1-nethyl-- 15

pi peri di ®=41y1) pi per azi ne; - and ' :

1- (4- Met hoxybegzay! 4Rab2-brifl ugremgb byl RheNYb) ghycEnyh) néabdac1-2-y1,
nethylplgerldln-4-yl pi_perazine;, and phXS|oIog|caI;%-tolerab e salts

t her esf . 228ethylAndedpduiid, aS—Reahasdntal clayin 18, mahhekvisdele2nydl e- 6- -
car bopy!| aRaphepykakyck bl =4-(1: met hyl pi peri di n--4- yl)pi perazine; or a
physiol ogically tolerable salt thereof. j. A pharnmaceutical conposition,

whi ch conpri sé¥ididofpéduearoesdas-eryimedrin any one of Cainms 1 to 14
together withat he 1 eytjcal ky_.a¢ ta i Q 3

exai pi ont - 16N BB e etz e T gBhan-r or
use in tRevappr goctiderebenzedhpbhhdrhenclaihed in any one of ainms 1 to
14) for the manufacture of a medicanent for the treatment of a. thronbotic
di sorder.

-~ .



187 13 Decenber 2004 18. A pharnmaceutical conposition conpr|5|ng
as ,clainmed in any one of clains 1 t$314 for use to cbhibege P8t onboti c
'di sorder. 19. A conpound of fornmula | as claimed in claim1 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 NNCH3 NH2 or a salt thereof,
in which Cy is as defined in daiml.

5. A compound according to Claim 2 or Claim 3, wherein Ry is
- selected from one of the fotmula (A') to (H'):
Ry
N O
Re A ®) (©)
Ria _ g
o) o (E)
Ris S
J
(F) (G

(H)

- 5 wherein X4 is O or S, Rj3 is selected from hydrogen, fluoro
[&kcept™ for (C')], chloro or methyl and Ri4 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.

conpound
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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

185 13 December 2004

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.



5

10

15

20

25
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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.





