10 May 2006 SERI NE PROTEASE | NHI BI TORS *167167* This invention relates to
conpounds which are inhibitors of gerine proteases and to_pharnmaceuti cal
-conposi tions thereof 5 and their use in the treatment of 1GMayZ0RR or

ani mal body. The serine proteases are a group of proteolytic enzymes

whi ch have a common catal yti c udechani stn characterized by a particularly

reactive Ser residue. Exanples of serine proteases incl mm
tryptase, -chynotrypsin, elastase, 10 thronbin, plasmn, ‘ m"m“‘mmmml
Compl enent C1, acr osonalsgkﬂ{go{,&qﬁ&g INS8sRRB! protease, cocogpase, a-lytic

protease, protease A, protease B, serine carboxypeptidase I, subtilisin,
uroki'nase, Factor Vila, Factor |Xa, and Factor Xa. The serine proteases
have been investigated extensively over 15 a period of several decades and
t he ther apeDhiz irveméioh rehdtids ttor sompovads rwhiniparesdshilki ety

under st Qo [ r a I ,nhi Qi rak s €. . 1.

r egul a%’?o%exé?&éa l%eoc.f% a\%g’?i e ?/ o1 a%%leglé?%%? pr tgggg lggélc?ﬂfj%&f%\gg}e

coag@l ahflobheirx hrsendiny the, tfeatmdrtz atfi che Bématecs! epawal  body i gnancy,

neur onuscul epsatlti%reni Qgtg”gesia”:_fé% p to'%lgnof:)ér&%o k:!tck&?\,\%“metshat t hese
conpounds in Thit A arle?y of "circalatrng ot eases as as proteases.
t hat awbichchawéataedoomonetatzkyt i vechandsh| charackesdzbdcloyriang cl ear t hat

serine_prptease J4.nhi bi Lnhibit., criti | processes, such as
adhesi Bﬁfeﬁ?'éf%l’f]iyor{eafz‘?g{égr%% clg‘%éldqplreddugg%géﬂagngﬁg%gggggi S.. In addition,
ani mal pespeasesnirs:ludentrgpsin i hatyptaseavehpust ypedm, ne$aerage seri ne

nntB; EBFeRBi ouriRemny, BeLhtToi Ry rorp SRR ¢ RRBEblhnge.
protease, lysosomal protease, cocoonase, o-lytic protease,
protease A, protease B, serine carboxypeptidase II,
subtilisin, urokinase, Factor VIIa, Factor IXa, and Factor Xa.
The serine proteases have been investigated extensively over
15 a period of sevefal 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
including coégulation, fibrinolysis, fertilization,

20 developmént, malignancy, neuromuscular patterning and
inflammation. It is well known that these compounds inhibit a
_ variety_qf circulating proteases as well as proteases that are
‘activated or released in tissue. It is also becoming clear
that serine protease inhibitors inhibit critical cellular
25 pyocessges, such as adhesion,-migration, free radical .
productioﬁ and apoptosis. In addition, animal experimeﬁts
indicate that intravenously administered serine protease
inhibitors, variants or cells expressing serine protease
inhibitors, provide a protective effect against tissue damage.
30 Serine prbtease_inhibitors-have also been predicted to
have potential beneficial uses in the treatment of disease in
a wide variety of clinical areas such as oncology, neurology,

haematology, pulmonary medicine, immunology, inflammation and
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infectiqus disease.




30 Serine protease inhibitors have also been predicted to have potenti al
beneficial uses in the treatnent of ,disease in a wide variety of clinical
areas such as oncol ogy, neurol ogy, “haenatol ogy, pul nonafd§Q MaydQaficne,

i mmunol ogy, inflammation and infectious disease. *@0002* 2 10 May 2006
In particular serine protease inhibitors may be beneficial in the
treatnment of thronbotic diseases, asthma, enphysema, cirrhosis, arthritis,
carci noma,” nmel anoma, restenosis, atheromm, trauma, shock and reperfusion
injury. 5 Thus for exanple an inhibitor of Factor Xa has value as a

t her apeut i c TegPArthqular @eniseapuotenge dnyibihorhandy dst nent and

preventjea ek ihiir pHOOLd ' r Mg .aof ;a_Factor Xa, inhibitor as an
ant i coagul ant 1%2 desi r%gﬁfe@al%ﬁ‘@gﬁeévf orf t mggﬁégl %Jg??a\lﬁ%i/ SP%P ‘effect. Many
cl i ni c&MPRYEpPRovelralpsin. eskhuitis s daavénbwen wskomvat,ed Wit h adverse

event s ;Q¥rReoskg, t %h-asp L{.] e 0 heir.effects.on the
~coagul ation ogagca%? SO, %tghg{rr%‘ h%%égkv@ﬁp- %ﬁﬁ%\ﬁf‘éﬁs]so&cilgﬂlﬁs of al
prot fase i ARuB| for epsnirdicc apy inhili ep lofs Baatandkxitashealacans £1 15

oo e RSP C s PR LI ABIEL Ty, R BRBGRD 2
parti c@msr Pyeventien afe twomhot b tdvmderser The ywotafaseFacespegd al |y
Cspeor ATyt par oo, “BleA 0hoRR, b SIRTLELEL T RAGERE: BRL 1y Factor xa
The Fa®edeckavirhidf tidrss efffechi s Manwedtindoably gairewedal |y useful for the
ProRBYLa¥i8cQ5ulants have been associated with adverse events owing
to the non-specific nature of their effects on the coagulation
cascade. . _
Also, there are well-kno&n 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 ox
treatmeﬁt of throhbotic disorders such as amongst.oﬁhers
venous thrombosis, pulmonary embolism, arterial thrombosis,
25 mgocardial_ischaemia, myocardial infarction, and cerebral
* thrombosis. They potentially have benefit in the treatment of
acute vessel cloéure associated with thrombolytic ‘therapy and
restenosis, e.g. after transluminal coronary angioplasty or
bypass giafting of the coronary or peripheral arteries and in
30 the maintenance of vascular access patency in long term
hemodialysis patieﬁts.
Factor Xa inhibitors of this invention may, with benefit,
form part of a combination therapy with an anticoagulant-With
a'diffgrent mode of action or with a thrombolytic agent;

[



treatment of thronbotic disorders such as anongst others venous thronbosis,
pul monary enbolism arterial thrombgsis, -.25 m\bcardi.al ischaem a
myocardi al infarction, and cerebral “thronbosis. They pot edfiMdy 3006ave
benefit in the treatnment of acute vessel closure associated with

t hronbol yti ct herapy and restenosis, e.g..after translum nal coronary
angi opl asty or bypass grafting of the coronary or peripheral arteries and
in 30 the-mai ntenance of vascul ar access patency in long term henodial ysis
patients. Factor Xa inhibitors of this invention may, with benefit, form
part of a carbhaatbesn thepoapydwih lwess /ankisgoagdl oo mi1é57 ahdef f erent node
of action.or.. wWth a thrombolytic ent., 3.10 2006, It has been reported
in vmgéF?T€%§mhﬁHZ ne gad ?ﬂé?g$kQQW%ﬁ?188ﬁ5§é?ﬁY?ﬁ?¥ﬁﬂjQQEFHBPgoquinoIine
deri vatd e kyal i popigi 13k uldkychh pondd iekceildenehahRikito@ex el | ent

inhibitorg of serine proteases. Unfortupately, it has since been found
that 5 Bfé:ﬁi‘&npﬁ?ﬁ%a%%?rpg&ﬁ8§t5?a.wig9/1ﬂ§5§ P%nﬁ%n‘é‘i’%ﬂ fomensbrbte poor
oral shiteaizamiabhéi éompodmaer bsi RY! 99/11l6sRasnngunkbesn dandtiiet certain
other aromatic conpounds .al so show inhibitory activity against serine
propea§§§?'PﬁaEan? it &iE¥r Xa, despite the lack of 10 the amidino or
1- am noi soqsuRptisend1ynCcliiconaki how B Fatthd thet i eaachild Jegeer uci al for

activity as a factor Xa inhibitor., Nany of these conpounds al so possess
ot her &Fa?°?¥9ﬂ4§se§13Ph%¥°VLRQhﬁgitﬁthFﬁth%?VtQQQﬁPPFon1the conpounds

of W9IYeki6B8proneasH9/ihlph7t iddl A e teemalndssitd el NYERt ben have

bee teiggd,,hheg have general |y denonstrated superior oral
bi 0dh\Paii i PRAEYRP T JdsFPEPPL BPIW AN IRen F4RFEL ARIL Hi ¥ RrsvdeushyWD 99/ 11658.

Al SO, believed to be crucial for activity as a factor Xa inhibitor.
Many of these compounds also possess other strﬁctural 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 W099/09053 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)



it has been found that the conpounds of the invention perform excellently
in the prothronbin tine assay (PT) en conpared 20 to am noi soqui noli nes
of simlar factor Xa activity and structure. The PT assaj0May2006agul ati on
assay and it is wdely accepted that direct acting Factor Xa inhibitors
which performwell in the PT assay are nore likely to be good
antithronbotics. 25 In W99/09053 certain 2-am nobenzam de conpounds are
di scl osed.- as potential notilin receptor antagonists and in US 3268513
sim |l ar 2-am nobenzam de conpounds are suggested as potenti al

anti bacterial agents. However, the novel conpounds of the present

i nveriti on have not before been suggested as 30 potential serine proteaso

i nhi bitors. Thus viewed from one aspect the invention provides a serine
prot ease inhibitor compound of formulgg (1) 4y /xX\XY-"t (1) wherein: 10
May 2006 R2 represents: 5 (i) phenyl |optionally being substituted in the 3

and/or 4 position by halo, nitxQ, tivol, b al koxy, hydrazi do,
al kyl hydrazi do, am no, cyanBj hé?barEbPL/alﬁy"thio, al kenyl, al kynyl,
acylamno,'tri or difluoronethoxy, carboxy, acyloxy, MSX2- or Rl, and
optional ly substituted at the 6 posi{f}on by 10 ami no, hydroxy, halo, alKkyl,
car boxy whare&daxycar bonyl , cyano, ani do, am noal kyl, al koxy or al kyl t hi o;
(1) napfithﬁ?&%erBFhQQ?||y substituted at the 6 or 7 position by halo,
hal oal koxy, hal oal kyl', "cyan, nitro, am no, :

S (i) phenyl optionally being substituted in the 3 and/or

4 position by halo, nitro, thiol, haloalkoxy, hydrazido,
alkylhydrazido, amino, cyano, haioalkyl, alkylthio, alkenyi,
alkynyl, acylamino, tri or difluoromethoxy, carboxy, acyloxy,
MeSOz- or Ry, and optionally substituted at the 6 position by

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

(ii) naphth-2-yl optionally substituted at the 6 or 7

position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,

~hydrazido, alkylthio, alkenyl, alkynyl or le and optionally

15 substituted at the 3 position by amino, hydroxy, halo, alkyl,
carboxyf cyano, amido,.aminoalkyl, alkoxy or alkylthio;

(iii) isoquinolin-?-yl, indol-5-y1, indol-6-yl, indazol-
5-yl, indazol-6-yl, benzothiazol-6-yl or benzisoxazol—s-yl
optionally substituted at the 3 position by halo, haloalkoxy,.

;20 haléalkYI, C¢yano, nitro, amino, hydrazido, alkylthio, alkenyl,
alkynyl or le; ,
- {iv)_benzimidazol-s—yl or benzothiazol-6-yl optionally -
Bubstituted at the 2 position by amino; |

| (v) thien-2-yl1 or thien~3-yl optionally substituted at
25 t?é 4 or 5 position by halo,_haloalkoxy, haloalkyl, cyano,

nitro, amino( hydrazido, alkylthio, alkenyl, dlkynyl or Ry;

o {vi) 3,4-methylenedioxyphenyl, 2,3-dihydroindol-6;yl,

_3,3—dichlorg-z-oxo-indolrs—yl or 1-methyl—3-aminoiﬁdazbl—5-yl-
(vii) benzothiazol-2-y1, imidazo[1,2-a]pyrimidin-2-yl or‘
30 tetrahydroimidazo[l,2—a]pyrimidin-2—y1;
' ; fviii) pyrazol-2-yl optionally substituted at the 5
p051t§9?.by halo, haloalkoxy, haloalkyl, cyano, nitro amino
hydrazido, alkylthio, alkenyl, alkynyl or Ry; o ‘



hydrazi do, al kylthio, alkenyl, alkynyl or Rlj and optionally 15 substituted
at the 3 position by am no, hydroxy, halo, alkyl, carboxy, cyano, am do,
ami noal kyl , al koxy or al kylthio; (i?i) i soqui nol i n-7-yl, 1GWMay 260§/

i ndol - 6-yl, indazol- 5-yl, indazol-6-yl, benzothiazol-6-yl or

benzi soxazol - 5-yl

hal oal koxy,

al kenyl, - al kynyl

optional ly

optionally substituted at the 3 position by hal o,

or

.20 hal oal kyl, cyano, nitro, am no, hydrazi do, al kylthio,

R1lj; (iv) benzim dazol -5-yl or benzothiazol-6-vy. |

thien-3-yl optionally.
hal oal koxy, hal oal kyl ,
al kynyl

benzot h
tetrahy

substituted at the 2 position by am no; (v) thien-2--yl or

substituted at 25 the 4 or 5 position by hal o,
cyano, nitro, am no, hydrazido, alkylthio, alkenyi,

or R1; (vi) 3,4-nethyl enedi oxyphenyl, 2, 3-dihydroindol -6-yl,
3, 3-di chl or o{2xPX8rviedel-,9- ) et hyl - 3- ami _noi ndazol -5-yl; (vili)
e agg(%#iééﬂﬁ;}Viﬁ§$ﬁﬁ%§2tyﬂ 8F th® 5 position

Bl g o dalhncy

m.d

yr hadenlkyld, yeyaro,i niikrpyr agghe 2- Yl optional |y

subst i t diydaaidd halkylpasbt iﬁkgg,\,“hagﬂpgg,ql oal goxy, hal oal kyl, cyano,
. [ r .
arkenyl;

nitro

pyr.i d- 2-
hal oal’k

Ell; (i(%(hpﬂf&ﬂi'dl%,ylalﬂpﬂz
al oa oXxy, al.o
o)r/ Rt}fl)(g

al kynyl
by am nBeshtichmoby, ahghe, @ debky C XY, CYyano

or al kyhhhid andaaL,Lh gﬂtr'6yioﬁ%§gi%%5H¥by°§EBQKY'h&VB&@koxy, hal oal kyl |
y amn§8,1 yﬁ‘ydar

cyano
y 1

-
—~

0

nitro,

position by halo, haloalkoxy, haloalkyl, cyano

|k
ey

y
z

BEn

Lkynyl or RIL; (ix)

am no h i do, ,al kyl thio,
I o()tc)i 0 g{rﬁé'gﬁgét?ﬁ’%‘t‘@elk suhstdtpbedtaonhdy bakoidpl oal koxy,
bR ndl,alﬂiatlkoxyarﬂiai(Dalki}y;ir@}zgnQ‘,g, nﬂ'—ﬁé{,l g]"i‘i%o al kenyl , al kynyl or
t he

1 y,substityted_at posi‘tion 5 by hal o,
ggghéﬁkﬁPF 0,2 %, orBmr azi do, al kyl thio, al kenyl,
70? Wl 2pylionpliyomabbyi swhsd idikgd gt the 3 position

am do, am noal kyl, al koxy

Lhoroor a2 Msithiio, amd leanyhe 8l kyny! or R1j;
ny

nitro, amino,

hydrazido, alkylthio, alkenyl, alkynyl or Ryy;

(xii) indol-2-yl optionally substituted on the indole

nitrogen atom by alkyl and optionally substitut
6 position by halo, haloalkoxy, haloalkyl

ed at the 5 or

+ Cyano, nitro,

15 amino, hydrazido, alkylthio, alkenyl, alkynyl or Ri4:
Jl

35

(xiii) indol-6-yl substituted at the 5
hydroxy, halo, alkyl, carboxy,
aminoalkyl

. (xiv) benzo[b]thiophen—z-yl optionall
3 position by amino, hydroxy, halo, alkyl
§m1?or aminoalkyl, alkoxy or alkylthio and at the 5 or ¢
) pqsltion-by halo, haloalkoxy, haloalkyl
.25 ﬁydtaiido;'alkylthio,

with the proviso that Ry cannot be aminoij

position by amino,
alkoxycarbdnyl, Ccyano, amido,

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

20 amino, hydrazido, alkylthio,

haloalkyl, ¢yano, nitro,
alkenyl, alkynyl or le; or
Y substituted at the

+ carboxy, cyano,

« Cyano, nitro, amino,
alkenyl, alkynyl or Riji: |

soquinolyl;

Ry represents hydrogen, hydroxy, alkoxy, alkyl

alkylaminoalkyl, alkanoyl, hydroxyalkyl, alkox

alkoxycarbonyl, alkylaminocarbonyl, alkylamino
30 carboxyme;hyl, amido or amidomethyl; |
R14 represents hydrogen, hydroxy,
alkanoyl, hydroxyalkyl, alkoxyalkyl
alkylamino, carboxyl, carboxymethyl
“X-X- is -CONH-;

yalkyl,
+ carboxyl,

alkoxy, alkyl,
. alkoxycarbonyl,
« amido or amidomethyl;

Y (the x-atom) is CH;



(xii) indol-2-yl optionally substituted on the indole nitrogen atom by

al kyl and optionally substituted a16the 5 or 6 position by hal o,

hal oal koxy, hal oal kyl, cyano, nitro, 15 ami no, hydrazi do,10dM&y2046 o,

al kenyl, alkynyl or R j; (xiii) indol-6-yl substituted at the 5 position by
am no, hydroxy, halo, alkyl, carboxy, al ko xycarbonyl, cyano, am do,

am noal kyl , al koxy or alkylthio and optionally substituted at the 3
position by hal o, hal oal koxy, hal oal kyl, cyano, nitro, 20 am no, hydrazi do,
al kyl thi o, al kenyl, alkynyl or Rlj; or (xiv) benzotDb]thiophen-2-yl
optionally substituted at the 3 position by am no, hydroxy, halo, alkyl,
car boxy, cyano, am do, am noal kyl, al koxy or alkylthio and at the 5 or 6

position by | 0, hal oal koxy, hanaIkyI cyano,. nitro, amno, 25
i ydr azi do; y FERTRPentis %y PPELemaidn Raa ﬂlbﬂmlmtetdheppenylso that R2
cannot beyrarﬂyrlol Shignylql thiazB8lyl £HapheRy s, rkyﬂ;égg 11 Eﬂn 1al koxy,

Q:EgLycaa%on; H‘nﬁ%5F¥ LS?§§%?1 Qﬁvi??ﬁmﬁ%€§ Y@arﬁ@%?PIYBO car boxynet hyl ,

am do or? a&@ﬂdé%hyl LRr&Mepues@m}s hy8roganadigdodyy, al koxy, alkyl,
al kanoyl yfﬂﬁiﬂ@ﬁ fl qakikayyal ko r.bo aIk | am no, carboxyl
car boxy : y l"ﬁﬁ}m am dgryret ﬁmﬂgi %(goq%sl %H be§§ ff‘“@flhe a-atom is

ne
CH, 6 10b‘7\?a%}/’ Ebﬁ%Y’qPrr é‘é'Fé-?éM‘lél eHFQ‘s‘pﬂ@haa IpheR¥A gubspi t ut ed: phenyl,
pyridyl, sﬂﬂsténytedtﬂy Faqky | 1nnﬂﬁ)ﬂ-_tﬁ‘lx| 116":9%:1@ n I %a(?g){' ngPY" r ol yI
azoly

R T T S I N e NG
substituted by Ri,;

10 each R3y represents hydrogen; hydfoxyl, alkoxy;
aralkyloxy; alkyl; alkylaminoalkyl; hydroxymethyl; carboxy; -
alkoxyalkyl; alkoxycarbonyl; alkylaminocarbonyl ; aminomethyl;
CONH3; CHCONH3; (1-6C)alkanoylamino; alkoxycarbonylamino;
amino; halo; cyano; nitro; thiol; alkylthio; alkylsulphonyl;

15 alkylsulphenyl; alkylsulphonamido; alkylaminosulphonyl ;

aminosulphonyl; haloalkoxy; haloalkyl; a group of the formula.

-C(X3)N(R11)R12 (wherein X3 is O or S and R1! and R12 are

independently selected from hydrogen, methyl, ethyl, or

‘together with the nitrogen atom to which they are attached

form a pyrrolidin-1-yl, piperidin-1-yl or morpholino group; or

-OCH,0- which is bonded to two adjacent ring atoms in Cy; and-

./ -L-Lp(D)y; is of the formula:

20

in which Ry is -(CHy) c-Re, -CHReRf, -CHp-CHRaRf,
-CHa-CHp-CHReRg, or Rg in which ¢ is 1 or 2; Re 1s thienyl,
| thiazolyl  (which may bear an amino substitUentf, isothiazolyl,
-oxazolyl, isoxazolyl, pyrazolyl, 1m1dazoly1 pyridyl (Wthh
may bear an alkylsulphonyl, aminosulphonyl,
alkylaminosulphonyl, alkylaminocarbonyl, amino, amido, (1-
4C)alkoxycarbonyl, carboxy, acetylamino, chloro, fluoro,
cyano, (1-3C)alkyl, trifluoromethyl, methoxy, ethoxy, nltro,

hydroxy, alkylsulphonylamino, triazolyl or tetrazolyl
_Substituent),

25

30

pyrimidinyl, pyrida21ny1 pyra21ny1 or phenyl



5 pyrimdinyl, pyridazinyl, quinolyl, i-,soquinolyl, benzofuryl,

benzot hi enyl or cycl oal kyl group, a phenyl group substituted by R3iXi
in which Xi is a bond, 0, NHor CHZ and R3i is phenyl, /Madg00&r
pyrimdyl group optionally substituted by R3a; 10 each R3a represents

hydr ogen; hydr oxyl; al koxy; aral kyl oxy; alkyl; alkylam . no.alkyl;

hydr oxynmet hyl ; carboxy; al koxyal kyl ; al koxycarbonyl; al kyl am nocar bonyl ;
am nonet hyl ; . CONH2; CH2CONH2; (I - 6C) al kanoyl am no; Al koxycar bonyl

am no; amno; halo; cyano; nitro; thiol; alkylthio; alkylsul phonyl; 15

al kyl sul phenyl ; al kyl sul phonam do; al kyl am nosul phonyl ;  am nosul phonyl ;

hal oal koxy; . hal oal kyl; a group of the fornula -C(X3)N(RI)RI 2 (wherein X3

is O or hdbBH iy weyg- Bl ' endently sel ected from hydrogen,
ay .toBet“ %‘e-'?{'% t“#lg ﬁg-a'ﬁ’r'lor'o&éﬁ‘eﬁ%%@‘t‘@%iqahrbzhgyg

met hyl , &t H%{, of

are' at t aCRaCY APFERLR f9¥ ! ol 2 syl sulphonydi, pamidbsuipidnydr, Mor phol i no group;

or - OCHA8ylawhirgdsulphbapdedalie taminasi h ropg,atoms. in Cy; and .

- - L- Lp( Dialikbsy X cddi1f © L%I &Rr in whi ch. R APETABYER e - CHReRf, Ce

-CHR Rf, Cﬁé 25 8112% ¢+ GRlexp.i fluarenh cyamo,1 n@ithdky RC IS

t hi.enyl EthOXY azHitpo, pmrmnmmaulmmﬂgngpb@ﬁaf%?%) oiﬁ sot hi azol yi .,

- Oxazol yetrasdaz Gupkt i ol vl .inmdazolyl, pyridy i C may bear an

~alkyl su %Qgtyl am nots:lljiﬁlgﬁ)y’l ?éabgl%ﬂ%ﬁaﬁésﬁf pHRAgRendsinikylyahs nocar bonyl |
am no, a Jeny Pr3§1489 Hkkbx Rra CHBaRE ,isceybbdyenmetwr@ghngagl oro, -

f1 uor o, bea¥anhydirdx3 () ahid, @-hE) yALHIEt byl tgox . .ethoxy, nitro,
hydroxybcy%lwl sybphonyl ami no, triazoryl Ii%ﬂ?’gﬁ’r d%ﬁ'ﬂkylsu i tuent),
pyri r{iodi nyl, “pyr OXy, wmethoxycarbonyl or ethoxycarbonyl

substituent at 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-yl (which may bear a
15 hydroxy, amino, (1-3C)alkoxy, (143C)hydroxya1kyl, (1-3C)alkyl
carboTy, methoxycarbonyl or ethoxycarbonyl'substituent at the
- 1-position), piperidin-4-y1'(which may bear a hydroxy, amino
(1-3C)alkoxy, (1-3C) hydroxyalkyl, (1—3C)alky1,'carboxy '
-@ethoxycarbonyl or ethoxycarbonyl substituent at the 1:
20 position), or indan-2-y1; and Rg is 2

[

-methylsulphonylphenyl
which may bear a 4-fluoro substituent or Rg is A6-1,1-
o dioxobenzo[b]thiophen-?-yl; |
- Or a physiologically-tolerable salt thereof (e.g. a
-halide, Phosphate or sulfate salt or a salt with ammonium or
25 gn organic amine such as ethylamine or meglumine) ; |
provided that Lp‘D)n is not of the formula (K): '

—S0,

()~
(K)

30. wherein X; is fluoro or hydrégen.

In ' invent i
another aspect the 1nvention relates to a serine

p‘rotease. inhibitor compound of formula (1)



| dazi nyl, pyrazinyl or phenyl 7 10 May 2006 (which may bear a nethyl,
ncttyl am no, dinethylam no, carboxy di al kyl am nosul phonyl

al kyl sul phonyl , am nosul phonyl , ﬁylaninosulphonyl, al kyplMay peasar bony|

am no, am do, al koxycarbonyl, acetylanino, chl oro, fluoro, cyano, nethoxy,
5 ethoxy, nitro, hydroxy, alkylsul phonylam no, triazolyl or tetrazolyl
substituent); each of Re and Rf independently is hydrogen or Cl-3alkyl; or
CHReRf is-cyclopentyl (which nay bear.a hydroxy, am no, (1-3C)alkoxy,

(1- 3C) hydroxyal kyl , (1- 3C)al kyl, carboxy, methoxycarbonyl or
thoxycarbonyl 10 substituent at the 3- or 4-position), cyclohexyl (which
nay ‘bear a hydroxy, am no, (1-3C)al koxy, (1-3C)hydroxyal kyl, (1- 3C) al kyl,

.car boxy, methoxycarbonyl or ethoxycarbonyl substituent at the 3- or _
4-position), tetrahydropyran-4-yli, t r ahydr ot hi opyr an- 4-yl ,
pyrrolidin-3-yl (which may bear a'lSiﬁydroxy, am no, (1-3C)al koxy,

(i-3C) hydroxyal kyl, (1-3C)al kylx. cawyboxy t hoxycar bonyl or

et hoxycar bonyl substituent t hevx 1. Bb@ff?%%&, pi peri di n-4-yl . (which may
bear a hydroxy, ami no, (1-3C) al koxy, (1-3C)hydroxyal kyl, (1-3C)alkyl,
carboxy, nethoxycarbonyl or ethoxyc&fbonyl substituent at the 1 20

posi ti omhereini ndan-2-yl; and Rg is 2-nethyl sul phonyl phenyl which may bear
a 4-fluoro sybstituent or Rg is X6-1,1- di oxobenzo[b]thiophen-7-yl; . or a
physi ol ogi cal # y-T018°5fé salt thereof (e.g. a halide, phosphate or

sul f atSe sal t (br ahealyil apt Bora Iy b ihe 'subd i t @Fed HA VNG ?ngﬂgl?sruch as

et hy| ?m)4n909{tim9|ﬂy"haﬁ)a RO d%ﬂl Pa%a&gégpggy,i Shyrlig‘tazgdo ormila . (K:
alkylhydrazido, amino, cyano, haloalkyl, alkylthlo, alkenyl,
alkynyl, acylamino, tri or difluoromethoxy, carboxy, acyloxy,
MeSO3- or R;, and optlonally sSubstituted at the 6 position by

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

(ii) naphth-2-yl optionally substituted at the 6 or 7
position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino;
hydrazido, alkylthio, alkenyl, alkynyl or Rjj and optionally

15 substituted at the 3 position by amino, hydroxy, halo, alkyl,
carboxy, cyano, amido, aminoalkyl, alkoxy or alkylthio;

(iii) isoquinolin-7-y1, indol-s- -Yl, indol-6-yl1, indazol-
5-yl, indazol-6-yl1, benzothlazol -6-yl or benzisoxazol-§- -yl .

| optlonally substituted at the 3 position by halo, haloalkoxy,'

20 haloalkyl, cyano, nitro, amino, hydrazido, alkylthio, alkenyl,

-_alkynyl or Ryq; . |
- (1v) benzimidazol-5-yl or benzothlazol 6~ yl optlonally :
substltuted at the 2 position by amino;

(v) thien-2-yl or thien-3- -yl optionally substituted at

25 the 4 or S position by halo, haloalkoxy, haloalkyl, cyano,
nitro, amino, hydrazido, alkylthio, alkenyl, alkynyl or Rl,

(vi) 3, +4-methylenedioxyphenyl, 2,3- dlhydr01ndol 6-yl, 3,3-
| dichloro-2-oxo- indol-6-yl or 1-methyl-3- -aminoindazol-5-yl;

(vii) benzothiazol- -2-yl, imidazo(1,2- -alpyrimidin-2-yl or

30 tetrahydr01m1dazo[1 2-a)lpyrimidin-2-yl;

- (viii) pyrazol-2-yl optionally substituted at the §
p031t10n by halo, haloalkoxy, haloalkyl, cyano, nitro,
hydrazldo, alkylthio, alkenyl, alkynyl or Rl,

amino,



30. wherein X2 is fluoro or hydrogen, In another aspect the invention
relates to a serine protease, inhigitor conpound of formula (1) 8 (1) 10
May 2006 wherein: R2 represents: 5 (i) phenyl optional | yOMangOubst it ut ed
inthe 3 and/or 4 position by halo, nitro, thiol, haloal koxy, hydrazido,
al kyl hydr azi do, am no, cyano, hal oal kyl, al kylthio, alkenyl, alkynyl,
acylamno, tri or difluoronethoxy, carboxy, acyloxy, MS02- or Rl, and
optionally substituted at the 6 position by 10 am no, hydroxy, halo, alkyl,
car boxy, al koxycarbonyl, cyano, am do, am noal kyl, al koxy or al kylthi o;
(i1) naphth-2-yl optlonally substituted at the 6 or 7 position by halo,
hal oal koxy, hal oal kyl, cyano, nitro, am no, hydrazido, alkylthio, alkenyl,
al kynyl or R17 and optionally 15 substituted at the 3 position by an no,

hydr oxy, halan?'ﬁQ@md 2Q§ﬁbgﬁyxoﬁaN3908uﬁgﬂfyﬁtea”hgoéhgyé péﬂﬂﬁ 3% of

al kyl t hi-o gl i soqui nolin-7-yl, indol-5-yl, indol-6-yl° 1ndazol- 5-yl,
i ndazol -BY \3lopchataatikery). - Ba}?a]d?ylbeﬁ?ﬁ%xé‘z‘&‘% §MIN@pt i onal |y
subst i tmxeitaaﬁdbhea&mﬂsutol oalkenyigl alkymyoalrkexy, 20 hal oal kyl, cyano,

e - Py 1y TIE
benzs i dazol 5%?‘5 Sy BPL iy pisiten e S thet, i e
posi t i ®nPHyPaARY nBal qa‘,l)kqw.ehaéo%k)@f F?ﬁ"&ﬂﬂr Jigrogpamdnal | y substituted at

25 the 4hﬁra51§6$'511€¥1tbﬁd)alaneM oahk oliahgal kyl cyano, nitro,
am no, dral | thio

d
et AR BaRGRo Bt Pttt phpAtiRaea At Ehe §pdsition by

amino, hydroxy, halo, alkyl, carboxy, cyano, amido,
aminpalkyl, alkoxy or alkylthio and at the 5 or 6 position by
10 halo, haloalkoxy, haloalkyl, cyano, nitro, amino, hydrazido,
et alkylthio, alkenyl, alkynyl or le;

(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, cyano, nitro{

15 amino, hydrazido, alkylthio, alkenyl, alkynyl or le;-

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

20 amino, hydrazido, alkylthio,'alkenyl, alkynyl or Ryji or

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

25" hydraZIdO, alkylthio, alkenyl, alkynyl or le,

with the proviso that Ry cannot be aminoisoquinolyl;

_Rl represents hydrogen, hydroxy, alkoxy, alkyl,
alkylaminoalkyl, alkanoyl, hydroxyalkyl, alkoxyalkyl,
alkoxycarbonyl, alkylamlnocarbonyl alkylamlno, carboxyl

30 carboxymethyl amido or amidomethyl;

R1j represents hydrogen, hydroxy, alkoxy, alkyl,
alkanoyl, hydroxyalkyl, alkoxyalkyl,-alkoxycarbonyl,
a;kylamino, carboxyl, carboxyhethyl, amido or amidomethfl;

-X-X-"is -CONH-;

35 Y (the a-atom) is CH;



di chl or o- 2- oxo-i ndol -6-yl or 1-nethyl-3-am noi ndazol -5-yl; (vii)
benzot hi azol - 2-yl,” i m dazo[ 1, 2-a] pyRi m din-2-yl or 30 tetrahydroi m dazo
[1, 2 -a] pyrimdin-2 -yl; (viii) ﬁ@razol -2-y1 optional 1Q Mayb106t ut ed at
the 5° position by hal o, haloal koxy, hal oal kyl, cyano, nitro, am no,
hydrazdo,. al kyl thi o, al kenyl, alkynyl or R; 9 10 May 2006 (ix) pyrid-2-yl
optionally substituted at the 5 position by hal o, hal oal koxy, hal oal kyl,
cyano, ni-tro, amno, hydrazido, alkylthio, alkenyl, alkynyl or Rl; (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 Rl; (xi) benzofur-2-yl optionally substituted at the 3

posi tion byCrad m C@hy@ﬂiy R3jj agubstizhted: preayl, bpyyidyTy @Afenyfm do,

am noal aIK |thi,o and at the 5 or 6 position b& 10 hal o, .
hal oal k%wll‘él c%féﬁ’al diny PP CYaifRNEL mpazu do, alkylthio, alkenyl,
al kynyl or R&q:h R34 Xisi kleﬁ:d&i £2ony hydidbén hydpbér) MihdribaA Y DRd gugg},t he i ndol e
nltrogen aIk and. optionally substituted at the 5 or 6 position
by hal & %EW?EE“Y ﬂwmgmﬁmslamwdumyhﬁﬁﬁa2|do

al kyl smaazbouql hﬁty;bxy.@ J'emql%ml?' btﬂm:é;&%%k.g;ﬁ'y' substituted at the 5
posi ti ong_ﬁ%/ am no, oxy al Kyl'>*caArboxy, ‘al koxycar bonyl, cyano,
am do, ]T?B‘WH?{ Whn@lﬂm@lﬂl. |goEmbst i tuted at  the
3 p05|t¢851ﬁ¥ ]Jm%? kéa?*w&F§53 nitro, 20 am no,

hydr azi dé kyl t%’ ‘keny il‘?""‘\é? ﬁ%ﬁ?ﬂ?ﬁy

benzol b}t&wphmqbwwpm%aﬂ%x@ubﬁdrbu sition by am no,

!

hydr oxy car boxy, angq, am noal ., al koxy or
aﬂylth’?&ﬁ@tgia kﬁé’“%“’ﬁ“@’)i ethyTsulpionyl, methylsulphenyl,

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

~L-1p(D)y, is of the formula:

Ve

15 in which Ry is -(CHp)o-Rg, -CHReRg, -CHy-CHRERf, or Ry in which ¢ is 1 or
2; Rc is pyridyl or phenyl (which phenyl may bear a fluoro, chlom,
“methyl, OONHy, SO;NH,, rethylaminosulphonyl, dimethylaminosulphonyl,
| -~ methoxy or methylsulphonyl substituent); each of Re and R¢ 1ndependently.
is hydrogen or Cj_jalkyl; or C‘Hl?eRf is cyclopentyl (which may bear a
20 methyl ethyl or hydmxymethyl subst1tuent at the 3- or 4-poslt10n) '
‘&yclme:ql (which may bear a methyl, ethyl or hydroxymethyl substituent
at the 3- or 4-position), tetrahydmpyran -4-yl, tetrahydrothiopyran- -4-yl,
' pyrmlldln— 3~yl (which may bear a 1-methyl substituent), plpendm -4-yl
{(which may bear a 1-methyl substituent) or indan-2-yl; and Rg is

25 2-wethylsulphonylphenyl which may bear a 4-fluoro substituent or Rg is
* 25-1, 1-dioxobenzo [b} thiophen-7-y1;
or a. physlologlmlly-tolerable salt thereof;
pmv1ded that Lp(D)n is not of the fortrula (K)



position2 by hal o, hal oal koxy, hal oal kyl, cyano, nitro, am no, 2!;

"' "hydrazido, al.kylthio, alkenyl, alkynyl or Rj; with the proviso that R2
cannot be am noi soquinolyl; R1 reﬂﬂesents hydr ogen, hydrnoXay 20060xy,

al kyl, ~ al kyl am noal kyl ', al kanoyl, hydroxyal kyl, al koxyal kyl,

al koxycar bonyl, al kyl anmi nocar bonyl, al kyl ani no, carboxyl, 30 carboxynet hyl,
am do or am donethyl; R13 represents hydrogen, hydroxy, alkoxy, alkyl,

al kanoyl ,. hydroxyal kyl , al koxyal kyl, . al koxycar bonyl, al kyl am no, carboxyl,
car boxymet hyl, am do or ami donmethyl; -X-X- is -CONH; 35 Y (the a-atom is
CH, 10 10 May 2006 Cdr is an optionally R3asubstituted: phenyl, pyridyl,
thienyl, thiazolyl, naphthyl, piperidinyl or cycloal kyl group; each R3a is
sel ected from hydrogen, hydroxyl, ret$mxy, ethoxy, nethyl, ethyl,

met hyl am rconet hyl , di net hyl am_xyonet hyl , hydroxynethyl, 5 carboocy,

met hoxynet hyl , nethoocycarbo t hoxycar I, methylam n ocarhonyl,

di net hyl am no- car bonyl, a met hyM- RO 12, acetyl am no,
met hoocycar bonyl am no, et hox nyl ai outoxycarbonylanlno am no,
fluoro, chloro, cyan, nitro, thiol, methylthio, nethylsul phonyl,

et hyl sul phonyl ,” nt hyl sui phenyl, 10 ﬂ%thylsquYbnyIanldo
et hyl suwhésiyl dpi ile, £1RIMY banhp@ssddionyls et hyl ani nosul phanyl,

am sosul phoryyl rifluor tl_xaocy, and _trifluornmethyl; and -L-Lp (D) nis
of the for mr}?(' thé {‘\1; WB\EI\RFC Rrinventiem;hhe RiphaGhedth, - CH2- CHReRf, or
Ry i nSwftkheng preflexably haBCthe @HEoht fn R boh Y L0 B b TBY bear a

f1uoro,
céﬁuﬂthtlon from a D-a-aminoacid NH3-CH(Cy) -COOH where the

NH, represents part of X-X. It will be- apprec1ated that the
compounds of formula (I) may exlst in racemic or chiral form
and that the preferred D- 1somer may be administered in a
10 racemic mixture with the L- -isomer, or alone.
In the compounds of the invention, unless otherwise
1nd1cated aryl groups preferably contain 5 to 10 ring atoms
optlonally including 1, 2 or 3 heteroatoms selected from O, N

and S;. alkyl, alkenyl or alkynyl groups.or alkylene moieties

15 preferably contain up to 6 carbons, e.g. C1.g or Cy_3:; cyclic
groups preferably have ring sizes of 3 to 8 atoms; and fused
multlcycllc groups preferably contain 8 to . -16 ring atoms.

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

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

25




met hyl , CONH2, SO02NH2, net hyl am nosul phonyl, di net hyl am nosul phonyl,

nmet hoxy or met hyl sul phonyl substitueet); each of Re and Rf i ndependently
i s hydrogen or Cl-3alkYl; or GreRf 1As cycl opentyl (whi chi@iMay2886 a 20
met hyl , ethyl or hydr CQCynet hyl substitutet at the 3- or 4-position),

| ol ~exyl . (whi ch. may bear a nethyl, ethyl or hydroxynethyl substituent at
the 3- or 4-position), tetrahydropyran-4-yl, tetrahydrothiopyran-4-yl,
pyrrolidin-3-yl (which may bear a 1-nethyl 'substituent), piperidin-4-yl
(which MY bear a 1-nethyl substituent) or indan-2-yl; and Rg is 25

2- met hyl sul pligpileBN8RY ha i QL 18X alB8E for-IdiQRY Jubat Lw@%n or Rgis
)L6--1; | - di oxwbenzo [b] thiophen-7-yl; or a.physiologically- oﬁ erable salt
t her eof CH2 1ffiRaRdfe @1t hEH2 t GHA SHReRESIROUP ATe HePEOPHLl a3 (R§ntyh1 (K)

wher ei Byego[%éatffl‘;'o'é?cﬁ?ﬁhm 0GehethP1 81 ARBG, N e ahpapouids. of the

i nvention, the al'pha atom~ 5 carbon, preferably has the confornation that
woul d P¥xant4flonPysoadidinti-ofd . f Lowebhpyenalicde-d -z - BH{Cy) - COON wher e

t he - t: L. - shinidlvPe ARRESGhAL .4he conpounds
of f%%?éfﬂ rra%igglas% )ﬁn' rypal?g%hgﬁg%& g:ﬁ)'r al fﬁ%ﬁaggﬁi‘? at‘{the preferred
D- i sonkl. rkhy(berepylipiperidin4-y119nd steddt-2rivdt-ure with the L-isomer, or
alone. In iGd QEPIunGE Ale (AUimuebiRcs WA LR Yatte ddidi cated, aryl
groups preferably contaln% to 10 ring %t%ms optionally 1ncluding 1, 2 or
3 het eRbat®rs-medhydpageridin-#-yN. and S;. al kyl, al kenyl or al kynyl groups

or al kyl en j ef 5 rabl in tQyb carbons, e.g. Cl1_6 or
Cl1_3; cycl ?%%E%Egi %Feféefgatﬁlt&%hgsgﬂﬁ%g (S| )sc of"'3to 8 atons; and fused

mul LPcycl i cPxgfmneblyrefésably contain 8 to 1.6 ring atons. The |inker group
(X-X) froméltlffe%bg.grouﬂ—ﬂﬁ(ﬁ)r}le i%l BB2the formula: '

g

in which Ry is - (CHy)o-Re; in which ¢ is 2; Re is

thienyl, thiazolyl (which may bear an amino substituent),

15 isothiazolyl, oxazolyl, isoxazolyl, pyrazolyl, iwmidazolyl,
pyridyl (which may bear an amino, methoxycarbbnyl, carboxy,
fluoro, cyano, methyl, methylsulphonyl, aminosulphonyl,
methylaminosulphonyl or dimethylaminosulphonyl or
trifluoromethyl substituent), pyrimidinyl,wpyridaZinylf

20 pyraiipyl or phenyl (which phenyl wmay bear a fluoro, chloro,
cyano, methyl, amino, hethylsulphdnYl, aminosulphohyl,
wethylaminosulphonyl, dimethylaminqSulﬁhonyl, methylaminb,
dimethylamino, carboxy, methox?carbOnyl or methoxy
substituent).

25 Preferably, Rc is thiazolyl, (which may bear an aminb
substituent), pyfazolyl, imidazolyl, pyridyl (which may bear a
methylsulphonyl, aminosulphonyl, methylaminosulphonyli.
dimethylaminosulphonyl, fluoro, cyano, methyl or |
trifluoromethyl subsgtituent), pyriﬁidinyl, pyridazinyl,

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

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



atomis -CONH-. 20 The al pha atom (Y) is a CH group. 25 12 10 May 2006
Exanpl es of particular values for -CHReRf in a -CHReRf, -CH2-CHReRf or

- CH2- CH2- CHReRf group are 2-propyl, 133. pentyl, cycl opent yio May gbegexyl
4-met hyl cycl ohexyl, tetrahydrothio- pyran-4-yl, pyrrolidin-3-yl,

1- met hyl pyrrolidi n-3-y| , 1-(2 5 propyl)pyrroli d| n-3-yl, piperi d| n-4-yl,

1- et hyl pi peridin-4- yl, 1-(2-propyl)piperidin-4-yl and i ndan-2-yl. Wen Rr
“is of the.fornula -CHReT °~ a preferred value for Rr is .

1-met hyl pi peridin-4-yl. Preferably Rris-of the formula -(CH2)c-Rc. 10

Pr ef er abtNoxytsrbonyAr, efu@f:ﬁ?iyulﬂl:rdrﬂ(l(,Dahlﬁoé&lpﬁoﬁﬁe fornmula: 0 R in which
é 2)c-RC, in which ¢ is Rc is thlef/| thi azolyl (which
rray beQ thy, %WW@%%'}“%%“@BPHP%E‘&?‘W 935(&‘2&?’9?‘)’ i soxazolyl,
pyrazokybstithelanol yl, pyridyl (which may bear an am no, nethoxycar bonyl ,
met hyl , nethyl sul phopyl, am nosul phonyl,

carboxy, fluoro, cyano
met hyl ani no’é‘ﬁﬁ%t&ﬁﬁﬁ/ exgblyy nkF hif SRiAFedYph Vmclbrmayr PEAK @R oty |
subssi EuBSt ) tudit) MipPhraxbly DY I intddizizou ki , 20y Pid ﬁﬂzlmmw YA (%Nm ch

phenyl nmay bear a fldoro, chioro, cyan, neth am no, nethyl sul phonyl,
am nos & pPERy | CYangst WFBH n%mrgrf&womerm rﬁ/‘%ﬁlﬁr‘}@l}tbhonyl

rrethylgpq_—maz,_ﬁ iy gPnyrar boxy, methexycarbonyl or net’ hoxy

substltuent% Pre erabag/ Rc is thiazolyl, (which may bear an am no
et more preferably Rc is thiazol-2-yl, 2-aminothiazol-4-

yl, pyrazol-l-yl, pyrazol-4-yl, pyridazin-3-yl, imidazol-1-y1,
10 imida261—4~yl,-pyrazin-z-yl, pyrid-z-fl, pyrid-3-y1, pyrid-4-
yl, 3-fluoropyrid-4-yl, 2-cyanopyrid-4-yl, 2-methylpyrid-4-yl
or 2-trifluoromethylpyrid-6-yl.
Yet more preferably, Ré ié pyrazolyl, imidazolyl,
pyridyl, pyridazinyl or pyrazinyl.
15 Preferably R is pyrid-2-yl, pyrid-3-yl or pyrid-4-yl.
Most preferably, L is CO and the lipophilic group -Lp(D)n
is selected from the formulae: '

‘20




substituent), pyrazolyl, im-dazolyl, pyridyl (which may bear a

met hyl sul phonyl , am nosul phonyl , ngthylanlnosulphonyl

di et hyl am nosul phonyl, fl uoro, cy methyl or trifl ueoestinde
substituent), pyrimdinyl, pyridazinyl, 30 pyrazinyl .or phenyl (which
phenyl may bear a fluoro, chloro, cyano, nethyl, am no, nethylam no,

di net hyl am no, carboxy. 13 10 May 2006 net hoxycarbonyl, net hyl sul phonyl,
am nosul phonyl , net hyl am nosul phonyl , di net hyl am nosul phonyl or nethoxy .
substituent). Mre preferably, Rc is thiazolyl (which may bear an amno 5
substituent) azolyl, imdazolyl, ridyl (which bear a fluoro,
cyano, met % ri fI uor orret hyI sub;z}t)_ixfﬁgnt) pyri dg%nyl or pyrazinyl.
Yet nore p \ . 2 H =- yl, pyrazol-I-yl,
pyrazol - 4-yl -
pyrazin-2-yl, pyrid-2-yl, R
2-cyanopyrid-4-yl, 2- nethyl" or hyl pyri d-6-yl. Yet
nore preferably, Rc is pyrazolyLﬁ i mdazolyl, pyridyl, pyridazinyl or
pyrazinyl. 15 Preferably Rc ig pyN d-2-yl, pyrid-3-yl or pyrid-4-yl. Most
preferably, L is CO and the i\ pop group -Lp(D)n is selected from
the-formulae: 20 R3 . 5 14 10 2006\10+

10



1I55R ~N- ReR NN _/ '10 wherein; mrepresents 0 or 1; XO represents CH
or N, 10 May 2006 V 16 10 May 2006 when R3 is present as a substituent on
an aromatic ring, it is selected fA@m hydrogen, alkyl sul 12! 2006

am nosul phonyl, al kyl am nosul phonyl, al kyl am nocar bonyl, am no, am do,
al koxycar bonyl , acetylam no, chloro,,,fluoro, 5 17 10 May 2006 cyano,
nmet hoxy, ethoxy, nitro, hydroxy, alkylsulphonylamno,. triazolyl and

tetrazolyl, and when R3 is present as a substituent on a saturated ring,
it is selected from hydrogen, hydroxy, am no, (1-3C)al koxy, 5

(1-3C) hydroxyal kyl, (1-3C)al kyl, carboxy, methoxycarbonyl and

et hoxycarbonyl. Preferably mis .1 For exanple specific Lp(D)n groups
include 10 -NN wherein R is hydrogen or (1-6C)alkyl.

/\
)TN N ®

10 wherein;

m represents 0 or 1;

X0 represents CH or N;



Preferably R is hydrogen, nethyl or ethyl. Mre preferably R is hydrogen
or nmethyl. The cyclic group (Cy) attached to..the al pha carbon is an 15
optionally R3a substituted: phenylﬂ pyridyl, thienyl, 'thoaMayl2006-

napht hyl, piperidinyl, furanyl, pyrrolyl, isoxazolyl, is.othiazolyl,
pyrazolyl, oxazolyl, imdazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl,
pyrimdinyl, pyridazinyl, quinolyl, isoquinolyl, benzofuryl, benzothienyl

20 or cycl oal kyl group, or a phenyl group substituted by R3iXi in which Xi
isa bond, 0, NHor CH2 and R3i is phenyl, pyridyl or pyrimdyl group
optionally substituted by R3a The cyclic group (Cy) attached to the al pha
carbon is nore preferably an optionally R3a substituted phenyl, pyridyl 18
10 May 2006 (such as pyrid-2-yl, pyrid-3-yl or pyrid-4-yl), thienyl (such
as thien-2-yl or thien-3-yl), thiazolyl (such as thiazol-2-yl,

thi azol - 4-yl whent Rzatsl pBesdnt asaphshyst it a6 BAPEESal )r’inFPi peridi nyl
(such as, piperidin-4-y or_ cycloal kyl, such as-a .5 cycl ohexyl group.
Exanpl esl-tgflspglgrdlﬁgﬁ?ﬂrk%/ﬂ? J@@erGP"RSal%X]éulpﬁydv'égemiﬂwmhphyl, al koxy,
such as a&kﬂkmnﬁnosubph@nyq,(xlwyuahkub@aabodylghaﬁ§noglg4ggﬂﬁylOXy; - al kyl,
such as ﬁﬁ&ﬂ%%a?hoﬁtfyla'or al kyl am noal kyl’, "such as netHyl am nonmet hyl or
di rret hyl am ndnet Ryl Y hy ‘%QQﬁﬁPﬁﬁr ghlexghftyoreor al koxyal kyl :

met hoxynet hyl ; 15 for al koxycarbonyl : met hoxycarbonyl or ethoxycarbonyl;



-for al kyl am nocar bonyl : net hyl am nocar bonyl or dinet hyl am nocar bonyl ;
am nonet hyl, CONH2 or CH2CONH2; (1-6C)al kanoyl am no, such as acetyl am no;
20 for al koxycarbonyl am no: nethonZarbonyIan1no et hox{@dap@fa0é ani no or
t - but oxycar bonyl am no; amino; for.halo: fluoro or chloro; cyano; 25
Z}itro.;.;. thiol; for alkylthio: nethylthio; for alkyl sul phonyl:
nmet hyl sul phonyl or ethyl sul phonyl; for al kyl sul phenyl: nethyl 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 phonyl; 35 for hal gal koxy: trifluoronmethoxy; for haloal kyl :
trifluoromethyl; 19 10 May 2006 for a group of the fornula -C(X3)N(R|)R12
(wherein X3 is 0 or Sand RL1 and R12 are i ndependently selected from .
hydrogencyaﬂ%ﬁrﬂﬁthOéVhyﬁthQ#yi(nyﬂrberhymtdxy;helnyléﬁmﬁﬁbﬁym%mhhg whi ch they
are attaghfgggfyﬂnaadpggg 11 oh h pi peridin-1-yl or 5 norpholino. group:

- CONH2, - ? -%( 'S) ﬁlz -C(S)NHMe, -C(S)N(M)2, _
pyrrolldln J.XHQﬂaPBohylpr?ﬁqnﬂlaﬂ a- Bubgdxnuehmnyh @rsdﬁuﬂyyahlggggrbonyl and

- OCH20- | e t adjacent ring atons in
f@ félééie g g h}g%oge hydroxy,gamlno, (1- ;%;alkoxy,
5 (1-3C)hydroxyalkyl, (1-3C)alkyl, carBoxy, methoxycarbonyl and
ethoxycarbonyl.

Preferably m is 1

For example specific Lp(D)n grbups include |

oo

“U_LO /—\_C\

whereln Rj is hydrogen or (1- GC)alkyl

10

-Preferably Ri 1s hydrogen, methyl or. ethyl
More preferably Ri is hydrogen or methyl. _
- The cyclic group {Cy) attached to the alpha carbon is an
15 optlonally R3a substltuted phenyl, pyrldyl thlenyl ' §

S’

Ehlazdlyl naphthyl, plperldlnyl furanyl, pyrrolyl,
1soxazolyl, 1soth1azolyl pyrazolyl oxazolyl, 1m1dazolyi :  -:?;¥}”
1, 2 ‘4-thiadiazolyl, 1,3, 4-th1ad1azoly1 pyr1m1d1nyl
pyrldaZLny; quinolyl, 1soqu1nolyl benzofuryl, benzothienyl

20 or cygloalkyl group, or a phenyl group substituted by R3jX{ in

: which xi is a bond, O, NH or CHy and R3j is phenyl, pyfidyi or .

pyrimidyl group optionally substituted by R3;. o
.'The cyclic group (Cy) aitadhed to the alpha carbon is
more p;eferably an optiqnaliy R3a substituted phenyl, pyridyl



Preferably X3 is 0. 10 Exanples of nore specific values for R3a‘include
hydr ogen, hydroxyl, nethoxy, ethOXﬁ nmet hyl, ethyl, 15 20 25 30 20

hydr oxynet hyl , car boxy, nethoxynet 9I met hoxycar bonyl , 1&Mag220€ar bonyl ,

met hyl am nocar bonyl , di net hyl ami no-carbonyl, ami nonethyl, CONH2, CH2CONHZ,
acetyl am no, = net hoxycar bonyl am no, ethoxycarbonylamno, t 5

but oxycar bonyl am no, am no, fluoro, chloro, brono, cyan, nitro, thiol,

met hyl t hi.o, met hyl sul phonyl, ethyl sul phonyl; nethyl sul phenyl,

met hyl sul phonyl am do; et hyl sul phonyl am do,. net hyl am nosul phonyl ,

et hyl am nosul phonyl, am nosul phonyl, trifluoronethoxy, trifluoronethyl.,
brono, -OCH2O (which is 10 bonded to two adjacent ring atons in Cy) and
-C(X3)N Rl R12 (wherein X3 is 0 or S and R11 and R12 are independently.

sel ecte AehPAFdSed Y hetP¥idoR -¥l et roritdogeyhes Whiefhyllh@su(ﬂ{ t rogen atom
to whi chstti’rﬁysnaneyat bﬁcﬂeﬂgﬁq_@qe) pyf,{gdl%n-(;ucyl smtperl 9! Rg or

nmor phol tﬁ]ﬂw% ogpg gr&hi rcovalues Terireay ncI ude

hydr ogen, dr oxYE, ©he JOW tﬁ?’ll (guply|as naphtbxynghyl

“car boxylelﬁe%yﬂ:et(hyd:b amtpmpeyﬂdlibenwl,) oet bp@(y@@nggnylsuch a
met hyl_;agg,m;@ NYtou pdl met hyl am no- car bonyl, am nonet hyl, &%42
CH2CONHZ, acetyl am no, 20 net hoxycar bonyl-anmi no, et hoxycar bonyl am no, t-

but oxycar bofJRERLAS, ofpawtiqulasr waledd dow, Rgyamee:-nitro, thiol,
met hyl t hydxogemt: hyl sul phonyl, et hyl sul phonyl, et hyl sul phenyl
met hyl sw%gwl_am do, ethyl sul phonyl am do,

alkoxy, such as methoxy or ethoxy, or aralkyloxy, sucﬁ as
10 benzyloxy;

e alkyl, such as methyl or ethyl or alkylamlnoalkyl, such as
methylaminomethyl or dlmethylamlnomethyl
hydroxymethyl or carboxy;
for alkoxyalkyl:'methoxyﬁethyl;

15 for alkoxycarbonyl: methoxycarbonyl or ethoxycarbonyl;
for alkylam1nocarbonyl methylamlnocarbonyl or
-dimethylaminocarbonyl ;
aminomethyl, CONH, or CHCONHj ;

(1-6C)alkanoylamino, such as acetylamino;

20 for alkoxycarbonylamino: methoxycarbonylamino,
gthoxycarbonylamino or t-butoxycarbonylamino;
amino; _ _
for halo: fluoro or chloro;
cyano; |

- 25 gitros.

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

30 for alkylsulphonamldo. methylsulphonylamido or
ethylsulphonylamido;
for alkylamlnosulphonyl methylam1nosu1phony1 or
ethylamlnosulphonyl-
aminosulphonyl ; ' :

35 for h&lgalkoky: trifluoromethoxy;
for haloalkyl: trifluoromethyl;



met hyl am nosul phonyl , et hyl am nosul phonyl, ami nosul phonyl, 25
trifluoronmethoxy and trifluoronethyl. Preferably R3a is hydrogen, hydroxyl,
met hoxy, nethyl, amino, fluoro, chf%ro, et hyl sul phonyl anioay aooaio or

met hyl am nocar bonyl . Preferably Cy is selected from. 30 21 5 J May 2006

.40 erein 10 X is selected fromQO *S and NMe; X '' is selected fromO and
S; X' or is selected fromO, S, NH and NMe; Y' is selected from hydrogen,
amno and.nmethyl;" Ro is selected from hydrogen, methyl, fluoro, chloro, 15

triluoronethyl, methoxy, methylthio, nethylsul phinyl and nethyl sul phonyl;
Rmis selected from hydrogen, nmethyl, fluoro, chloro, trifluoronethyl;
met hoxy, nethylthio, nethylsul phinyl, 22 10 May 2006 net hyl suphonyl

car boxy, methoxycarbonyl and a group of the forrmula -C(X3)N(RLl1l)R12

(wherei ng IS, r nd R11 and R12. are_independently. selected from -
hydr ogen,ggsa ﬁrgugrotgt 1 ogetha N (R R} he(whietreager3 af o L Whi ch

they are® ;ft"FaBdeand @M aneyindépehdent1y! seﬁlﬁ ‘#r%?nlin}fclifor mor phol i no
| group); mefdhyil S §€ﬂf¥$‘3i‘Ek%%hﬁ¥9r§4¥H1tﬁgdniéégégd.aggm to wz?::'
: ~they are attached. form a pyrrolidin-i-yi1, piperidih-l-yl or

5 worpholino group: -CONH,, -CONHMe, -CbN(Me)z, ~C(S)NH,

-C(S)NHMe, ~-C(S)N(Me) 5, pyrrolidin—l-ylcarbonyi, piperidin-l-

ylcarbonyl or morpholinocarbonyl; and |

~OCH20- which is'bonded to two adjacent ring atomé in Cy.

Preferably x3 is o.

1o Examples of more specific values for R3, include

hydrogen, hydroxyl, methoxy, eéthoxy, methyl, ethyl,

1s . ..

20

30



Ro and Rmor Rmand Rp forman -OCH2O- group; or Ro and Rmtogether with
the ring to which they are attached 10 forma S or 6 nenbered aryl or

het eroaryl ring (wherein the hete?@ary ring contains 1 d0¢23n222&o0atons
.selected from nitrogen, oxygen and sufur); -one of Rol and Rot is hydrogen
and the other is Ro. . Mre preferably Cy is selected from phenyl
(optionally 15 substituted by nethyl, ethyl, prop-2-yl, phenoxy, hydroxy,
et hoxy, benzyl oxy, prop-2-yloxy, nitro, am no, acetylam no,

met hyl sul fonyl ami no, di methyl am no, chloro, nmethoxy, trifluoronethyl,

net hyl &xy@twhsuaseﬂa , Infldd XYk h 10,me:£tﬁﬁyéa%»sh§yl fonyl ,

am nesul f onyl car bamoyl )" pyridyl, 2 hlenyl furanyl , |n1dazolyl
th|azo?§¥°¥Xﬁﬂﬁhﬁﬁ¥FPyme§ RRRCAFDERY A i A9t sHpRY Farhberyli nol i nyl and
qui nol s¥homeldly170EONR ef@‘in;gcfﬁ LOhcktysahfied ed from phenyl, 2

chl orophenyl, 2- et hox§phe 2 carbannylphenyl pyri d- 2- yI .. 25

" pyrid-me xxgannenxlymln@h|Q#hQﬁxﬂarbpnyéﬁm%pqm tTlJran 2-yl, furan-3-yi,

i m dgzghe 3%?’arbbﬂ&§5ﬂhng yéTxﬁénffTNoré y&hl?f3“ M nio?~ ¥ angaphthyl

I soqui nol i I soqui nol i n-"8-y1, ui nol i n-4- quf . nol i n-5- yI and

qui nolnhtlsilylthlglheF\GERHh‘Eillfé& mebhanlae%ph@myloy %héflﬁuéphm;ohenyl - 4N 30.

ge;rﬁgrogﬁﬂﬂﬂﬁ' L=3n’?’#uoro't\hh Eﬁ%h%?gggggag%%hdé%lpﬁsé?oxyp enyI

4-i netﬂ@&wwsulpbanbbxy mwamlaoselmrgm P mnynbaninbpﬁuehyl
2- et hy AR di daﬁﬁ Qp cl ohexyl ,
napht h- %$£% me§§$kﬁ1not$?%€§q -4 y h Zﬂ?éT oro bt \ 3'3 10 Nhy

h
20080 bonded to two adjacent ring atoms in Cy) and -c(x3 ¥N(R 1)Ri
(wherein X3 is O or S and R11 and R!? 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-1i-yl or wmorpholino group). |

15 More examples of specific values for R3j include
hydrogen, hydroxyl, methoxy, ethoky, methyl, ethyl,
hydroxymeﬁhyl, carboxy, methoxymethyl, methoxycarbonyl,
ethoxycarbonyl, methylaminocarbonyl, dimethylamino-carbonyl,
aminomethyl, CONH,, CH,CONH,, acetylamino,

20 methoxycérbonylamino, ethoxycarbonylamino, t-
butoxycarbonylamino, amino, fluoro, chloro, cyano, nitro,
thiol, methylthio, methylsulphonyl, ethylsulphonyl,
methylsuiphenyl, methylsulphonylamido,_ethylsulphonylamido,
methylaminosulphonyl, ethylaminosulphonyl, aminosulphonyl}.

25 téif;quomephoxj and trifluoromethyl. .
Preférably;R3a is hydrogen, hydroxyl, methoxy, meﬁhyl,'
.amino, fluoré, chloro, ethylsulphonylamino,'amido or
wethylaminocarbonyl.
Preferably Cy is selected from:
30



net hyl t hi ophenyl, 2-nethyl sul phonyl phenyl-, 3-bronophenyl, 3- cyanophenyl
and benzo(bithi ophen-3-yl. Yet nnrg preferably Cy is, selected from phenyl,

2 5 chl orophenyl, 2-nethoxyphenyl, 3= =car banmoyl phenyl , pyrd #«3-2006
pyrid-4-yl, thien-2-y|,nthien-3-yl, furan-2-yl, furan-3-y|, i m dazol - 2-yl,
t hi azol - 2-yl, thiazol=-yl, thiazol-5-yl and quinolin-4-yl. Mst
preferably, Cy is selected from phenyl, 2- 10 net hoxyphenyl, _
4- car banoyl phenyl and pyrid-2-yl. Mst preferably Cy is phenyl. In another
aspect R2 represents: (i) phenyl optionally being substituted in the 3
and/or 4 position by halo, nitro, thiol, hal oal koxy, hydrazido, 15

al kyt'hydrazi do, am no, cyano, hal oal kyl, al kylthio, alkenyl, alkynyl,
acylam no, tri or difluoronethoxy, carboxy, acyloxy, MS02- or R1, and .
optionally substituted at'the 6 position. by am no, hydroxy, halo, alkyl,
car boxy, al koxycarbonyl, cyano, am do, am noal kyl, al koxy or al kylthio; 20
(ii) nap ht-b-2- 1t ... y op ionally substituted at the 6 or 7 position
by hal o, ‘hal oal koxy, hal oal kyl, cyano, nitro, am no, hydrazido, alkylthio,
al kenyl, alkynyl or R and optionally. substituted at the 3 position by

am no, hydroxy, hal o,. al kyl, carboxy, cyano anido am noal kyl, -al koxy or
al kyl thio; 25 (||| R, |squ|noI| -7+ yl i mdol - , indol-6-yl, indazol
5-yl, indazol -6-yl ] bengot hi azok¥. 6- or ben2| xazol 5-.yl ppptlonally
sybstltuted at t tion by o, hal oal kox hanaIkyI cyan,
nitro, am no, hyg L. al%{ aIkenyI \\ X
R |
’ S ": : Xm
z_\}\ | Q 7
x7 “Re Ro%E /7/
- S I;,,"< \N I \ R“-.
A/ N/ N
N—N N 4
) bd %
= = =N
= s _ or =
S w§ere1n _ _
10 X' is selected frem 0, S and NMe;
X'+ 1is selected from O and S;

X''* is selected from O, S, NH and NMe;
Y is selected from hydrogen, amino and methyl;"
R, is selected from hydrogen, methyl, fluoro, chloro,
15 trlfluoromethyl methoxy, methylthlo, methylsulphinyl and '
methylsulphonyl
Ry is selected from hydrogen, methyl fluorxo, chloro,
| trifluoromethyl methoxy, methylthlo, methylsulphlnyl



al kynyl or R j; 30 (iv) benzim dazol-5-yl or benzothiazol -6-yl optionally
substituted at the 2 position by amno; (v) thien-2-yl or thien-3-yl
optionally substituted at the 4 o025 position by hal o, HaNay 2058y,

hal oal kyl , cyan, nitro, am no, hydrazido, alkylthio, alkenyl, alkynyl or
R1; 35 (vi) 3, 4-nethyl enedi oxyphenyl, 2, 3-di hydroi ndol -6-yl,

3. 13-di chl oro-2- oxo-i ndol - 6-yl or 1-nethyl-3-am noindazol-5-yl; 24 10 May .
2006 (vii) benzgthiazol-2-yl, imdazo[l,2-a]pyrimdin-2-yl or
tetrahydroi m dazo[ 1, 2-al pyrimdin-2-yl; (viii) pyrazol-2-yl optionally

- subst i&émgdlsajpﬁdmgw caeisj.j,ﬁ om\ézymlts)tgb@rb&a}l 2 D. alaidmlxgrobgl oflthd , cyano,
nitroe, am no, a thio,_,al kepyl, a or

pyri d- Byl qfﬁa¥P§R£iké; {ﬁﬁéfeéP Fiels Q8% & Bﬁ H?Wg%ﬂhaloalkoxy,
hal oal kyé ,nﬁi@_%fénd@hi:l? s@ledBd £l a;aﬂlége@,l k:)éthbu.%raéknwlqr al kynyl or

RI; (x) pyrid-3-yl optionally substituted at the 6 position 10 by hal o,
haloalkoxy hal oal kyl, cyano, nitro, amno, hydrazido, alkylthio, alkenyl,

gl kyglytogéttf&?'ljr wixh) tﬁerﬁﬂﬁbkfg{(éﬁ )éltoﬁp%boﬁﬁid:ly tsxdgefah:buhedaamed heI E | pos: L ion
y am no I ox al 0 car, boxy, ano, a Yy al Koxy
or aIk§?¥%|§)9¥ﬁ£&%¥dﬁﬁe15Y{w ﬁépﬁglabgl%lg Wﬂ£9§°qhﬁPogfﬂ "hal oal kyl ,

cyano, g, Zglié GeldEtRd, frondhiydician ahlyElhoPe; adkenyl, al, kynyl or RLJ; (Xii)

i ndol - optionally substituted on _the indol e nltrogen at om by aIkyI and

opt i on&bl%n%lfhstqrt Bre@ngtRp Hem® G -8CH2Q7 {9%R By %%al o, hal oal koxy,

hal oal kg hraQ, w2bh AN Ginhy €6 aghfeh @dyy bicBi arraékanyl, al kynyl
or (X|||3 I ndol yl substituted. at the 5 position, by am no,
' form a membered aryl or heterocaryl ring (wherein’the

heteroary-ring contains 1 or 2 heteroatoms selected from
nitrogen, oxygen and sufur),
-one of Rp; and Ry is hydrogen and the other is Ro.

More preferably Cy is selected from phenyl (optionally

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*butyltﬁio,
tert-butylsulfonyl, aminosulfonyl or cafbamoyl), pyridyl,

20 thienyl, furanyl, imidazolyl, thiazolyl (optionally
substituted by amino), napththyl,'isoquinolinyl and
quinolinyl. ' . _

| . Yet more preférably, Cy is selectéd from phenyl; 2-
chlofophenyl, 2-methoxyphenyl, 4-carbamoylphenyl, pyrid-2-yl,

.25 pzxiﬁﬁg:yl,;pyride4-yl, thien-2-yl, thien-3-yl, furan-2-y1,
furan-3-yl, imidazol-2-yl, thiazol-2-yl, thiazol-4-yl,
thiazol-5-y1, naphthyl,'isoquinolin-s—yl, iéoquinolin—e-yl,
quinolin-4-yl, quinolin-5-yl, and quinolin-8-yl.

Other exampleé of values for Cy are 4-aminophenyl; 4-N-

30. methylamidophenyl, 4-(N,N-dimethyl)amidophenyl, 2--

. methylphenyl) z;fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
4-hydroxyphenyl 4-methoxypheny1 4-carboxyphenyl, 3- |
ethylsulphonylamlnophenyl 2-methy1th1azol 4-yl, 1-
methylplperldln 4-yl, cyclopentyl cyclohexyl naphth 1—y1 2-



hydr oxy, halo (such ae..fluoro or chloro),.alky], car boxy, al koxycarbonyl,

cyano,
at the
nitro,

cyano,

Exanpl e&m@:fxodiﬁratzb‘i ubayy vad Uuss chQby

am do, am noal kyl, al koxy or,

3 position by halo (such as 235 chl oro), hal oal koxy) Magl2686ky!| ,
Lxi v),

benzo[ b] t hi ophen-2-yl optionally substituted at the 3 position by am no,
hydr oxy, hal o, al kyl, carboxy, cyano, am do, am noal kyl, al koxy or
al kylthio. and at the 5 or 6 30 position by hal o, hal oal koxy, hal oal kyl,

am no, hydrazido, alkylthio, alkenyl, alkynyl or Rij; or

nitro, amno, hydrazido, alkylthio, alkenyl, alkynyl or

| are: “for Ealo oro chloro, brdﬁ%gﬁﬁhkugg§f ég nitro; thiol;

2006 fof¢

aIkyIhydyanmphrnyﬁeahglwgnhdmhldhiopﬁﬁhAysy15 cyano; for hanaIkyI
trifluoronetyyl th| : th |thiq; for alkeny vinyl; for
al kynyl : ]t?t h’}%"yf“o Ifof'?géé%écy Ya ' ganPFﬂ}“ p%?ﬁox? for acyl oxy:

acet oRy€

10

15

20

25

30

35

PERRNGRYL . f%erﬂhenyphnsvhyl4<ﬂarbah9Ylpheny1 pyrid-2-yl,
pyrid-4-yl, thien-2-yl, thien-3-yl, furan- 2-yl, furan-3-yl,
imidazol—zfyl, thiazol-2-yl, thiazol=¢-yl, thiazol-5-yl and
quinolin-4-yl. '

Most préferably, Cy is selected from phenyl, 2-
méthoxyphenyl, 4-carbamoylphenyl and pyrid-2-yl.

Most preferably Cy is phenyl.

In another aspect Ry represents:

(i) phenyl optionally.being substituted in the 3 and/or
4 position by halo, nitro, thiol, haloalkoxy, hydrazido,
alkylhydrazido, amino, cyano, haloalkyl, alkylthio, alkenyl
alkynyl, acylamino, tri or dlfluoromethoxy, carboxy, acyloxy,

R1j .
25 10

Eﬁ%ﬁQIQB ?“Yh1f?tﬂﬁ%&W%FHEREDQ%lPPPPY1uo?thﬁﬂﬂﬂ@bynylhyﬂfa2|do

MeSO3- or R;, and optionally substituted at the ¢ position by
: amino, hydroxy, halo, alkyl, carboxy, alkoxycarbonyl cyano,

amido, aminoalkyl, alkoxy or alkylthio; : :
(ii) naphth-2-y1 optionally substituted at the 6 or 7
position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl alkynyl or Rjj and optlonally
substituted at the 3 pos1t10n by amino, hydroxy, halo, alkyl
carboxy, cyano, ‘amido, am1noa1ky1 alkoxy or alkylthio;

(iii) isoquinolin-7- -yl, indol-s- yl indol-6-yl, indazol-

‘5- yl, indazol- 6-yl, benzothiazol-é6- yl or benzisoxazol - 5-yl
Pptionally substltuted at the 3 position by halo, haloalkoxy;
haloalkyl, cyano, nitro, amino, hydra21do, alkylthlo, alkenyl
alkynyl or RIJ,

(iv} benzimidazol-5-yl or benzothiazol-§- -yl optlonally
substituted at the 2 position by amino;

(v) thien-2-yl or thien-3 3-yl optionally substltuted at
the 4 or 5§ position by halo, haloalkoxy, haloalkyl, cyano,
nitro, amino, hydrazido, alkylthio, alkenyl, alkynyl or Rl,

(vi) 3, 4-methy1enedloxypheny1 2,3-dihydroindol-6- yl
3,3-dichloro-2-oxo-indol-¢- -yl or 1-methyl-3- am1n01ndazol-5—yi-

re

!

al kylthio and optionally substituted

cyan,

at may be present on R2

May
for



15 ami do (CONH2); for am noal kyl': am nomethyl; and for al koxy: methoxy or
et hoxy. Preferably R2 is optionall é substituted by 1 or 2 substituents

sel ected fromfluoro, chloro, amnd4 met hyl, 20 ethyl angmMetivosy- _
Exanpl es of particular values for Rl are:. hydr ogen; hydroxy; for-al koxy:
nmet hoxy or ethoxy; 25 alkyl, such as nethyl or ethyl, alkylam noal kyl, such
as Vi nmet hyl ami nonet hyl, or al kanoyl, such as acetyl:; for hydroxyal kyl :
hydroxynet hyl ; for al koxyal kyl : net hoxynet hyl; for al koxycar bonyl :

met hoxycar bonyl ; 30 for al kyl am nocar bonyl met hyl am nocar bonyl for

| kyl am nos- O boxy

2ar %eiyngﬁhy{lﬁ g% %é%{ﬂ—?]a?& i'&d (c;f %%ﬂggg}a 1é‘sao¥i(p°a‘?t I cul ar
val ues FSFrﬂljdré’rlE“daB'B[hy?jTaﬂg%’ﬁl‘“?‘@H?‘@ YZG 10 May - 2006 for al koxy:

net hoxy or ewlaxy pkkybl - 3uah opeiomidy sabs€ititea Mt @hkagoyl, such- as

et gk Sy ORI DU o T ol L et horymet v S
et hyl &rbydragiddi,neikylthimo;alkeayboxadkynylcar xynet hyl ; and o
(ix) pyrid-2-yl optionally substituted at the 5 position
by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
. hydrazido,.alkylthio, alkenyl, alkynyl or R;;
(x) pyrid-3-yl optionally substituted at the 6 position
10 by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Rq;

(xi) benzofur-2-yl optionally substituted at the 3
position by amino, hydroxy, halo, alkyl, carboxy, cyano,
amido, aminoalkyl, alkoxy or alkylthio and at the S or 6

15 position by halo, haloalkoxy, haloalkyl, cyano, nltro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Ry

(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, cyano, nitro,
20 amino, hydrazido, alkylthio, alkenyl, alkynyl or Ryj:

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

25 chloro), haloalkoxy, haloalkyl, cyano, nitro, amiro,
“hydrazido, alkylthio, alkenyl, alkynyl or Ryji or
< .-ixlv) benzo (b} thiophen-2-yl optionally substltuted at the
3 p081t10n by amino, hydroxy, halo, alkyl, carboxy, cyano,
amido, aminoalkyl, alkoxy or alkylthio and at the S or 6

30 position by halo, haloalkoxy, haloalkyl, cyano, nitro, am1no,
hydrazido, alkylthlo, alkenyl, alkynyl or Ry5.

Examples of particular values for substituents that may
be present on R, are:
for halo: fluoro, chloro, bromo or 1odo-

is nitro;.
thiol;



am do . (CONH2) or ahidonethyl In yet another aspect R2 represents: 10 (i)
phenyl optionally being substituted in the 3 and/or. 4 position by fluoro,
chloro,, brono, iodo, nitro, dlflu8$onethoxy, trifl uorompd Mayo0en no,
cyano, 15 20 . 25 30 27 10 May 2006 trifluoronethyl, nmethylthio, vinyl,
car boxy, acdtoxy, MS02-, hydroxy, nethoxy, ethoxy;-nethyl, '
nmet hoxycar bonyl, nethyl am no, ethylam no or am do, and.optionally
substituted at the 6 position by am no, hydroxy, fluoro, nethoxycarbonyl,
5 cyano or am nonet hyl (preferably phenyl substituted in the 4 position by
chloro, am no, vinyl, nmethylam no, nmethyl or -methoxy, optionally at the 3
position with am no. or hydroxy, and optionally at the 6 position with
anmi no orfdyy Haboadkoxyi:i JifkywhtdmeRhyky apt iteial byrsmdididdyyt ed at the 6, 10
posi ti omyrabygs oXy and optionally substituted at the 3 position by am no
or hydr oxy; illl) i soqui nolin-7-yl, indol-5-yl, indol-6-yl, indazol- 5-yl,
i ndazol -%¢%- ¢ kykﬂﬁﬁﬁﬁﬁhﬁazCWQQ¥¥}PY6Fa%ﬂ9@Z|soxazol 5-yl optlonally :
substltumﬁdoat the 3 position by chloro, bronmo, is am no, nethyl or methoxy
prefq;gggﬁ indol -6-yl1l optionally substituted at the 3 position by chloro,
br oo [ or nmet hox i; (iv) benzinidazol-5.-yl or benzothi azol -6-yl
opti onali%F §lﬂﬁ&hﬂiﬂt§§l uqnemethybsi ti on* by amino; 20 (v) thien-2-yl or
thi en- 3-adr apkymal:ymethpidiiv;ed at
for alkenyl: vinyl;
for alkynyl: ethynyl}
10 for acylamino: acetylamino;
e carboxy;
for acyloxy: acetoxy;
hydroxy;
for alkyl: methyl or ethyl;
.15 amido (CONHz)-;
for aminoalkyl: aminomethyl; and
. for alkoxy: methoxy or ethoxy.
Preferably Ry is optionally substituted by 1 or 2
substituents selected from fluoro, chloro, amino, methyl
20 ethyl and methoxy . '

f

Examples of particuiar values foxr R; 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: methylaminocarboﬁyl;'
for alkylamino: methylamino, ethylamino or-dimethylamiﬁo;
carboxyl or carboxymethyl; and
.amldo (CONH3) or am1domethyl
| Examples of particular values for le are:
35 hydrogen,
 hydroxy;



the 4 or 5 position by nethylthio, nmethyl or acetyl; -(vi)

3, 4- met hyl enedi oxyphenyl , 2, 3- dlhygé0|ndol 6-vyl,

3, 3-d-i-chl oro-2-oxo-indol - 6- y| met hyl - 3- an1n0|ndaztmwﬁwﬁm96 (vii)
benzot hi azol - 2-yl, i mdazo(l,2-a)pyrimdin-2-yl er 25 . | i i
tetrahydroinidazo(l,z-aprrinldln 2-yl; (viii) pyrazol-2- yI substltuted at
the S position by nethyl; (ix) S—chloropyrid-z-yl; (x) pyri.d-3-yl or
6-chl oropyrid-3-yl; .30 (xi) benzofur-2-yl, 5-chlorobenzofur-2-yl, 3-

met hyl benzof ur-2-yl, 5-nethyl benzofur-2-yl or 6- netho.xybenzofur-2-yl; 28
10 May 2006 (xii) indol-2-yl optionally substituted on :the indole

ni t rogen atom by nethyl and optionally substituted at the 5 orm 6 position
by fluoro, chloro, brono,,nmethyl or methoxy; (xiii) indol-6-yl substltuted
at t he Sopaslikoxgn nbgthdﬁqcmxoeehoﬂvporo or hydr oxy and optionally

substit a e h or o ; (xiv
benzo[bi%h op%g%nzaginop Hbﬁ%le'%Ub§Fl?b¥@H¥§t Pﬁgh §3p6§?%me by fl uoro,
chloro ?rrﬂﬁﬂﬁyﬁYab#Eﬂtuhﬁdnmavmgthﬁinst|tuted at the 5 or 6' position by

fl uoro, f6hl Ko gpi P! mecHox gﬁﬁ%?/ or nethoxy. Particular values for R2

are: p -anlnophenyl ‘anmi nophenyl , 2-ani no-4- fl uorophenyl,
2- anlnoké 43%8%¥s Y15 methoxyoarhony Roydphenyl ,  2- ani no- 4- net hyl phenyi ,
3, 4- di afPnaikydghning: amtmylémiﬁof Ietmiwahﬁwlor FiaBtAP14mER Or ophenyl
3- anlnocgrgg pegg%P?ﬁfa TO 4<pydroxyphenyl

h

3-am no- 4- car box - am no- 4- et hylphenyl
3- am no?®BiRtR8 phé?f?lamlz‘ompﬁblfbphenyl

In yet another aspect R; represents:

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

difluoromethoxy, trifluoromethoxy, amino, cyano,

15

20
" 25 o R

30



4-fl uoro-3-cyanophenyl, 3-chlorophenyl, 3-chloro-4- hydroxyphenyl,

4- chl orophenyl, 4-chl oro-2-hydroxyphenyl, 4 20 chl oro- 3-hydroxyphenyl,

4- chl or o- 3- et hyl phenyl 4-ch|oro-§5'nethoxyphenyl, 4-Dbr g

4- br ono- 3- net hyl phenyl, 4- iodophenyl, 2-cyanophenyl, 3- cyanophenyl

4- cyanophenyl , 2-- hydroxyphenyl, 2-hydroxy-4-nmethoxyphenyl,

3- hydroxyphenyl , 3- hydroxy-4-net hyl phenyl, 2,4-dihydroxypheny|, 3,4 25

di hydr oxyphenyl , 3-hydroxy-4-met hoxyphenyl, 4- difl uoromnmet hoxyphenyl,
4-trifluoromet hoxyphenyl,.4- triluoronethyl phenyl, 4-nmethylthiophenyl, 4-
met hoxycar bonyl phenyl , 4-acet oxyphenyl, 4- nethanesul f onyl phenyl ,

3- met-hyl phenyl ., 4-nethyl phenyl, 4 30:vinyl phenyl, 4-methoxyphenyl, 4 29 10
May 2006 et hoxyphenyl, 4-nmethoxy-3-chl orophenyl, "4-methoxy- 3- _
met hyl phenyl , 3- nethylan1no henyl , 4-nethy. Ianlnophenyl 4-
ethylanlﬁGﬁﬁ§#®M°Wﬁthzlanﬂﬁ6gi%¥BAQJhéh@ﬂla CREpORRp dE DRy, MeSO, -,

3-ani non dr p t or droxynapht h-2-yl; (iii)
I soqui noaﬂl@,Ia gx’i’l XAEthg”%qyy Qﬁf‘?ﬁl Pl" or‘§]6'- W?ékgxy%?ﬁ%‘%/'b‘fhdol 6-yl,

3- br onoi mnysaryino.samnymnqmn @Wﬂq. Z&ndmaphbmya]rﬂols\ﬁsyglltu&émazol -5-yl,

3-am noi ndagRs-& ﬁgmtllq,ql,ag?l {5,,%/ Bg azo%PJé nré’tﬂoxycarbonyl

3-am nobenzi soxazol - 5-
2- am nob&Y2Pfi &%m}uwthyér (Pmeblw @ilshyﬁ qlhbst(m-)uttelm an- Ehequ,

5- et hyl cHaoRt h ty
S O G T S e e S G R

3, 3- di chiMstBoRy.0xaptiionallly- gk the 13- petition3with naiitazel hjdybsy, (Vii)
‘benzot hi el oge #dnaihy 432eht. & RN o Ur 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) isoquinolin-7-yl, indol-5-yl, indol-6-yl, i.ndazolé
S5-yl, indazol-6-y1 benzothiazol-6-yl or benzisoxazol-s-yl
‘optionally substituted at the 3 position by chloro, bromo,
_ls 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 benzothlazol 6-yl optionally

substituted at the 2 position by amino;

20 (v) thien~2-yl or thien-3- -yl optlonally substituted at

— the 4 or 5 p051t10n by methylthio, methyl or acetyl;
{vi) 3, 4—methylenedxoxypheny1 2,3~ dlhydr01ndol ~6b-yl,
w3, 3~d1chloro 2~oxo indol~-6-yl or l-methyl- 3-am1n01ndazol 5~ 91.
{vii) benzothlazol 2-yl, 1m1dazo[1,2-a]pyrxm1d1n~2-yl or
% tetrahydroimidazo({1l,2-alpyrimidin-2- -yl;

{viii) pyrazol-2- yl subst1tuted at the S p051t10n by
methyl;
T (ix) 5'-chloropyrid-2~yl;
(x) pyrid-3-yl or 6-chloropyrid-3-yl;
30 o {xi) b'enzofu;:-z-yl, 5-chlorobenzofur-2-y1, 3-
methylbenzq'fur'—z-yl, S-methylﬁenzofur—-z-yl or 6- |
meth_o.gﬁc‘ybenzofqr-—Z-yl;



tetrahyd
5-chl oro
benzof ur
5- et hyl
5-fluoro
5- nmet hyx
5-fluoro
‘benzo.[b
~is selec
(A)-(C
(except
met hyl ,

hydr ogen,

fornmul a

15

roi mdazo(1, 2-a]pyrimdin-2-yl; (viii) .5-nmethyl pyrazol-2-yl;

pyrid-2-yl; 20 (x) pyrld 3- gl 6-chl oropyrid-3-yl; (xi)
-2-yl, 5-chl orobenzofur-2 3- net hyl benzof ur - My 2006
benzof ur-2-yl, 6-nethoxybenzofur- 2-yi; (xii) indol-2-yl,
i ndol -2-yl, 5-chloroindol-2-yl,. 25 5-netfylindol-2-yl,

i ndol -2-yl,' 6-met hoxyi ndol -2-yl. and 1-methyl -i ndol -2-yl ;"

i.ndol -6-yl; or (xiv) benzo(b]thiophen-2-yl, 5-chloro-

(i x)

(XTiT) -

] t hi ophen- 2-yl or 6-chl orobenzo(b]thiophen-2-yl. 30 Preferably, R2
ted fromone of the fornulae (A') to (G) : 301 10 May 2006 R15

) (E') (0') . (G ' erein R13 is selected from hydrogen,

fluoro

"“tor (CQ), chloro or nethyl and R14 is selected from hydrogen.,

ethyl, fluoro, chloro, and methoxy and $ RIL5 is selected.
methyl, fluoro, chloro. ‘and amino. Mre preferably, R2 is of the

A) . e
(A) (xgwn { dong-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 Slposition by

¢chloro, fluoro or hydroky and optionally substituted at the 3

position by chloro or methyl; or

(xiv) benzo[b]thiophen-z-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,
hydroxy, or methoxy.

Particular values for Ry are:-

(i) phenyl, 2-aminophenyl, 3—amiﬁophenYl, 2-amino-4-
fluorophenyl, 2-~amino-4-chlorophenyl, 2—amino—4-nitrophenyl,
2-amino-4-methylphenyl, 3,4-diaminophenyl, 3-amino-4-

fluorophenyl, 3-amino-4-chlorophenyl, 3-amino-4-bromophenyl,

~ 3-amino-4-hydroxyphenyl, 3-am1no—4-carboxymethylphenyl, 3-

20

d‘\

amino-4-methylphenyl, 3- -amirio- 4-methoxyphenyl 2- fluorophenyl,
4-fluoro-3-cyanophenyl, 3-chlorophenyl, 3-chloro-4-
hydroxyphenyl, 4-chlorophenyl, 4-chloro-2-hydroxyphenyl, 4-

- culoro—3—hydroxyphenyl, 4-ch10ro?3-methylphenyl, 4-chloro- 3-

methoxyphenyl, 4- -bromophenyl, 4-bromo-3—methy1phenyl, 4-
1odo§henyl 2-cyanophenyl, 3- -cyanophenyl, 4-cyanophenyl, 2-.
hydroxyphenyl 2= hydroxy-4-methoxyphenyl 3~ hydroxyphenyl 3-

_hydroxy 4-methylphenyl, 2, 4-dihydroxyphenyl, 3,4-

25

30

d1hydroxypheny1 3- hydroxy- -methoxyphenyl, 4-
difluoromethoxyphenyl, 4- trlfluoromethoxyphenyl 4~
trxfluoromethylphenyl, 4-methylthiophenyl, 4-
methoxycarbonylphenyl, 4~acetoxyphenyl, 4-
methanesulfonylphenyl, 3-méthy1pheny1, 4-methylphenyl, 4-

vinylphenyl, 4-methoxyphenyl, 4-

from-



4 is selected from hydrogen, nethyl, ethyl,. fluoro, chloro, and nethoxy
and R15 is selected fron1hydrogen,§£¥thyl, fluoro, 10 chloro and .am no) or
of the formula (B') (wherein R13 i chloro) or of the fotOhapn200)
(wherein R13 is selected.. from hydrogen, nethyl and chloro) or of the
formula (D) (wherein R13-is selected from hydrogen, nethyl, fluoro and
chloro) or 31 10 May 2006 of the fornmula (E') (wherein R13 is hydrogen) or .
of the formula (G) (wherein R13 is chloro). Yet nore preferably, R2is

4- chl or ophenyl, 4- nethoxyphenyl 3-am no- 4-chl or ophenyl, -indol-2-yl, 5- 5
chl or oi ndol -2-yl, indol - 6 yl, chlor0|ndol 6-yl or 3- nethyllndol 6-yl .

Anot her p r 3- enzi soxazol -5-yl . Yet
mor e preﬁéﬁggﬁﬁﬁbﬁg% I %ﬁh f%p%ﬁfggfgfﬁyl .% ?£°5%d}R13 R14 and R15 are
as defi néﬂfthé%@?ﬂaﬁové‘mf@hwbsmnmmfeevhbl@rmeRByilambn‘no[bHsmxy‘lqr gula (A') and

R14 is qgmegMiﬁggiégyi bs BY dﬂﬁﬁ@tﬂiéﬁgrﬁﬁe formula (C) and R13 is

hydrogen, methyl chl oro. d conpound of the present -
i nvention is 6%%9(ﬂaﬂﬂﬁé‘?ovhul%rammboﬁﬁphth—ZCle-3€hﬁdr&ﬂ#ﬁ&88tmhpreln Qy. and

R2 are ﬁsylheglm%x%fabﬂgq._zﬁylgr eferred conpound of the present invention

is of the fornula: )
(111) 1soquinolln-7~y1, 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—aminoindazol¥5~yl,.indazol—
6-yl, benzothiazol-6-yl, 3-aminobenzisoxazol 5- yi,
10 (iv) benzimidazol-5-y1, 2-am1noben21m1dazol 5- yl, or
. benzothiazol-6-yl;
(v) thien-2-yl, S5-methylthien-2-yl, S-methylthio-thien-2-
yl, 5-acetylthien-2-yl or thien-3~-yl1;
(vi) 3,4-methylenedioxyphenyl . 2,3-dihydroindol-6-y1,
15 3,3-dichloro-2-oxo-indol—6-y1 or l-methyl-3-aminoindazol-5-y1;
(vii) benzothiazol-2-yl, imidazo{l,2-alpyrimidin-2-yl or
tetrahydroimidazo[l,2—a]pyrimidin-2—yl;
(viii) S-methylpyrazol-2-yl;
(ix) 5-chloropyrid-2-yl;
20 (x} pyrid-3-yl, 6-chloropyrid-3-yl;
(xi) benzofur-2-yl, 5- chiorobenzofur 2-yl, 3-
methylbenzofur—z-yl S-methylbenzofur 2-yl G—methoxybenzofur-
' 2 -yi; .
(xii) indol-2- -yl, 5- fluor01ndol =2-yl, 5-chléroindol-2-yl, :

25 “5-methylindol - -2~-yl, S-methoxlndol 2 -yl, 6-methoxy1ndol 2~ -yl
and l-methyl-indol- -2-y1;

(xiii) S-fluor01ndol-6-y1; or
{xiv) benzo(b] thiophen-2- -yl, S-chloro- benzo[b] thiophen-
2-yl or 6- chlorobenzo[b]thlophen ~2-yl.

30 Preferably, Ry is selected from one of the fotmulée (A*)
to (G'):



HGOR 2 2 0 wherein cy R2 and Rc are as herei nabove defined. Especial
menti on nmay be nade of:

1- (I ndol e- 6- car bonyl - D- phenyl gl yci ggl ) - 4- [ 2- (4- pyri di nyl10-May 2006 _
et hyl ] pi perazi ne; 25 1-(3-Chl oroi ndol e-6-car bonyl - D- phenyl gl yci nyl )- 4- [2-
(4-pyridinyl) etliyl]piperazine;

1- (4- Met hoxybenzoyl - D-phenngIyC|nyI) 4 (1- nethylplperldln 4- yl)

. pi perazine; 10 May 2006 32

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

yl-) pi perazi ne; 1-(4-Methoxybenzoyl -D-(2-chl orophenyl)glycinyl)-4.-(1-methyl
- piperidin-4-yl)piperazine; 5

1- (I ndol e- 6-car bonyl - D- (2- chl or ophenyl ) gl yci nyl ) --4-(1- nethyl

“pi peridin-4-yl)pi perazine; and

1- (4- Met hoxybenzoyl - D-(2-tri fl uor omet hyl phegy! ) gl yci nyl ) - 4-(1- :

met hyl pi peridin-4-yl)piperazine; and physi o{*gi cal | y- tolerable salts

t hereof. 10 glnds in tRis up_have beel. found to have good or al
exposure and “}55|rable p 9;§§f§r6§|cal/to / dal profile. "The
conpoundg, ot T i i enti-onal chem cal-
synthetlc ‘outgs or by routes as 15 illustr ed 5y tRe foll owi ng exanples
The conpounds @, th&AJornula (1) neflbe prepared by fcwévng the -X-X- bond
fronlapproprlate intermedi ates. For exanple, when -X-X""1s -CONli-, by
reacting a conpound of the. -

| ) (€)
Ru 5

| SR =
%erem Ry is selected from hydrogen, EA

vr

fluoro [except :or (Cﬂ], chloro or methyl and R14 is selected

<

from hydrogen, methyl ethyl, fluoro, chloro, and-methoxy and
] Rls is selected from hydrogen, methyl, fluoro, chloro and
aming. '

More preferably, Ro is of the formula (a') (whereln R14
is’ selected from hydrogen, methyl, ethyl, fluoro,_chloro, and
methoxy and R1s is selected from hydrogen, methyl, fluoro,

10 chloro-and_am1no)-or of the formula (B') (wherein Rjyj is
chloro) or of the formula (c* ) (wherein R3j3 is selected from

_ hydrogen, methyl and chloro) or of the formula (D*) (whereLn
R13 ‘is selected from hydrogen, methyl, fluoro and chloro} or



formula (10) : H2NY- (Cy) -L-Lp (D) n with a conpound-of the 20 formul a
R2- @0H, under conditions known for the formation of an am de bond. The
reaction.is conveniently carried odt in the presence of 1@May 2006
benzotri azol e- based reagent such as 1- 'hydroxybenzotriazol e or
| - hydr oxy-7-azabenzotri.azole, in an inert organic-solvent such-as
di met hyl f or mam de. and/or 25. 1f het hylene chloride. The reaction m xture is.
usually taken to OC and then a dehydrating agent such as
di cycl ohexyl car bodi i m de or. 1-(3-di nmet hyl am nopropyl)-3- ethyl carbodii m de
added. [ £ l e, re salyv B the art, for
exanpl etaaér%l%am g‘h‘ﬁi? g%) 6‘8’%}%&%&%3 35 %&h:?ogé%g A](.lg I\/afh2006 These
r eact i fowsmdian (@I'%o(mewedmlg iérﬁlqnoérnedl ates, which contain the above
- X- X- bond J S -(CH2) d-Rc may al so
be prepar eoF @%983%??%;:@%? %64 ?gr]f%o\gggs B{h‘ie formula (11): 10 May
2006 %m&mwympommc-ﬁopmmmmgé%ﬁwlb The reaction-is
. conv t | h es [ | gent, such as

sodi yarno ro yg ?ﬁ '@otnlvgn%ht?ré%o\%ﬁ?ga}ngl ude&gﬂ%ohol s, such as
met hanaéthyddmdodakhyl . wmmerhahowmeﬁ- pyutb@@lmmv;@rgéﬂ:véﬁt such as
1, 2- djchl .or%et hane n._p AC citl c acid. Thescoupling is conveniently
ef f ect B etnezr'rﬁera € 7 't he range of' fromO to 100C. 10.The
i nt er medi atwst: aorkopreferalily) Rp iviah theX fosmuBONR ' mwr HE'prepar ed by

reacti an.lgd %f;ﬁrﬁjoungdoﬁlé ptlty la% gi%ﬂned herelnabove
10 Most preferably, R, is of the formula (A') and Ryg4 is

methoxy and Rys is hydrogen or of the formula (C') and R33- is
hydrogen, methyl or chloro.

Another preferred compound of the present invention is

one of the formula:

15
o
/N \ . :
Cy\(lLU N~CH, :
NHCOR, |
wherein Cy and Ry are as herinabove defined.
A preferred compound of the present invention is of the
formula: '
: o |
| oy . f\.ﬁ;g
" T . h ’
20 . HCOR,

wherein Cy, Rz and Rg¢ are as heréinabove defined.
Especial mention may be wade of:-
1- (Indole-6- carbonyl-D—phenylglyc1ny1) -4~ [2 (4-pyridiny1)~
ethyllpiperazine;
25 1-(3-Chloroiﬁdole-6-carbonyl-D-phenylglycinyl)- .
4-[2-(4—pyridiny1)etHYl]piperazine; '
1- (4-Methoxybenzoyl- D-phenylgly01ny1) -4~ (1 methylp1per1d1n-4-

yl)plpera21ne,



y H2N O in which Pgl represents an am no protecting group,.such as t-

but oxycarbonyl, with a conpound of formula R2-000H, under 15 conditions
known for the formation of an ami de bond, for exanple as0d4sc2006ed

her ei nabove for formng a conpound of fornmula (1), followed by
deprotection. '-The conpounds of formula (13.) may 'b prepared by reacting
an. appropriate N-protected glycine of forrmula (14) Pg2NH OH 20 O in which
pg2 represents an am no protecting gB8pup that. can be selectively renoved
in the presence of "Pgi (for exanple,. when Pgl is t-butoxycarbonyl, pg2
may be benzyloxycarbonyl), with a ML conpound of fornula (15) 10 Nhy 2006
-35 under LniI@dObBne- FmenNd -Borbeny ksrlycinpll oved - tbelpipéwniin-arenovi ng

t he proteqﬂn@gpgf@ﬂnngz 5 Conpounds of the formula. (10) in which Xis

CONH may he g p o ct| a co o nd_of the fornmula (16): Y
Pg3NH~ O Q_ mﬁg@ﬁ& re ?eée Héi WELRY Y~ &7 Ghipreudh as t -
butoxycarEBﬁ?Fld!Erfbﬂ@Banésa€$n¢ornula (16) may be prepared by reacting a

conpoumdJgﬁxﬁaéraﬂéic&iﬂbnyliﬁLébJE%HBQHHEE&?lfB@&EEﬁ?lf443(1 methyl-
piperidin-4-yl)piperazine; and
1-(4-Methoxybenzoyl-D- (2- trlfluoromethylphenyl)glyc:.nyl) -4-{1-
wmethylpiperidin-4-yl)piperazine;
and phys:lolog1ca11y_- tolerable salts thereof.

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

The compounds of the. invention may be prepared by
" conventional chemical synthetic routes or by routes as

1S illustrated by the following exawples.

The compounds of the formula (i) wmay be prepared by
‘forming the -X-X- bond from appropriate intermediates. For
exawple, when -X-X- is -CONH-, by reacting a compound of the
formula (10): HyN-Y-(Cy)-L- -Lp (D), w1th a compound of the

20 formula R»-COOH, under conditions known for the formation of
an amide bond. The reaction is conveniently carried out in
the presence of a benzotriazole-based reégent ‘such aé 1-
hydroxybenzotrxazole or 1- hydtoxy-7-azabenzotrlazole, ‘in an
inert organ1c solvent such. as d1methy1formam1de and/or

25 Wethylene chloride. The reaction wmixture is usually taken to
0°C and then a dehydratlng agent such as '
dxcyclohexylcarbodxxmlde or_1—(3—d1methy1aminopr6pyl)-3-
ethylcarbodiimide added. Other suitable reagents and solvenﬁs
are known in the art, for example an acid halide, such as R;-

30 cocCl.



y per orne int 15 presence of diethyl cyanophosohonate. Conveni ent
sol vents includes am des, such as dinethylfornmam de. The tenperature is
conveniently in the range of fromO to '100 C - Conpoundt May 2006rul a (17)
in which Rr is (CH2)c_Rc, be pregpgared by reacting a conpound of formnula
(18) may Pg4N H 20.in which Pg4.represents an am no protecting group, such
as t- butoxycarbonyl, with a conpound of fornula (19) under am de bond :
form ng conditions. The reaction is convenientl f d he 36 10 May 2006 //-Rc
foll owed by renmoving the protecting group, Pg4. The reaction is
conveni entlwy perforned in the presence of an acid, such as acetic gacid.
Conveni ent sol vents include al cohols, such as 5 ethanol. Conpounds of
formula (17) in which R is -(CH2)c-Rc may also be prepared by reac¢ting a
C 0 rrp oun dTRése r%%'n@ ch' gDsP\Methea td Ol %qun&‘flat&];so Whaco(\é%e Zab&\g_iz) ¢-Re 10

n WahCP gq r €Presents a Teavin m or group, such as nethanesul f onyl oxy
or benzenesulfonyloxy follomed by renDV|ng the protecting group, Pg4.

: Compounds of the formula (I) in which R, is |(CH,) .-Rc may also be prepared by
_reductive oouplmg a compound ofthe formula (II) o i

S



Compounds of fornmula (17) in which Rr is -(CH2)c-Rc may al so be prepared
by reducing conmpounds of fornula (20) or 15 forrmula (20A) R (20) (20a) in
whi ch Pg5 and Pg6 each represent an ami no protecting grolpMay200B as
t - but oxycar bonyl, followed by renoving the protecting 20 group, Pg5. The
reduction is conveniently perfornmed %g the presence of a reducing agent,
such as borane, in an ether such a t rahydrof uran.. Conpounds of fornula
(20) nmay be prepared by reacting a conpound of fornmula (18) with a
conpound of fornmula (21) 25 HOOC- (CH2)c-1-Rc under am de bond form ng
conditions. Alternatively, conpounds of fornula (20) may be prepared. by
reacting a conmpound of formula (18) with a conpound of formula (21a) 30 37
10 May 2006 HOOC-(CH). 1 X (21a) in which X is a .halogen atom such as
- brom ne, followed by reaction with a c?npound of formula (21b) 5 HRc in
" the presence of a strong base, such as]sodi um i de. Hence the present
I nventi on al so provides a pr_gggé_i L arat\on of a conpound of
formula (1) conprising: a) en = X-Xis - ' i ng aconpound of
formula (10) with a conpound of 10 formil under - am de
bond-forniQ%_%Pnditions; or ~
th a compound of formula (12)
OHC- (CH3) c.1 -Re _
S a e fI‘iTe reaction is conveni‘ently performed in the prese’xice of
sol UeRg Agent, such as sodium cyanobrohydride. Convenient
Vv i .
hal ents include alcohols, such as methanol, optionally with a
ogenated hydrocar_bon as solvent, such as 1,2-

dichloroethane, and acetic acid. The coupling is conveniently

effected at a temperature in the range of from 0 to 100°C
The intermediates of formula (11) in which X-X is CONH

may be prepared by reacting a compound of formula (13)
Cy '

N —
HZN/Y N . 1 .
T

_represents an amino protectihg group,_sﬁch és t-~
.butoxycarb_on'yl, with a compound of formula Ry -COOH unc |
15 conditions known for the formation of an amide bond

10

in which pgl

under
exampl ri o
cxample as described hereinabove for forming a compound of
formula (1), followed by depro_teét—idn_.

) - ‘-rhe c:ompounds of formula (13) may be prepéred by 'reabtin
an ap_proprl_ate. N-protected glycine of formula (14) '

Cy
Y.

OH
szNH/- T

20 ) 0

wl}lt::h Pg< represents an amino protecting group that can be
selectlvgly removed in the presence of - m
pgl is t-butoxycarbonyl, pg2
compound of formula (15)

Pgl (for example, when
may be _ben_zyloxycarbonyl) . with a



b) when Rr is -(CH2)c-Rc, reacting a conmpound of fornmula (11) with a
conpound of (12); wherein R2, X, Y, Cy, ¢ and Rr are as herei nabove
defined and formulae (10), (11) and (12) are as herei natbMay @806 ned,
followed if a salt is required, by form ng a physiologically 15 acceptable
salt. An amno acid of fornmula (23). OH 0O or an =protected glycine of
formula (14) may be prepared (for é%%nple) by one or nore of the follow ng
met hods: 20 (i) fromaryl or heteroaryl al dehydes via the. Strecker
synthesis or nodifications thereof, - via Bucherer-Bergs hydantoin

synthesis, or via the Ugi nethodology ("lIsonitrile Chem stry", Ugi |. Ed.;
Academ c: New York, 1971;145-1999, "Ml ticonponent Reactions with
| socyani des", Domling, A ; Ugi, |I. Angew. Chem Int. Ed. 2000, 39, 3168;

"Am no Acid 25 Derivatives by Miltigbnpogyent Reactions”, Dyker, G Angew,
Chem ‘Int. Ed. Engl. 1997, 36, 1 pg'so see "A new Cass of :
Convertible Isocyanides in the Ugi nponent 38 10 May 2006 Reaction",
Li ndhorst, T., Bock H; Ugi,' I. Tetranedron, 1999, 55 7411.) wth

renoval a9eE EidsTdimd fopmbng cedniy tgonspstol Kdved byOBLSLYERRAS Vi @

Shar pl ess rmbhﬂi@l&ﬁyp&%teé@ngf@gﬁ ¢. 1998,120, 1207-1217) 57(iii) from
aryl boronic acjds via Petasis™ net gdo ogy (Tetrahedron, 1997, 53,

16463- 16470) pCOMPPERYS OFf dilte foapnbe cltdit iof which extis @ OmwHOWAE ;b i V) from
aryl and peepaaay aeprbted€l i o ' ziedat i on nt hesi s, 1997,
536-540) or by oxi»z:atign, fol g ﬁh‘%‘ﬁﬁ?%@ HETEGRUER LR oS o
protecting groups; or (v) fromexysting aryl glycines by manipul ati on of
functional groups, for exanple, &l kyl amf hydr oxy groups, palladium

Pe’NH" \"—N N—R

.0

in which pg3 represents an amino prot:ecting' 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)
O.———R

" under amide bond forming conditions The reaction is conveni i
) | . _ venient! rformed i
15 ! presence of diethyl cyanophosphonate. Convenient solvents includes);giades suchgs;the

dimethyl formamide.

The tewperature is convehiently in the
'_ range of from 0 to 100 °C. _

.. -Compounds of formula (17) in which R, is -(CHp) o-Re, may
be prepared by reacting a compound of formula (18) | o

PN  NH

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

butoxycarbonyl, with a compound of formula (19)



assi sted carbonylation of triflates derived from hydroxy groups and
further mani pul ation of the carboxyljc esters to 15 give carboxylic acids
by hydrol ysis, carboxam des by actpbation of the carboxyliogmacaebeand
coupling with am nes, amnes via Curtius reaction on the carboxylic acid,
(vi) fromaliphatic, carbocylic and non-aromatic heterocyclic al dehydes
and ketones using a Horner-Emmons reaction with N 20

benzyl oxycar bonyl ) - a- phosphonogl ycine trinmethyl ester (Synthesis, 1992,
487-490); or (vii) fromoximes of formula in which Pg is a carboxy
protecting group, by reduction. 25, TRes in which Cy is a heteroaryl
~group may be prepared from conp ds of formula 39 C O 11-1 N ~\ COOPg 10
May 2006 Alternatively, oxinmes may be prepared by nitrosation of a

conmpounfobtowed, byl remoyingptimopmgtesking gronpri Bator The drenahion ne wit h a
- conpoungy Oéoﬁﬁdﬂgnﬁlrg’nggk&%@)ln ﬁhé‘ é’éédd&goﬁaﬁﬁré@idf WudnggPr €paration

of a conpound of wher e t e al pha atomis nitrogen, may be

pr oducedcetig asishypl EonvenienicisodNents ainsdiudeppdeelobsl, dudy asi ne (such
prot egt Lopadsn be chosen as to be conpatible with the subsequent reagents to
be enpl oyed) w th phosgene, 10 di phosgene, triphosgene or N, N car bonyl

di i mi dazol e Cewgpyndsg Q%af(ﬂqﬂ\‘ﬁéacbh?)bmwbﬁcbhﬁrtwe' (CHGMGNREYPEOT  Or

PGNHN( Qi@ﬁéﬂﬂ%éﬁlr‘éd(wef&& aScanpdil ©¢! ERCm2UP)s) Wit

internmedi ate nma used as has Deen. descri bed above ror ﬁe car boxylic
starti ngomm \ﬁﬁe’mlélﬂhél%ﬁ)pha atomis

Z- (CH2) ¢-R¢
10 in which Z represents a leaving atom or groﬁp, such as
methanesulfonyloxy or benzenesulfonyloxy, followed by removing
the protecting group, Pg%. |
Compounds of formula (17) in which Ry is - (CHjp)o-Re may
also be prepared by reducing compounds of formula (20) or
15 formula (20R)

OL, Oy

(20) (20a)
in which Pg® and Pg6 each represent an amiho protecting group,
. such ‘as t-butoxycarbonyl, followed by femOVing the protecting |
20 group, Pg®. The reduction is conVeniently performed in the
presence of a redu01ng agent, such as borane, in an ether such-
as tetrahydrofuran

Compounds of formula (20) may be prepared by reactlng a

_ compound of formula {18) with a compound of formula (21)
25 HOOC- (CH3) ¢-1-Rc
under amide bond forming conditions.

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

30



carbon. The skilled person will be aware that at certain stages in the
synthesis of a conpound of formula ;I) it may be necessary to protect a
reactive functional group in the 2687 ol ecul e’ to prevent . 10Mayr206d
side-reactions. The protection of am no..and-carboxylic acid groups is -
described in MQOrie, Protecting Goups in Organic- Chemstry,. Plenum
Press, NY, 1973, and Greene and Wits, Protecting-Groups in Organic
Synthesis, 2nd. Ed., John Wley & Sons, NY, 1991. .25 Exanples of carboxy
protecting groups include Cl1-C6 al kyl groups such as nethyl, ethyl,
t-butyl and t-anyl; aryl (Cl- C4)al kyl.groups such as benzyl, 4-nitrobenzyl,
4- met hoxybenzyl, 3, 4-di net hoxybenzyl, 2, 4-di net hoxybenzyl,
2,4,6-trimet hoxybenzyl, 2,4, 6-trinethylbenzyl, benzhydryl and 30 trityl;
silyl groups such as trinethylsilyl and t 40 10 May 2006
butyl di nethyl silyl; and allyl groups such as allyl and 1- :
(trinethylsilylnethyl)prop-l-enﬂaowucﬂﬁé tpl es of ani ne protecting group
(PG include aryl groups, such as groups of formula.RCOin which R
represents 5 Cl1 6 al kyl, C3-10 cycl ¢dbkyl, phenyl Cl_6 al kyl, phenyl, Cl 6
al koxy, . . : - noal koxy..,wherein.a. phenyl
gr oup nﬁlsug‘gygcp%%g%é)g#;&éﬁbsgﬁ ?&%df‘e’ﬁgf’ g'eggx!%?'rrrp clélggyﬂo‘r?ecomg?unfl% of hal ogen,
Cl-C4 alftayiulaf@th)Cl- C4 al koxy." Preferred am no protecting groups include 10
benzyl pxycar bonyl (CBz), t-butoxycahagnyl (Boc) and benzyl. |In another
aspect”  the invention relates to a protess for preparing a conpound of
Eor rr;JI a ih uﬁ?m?bngsﬁj,ﬁgbg‘emeﬂmmmﬁm@ynd of forrmula (1"): R2"-X-X-Y
Cy') -L-Lp n(l) '

I%)lcucc 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 R2-COOH, under-amide bond-forming conditions; or |
b) when Ry is -(CH2)¢-Rg, reacting a compound of formula (11) with a compound of
az | |
~ wherein Ry, X, Y, Cy, ¢ and R, are as hereinabove defined and fonnuiac (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)
_ Ty
. |  up /YTOH
. _ _ -0 _
or an ﬁ?protectcd glycine of formula (14) may be prepared (for example) by one or more of
the following methods: ' o
20 .
(i)~ from aryl or heteroaryl aldehydes via the Strecker synthesis or modit'icat_i_ons' thereof,
-via Bucherer-Bergs hydantoin synthesis, or via the Ugi metho_dol(_)gy (“Isqnitrilé-Chemistry“, '
Ugi L. Ed.; Academic: New York, 1971;145-1999, "Multic_omponént Reactions with _ |
Isocyanides®, Domling, A.; Ugi, I. Angew. Chem. Int. Ed. 2000, 39, 3168; "Amino Acid
25 Derivatives by Mulﬁcomponent Reactions”, Dyker, G. Angew, Chem. Int. Ed. Engl. i997, 36,
1700; and also see *A new Class of Convertible Isocyanides in the Ugi Four-Component -



15 Wherein R2' is R2 (as herei nabove defined) or protected R2, Cy is Cy
(as herei nabove defined) or protected Cy and Lp(D)n.is Lp(Dyn (as

her ei nabove defined) or protected @B( D) n; providing .at 1Dday260%e
protecting group is present. If necessary physiologically tolerable salts -
can-be 20 forned using nethods known. in the art. It will be understood
that .the conpounds of formula (1) my be isolated in the formof salts or.
solvates (which may or nmay not be physiologically tolerable), and that all
such salts **and solvates are therefore included within. -the scope of the

25 pre | DY Nt Qi npVelpddit il Fedhat as. destahbadomermmion , of fornula 0
NH2 --«.«agggégﬁ'% t r{f'elr eoﬁ}-ggfe provi ded as Turther aspects of the 41 10 May
2006 i 6Ben74bh.) Wikd cempvahdndrepRaceRetnQioRT gcﬁén%cﬁﬁcfﬂpsqt'ered by any
convenient route, e.g. into the gastrointestinal tract (&.g. rectally or
or al | y)(iit hEremsttyremegs viaus PemﬁFh%‘fmul(gtu 'o&“fc]?'ansder imal | y.

The cogggun?%gm&/z@e lﬁqmﬁﬁ% ered in any convenient admnistrative form
.g; tablets, powders, capsul es, solutiond; dispersions, suspensions,

SYr URS, (35RY 2¥Som SHRAOHBh 8Sacf ria eaUhSi®mthodallofgs etc. Such
conpositions may contai n conponents lgogonﬁt I gnal_.i n_phar maceuti cal

pr epar dffesnahedren, #997enb3, 16463d5¢ fqueval eteners, bul ki -ng

agent S’regﬁgce&é’ﬁéw Adteeiageptsupd?r ef erably the conpositions will be
sterile and in a solution or suspension formsuitable for injection or

i nfusi q) SeeBn COPPPSrd BRtelaF R ddetlieacids - via Evan's

azidation (Synthesis, 1997, 536-540) or by oximation, followed

10 by reduction and addition of protecting groups; or
(v) from existing aryl glycines by manipulation of functional
groups, for exémple,.alkylation of hydroxy groups, palladium
assisted carbonylation of triflates derived from hydroxy
groubs and further manipulation of the carboxylic esters to

15 give carboxyiic acids by hydrolysis, carboxamides by
activation of the carboxylic acid and coupling with amines,

amines via Curtius reaction on the carboxylic acid; |

(vi} from aliphafic, carbocylic and non-arqmatic hete?ocycliq

aldehydes and ketones using a Horner-Emmons reaction with N-
20 benzyloxycarbonyl)—a-phoéphonoglycine trimethyl ester

(Synthesis, 1992, 487-490); or o -

(vii) from oximes of formula

YW . T ) ) : ’ Cy

PN

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

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

. _N COOPg

compounds of formula



15 aspect of the invention. The follow ng are exanpl es of pharnmaceuti cal
conpositions .of conpounds according to the invention. 42 Formul ation 1
10 May 2006 Hard gel atin capsul es % prepared using the fbaMaw2008.
ingredients: 5 Quantity (ng/capsule) 10 Active Ingredient250. Starch, .
dri ed200 Magnesi um stearatel0 15Total 460 ny The above ingredients are n1xed
and filled into hard 20gel atin capsules in 460 ng quantities. 1V 43
Formul ati on 2 10 May 2006 Tabl ets each containing 60 ng of active
ingredient are made as follows: 5 Active Ingredient Starch

Mcrocrystalline cellulose ¢ pyrrolidone Sodi um carboxynethyl -
starch :

N“" ~CcooPg
' 0/.

Alternatively, oximes ma? be prepared by nitrosation of'a

éompound of formula Cy-CHy-COOPg, or by reaction of

| hydroxylamihe with a compound of formula Cy-CO-COOPg) .

5 A starting material for the preparation of a compound of
foimula (I}, where the alpha atoﬁ 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 reagenté to be employed) with phosgene,

10 diphosgene, triphosgene or N,N'carbonyl
diimidazole to give a reactive compound of the type
PGNHN(Cy)COCl or PGNHN(Cy)CO-imidazole (wherein PG is a
_protecting group) . |
' This intermediate may be used as has been described above
15 for the carboxyllc starting reagents where the alpha atom is
carbon. - _

The skilied person will be aware that at certain-stagés
in the synthesis of a compound of formula (I) it may be
_necessary to protect a reactive functional group 1n the -

20 molecule to prevent unwanted side-reactions.

. .ng protection of amlno“and-carboxyllc acid groups is
descfibéd in Mcémie, Protecting Groups in Organic chemistry,
Plenum Press, NY;:1973, and Greene and Wuts, Protecting Groups
in Organic Synthesis, 2nd. Ed., John Wiley & Sons, NY, 1991.

25 Rxamples of carboxy protecting groups include Cj-Cg alkyl
groups such as wmethyl, ethyl,'fsbutyl-and t-amyl;_aryl(cl-
' C4)alkyl groups sucﬁ as benzyl, 4-nitrobehzy1, 4- |
wethoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl,

_.2,4,6—trimethoxyben2yl, 2,4,6-trimethy1benzyl,'benzhydry; and

“30 tfiﬁyl; silyl groups such as trimethylsilyl and t-

H



Magnesi um stearate Talc 15 Total 60 g 45 nmy 35 nm 4 nmy 4.5ng 0.5 ng 1
nmg -1 150 ng The active ingredient, starch, and cellul ose are passed
through a No. 45.nesh U S. sieve arf® ni xed t horoughly. ThewM 2006uti on of
pol yvi nyl pyrrolidone is mxed with the resultant powders whi-ch are then
passed through a No. 14 mesh-U.S. sieve. The granul es so produced are '
dried at 50C and passed through a No. 18 nesh U. S. sieve. The sodi um

car boxymet hyl starch, magnesium stearate, and talc, previously passed 25t
rough a No. 60 nmesh U. S. sieve, are.then' added to the granul es which, after
m xi ng, are conpressed on a tablet machine to yield tablets each wei ghi ng
150--ny. Viewed fromthis aspect the invention provides a pharnmaceuti cal
conposi thusiyldbmeehwlisid vd ;senflnel rlooeases 3Mmdnhisbal byl amebrdi ng to t he

i nvent i ot iR@ChYEs i Wilkdetily1) BASh-1-@nespppr maceutically acceptable carrier
or excipient. nmaceut i cal conposition_nay, al. so optionally

e. . phar n
conpri se at I%ﬁﬂﬂ?lgﬁeggu?T¥ﬂﬁ BRI RSB ONRS o FRF b r i HSRDBFYR | ¢ agent. 44
10 May ZH0@p¥i eswch fara)lgmuburpflefompackcm him wihieht Romﬁdﬂehdes t he

S C3-¢ alkyl, C3.3¢0 cycloalkyl, phenyl Cj.g alkyl, phenyl, C;.¢
alkoxy, phenyl Cj.g alkoxy, or a C3.qqg cycloalkoxy, wherein a
 phenyl group may be optionally substituted, for example by one
or two of halogen, C3-C4 alkyl and C;-C4 alkoxy.'
Preferred amino protecting groups include _
10 benzyloxycarbonyl (CBz), t-butoxycarbonyl (Boc) and benzyl.

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

compound of formula (I‘):
R2'-X-X-Y(Cy') -L-Lp (D) o (1) *

15 Wherein R?' is R2 (as hereinabove defined) or protected R2, cy'
is Cy (as hereinabove defineq) or protected Cy énd-Lp(D)n'is

Lp(D) (as hereinabove defined) or protected Lp(D)p; providing
-at least one pfotecting group is present.

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

— -~ It will be understood that the compounds of formui# (1)
may be isolated in the form of salts or solvates (Which may or
‘méy not be physiologically tolerable), and that all such salts
wand selvates are therefore included'ﬁithinrﬁhe.scope of thq-
25 present invention.

The novel intermediates described herein of formula

0O

Cyg')LN | N—CN—-CH:,'
NHZ . |

and salts thereof, are provided as further aspects of the



use of a serine protease inhibitor according to the invention for the
manuf acture of a nedi cament for use.n a method of -treatnent of the human
or non-human ani mal body (e.g. a SIHannalian, avi an or rHpMal2806 body) to
conbat (i.e. treat or prevent) a condition responsive to said inhibitor.
Viewed. froma further aspect the invention provides a nethod of treatnen
~of the human or non-human ani mal body (e.g. a mammalian, avian or :
reptilian. body). to conbat a 10 condition responsive to a serine protease
inhibitor (e.g. a condition such as a thronbotic disorder responsive.to a
~factorin¥entidn bitor), said nethod conprising admnistering. to said body

an effectivg anpunt of. a serine. e Lohibitar. . i the

i nvention. ﬁoénp(%"?gﬁeogf Elli’%ell rﬁ%lttbq'lgéo}n ggbn%o%n négegﬁ%&i%gkl ion will
dgpendcuﬂoeniémtrnﬁumee ang. stwigo itthe ghstiroinbesliiriadntrapki (rrareated,. the
adm nistratjon route.and t size a pegci e patient. However in
generaF?Cgﬁ%. i?Feﬁ¥a&3Y§roEﬁB.?ﬂé%«;r%ﬁﬁ%pngkgéﬁﬂ%% ymggght_mﬁll be -
adnisishséegai?ﬁﬁ)iyItrpnb&éfﬁiihms [Thiee cowpiotnd &1 auayi bgare hgrgb¥. ] ]
i .ncor por.at e ref.erence. The jnventd qn .wi now escri be urther wt
refer eﬁéﬂ'“?bs'f%"ee‘f&q SR n GORBF P tﬁ%”&‘%%ﬁ"%& %“.'. 221 " Experinmental 10
Mg)t; Zogﬁbibbé-ﬁ\@c&idefrma Uﬁ.pduiﬁéj m]]dﬁli’éﬁm:UBiam)smimlst. ure. The I foi | owi ng

abbrevi ations, are used throughout: ag. (. s e ar

cau v aPRRPSER IS | AIFREr y FBERYA o RS RO FOb et AL st et hanol |
concenpaétRds asr®dni- Suchy doapositt Bihsl ta¥) coDELin compdnents

(L %bdlc'g '(\:nlszg J?())( allf airnb%gxglrmlagg&ticair preparations, e.g. diluents,

carriers, pH wmodifiers, sweeteners, bulking agents, and |
further active agents. Preferably the compositions will be
sterile and in a solution ox; suspension form suitable for
injection or infusion. Such compositions form a further~
15 aspect of the invention. '
The following are examples of pharmaceutical compt_:sitions

of compounds according to the invention.



(di chl oronet hane), DEPC (diethyl cyanophosphonate), DI PEA

-(dii sopropyl et hyl am ne), DMEA (dlnsthylethylanlne) DVF 10

(di met hyl f ormam de), DMSO (di net hyI sul f oxi de, perdeut er #0 ®thy 2006f or NI\/R)
EDCl * ( 1- (3-di net hyl ami nopropyl ) - 3- et hyl - carbodi i m de hydrochl ori de), EtOAc.
(ethyl acetate), EtOH (ethanol), HATU

([O(7-azabenzotriazol -1-yl)-1,1,3,3-tetra- nethyl uroni um

hexaf | uor-ophosphatel ), HOAt (1-hydroxy-7-aza 15 benzotriazole), HOBt

(1- hydr oxy- benzotri azol e), HPLC (high- performance |iquid chronmatography),

| S-MS (ion spray nass spectrurdrmul2BHPhCL(rever se phase hi gh-performance

i qui'd .chromat ography), SCX (strong cation exchange resin), TFA
(trifluoroacetic acid), THE (tetrahydrofuran), TLC (thin |ayer 20 .
~chromat ogr dary welatf cpadleat ave podpdredyisiMPlhe didlllewtngi al scanni ng
calorinme'try), TGA (thermal graving%i .analysis). Al solution
concentrations are expressed a§n 971 . 25 unl ess ot herwi se st at ed.
Reagsgnts- were obtained froma variety of conmmercial sources. IR nmeans an
infrared spectrumwas obtained. INWVR -NMR, 1H NVR, or 1H NWR neans a
proton. magnetic resonance spectrum 30 was obtained. HPLC Anal ySis (Methods.
Ato D (Method A): Wdac C18 (4.6 x 250 ™m, Qhﬂhelwyth a | i near 46 10 May
2006 gradient of 90/10 through 50/50 (0. 1@6TFQ ? wat €] 1% TFA in :
acetonitrile) over 40 min, 1 nL/min. (Method B"9/Gaparse nnetry , Cl8 (4.6
x 250 mm colum. The 5 elution systemconsisted of linear gradient from
95: 5 (0 2% TFA in H20)7(0.2% TFA in CH3CN) to 5:95 (0. 2% TFA in H20)/

(0. 3% TFA in CH3CN) over 20 min, follomed by (0.2% TFA in

Active Ingredient : 250
Starch, dried ' 200
Magnesium stearate o 210

15 . Total 460 wg

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



CH3CN) isocratic over 15 min. The flowrate was 1 nml/mna W Detection was
performed at 254 nm unl ess othermﬁsg noted. 10 (Method C): Shimadzu LC6
gradi ent system equi pped with an tosanpler, a vari abl etonstagl200Gt h
detector at flowrates of 0.4 m/ mn. Eluant A consisted of aqTFA -(0.1%
‘and eluant B 90% MecN in aq TFA(O.1% with gradient elution (0O mn. 2098
15 then 20%to 100% over 15 mn.); Luna Cl18 (2.1x150 mm 5M particle
size). (Method D): Mcrosorb-W C18 (4.6 x 250 nm) columm. The elution
system consisted of a linear gradient from90:10 (2.5% 20 TFA in H20): (2.5%
TFA in acetonitrile) to 10: 90 ¥&xmwfdakiani 8 H20): (2.5% TFA in acetonitrile)
over-25 mn at 30 Cand a flowrate of 1 nL/mn. WDetection was perforned
at 254 nm unless otherw se noted. '-.25 AEl-M5. -(atnospheric

pr essurealsheds @alchi ocohzainioy mmgspécacwve ingredibnki Ate W% IESci ex AP
150EX with a heated nebulizer and pilrogen as the-reagent gas in positive
ion node. Cl-Ms (Chemical ionization nasSs spectra) were obtained on a 30
Shi magdzu 5000" direct insertion mass spectroneter in chemcal ionization
node .ut1l1zing nethane as the reagent gas. MALDI -TOF, Matrix assisted | aser
desorption ionisation - tine of flight nmass spectronetry, RT, retention
tine; 47 1' peeive Muyretli@mti n general in this spe€ffmgation, "D-" or "R"

in the nane of product indicates the product. [die beginning with a
chiral starStA§Haterial, for exanple D-phenngIyC| 5 Preparatlon of
Starting Mapgicirabsystslliteccatlunoes | 35 mg
.10 Polyvinylpyrrolidone 4 wg
Sodium carboxymethyl starch : 4.5 mg
Magnesium stearate 0.5 mg
Talc o —1 mg
is Total . 150 mg

The active ingredient,-starch, and cellulose are passed
through a No. 45 wmesh U.S. sieve and miied thoroughly. The'
20 solution of polyvinylpyrrdlidone is mixed with the resultan;
powders which are then passed through a No. 14 mesh U.S. _
gieve. The granules so produced are dried at 50°C and passed -
: thfoﬁgh a No. 18 mesh U.S sieve. The sodium carboxymethyl
staréh magnesium stearate, and talc, prev1ously-paased
- 26 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 welghlng 150 wg.
Viewed from this aspect the invention provides a
pharmaceutical cohposition 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.



I nt ermedi at e substituted gl ycine. conpounds for starting materials and
i nternedi ates, including those in which the 1.0 am no group and/or the
carboxy group is protected, conve‘ﬁ‘?ently may be preparetbh nayregoene of the

~ procedures below, or by a simlar procedure. It may be convenient or

preferred to change the order of steps in the preparation of a conpound of
the invention and to use a simlar procedure with 15 a different :
internediate. In particular, it may be convenient to use an acyl group
R2-CO initially in a preparation, rather than an am no protecting group.
Abbr evi at i ontewedn fadali &i PErtleenidepest| e ethvamtdion, p2ovides dde TEMPO

2,2,6,6-tet arrethl-l- eridinyl. [ I Dﬂg&)

hydr oqBPfi fﬁ“ﬁh?ﬁ&?ﬁ‘iﬁ‘%é&?‘#*& ?ﬁgorc{ﬁg %% thé ror?udr?g‘étottoned

PPh3; tfbﬁhﬂﬁw 'lﬁiﬁtflahl:ﬁee oBog Ak dilcabeat afiby diseddn dl meehcbdmﬁ yl :

- di carbonat e. paration of |nterne The foll ow ng
conpoukgeabBeRt p?rfeﬁéfaeg UIRR i 19 lhbm?ﬂegnﬂ%‘aﬁl(sjlbclg%yléenglzhéod (Met hod KE- A)

fronst R@mnATH DHt %ﬁhshabi-l ﬁ@t:maitaer lb@Idy) tio| eaatt Hér wi. serelts @ bed. 30

I nt ernedi at e ";E 0X0- qui nol, yI ac&t aﬁe tI\/let hod KE-A To a stirring

sol ut i BRE¥FD Fh8’P| he ’1"e °4§a i *THE (500 nL) at -78 C
was added dvmemmlasfwaeeﬁ&dmtzeﬁ@mmnmm prosided d vl '
l'ithium (37,3 48. 5 cycl ohex Af t er di et hyl

oxal at @eg °‘FrL°PL5t8’e§tﬂ‘ﬁBF) V\%‘% :Pd’t??&ly%nﬁ ‘[1%% et} t?fl’lga]r?mg%&%l | oned to

sl oWl y (4agM & andn@@Tiahe npei & We weperinight bodie tonepmbabrai ng, the

[ Pagt' QondTicn UERARETVY £8 4 NSANY PrBlesle AhiibAEEY ReUFOY NPHCL and

condition such as a thrombotic disorder responsive to a factor

Xa inhibitor), said method comprising administering to said
body an effective amount of a serine protease inhibitor
according to the invention.
15 The dosage of the inhibitor compound of the invention
' will depend upon the nature and severity of the condltlon
being treated the adm1n1strat10n route and the size and
spec;es 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 referehce
The invention will now be described further with

-reference to the follow1ng non-llmltlng Examples.



sol vent was renoved in vacuo. The residue was partitioned between ethyl
acetate and satd ag. Nall C33; the Igyers were separated; and then the
aqueous phase was washed with bri né dried with MgSO4, fi0iMayr2006 and
~concentrated in vacuo. The -10 residue was chromat ographed over silica gel,
eluting with 20% ethyl acetate/hexanes through 25% et hyl acet at e/ hexanes.
The product containing fractions were conbi ned and concentrated in vacuo
to give 5.88 g (53% of the title conmpound. 15 1IHNWR IS. -M5 nfe 230.1.
(Mt1l) Internmedi ate KE-2 Ethyl oxo-quinolin-5-ylacetate. 20 Prepared from
5- br onEgpexientmland di et hyl oxal ate using Method KE-A 1H NVR | S- M5,
me 230.0 (M+l) 25 Internedi ate KE-3 Ethyl oxo-thiazol-5-ylacetate. To a
r.b. flask (500 cnB) under argon, fitted with ethanol .thernoneter, septum
cap, and drkmmweg}dhﬂmmslpsadsfelﬂqukiﬂ?AgnﬁyﬂrQG@eQQakﬁun?LOOTbﬁB) with

ol ) Gy B aBionb apd hfef Wrbulpaby’ g GMBRGEP, OB ST i
anhydr egaie} héftmdqlsi) eqﬁ)vamantlhémxad@eﬁtb?rﬂrbunqurﬁhmmbehylbver 30
suspentBn (CHLORh ;o 8REha8aTc; Epcnchatpd) ahioBlf g, thgiay RO7 2 peach
mol ) Bapldty)laxglwa 3- ﬂiaynlehéxylaanbodnémmde)ngXﬂh a tenperature
increaiﬁiéﬁloromé%hgﬂg)ﬁ WE%C-(diethyl cyanophosphonate) , DIPEA '
‘ {diisopropylethylamine), DMEA (dimethylethylaminé), DMF
-101(dimethy1formamide), DMSO (dimetﬁyl sulfoxide, perdeuterated
if for NMR), EDCI (1-(3-dimethylaminopropyl)-3-ethyl-
.carbodiimide hydrochloride), EtOAc (ethyl acetate), EtOH
(ethanol), HATU ([O#(74azabéniotriazol-1-y1)-1,1,3,3-tetra-
| methyluronium hexafluorophosphate]), HOAt (1-hydroxy-7~aza—
1s benzotriaque), HOBt (1-hydroxy-benzotriazole), HPLC (high-
performance liquid chromatography), IS-MS (ion spray mass
spectrum), RPHPLC (reverse phase high-performance liquid
éhromatography), SCX (strong catidn exchange resin), TFA
(trifluoroacetic-aéid), THF (tetrahydrofuran), TLC (thin layer
20 chromatography with Rf as relative mobility), DSC
(differential scanning calorimetry), TGA (thermal grav1metr1c

_ analysls).
‘A1l solution concentrations are exprésséd as %Vol./%Vol.
.25 qelessfotherwise stated. Reagents were obtained from a variety
of commercial sources.
IR means an infrared spectrum was obtained. 1NMR,:NMR,
1H-NMR, or 1H NMR means a proton magnetic resonance spectrum
30 was obtained. - '

"HPLC Analysis (Methods A to D)

f(MEthod A): Vydac-C1é (4.6 x 250 mm), elute with a linear



all owed to coo
noni tored by 1H NVMR (CDC13). The brown sol ution was poured onto 5% -
hydrochl oric acid solution (300 dﬁ%) Wi th vigorous stiryoMay200630

~ mnutes. Ether
‘(ca. ‘80 cnB), dr
to give an orange oil. This was purified by flash chromatography (10%

acet ate/ hexane) to give a yellowoil (7.31 g, 39.47 muol) (40%

et hyl
Yi el d
(1H

t hi az

t enperdt BEtRRitRE

].

b

1H NMR (

back to -78 C and stirred for 30 mnutes. 5 Reaction

| ayer was separated and washed with saturated bicarbonate
I ed over magnesi um sul phate, and 10 concentrated in vacuo

CDC13) ;: 1.42 (3H t), 4.45 (2H .q), 8.89 (1H 8), 9.10 15

radllem;ebfreglopi@ dirohght By)sox tv aral iR- vheset ate 18Prepar ed from
e and dlethi )oxalate using Method 20 KE-A. In this case the
@

Aver30origndl PL/FHY| | i t hi umin hexane was used in

pl ace of sec-butyllithium ‘in cyclohexane INVR. IS M5 me 165.0 (Mtl) 25

I nternedi ate KE-5 Ethyl oxo-isoquinoli | acet at e

8-bro

nBietdd ROF

n- buiyéldﬁﬂdm

| S- VB
6. 11;

10

is

20

230.
IIiIQO)

are from

|ﬂ%t%ﬁﬁjqYWE?ﬁ?V'OQ%ﬂzﬁQEG ?Ag W@Ehﬁﬁﬂ fbstituting

temF@&iéi@:éd%f Bhnene duaidilenti fbburmns cooczlzahexane INMR
Anal ysis fo)r CI3HIINO3: cal cd z} 11; H;, 4.84; N,
2(06 /K AR GlgN) (£ b pB (0.2% oA 1 mydy/ T S

(0.2% TFA in CH3CN) over 20 min, followed by (0.2% TFA in

CH3CN) isocratic over 15 min. The Flow rate was 1 ml/min. UV

Detection was performed at 254 nm_unless otherwise noted.

{(Method C):

Shimadzu LC6 gradient system equipped'with an -

autosawpler, a variable wavelength detector at flow rates of

0.4 ml/ min. Eluant A consisted of aqTFA {0.1%) and eluant B

90% MeCN in aq TFA(0.1%) with gradient elution (0 min. 20%B

then 20% to 100% over 15 min.); Luna C18 (2.1x150 mm, 5uM

particle size).

(

Method D) :

elution system consisted of a linear gradient from 90:10 (2.5%

TFA in H,0)
H20) : (2.5%

flow rate of 1 mL/min. UV Detection was performed at 254 nm ST

Microsorb-MV Cl18 (4.6 x 250 mm) column. The

:(2.5% TFA in acetonitrile) to 10:90 (2.5% TFA in

-TfA in acetonitrile) o#er 25 min at 30 °C and a

unless otherwise noted

AQI MS,Jatmospherlc pressure chemlcal ionization mass. spectra)..,

were obtained on a 'PESciex API 1SOEX with a heated nebulizer

- and nitrogen as the reagent gas in positive ion wode.

30

CI-MS (Chemical ionization mass spectra) were obtained on a

Shimadzu 5000 direct insertion mass spectrometer in chemical

ionization mode utilizing methane ee the reagent gas.

MALDI TOF, Matrlx assisted laser desorptlon ionisation - tlme

of fllght mass spectrometry, RT retention time.



10 May 2006 Preparation of Internediates OX-i-- OX-9 The foll ow ng
conpounds were prepared according to the 5 indicated nethod (Mgt hod OX-A
or Method OX-B) fromthe indicateﬁ7starting materi al s wgy glag 20061er wi se
_.described. Intermediate OX-i Ethyl Hydroxyi m no-pyridin-2-ylacetate. 10

" Method OX-A To a stirring solution of ethyl 2-pyridylacetate (12.6 g, 76.3
in acetic acid (19 nL) at 5 C was added a solution of sodiumnitrite
(6.05 g, .87.7 mmol) in water (12 nL) at a rate sufficient to naintain the

mol )

i nt er nal

~additional 30 min, an additional 30 nL of water were added. The

whi te ppreacipbials VAP, Tld s e BNe W (L WALAT 1nSELd ndld JAHOSB,  and

agai'n 'wth water.

(95%

[ Wa's dried under vacuum to give
ofprdducti thdicatrgm itk p2odiek- WAMR mads heginnéng owitth @i )

tenperature below 15 15 C. After conplete addition and an

resuiting

14.1 g
Anal ysi s

Lo Rl o sl Bkl BpbfFagBEn § o0

Usi g the procedure of Tikk et al

e PRt 8n0he SO MDA ILIQ ol xllladaybeadCpt At and

e
hydr oXVi HoNG- pyri
'idinylacetate and n-butyl nitrite’ 51

3- pyr

10

15

20

acetat e was prepare rom et hyl

Intermediate substituted glycine compoﬁnds for starting
materials and intermediates, including those_in'which the
amino group and/or-the carboxy grbup is protected,
conveniently may be prepared using one of the procedures

below, or by a similar procedure. It may be convenient or

[Arta. Chimica, 30 Hungarica, 114(3-4),

n- but yl

preferred to change the order of steps in the preparation of a

compound of the invention and to use a similar procedure with

a different intermediate. In 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,
include: TEMPO: 2,2,6,6-tetramethyl-l-piperidinyloxy, free
radical; (DHQD),PHAL: hydroquinidine 1,4-phthalazinediyl

diether; r.b. or.rb,ﬂround'bottomed; PPh3;_triphenylphqsphine;

- Bocp0 or Boc anhydride: di-tert-butyl dicafbbnate.:"

.. 25

30

Eiepépgtidn_of_Inﬁe:mediates KE-1 - KE-5
The~fdllowiug-compounds-were prepared according to ‘the-

'indicated method'fMethod KE-A) from the indicated starting

materials, unless otherwise described.

Intermediate=KE-1'

"Bthyl oxo-quinqlin-a-ylacetate.

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

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



IHNVR |IS-M5 nfe 195 (M+l), 223.1 (M+l) 10 May 2u06 Internediate OX-3 5
Et hyl Hydr oxyi m no-qui nolin-8-ylacetate. Mthod OX-B To a stirring -
sol ution of ethyl dxo-quinolin-8- yﬂm acetate, (5.5 g, 2410mmalR00& et hanol
(140 m.) was added sodium acetate (2.16 g, 26.4 .mol) followed by . :
hydr oxyl am ne hydr ochl 6ride 10 (2. 67 g, 38.4 mol). The m xture was heated
to.-reflux; and, after 7 h, the heating mantl e was renoved and the sol ution
was all o.vved to stir over ni ght at roomtenperature. The next norning, the
sol vent was renoved in vacuo and the residue was. partitioned between ethyl

acet-at goPi¥iditlod adc-DaidCdithhamlP3t Ay @iLs weLs @aply aired -and the organic
: .phase was_ washed with brine, drie th Naﬁfog8 ‘fdol tﬂ ed anq)concentrat ed
f

in vacG¥clobsianees After § gum-wdiek

dl chl opaseidis/ RaYaPRs 4L uliva aaslﬂltdw@d €60816% 1. waxth &fo ridvm title
conpound as an off-white solid, followed b 20, of a second crop.

The mobABRSTRYHE %@%% c HCeAEEY IR 'vﬁgﬁoge?‘ﬁ‘él%ﬁa(fue was

di ssgl ¥8enéKed withi EBE AIMiHIonObrdbshlited hiaaous THe, e:oJ Wridrheas then
chr omato raphed over siljca gel, ut IP‘F% th 30" et acef at e/ hexanes,

el
then 48 vefwwaeéwav%# Hek FRE80 - an'ﬁh? eWef RBRH jafﬁ’é’cdate The .25

pr OdUCBeE\GéE&'éth?Q a&éea&@r&maedcwblum%edtﬁ@nz féitvﬂéi-d n vacuo to
give 1.94 g of the title conpound for, a conbi ned |edof 759(81%

1H NVResparakeds apfethem the Raypops: RIGAS) WAk veRl
Hy dr oXgi- ik Qe i MelsbR; 5fﬂi€€¥@dﬁbﬁd concentrated in vacuo. The

10 residue was chromatographed over silica'gel, eluting with 20%
ethyl acetate/hexanes through 25% ethyl acetate/hexanes. The
. product containing fractlons 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-S5-ylacetate.

20 Prépared from S-bromoguinoline and diethyl oxalate using
Method KE-A. o

1H-N$R,'

IS-MS, m/e 230.0 (M+l)
~28 '
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 anhydrous ether (100 cm3)- w1th stirring. Thls was cooled
to -78 °C and 2 M n-butyllithium (60 cm3, 120 mmol) was added
A solut:.on of .silyl thiazole (16 g, 16 cm3, 100 mmol) in
anhydrous ether (100 cm3) was then added by dropplng funnel
 over 30 minutes. This was allowed to stir for 1 hour to glve



Prepared from et hyl oxo-quinolin-5-yl-acetate using 51 1HHNVR |S-M5, nie
195 (M+l), 223.1 (M+l) -10 May 2006 Internediate OX-3 5 Ethyl

Hydr oxyi ni no- qui nol i n- 8-yl acet at e. 49Met hod OX-B To a sti ri0iMay 8@0éit i on of
et hyl dxo-quinolin-8-yl-acetate (5.5 g, .24 mol) .in ethanol. (140 .nL) was
.added sodium acetate (2.16 g, 26.4 mmol) followed by hydroxyl am ne

~“hydrochloride 10 (2.67 g, 38.4 mol ). The nmixture was heated' to ref |ux;

and, after 7 h, the heating mantle was renoved and the solution was
allowed to stir overnight at roomtenperature. The next norning, the

- sol venta WaacheBuypéhdion/acws ek Was sddedudiettsyl pavaliatiecoddd-Bet ween et hyl
" “acet-ate and _satd aqg._ NaHCO3. The 15 | ayers' were separa and the organic
" phase \/S'é‘g‘ﬂvxéghédgwq’tw “B'Pﬂhe’fa%’rq]é’dt\%i éﬁvﬁa‘%@&ﬁwﬁ ﬁcflélﬁtg%n_énd concentr at ed
- n-vac RanbesH! 4 I MhpbRaEUYE S dREa%et 851 286l 40.0MThis was -

di chl olr%r?& aﬁg/lﬁexanes to give an initial crop of 2.5 g of the title
“canpoundi-lasvedn tof Eoshilaeks bbi €78 °G| hndest xxredl Forg3gomaphubesecond crop. The

not her 1iquqr was then ncept ed. vacuo, the residue was dissolved in
a nirm M2 F‘°B}t°rcﬁ‘£$ﬂyo-r r%aﬂzg&‘?l)]é sol ution was then chronat ogr aphed
over silicamebroeh liciugivht ¥ad@Pduateldy bnboes tit ydmchiesict Rehd40% et hyl
acef at e/ hexanes, d fy.nally with ethyl .a t .. r oduct
cont ai rﬁ‘l?’:ld‘iﬁpé‘ct(?ﬁﬁs%r é’%én%?%oer ufn%%%%%%%t?%’fe i“}llrgi\?:ae%l]o to give 1.94
g of thecHdr Nayegnpas nbpaoatad candiwesthed withosaturzied (81% . 1H NVR 30
| S B, bnlc(:aar%%?ia%e( I}/IgéL) 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].:

1g 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 -3S °C.and,n~
butyllithium in hexane was used in place of gsec-butyllithium
'in_cyclohekane.
INMR
IS-MS, m/e 165.0 (M+1)
25w .
o  Intermediate KE-5 _
Ethyl oxo-isoquinolin-8-ylacetate.
Prepared from 8-bromoisoquinoline and diethyl oxalate
using Method KE-A, substituting n-butyl lithium in hexanes for
© 30 sec-butyl lithium in cyclohexane. N
1NMR
IS-MS, m/e 230.0 (M+1)
~ Analysis for C13ﬁ11Nb3: o
Calcd: C, 68.11; H, 4.84; N, 6.11;



. moni tored bfoumds (ERUEBRE

I nternedi ate OX-4 Et hyl Hydroxyi m no-quinolin-5-ylacetate. Prepared from
et hyl oxo-quinolin-5-yl-acetate using 52 May 2006 Met hod OX-B. 1H NMR
IS-M5, me 245.0 (Mtl) 5 Internedi e Ox-5 | Et hyl 10 May 2006
Hydr oxyi mi no-thi azol -5-ytacetat% To a r.b.. flask (500 cnB) was added-the
“~ ethyl oxo- thiazol -5- ylacetate (6.30g, 34.02 mml|) to ethanol (ca. 180
"~ 710-cnB) with stirring. Sodium acetate (3.06g, 37.30 mmol) and hydroxyl ani ne
hydrochl oride (3.78g, 54.43 mmol) were then added to give an off-white
suspension. This was brou;g(ht to ref]ux i 85 C for 1 hour. Reaction
artty &P HeePaul® s.m r.f 0.5 prod. r.f.
-~ 0.3.). 15 Reaction cool ed and concentrated in vacuo. Product taken up in
- ethyl acetate (c.a. 200 cnB) and washed .5% . hydrochloric '
. aci d- s®reppoatien [pf Iaserne #‘%ﬁﬁeroxvxés d?v% _over . magnesi-um-sul phat e and

- -evapor at ed & ' Gdb2glinglt828hemol 94% .
: Y:/elpd] S0 e ﬂﬁ{ﬁ%&%’s)s"qé 40 %’ Qbaﬁ%d( H, %tg 06 (1/3H) g)
8.78's (inﬂaaatg;l metthagh (Metlod Q§-A °8f ¥sth %1 ’é’) t8nediate Ox-6 25 E

. hyl .. Pifh Qﬁﬁfe%beotﬂ'é’rmg?é redcadbedb. ' | ask (100
.an) WI Eéng%%tel&l arré?']érl csoncentrat ed sul phuric acid (25 cnB) was

added and cool ed to O Cwith stirring. To this solution was added the
ethyl g Q4 HeAPags &R0t hi azol e- 4-acetate (5.00 g, 23.231

Ethyl Hydroxyimino-pyridln -2-ylacetate.
.. 10 Method OX-A

To a stirring solution of ethyl 2-pyridylacetate (12.6 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 mbL) at a
rate sufficient to maintain the intermal temperature below |
15.15 °c. After coﬁplete addition and an additional 30 min, an
additional 30 mL, of water were added The resulting white
precipitate was filtered, washed with water, satd aq. NaHCOj3,
and again with water. The solid was then dried under vacuum
to give 14.1 g (95%5 of the title compound.
20 ’
1H-NMR
IS-MS, m/e 194.9 (M+l)
Analysis for CgHygN203: |
Calcd: C, 55.67; H, 5.19; N, 14. 43,
25 . . Peund: C, 55.79; H, 5.14; N, 14.13.

Intermediate ox-2
Ethyl Hydroxyimino-pyridin- -ylacetate. _
_ Using the procedure of Tikk et al [Acta. Chlmlca,'
- 30 Hungarlca, 114(3 4), 355], a mixture of ethyl hydroxyimlno-
pyrid1n -3-yl-acetate and n-butyl hydroxylmino—pyrldln- -yl-
- acetate was prepared from ethyl 3-pyrid1ny}acetate and n-butyl

nitrite.



30 mmol ). Water (10 cnB) was then added and cooled to -10 C. A solution of
sodiumnitrite (1.683 g, 24.393 mol ) in water (5 c¢m3) was then added
slowy over an hour keeping the te k ature below -5 C. 30 MLy 20 2006 To a
separate r.b. flask (500 cnB), water (180 cnB) was added and cooled to 3 C.
The reaction solution was poured in to the cold water with stirring and
then cooled to -5 C. To this solution, 50% hypophosphoric acid (90 cnB)
was added 5 dropwi se over 10 m nutes keeping the tenperature at -5 C. The
solution was allowed to warmto roomtenperature and stirred .overnight.
The prodictnmmas extracted with diethyl ether (ca. 3x150 cnB) and washed
wth water. The ,eth rated I n vacuo and treated to flash
chronatdﬁ?éghy (80@fgﬁogélﬁyl g%e?a hexane) to yield a orange oil upon
_ concentratlon in vacuo (0.60 g, 3.00 nnDI) [13% yield]. 1H NMR (CDC13) 1.35

(3H, m Zti ﬂ% 3 8.4 (1H s) , 8.9 (1H s) , 14.4 (1H s) . 15
Interrred*’h"t Et T= a- Oxi m no- 2- et hyl t hi azol e- 4-acetate. This was

prepafEﬂtEﬂyﬂﬂnyﬂhykyxganéﬁdumnaliﬂ-8€yianeuateacetoacetate (1. 44g) using the
nmet hod of Hatanaka et al. 20 (J Eﬁﬁé(ﬁg NbdlClnaI Chem stry, 1973, 16(9),
978-984) to yield,the titled conﬁ% 84 | HNMR (CDC13) 1.35 (3H, t),

2.7 (3H, s), 6 35s€2fk1ﬁﬁ,sdiu210ﬁlbf éﬁhylZBxE}Qginolln-e yl- acetate
gxm ﬁgg&gt%?%glggggﬁsioapet% no hl(]s.4a/va"&l)pre ar&&’eérso 1%h Ycetate
(2.16 g, 26.4 mmol) followed 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 sﬁir overnight'at room temperature. The next
morning, the solvent was reﬁbved in vacuo and the residue was_
partitioned between ethyl acetate and satd aq. NaHCOj3. The
15 layers were separated and the organic phase was washed W1th
brine, dried with NapSO4, 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 liquor was then concentrated in
vacuo, the residue wes dissolved in a minimal amount of
dichloromethane The solution was then chromatographed over-
3111ca gel, eluting with 30% ethyl acetate/hexanes, then 40%
:ethyl acetate/hexanes, and flnally w1th ethyl acetate. The'
- 25 gfodpqgucontalnlng fractions were combined and concentrated in
vacuo to give 1.94 g of the title compound for a combined -
vield of 4.75 g (81%). |

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

Intermediate OX-4
Ethyl Hydroxyimino-quinolin-5-ylacetate.

Prepared from ethyl oxo-quinolin-5-yl-acetate using



usi ng the nethod of Hatanaka et al. (, Tournal of Medicinal Chemstry,
1973, 16(9), 978-984) to yield.the ggtled conpound 30 (1.44g) .. 1H NWMR
(CDC13) 1.25 (3H, Q 4.3 (2H, q), 4°55 (2H, . s), 9.45 (H10-Magp00&ont ai ns
20% starting material by NVR 54 10 May 2006 Ethyl. Oxi m noacet oacetate This
was prepared fromethyl acetoacetate (1.0.00g) using the nmethod of Fischer
(Organic Synthesis Coll. Vol. 3, 513 5 516) to yield.the titled, conpound
(12.45 g)- 1H NWR (CDC13) 1.25 (3H,- Q 2.35 (Ur; S, , 4.3 (2H, q), 8.8
(1H, br.) . 10 Internediate OX-8 Ethyl hydroxyi m no-thiazol -2-yl acet ate.

Pr epar ad-NMBm et hyl oxo t hi azol - 2-yl acetate using Method OX-B. 15 1NWMR

SV, fH5e190/8(Mdd hilgrTogh st cuRnD ELY

hydroxy|n1no I'soqui nol T n- acetate. 20 Prepared fron1ethy|
oxo-isoqui nolin-8-ylacetate using Method OX-B. 1INMR |S-M5, W 245. 0( I\/H)

25 Anal f & 203 Calcd: C 63.93; H 4.9.5; N 11.47; Found: C
63. 68; #ﬂ i?eg%a %I%% Preparation of Internmediates AL-1 AL 3 30 The

foII(ﬁMEnpydodeuqdmimmnu}qmiap&iédBeuiﬁﬂﬁﬂaﬁg-to the indicated nethod
(Method AL-A or thhod AL-B) fraoid\€ ox- -

-
To a stlrrlng gsolution of ethyl dxo-qulnolln— -yl-acetate

(5.5 g, 24 mmol) in ethanol (140 mL) was added sodium acetate
(2.16 g, 26.4 mmol) followed by hydroxylamine hydrochloride
- .10 (2.67 g, 38.4 mmol). The wmixture was heated to reflux; and,
after 7 h, the heating mantle was removed and the solution was
allowed to sﬁir overnight'a; room temperature. The next
morning, the solvent was removed in vacuo and the residue was
partitioned between ethyl acetate and satd ag. NaHCO3. The
15 layers were separated and the organic phase was waéhed with
brine, dried with-Na2564, filtered and concentrated in vacuo.
The resulting foam was recrystalized from
dlchloromethane/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 liqﬁor wag then concentrated in
vacuo, the residue was dissolved in a minimal amount of |
dichloromethane. The solution was then chromatographed over
' sillca gel, elutlng with 30% ethyl acetate/hexanes, then 409
ethyl acetate/hexanes, and flnally with ethyl acetate. The
- 25 Qfoduct contalnlng fractlons were combined and.concentrated in
vacuo to give 1. %94 g of the title compound for -a comblned
yield of 4.75 g (81%).

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

Intermediate 0X-4
Ethyl Hydroxjimino-quinolin-s-ylacetate.

 Ptepared'from ethyl oxo-quinolinAS-yl~a¢etate using



I ndicated starting materials, unless otherw se described. 55 10 May 2006
I nternmedi ate AL-1 '

R- 3- Brono- (1-t - but oxycar bonyl am no-82 hydr oxyet hyl ) benzendd-Nit 2008 AL- A
Sodi um hydroxi de (3.33.g, 83.25 nmmol) was dissolved in 5 water (220 rrL) _
and 20 mL of the resulting solution was renpved. and added to potassium -
osmate (410 ng, 1.11 nmol). The remaini ng sodi um hydroxi de sol uti on (200
m.) was added to a stirred solution of t-butyl carbamate (9.9 g, 84.5
mol) in n- propanol (110 n) followed by freshly prepared t-butyl 10
hypocrn#g%ﬁ g5 nL; 83.5 mmvl). After stirring for 5 min, the sol ution
was coo0 to O C A solutlon of (DHQD)2PHAL (1.30 g, 1.67 mml) in
n-propanol (110 nL) was added, followed by a solution of 3- bronDstyrene (5
9, 27.30; @R ) in n- propanol (220 ni), followed by dropw se addition of
the 15 potassi um osmat e/ sodi um hydr oxi de sol ution. The reaction was .
stlrredl&nnﬁﬂnmjﬁt24SaQufumkﬁj aqueous sodiumsulfite (150 nL) was added,

and the reaction was stirred for 15 min. The aqueous |ayer was separated
and extracted with ethyl acetate (3x 200 nL). The conbined organic |ayers
wer e webieermadiat200B8r$ne and dried over MgSO4. Renoval of sol vent under

(5111 oD o P o e ot ogr aphed . Toadi ng i ¢ h
t ol ue_ne gr &b entc. bl uf-laﬁk V\ﬁ&(’(r)ﬁ) FeRdnwas afded kbRaglrek jO-acetate) to give
(B el (¢, TS0l oL ham PR a1 TR
10 "cm3) with stlrrlng Sodium acetate (3.06g, 37.30 mmol) and
hydroxylamine hydrochloride (3.78g, 54.43 mmol) were then
added to give an off—white suepension. 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 eoncentrated'in vacuo. Product taken up
in ethyl acetate-(c.a.'zoo cm3) and washed with.s%
‘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 | _ _
1y NMR (CDCl3); 1.40 (3H, m), 4.40 (2H, m), 8.06 (1/3H, s),
8.78 (1/53, s), 8.95 (2/3H, s), 8.98 (2/3H,s).

Intermediate 0X-6 _
- 25 E;hyl-g-Oxzmlno thiazole- 4—acetate.
To a 2 necked r.b. flask (100 cm3) with ethanol

thermometer, concentrated sulphuric acid (2S5 cm3) was added
and cooled to 0 °C with stirring. To this solutlon was added
the ethyl a-oximino-2-aminothiazole-4-acetate (5.00 g/'23.231

30 mmol). Water (10 cm3) 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. .



30 R-3- Met hoxycar bonyl - (1-t-but oxycar bonyl am no- 2- hydr oxy- ethyl) benzene.
Met hod AL-B In a glass liner containing a stirrer bar was placed Pd(QAc)'?2
(871 my, 3.88 mml), PPh3 (1.96 g, %A 47 nmol; NaOAc 56 100May 248500 (1. 48
g, 18.04 mmol) and DWF (82 nlL). To this stirred solution was added a

sol ution of R-3-brono-(1-t-butoxy- carbonyl am no-2-hydroxyethyl) benzene.
(4.27 g, 13.5 mmol) in MeOR (82 nL). The resulting solution was purged with
nitrogen 5 and placed in a stirred pressure vessel. The system was

charged to 4.1 bar (60 psig) of CO and heated at 95 C for 36 _h. The

m xture was .£0ql oQmte t fB) t erfdhy tsRUER3 fii @iomaceous
earth; and Sg)r tgl tglg%%]’g%{ebet vveeg?g%lﬁ 1#’ aget?i fe ancf V\(/ater ﬂe organi c | ayer
was wasddibdvaind webbed b (33RE. ar%ebmleaet(.dnx)smldnlwsmmxrd\dggm Renoval

of sol vent under vacuum gave the cr udedﬁ roduct which was purlfled by

chr onat &yridishFoldi vaker geith gragrind A EPER R BREe35% & hyie

acet at AL qﬁ,ptog oS Praeddciod L PasSQ¥eal5 Melting
R L %ﬁionpos??%%& TH NVR ?crxﬁg? APIL-MB, me = 240

(M CAs{oddigpwilaet eveedl @treindited Reping the temperature at -5 °C. The

R- 3- Cyan l t - but oxygarb n e n epared from
3- cyano% eire ﬁgiq'nﬁi/%é"f%&)g% Aﬁa Ot%l@/é éﬁ%ﬁé@) 11{\/%/;15;1 3 gtziﬁlé%éusi ng the
met hod. d‘ﬁanwgm:d bthevprddicti wgsF@:mactemwO;h.@Eﬂtmﬂi NHRe(:CDCEJB)

oy S AT YR Wi et | hEeEHS N v

concentrated in vacuo and treated to flash chromatography (S50%
10 ethyl acetate/n-hexane) to yield a orange oil upon '

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

lg NMR (CDCl3) 1.35 (3H, m), 4.35 (2H, m), 8.4 (1H, s), 8.9
(1H, s), 14.4 (1H, s). '

15 | |
Intermediate OX-7 _
'Ethyl a-Oximino-z-methylthiézole-4-acetate.

This was prepared from éthyl-y—chlorofa—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).

1§ NMR (CDCl3) 1.35 (3, t), 2.7 (3H, s8), 4.35 (2H, q), 8.2
_ (1H, s). '
. A% . el
. 28
Ethyl y-Chloro-o-oximinoacetoacetate. _ _
This was prepared from ethyl oximinoacetoacetate (1.73 qg)
using the method of Hatanaka et al. (Journal of Medicinal
Chemistry, 1973, 16(9), 978-984) to yield the titled compound

30 (1.44qg).

1§ NMR (CDCl3) 1.25 (3H, t), 4.3 (2H, q)., 4.55 (2H, s), 9.45
(1H, s) , contains 20% starting ‘material by NMR



brom-de (75 g, 209.71 mmol) in dry THE (750. ML) at O C under 30 nitrogen
was' added dropwi se n-BuLi (83 nmL, 2.5 Min hexanes, 207.50 mmol). The

m xture was warned to roomtenperathdre. 3- Cyanobenzal dehpdgay 26y, 190. 65
~mmol ) was added as a solid in 5 g batches, and the m xture was stirred at
roomtenperature overnight. The reaction was quenched in water, and the 57
10 May 2006 sol vent was renoved under vacuum The residue was dissolved in
the m nimal anmount of THF, and triphenyl phosphi ne oxi de was precipitated
using ethéer. The solid was filtered through diatonaceous 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 C atEthyA5 OmifdgnoadetdidRt@EBC13). 10 Preparation of Internmedi ates PAS-1 -

PAE- 18 The f@l.lowi.ng %Eﬂﬁ‘&" epakedcacses di1y. doent G8ingndi cated
met hod ( Met ng’ SP%E-QA?E t od(}%X@%B@h%;t hog'%'%g\E- C, Itvibt?ho(%n PAE}IEI)gor' PAE- E)
fr om t hehe nithededfsFascher (Quueniql Synthepisyfpdds ¥oherdni $&3descri bed.

| nt er megdj at e PAR- - P oBYELGLAY(9le¥ciype Ethyl Ester. Method PAE-A
20 Togggisbg)l utd r’n‘eof1 Eﬁ%y‘%ﬁf&rz'gxﬁén%o-dpyri di H?Z-W -acetate (7.8 g, 40.15
g) in ethanol (175 nL) and gl acial acetic acid (20 nL) was added 5. Pd/C,
and-t hey, ']ﬁwr SyS Nede. hydfo0enat 9N appajst Ugyundeg an

at m)sphel?ne 0 @gﬁaéeg?ﬁ (A:M} @.) ba‘ryd:? 45@3’3 g?'for 4ih.' %%e m xture was

filteret@uhioudh . .25 datomaceous earth and concentrated in vacuo. The
resi due was '

10 Intermediate OX-8
Ethyl hydroxyimino-thiazol-2-ylacetate.
' Prepared from ethyl oxo-thiazol-2-ylacetate using Method
0X-B. '

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

Intermediate 0OX-9
Ethyl hydroxyimino-isoquinolin-8-ylacetate.
20 Prepared from ethyl oxo-isoquinolin—a—ylacetate_using

Method OX-B.

MR
IS*MS, m/e 245.0(M+1)
.25 Aeal;_rg%g for Cy3H1aN03: '
Calcd:  C, 63.93; H, 4.95; N, 11.47;
Pound: C, 63.68; H, 4.60; N, 11.34.

Preparation of Intermediates AL-l - 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.



di ssolved in THP/H20 (1/1, 240 nmL) and treated with di-tert- butyl

di carbonate (14.23 g, 65.2 mmol) and sodi um bi carbonate (27.4 g, 326
mmol ). After stirring at roomtenpe‘i%ture for 2 h, the solQuiMapR00&s
~concentrated in vacuo and the residue 30 was partltioned bet ween Et OAc.
and. wat er. The organi ¢ phase was washed with brine, dried over nagnesi um
sulfate, filtered and concentrated in vacuo. The crude material was
purified .via chronmatography over silica gel, eluting with a stepw se
gradi ent of 10-20% ethyl acetate in dichloromethane to g| ve 58 8.11 g (72%
of the jhtdsandAZRQUAS.-AS a yell ow oil. 1HNWR |S-M 281.1 (Mm+1) 5 10
May 2006 Internediate PAR-2 Boa-D, L-(3-p |d|nyléIP C|ne Et hyl Ester.

Pr epar e%l-%ﬁﬁﬁmerr(}rth?%wqﬁbﬁsvbmlmﬁ Fa¥Ee léf/ Yhanzggenet hod PAE- A..
10 IH-NMR IS M5 me 281.1 (Mrfhehdd §iftadi ate PAE-3 15

Hoc- D, L-' (8- C]UI nol i né? gl yci ne Ethyl Ester. Met hod, PAE-B To a. stirri ng |
sol ution of SaHym %’231‘3/%(@03au9n0$3 RS oL} cwrardiggplred i8. 8 mol) in

50% ag]. witedi &2@%ﬂ)(59n£1—:)o #, of &é‘%s@ﬂ@@ Zb@fu@ib’i{ wag 0. 31 mmol).

After 1 mn, the 20 m xture ' was. | tered through di atonaceous earth and
t he f.lrwca{%im Péaa@ot@rno@aaﬁlgtc)@wwuﬂfmw hwelshimmg@lihe colum with

met Hanojye LAGnAAMIHY CEodBisin HydkB%ide LdbBed thO (280 wL) was added to
a stirred solution of t-butyl carbamate (9.9 g, 84.5 mmol) in
n-propanol (110 mL) followed by freshly prepared t-butyl |
10 hypochlorite (9.65 mL; 83.5 mmol). After stirring for 5 min,
the solution was cooled to 0 °C. A solution of (DHQD)ngAL'
(1.30 g, 1.67 mmol) in n-propanol (110 mL) was added, followed
by a solution of 3-bromostyrene (5 g, 27,31'mm01) in n-
propanol (220 mL), followed by dropwise a&dition of the
15 potassium osmate/sodium hydroxide solution. The reaction was
stirred overnight. Saturated aquéous 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
10ad;ng with toluéne,.g;adient elution with héxane_- 4:1
.hexané:ethyl acetate) to give the title product (4.18 g, 49%).
".25 '~:a . e ) | '
Melting Point = 90-91 °C.
14 NMR (CDCla)-

Intermediate AL-2
30 R-B;Methoxyddrbonyl-(1-t-butoxycérbonylamino-z-hydroxyf
ethyl) benzene.
Method AL-B
In a glass liner containing a stirrer bar was placed

Pd(0Ac), (871 mg, 3.88 mmol), PPh3 (1.96 g, 7.47 mmol, NaOAc



m xture of dichloromethane and (2 N NH3 in nethanol). The product
containing fractions were conbi ned %nd concentrated in 25 v#cuo.to give
2.24 g .of light orange. oil (I S VS me 231.0 (M+l)). ToHe.pblud 2. 14 g,
9.3 mml) was  di ssol ved in THE (40 rrL) and to this stirring solution was
added triethylamne (1.4 nL, 10.2 mmol), followed by di-tert-butyl

di carbonate (2.1" g, 9.8 30 mmol). After 45 min, the solvent was renoved
in"vacuo and the residue was partitioned between ethyl acetate and water.
The organic phase. was then washed with satd aq. NaHCG3, dried with
Na2SO4, ({44 &, edsand sasTE HdRpmt (82 wauo. Téhehissstdiuecednas di ssol ved in

a m ni num vol une of dichl oronet hane 9] 2006 chromat ogr aphed over
si i ca fRYUtIO FRAgANHeR SAHIUH ?,g{}gt e%roﬁlol\/@a%% qmﬁ‘fe pr oduct .

cont ai %%Jﬂﬁemaaszw&cm dbeme:qmcemtgatmis amgilyeid. 5 g (81% of
t he t|tIe conpound. 5 1H NVR | 331 (M1 n.t':(';‘r ma@ ate PAR- 4
Hoc- D, LM§@H o fi2n BYLs nyl'}'hﬁlliﬁﬁq'?é‘l@ﬁh?? ‘E%’t°é’r b ﬂ"%%)‘?ﬂe

hydr oxyasa rmawéun@hl 8- 5t YihPsP iple@ su s | vepddat. hotth@Afy st edl HauNR | S-M5, Ve
331.0 (M+1) 15 Interrredla

P
N 4. Not AR 56, o A BaT IrBEigly BE/GS1 T Fepsed 3% 956 For 36
met hyl menyﬂ'ﬁélktbi&tﬁeel\@i@y&ocﬁfd@to k@éﬂﬂdﬂ?ﬁ%@aﬁtﬁ@ Thiltered

2-trifl uolgé)ungeg r&%'atéggégégfg yeéja\ert(h:L gnd parl:rrq;%.c%:\eglI ltaetween ethyl
acetate and water. The organic layér was washed w1th water
10 (3x) and brine (1x) and dried over MgSO4. Removal of solvent
under vacuum gave the crude product which was purified by
chromatography (silica gel, gradient elution with 30-35% ethyl

acetate/hexane) to piovide the title product (3.53 g, 89%).

15 Melting Point = 73-75 °C with decomposition
lg NMR (CDCl3) . '
API-MS, m/e = 240 (M-C4Hg+1} .

Intermediate AL-3
20 R-3-Cyano~(1-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 11{ NMR (CDCl3) .
Preparation of 3-Cyanostyrene. _

To a stirred suspension of methyltriphenylphosphonium
‘bromide (75 g,.209.71 mmol) in dry THF (750 wkL) 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 temperatufe. 3~
Cyanobenzaldehyde (25 g, 190 65 mmol) was added as a solid in
S g batches, and the mlxture was stirred at room temperature

overnlght. The reaction was quenched in water, and the



stirring was added 2, 4-di net hoxybenzylam ne (0.86 nmL, 5.7 ..25 solution was
i n vacuo (twce). nethanol (12 nL) is.onitrile 7 mml) was added,
fol |l owed by 4-nmet hoxybenzoic acid &3.87 g, nmol) and net Horvdy Z00D6L). After
5 mn, the diluted with toluene 100 nL and concentrated The resi due was

" then. di ssolved in anhydrous and 1, 1-di net hyl -2-. (et hoxycar bonyl oxy) et hyl
(Tetrahedron, 55 .(1999) 7411-7420] (0.9 g, 5 S.7 mmol): After stirring for
72 h, the solvent was renoved in vacuo and the residue was chromatographed
over silica gel, eluting with 30 a step gradient of 30% ethyl acetate in

heXa“.e%otl%ﬁugwaé%?oﬁ{e%vgﬁgg@t@é&dnn heyanessi e WL WiEkoEeBAAI Ni Ng

fractions were co concentrated in vacuo; and then the residue
was di sgolthedminimat mpouatebsit THF wastte §rivhengtnhpsphinga petde wagied with

thi ok SEECEREEECTE RERTAERELS! S Beiifouds Tl it Bl BUgROCC ol ) v

t hen didstlonadeous tednidne ap hh¢ Hhkkratenwaat ceneentinabedcuo (twice) to give

a whi f - ' di | wed b n, ol ngy. pot assi um
ort  BAGEOH- AT 1 KB -R ACb BaRg BET (b iad i o bRl P
(0. 079 priodugt98s nmnt9lardesaddddl 6He-% lse 68FlUti on was allowed.to stand
overni-ght in the'refrigerator.'Thg next #Drning, the solvent was renoved .

and the residue was
Boiling Point = 90 °C at 0.25 wmmHg.

1y NMR (CDClj).
10 |
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
ﬁoc-D}L—(2—pyr1diny1)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 mL) and glacial acetic acid
(20 wL) was added 5% Pd/C, and the mixture was shakén in a
| hydrogeﬁation apparatus undexr an atmosphere of hydrogen at 4.1
 bar t45'psig) for 4 h. The mixture was filtered through
- 25 déatémggeoqs earth 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 conceﬁgrated in vacuo and the residue
50 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
grédient of 10-20% ethyl acetate in dichloromethane to.give



chromat ogr aphed over silica gel, eluting with 30% ethyl 10 acetate in
hexanes. The product containing fractlons were conbi ned and concentrat ed
to give 0.32 g (79% of the title éonpound 1H NVR 15 | S0ty 2006 518. 0
(I\/H) | ntermedi ate PAB-6 BOC-D, L-(5-thiazolyl)glycine ethyl ester. To a

“TFps T flask (250 cnB), D, L-(5-th-iazolyl)glycine ethyl 20 ester (4'.60.g,

24.7 mmol) was added to tetrahydrofuran (c.a. 100 cnB) with stirring to
give a yellow solution. BOC anhydride (5.439g, 24.948 mmol) and tri et hyl
am ne (3.79 cn8B, 2.75g9, 27.17 mmol) were then added with stirring for 1

hour . . gReacy i ereyyoRie ehede D1 d Ldonfaiittdhexaacyel yw Ggidetate; s.m r.f ..25
0. 05,- prod.. r.f. 0.5.). The.reaction concentrated In vacuo and product
taken up in ethyl acetate (c.a. 150 cnB), washed w th 5% hydrochloric

- aci d. sQufeen (c.a. 30 cnB), and saturated bicarbonate (ca. 30 cnB). Et hyI
acetate |layer was dried over magnesi um sul phate and evaporated.to dryness
to 30I§rYE, aW dr ZJe oilM+e¥. 42 g, -24.70 mol) (--100% Yield]. 3-H NVR
(CDCl53) 1.30 (3H, t) 1.48 (9H, s), 4.28 (2H, q), 5.68 (1H, br.), 7.88
(1H, -s), 8.78 (1H, 4 61 10 ‘May 2006 D, L-(5-Thiazolyl)glycine Ethyl
Ester. I?Geﬁm?d’oa“flp $%(250 cnmB), was added 5-thiazol yl - oxininoacetic -acid .
ethyl e3kep, ﬁﬁ(éﬁbﬁhidihyaxglyanhé EthyleHazevl. (c a 80 cnB) with stirring.
50% Form ¢ acid sol ution 5 was, added %% %%E (5.10 g, 81.83
mmol ) and BF?B%\E?F&F%PF 8%??5 l“ﬁé’&c??’dﬁ n|t YV TLC (604

hexane, gyl vaegd&tgie.m r.f 0:3, prod. r.f. 0°.05.).
10 - '
1H-NMR
IS-MS, m/e 281.1 (M+1)

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

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

20 mixture was filtered through diatomaceous 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 vgcuo Lo give 2.24 g of light ordnge.oi; (1s-MS, m/e 231.0
(Me1)). | | - '

The oil (2.14 g, 9.3 mmol) was dissclved in THF (40 wL)
and to this stirring golution was added triethylamine (1.4 wl,
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 ;he
residue wés paftitibned between ethyl acetate and water. The
organic phase was then washed with satd ag. NaHCO3, dried with
Na»S04, filtered and concentrated in vacuo. The re81due was

dlssolved_in a minimum volume of dichloromethane and



Reaction solution filtered over diatomaceous earth and filtrate
concentrated in vacuo. This was basified to pH 9 10 with anhydrous

pot assi um car bonate and product ta% 3n up in 3:1 chl or of 4@ Maysi96opanol
~solution (c.a. 200 cnB). This was washed with saturated bicarbonate (c.a.
50 cnB), dried over magnesi um sul phat e and concentrated in vacuo to give a
brown oil (4.60 g, 24.70 mml) (78% Yield]. 15 1H NWR (CDC13) ; 1.25 (3H,
t) , .95 (2H, br.) , 4.22 (2H, q) , 4.85 (1H, s), 7.80 (1H, s), 8.70 (1H,
S). Internediate PAR-7 20 N-Hoc-D, L-(4-thiazolyl)glycine ethyl ester To a
sol ut | Grsthatddraphetinbagel ¥yi) ity ejali,e eduhihg seitdy 5% ethgd acetBte70 mmol) in

tetrahydrofuran (20 c was added .di ngﬁg & (0.530 g,
2.470 y HorgxanfRs - tFP@tﬁ%Pﬁ é#%%&&ngn%géégigl Wégb ?B I's was al | oned
to ..2§n§téénééﬁtfhtbautoagﬂvéh@ Sa UBilan oﬁnthnuuuﬂledcpmpoamto The oil
was taken up in ethyl acetate (c.a. 50 cnB) washed with 0.5% hydrochloric
acid solution (c.a. 20 cnB), and saturated sodium bicarbonate sol ution
(c.ag 2H-gMB). This was then dried over magnesi um sul phate and

concentr at ed |n vacuo to |eId an 30 orange oil (0.709 g, 2.477 mmol)

(- 1009F§¥Fd] Ve 3R (MHEL3) 1.15 (3H, t), 1.35 (9H, s), 4.1 (2H, n), 5.45"
(1H, d) ,  5.75 (1H d , 7.3 (1H, d) , 8% (1H d) . 62 10 May 2006

D, L- (4-Thi azol guy0|ne Et hyl Ester. This was.prepared from

et hyl - Zoberredtats i B%i%e- 4- acetate (0.60 g) using the method of

Hat anakgeeh, ﬁl(s-(cfl.ﬁ.lﬁdl&hyﬂgl%ﬁwlmﬂiymm:try, 1973, 16(9), 978-984) to.

|eId the titled 5 conpound
Y Prepared fro&ngthyl ﬁydroxf?mlno -quinolin-5- ylacetate

using Method PAE-B.

1H-NMR
IS-MS, wm/e 331.0 (M+1)
15
Intermediate PAE-5 _ .
N-4-Methoxybenzoy1-n—2,4Jdimethoxybenzyl—D,L-(2~trif1uoro-
methylphenyl)glycine Methyl Ester. )
| Methed PAE-C
20 To 2-trifluoromethylbenzaldehyde (1 g, 5.7 mmol) with
stirring was added 2,4—dimethoxybenzy1amine-(0.86 mh, 5.7
mmol) and methanol (2 mL). After 5 min, the solution was
diluted with toluene 100 mL and concentrated in vagﬁo (twide).
The'residue was then dissolved in anhydrous methanol (12 mL}
.25 and 1, 1-dimethyl -2- (methoxycarbonyloxy)ethyl laonitri;e
. [Tetrahedron, 55 (1999) 7411-74201 (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 remo#ed 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 aq. NaHC03,
dried w1th Na3504, filtered and concentrated to glve 1.76.9



1H NMR (CDC13) 1.25 (3H, t), 1.8-2.3 12H, br.), 4.1 (2H, m,. 4.75 (1H
a), 7.25 (1H, d), 8.7 (1H, d). 10 termediate PAR-8_ _ . __. ...,

N-Hoc- D, L- (2- met hyl t hi azol - 4-yl ) gl yti ne Ethyl Ester To aiGkMay0d® of

D, L- (2- et hyl t hi azol -4-yl)gl ycine ethyl ester (0.397 g, 1.982 mmol). in
tetrahydrofuran (20 cnB), was added di-tert-butyl dicarbonate (0.475 g,
2.180 mmol ) ahd 15 triethylamne (0.304 cnB, 2.180 mmol). This was al |l owed
to stir.for 1 hour and the solution concentrated in vacuo. The oil was
taken up in ethyl acetate (c.a. 50 cnB) washed with 0.5% hydrochloric acid
sol ut i (@8%)c of. tRicknB)l Mk, sastMSt erfe $8di. am{li Ly borideeoddl ution (c.a. 20

cnB): This wa en dri e qQve | C entrated in

vacuo 02'5 ﬁ'e?d g ye? W5 | hfﬁ WV%§ %%EHL&’{&?& %8‘8’ gﬁgl d]. 1H NM

(5 C?C(lSjonheht(r:?Hgdsin dadifo 49H;ce) t@. gtav©3la| }vh;t.eélfdﬁu (3‘ng m, Et5h3l (éHt d)
y i az in yl Ester.

Thi s. %pé’?gd“%?%rﬁ.}eﬁﬂalveg ﬁrn%oazh‘?r}\gt %‘9‘? %%905? gm‘yg aget ate (0.62 Q)

usi rsglidub:diﬁrehad i djptersskamel) akas a(d&edr naAfbér l\mllqunnatLZChem stry, 1973,

10 9 86700 S5 PRIt

g 95R(aful'10v&51 tGSS%Qndfl&yvel'lﬁﬁghtnli{/gr&ijmfalgéi_?aﬁor The gext f

oc- R- r ox en ci ne Met 0 a.stirred mxture o

R—(4-Héﬂf’%p |7§¥‘9%%1é’%{”ﬁ9?"e‘% aé‘%atts *hy3PHINT IF3%e (14g). and sodi um

bi car lhlft&ah&tb@;i:aﬁhgc) over HificdSfell elatdngateth (5% rdthylwas added in one

portdcgkeégte in hexanes. The product containing fradt#ons were

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

compound.

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

Intermediate PAE-6
BOC- D,L-(5-thiazolyl) glycme ethyl ester.
_ To a r.b. flask (250 cwm3), D,DL-(5-thiazolyl)glycine ethyl
20 eéﬁer (4.60 g, 24.7 mmo_l) was added to tetrahydrofuran
(c.a. 100 cmd) with stirring to give a yellow solution. BOC
anhydride (5.439g, 24.948 mmol) and triethyl amine (3.79 cm3,
. 2. 759, 27.17 mmol) were then added with stirring for 1 hour..
Reactlon monitored by TLC (60% hexane/ethyl acetate, s.m. r.E ;
.. 25 0 05, prod. r.f. 0.5.). The reactlon concentrated in vacuo
. and product taken up in ethyl acetate (c.a. 150 em3), 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].

1H NMR (CDCl3); 1.30 (3H, t), 1.48 (9H, s), 4.28 (2H, q), 5.68
(1H, br ), 7.88 (1H, -8), 8. 78 (1H s). '



.t-butyl dicarbonate (15.9 g). The m xture was stirred rapidly to allow

t horough m xing for 4 h. Hexane (7% m.) was added and the organic |ayer
separated and washed with satd sodi dm 10 bi carbonate sol 19 May,2006hen bri ne
and then dried wth magnesium sul phate. The.drying agents was filtered
off and washed with a little THE and evaporated to dryness, finishing with
~"a“high vacuum punp to renove the |last traces of di-t-butyl dicarbonate.
Yield 19.7 g, 96% 15 1H NVR R-(4-Hydroxyphenyl)glycine Methyl Ester
Hydrochl oride. To a dry 250 nlL three necked round bottom fl ask, equi pped
20 with,n- [Mﬁimzp&yalglﬁcid‘eemvﬁtutela- septum for nitrogen coverage and

anot her for_introduc 0 th| 08 b ,_ vvas added

- R-4- hydroxyrf)%e%ﬁ& %#’ﬁgk 05 g) dg%%ddé?et ﬁaﬁ #% The m xture
was Stbkiﬂdnoa(cfm@mehbﬁdséwylere)ateandscz)'blgad 382l mmle)rrm terrper ature of
-20 oC u rd|c a Usi ng e ri de was
added e&ﬁ &}s% 1% ? ﬁi) ‘é‘%’thmsgf'ﬁf;m%ve%%ype?ﬂgﬁ %&@?Qn]iug%?mre: "the
reacsi qaoo&niihlmﬂsyladdbaowiﬁe zdmi:hduathemdlo [=Y ﬂer'93 wret)hemd ¢ and rate of
addi tion_sho .such that the hi onyl I ri s,rﬁéflmently stirred
into tR&ELAY ‘blu'?% Sg'r’rﬁ SUeYWaqthtt heRFg ?%tuho%‘g %5 fise above -20 C.
Once t {gosaRekdnaethyl soopdta; est.he ri&ton%: paedal roﬁ\ed).t(ts Adarmto room

whi Lo Bepcti sqitten $Rlcead ovey ofi Cotadtorly Trtriad il e hore ot her
and drlf&dtré(telébn%nsrgte@@ﬁ vakubkl maa«amyoaa@eseanmmwa ate PAE-10
10 with anhydrous'potassium carbonate and product taken up in 3:1
chloroform/isopropanol solution (c.a. 200 cm3). This was
washed with saturated bicarbonate (c.a. 50 cm3), dried over
magnesium sulphate and COncehtfated in vacuo to give a brown
oil (4.60 g, 24.70 mmol)} (78% Yield].
15 .
1H NMR (CDCl3); 1.25 (3H, t), 1.95 (2H, br.), 4.22 (2H, @),
4.85 (1H, 8), 7.80 (1H, s), 8.70 (1H, 8). | |

Intermediate PAE-7

20 N-Boc-D;L-(4-thiazoly1)g1ydine 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 dlcarbonate (0. 530 g, 2.470 mmol) and '

triethylamine (0 344 cm3, 2.470 mmol). This was allowed to

.. 285 st1r for 1 hour and the solutlon concentrated in vacuo. The .

' oil was taken up 1n ethyl acetate (c.a. 50 cm3) washed with -
0.5% hydrochloric acid solution (c.a. 20 cm3), and saturated
sodium blcarbonate solutlon {c.a. 20 cm3) . This was then dried
over magnesium sulphate and concentrated im vacuo to yield an

30 orange oil {0.709 g, 2.477 wmol) (~100% yield].

1§ NMR (CDCl3) 1.15 (3H, t), 1.35 (9H, s), 4.1 (2H, m), 5.45
(1#, d), 5.75 (1M, d), 7.3 (1H, d), 8.7 (1H, 4). |



5 Boc-R-(4-Trifl uoronet hanesul phonyl oxypl i enyl)gl yci ne Methyl Ester
Hydrochloride. To a stirred solution of Boc-R-(4-hydroxyphenyl)glycine

met hyl ester (19 g) in di chl or onet B8ne (400 nL) was addesp Ria§-20bgt i di ne.
(9.44 nL) and. 4-di met hyl am nopyridine (1,65 g)..and .10 the m xture cooled in
‘an ice bath. Trifluoronethanane- sul phonic. anhydrlde (13.74 nL) was added
over a period of 5 min, and then the reaction left to warmto room
tenperature over 4 h. The organic solution was washed with water (2 x 150
m)., 1 NHCL (2 x 150 nL), and then saturated sodi um 15 bi carbonate (150
m.) . TbeLe(gﬁuﬁﬂazomglbgly&ink\Huuylnaghesiun1 sul phate and then evaporat ed

toam oil. The mixture was urified_ usi J ash. chropat ogra (5102 250
g,. eluting® Qﬁ%lyaslpIePﬁﬁE&héf gVon%f?éhﬂ?Qﬂu§hﬂﬁéﬂ ﬁeg SR )

di chl o (@”Eb kgf'@m.n PYhe :Qélﬁﬂi&?foff mehh@m derel cqcrbuﬁrﬁalaaﬁi evapor at ed,

finishing -- mntﬁ a high vacuum punp to renove all _traces of solvent, to

give a génab|Ghemisbry, IO%. 16(NWRIT8 289)gtey yield the Lidded ) .
Boc-g-gg xmpq%bﬁpylphenyl)gly0|ne Met hyl Ester. Method PAM D
Boc-R-4-trifl uoromet hanesul phonyl oxyphenyl gl yci ne methyl ester. (15 Qg),
met hanol (32.6 nL), bis-I, 3-di phenyl 30 phosphlnylpropane (448 ny),

pall adugmyik | {crtag a&ez£ 2551M)., 1. Bletiybam ne-.010421mMuang ,

~di met hyl f or mam de nm.) were placed in.the’ gl ass liner of

pr essufte 78 pAHE) Br)ea(';’t 3% M He 8-dadiBr dhsenbl ed. The vessel was
pressurised to -0.68.bar 65 10 May 2006 (10 psig) wth nitrogen and the gas -

rel eased (repeated five times to renove all oxygen fromthe systemn
CarB@nIREHER?Qk?tG PAE-8

N-Boc-D, L~ (2-methy1thiazol -4-yl)glycine Ethyl Ester
To a solution of D,L- (2 methylthlazol ~4-yl)glycine ethyl
ester (0.397 g, 1.982 mmol),ln tetrahydrofuran (20 cm3), 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 (é.a. 20 cm3). This was then
20 dried over magnesium sulphate and concentrated in vacuo to

yield a yellow oil (0.654 g, 2.177 wmol) (~100% yield].

g NMR (CDCl3) 1.1 (3H, s), 1.35 (9H, s), 2.6 (3H, s), 4.15
(3H, m), 5.3 (1H, d), 5.7 (1H, s), 7.0 (1H, s).

25 W e

_ D,L-(z-uethylthiozol-4-y1)glycine-Ethyl_Eéter.

This was prepared-from ethyl-a-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 tltled compound (0.40 qg).

1y NMR (CDCl3) 1.15 (3H, t), 1.95 (2H, br.), 2.6 (3H, s8), 4.15
(2H, m), 4.65 (1H, s), 6.95 (1H, s). '



gas was then carefully introduced (use extrene care -the gas cylinder is
pressurised to far beyond the burstlng disc 5 pressure of the Parr, ideally
use a pressure regulator to reduc®3the pressure to - 6. qolndy zd&w p5|g) to
-1.4 bar (20 psig) ‘and released three "tinmes (into t?he back of a.fume. .
hood). Carbon nonoxi de was then added to --6-.8 bar (100 psig) and t he
stirrer-started. The vessel was slowy heated to 65 oC 10 i nternal
temperature and then stirred at 65 oC overnight. (At the early stages nore
car’bon nonoxi de was added to maintain- -6.8 bar, 100 psig.) A sanple was
renoved after 18.h and exam ned by tic. Wen conplete, the reaction was
-cooled to -30,C, the gas released and the vessel flushed five tines 15
with niRteEeRdiate @  The reaction mixture.was partitioned between

et hyt %%Lﬁf-@‘iaﬂﬂd.i’@?@nn g1fgifei seehgl | @ywsr washed with 1 M
hydrochlorlc acid and then saturated sodi um glcarggﬁate The sql ution was

dried with Rgseustirredydsbprse Rf K éshyeﬁ? yeore (M- ¥sul ting oil

gave sZQsEQ% BY8ELEH10REE (Rigf | énd EOd8u, bHEebolE tIVRL DY egyedi at e PAR- 12.
Hoc- R—$4 Benzyloxycarbon | phenyl ) gl ycine Methyl; Ester Prepared from

Boc R- FHF (10 orbheanth tesarp k! y‘fldxy"’aﬁh%‘?@?‘bl%l"ﬁ‘@ rethiPredisr and benzyl

al coholy w30 SELDAGhNAAR(Ps. 9 %3‘,2 1bﬂhl§"v8miﬁ@w&db@59r8&%&d1y
Boc- R- (4- Carboxgkgenyl)gly0|ne th

Est
Boc- R- 4 Bdhoy| Bhgeendio miraRe ntey ¢ ;’m née%%yﬁﬂeg%rwee addadhy 2006 (500
ng) wagnd $RE! ¥BGahit MidyecOBbpArdtE E%Gual@&ec( AR BhtaNdodium

10 bicarbonate Bolution,_then brine and then dried with magnesium
sulphate. The drying agents was filtered off and.washed with '
a littie THF and evaporaEed to dryness, finishing with a high
vacuum pump to remove the 1ast'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 mL 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 added R-4-hydroxyphenylglycine”(12.5 g) and dry
‘methanol (24 w) . " The mixture was stirred (magnetio-stirrer)
and cooled to an internal temperature of -20 ©C using
.:25 qe;daog[acetone. 051ng a syringe, thionyl chlorlde 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
thionyi chloride is efficiently stirred into the mixture and
30 that the tewmperature does not rise above -20 ©C. Once;the
addition was complete the mixture was allowed to warm to room
temperature overnight (16-18 h). Dry ether (150 mlL) was added
and the white ppt. that formed was filtered off, washed with a
little more ether and dried. Yield 15.5 g, 95%.



hydr o
evapo
(330

genated at 1 atmfor 2 h. Renpval of the catalyst by filtration and

rati on of solvent gave Boc-R- carboxy phenyl ) gl yci ne net hyl
ng, 87% . 5 10 1H NMR Interne |ate PAR- 14 10 May 2006

ester

Boc- R- (4- car boxami dophenyl ) gl yci ne Methyl Ester. Method RAS-E-Ta a.solution
c- R=(4- car boxyphenyl ) gl ycine nethyl ester (3.5 g) in DVF (30 nlL) was

of Bo
added
m xtu
anmon
t enpe
aqueo
comnbi
to an
di chl
“am do

PARs1!

from
Met ho

10

15

-20

EDCI (2.60 g, 1.36 mmol) and HOBt (1.4 g, 10.4 nmol), and the

re stirred for 10.mn before cooling in a'ice bath and bubbling in

ia 15 gas for 5 mn. The mxture was stirred for 2 h at room

rature and then diluted with ethyl acetate and washed  -with water. The

ned
oi I which was 20 purified by flash chromatography (Si02: -

Y ﬁg#ution was extracted with a little ethyl acetate and the
gani cs washed with brine. The organic solution was evaporated

net h acetate 0 - 25% to give Boc-R-(4-carbox- . ‘
%3&%?@?%?&%1& ester (1.7 g, 48%. 1HNVR 25 30 Internediate
%Me{&-fﬁimmhmdmmmpgbwlwmm MeEbyRr. Prepared
- car henyl ) gl yci ne net hyl ester and nethylan1ne usi ng
Fbae. EringiRay”

To a stirred solution of Boc-R- (a-hydroxyphenyl)glycine
methyl ester.(19 g) in dichlorowmethane (400 wmL) was added 2,6-
lutidine (9.44 mL) and_4-dimethy1aminopyridine (1.65 g) and
the mixture cooled in an ice bath. Trifluoromethanane-
sulphonic anhy&ride (13.74 mL) was added over a period of 5
min, and theh the reaction left to warm to room temperature
over 4 h. The organic soluﬁioﬁ was washed with water (2 x 150
oL), 1 ﬁ HC1 (2 x 150 mL), and then saturated sodium .
bicarbonate (150 mL). The organics'were dried with magnesium
sulphate and then evaporated to an oil. The mixture was
purified using flash chromatography (SiOz 250'g;_e1uting with
1:1 hexane/dichlorometﬁane and theﬁ neat dibhloromethane).
Pure product fractions were combined and evaporated, finishing

with a high vacuum pump to rewove all traces of solvent, to

- give a white solid, 19 g, 77%.

25

30

1H NMR

Iqtermadiate PAE 11
Boc-~R- (4- uethoxycarbonyiphenyi)glycine Methyl Ester.
Method PAE-D

Boc-R-4~ tr1f1uoromethanesulphonyloxyphenylglyc1ne methyl
ester (1S g), wmethanol (32.6 mlL), bls-1,3—d1pheny1—
phosphinylpropane (448 mg), palladium'(II) acetate (255 mg),
triethylamine (10.2 hL) and dimethylformamide (72 mL) were
placed in the glass ;iner.of pressure (Parr) reactor and the

reactor assembled. The vessel was pregsurised to ~0.68 bar



I nternedi ate PAR-16 10 May 2006 .

N- 4- Met hoxybenzoyl - N- 2, 4- di met hoxybenzyl - D, L- (qui nolin-4-. vyl glycine

Met hyl Ester. Prepared from qui noi PAe- 4- car boxal dehyde usompy\dadsod 5
PAE-C. 1H NWR Internedi ate PAE-17 10 Ethyl Hoc-D,L-thiazol-2-ylglycine. .. ..
Prepared from et hyl hydroxyi m no-thiazol - 2- ylacetate usi ng Met hod PAE-B.
In this case, reaction with Zn/formc acid was conducted over 15 mn. 15 .
INVR I S-M5, nmle 287.0 (Mtl) Internedi ate PAR-18 Et hyl

Boc- D, L-i soqui nol i n-8-yl glycine.. 20 Prepared from et hyl

hydr oxynoi pgzg)samﬁmahi;aogezyla&ﬁptt&begasi rejldeseiodréPeatid Ifiivehi s case,
reaction wth Zn/form

concenF?‘ﬂf’?oﬁoa’?ﬁTovﬁaPih?m% copﬁgc%y: e&‘\‘e égfween Qj’%&éaged >

chl or ofaEihs agticip agk fuddg ﬁﬁiﬁdﬁnﬂ:edl\l&h&mxt'fbmeBcar@rmgaen was carried.
- out as 25, pfeviousl descr i bed fIC&l on,.was g_)erf ynmed using silica

gel ch%ﬁﬁ?@%ﬁa’ﬁ}’%&?&f’é@%ddfhcfa@&gﬂ? St PRESHTS TG et hyl acetate in

net hyl R&ess&@rwe;hewwr, 3adaFNBusel & ﬁaés@r(ewtégumxysms f or
C18H22K204: Cal cd: C, 65.44; H 6.71; N a8; Foimg " §3-05; *H 6.67;
N, 8 4gedgge1 qﬁg;qgggge to'~ 6.8 bar, 160 p31g to b {

psig) and released three times (into the back of a fume hood).
Carbon monoxide was then added to ~6.8 bar (100 p91g) and the
stirrer started. The vessel was alg_lx heated to 65 ©C
10 internal temperature and then stirred at 65 OC overnight. (At
the early stages more carbon monoxide was added to maintain-
~6.8 bar, 100 psig.) A sample was removed after 18 h and
examined by tlc. W®hen complete, the reaction was cooled to
~30 ©C, the gas released and the vessel flushed five times
15 with nitrogen as before. The reaction mixture was partltloned
between ethyl acetate and water, and the organic layer ‘washed
_with.l M hydrochloric acid and then saturated-sddium
bicarbonate. The solution Qas dried with MgSO4 and -
-evaporated. Flash chromatography of the resulting oil gave
20 the product, pure by tlc, 10.6 g, 90%.

1y NMR

Inteﬁmedlate PAE-12

.. 25 Boc R (4 Benzyloxycarbonylphenyl)glycine Méthyl Ester

' Prepared from Boc-R-4- tr1fluoromethanesulphonyloxy
phénylglyc1ne methyl ester and benzyl alcohol using Method
PAE-D.

30 1m NMR.
Intermediate PAE-13

Boc-R-(4-Carboxyphehy1)g1ycihe Methyl Ester. |
' ‘Boc-R- (4-benzyloxycarbonylphenyl)glycine methyl ester



Preparation of Internediates PAA-1 - PAA-28 The foll owi ng conpounds were
prepared according to the indicat e% nmet hod (Met hod PAA-A, Met hod PAA-B,
Met hod PAA-C, Method PAA-D, Met ho®%PAA-E or Met hod PAA-WMayc%Oﬁhe :
indicated 5 starting materials, unless otherw se described. Internediate -
PAA-1 Boc-D, L-(2-chl or ophenyl )gI yci ne. Method PAA-A 10 o
2- Chl or obenzal dehyde (20 mmol, 2.252 nml) and 2, 4-di- net hoxybenzyl ami ne (20
mol , 3.004 nL) were added toget her and stirred for 2 hours. DCM (5 nL) :
was added and any water separated and renoved. tert-Butyl isonitrile (20
nmol , 258@2mg)r’r1~)a§/\@isadﬁ€@ld airtd-lsnFi bbﬁthiﬂngl@drfbnlo%okimmmymdceti c

acid-. 15 (20 mmuo] 145 ni). |rr# gﬁ)&s ] i_ny { ays. The
reacti Bﬁdﬁ?%rtﬁ'?%é‘st i’*h%ﬁ“‘t?‘é‘étze (0358 nt) 3 a y thyl silane (5
). Akieeraciod hadrievh 6%1\1&&&1 e;\fapomémd gaveo wcyness, cﬁtMJthl (100 ni)

- added, and the whol e refl uxed L 130 OC, stirring rapidly. The
m xt ur BRAREL bl ¥, Jgt Pﬁf eran(g?’gx c@%c} with EtOAc (50 mL x 2); the
aquegus fraction was evaporated to dryness and treated with 2 M NaOH

sol utlgn The m xture was extracted with EtOAc (50 nlL x 2); excess boc
anhydr ' .2. g) in dioxane (20 n.) was added to the aqueous fraction
and sti rred overni ght.. The .. 25 tz4 ture. was extracted with diethyl :
ether (100 nmL x 2), acidified to pH 1.(conc HO) and extracted with Et OAc
(50. m_Inteymediate BABrdftned or ganic fracti ons were washed with water and

evapor gl,adrl @4 0 ¥ARSGmd AdShaiy DYy 1YRG HE NMe difl Headict Boc - 2-
chl orophenyl gl yci ne (4.252 g, 74. 50 30 1H NVR (. CD3CN/ D20) 7.3 (4H, m;
5.5101H, s); 1.3 (9H, s). M5 YgBhod \BAH-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 min 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 w1th ethyl acetate and washed
with water. The aqueous sclution was extracted with a little
éthyl acetate and the combined organics washed with brine.
The organic solution was evaporated to an oil which was

20 purified by flash chromatography {Si05 - dichloromethane/
ethyl acetate 0 - 25%) to give Boc-R-(4-carbox-
amidophenyl)glycine methyl ester (1.7 g, 48%) .

1 NMR

-

~¢ S T

_Intermediate PAE-15
Boc=R- (4-methylcarboxamidophenyl)glycine - Methyl Ester.
Prepared from Boc-R-(4-carboxyphenyl)glycine methyl ester

.. 25

and methylamine using Method PAE-E.
30
15 NMR



69 10 May 2006 Internedi ate PAA-11

(R) - Benzyl oxycar bonyl - ( 2- chlorophen¥l)glycine. Prepared from

2-chl orostyrene using the method o/ Sharpless et al J. A&y 200998) Voll2
No. 6 1207-1217. 5 .Internediate PAA-1, alternative preparation .
Boc-D,L-(2-ch|oropheny|)g|ycine. Prepared from 2-chl orobenzal dehyde using
met hod PAA-F. In this case, the reaction tenperature was not controlled
upon 10 addition of 2-chl orobenzal dehyde and the reactiron was allowed to

stir for 2 h. Extractlon of the intermediate amnonitrile was perforned

wth et I et 43 3ge of ethyl acetate and -was further purified by

addi t4 gas The ethereal extracts fol |l owed by decantation of

t he nouh@rubtquxybénxdyi—usolQ&dimdtboszheszwl1D¢¥wdnushbbimd@-salt BOC

prot ecti.qn_of hp?t%m ;md was performed fromO oC to room tenperature
. over 5“8@??8&“8f PRI EGFSEnd the final extraction was perforned with

et hyl acet aPeepared amowofluthdlinetdrerrbogaldétiyde LSinS Meeh®B4 (M 1)
Inte&gq%%g e PAA-2 Boc-D, L-(3-fluorophenyl)glycine. 25 Prepared from

3-fl vorobernZal dehyde usi ng Met hod PAA-A. | HNMR (CD3CN/ D20) 7.3 (1H, m,

7.1(3H, m; 5.2 (IH s); 1.3 (9H, s). M5 270 (M+1l) 30 Internedi ate PAA-3
Hoc= D, Ly ( 4-f1 uor ophenyl ) gl yci ne. Prepared«from 4-fl uorobenzal dehyde usi ng
Met hod -A. 1H NWR (CD3CND20) 7.3 (2H, m; 6.9 (2H m, 5.0 (1H, s); 1

Intermediate PAE-17 _
10 Ethyl Boc-D L- thiazol 2-ylglycine. _
Prepared from ethyl hydroxyimino- -thiazol-2- ylacetatej_
using Method PAE-B. In this case, reaction with Zn/formlc

acid was conducted over 15 min.

15 INMR
IS-MS, m/e 287.0 (M+1l)

Intermediate PAE-18
Ethyl Boc-D,L-isoquinolin-8-ylglycine..

20 Prepared from ethyl hydroxyimino-isoquinolin-8-ylacetate
using Method PAE-B. In this case, reaction with Zn/formic
acid was conducted over 30 min, followed by concentration and
partitioning of the residue between 3/1 chloroformllsopropanol
and satd aq. NaHCO3. The Boc protectlon was carried out as

- 28 p;ev;ogely;desctlbed. Puriflcatlon was performed using silica
gel chtomatography (Biotage Quad System) elut1ng-w1th 10s '

ethyl acetate in methylene chloride.

INMR
30 IS-MS, m/e 331.0 (M+l)
Analysis for 018H22ﬂ204:
Calcd: C, 65.44; H, 6.71; N, 8.48;
Found: C, 65.05; H, 6.67; N, 8.49.

0

3



70 (9H, s). M5 270 (Mt1l) 10 May 2006 Internedi ate PAA-4 .
Hoc- D, L- ( 2- met hyl phenyl ) gl ycine. 5 Prepared from 2-net hyl benzal dehyde usi ng
Met hod PAA-A. 1H NVR (CD3CN/ D20) 788 (4H, m ; 5.5 (1H #)May2086(3H, s) ;
1.3 (9H, §). M 266 (Mrl). 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 NVR (CD3CN/ D20) 7.5 (2H, m; 7.1 (1H, d); 5.3 (1H s);
1.3 (9H,.S). M5 258 (M+l) Internedi ate PAA-6
Boc- D, L- (2-fl uorophenyl ) gl yci ne. 20 Was obtai ned by treating. ,
&az(%;gg§mlcﬁﬂ y;gitggnAe&ﬂwsi thl-(wi-t tpz2Be@8anhydride (1.1 eq) and 2 M
(1 eq) in _ethanol. ueous work up as described. ahov ' .
pr ot ect ed aﬁ??mﬁQ%ﬁqyln55°989°9Q9§-wFﬁ?é? Eﬁgeaﬁﬁﬁf§§hgt%°-%h¥|eldeq the

BoC- D, 248t (ot b ShoE iF20- APT REB&T HARo®), 2Meehdd ade0z al dehyde usi ng
Met hod* PAA-A. 30 1H NMR 71 10 May 2006 . Inter gi at e PAA- 7.. aLtgr native

pr epar MeFbad Be-Ih MethodePARsE oFcMeFhed Mﬁe FePathY Wgsate '

2- ”EBhQ)éXQEﬂKg?“W%IB§i G818 etePAfsé& described. k

- Intermediate PAA-1 -
Boc-D, L~ (2-chlorophenyl)glycine.
Method PAA-A
10 2-Chlorobenzaldehyde (20 mmol, 2.252 mh) and 2,4-di-
méthoxybenéYlaminé (20 mmol, 3.004 mbL) were added.together'énd
stirred for 2 hours. DCM (5 mL) was added and any water
separated and removed. tert-Bﬁtyl isonitrile (20 wmmol, 2.262
mL) was added and étirred for 10 min, followed by acetic acid.
15 (20 mmol, 1.145 mL). Stirring was continued for 3 days. The
reaction mixture was then treated with TFA (30 ﬁL) and 
triethylsilane (5 mL). After 3 h the mixture was evaporated
-Eé 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.Z){ excess boc anhydride (5.2 g) in dioxane (zd mk) waé
.added-to the aqueous fraction and stirred overnight. The |
- 25 mixture was extracted with diethyl ether (100 mbL x 2),
acidified'ﬁo pH 1 (conc HCl) and extracted with EtOAc (50. mL -x
'zju.The combined organic fractions were washed with water and '
- evaporated to dryness-under high vacuum. The product Boc -2-
_ chlorophenylglycine (4.252 g, 74.5%) ' '
30 o | _
1§y NMR (CD3CN/D20) 7.3 (4H, m); 5.5 (1H, 8); 1.3 (9H, s). MS
286. (M+1) | |



In.this case, the reaction was cooled to O oC before addition 5 of

2- met hoxybenzal dehyde and was then allowed to stir at room tenperature
overnight. Extraction of the i nt er A9 ate amiionitrile #Maya2006rned 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

hydr ochl oride salt. BOC protection of the amno acid was perfornmed fromO
oC to roomtenperature over a period of three hours, and the final
extraction was performed with dichloronethane in place of ethyl ether. 15
1H NVRIhSekbediat 3AAL1(M 1) Analysis for CL4HI9NOS Cal cd: C, 59.78; H,

6. 81;" 4.98: _Found. C _59.68; H 6.78: 4.95. 20 Internedi ate PAA-8
Boc- b, LY 2BEPFY I BHRECRYR ) ERereaPpReRel) sheiiiPed from
~2-trifluor Ol}fébgfi'é&lﬂtﬁindl ehybortitygelkt Going Rzéuerﬂuet[;)ho&&f A NVR .~

I nter | at e PAA- 8, ternativ reparatj oa.-D, _

(5 FPPROPBReE Ryt bReRy ) 1y ioRe) SBLLe0 dipatod 2Py P27 o
2-trisfl uoronet hyl benzal dehyde using .nethod PAA-F. In this case, the

0 B bERSA S RS RSBSOS O S L
h. Ext BaetDeD- (2-diksrophenPl NiyrcdB@G i Nt ernmedi ate ami nonitrile was
perfOrneq-mgggpgiggdff%hpgtcgfgréhenzaldehyde ugsing method PAA-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 éminonitrile '
was performed with ethyi ether in place of ethyl acetate and
was further purified by addition of HC1l gas to the ethereal
extracts followed by decantation of the wother liquor to
15 isolate the semisolid-hydrochloride salt. BOC protection of
the amino acid.was performed from 0 ©C to room température

over a period of one hour and the final extraction was

. performed with ethyl acetate in place of ethyl ether.

20 lH-NMR
IS-MS m/e 284 (M-1)

Intermediate PAA-2
Boc-D, L~ (3~fluorophenyl)glycine.

-..25 ' %,_' _-P_;it_-z_pared-from 3-fluorobenza1dehyde using Method PAA-A.

1§ NMR (CD3CN/D20) 7.3 (1H, m), 7.1(3H, w); 5.2 (1H, s); 1.3
(SH, 8). MS 270 (M+1)

30 Intermediate PAA-3
Boc-D, L~ (4-£luorophenyl)glycine.

Prepared from 4—£lu6robenza1dehyde using Method PAA-A.

1H NMR (CD3CN/D20) 7.3 (2H, m); 6.9 (2H, m), 5.0 (1H, s); 1.3



pl ace of ethyl acetate and was further purified by addition of HCL gas to
the ethereal extracts foll owed by decantation of the nother_liquor to
isolate the semi solid hydrochloridefGalt. 5 BOC protecti on)gg bbeg am no
acid was performed fromO oC to roomtenperature over a peri od of one hour
“‘andthe final . extraction was performed with ethyl acetate in place of
ethyl ether. 10 IHNWR IS-M5 me 318 (M 1) Internedi ate PAA-9

Hoc- D, L- (8- qui nol i nyl ) glycine. 15 Method' PAA-B To a stirring solution of
Boc-D, L-(8-quinolinyl)glycine .ethyl ester (2.29 g, 6.93- muol) in _

1, 4- di opgane s 11mgla7ovagm+13dded a solution of LiOH hydrate (0.32 g, 7.6
mml)/ln water. After 2 h; the solvents were renoved in vacuo and the
residue 20 was dissolved in water and washed with diethyl ether. The

aqueouszdﬂa&ﬁedmasetﬂm.ﬁci dified to pH 3 with solid citric acid and
extracted with g acetate, The organic phase was then washed with
bri ne, BAG-Dd Ly engl) gl¥eiRend concentrated to give 2.06 g (989

of the titl erepaped ko -ketiYbedzaldohydetusdig Mdtvioh) pAhnAerrredl ate
PAA-10 30 Boc-D, L-(5-quinolinyl)glycine. Prepared from

Boc-D, L- (5 qui nolinyl)glycine ethyl ester wusing Method PAA-B. 1IN-NWR 73
| SV, 4 MO?(CS Wbl o) 7.3 (4H, m); 5.5 (iH, 8); 2.5 (3H, s}; 1.3

(9H, 8). MS 266 (M+1)

10 Intermediate PAA-5
Boc-D L- (3 thienyl)glycine.
Prepared from 3- thlophenecarboxaldehyde using Method PAA-
A,

15 1H NMR (CD3CN/D20) 7.5 (2H, m); 7.1 (1H, d); 5.3 (1H, s); 1.3
(9H, 8). MS 258 (M+1) '

Intermediate PAA-6 _
Boc-D, L~ (2-fluorophenyl) glycine.

20 Was obtained by treating D,L-2-fluorophenylglycine
(Aldrich) with Boc anhydride (1.1 eq) and 2 M NaOH (1 eq) in
ethanol. Aqueous work up as descrlbed above yielded the
protected amino acid.

25 lg. NMR-. .

Intermediate PAA;7 .
Boc-D, L- (2-methoxyphenyl)glycine.
Prepared from 2-methoxybenzaldehyde using Method PAA-A.
30 . ‘ T . _
_lnm



10 May 2006 I ntermedi ate PAA-11 Boc-D- (3-bronophenyl)glycine. 5 Prepared
fromR 3-brono-(1-t-butoxycarbonylam no-2- hydroxyethyl) benzene using

Met hod PAA-C. Melting Point = 130- 732 C with deconp05|t|ot0 Mal 2808 ( CDCL3)
.10 API-MS, me = 286 (M CO2H+1) | nt er medi at e PAA- 12

Boc- D(3 met hoxycar bonyl phenyl ) gl yci ne. Method PAA-C 15To a stirred
sol ution. of R-3-nethoxycarbonyl-(1-t-butoxy- carbonyl am no-2-hydroxyet hyl )
benzene(338 ny, 1.14 mmol) in acetone (7.2 nL) was added 5% NaHCO3(3 nli). The :
reaction mixture was cooled to O C. To the stirred suspension was added
KBr (1lnngm®d&a2temm7ﬁ§wmawwremamtml) and 20 NaOCl dropw se

(2.871 m,c g g5 _méag g{zgé gyfﬁﬂpﬂq JEVPO (136 ng, 0.88 nmol) and NaQdl

(1.09 wer e reaction was stirred for a:further 0.5 h
at 0 C and Eﬂ@mrqmzsmﬁmommdééw%ewié@m%hmwﬁ-ovved to warm-

to roogy eéa?éyreth%vcifegaegs.%ﬁ;tc%%&eﬁaﬁo 'Co fledpdeladAGm and 25 the

crude pro uct was-parti tione acetate an The
aquebuef| &ymthvagrtwmheldewdh mmwaaad:éaeat allowed tandtaci @i freesh to pH 5

or gani EogEHAEed MO AEREL! " BELE e oe L RBRAEREE ) nder “Vacuum
gave t asipowitcile 3o mfngme@@zbth lefHhy e RS 3n ARhelBof ndichyd 254
(N1CAF§$&Qa€é and was further purlfled by addition of 1 M HCl in
ethyl ether followed by filtratidn of the crystaliine
'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 C14Hj gNOg _
~ Caled: €, 59.78; H, 6.81; N, 4.98;
Found: - C, 59.68; H, 6.78; N, 4.95.
20 , '
Intermediate PAA-8 _
Boce-D, L- (2-trifluoromethyl)phenylglycine.
Prepared from 2- trifluoromethylbenzaldehyde uslng Method
PAA-A.

.25 _
. w7 e

1 NMR

Intermediate PAA-8, alternative preparation
Boc-D, L~ (2-trif luoromethylphenyl)glycine.
.30 Prepared from 2-trifluordmethylbenzaldehyde using method
. PAA-F. 1In this case, the reaétion temperature was not
~ corntrolled upon addition of 2-trifluoromethylbenzaldehyde and

the reaction was allowed to stir for 2 h. Extraction of.the



10 May 2006 Internedi ate PAA-13 -Hoc-D-(3-cyanophenyl)glycine. Prepared
fromR-3-cyan-(1-t-butoxycarbonyl am no-2- hydroxyet hyl ) benzene usi ng Met hod
PAA-C. 5 1H NMR (CDCL ) API-MS, m &2= 221 (M CAHO+1) | nt oMy 2008 PAA-14 10
Boc- D- ( 3- et hanesul f onyl ani nophenyl ) gl ycine. To a stirring solution of

~ 3- (et hanesul fonyl ami'n6-""phenyl ) gl ycine (20 g, 77.43 mml) and sodi um

carbonate (8.2 g, 77.43 mmol) in 3:1 THF: water (200 nL) at 0 C, was added.
di- tert-butyl dicarbonate (18.5 g, 85.17 mmol). After stirring 15 for 30
- mn, the cold bath was renoved; and after an additional 30 mn at room

- tenper dm!uee'miadéalse)lwﬁommsllenmmcpedmeaewitlesétﬂua wahepaini ti oned

bet ween et a e a d wat.e Th ueo e dified to pH 2.
wth KRBr ARG ST Bl ETpEE vaq et Hiat B BBk eyl
acet at éitAxgaacts @ie vekeread hedt yvadds \ﬂaﬂéowedrhwcﬂeﬂatﬂtamaﬁwlf filtered and

concentrated. in vacuo tq give 39 a i sol.id. 1H NWVR

o v, e o bes i tsdisBiate thel sithy 80 fdiichicttac fealtT MR
N- Bos DHOQ( proteatzixdy lgfglthei arino 'Iétc:ai mab pétstmddl TadomnB) OCwas added
Boc- DL 5 hi azol | ycine et h ( 7 ) to '3

et hanol” L‘ Hoo* é"ﬁ'%ﬁg ‘%etrh s’t’?’?%lﬁ’dn ?nﬁ/l %8'31 u%?%ﬁ\g %f‘gg? sol ut | on (25
cnB, SGaerab):wnswaxddmtf@mdedl_wlecémlsacetam ih place of ethyl

ether.

10 l1H-NMR
IS-MS m/e 318 (M-1)

Intermediate PAA-9
Boc-D,L- (8-quincolinyl)glycine.
15 _ Method PAA-B _ |
~ To a stirring solutlon of Boc-D,L- (8- quinollnyl)glycine
.ethyl ester (2.29 g, 6.93 mmol) in 1,4-dioxane (11 ml) was"
added a solution of LiOH hydrate (0.32 g, 7.6 mmol)fin_ﬁatef.
After 2 h; the solvents were removed in vacuo and the residue
20 was dissolved in water and washed with diethyl ether. The
aqueous phase was then acidified to pH 3 with solid citric
aéid.and'extracted with ethyl acetate. The organic phase was-
then washed with brine, dried with NajS0y, filtered and
qoncéntrated to-give 2.06 g (98%) of the title compound.“
.25 | ' '
. 43 B
IH-NMR
IS-MS, m/e 303 0 (M+1)

Intermediate PAA-10
30'BocAD,L-(5-quinolinyl)g1ycine. _
Prepared from Boc-D,L-(5-quinolinyl)glycine ethyl ester
using Method PAA-B. |

1H-NMR



h. Reaction nonitored by TLC (60% hexane/ethyl acet ate s.m r.f 0.5,
prod. r.f. 0.). Reaction. concentrated in vacuo and 'product taken up in
saturated bicarbonate. (c.a. 50 cn8f3and 75 10 May 2006 vvaeMij&DGh et hyl
acetate (c.a. 30 cnB).. Aqueous_ |ayer was. .acidified to pH 2 with

- concentrated hydrochl oric acid and product extracted with 3:-1

chl orof ornf i sopropanol solution (c.a. 3x60 cnB). The organic |ayer

was. dri ed. over magnesi um 5 sul phate and evaporat ed to dryness to give an
orange solid 4.47 g, 17.30 mol) (74% ' Yield] 1H NVR (CDC13); 1.35 (9H,
s), 5.688-WSH m,6 39338 (MHL)d), 7.88 (1H, s), 8.80 (1H s).. . 10
‘Internedi ate PAA-16 N Boc-D, L-(4-t hi azol yl ) gl yci ne. Mt hod PAA- D To a
'solution of N-Boc-D,L-(4-thiazolyl)glycine ethyl 15 ester (0.700 g, 2.470
mol ) iIntesnédiafie BAAz1115 cnB), was - added 2 M sodi um hydroxi de (2.47 cn8B,

4.940. rgg)%l)) i‘ﬁ'db%do%‘ﬁ%gyl ﬁéh{e.for 90 m n. The sol ution was concentrated

in vacto and (c.a. 20 cnB). The aqueous sol ution was
was hed V\nthPeepgatechtfebmt B- 3 ebromep( Ichshutemyrarhonyd@mdnerad to 20 pH 2 with

5% hydr, t OpgaBy. The product was extracted
W th e ?r': ggeghafléb n%%hg hggn%%e)%ho dried over magnesi um sul phat e, and
contentrated in vacuo to yield a 'pale yellow oil - (0..582 g, 2.254 r‘rm)l)
[91% yi gl 2 N\ C 3 it @ggo tfow (1H d), 5.8 (1H d),
7.35 (“%ﬁ]‘&? ﬁ%ﬁ% M%I:-i(() 5; 9. 8110 2 i'—‘}%m . Internedi ate PAA-17
N- Boc- 3:H INMR( Icn@t;ﬁyl thiazol -4-yl) gl yC| ne.

10 API-MS, m/e = 286 (M- 002H+1)

Intermediate PAA-12
Boc-D-(3-methoxycarbonylpheuyl)glycine.
Method PAA-C |

15 To a stirred solution_cf_R-Semethoxycafbonyl-(1-t-butoxy—_
carbonylamino-2-hydroxyethyl)benzeue (338 mg, 1.14 mmol) in
_acet:one (7.2 wk) was_ad_ded 5% NaHCOj (3 mL). The reaction -
mixture was cooled to 0 °C.' To the stirred suspension was
added KBr (14 mg, 0.12 mmol), TEMPO (181 mg, 1.16 mmol) and

20 NaOCl dropwise (2.81 mL, 5.25%). After 1 h at 0 °C, TEMPO (136
wg, 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
temperature overnight. Acetone was removed under vacuum and

.. 25 the crude product was partltloned between ethyl acetate and .

' water. The aqueous 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 MgSO4. Removal of solveut under vacuum gave the product -

30 (305 mg, 86%).

1 NMR - (CDCl3)
API-MS, m/e = 254 (M-C4Hg+1)



30 Prepared from N-Boc-D, L-(2-nethylthiazol -4- yI)egcine et hyl ester
Met hod PAA-D. | R NVR (CDC13) 1.35 86 s), 2.6 (3H, '"s),..5.4. (1H, d),
I n

(1H, 8) 7.1 (1H, s). 76 10 May 20

t er medi at e PAA- 1810 May 2006

usi ng
5.9

- N-Boo- D, L- (2- Benzyl oxycar bonyl ami no-.4-thiazol yl)glycine. Is prepared from
~ brLl-(2- benzyloxycarbonylan1no 45 thlazolyl)egC|ne The benzyl oxycar bonyl
- protecting group is renoved fromthe thiazolyl am no group at a conveni ent

point in the preparation of a final conpound using a.conventional

met hod,

such as, for exanple, heating a solution of an internediate in HBr/acetic

‘aci d atnﬁﬁkﬁbdﬁaﬂd eaadiBy 10 evaporation and a conventional

i sol ati on,

such

Tjas by usi I on,exc chronatography
D, L- (ZBBEQQ of?@??gg ¥£ﬁ$$kf £t hi azol yl ) gl yci ne. Was prepared by the.
‘met’hod of Hewepared frbar Ri Pgiyamo- K1 - i SowrukySeabboydaminA2-- J. Chem

Boc R PHRBRres A et rinire By BB 707, 000 i on o

" Boc: R—(4 met hoxycar bonyl phenyl ) gl ycine methyl ester (692 ng) ih THE
m.) mainaﬁvgd ollution of I'ithium hydroxi de hydrate (90 ng) in.wat

"W The™

3%ned|ately becanme cl oudy. and over 15 min cleared.

30 m napriMs shefed the nRacjHg¥L)t 0 be complete. Ethyl 25 ar-etata..(2
and water (20 mL) were added, and the aqueous. |ayer separated.:...
aqueous sol ution was aC|d|f|ed wth 2 M hydrochlorlc acid and extracted
W th etthybrméediade PAR-21420 nlL). The organlc solution was then washed with

Wat%% éoc-D-fg ethanesulfonylaminophenyl)glycine.

To a stirring solution of 3- (ethanesulfonylamino-

phenyl)glycine (20 g, 77.43 wmol) and sodium carbonate (8.2 g,

77.43 mhol) in 3:1 THF:water-(zoo'mL) at 0 °C, was added di- -

tert-butyl dicarbonate (18.5 g, 85.17 wmmol). After stirring
15 for 30 min, the cold bath was removed; and after an additional

30 min at room temperature the solvent was removed; and the

re91due was partitioned between ethyl acetate and water.

The

aqueous layer was aeldlfled to pH 2 with KHSO4 and extracted
twice with ethyl acetate. The combined ethyl acetate extracts

20 were washed with water, dried with NajSO4, filtered and

concentrated in vacuo to give 17.51 g (63%) of a white solld

A1H-NMR

IS-MS m/e 357.0 (M 1)
“25 o
Intermediate PAA—IS
N-Boc-D,L- (5~ thiazolyl)glycine. _

To a r.b. flask (150 cw3), was added Boc-D,L-

{5-thiazolyl)glycine ethyi ester (7.00 g, 24.70 wmmol) 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 vacup'and

'prbduct taken up in saturated bicarbonate (c.a. 50 cm3) and

Soc.

(10
er (7
After
onm)
The




brine x 2, dried wwth MgSO4 and evaporated to give the' nono 30 ester (650

ng, 98%, pure by tic. 1H NVR 77 10 May 2006 I nternedi ate PAA-20 Boc

R- (4- Met hoxypheny! ) gl yci ne. Boc- R- (&- hydr oxyphenyl ) gl yci eMag2B06 est er was

converted. to Boc-R-4-nethoxyphenyl glycine using the alkylation nmet hod 5.

. ~-described by Basak et al. (Tetrahedron. Let't ~ 1998, 39 (27), .4883- 4886) ,
“foll owed by hydrolysis of the nmethyl ester with i th| um hydrOX| de in

aqueous THF. 1H NM 10 Internedi ate PAA-21

N- 4- Met hoxybenzoyl - N- 2, 4- di et hoxybenzyl - D L (2- trlfl uor o-

| - et hylwwngd)vglqkmenhylPaemt@d (tr.em 30 cm3) . Aqueous layer was.

‘N-'4--Aet hp | et h |

D,.L- (3 :l' %/% oro élBh@hyﬁOf’g ég?%'gﬁner\yﬁ}?cm nc uas(flrﬁlgaﬁgt hod PAA-B (3
equi vapeoadsctofextir@dtbyidehtie)l: nunmmm/ﬁ,sowomre gahution 20 '
Internediate P

N 4- Metfi o‘iyb%’ﬁézbdAﬁm -2, 'ﬁhﬁl?ﬁaﬁéfy%‘%zylwﬁ flrf‘?ﬁloveﬁ mﬂgjﬂesg yCI ne. Met hod
PAA- & gGlghate Sﬁidlblvapoﬁﬁtai ttda dpfeesdhdrogiveaandotdndg®e golld. 0 mTD| , 1

*
3?2'.3.) ﬁ%tnﬁ%)@'bg? |°aPﬂ“ﬂ£y(§?‘§bW ?dgg.eoaﬁm;lt,m?seggfi\e/? fol | owed by
gl yoxylic acid nonohydrate 3.6 g, 39 mol~ 1 °
1§ NMR (CDCl3); 1.35 (9H, s), 5.60 (1H, d), 5.83 (1H, d), 7.88
(1H, s), 8.80 (1H, s8).
.10
Intermediatg 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 wmol) in methanol (c.a. 15 cm3), was
added 2 M sodium hydroxide (2.47 cm3, 4.940 mmol) and allowed
to stir for 90 min. The scolution was concentratéd 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'yelibw oil (0.582 g, 2.254 mmol)-[91%_Yield].

.25 1H NMR (CDCl3) 1.35 (9H, s), 5.5 (1H, d), 5.8 (1H, d), 7.35 .
. {1m, d), 8.75 (1H, a, 9 8-10.2 (1H, br.).

Intermediate PAA717
N-Boc-D, Li- (2-methylthiazol-4-yl)glycine.

30 Prepared from N-Boc-D,L- (2-methylthiazol-4-yl)glycine
ethyl estér?using Method PAA-D. |

1H NMR (cnc13) 1.35 (9H, 8), 2.6 (3H, a), 5.4 (1H, d), 5;9
(1H, s), 7.1 (1H, s8). '



equiv). The reaction was allowed to stir for 56 hours.. at rt 30 after
which time the resultant precipitate was filtered and vvashed wth

met hyl ene chloride to afford 9.3 g’§78% of N-2,4- 10 May 2006

di met hoxybenzyl - D, L- (t hi en-2-yl) gl yci ne. as an off Mhite. solid.(|S:M,. e
308 (m+ 1)). A portion of the solid (5.0. ¢, 16. 3 mml, 1 ‘equi v.) was 78
10 May 2006 di ssolved in acetone (20 nL) and 1 N sodium hydroxide (20 m)"
at rt. Ta this solution was sinultaneously added ani soyl chloride (2.78 g,
16.3 nmmol, 1 equiv.) in 20 nL of acetone and 2 N sodi um hydroxide in
dropw se - fashl on. After stirring at 5 rt for 1 h, the reaction.was cool ed
to 0-C.and: md% ﬁi to pH 2-3. Diethyl ether was added and the
produc?“’é%@“ d"Tnto the organi c phase. The conbi ned organic phases
wer e V\ﬁSﬁw-wﬂ-h2baeaey1¢skyaibonplaasmhmtmazaul)leccier:‘-ed and

concentrated to afford_5.1 7 nd 10 as awh'te
Sorram 8 e RrePargal pran 5 1 heRbd S aEbbagLARIRONRT 10 as & i
N- Bog ehgagowmmnbenmﬂe Behzylhxmaxz:ophrgl probecting grovp uis on of

N 2,-4- di net hoxyb 2- I 1
in 6 nfle'g??"%f%x r&?ﬂgzéﬁdt@‘aéﬁ Ya'fera]%éf‘%)r/ ]‘)ch“[yt%lltng éé%‘ge'%etnrl é?gg?am nee?gl \6)7
., 7. 9n"PRe prepakatdbhVot atcﬁﬂrﬁwedomomﬂmmng fcdh\(em&ﬂ.bnbllt oxy 20

car bonyl oxyi m no - 2- phen Iacet ni |Iei Oil;l g 3 1 mmol, 0.95
equi v)meN‘%‘r aemgEe ﬁ‘m 9 @, £oLiELen  oF, was diluted with
vat er ﬁlhuﬁiry%eti@%claqaeow °phase1gwed ben .acidified with 0.5

‘M ci tr| c aC| d an the product was extracted into di ggh{d_’ et h‘g‘{% The
conbinevaporstinmand & phaventigmad igakMePi FHCR, 252Y rH“gd er sodium -

ion exchange chromatogr_aphy.

D,L-(2 -Beniyloxycarbonizlamino -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-meth6xj¢arbonylpheny1)glycine.

20 To a solution 6f Boc-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 wmL). The
,mixture 1mmed1ate1y became cloudy. and over 16 min cleared.
After 30 min, tlc showed the reactlon to be complete. Ethyl

. 25 agetate. (20 mh) and water (20 mL) were added, and the aqueous .

~ layer separated._ ~The agqueous solution was acidified with 2'M
hydrochléric acld_and_extracted with ethyl acetate (3 x 20
mL). The organic solution was then washed with water x 2 and
brine x 2, dried with MgsO; and evaporated to give the mono-

30 ester (650 mg, 98%), pure by tlc.

1 MMr



sulfate, filtered, and concentrated to afford 0.38 g (29% of the titled
conpound as a crude yellowoil. ISM5, me 408 (m+1). 30 Internediate
PAA-24  Boc- D, L-i soqui nolin-8-ylgl y7c,7| ne. Prepared from etliyMay 2006

Boc- D, L-i soqui nolin-8-yl glycine_ using Method PAA-B. The. product.mas.. y
- precipitated froma basic-79 10 May 2006 aqueous sol ution by adj usti’ ng the '
- pHto 3 with solid citric acid.- INVR |S-M5, W 303.0 (M+tl) 5 Analysis for
'C16H18N204.0..5 H20: Calcd: C 61.73; H, 6.15; N, 9.00; Found: C, 61.62;

H 5.66; N, 8.-84. Intermediate PAA-25 10 Boc- D, L- Napht hal en-1-y | gl yci ne.
Met hod 1Reérhediatte AAAD2D- Napht hal en- 1-yl gl yci ne hydrochl oride. To a =

‘sol uti gn of ' cyapide.{10.Q g, 0.22 nmmol) in 40 nL of water was added
ammoni Hﬁfeﬁri?%% eﬁylgg Mol ), 15 and the mixture was stirred .
“until di ssohué#mn(qmdmn‘pbml)éw@ﬁ-uei wethyfl eatephwha| cmedded3l. 0 g,

0. 22 mol S fant m xture
was al 8 n]% sl oﬁpgeﬂgn?% \g%atutagggf or . eﬁ]&ggtagﬁ J‘ g&t tional 150
m. of \d%tsenheds by Basattded ahd(‘rdta:amledm‘enpb@tlu.cﬂ%@s ast f%il‘)tfed 20 into

N2 507 4985 B8P Bl i SRRy P gTar B B vl o.%fr W LFad Tesi ate

was chnqeniog@reydeskideetin agueous THF. - -

1 NMR
-10
Intermediate PAA-21 .
N-4-Methoxyhenzoy1-N-2 4-dimethoxybenzyl-D,L-(2 -trifluoro-~
methylphenyl)glycine.
Prepared from N-4-methoxybenzoyl-N-2,4- ~-dimethoxybenzyl -
15 D,L- (2-trifluoromethylphenyl)glycine methyl ester using Method
PAA-B (3 equlvalents of LiOH hydrate).

14 NMR
iS~MS, m/e 503.9 {m + 1)
20 o
Intermediate PAA-22
N-4-Methoxybenzoyl-N-2,4-dimethoxybenzyl-D,L-(thienoz-yl)~
" glycine.' ' N '
. ‘Method PAA-
.25 To a solution of 2- thlopheneboronlc acid (5.0 g, 39.0
' mmol 1 equlv) in 275 mk of methylene chloride at rt was added
3,4_d1methoxybenzylam1ne (.89 mL, 39.0 mmol, 1 equlv)
followed by glyoxylic'acid monohydrate 3.6 g, 39 mmol, 1
eqﬁiv). 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-
dlmethoxybenzyl -D,L~ (thien-2- yl)gly01ne as an off-whlte solid
(1s- MS, m/e 308 (m + 1)).
A portion of the solid (5.0 g, 16.3 mmol, 1 equiv;)iwas



silica gel, eluting with with 10:1 Et OAc: CH2C12, to give 35 g of a light
brown oil. This material was then dissolved in 250 25 nL of 5 N HC1 and was
heated to ref lux for 9 h. The readBion was allowed to oMby 2006 oom
tenperature and the product was. allowed to crystallize. overnight..
‘Filtration of the mxture afforded 13.6 g (29% of the title corrpound as
light brown crystals. 30 INVR |S-M5, me 201.9 (M+1l) 80 10 May 2006 Part
B: Boc-D, L- Napht hal en-| -yl gl ycine. To a sol ution of
D, L- napht hal en- 1-yl gl yci ne hydrochloride (13.6 g, 57.2 mpl) and 2 N
sodi una{ W18 n( Béetdne 1D MM dndin m%dlﬁnuohydrakmﬂeoxaﬁemhhd 60 nmL of
wat er- was added (Boc)20 5 (15 g, 69 mml). The |on aIIovvedto stir
at rooat t'éﬁpé‘ioa&‘llé selutgiqp é%ﬁe?lﬂﬁ%ﬁ}eto“ﬁgytﬁ %(%) vvas brought. . to
PH 5 by hﬁgpj&éq@ .98 &, s U fawidlg aceqhxﬂ'hemradumh aﬁsaceu:baa andracted into
and t

Et OAc; he conbi ned organi c extra wer e i ed..over. Na2sSO4, filtered,
and coAcBreediuy hydrgxide 11%‘ ﬂF°§"’(‘8§0; iqe H%‘Fré %tm&ﬁlﬁdggs a |ight

b POt SHARAIs2 b0 i 8L 5

B(r)gv\% feagA ]_Jf\lhyl ttfltﬁ o%{%nq%ﬁ%%l %gs%réo)ta&sﬁ)ol ﬁt]ﬂf)n o:‘sa o '

2- (et bylpmz)):benzxue@tbhwetlé% was od8ded and(the) Rrediertwas et hanol was
added arrmmgg& c%égzgﬁge :%%athjc Fg‘gsg% ﬂ@'&on&@ﬂeéei%édﬁcoibhﬁﬁeﬂm assium

cyani d&¥ET2 water. The r i on was heated and
stirredest wahaCwith Brinef (drieghiovarisefiumeuiatei drillkgredoncent r at ed

and concentrated to afford 5.1 g (71%) of the tltled compound
10 as a whlte solid. :

IS-MS, m/e 440 (m + 1).

Intermediate PAA-23

15 N-Boc-N-Z,4-dimethoxybenzyi-D,L-(thien-z-yl)glycine.

To a solution of N-2,4-dimethoxybenzyl-D,L-(thien-2-
-yl)g1y01ne (1.0 g, 3.2 mmol, 1 equiv) 1n 6 mL of acetone and 6
mL of water at rt was added triethylamine (0. 97 mL, 7.0 mmol,
2.1 equlv.) followed by addition of 2-(tert-butoxy-

20 carbonyioxyimino)-2-pheny1acetonitrile'(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 q;ganic phases were washed with brine, dried over sodium
sulfate, letered, and concentrated to afford 0. 38 g (29%)'bf
| the titled compoﬁnd és'a crude yellow oil. '

IS-MS, w/e 408 (m +1).
30 | |
‘Intermediate PAA-24
Boc-D,L- isoquinolin- -ylglycine.

Prepared from ethyl Boc-D,L- 1soqu1nolln 8- ylglyc1ne using
'Méthod PAA-B. The product was prec1p1tated from a ba31c



under reduced pressure. The product was extracted into ethyl acetate; and
t he conbi ned organi c phases were washed with brine, dried over Na2SO4,
filtered and concentrated. The 25 F@sultant. crude residuye M&s2008en up i n
70 nL of ethyl acetate, and 70 nmL of 5 N sodi um hydroxi de was. added. . The.
reaction was heated to ref lux for three days after which tine the ethyl
acetate was renoved under reduced pressure. To the aqueous m xture was
sequentially added 100 niL of dioxane, 30 Boc20.(42 g, 192 nmol), and 100 nL

of 2.5 N sodi um hydroxide.  The reaction was,then heated at ref lux for 48
h. Aft &quegds| Foitien Bynrddbnpieing LY?‘@,'th'éo rbd qﬂbﬁﬁ%&? aﬁ_ﬁ ‘cgd with water
and thegg@ggueous phase was washed with ethyl ether. The aqueous |ayer was
then acidified to pH 2 and the product was 81 10 May 2006 extracted into.

ethyl d®®Rate. The . combined organic extracts dried over MySO4, fil d

were Wasled, Wnfd $dd e (m@)a crude residue. concentrated to afford 21.7 g
(gradient elution, purification by silica gel chromatography (5 97:2:1 to
95: 4:51 AiadwPdpofer HasdlieleRandi® ¥ ¢ acid) provided 5.0 g (17% of the

title compougfeqly-dNVR1.59; Mp, né .29, (b ad; 10 i ntermedi ate PAA-27
Boa-D,L-(2-nethélsulfonylEﬁenyr glycine. 1 cine (4.5 To a solution of
boc: D, L- . (2Frupfy| tPi $3hERYI ¥y ﬁfl ¥ . 8Hfol) in 75 nL of nethanol was
added a sol ution of . :

Intermediate PAA-25 _
10 Boc-D,L-Naphthalen-l-yiglycine.- '
'~ Method PAA-F
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 1-naphthaldehyde (3.0 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. An 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 Nazso4; filtered and concen;rated to aftofd
a crude oil. The crude residue was chromatographed over
silica gel, eluting with with 10:1 EtOAc:CH3Cly, t0'givé 35 g
of a light brown oil. This méterial was then digsolved in 250
.25 oL of 5 N HCl and was heated to reflux for 9 h. The reaction
" was allowed to cool to room temperature and the product was.
allowed to crystdiiize_overnight. Filtration of the mixture
afforded 13.6 g (29%) of the title compound as light brown
_ crystals. o '
30
1nMr
IS-MS, m/e 201.9 (M+1)



15 oxone (14 g, 23_mol) in water. The reaction was stirred at room
tenperature for 2 h after which tinme the nethanol was .renreved under
reduced pressure. The product was Sftracted into ethyl 46ddar2008nd the-
conbi ned organic |ayers were washed wth brine, dried over MgS™, -
filtered, and concentrated to 20 afford 4.35 g (87% of the title corrpound
1H— NVR ES-MS nmfe 230( M+l1- C5H902) 25 Intermediate PAA-28 -V 1 cine. Boc-D,

.(benzo jb] thiophen-3 -yl1l) 4 Y May be prepared by the nmethod of Kukolja,
S et al. J. Med. Chem 1985, 28, 1886-1896. 30 , Preparation of
| nt er maliAd ®S AB&c-DAr—iﬁpﬁbRaIQHJO‘\M]m}YGénﬁounds ver e prepared accor di ng.

to the i nd| cat ed t.hod od A r t gl cat ed
starting matt€r Fa?%fe'i}rﬂne? ﬂ’}é\lﬂ eeglc\:/fglgi)%lﬁlg%e i11 222%%16

| nt er negiAtee o §7 12 [wind14- Rydlzllmyéo)daMuyhb'dme%lzﬁﬂe“ﬁydi Rk )de.  Met hod
A-A A. 1-Boc-pipe 30 JR! Wb HladieBe (b ‘5 216
mol ) af o g‘i’" g ‘dp(df% ga"ﬁBs Lf\/\g?gé% xed in et(htg%:l;b( 400 'nl)
and hgatssl ¢,0 eveinhok) f orrhé8rbaciimn Mad @ﬂéowﬁést‘zcﬁﬁlé'd atoTPeMm t enper at ur e
and concentrated upder, yac d SiPkbedpksud@t er and
ethyl abRATALIYE %’ﬁﬁé\ #gar wlgﬂ atﬁgde ‘éﬁ%ﬁl&‘h s weérlg; separ at ed.
The  10pyaiiers Ibgry&ddimﬁoreﬂfr acNesulfurice@Emid. acﬂ!%tfgoc;/ﬂlﬁlé WRganic 'layers
were Coﬂﬁgﬁmgitéggﬁgﬁ 1g%o|%t8 Ineangréﬁéjéamﬁgﬁg&)organlc extracts

were dried over Na,SO4, filtered, and concentrated to give 14

. 10 g (81%) of the title compound as a light brown foam,

INMR
IS-MS, m/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
:mmol) in 100 mL of ethanol was added amwmonium carbonate (23.1
g, 296 mmol) and a solution of potassium cyanide (12 g, 148
20 mmol) inh 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
aceﬁate} and the combined organic phases were'washed'with
briﬁe, dried over Na2804, filtered and concentrated: The
- 25 resultant crude residue was taken up 1n 70 mL of ethyl
| acetate, and 70 L of S N sodium hydroxide 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 mL of dioxane,
30 Bocy0 {42 g, 192 mmol), and 100 wk of 2.5 N sodium hydroxide.
| The reaction was then heated at reflux for 48 h. After
: coollng to room temperature, the reaction was diluted with
| water and the aqueous phase was washed with ethyl ether. The

aqueous layer was then ac1d1f1ed to pH 2 and the product was



' 1- Boc-4-[ 2- (4-pyridinyl)ethyl]piperazine (25 g,
" di ssolved in nethanol

filtered and concenfrat ed.. The crude product was purified by SiO02 _
chromat ography to provide 1-Boc-4- %2 (4- pyridinyl)ethyll pi perazine (55.9
g, 87% as an off white 15 solid. H-NI\/R(CDClS) Cl - M5, 10Way 208 (M+1) B.

85.8 20 mmol ) - was
(100 nL) and was cooled to 0 C. Saturated HCl in
nmet hanol (100.nL) was added, and the mxture allowed to warmto room

tenperature for 1 h The m xture was concentrated undernggg%m and provi ded
1-[2- (4-pyri dj r1y @zl nqhbydom:hieﬁ g2 g 25 at a
wni t ceseragted ApREEREbF AT N |

I :
1- Boc: fé 2w5élhéa/rwldjhnph:)gehy¢1pem ﬁlé'te&zf"ﬁé 4y 1@461]9&@(1? eppativel y

" daua nmol ) was di ssol ved
in ethyl ether. C (i mMcyudat vesik W|th HC1 was. added,
and. cm;cﬁmmﬁ%i iaﬁié’ﬁgf B o @

m n at rogm &5 UleAutIba, M xt ure was
concenfrake gag{&erbwmmaagdlpﬁ%wfﬁé’t?g pyridinyl)- ethyllpiperazine
hydr ochl or'i de (900 gjg 8709 g‘ :&éﬁﬂaﬂollthMQM) 83 Cl-M5, W =

192 5( LR : lotw/a%szb dr’ﬁ;‘gf)ne |ate o :

2 1- ['43 (2-Pyridinyl) ethyl]
pi per S’Z‘JXQ& ed Brepgr exi7¥)y @h Hbe- pipte LARE fa 2-vi nyl pyri di ne usi ng
Met ho A 1H NIVR(CDBCD) C-M5 me = 192 (M)

1H-NMR
ES-MS m/e 296 (M-1)
10
Intermediate PAA-27
Boc-D,L- (2-methylsu1£onylphenyl)glycxne. e
To a solution of boc-D,L- (2—methy1th10phenyl)gly01ne
g, 15.2 mmol) in 75 mL of methanol was added a solutron :f )
15 oxone (14 g, 23 mmol) in water. The reaction was stirred at.
| room temperature for 2 h after which time the methanol waz
-rémoved under reduced pressure. The product was extracte .
‘into ethyl acetate and the cowbined organic layers were washe
with brine, drled over MgSOg4. filtered, and concentrated to

50 afford 4.35 g (87%) of the title cowmpound.

1H-NMR
ES-MS m/e 230 (M+1- ~C5Hg02)

25 Intermediate PAA-28
Boc-D L-(benzotb]thiophen- -yl)glycine. |
May be prepared by the method of Kukolija, S. et al.
Jr Med. Chem. 1985, 28, 1886- -1896.

0 Preparation of Intermediates A-1 - A-12
omp the
The following c ounds were prepared according. to .
cate
indicated method (Method A-A or Method A-B) from the indi

starting materials, unless -otherwise described.



10 Internediate A-3 1- [2- (2-Pyrazinyl) ethyl] piperazine. Prepared from
Boc- pi perazi ne and 2-vinyl pyrazine using Mthod A-A 1H NVR (CD30D) 15
Cl-MS, me ='1-93 (M1l) Intermedi a®@ A-4 1-[2-(3-Pyri dazomndy)2a06y! |
plpera2|ne Prepared from Boc- pi perazi ne and 3-vinyl pyri dazi ne 20 (prepared

~'using“the met hod described in J. Chem Soc., Chem Cormun. 1985,

1632-1633) using Method A-A.. 1H NVR (CD30D) API-MS, .nfe = 193 (M+l) 25 .
Internmediate A-5 1= [2- (3-Pyridinyl) ethyl] piperazine. Method A-B
1-Boc-4-[(3-pyridinyl)acetyl]piperazine (8.0 g, 26.2 mvl) was added to a
sol uti pAteimédtaie-AFdF (2.0 Min THF, 30 39.5 nL, 78.6 mml) in THE (200

L e R
m xture stirred for 3 h at roorrmaehpérm{mre and the solvents were renoved
e b s S RO o S U e B A e 0 5,
pyri gi pyb) @hdy) ]ancpero@z-,llaea(:z?d82123.,9 :gﬁ%nasmraol)l wﬁrqmlkaw ioil. 1H NWR
(CDBOD)thanoi PE%G mﬂv and %ggtégmgg réyi a{g The wmixture .
" was cooled to room.temperature and coticentrated under vacuum,
The residue was dissolved in water aﬁd ethyl acetate and
neutralized with satd NaHCO3. The layers were separated. The
-io water layer was extracted with ethyl acetate. The organic
layers were combined, washed with brine, dried (NazS04), |
filtered and concentrated. The crude product was purified by
8i0; chromatography to providé 1-Boc-4-[2-(4-
pyridinyl)ethyl] piperazine (55.9 g, 87%) as an off white
15 sblid.
1H-NMR (CDCl3)
CI-MS, m/e = 292 (M+1)

ﬁ. '1—Boc-4—[2-(4—pyridiny1)ethyl]pipérazine (25 g, 85.8

20 mmol) was dlssolved in methanol (100 mkL) and was cooled to
0 °C. Saturated HCl in methanol (100 mL) was added, and the
mixture allowed to warm to room temberatﬁre for 1 h. The

' mixture was concentrated under vacuum and prov1ded '
1-[2-(a- pyrldlnyl)ethyl]plperazine hydrochloride (23.8 g, 92%)
25 ag a whlte solid
IH-NMR(CD3OD)
CI-MS, m/e = 192 (M+1) -
Alternatively, 1-Boc-4- (2~ (4-pyridinyl)}ethyl]l piperazine

(l 0 g, 3.43 mmol) was dissolved in ethyl ether. Ethyl

30 acetate (15 mL) saturated with HC1 was. added, and.the=mixtﬁre
stirred for 30 min at room température. The wmixture was
c0ncentrated under vacuum and provided 1-([2- (4-pyridinyl) -
ethyl]pipera21ne hydrochlorlde (900 mg, 87%) as a tan SOlld.
1H- NMR(CD3OD) '



1-[2-(4-1 m dazol yl)ethyl] pi perazine. Prepared from

1-Boc-4-((4-imdazolyl)acetyl]piperazine 10 using' Method A-B. 1H-NNR

IS-MS, me 181.2 (M+l) Intermediat $9A-7 .15 1-[2-( -1- | nil@May 3006 et hyl |

~ pi perazine. Prepared from 1-Hoc-4-[(1- |nldazolyl)acetyl]plpera2|ne usi ng.
Nethod A-B. 1HNVR IS M5, me 181.4 (M+i) 20 Internediate A-8 1- [2-

(1- Pyrazol yl ) ethyl]piperazine. Prepared from

1-Boc-4-((1 pyrazol yl )acetyl pi perazine using Method A-B. 25 1H NVR | S- M5, .
me' 181 d% Internedl te A-9 1-(2-Thiazol-2-yl ethyl)piperazine. 30 A

A squFFGHSof 1920 mml) in nethylene chloride (50 nL) was

sl ow-y added to a solutlon of ethyl piperazin-|-ylacetate (20 g, 116
mmol).in CH2Cl2 (500 nL). The'm xture was stirred for 1 hat room.
tenper&?ﬁ?@m“uﬁﬁffﬁfﬁﬂ May 2006 sol vent was renoved under vacuum t o

provi de _gebyh- ﬁyﬁxu&njlnyaugaugibeyiﬂﬁﬁiaie (31.9 g, 100% as a white SO|Id.
1H NI\/R(CDC13) Cl-N5, nmle = 2 g Q :
~ Prepared from Boc- plper ziné and 2-vinylpyridine using
Method A-A.
1H-NMR (CD30D) : -

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

10 Intermediate A-3
1-[2-(Z-Pyrazinyl)etﬁyl]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-[2-(3- Pyrldazinyl)ethyl]piperazine.
Prepared from Boc- -piperazine and 3-v1ny1pyrida21ne
20 (prepared usxng the method described in J. Chem. Soc., Chem.
Commun. 1985, 1632-1633) using Method A-A. !
1H NMR (CD30D)
' API-MS, m/e = 193 (M+l)

25 Iﬁtermed;ate A-5 -
A iEtZ;(itPfridinYl)ethyljpiperazine.
| ' Method A-B
1-Boc-4- [ (3-pyridinyl)acetyl] piperazine (8.0 g, 26.2
mmol) was added to a solution of borane-THF (2.0 M in THF,
30 39.5 mL, 78.6 wmol) in THF (200 mbL) at 0 oc. The mixture was
heated to reflux for 8 h and cooled to room temperatufe; 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



5 B. N- Met hoxy- N-net hyl am ne hydrochloride (4.3.g9., 44.1 mmol). was -

di ssolved in nethylene chloride f25.nm.). The solution was cooled to -78 C,
and a solution of trinethylalum nu@("( 44.1 niL, 44.1 mol 40 fayl2006 hept ane)
~was slowy added. The m xture 10 was stirred at 0 C for 30 min and was
~all'owed to warmto room tenperature and stirred for 3.0 min. The mixture
was then cooled to 0 C, and a solution of ethyl 4-Boc-piperazin-I- _
yl acetate. (10 g, 36.8 nmol) was added dropwi se. After 15 min, the cold bath
was renmoved and stirring continued overnight. 15 The mixture was diluted
Wit h etdhpomasegsaRhyintB G et : 1TAB2C1 2@ \her BrQehde at etf- @1d the wat er

| ayer” ] ' ! tase 1€ 3@sgankCal § onbi ned,

_ mshed%lﬁghg??%%%pldlr]?led(}w(aﬁg%a)g,Szf ﬁ]t erS%re‘g, agn?j %%%(E:in%?qe{%gg to provide
N- ni et gdy- N- net hyl - 4- Boc- pi perazi n-1-yl acetanide as a |ight 20 yell ow oil
(6.02 g5 MRS Xch ysolidified upon standing. The product was used w thout
further purification. 1H NVR (CDC13). Cl-M5, W = 288 (Mtl). 25 C. n-Butyl

| i t hiSumBITMSLi B/ Gexak®d (ME2)2 ni,.12..2 mMmol) was slowy added to a
solution of 2-bronothiazole (2.0 g, 12.2 mol) in diethyl ether (50 nL) at
-78 C. The m xture stirred at -78 Cfor 1 h. Then, a solution of
N- et hGarexmeddaye -A=6 Boc- pi perazi n- 1-yl acetanmide (3.0 g, 10.4 nmol) in 30
t et r ahydr@f YaanaYas _ Derqd xture was allowed to slowy warm
to - 20¥LC [gn &Stl rrefj&if}gj\'ye}hﬁﬁﬁggegn xture-was then diluted with water
fol | owed byPrepgredctren d-Bpgedndierinidazalylhacekylpipataging et hyl
acet.at : nic | ayers were conbi ned, washed with-brine,. dried
(radRoRe s, MRERSARA  HE " 2006 |

1H-NMR -

IS-MS, m/e 181.2 (M+1)

Intermediate A-~7
1s 1--. [2- (1~-Imidazolyl) ethyl] piperazine.
Prepared from 1-Boc-4- [ (l—iﬁlida'zolyl) acetyllpiperazine
uéing Method A-B.
"1H-NMR .
IS-MS, m/e 181.4 (M+1)
20
Intermediaté A-8
1-[2-(1-Pyrazolyl)ethyl]lpiperazine. o
Prepared from J_.-Boc-4-'[ (1-pyrazolyl) acetylpiperazine
using Method A-B. ' .
25 1H-NMR '
' ZEE-.-E‘S.,’_hﬁt/e' 181.4 (M+1)

Inﬁermediate A-9
1- (2-Thiazol-2-ylethyl)piperazine.

30 _
A. A solution of Bocy0 (26 g, 120 mmol) in methylene
chloride (50 mL) was siowly added to a solution of ethyl
piperazin-1l-ylacetate (20 g, 116 mmol) .in CHyCl, (500 mE).

The mixture was stirred for 1 h at room temperature. The



and concentrated. The crude product was purified by chromatography (SiQO2
20:1 - 6:1 CH2C12: CVA) to provide 1-Boc-

4- (2- oxo- 2-t hi azol - 2- erthyI)plper§§|ne (2.2 g, 6896 as d0'Maya2ap6l ess oil .
5 1H NW\R (CDCL3). C-MS, me = 312 (Mrl). D. '

17 Boc- 4- ( 2- oxo- 2-t hi'azol - 2-yl et hyl ) pi perazine (5.0 g, 16.1 mml) was

"dissolved in nethanol (25 nmL). To this 10 solution, magnesium sul fate (2 @)
was added, followed by p-tosylhydrazine (3.9 g, 20.2 mmol). The m xture
was stirred for 48 h and then filtered, and the filtrate concentrated
under Selvemk Wafe reEevedeunden) RCUNBOLP BPYOYRAR )ethyd 4rBafssol ved in

- et hanﬁhpé%ﬂﬂi)-’ylﬁﬁgtﬁeg' A 1P J 1 19e&h oxyborahivd idei§10. 1 g, 48 mmol)

- was added. The n1xture was heated to ref |ux overnight. The m xture was.
cool ed 30“”%)@?536 concentrated HC1 (15 nL) slowly added. The mixture was
al | ovegy Lids e t0 om0 gyrper ature and stirred for 1 h.. The mixture was
concentrated to half the volunme and 20 placed on an SCX colum (30 g,
pretfeated with 5% acetic acid in nethanol) and washed with nmethanol (500

m). THe Predwaine:4As- Enlal:'ﬁ?i’aﬁl!ﬁé‘ tﬁﬁ%&ﬁ&éf;’l@é”@”bu@ hygr PXhefls1 ) N

met hanol . (500 nl) "and the” sol vent ‘renoved under vacuum The crude pr oduct

was thunsp@wwlé@doyncn%hﬁ@g& ABRPridecdas mph). - The] sQluG-OIWASCMA) t o
prOV' dsﬁiﬂé@ %@9'31780“11:2 xg‘gt?ﬁ%%ﬂ% aétnerﬁae&y&ué&tm (44 VR (CDCL3) .
1 [2 (@LBef%yl c!'myélar ﬂohyuanhenm)aﬁee &lw}xétaﬁﬂqdpu p&hgzpieture |
Hyds gcRbar béerrd$idtd o™eENSGS 5o/ RBlARLEALLY Lribwed @Y whem! B9SRJiEsCri bed:
temperature and stirred for 30 min. The mixture was then
cooled to 0 °C, and a solution of ethyl 4-Boc-piperazin-1-
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 (NayS04), filtered, and concentrated to provide
thethoxy-N-methy1—4-Boc-piperazin-l—ylacetamide as a light
20 yellow oil (6.02 g, 57%)_that solidified upon standing. The
product was used without further purification.
1y NMR (CDClj3).
© CI-MS, m/e = 288 (M+1).

_;ZS'C: n- Butyl lithium (1 M in hexanes, 12.2 mL, 12.2 mmol) was

' slowly added to a solution of 2-bromothiazole (2.0 g, 12.2 -
mmol) in diethyl ether (S0 mL) 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 wmmol) 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 (Na;S04), filcéred,



in Method A-B, the title conpound was prepared from 1-Boc-4 87 10 May 2UQC6
. (2-(2-benzyl oxycar bonyl am not hi azol - 4-yl )acetyl ] pi perazine (85% . 1H NWR
(CD3OD). Cl-Ms, mle = 347 (Mr1) . 88 internediate A-11 10 May 2006
1-12-(3-Fl uoropyridin-4-yl.)ethyl | pipe azine Trihydrochloride. A n-Butyl
“lithium (1.8 Min hexanes, 35 m., 64.4 mvol) was 10 charged te a round
bottomflask and diluted with THE (25 nL). The solution was cooled to 0 C,
and a solution of N, N diisopropylamne (9.0 nL, 65 mmol) in THE (25 nL) was

slowy added. The m xture was stirred at O C for_,20 min and was cooled to
- 78 C.and sengendiyaseds- f Thoreopids ereduedovds I?%lff?drrgéﬂ) was added

~ dropwi AR s9b, M X¢ Ly & kent cagboy: eMAD Ko proesabtismpd-n the
fornat?%ﬂ&% a jgégrgrechitate. The n?xt%?e was stirred at. -78 C for 4 h.

. Et hyl etre(2p0%te-2-Abdagpli 3-gHrthyd) pAperazang kot )Iw8¥d| 88§ added, and the
- m xtur olg%jﬁgg@qjﬁq warmto room téhperature overnight. The mixture 20 was
diluted w wat er and CH2Cl2. The |ayers were separated, .and the water

| ayes EHtNMRt €EPGlia)h CH2C12. The organic layers were conbined, washed with

bri.ne, .drjed 25@H)» (4ihjered, and concentrated to provide a dark brown

oi l . Tﬁ%i I!Fl%si"(ue was éu?Hied by chromat ography (S102, 19:1 - 6:1 '

CH2d 2: CvA) to 25 provide 3-fluoro-4- (2-Mydroxy..ethyl)pyridine (6..7 g,

23% -ag a tang Ol |, (b NV, ( GPCIA -2 GhelMiy 1V eperdfidd Ni51b. g30 B.
3-Fl uo?b 4?25%/& o(?;gtxg%) pyridi ne ?4. 0 % Fgﬁé 3 mol ) |, g
16.1 mmol) was dissolved in wethanol (25 wL). To this

10 solution, magnesium sulfate (2 g) was added, followed by
p-tosylhydrazine (3.9 g, 20.2 mmol). The mixtu;e was stirred
for 48 h and then filtered, and the filtrate concentrated
under -vacuum. The residue (6.0 g, about 12 mmol) was
redigsolved in methanol (120 wmL), and sodium_

15 triacetoXyborohydride (0.1 g, 48 mmol) was added. The
mixture was heated to reflux overnight. The mixture was
,coéled to 0 °C and concentrated HC1l (15 mL) slowly added. The

" mixture was allowed to warm to room temperature and stirred
for 1L h. The mixture was concegtrated 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 wethanol (500 -
k) énd'the solvent removed under vacuum. The crude product
‘was. then purified by chromatography (SiO3, 12:1 - 4:1 |

.25 qﬁchQ:CMA) to provide 1-(2—thia201-2+y1ethyl)piperazine (L.9

g s . | |

"1y NMR (CDCls3).
CI-MS, m/e = 198 (M+1).

30 Intermediate A-10 _ _
-1-[2-(2-Benzyldxycarbonylaminothiazol-4-yl)ethyi]piperaziné
Hydrochloride. |
| Using methods substantially equivalent to those des@ribed;
in Method A-B, the title compound was prepared from 1-Boc-4-



and triethylamne (8.3 nL, 60 mmol) were dissolved in CH2C12 (40 nL) and
cooled to 0,C.. To this solution, hanesul fonyl chloride (2.0 nm., 31.2
axnol ) was added dropwi se. The mi xtUre stirred at 0 C fdp MayuOBhe m xture
was diluted with water, 88 10 May 2006 and.the.l.ayers separated. The water-
~l-ayer was extracted with CH2Cl12. The-organic |ayers were conbi ned, washed
with brine, dried (Na2S™), filtered, and concentrated .:under vacuumto
provi de 3-fl uoro-4-(2-nmethanesul fonyl oxyethyl)pyridine (5.2 g, 5 83% as a
pink oil. 1H NWVR (CDC13) . C-M5 W = 220 (Mrl). C.
- 3- Fl uor{@-42¢Benmzy Tmnesubbagyawiyethbazody A - #l hacéteyl) njpera@ing. 7 mmol ) was
*diSSG1;%%§én DVMF (65 nmL). 1-Boc-piperazine (8.85 g, 47.4 mmol ), K2C03 (3.3
g, 23.7 "), Nal (3.6 g,.  23.7 mol) and C82CC8 (7.7 g, 23.7 mnol) were
" added, landMRhécDgODXUre heated to 55 OC for 18 h. The nixture was cooled to

Toomt ature a [ d wth water and ethyl acetate. 15 The | ayers
AR L L

were se he"Wwat ér | ayer extracted with ethyl acetate. The
orgars ¢ l-ayers were conbi ned, washed with .brine, dried (Na2SO4),

filtered, and.conc ty.ated under vacuum  to provide a solution of product
and'[»;¥£tfﬁ3eﬂé§€ﬁﬁg:%%s di ssolved in diethyl ether and water. The |ayers

were 2Q-g2pdBarbdorapytidin-dayt)etipildpiparnatnedindliydrdichloyidet her. The
organi ¢ | ayers were conbi ned, washed with brine, dried (Na2SO), filtered,
and concentrated under vacuum The crude product was purified by -
chr omatzogr aphputgl ORiMHivkG:(1.6: M i Hex@b2sC\VBS i, (4@ wmol) was

B rotaraed EU2 AR BoteduPrabi ol WihuBbRY AR Wl Q28 fy 4% 1H.
' The solution was cooled to 0 °C, and a solution of N,N-
diisopropylamine (9.0 mL, 65 wmol) in THF (25 mL) was slowly
added. The mixture was stifréd 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-below -
70 °C), reéulting 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 ioom temperature overnight. The mixture
20 was diluted with water and CHzClz. The layers were separated,
.and the water layer extradtéd with CHQClz;- The organic layers
were combined, washed with brine, dried (NazsOs), filtered,
and.conCentrated.to provide a dark brown oil. The residue was
pufified by chromatograPhY (Siog;-;9:1 - 6:1 CH2C12:CMA) to
.25 Q{OYiQSl3e§luoré-4-(é-hydroxyethy1)pyridihe (6.7 g, 23%) as a
tan oil. - N ' :
1y NMR (CDCl3).
CI-MS, m/e = 142 (M+l).

30 B. 3fF1uoro-4-(2jhydroxyethy1)pyridine:(4.0 g. 28.3 mmol)
and triethylamine (8.3 mL, 60 mmol) were dissolved in CHzCly
(40 mL) and cooled'to 0 °C.. To thié-éolution, methanesulfonyl
chloride (2.0 mL, 31.2 mmol) was added dropwise. The mi#ture

~ stirred at 0 °C for 1 h. The mixture was diluted with.water,



a-M5 nme = 310 (M+l). D.
1-Boc-4-[2-(3-fluoropyridin-4-yl)et4yl]piperazine. (6.0 g,....30.19.4 mol)
was di ssol ved in nethanol (20 ni) d anisole (6 nmL). To 1omay 3@deuti on,
concentrated hydrochloric acid (15 ni) . was.added.and .the m xture
*stirred.for 1 h. The solvents were renoved’ ‘urider “vacuum t o provi de a
“yellow solid. The residue was suspended in diethyl ether and sonicated for
1 h. The 89 10 May 2006 product was recovered by vacuumfiltration, and
the.solid dried under vacuumto provide 1-[2-(3-fluoropyridin-4-

yl ) et hyndpicper dayenss tsapla;cdtedhl drhalovatnr? layeg4vys axtaraaed thht e solid. 5

"1H NWVR 0D NS Qﬁﬁ
1 (2- (2 ﬁo%yrl%h$$%f F)e Hg%¥ﬁég%%a2|ne §) %% rIF'qilppyrl ylacetate
(20..gdrizd rNehFOxlas mdateareﬂo and sugmsdiratedf udey QUM tg, 242 nunol )

in d| et% ;8% h$hfil§0010 4n1.()2 &ﬁmﬁwgﬁgf 1d":iqlem()3 1§‘ added to

aid st & I'Ng. e mxture-strrre ture was cooled to
- 0 C an®33aquesus piadH qil5%) was added until degassing ceased. The mxture
was all?\%mt? 15 for 1 h. The solids were renoved by filtration and the
filtrat onc% ntrated under vacuum The crude product was purified by
- chromatgryMsphw/ €S 0220 4M+1)-. 20: 1 CH2C12: et hanol ) . to provide 20
4- (2- hydroxyet hyl )pyridine (8.1 g, 54% as an anber liquid. 1H NWR
(CbC13). A-M5, me = 124 (Mt1) . B. 4- (2-Hydroxyethyl) pyr|d| ne (8.1 g,
65.8 mwl) 3REluoro-4-(2-methanesulfonyloxyethyl)pyridine (5.2

10 23.7 mmol) was dissolved in DMF (65 mL). 1- Boc-plpera21ne-
(8.85 g, 47.4 mmol), K3CO3 (3.3 g, 23.7 mmol), NaI (3.6 g,
23.7 mmol) and Cs2C03 (7.7 g, 23.7 mmol) were added, and the

. mixture heated to 55 °C for 18 h. The mixture was cooled to
room temperature and diluted with water and ethyl acetate.

- 15 The layers were separated, and the water layer extracted w1th
ethyl acetate. The organic layers were combined, washed with
brine, dried (NazSO4), filtered, and concenﬁratéd under vacuum
to provide a solution of prbduct 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
(Na2804), filtered, and concentrated under vacuum. The crude
_product was purified by chromatography (8102,_15 1- 6:1
c32c12.CMA) to give 1-Boc-4-(2-(3-fluoropyridin-4-

.25 yl)ethyllpiperazine (6.2 g, g4%) .

' 1‘;[ NMR ..(CDC13) .

" CI-MS, m/e = 310 (M+1).

D. 1-Boc-4- [2- (3-fluoropyridin-4-yl)ethyll piperazine-- (6.0 g,
30 19.4 mmol) was dissolved in methanol (20 wh) ‘and anisole (6
‘mL). To this solution, concentrated hydrochloric acid (15 mkL)
was added and the wmixture stirred for 1 h. The solvents were
removed under Vacunm to pro&ide a yellow solid. The residue

wag suspended in diethyl ether and sonicated for 1 h. The



25 triethylamine (10.1 nL, 66 mmol) were.. dissolved in CHCl12 (100 nt)
and cooled to -78 C. To this solution, tert-butyl- dinethylsilyl chloride.
(11.0 g, 66 mml) was added. The BPxture was al |l oned t 0104May 2086r oom
tenperature overnight. The m xture was’'placed.directly. on-a bed-of -&-02-and
~eluted 30 with 100:0 - 10: 1 CH2C12: net hanol to provi-de 4-[2-(tert--

But yl di met hyl si |l yl oxy)ethyl]pyridine (15.3 g,.97% . 1H NMR (CDC13). CI=M5,.
me = 238 (Mtl). 90 10 May 2006 C. 4-(2-(tert-Butyldi nmethylsilyloxy)ethyl]
pyridine (15.2 g, 64 mol) was dissqlyed jn CHC 200 M). To this

sol ut i @rodugt cYRDH IKSFOVBERLOPY ‘éﬁ'ﬁ‘ﬂ%\%#ﬁﬁﬂéﬁo&n&ﬁ%ﬁgggogamn stirred at

r oom-t ehahiHESr Niculs Bo JHRSvEM ui-[or (AaslumsdpdidiinA45 aqueous NaOH (1
M and layers separated. The water Ialyargcgsz extqﬁﬁt eg g\g’at&p—QClZ. The
or gani ¢ epbyi]piperazgdns hethydeaghd@rd, )4 91 1%%8/ e8%aha © _
concent pated ynggr vacuumto provide 4- (2- (tert-butyldinmethylsilyloxy)
ethyl] pyridine-N- oxide (13.4 g, 83%. 10 1H NWR (CDC13). Cl-M5 W = 254
(M+1)s THDNMB- [(@D$QR) + - But yI di net hyl si |yl oxy) et hyl ] pyridi ne-N-oxi de (13.4

g, 52. ]]nm_ ) S. B qloyed, Lfni£det hylamne (14.8 ni, 15 105 mol).
Tri'rret%i/ Sl I'ylmygyani de (bég’ Elkm_&, 212 mmol ) was added and the m'xture
heated to 90 OC for 3 h. The mxture was™allowed to cool to.room

t enper M@aggmpverni ght. The m xture was partitioned between water
and CH e layers were separated and vwater |ayer-extracted with

CH2C12. 1 2[R -Ti%e Cynpopil diaydry ety RetaF ™ 8ashed wi th water and bri ne,
_driePo(K2m3), filtered and concentrated to provide a dark oil '

A. Ethyl 4-pyridylacetate (20 g, 121 mmol) was added to_a
.suspension of LiA1H4 (9.2 g, 242 mmol) in diethyl e;her (600
wl). Diatomaceous earth (about 50 ml)} was added to aid
stirring. The mixture stirred overnight. The mixture was

15 dooled-to 0 °C and aqueous NaOH (15%) was added until
degassing ceaséd. The mixture was allowed'to stir for 1 h. -
Tﬁe solids were removed by filtration and the filtrate was
‘concentrated under vacuum. The crude product was purified by
chromatography (SiO;, 40:1 - 20:1 Cchlz:méthahol) to provide

20 4-(2-hydroxyethyl)pyridine (8.1 g, 54%) as an aﬁbex liquid.
lg NMR (CPCL3). | ‘
CI-MS, m/e = 124 (M+l).

‘B. 4-(2-Hydroxyethy1)pyridine (8.1 g, 65.8 mmol) and
25 ériethylamine_(lo.l mL, 66 mwmol) were dissolved in CHaCly (100
" @) ‘and cooled to -78 °C. To this-édiutiqn;'ée;t-bgtyl-
dimeﬁhylsilyl chloride. (11.0 g, 66 mmol) was added. ' The
mikture was allowed to wﬁrm to room temperature overnight.
The mixture was placed directly on a bed of s_ioz and eluted
30 with 100:0 - 10:1 CHyCly:methanol to provide 4-[2-(tert-
Butyldimethylsilyloxy)ethyl]pyridine (15.3 g,. 97%) . '
1g NMR (CDCla). | ‘
ci;Ms; m/e = 238 (M+l).



(14 g). The residue was purified by chromatography (Si 02, 40:1

CH2C12: et hyl acetate) to provide 4-]2-(tert-butyl- RS

di met hyl si |l yl oxy) et hyl ] - 2- cyanopyr ith ne (12 8 g, 92% as 1@ Msy 9@)6 ow oil.

1H NVR(CDC13) . Cl-M5, me = 263 (Mtl) . _ _
4-(2-(tert-Butyl di met hyl silyl oxy)ethyl]- 2 cyanopyrldlne 30 (12.8 g, 48.8
nmmol ) and a solution of tetrabutylamoniumfluoride (1 Min THF, 73 nL, 73
nmol ) were charged to a round bottomflask and stirred at roomtenperature
overnight. The mxture was diluted with water_and ethyl acetate. The

| ayer s C-wer &~ EpihienteBusnidinetnkedd YLe¥y) cehylRydine: K18t hyd. 91 10 May

2006 agq! @hs1) mﬁa. %%aueeaai/&réizwe@@abmnﬁd vohad Wollicyeier and
brine, dried (Na2SQ4), filtered and concentrated The. residue was

purifi wcb§°€?ﬂ%"é’1§’r’~§pﬂ9l‘é yraR adggd) apdpehe  sohtriiomatirred povi de

2- Cyanyhoful Mﬁﬁ(&@%}pw@l neﬁ[‘tfe4961uélgm $dwshedw@Eh White solid. 1H
NVR (CDC 13). ClI-Ms Cyano- 4- ( 2- hydr oxyet hyl ) pyri-di ne

(4. 35gaqs}9°“$rﬂ1‘5)°*’i/val§- Mioaaqis%a;fqraj sleﬁa'ﬁ?laﬁ'ar neTHe weesey lager gvamml ) and
CH2C12 5&49 aMdd WAt @:ﬁgb tOr\Arl%s %ﬁdelbhnﬁyé.@é U, cdaBipegesul fonyl

chl ori nm., 34.8 d and" the m xture allowed ‘to stir at
room téﬁééﬂai@@ﬁveﬁﬁﬂgﬁ%‘edw swngeptrabed wrdpw daudeEovacuum and t he

resi dug) r8R3aP Y I {J -%e% ﬂ;&t%fﬁﬂ&@h@qfsiﬂpiofcﬁ Q&yﬁ%ﬁ&ﬁglﬁ- et hyl

acet at to provide
2- cyanoxife- (b%n&éhe§§%ﬂ@nyloxy)ethyl] pyridine and

2- cY@naytpig- gﬁkquqthyl)pyrldlne (6.0 g, 84% . 1H NWR (CDC13 ) -
CI-MS, m/e = 254 (M+1). | |

D. 4-[2-(tert-Butyldimethylsilyloxy)ethyl]lpyridine-N-oxide
(13.4 g, 52.9 mmol) was dissolved in triethylamine (14.8 mL,
15 105 mmol) . TrimethYlsilyl'cyaﬁide (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 ovérﬁight.
The mixture was_partitioned between water and CH5Cl,. The
layers were separated and water layer extracted with CHpCls.
20 The organic layers were combined, washed with water and brine,
dried (choj), filtered and concentrated to provide a dark oil
(14 g). The residue was purified by chromatography (SiOj,
4051.CH2C12:ethy1 acetate) to provide 4-[2-(tert-butyl- |
dimethylsilyloxy)ethyl] -2-cyanopyridine (12.8-9,-9é%)'as a
.25 yellow 011 )
TR “(cpclz).
CI-MS, m/e = 263 (Ms+l).

E. 4-[2-(tert-Butyldimethylsilyloxy)ethyl]fz-cyanopyridine _
30 (12.8 g, 48.8 mmol) and a solution of tetrabutylammonium |
fluoride_(l M in THF, 73 wl, 73 wmmol) were charged to é 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



C-M5, nle = 167 (C8H7/CLN2+1) and 289 (Cl4H12N203S+1). 20 G

1- Boc- pi perazine (6.8 g, 36 mmol ), Nal (2.7 g, 18 mmol ), K2CQ03 (3.0 g,

21' .6 mol) and a m xture of 2- cyan% 4-1 2- 10 May 2006
(benzenesul fonyl oxy) et hyl ) pyri di ne and 2-cyano-4-(2-chloro- ethyl)pyridine
(2:1, 4.5 g, 18 mol.) -was dissolved in DMF (50 25 gL).and heated to 80 C
overnlght The m xture was allowed to cool to roomtenperature and dil uted
with water and ethyl acetate. The |ayers were separated and the water

| ayer extracted with ethyl acetate. The organic |ayers were conbined,

washed yadiheea! egnd cft%m %gla%f@clve(w%'éca)ﬁxned30watéﬂédewehansjt@pncent rat ed

under” vacuumto prove .. The crude product was purified
by chrd#uidgﬂaﬁhydr{Q§(ﬂN32§OQ®:liﬁhFereﬂoGngocqnﬁﬁﬂﬁzﬁzeﬁethEh%I concentr at ed
anmoni ¥hd&ut O SRy s faanonysl
yl)ethy plperaz?ﬁ% (4JR£PYﬁﬂgg§o 92 10§%g(¥ ?CI%&S . TLC Rf =
0.5 (20@@@@%@@%@0pyemeen&z—&wéaomml)mymﬁensxKﬁ .5 H "
1- Bo 1(e ggaggpyff(yﬂltg ¥b1gihyl ] pi perazine (4.0 g, 12.64 nmmol) was
dissg?é%d%?ﬁgnethano (60 nmL) and cooled to 0 C. Concentrated hydrochloric
acid (- HH)NMRﬂ!CDQQﬁ)nnDI) was added and the mixture stirred for 1 h. The
sol ventsy Wiy & m/keoovgsl gndgr. vacuum and co-evaporated twice with-. nethanol,
a 10 1:1 mxture of net noI/tquene and finally with nmethanol. The
residue was dried under vacuum overnight to provide crude product (4.5 g).
Hal f ofnthe HEL 4V 1 /by TaliRanek ; 3 GPNeRN LAY §the@gmoni um
hydrOX|%e még'gcc “@?éﬂkﬁé&&&ﬁﬁ& b 0.3 ¥

10 dissolved in pyrldine (2.85 mL, 34.8 mmol) and CH2C12 (40 mL)

and cooled to 0 °C. To this solution, benzenesulfonyl

chloride (4.5 mL, 34.8 mmol) was added and the mixture allowed
to stir at room temperature overnight. The solvent was
removed under vacuum and the residue was purified by

15 chromatography (SiOj, 20:1 CHyCly: ethyl acetate) to provide a -
2:1 mixture of 2-cyano-4- [2- (benzenesulfonyloxy)ethyl]lpyridine
‘and 2-cyano-4-(2-chloroethyl)pyridine (6.0 g, 84%) . N
1y NMR (CDCl3).

CI-MS, w/e = 167 (CgH7C1N,+1) and 289 (Cy4H;oN503S+1).

20 - |
G. 1-Boc-piperazine (6.3 g, 36 mmol), NaI (2.7 g, 18 mmol),
K2CO3 (3 0 g, 21.6 mmol) and a wixture of 2-cyano-4-[2- _
(benzenesulfonyloxy)ethyl]pyridlne and 2-cyano-4-(2-chloro-
ethyl)pyridine (2:1, 4.5 g, 18 mmol) was dissolved in DMF (50

- 25 gL) and heated to 80 °C overnight. The mixture was allowed to

' cool to room temperature and diluted with water and ethyl '
acetate. The layers_wére-separated and the water layer
extracted with ethyl acetate. The organic layers were
combined, washed with water and brine, dried (NayS04).-

30 filtered and concentrated under vacuum to proved a-dafk oil
(6.0 g). The crude product was purified by chromatography.
(8i03, 1000:10:1 - 200:10:1 CH3Clj:methanol:concentrated
ammonium hydroxide) to provide.1—Boc-4~[2-(2—cyanopyridih-4-
yl)ethgl]piperazine (4.0 g, 70%). |



solvents were renoved under vacuum The residue was purified 15 by
chromat ography (S102,' 100: 10: 1 CH2C12: net hanol : concentrated ammoni um
hydr oxi de) to provide 1-[2-(2- cyan(ﬁ?yrl di n-4- yl)ethyl] pijpanagposs (1. 05 g,
69% . 1H NVMR (CDC13). Cl-Ms, nmle = 217 (Mrl). 20 Preparation of _
I ntermediates B-1 - B-5 The followi ng compounds were prepared accor di ng to
the indicated nmethod (Method B-A, Method B-B or Method B-C) from the

i ndicated-starting materials, ' unless otherw se described. 25 Internediate
B-i 1- Boc 4- [&}3 %{I‘I di nyl ) acetyi] pi perazi ne. Method B-A 1-Boc- pi perazine
(12 g, )p'yridyl acetic..acid 30 (8.85 g, 64 mol ), and HOBt

(8.64 @L@ﬁfnnnb)s VEX0® :di0S $OENSEN , dnfetBifiol Teohberie e¥lddl aponERe (14.7 g,
76.8 mol) was added in portlons The m xture became honbgenous and wa's
stirred¥dFgxideh: The nmixture was diluted with water and ethyl acetate.
The | ayers were separated, and the aqueous Iayer 93 10 May 2006 .extracted
with ethyl acetate. The organic |ayers were washed w th water and bri.ne,

dried @Ea2sdaBoct$t e (@qcyanpepyrishaeArval ebhybi pinsragdng 810w soli d. The

crude BRQ@YCHMYBS waddHdikis8ivey {r?%{e)l’:%ﬁb'l' 166 1) fdMeooled to 0
hexanes: di chl oronet hane'to 5 pro

1- Boc- iq(3cﬁ9??ﬁm%ﬂﬂy9$%%&ﬁﬁé 38:4 B, 3R mmed) awaki te sol i d.
1H NMRa@de818hd Gndmixthiee=sBPPrddiforll h. The solvents were

removed under vacuum and co-evaporated twice with methanol, a
10 1:1 mixture of methandl/toluene, and fihally 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 ammoniuin hfdroxide was added, and
solvents were removed under vacuum. The residue was purified
15 by chromatography (8103, 100:10:1 CH2C12:methanol:concentratéd
ammonium hydroxide) tb provide 1-[2-(2-cyanopyridin-4-
yl)ethyl]piperazine (1.05 g, 69%).
1g NMR (CDClj) . |
CI-MS, wm/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 '_
. Intermediate B-1
1-Boc-4-[(3-pyridinyl)acetyl]lpiperazine.
‘Method B-A
_ 1-Boc-piperazine (12 g, 64 mmol), —pyridylacetic acid
30 (8.85 9 64 mmol), and HOBt (8.64 g, 64 mmol) were dissolved
-in DMF. To this solution, EDCI (14.7 g, 76.8 mmol) 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



10 Internediate B-2 1-Boc-4-[(im dazol-4-yl)acetyl]piperazine. Method B-B
To a stirring suspension of sodium4-im dazol yl acetate (0.5 g, 3.4 mmol)
in DVF (25 nL) was added diethyl c 0- 15 phosphonat e (01®Maly.2066 Mol ). .
~ After 5 mn, Boc-piperazine (0.57 g, 3.1 mmmol) was added, followed by a
solution of" triethylamne (0.47 nL, 3.4 mmol) in DMF (20 nL). After 72 h,
t he solvent was renoved in vacuo and the residue was di ssolved in ethyl
acetate and washed with satd aq. NaHCO3 and brine, 20 dried with MySO4,
filtered and concentrated to give 0.95 g of pink.-oil. 1HNWR IS M, Me
295. 1 (emtmacted wikhnethyl edetate. Bothes orghniai nyersy Wexeewsshed per azi ne.
- Prepar atq fi. oSt 0g: Vat ey j.alss; Bogs yl pi perazine. To a
stirri ﬂ%iés}glﬁtiegngﬁ? lg'%odr%a?[erltl%}i Etg%néoég'(gbf%@%wﬁ .mmol) in THE (250
m) at Gomcemgagedetioprovideaadyelbow dalidel Bhe ofxudeomrofluBbcwas per azi ne

(25 g, @% I.atsh L nee (1459 4‘5H13:| ' 5tnL) .

Af ter 1&%'4}' a 4))’_(89%@?‘%%%61'1%%\%%8%%%0? %fcgge%\'/écgle a J’%aogl-egﬁghghégm Xt ure was
di | ut@dpxevidectinPbcatel 63 -pymidiopl taeetydd pipervatinerLansr g, sépr at ed and

t he orgggifpm%%es qwashed with i Maqg. citric acid, brine, satd ag.

NaHCCB and again w brine. The organic phase was 5 then dried w th MS04,
filteretH-NMRKCGDSAgkNntrated in vacuo to gi've 38.2 g (93% of an off-white

powder. o 1b§dM /e = 306 (M:1) -

- 10 Intermediate B-2
1-Boc—4-[(imidazol-4-fl)acetyl]piperazine.
Method B-B
To a stirring suspension of sodium 4-imidazolylacetate
(0.5 g, 3.4 mmol) in DMF (25 mL) was added diethyl cyano-

15 phosphonate (0.6 wmL, 4 mmol). After 5 min, Boc-pipetrazine
(0.57 g, 3.1 mmol) was added, followed by a solution of -’
triethylamine (0.47 mL, 3.4 mmol) in DMF (20 mk}. After 72 h,
the solvent was removed in Qacuo and the residue was dissolved
in ethyl acetate and washed.with satd ag. NaHCO4 and brine,

20 dried with MgSO4, filtered and concentrated to give 0.95 g of
pink oil. | '
1H~-NMR
IS-MS, m/e 295.1 (M+l)

.25 E?:erquiate B-3 . o
1-Boc54-[(1-imidazoly1)acetyl]piperazine.-

Preparation of Starting Materials:

30 1-Boc-4-bromoacetylpiperazine. _
To a stirring solution of bromoacetyl brbmide (29;8 g,
148 mmol) in THF (250 mL) at 0 °C was added via an addition
funnel a solution of Boc-piperazine (25 g, 134 mmol ) and
t:iéthylamine (14.9 g, 148.mmoi) in THF (75 wubl). After 1 h, a



IS-M5 me 251.3 (M C4H9+1) 10 Method B-C To a stirring suspension of NaH
(60% di spersion-in mneral oil, 2.34 g, 59 mol) in THE (75 nL) was added
i m dazole (1.46 g, 22 mol) in' smal94 portions. After conploahgy 266kl tion and
..conpl.ete gas evolution, a solution of 1-Boc-4 15 (bronpacetyl)piperazine (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 dil uted
with ethyl acetate. The organi c phase was washed with satd aqg. NaHCGS,
followed by brine, then dried with MgSO4, filtered and 20 concentrated in
vacuo. ER¥EIr8RB Rk iRe warepadded and &het mixture iwas @ilmtednwithion, then

filter t 4 9 1H NVR
4 |6 Ssgeets O et (A oflef el Bl 11N

1- Boc- £ PTERRES BPHAgen sesy Waphesb neitiind. M @y epeivtard of peddpybaiant e and
1- Boc- zgale_aog&aclewé%q gg{dagﬁegn hgg,gygghodr&, %rg%glﬁ%%elv?éévs me 295.1

(‘Mr1l) 95 10 NMay 2006 I nter
1- Ho&- Wz@éﬁéwwmmyfalﬂmhﬁaéwomgdtaweﬁl in pages az ne. 5 A

- (2- Am ngthi 3goh 92 a gt ﬁ?ﬁ’%Zm*ml was dissolved in
1, 4-di orégane Ognfi ‘) a%ﬁe%ﬁfs%ﬁ ?‘é 100 nl), and the solution was
cool ed %NURC Benzyl chI or o- _

IS-MS, m/e 251.3 (M-CgqHg+l)

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 (bfpmoacetyl)piperazine (6 g, 19.5 mmol) in THF (40 mL) was

 added via an addition funnel. After-z 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 Mgso4, 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 e
"*  Intermediate B-4 |
1-Boc-4-[(1l-pyrazolyl)acetyl] piperazine.
Prepared from pyrazole and 1l-Boc-4-bromoacetylpiperazine
using Method B-C.
30 1H-NMR
IS-MS, wm/e 295.1 (M+1)



~formate (20 m., 82.2 mml) was added, and the mixture was stirred at room
“tenperature overnight. The m xture was 10 diluted with diethyl ether, and
the | ayers separated. The water I6%5er was cool ed to 0 Cqoansy bws pH
~adjusted to approximately 4 with aqueous HC1 (6 M. The white precipitate
" formed was coll ected by vacuum filtration, washed with wat er and di et hyl
et her, and dried under vacuumto provide (2 15

benzyl oxycar bonyl am not hi azol -4-yl)acetic acid (7.5 g, 41%. 1H NWR
(DMSO-d6). C-MS, nme = 293 (M+l). B. Using nethods substantially

equi val EtrermediasseBe®scri bed 20 in Method B- A, the title conpound was

pr epar eﬁ.ﬁ&or@-([%zbsazag,%i;g%im&?mmeh f/syiac@eml c. acid and

1- Boc- pi perazi ne me ™= 461 (M+1l). 25

Pr epar apdparaginent ermedi ates G- 1 - G 28 The fol | owing conpounds were
prepared according to the indicated method (Method C-A Method G B, Method
CCor. Method CD) fromthe indicated starting materials, unless otherw se -
30 deschi bed2-Pndaphbifzole-4Gyl)acetic acid (10 g, 63.2 mmol) was

3006 VTSP ALK drcan (BoRh (il bELELY MG b C1080 10 VR
1-[ 2- (4mlplysr |adld1)tb)9e8h§/m‘})mrpelaazcﬂ@1¢@d:m@w6rl dBexizyl g‘-‘h]®303 mol ) were
di ssol v cg%a}&b &%00 %ﬂ-‘l) ni3d) Ca0L &fhded, SaABPERY HBLAL A8 C TN an

i ce- ITEt
stirred at room temperature overnight. The mixture was

10 diluted with diethyl ether, and the layers separated. The
water layer was cooled to 0 °C, and the_éH adjusted to _
approximately 4 with aqueous HCl (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 benzyloxycarbonylamnothlazol -4-yl)acetic acid (7.5 g, 41%).
1y NMR (DMSO-dg) . '
CI-MS, m/e = 293 (M+l).

B. Using methods substantially equivalent to those described-
20 in Method BfA, the title compound was prepared from (2-

benzyloxycarbonylaminothiazol-4-yl) acetic acid and 1-Boc-

piperazine (95%). '

1H NMR (CDClj).

CI-MS, m/e = 461 (M+l).

25
, w . e
' Preparation of Internediates Cc-1 - Cc-28

The following compounds were prepared according to the
indicated method (Method C-A, Method C-B, 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.



cyanophosphonate (5.5 nL7 36.6-mml) was slowy added to the mxture.
Triethylamne (18.6 nL, 133:.2 mml was added .dropwi se to the solution.
The nixture was. stirred at -15 C %or 2 h and was al | owtziMap 200&dual |y
warm to-roomtenperature 10 overnight. ‘The mixture was diluted with ethyl

~ acétate and water. The'layers were separated, and the water |ayer

extracted with ethyl acetate. The organic Iayers were conbi ned, washed
with brine, dried (Na2SO4), filtered, and concentrated under vacuum The
crude product was filtered 15 through a plug of -silica gel (1.2 kg) usi ng
1:1 hexanes:ethyl acetate as #ekdod €obPprovide

1- (Bec- Ig 4 rig§ nylgh@thybhai perazine (10.6 g, oil.
1H NWVR (CDgl%g @%}%)YCHP 154&%(%1) 25 75% ,as a |i ght yeI | ow. -~
Interusdaaue -pyidinyl) ethyl] piperazine hydrochloride (10 d,

1- (Boc- henyl 2 e IRNg)VARNE o htai egrazi ne. Prepared from
BO((: D“Bﬁ' yi"g%yg#‘%%@r?céﬂi[n[ B?S lf/)?? dnﬁlr?yl) g?ﬁy%]a ?geram ne usi Ircl)g Met hod
C- As Hpphidki@BCeBy -13 %1:1\/\@:1—121@3“?%0]4 Ba?'éh 33 30 1-

1£ng571- éig’}(?gg-e 8§L¥ €%: Se sgn (lga(p?fgﬁgnﬁl%hhzlt i?/?é@q{ﬁ????ne Eg?ﬁgr -
Met-hoghiGtirel H- Wmineﬂ(imsﬁ whe 1_-35&% 1) wag E%%Nzﬁy 2006
‘dropwise to the solution. The mixture was stirred at -15 °C
for 2 h and was allowed to gradually warm to-rbom-temperature
10 overnight. The_mixturé was diluted with ethyl acetate and
water. The layers were separated, and the water layer
extracted with ethyl acetate. The organic layers were
~ combined, washed with brine, dried (NaySO4) . filtered, and
concentrated under vacuum. The crude product was filtered
15 through a plug of silica gel (1.2 kg) using 1:1 hexanes: ethyl _
acetate as eluent to provide 1-(Boc-D- phenylglycinyl) -4- {2~ (4-
pyridinyl)ethyl]piperazine (10 6 g, 75%) as a llght vellow
oil.
1H-NMR (CDClj3)
20 CI-MS, m/e = 425 (M+l) _

Intermediate C-2
1~ (Boc-D Phenylglycinyl) -4-[2- (2-pyridiny1)ethyl]piperazine.
‘Prepared from Boc-D-phenylglyc1ne and 1-(2- (z-pyra.dmyl)--
.25 ethyl]plperamne using Method C- A.
. 1H-NMR(CDCl3)
CI-MS, m/e = 425 (M+1)

Intermediate C-3
30 1-(Boc-D-Phenylglycinyl)-4-(2- (2-pyraziny1)ethyl]plperazine.
Prepared from Boc-D-phenylglycine and 1-[2—(2—pyraz1ny1)-
ethyl]piperaziné using Method C-A.
1H-NMR (CDCl3)
CI-MS, wm/e = 426 (M+1)



Internediate G4 _ _

1- (Boc- D Phenyl gl yci nyl ) -4-[ 2- (3- pyti dazi nyl ) et hyl ] pi perazi ne. Prepared
from Boc- D- phenyl gl yci ne and 1-[ 2- %g pyrid- 5 azinyl)ethybMeayi008zi ne usi ng
- Method, G A.. IH NVR - (CDC13 ) TLC Rf=0..65 (100:10:1 CH2C12: MeOH: NHACH,

. .’sio, Analtech No. 02521) 10 Internediate G5

1- (Boc D- Phenyl gl ycinyl ) -4-[2-(3-pyridinyl)ethyl]piperazine. Prepared from
Boc- D- phenyl gl yci ne and 1-(2-(3-pyridinyl)- ethyl]piperazine using Mt hod
CA 1HNVR(CDC13 ) 15 C-M5, W = 425 (M+rl) Internediate C6

-1- (Boc- D- Phenyl gl ycinyl ) -4-[2-(4-im dazol yl ) et hyl ] pi perazine Prepared from
- Boc- Eipﬁmz,y;h@hyai;aeca@d 1-[2-(4-imdazol - 20 yl)ethyl]pi perazine using

(Ngz)gog]ghéiﬂﬁ “ory FWJH%SLX'\‘@“Y\E{\S ilﬁz Q%‘ﬁ}%ﬁ%ﬁ%ﬁbg’}gfgﬁzéném epar ed.'

o from Boc- D phepubel yEidie Bajadnlphan(rngmméohym)l &2 -hid-pyrpdrazi ne. usi ng

Met hod G A éTJ‘H_ gr\/gi S-M5,, me 414. 5 il 30 Internediate C8 :

1- ( Bot-F5imydn ¢EHY P ’5a‘z£?'“[32"‘(51‘15?rﬁ'I Vi Pet hyl | pi perazi ne.  Pr epar ed
f r om Bogg WQ@b%ym ne and 1-[2-(1-imd azolyl)ethyl]pi perazi ne. using
~Method C_c Rf~|0 65 (100:10:1 CH5Cl,:MeOH:NH40H, 3102, ‘Analtech No.

02521)

10 Intermediate C-§ : |
1-(Boc-D-Phenylglycinyl)~4-[2-(3-pyridinyl)ethyl]piberazine.
Prepared from Boc-D-phenylglycine and 1-([2-(3-pyridinyl)-
ethyl]l piperazine using Method C-A.
1H-NMR (CDC13)
15 CI-MS, m/e = 425 (M+l)

Intermediate C-6
1-(Boc-D?Phenylglyciny1)-4-{2-(4—imidazoly1)ethy1]piperazine
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+l)

-Intermediate Cc-7
.25 1 (Boc D- Phenylglycinyl) -4-(2- (4-pyrazoly1)ethyl]piperazine.
' | Prepared from Boc-D-phenylglycine and 1-[2- (4-pyrazoly1) -
ethyl] piperazine using Method C-A.
1H-NMR
IS-MS, m/e 414.2 (M+l)
30 .
Interﬁediatg c-8
1- (Boc-D-Phenylglycinyl) -4-[2- (1-imidazolyl)ethyll piperazine.
Prepared from Boc-D-phenylglycine and 1-(2-{I-imid-
azolyl)ethyll piperazine using Method C-A. '



98 10 May 2006 1HNVR IS-M5, nie 414.2 (M+l) Internediate C9 5 :

1- (Boc- D- Phenyl gl yci nyl ) -4-[2-(1-pyrazol yl ) et hyl ] pi pérazi ne. Prepared from
Boc- D- phenyl gl yci ne and. 1-[ 2- (1- py ol yl)- ethyl] pi per aa0méay2006g Met hod
CA. 1IHNWVR [S-M5 W .414.2 (M+)...10 Internediate G 10 1- [Hoc-D, L-

(Pyridin-2-yl) glycinyl]l -4- [2- (4-pyridinyl) ethyl] - piperazine. Method

C-B 15 To a stirring solution of ethyl Boc'-D,L-(pyridin-2-yl)- glycine
(16.3 g, 58.2 mmmol) in 1, 4-di oxane (100 nL) was added a solution of Li OH

hydrate (2.68 g, 64 mmol) in water (100 nL). After 2 h, another solution

of Li O¥H)¥Rate (1.34 g, 32 mmol) -in water (50 nL) was-added. After
“-anot treryg2 M@, inpe £0s sol(ygAy-was evaporated in vacuo to give 13.56 g of
off-white solid. A portion of the solid (3 g, 11.6 mmol’) was. di ssolved in
"DMF (75 nL) and cooled to O C. To this solution was added diethyl -

cyanopheskkreat ged -3 9, 13.9 mmol ), 25 N, N-diisopropyl et hylam ne (6 g,
46. 4 nnDH% and then 1- [2- i4-fyrid&g) et hyl ] pi perazi ne hydrochl oride (3.8
g, 15 &-(BognBrFhenydglyigdnyihctt Br GaPyaprotel) etdvdlpiperasines o room

t enper at ur e pRuBE AL dNron! BEc DS XSndB IH19ink Nend O VO - ved in
vacuo and the_lrgesi d.uero\gl/as, 8i szs(%l_%/%%rq ﬁwg?hyll 30 al?et(at gﬁgﬁéd shed with
satd agthydHeiperasing usdng MekbedG@d wirth Na2SO4, filtered, and
concentyhal@fl i N vacuo. The residue '

IS-MS, m/e 414.2 (M+1)

- 10
Intermediate C-10
1- [Boc-D, L~ (Pyridin-2-yl)glycinyl] -4- [2- (4-pyridinyl)ethyl] -
piperazine. ' -

Method C-B

15 To a stirring solution of ethyl Boc-D,L- (pyridin-2-yl)-
glycine (16,3 g, 58.2 mmol) in 1,47dioxan¢ (100 mL) was added
a solution of LiOH hydraée (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 oﬁ the solid (3 g, 11.6 mmol) was dissolved in
- DMF (75 wmh) and cooled to 0 °C. To this solution wés'added
_ diethyl cyanophosphonate (2.3 g, 13.9 mmol),

.25 NgH-@iigop;opylgthylamine (6 g, 46.4 mmol) and then
1-(2-(4-pyridyl)ethyl])piperazine hydrochloride (3.8 g, 12.8 -
mmol), and the reéction'was allowed to slowly warm to room
temperature overnight; The next wmorning, the solvents were
removed in vacuo and the residue was dissolved in ethyl .

30 acetate and washed with satd ag. NaHCO3 and brine, then d;ied
with NajySO4, filtered, and concehtrated 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.



was then dissolved in a mniml volune of dichloronethane and
chromat ogr aphed over silica gel, %Etlng with'a step gradient of 2%

t hrough 10% net hanol (with 2 N NH3YYi n di chl or onet hane. 99 Maymoﬁ 2006 The
product containing fractions..were conbi-ned and - concentrated in vacuo to

:j{glve 2.31 g (47% of an off- white foam 1HNVR 5 1S-MS, nfe 426.3 (M+1)

‘Internediate Gil 1- [Boc-D,L- (2-Methoxyphenyl) glycinyl] -4- [2- :
(4-pyridiny|) - ethyl]piperazine. 10 Method C-C To a stirring solution of
Boc- D, L- ( 2- net hoxyphenyl) glycine (2 g, 7.1 mmol ) and 1- [2 (4-pyridinyl)
ethyl] priremeedest eontaimioghfragtdensy werg, comlgngdopndi n DVF (50 i), was

* added” | ,%%Qg%gm? a%—i;;”gb%ﬁ‘dz hi gt b yTidre o 028 -Ghit35. 6 15 mmol)

fol | owe After stirring overnight at room

_ tenperaf@me the mixture was filtered; and. the filtrate was concentrated
in Va022515§€ resi due was dissol ved in ethyl acetate and washed with satd
aqg. NaH ol lowed by brine, then dried with MySO4, filtered and 20 -
concedt EatNf infeva26od (Md)r esi due was then dissolved in a nini num amount
of dichl oronmet hane and chromat ographed over silica gel, eluting with a
step gradient of dichloromethane through 10% (2 N NH3/ met hanol) in

di chl or Zntermeddlat¥he-bk oduct contai ni ng fracti ons were conbi ned and

COnCent§ 2tk )1 12 HaekiypRefl Yoy ciod 1122 ofa fpabikgy compound. - 1H NIR

ethyl]piperazine. '

10 o Method C-C

To a stirring solution of Boc-D, Ii- (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 wml) , was added
HOBt (1.06 g, 7.8 mmol),; and triethylamine (4.96 wL, 35.6

15 mﬁol) 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'énd washed with satd aq. NaHCO3
followed by brine, then dried with MgsOs, filtered and

20 concentrated in vécuo. The residue was then dissolv_ed in a
minimum amount of dichloromethane and chromatographéd over -_
silica gel, eluting with a step gradient of dichloromethane
through ‘10% (2'N.Nﬁ3/methanol) in dichloromethane. The
Prodhct containiﬁg fractions were combined and concentrated in

. 25 23?@0”59 give 2.59 (77%) of the title compound.

1H-NMR
1S-MS, m/e 455.1 (M+1)

Intermediate C-12 :
30 1-(Boq-Dfphenylglycinyl)~4—[2-(thiazol-z-yl)ethyl]pipe#azine.
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%).



I nternediate C- 12 30 1-(Boc-D- Phenyl gl ycinyl)-4-[2-(thirazol -2-yl)ethyl]
pi perazine. Prepared from1-[2-(thi zoI -2-yl)ethyl) pi perazi ne

di hydrochl ori de and Boc- D- phenyl gl 99. ne using Method C- A 10 Mgy@p®6 usi ng
di chl'oromet hane in place of DV (80%.-10010-May- 2006 1H NMR-(CDC13). -

CY(C22H30N403S+1) . Cl-M5, mie = 431 | nternediate C-13 5

~ 1- (Boc- D- Phenyl gl yci nyl)-4-[2-(2-benzyl oxycar bonyl am no-
t hi azol - 4-yl ) et hyl ] pi perazi ne. Prepared from
- 1-12-(2 bonyl am not hi azol -4- yl) ethyl] piperazine
hydroch fgm (gﬁéfﬁ)‘c D phenyl gl ycine wusing Method GA (76% . 10 '-H NWR
.. (CDCI3)c1-MsC/b5: 4de (Ty 5&?0(1 49+1)l.nt er nedi ate C 14
" 1- (Boc- D- Phenyl gl yci nyl )-4-(2-(3-fluoropyridin-4-yl)ethyl] - 15 piperazine.

" Prepared from 1-(Boc-D-phenyl gl'yci nyl )-4-[2-(3-fluoro- pyr.idi n-4-yl) ethyl]

- pi perazimzu&idﬂgt&/eekw C—A except using N N-di i sopropyl.ethylamne in
~pl ace of jriethylam I chl or n%t han ce of ,.DMF (891). 20 1H
NVR (ToE1$ee-Rp g n¥1 aé‘k ePﬁY %?WE“T%“?‘ -

(Boc- Dan&mdlgleyﬂwiﬁymhp(azazirze cyanopyri dl n- 4 -yl)- ethyl] - 25

| gﬁgeraz1ne u%%gggd(%rom (2 Q nzy'%§yggégonyf%£1tlEﬂszgiperldlne (1.0 g,

.yl)ethyllplperazine hydrochloride and Boc-D-phenylglyc1n¢
using Method C-A (76%). '

10 1H NMR (CDCl3).
APCI-MS, m/e = 580 (M+1).

Intermediate C-14
1- (Boc-D-Phenylglycinyl) -4 - [2- (3~-fluoropyridin-4-yl)ethyl] -
15 piﬁerazine.

.Prepared from 1- (Boc-D-phenylglycinyl)-4-[2-(3-£luoro-
pyiidin-4-y1)ethyl]piperazine uging Method C-A, except using
ﬁ,N-diisopropylethylamine in place of triethylamine and .
dichloromethane in place of DMF (89%).

20 1 NMR (CDCl;).
APCI-MS, m/é = 443 (M+1).

' Intermediate C-15
1- (Boc-D-Phenylglycinyl) -4 - [2- (2-cyanopyridin-4-yl)yethyl] -
.25 pipefazine.
o | Method C-D’ |
| i-[2-(2-cyanopyridin-4-yl)ethyl]piperidine (1.0 g, 4.6
mmol) and Boc-D-phenylglycine (1.39 g, 4.63 mmol) were
dissolved in CHyCl; (20 mL) and cooled to -10 °C. To this
30 solution, diethyl cyanophosphona'te‘ (0.94 mL, 4.63 wmol) was
‘added, followed by a solution of triethylamine (0.97 mh, 6.9
mmol) in CH3Cly (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



mol ) and Boc-D- phenyl glycine (1.39 g, 4.63 nmmol) were dissolved in CH2C12
(20 nm.) and cooled to -10 C. To thi 30 sol ution, diethyl
cyanophosphonat e- (0. 94 nL, 4.63 m’rﬁ} was added, foll owedOiMay28@8 uti on of
triethylamne (0.97 nm, 6.9 nmmol) in. CH2C12. (10 m).. The.m.xture was. . -

~allowed to slowy warmto room tenperature overnight. The nixture was

diluted with water and the |ayers separated. The water |ayer was 101 10
May 2006 extracted with CH2Cl2. The organic | ayers were conbi ned, washed
with brine, dried, gfe\la2804 flltered and lconcentrat ed under vacuumto
provi dee%kasEefr Bl Thehergqanife 1AVFEE P e OTRMS  ed by

“chr Oﬂﬁtmwﬂ:ﬁl EQméOQﬁ:ﬂaﬁ INa$sdP0,; Hi1terkd CAAd nesiemiratedcent r at ed
anmoni um hydroxi de) to provide

1- ( Boc- @%NW&WCF%WSWZF"FZCF?dEyWH dPn®a9Yr ) - TR IRFUES: i per azi ne (1 61
g, . 780%%:oddétwas(§m&ed By MhroihEograiiy ((mtd:)g 1600 sxeenedi ate C 16

1-[ Boc (2-Chl orophenyl)glycin net h | Re di n- 4 ¥_I ) pi per azi ne.
Prepa? 09 +ifn1gGH28L 2 T%W%Sﬁﬁéﬁ{’zﬁﬁi]% éﬁﬁ ’(‘it

net hyl gpﬂmd@ |1-4wb)m Igugcuﬁyng-mzaqd c@aﬁopyﬁauﬁ-a@mn pl.ace of
DCC an I.n B MR 1 S-M5, W 451.0 (Mrl) 20 Intermediate -
C 17 1e‘EIH()UPBPE ?@P‘ﬁoHTFJBQyI ?GF ci nyl ] =4- (1- met hyl pi'peri di n- 4-

yl) pi pe:t@zmﬁ@ (cBeggpred from Boc-D, - L- (qui nol i n- 8-yl )gI ycine and 1-(1-

CI-MS, m/e = 450 (M+1).
10 |

Intermediate C-16

1-[Boc-D,L~ (2~ Chlorophenyl)glyclnyll -4~ (l-methylpiperid1n~4-

yl)piperazine.

Prepared from Boc-D,L- (2-chlorophenyl)glycine and 1-(1-
15-méthylpiperidin—4-y1)piperazine using Method C-C, with EDCI in
| place of DCC-and HOAt in place of HOBt.
1H NMR
Ig-MS, m/e 451.0 (M+1)

20 Intermediate C-17
1-[Boc-D,L-(Quinolin-SQyi)glycinyll-4-(1—methy1piperidin—4¥
yl)piperazine. _

'Prepared from Boc-D, L;fquinolin- 8-yl)glycine and 1-(1-
methylplperldin— —yl)p:.pera21ne using Method C-C, with EDCI in
25 place of DCC and HOAt 1n place of HOBt.
lH NMR

Intermediate C-18
1-[Boc-D, L-(2-Trifluoromethylphenyl)glycinyll-4-(1-methy1f_
30 piperidin-4-yl)piperazine.
Prepared from Boc-D,L-({2- triﬂluoromethylphenyl)glycine
and 1-(l—methylpiperid1n~4-y1)plpera21ne.using Method C-C,
with DIEA in'pléce of TEA. S



net hyl pi peridin-4-yl)pi perazine using Method CGC, wth EDCl in 25 place of
DCC and HOAt in place of HOBt. 1H NMR Internedi ate C'18
1-[ Boc- D, L-( 2- TrlfluoronethylphenyFWBlyC|nyII-4 (1- nethylﬂ)ﬁﬁyzoos
pi peri di n-4-yl) pi perazine. Prepared from T
Boc-D, L, -(2-trif4uoronet hyl phenyl)glycine and: B
1- (1- et hyl pi peridi n-4-yl) pi perazi ne.using Method CGC, wth DIEA I n place
of TEA. 102 1H NVR IS-M5, me 485.0 (M+l) 10 May 2006 Internediate C-19 5
1-[Boc-D-CycIopentylglycinyI]-4-(i-nethyIpiperidin-4-y|) plpera2| ne .
Prepar qg. fiRM Boc- D- cycl opentyl gTyci ne- and. 1-(1- néthyl- L =
. pi peridin-4-yl)piperazine using Method CGC, wth EDCl in place. of DCC and-
HOAt i ASpMBeembe ikii M1H NMR | S-MS, nfe 409.3 (M+1) Internediate C 20
. 1-[Boc- D-CyclohexngIyC|nyI] 4- (1- et hyl pi peridin-4-yl) 15 piperazine.
" Prepared from Boc- D-cycl ohexyl gl yci ne and 1-(1- met hyl - -
p|perlépﬁerue9#9ﬁ$ﬂ%ﬁﬁklne using Method GC, with.SDCl in place of DCC and
HOAt SI hgge 0, gl}j?@ ‘gﬁl]’ FNB-nk By TR Srild¥iH e -42h er medi ate C— 21
yC|nyI] 2-p

1- [Cbz Phenylg enet hyl ) pi per azi ne.
: piperazine.

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-cyclohexylglycine and 1- (1-methyl-
piperidin-4-yl)piperazine using Metheod 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
'21-ICbz-D Phenylglyc;nyl]-4 (2-phenethy1)piperazine
Prepared from 4- (Cbz-D-phenylglycinyl)piperazine and- _
- 26 phenylacetaldehyde using Method I-A, with sodium triacetoxy- - -
borohydride in place of godium cyanoborohydride and
dichloroethane in place of methanol (71%) .
lg NMR (CDCl3).
_ APCI-MS, m/e = 458 (M+l).
30
Intermediate C-22
1- [Boc-D,L- (thiazol- 2-y1)g1yciny1]-4 (1-methylpiperidin- 4-y1)-
piperazine.
Prepared from ethyl Boc-D, L-thiazol-2- ylgly01ne and 1- (1—:



Prepared from 4-(Cbz- D phenyl gl yci nyl ) pi perazi ne and .25
pheny: Lacet al dehyde using Method |-A, with sodlun1tr|acetoxy borohydrlde
in place of sodi um cyanoborohydri delGhd di chl or oet hane IR’H%8 ?Of

met hanol (71% . 1H NMR (CDC13) . APCI-MS, me = 458 (Ml) ernedla

-C-22 1-[Boc-D, L-(thiazol -

2-yl)giycinyl]-4-(1- et hyl pi'peti di nZ4=y:j="

pi perazi ne. Prepared from ethyl Boc-D, L-thiazol-2-ylglycine and 1-(1 103

met hyl pi peri di n-4-yl ) pi perazi ne using Met hod C- B.

10 May
1- (Boc-

2006 Internediate CG23 5
e thy Beipeofidinkito ph ppi Beyd Jigley s fing |MekHolt meBhy| -

te_

IS-MB, me 424.0 (Ml)

'plperrdkg ﬁsylﬁé?|%%h§%'3§ hErepared from Boc-D, L- (benzo f b] thlophen 3

-yl) dl
substi t
substit

| nt er ne

1- ( Bos-

yl) pi-perazin Prep from Boc- D, L- napht hal en-1-yl gl yci'ne and 1-(1
et by pPREPT R A S B

ycine' a

uting EDCI for DCC, N, N-diisopropylamne for 10 triethyl am ne,

g%%ggmgﬁgglogpggthane for DMF. 1H NVR LCMS ml z 473.4'(NM1)
D- [BS S/ *ﬂmoxbytmgmmw-hﬂgiﬁcwmym(meﬁéelwtﬂ-

DCCand su bSPrépﬁre’dJ £iiobt- Bb & SIDIT-oMienati{ BRCH Il - 8-/ 8§ Gy e nd

- 10

1s

20

1—(1~methylpiperidin-4-y1)piperazine using Method C-C,
substituting EDCI for DCC, N,N-diisopropylamine for
triethylamine, and substituting dichloromethane for DMF.
1H-NMR ' '

LCMS w/z 473.4 (M+1)

Intermediate C-24
1;[Boc-D,L—(Naphthalenél-yl)glycinyl]-4-(l-methylpiperidin-4- 
yl)piperazine. |

Prepared from Boc-D,L-naphthalen-1-ylglycine and i—(i—'

methylpiperidin-4-yl)piperazine using Method C-C, substituting

EDCI for DCC and substituting N,N-diisopropylamine for
triethylamine. :

1H-NMR |

IS-MS, m/e 467.1 (M+1)

.Inteimediate'c 25

. 25

30

1 [Boc-D L- (Z-Methylaulfonylphenyl)glyc1nyl]~4 (1-methyl-
piperidin 4-y1)p1perazine. .

Prepared from Boc-D, L- (2-methylsulfony1pheny1)glyc;ne and
1- (1-methylp1per1d1n -4-yl)piperazine using Method C-C,
substltutlng EDCI/HOA; for DCC/HOBt and substltutlng
N,N-diisopropylethylamine for triethylamine.
1H-NMR
IS-MS, m/e 495 (M+1)

| pi peridin-4-yl)pi perazine using Method C- C

and

8F3319R using Method C-C, substituting EDO for



IH-NVR |IS-M5 nie 467.1 (M+tl) Internediate C 25 25

1-[Boc-D, L-(2- N@thylsulfonylphenyl)ﬂ ¥C|nyl] 4- (1- met hyl -

pi peri di n-4-yl) pi perazine. Prepare 10 May 2006

Boc- D, L- ( 2- net hyl sul f onyl phenyl ) gl yci ne -and _ S

1- (1- met hyl pi peri di n- 4-yl) pi perazi ne using Method G- C, substituting
EDCI / HOAt for DCC/ HOBt and substituting 30 N, N-diisopropyl ethylam ne for
triethylamine. 1HNVR IS M5 nfe 495 (M+l) 104 Analysis for C24H38N4O5S:
Cal cd: C,58.27;, H,7.74; N, 11.32; Found:C, 58.05;, H7.63; N,11.43. 5

I nter rredsumﬂgsi‘sz&ﬁ(]:maﬁ 06s

1-[ Boc-D, L- ThLazol - yI I I] [2 (p | n-4-y|)ethy| - piperazine. To
a solution o?ggdg D, 5% éion% 37glyé|¥£ £33 g, 5. 15]nnDI) HOAt (772
ng, 5.67 mmoFpund: ( Z3,( Bpr.o8; HA-¥l63; BO mhtya'.]pl perazine di hydrochl oride
(1.55 g, 5.15 mmol) and triethylamne (1.58 nL, 11.3 mmol) in DVF (41 nl)
was added EDCI (1.09 g, 5.67 nmmol ), and the nlxture stirred at room '

t enpesatmmterhedide IC-2Bhe sol vent was renoved in vacuo, the residues t aken
2P o a8 O AP N B a2 s BT P L
or ange- lpiperaeihe. The crude reacti on product thus obtained was carried on
to the next st ep ﬂ&t %llet ogu&gg% Lplt':ExiiL'izgf‘té-yq.glycil nt ?r nedi at e C27

5.15 mmol), HOAt (772 wmg, 5.67 mmol), 1-(2-(pyridin-4 —yl)-

- 10 ethyl]plpera21ne dihydrochloride (1.55 g, 5.15 mmol) and

triethylamine (1.58 mL, 11.3 wmol) 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 vacuo, the

regsidues taken up in chloroform: isopropyl alcohol (2:1) and

15 washed wiEh-water, satd aqueous sodium bicarbonate, dried |
(MgsSO4) and concentrated in vacuo to an orange-prown oil. The
crude reaction product thus_obtained was carried on to the

next step without further purification.

20 Intermediate C-27
1-[Boc-D, L-(2~Methy1thia261-4-y1)glycinyl]-4-[2-(?Yridin-4-
yl)ethyl]plperazine |
Prepared from Boc D,L- (z—methylthlazol 4-yl)glycine and
;-[2 (pyridin-4 -yl)ethyllplperazlne,dihydrochlorlde using
;.25 Efoqggg;es substantially equivalént to those described for the

preparation of Intermediate C-26.

Intermediate C-28
1- [Boc-D,L-(2-Benzyloxycarbonylaminothiazol 4-y1)g1yciny1] -4~
30 [2-(pyridin-4-yl)ethyl]lpiperazine. .

Prepared from Boc-D,L- (2- benzyloxycarbonylam1noth1azol -4-
yl)glycine and 1-([2-(pyridin-4-yl)ethyl]}piperazine
dihydrochloride using procedures substantially equivalent to
those described for the preparation of Intermediate Caésﬁ



1-[ Boa- D, L- (2- Met hyl t hi azol - 4-yl ) gl yci nyI]-4-[2-(pyri di n- 4-

yl )et hyl ] pi perazi ne. Prepared from Boc-D, L-(2-nethylthiazol-4-yl)glycine
and 1-[2-(pyridin-4-yl)ethyl].pi pet®zi ne. di hydrochl ori de 1 piayR0ds
rocedures substantially equivalent to those described for the prepar at_l_on
“of Internediate -C-26. Internediate C 28 :
1-[ Boc- D, L- (2- Benzyl oxycar bonyl am¥not hi azol -4-y1) gl ycinyl]-4 30

[ 2- (pyridin-4-yl)ethyl] piperazine. Prepared from Boc-D,

L- (2- benzyl oxycar bonyl am not hi azol - 4- yl)gl yci ne and
1-[2-(pyridin-4-yl)ethyl]piperazine dihydrochloride using procedures

“substantially equivakeg ggrggont Resene@stadinedsfpr1 t-he-pgepar at | on of
I nt ermedi ate C- 26. 10 May 2006 Preparation of Intermediates D1 - D-28

The fol | owi ng'”tﬁ)ﬁﬁé&ﬁ%nwpﬁﬂéﬂﬁrweaé’(?SpaFﬁ@ 3PN Ng; B9 Th& ed et hod
(Met hod gh&cal\@éd“%t%& (MiryRdpDa C Mt hog, i&tiya Meehod D-F) from the

indicated starting material, unless otherwi se described. Internediate D1
1- (D %eﬂ?ﬂ@ﬂ@cﬂ'@yp}f Yetiog ﬁ‘rﬁ'}rfﬁ?‘h)ﬂf)eetlﬁﬁlF-FﬁF%r%FﬂrﬁénSO Hydr ochl ori de.
Met hod Dy 1a(lBOQ1nQéQQe5ﬁﬂQvM§bn¥échﬁaed[ 2- (4-pyridinyl)ethyl] --

pi perazine (13 g, 30.6 nmol) and anisole (50 m.) were dissolved in :
nmet hanol and cool ed to 0 C. Concentrated ]:5 hydrochloric acid (40 nm., 300
mol ) wes, addpdiide@pplge to the- solution, and the mixture allowed to warm

to roomterrperature The m xture stirred for 1 h, and the sol vent and
ani sol e hefl-Phenylglycinyl) - 4 [2- (4-pyridiny1)ethylfpiperazine

. 10 Hydrochloride. '
Method D-A .
1~ (Boc-D-phenylglycinyl) -4- [2- (4-pyridinyl)ethyl] -
piperazine (13 g, 30.6 mmol) and anisole (50 wl) were
~ dissolved in methanol and cooled to 0 °C. Concentrated
15 hydrochloric acid {40 mL, 300 mmol) was added dropwise to the -
solution, and the mixture allowed to warm to room temperature.
The mixture stirred for 1 h, and the 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 toxr, 66 Pa at 50-60 °C) to glve
1-(D- phenylglycznyl) —4-(2-(4- pyridinyl)ethyllpiperazine
hydrochlorlde (11 8 g, 89%) as a white, hygroscoplc SOlld.
1H NMR -(CD30D) -
API-MS, m/e = 325 (M+l)
25
Tntermediate D-2
1-(D-Phenylglycinyl)-4-f2-(2-pyridiny1)ethyl]piperazine.
| Prepared from 1-(Boc-D-phenylglycinyl)-4-[2- (2~pyr1d1n-
yl)ethyl]plperazlne using Method D-A.
30. 1H NMR (CD30D)
API-MS, m/e = 325 (M+1)

Intermediate D-3 _
1-(D-Phenylglyciny1)—4-[2-(2-pyrazinyl)ethyl]pipefaziné;z



- renoved 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)106o gi ve

2006
1- (D phenyl gl yci nyI) 4-[2-(4-pyridinyl)ethyl]piperazine hydroghl or| de (11 8
g, 89% as a white, hygroscopic solid. 1R NVR (CD30D) API-M5 W = 325

(Mr1l) 25 Yaternediate D2
1- (D- Phenyl gl yci nyl) - 4-[ 2- (2- pyri di nyl ) et hyl ] pi perazine.

Prepar ed from

1- (Boc- D- phenyl gl yci nyl )-4-(2-(2-pyridin yl)ethyl]pi perazine using
Met hodD- A, PiepaBediNR onCD3QBpcARpHdRy 19 yciB@h) (AMHD)- (2rpgraeinate D-3-

pr cpar o POV E PERSEA e i B RIS B ) (8L bor o e

106 10 May 2006

yl) et hyupp.mmrazng@ms.ng Met hod DA 1H NMVR (CD30D) API-MB, nmle = 326

(M+1) - %E[fntM%r

8| at ?%l%rém i)(l} Phenyl gl ycinyl ) -4-[2- (3- pyridazinyl)et 'hyI ]

pi peraz Prepare (Boc- D phenyl glycinyl)-4-[2-(3-pyrid
azi nyls)et hyl ] pi pera2| ne usi ng I\/Et hod DA 10 1H-NWR (CDSCD) | S- M5, W 326
(I\/H) rrredl at :

(DPh y'F) 44[2 (3-pyridinyl)ethyl]piperazi ne.

1-{D- Phenylglycinyl) -4-[2-(3-pyridazinyl)ethyllpiperazine.
Prepared from 1-(Boc-D-phenylglycinyl)-4-[2-(3-pyrid-

azinyl)ethyl]piperazipe using Method D-A.
10 1H-NMR (CD30OD) |
IS-MS, m/e 326 (M+l)

Intermediate D-5

1- (D-Phenylglycinyl) -4-[2- (3-pyridinyl)ethyl] piperazine.

is -Prepa;ed from 1-{Boc-D-phenylglycinyl)-4-[2-(3-pyridin-

vl) ethyl) piperazine using Method D-A.
1H NMR (CD30D)
"API-MS, m/e = 325 (M+l1)

20 Intermedia;e D-6

1- (D-Phenylglycinyl) -4- [2- (4- imidazolyl) ethyl] piperazine.

Prepared from 1-(Boc- D-phenylglycinyl) -4- [(2-(4- imld—

azolyl)ethyl]pipera21ne using Method D-A.
1H-NMR
25 IS-MS, m/e 314.1 (Ms+l)

-

e - T

Intermediate D~7

1-(D-Phenylglycinyl) -4~ [2 - (4~-pyrazolyl)ethyl] piperé.zine .

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)



15 Prepared from 1- (Boc-D- phenylglycinyl) -4- [2- (3-pyridin-

yi ) et hyl ] pi perazi ne using MethodD-A. |1.H NVR (CD3CD ) API-M5, W = 325
(MH) 20 Internediate D-6 1- (D-Phd@¥lglyeinyl) -4- [2- (G4-M4y 2bosol y!)
ethyl] piperazine. Prepared from 1-(Boc-D phenyl glycinyl)-4-(2-(4-imd-

~azolyl)ethyl]piperazine using Method D-A. 1HNWR 25 IS-M5 nie 314.1 (M+l)

Internmediate D-7 1- (D Phenyiglycinyl) -4- (2- (4-pyrazolyl) ethyl]

pi perazine. Prepared from 1-(Boc-D phenylglycinyl)-4-[2-(4-pyrazol- 30
yl)ethyl]pi perazine using Method DA 1HNVR [|S-M5 nle 314.3 (M+1) 107 10
May ZOOﬁntémﬁateaDeaD8 1- (D-Phenylglycinyl) -4- (2- (1-im dazolyl)

azol y1 ) Bt PTG aay B EL %&%*ﬁ@%&&"%@?&%@é{% nfe[élill' Twy
| nt er nedi at a?:fé;ﬁn:(elanrbﬁi(lO@E&c—lﬂéﬁ)anylglycz.nyl) -4-[2-(1-imid-
1 (Boc #F ip%i%ﬁ“tmaiwye%azaf%ezp RECHbAS A Pl perazine, 10 Prepared [ ﬁé“d
DA SHBEMNRMRI S- M5, W 314, (I\/H) 15 Interrredlate D10
IS-MS, m/e 314.1 (M+1)
Intermediate D-9 (PD7-H7C-045, -046)
: 1-(D-Phenylgiycinyl)-;-[2-(l-pyrazblyl)ethyllpiperazine.
10 Prepared—from,1-(Boc-D—phenYlglycinyl)-4-[2-(15pyrazo;-
yl)ethyllpiperazine ﬁsing 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] -
piperazi_ne. ' -
| Method D-B
To a stirring solution of 1-[Boc-D,L-(pyridin-2-yl)-
. 20 glycinyll -4~ [2~ (4-—pyr1d1ny1)ethyl]plperazine (2.31 g, 5.4
_mmol) in dlchloromethane (45 mlL,) was added TFA (5 mL). After
6 h, the solvents were removed in vacuo. The residue was
partitioned between ethyl acetate and satd aq. NaHCO3, and the
'1ayers were separated. The aqueous phase was extracted with -
. 25 50% ethyl acetate/dlchloromethane, then 5%
_methanol/dlchloromet:hane ' The combined orgam.c extracts were
di::i_.ed- with MgSO4, filt:é:fed and concentrated to give 1.66 g
(94%) of the title compoﬁnd.
1H-NMR
30 IS-MS, m/e 326.1 (M+l)

Intermediate D- 11
1-[D,L- (Z-Methoxyphenyl) glycinyll -4-[2- (1-pyrazoly‘1) ethyl] -

_ piperazine .



|- [D,L- (Pyridin-2=yl) glycinyl] -4 [2- (4-pyridinyl) ethyl] -

pi perazine. Method D-B To a stirring'solution of 1-[Boc-D,L-(pyridin-2-yl)-
20 glycinyl]-4-[2-(4-pyridinyl)eth pi perazine (2.31 g, 10May2008| ) in

di chi oronet hane (45 nlL) was added TFA (5 nl). After 6 h, the solvents were

*EHFEoved i vacuo. The residue was partitioned between ethyl acetate and

satd ag. NaHCO3, and the |ayers were separated. The agueous phase was
extracted with 25 50% et hyl acetate/ di chl oronet hane, then 5%

met hanol / di chl or omet hane. The conbi ned organic extracts were -dried with
- MySM, fil terashmdd faromcantm@ct-en H—dZQmeehqueglethlmﬂltﬁe Rtle
conpeund. 1H N e 326, nmediate D-11

1-[ D, LY 29xﬁﬁ%§£§hhﬁgﬁy? Bf@%ﬁ?ﬁﬁqe Xséﬁg?q pyrazo yl)ethyl]- piperazine. 108"
10 NhylﬂQﬁﬁRPrepared from 1- (Boc-D, L-(2-met hoxyphenyl ) gl ycinyl]-4- -

(1- pyrazo 'Préh 1p¢=i&lafane using Method D-B. 1HNVMR IS-M5, . me 355. 1
(M) £Sr Si‘ate DI (D-Phenyl glycixlyl) -4-- (2- (thiazol-2-yl).
et hy§l piperazine Trihydrochloride. Prepared from 1-

(Boc- D- phe cin 4-[2-(thiazol -2- 10 yl)ethyl] pi perazine u3|ng
met hod?gﬁﬁg?‘g*%"r%\#&)zeqw val ent to those described in Method D-A (809 ..
" 1~ (D-Phenylglycinyl)-4-[2-(thiazol-2~yl)ethyl]lpiperazine

Trihydrochloride.
Prepared from 1-~{Boc- D—phenylglyc1ny1) -4- [2 (thiazol-2-
10 yl)ethyllpiperazine u31ng methods substantially equivalent to -
those described in Method D~-A (80%) .. ' ' :
1y NMR (CD30D) .
CI-MS, m/e = 331 (C37Hy3N40S+1).

15 Intermediate D-13 _
1-(D- Phenylglyclnyl) -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 _
disaolved.iﬁ ethyl acetate (10 mL) and anisole (1 mL).- The
mixture was cooled to 0 °C, and a saturated solution of HCl in
ethyl acétate was added. The mixture was allowed to warm to
-room.temperature and stirred for 4 h. The solvent was removed_.
.25 under Yyacuum to prov1de the title compound as a whlte solid
. (530 mg, quantitatlve)
g NMR (CD30D) . |
APCI-MS, m/e = 480 (Cy5HpgN503S+1).

30 Intermediate D-14
1- (D—Phenylglycinyl) -4-[2-(3-fluoropyridin-4 -yl)ethyll-
piperazine Trihydrochlorzde
Prepared from 1-(Boc- D-phenylglycinyl) -4-(2-(3- fluoro—
pytidln—4fy1)ethyl]plperaz;ne using a method substantially



1H NVR (CD30D). Cl-M5,.me = 331 (C1l7H22N40S+1). 15 Internedi ate D13 1-
(D Phenyl gl yci nyl ) -4-12-( 2- benzylox car bonyl am not hi azol -4- yl)

et hyl ] pi perazine Trihydrochl oride. 18thod D-C 10 May 2006

1- (Boc- D- Phenyl gl yci nyl ) - 4-[ 2- ( 2- benzyl oxycar bonyl anmi no- 20 thiazol -4-yl)

Srethyl T piperazi ne (520°ng, 0.898 nmol) was dissolved in ethyl acetate (10

m.) and anisole (1 mL). The mixture was cooled to O C, and a saturated
solution of HCL in ethyl acetate was added. The m xture was allowed to
warmto roomtenperature and stirred for 4 h. The solvent was . renoved ..25
under UGG drit RoOMetRol NE-A | {(dag)conpound as a. white solid (530 ny,
quantLigtlve) 1H NVR (CD30D). APCI-Ms5, W =.480 (C25H29N503S+1). 30

I'nt er niHi BMR (§DBADY - (D Phenyl gl ycinyl) -4- (2-.(3-fl uoropyridin-4-yl)

et hyl ] apcPig$r d7iene isghydigngyguwoma) .Prepar ed from 1-

{Boc- D-phenyl gl Yci flYl) -4- (3 -fluoro- pyridin-4-yl)ethyl]piperazine
using a. nethod substantially 109 equivalent to Method D-A (98%. 1H NWR
(CD3g E&ntg@xgdfgie ngs 353 (019H23FN40+1) 10 May 2006 5 Internediate D-15

1- D-Phen cinyl c ano i d i perazi ne
T oGk v ienya b ol SF B LA ] L - Pl perazine
1-( BOCP%QP%enghw&cméﬁtda cyanopyrf'di n-4-yl)- -

' Method D-D L

1- (Boc-D-phenylglycinyl) -4- [2- (2-cyanopyridin-4-yl) -

10 ethyllpiperazine (580 mg, 1.29 mmbl) and anisole (5.0 g, 4.64

mmol) were dissolved in methanol (10 mL) and cooled to -15 °C.
To this solﬁtion, concentrated (6 N) hydréchloric 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.
1 NMR (CD3OD) .

20 CI-MS, m/e = 350 (M+1).

Intermediate D-16 .
' 1-[D,L-(2 Chlorophenyl)glycinyl] -4- (l-methylpiperidin- -yl)-
piperazine. _
.25 Prepared from 1-{Boc-D,L- (2~ chlorophenyl)glycinyl] -4~ (1-
‘ methylplperidln -4-yl)piperazine using Method D-E. '
1H NMR '

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

30 Intermediate D-17
‘1-[D, L-(Quinolln- -yl)glycinyl] -4- (1-mathy1piper1din 4-y1)-
piperazine.
Method D-E |
.TQ a stirring solution of 1-[Boc-D,L- (quinolin-g-y1) -



10 et hyl ] pi peraziné'(580 my, 1.29 mmol) and anisole (5.0 g, 4.64 mmol) were
di ssolved in nethanol (10 nL) and cooled to -15 C. To this solution,

concentrated (6 N) hydrochloric aC|3JO(1 2 nL, 11.6 mmol) 1oasayzizbsd, and t he
m xture stirred at -10 1OC for 1 hour. The solvents were renoved under

< vaculim and ‘tHie 715 resi due co-evaporated with methanol, nethanol and

tol uene, and .nethanol and ethyl acetate to provide

1- (D phenyl gl yci nyl)-4- (2-(2-cyanopyridin-4-yl)ethyl] piperazine
trihydrochloride (600 ng, 100% as an off white solid. 1H NVR (CD30D). 20

Cl-M5, me = 350 (M+1) Interm&wat , 3
1- (DLQQchYb}'cﬁ:)‘h@n'x‘?\e)t&V}EM?ﬁ‘] ely&%ﬁ%%ﬁzﬁgﬁ ’n33-3 yI )1 :tpl perazi ne. 25

| Prfﬁa{ﬁg oh} Ogﬁé-%ﬁiubﬂa Mo(@z&hhoﬁnmheﬂvb%b|¥4H4Hﬂhﬂ°‘°ﬂit a“elws . (M)

me I peridin i perazine u 0 YR, e

30 I%t gﬂag'edﬁﬁt@d@ -/&:p R rl) %-\fri':%rlvg H dtt% Fsol'v@n éz%

I%/E E E Lrsgglv_%gl iR- ‘tga&{g glayﬁl Fu{;]rébn(dhermahydmwmﬁ ﬁmmgq:k}ancﬁ,& J)pzier ?é i ﬁo '10
od o a stirring solutjon o o 3

May Z0@®dglpafiag| poir (aflgﬁé?‘hs?% r P&Ft %'g‘:?‘? ‘ll'{pt(é?g?. %Le;u(ﬂ 'TSay . 1.13

nol ) gg,d hﬁﬁbf Ax%@?adﬁed 61617 mertanold n” dlld | enlowet waﬁewwtzed nL) was
added TFA (2.

After the solve Jitioved (3 wyacuo, and the
resi dueviWélsﬂ'GFbéBP%e%Pq tht’ﬁE't ﬁéﬁo‘i’r ¥ oaﬁx\gi%}lt o%an SCXkcoI um
(pretreghes iYW/ ki RYa&Ert it @ehloromethane. The product containing -
fractlons were combined and concentrated in vacuo to give
10 approxlmately 0.4 g (quantitative) of the title compound

1H NMR

Intermediate D-18
1-[D,L- (2-Trif1uoromet:hy1pheny1)glycinyl] -4-(1-methyl-
- 15 piperidin-4- yl)piperazine '
Prepared from 1-[Boc-D,L- {2- tr:.fluoromethylphenyl) -
‘glycinyl]l-4- (- methylpiperidin-4- yl)plperaz:me using Method D-
E. '
1H NMR
20 IS-MS, m/e 385.1 (M+1)

Intermediate D-19
1-{ID- Cyclopentylglycinyl] -4~ (1-methy1piperidin- -yl) -
p:l.perazine .
.25 = - Prepared from l-(Boc-D- cyclopentylglyc1ny1] -4~
o _ (l-methylpiperidl-n- -yl)piperazine using Method D-E.
1H NMR o
IS-MS, w/e 309.2 (M+l)

30 Intemediaté D-20 ‘ _
1- [D-Cyclohexylglycinyl] -4~ (1-methylpiperidin-4-yl)piperazine.
Prepared from 1-{Boc-D-cyclohexylglycinyl] -4~
(1-emethy1piperidin—4-y1)piperazine _using Method D-E.



- in methanol and washed with nethanol). The colum was washed w th nethanol
and then the product was eluted with 30% (2 N ammoni a/ nethanol) in
di chl oronet hane. The product contaildiing fractions were coipnae dogend
concentrated in vacuo to give 10 approxi rrately 0.4 g (quantltatlve) of the
“title conpound.”” TH'NMR I nt ef nedi‘ate D-18 1- (D, L-"

“(2-TrifluoronD. et hyl phenyl)glycinyl] -4- (1-nethyl- 15
pi peri di n-4-yl) pi perazi ne. Prepared from :
1-[Boc-D,L-(2-trifIuoronethylphenyl)-

gl yci s [ami (1- et hyl pi peri di n-4-yl) pi perazi ne using Method D E. 1H NWR

20 1S I ntermediate D19
1- {D—C&Efdg%nfé ?%%I£?ﬂq 1. (1- met hyl pi peri di a- 4- yI) piperazine. 25

-Prepared from 1-[Boc-D-cycl opentyl glycinyll-4
(1- et %ﬁ- er d|n 4-y1) pi perazi ne using Method D-E. 1H NNR |S-MB, nle
309. 2 ( '% PhBePrRti ate D20

1- [[>53&u(ﬂuﬂﬁﬁhghyny¢{ﬂ9ﬂrUQa«i-ﬂﬁéhdtﬁyl¥§mgtﬁ&z4nﬁl)plperalele Prepared
from 1- (Boc_ DcycloheXYlgIYC|fIYI%§T4-Du3|ng method D-E. 111 1H NNR | S- M5,

me 323.3 (Mrl) Internediate D 2%
1-['D- Phenyl gl-cbaybipHerdydglyenai iyl 4 p(poirtiethyl) pebepsz ihd (1.66

g; 3.63 mmol) was dissolved in methanol (46 mL) with 10% pd/C
(394 mg) and reaction mixture was subjected.to a balloon of
- 10 hydrogen for 15 h. Only 50% conversion was observed; 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'diatomacebus earth, and the
solvent was removed under vacuum to give the title compound .

15 (1.03.g; 88%). '
1y NMR (CDC13) .
APCI—MS; m/e = 324 (M+}).

Intermediate D-22
20 1-{D,L-(Thiazol-2-yl)glycinyl]-4-(l-methylpiperidin-4-yl)-
piperazine TrihYdrochléride. |
Prepared from 1—[Boc-D;L-(thiazol-zeyl)glycinyll -4-

(1-methy1piperidin 4-yl)piperazine using Method A-A. In thls
procedure, saturated HCl in 1,4- dioxane was used in place of :

.25 saturated HC1 in methanol Concéntration of the reaction

' mixture prov1ded the title compound as a crude re91due that

. was used directly without_pur1flcat10n.

Intermediate D-23 .
30 1-[D,L-(Benzo[b] thiophen-3 -yl)glycxnyl] -4~ (l-methylplperidin-_
4-yl)piperazine Trihydrochloride.
Prepared from 1-[Boc—D,L~(benzo[b]thiophen-2-yl)4
_glycinyl]-4-(i-methylpiperidin-4-yl)piperazine using Method A-
A, pPart B. In this procedure, saturated HC1 in 1,4-dioxane



. 10 May 2006 1-(Cbz-D-Phenyl gl ycinyl)-4-(2-phenethyl)piperazine (1.66 g;
3 63 mmol ). was di ssol ved i n net hanol (46 m) with 10% Pd/c (394 ng) and
reaction. m xture was subjected- to‘H bal | oon of 10 hydrogfi 2
50% conver si on was observed; so 'the  catal yst, was filtered through

\<

““di at omaceous earth, and the.” mxture Wwas'Te-subjected to the sane’

conditions for 17 h The catalyst was filtered through di at omaceous earth,
and the solvent was renoved under vacuun1to give the title conpound 15 "
(1.03 g; ﬁgﬁ 1HNVR (CDC13). APCI-NM5 W = 324 awel) Internediate D 22
20 1-[ D28 (uER% A Plage)ef asituyabed HAL gt mﬁtﬁap@ kdin-4-yl)- piperazine
'Tr|hydrg@ﬁgcmﬁﬁﬁg73Pgepﬁ;fp from 1-[Boc-D, L-(thiazol-2-yl)glycinyl]-4-

(1- et hyl pi peri di n-4-yl) pi perazine using Method A-A. In this procedure,

. saturated HO in 1,4-dioxane was used in place of 25 saturated.HO in

nethanointégugamatgabLQ@ of the réaction mixture provided the title
compound as a crude residue that” was. used directly without purification.

| nt erfredit ER@-szgthalentbnn glpeipvll - rmeshedpipetridin d-o) | - 4-

(1- nethyiﬁgﬁgymdglmrih 4fdaﬂmgbggga2|ne Trihydrochl oride. Prepared from 1-
[ Boc-D,. -L- (benzo hb* t hi ophen- 2- %
gl yci nyl ] - 4-RYPPRECHY F HPP é‘ﬂ@Pﬁ QogT I}ﬂ%ﬁ&zﬁeﬁeluk’lmlmltﬁd -A- (A- Part B.

LQtL?;%%“‘ﬂa?‘*?ﬁgﬁ%?ﬁé%%@%‘iE%%% i WEERDR Al \BeIRC bR Place of
his procedure, saturated HCl 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
i5 1-D, L-(2-Ebthylsulfonylpheny1)glyciny1-4;(l-methylpiperidin—4#
yl)piperazine. o _
Prepared from 1-[Boc-D,L- (2-methylsulfonylpheny1)—
: glyclnyll—4—(1—methy1p1per1d1n-4—y1)pipera21ne using Method D-
Y _ _
20 1H-NMR .
IS-MS, m/e 395 (M+1)

Intermediate D-26 -
1-[D,L- (Thiazol- 5-y1)glyciny1]-4 [2 - (pyridin-4 -yi)ethyl]-
.25 piperazine
' _%' To a. stlrred solution of crude 1-[D,L- (thlazol -5-yl) -
glycinyl] -4- (2~ (pyrldln-'-yl)ethyllplpera21ne (circa 5.15
mmol) and anisole (11.2 mL) in dichloromethane (42 mh) at room
temperature was added TFA (10-5'mL), and the mixture stirred
30 at room temperature for 16 h before concentrating 1n vacuo.
The product was isolated using SCX ion exchange '
chromatography ..
NMR



10 May. 2006 Internmediate D-24 5 1- [D, L- (Naphthalen-1-yl) glycinyl] -4--

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

1- [ Boc- D, L- (napht hal en-1 -yl ) gl yai nyll1B- 4- (1- net hyl pi peri q4bMdy20o5pi per azi ne

using Method A-A, Part B. In this procedure, saturated HCL I'n 1, 4-di oxane

-~ was:-used in place 10 of saturated HCl in methanol: 1HNWR [S-M5 W 367.0
"(MHl) Internmediate D-25 15 _

1- D, L- (2- Met hyl sul f onyl phenyl ) gl yci nyl - 4- (1- net hyl pi peri di n- 4-

yl ) pi perazine. Prepared from 1-[Boc-D, L-(2-nethyl sul fonyl phenyl) -

gl yci nghlefmédiaws mH2pi peri di n-4-yl ) pi perazi ne using Method D- D.. 20 1H NWR

CIS-Ms, _me 395 (IMr1) -l nternediat 26 1-.[D L: (Thi,azol -5-yl)glycinyl] -4-
[ 2- (p&Fi[BFﬁ?igSPﬁ %1?2912‘5"&15;?33’52??@!'?f)ba'.(p%i%ﬁé‘d%% tion of crude
1-[ D Lethpippopetazdne. gl ycinyl] -4-[2- (pyridin-4-yl) ethyl] piperazine
(circa 5.15 nnvl%ﬂﬁnd,anisole (11.2 né% Ln ichl'roneéhane 42 ) at room
 t enper at ur e PRBB2ERASFORFA- (Bec P i) (2-FREDYHEM R e Y BLYEHY YO at room
t enper atype i dfh -1 Rl eERy TGRIYAZA hieNgsifig iRestaqulee product - was
" isoratedqusfﬁgiECX iaﬁégxch%nge %pronggggggétleigww§113 10 May, 2006

substan lly equivalent "to those the preparation
of Intermediate D-26. ~ _
NMR

10 Intermediate D-28 _ |
1~[D,L-(2-Aminothiazol—4-y1)glycinyl]-4-[2—(pYridin-4ey1)- '
ethyllpiperazine. '

A stirred solution of i—(Boc*D,L-2—benzyloxycarbonyl- _
aminothiazol—4—y1g1ycinyl)~4~[2-(pyridin-4-y1)ethyi]piperaziqe

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 pitle product was
-isolated using SCX ion exchange chromatography.

NMR
- 20
Préparatién of Intermediates E
The following compounds were prepared according_to the
indigated method (Method E-A) from the indicated stérting |
" material, unless otherwise described.
25 §  Y :
Intermediate E-1 . _
-l;Boc-4-(Cbz-D-phénylglycinyl)piperazine.'
| Method E-A |
D-Cbz-phenylglycine (58.0 g, 203 mmol) 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 mL, 244 mmol) was slowly added

_to the mixture. Triethylamihe (59.4 mL, 426 mmol) was added

'drobwise_to the solution. The mixture was stirred at -15 °C




Internediate D-27 1- [D,L- (2-Methylthiazol-4-yl)glycinyl] -4- [2-
(pyridin-4-yl) - ethyl]piperazine. Prepared from 1l- [Boc-D, L-
(2-net hyl t hi azol -4-yl)glycinyl] - 5114-[2-(pyridin-4- yI)etn%b%pbag azi ne
using procedures substantially equivalent to those descri )
preparation  of Intermediate D-26. NVR 10 [ntermediate DI98¥I™ [D,.L- -
(2- Am' not hi azol -4-yl) glycinyl] -4- [2- (pyridin-4-yl) - ethyl]piperazine..
A stirred _solution of 1-(Boc=D, L-2-benzyl oxycarbonyl -

ani not hi azol - 4-yl gl yci nyl ) - 4-[ 2- (pyridin-4-yl)ethyl]piperazine 15 (crude,
circa £oxr @mbl pndwas mildiawed b FBrdurddyi wanwi bo (BB ¥Spewbkurad acetic

aci 4 (QydioiafRs "PAL o AlnOuEs | A1 wiEAOkEyRIEbdieR gpgeentrated in

vacuo. The t|tIe product was |so ate I on- exchange
chr omatwadeaphy TheVrayess Neerpasammteeﬂ. lantiethedh@h@s IBY'Ehre f ol | ow ng

COMPOUNe ARk APUEPR ShyAC GRLILED. Ol]‘l-feh rghfCf d (Method E- A)

fromthe 1 ndicated starting ess ermnse escrlbed 25 -
| nt ersmsxtingiaen, | Waﬁh%(wwh( €o%- @-wvemyﬂlcgﬂyd?nyl 5?30 pﬁr)amﬂebrmet hod E-A

26 et HESOR | R ey Webclrfideda M) AR MRS, 85
L in an icmdespradect e LilDeredythmughophpdpdoofitsi XidAa gedl (1244 mol ) was
Slomdyléﬁd%ging 1:1 hexanes:ethyl acetate as eluent to prov1de 1-
Boc-4- (Cbz-D-phenylglycinyl)plpera21ne (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 according to the
indicated method (Method F-A) from the indicated starting

mater1al unless otherwise described.

. Intermediate F-1
20 1-Boc-4-(D-phenylglycinyl)piperazine.
" Method F-a |
1-Boc-4- {Cbz- D~phenylglyc1nyl)plperazine (69.5 g, 153
© mmol) was dissolved in ethanol (500 mL) . The mixture was
degassed with nitrogen and 10% Pd/C (6.8 g) was added.
25 Hydrogen was bubbled through the mlxture for 1 h, and it was
' maintalned ‘'under a hydrogen atmosphere for 16 h. The Pd/C‘was
o removed by filtration through cellulose. The-fllter cake was .
rinsed with ethanol and ethyl acetate. Thelfiltrate was
.concentrated under vacuum to give 1-Boc-4- _ |
30 (D-phenylglycinyl)piperazine (45.3 g, 93%) as a llght yellow '
-solid.
1H-NMR (CDC13)
API-MS, wm/e = 320 (M+1)



to the mxture. Triethylamne (59.4 nL, 426 mmvl) was added 'dropw se.to
the solution.. The mxture was stirred at -15 C 114 10 My 2006 for 2 h and
was allowed to gradually warmto r&®mn tenperature over ni@hlay 266 M xture
was diluted with ethyl acetate and water. The |ayers vvere se’barat ed, and
~-the water layer extracted with ethyl acetate. The organic 1ayérs were™
5 conbi ned, washed with 10%citric acid (2 x 500 nL) and brine, dried
(Na2sO™4), filtered and concentrated under vacuum The crude product was
filtered through a plug of silica gel (1.2 'kg) using 1:1 hexanes:ethyl
acetate as eluent to fuspagetionBof-Thtex@ediBtphc@yl gl yci nyI ) pi pera2| ne.

(69.-9 g, 7 oL, ﬁ%ﬁ?fﬁ&%?] & Jiie = 454
(M) Prepgﬁ%%?%ﬁgé%&Fﬁt ﬁ%ﬁﬁu¥§ghﬁe ékt odlé conpounds were
pr epar édddcatrdiimeghod (Methoddi-?dt Edomethedifdisdted Beaytinom the i ndi cated
starti ri gU ot h scribed. Internediate F-120 -

1- Boc-ﬁgﬁ:} p%g'n;/"fadﬁ gl yci §§ﬁ§%‘f1p%er ?ze:gﬁggbg thod .F-A 1 Boc- 4- :
(CszD-phenngIyC|nyI)p|peraane (69.5 g, 15.3 mol) was dlssolved in

et hanok é%%é%&%? ne m xture was degassed with nitrogen and 10% Pd/C (6.8
g) was a §:FWdrogen was bubbl ed through the mxture for 1 h, and it .
was n&rh@@nﬁnﬁ#JMQMRQUYben*EMk1Rymheayhg%1#tnxiprperazhneIhe Pd/ cwas
renmoved by filtration through c€ +¢| a The filter cake was rinsed wth
et hanol and ethyl acetate. The rate mas concentrat ed under vacuun1to
gi ve 1-Boc-¥-Boc-4- (D-phenylglyc1ny1)plpera21ne (42.0 g, 131.5 mmol)

10 was dissolved in 1,4- dioxane (420 mL) and water (210 mL) and
was cooled to 10 éC. 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 1ayers were combined ‘washed with brine,
dried filtered and concentrated to provide 1 Boc 4-{a-
methoxybenzoyl - D—phenylgly01ny1)plperazine (58.7 g, 98%) as an
off~white solid. . ' |

20 1H-NMR (CDCl3)

. API-MS, m/e = 454 (M+i§

Preparation of Intermediates H
"The following compounds were prepared accordlng to the
.25 1ndicated method. (Method H- A) from the lndicated starting
) mater1a1 unless. otherw1se described.

Intermediate H-1
1- (4~Methoxybenzoyl-D-phenylglycinyl) piperazine
30 Trifluoroacetate. |
_ Method H-A
1-Boc-4-(4—Methpxybenzoy1—D~phenylglycinyl)piperézine
(20.0 g, 44.1 mmol) was dissolved in dichlofomefhahe (50 mL)

and anisole (20 mL). To this vigorously stirred mixture was



30 (D phenyl gl yci nyl ) pi perazine (45.3 g, 93% as a light yellow solid.
1H NVR(CDC13) API-MS,.nme -- 320 (M+1) 115 10 May 2006 Preparatlon of
I nternedi at es G The fol | ow ng conpddfids were prepared accgy 5{"@06@ t he
i ndi cated method (Method G A) fromthe indi cated starting er| aI : unI ess
- otherwi se described. 5 Internediate G 1 h i
1- Hoc- 4- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) ppi pera2| ne. Method GA .
1- Boc- 4- (D phenyl gI yci nyl ) pi perazine (42.0 g, 131.5 mmol) 10 vvas di ssol ved

in 1,4-dio ane 4 and water_ (21Q nL). and, was cooled o 1
Pot assf"\?ﬁ]le aFBbHHY tacqacig sl W V\ﬁg é@d&g‘ref YRE ot e
by, p- er?rdiomsbamcad ma;lnptbﬂlgefafhx% 9, Thé4solm°@'h')s welre geabudd Sti rred
at' room tenperature %ernl The mxture klted th water and

et hyl 20GeZ: ¥aCHyR. 1 ea?@%@%r"@%é‘ﬁéﬁﬂf%‘f Iayer extracted

Wi th etdylicatedt 86:2.60TREnQr J8Ke Csdlﬁ)ﬂeiv&sV\BdSBl@aféﬂ m@dﬁwﬁ&ﬂbnm th brine,
dried, flltered and concentrated to prqvjde 1-8oc-

et h&(fﬁ’@n?ﬁ}f* [%‘bk?eﬁ@ﬂ%‘l“?‘c?ﬁ%?lpﬁi@rgiﬁh’é ’E‘Bé’rf"@de%% as an off-white
solid. .31-2Q-& - 6E’bhé§{1§lf1%my45ﬁi§éﬂ‘a@1d@ eparation of

| nt er medi ates H The fol | owi ng ounds re prepared. according to the 25

i ndi catté'd-fﬂ‘ﬂf’ﬁﬁﬁce‘(m Hdd - ?‘I—ﬁ) Q maPhé it Addos gaPtidg material ,
unl ess.1x-WMRREDLGS) descrl bed.

API-MS, m/e = 354 (M+1) .
10 o
Preparation of Examples
The following examples of formula (I) were prepared
according to the indicated wethod (Method I-A, 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.

ﬁxample 1 _
_ %-(4-Methoxybenzoyl-n-phenyigiycinyl)-4-phenethy1piperazine.
20 . | . Method I-A |
To a stirring solution of 1-(4-methoxybenzoyl-D-phenyl-
glycinyl)piperazine (0.05 g, 0.14 mmol) in methanol (1 mL) was
. added phenylacetaldehyde (0.17 wL, 1.4 mmol), followed by
acetic acid (0.05 wL, 0.87 mmol) and then sodium
25 cyanoborohydride (0.014 g, 0.21 mmol). After 2 h, the
| éBlutlon was loaded ‘onto an scx column, whlch was pretreated
with 5% acetic aczd/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 mg'of
thick oil (90% pure by analytical HPLC). The crude product
was dissolved in a minimal volume_of'dichloromethane and
.'chromatographed over gilica gel, eluting with dichioromethane,'
 followed by ethyl acetate, followed by a gradient of 2%



Internediate H1 1-(4-Methoxybenzoyl - D phenyl gl ycinyl) pi perazine 30
Trifluoroacetate.. Method H A - ST

1- Hoc- 4- (4- Met hoxybenzoyl - D- phenyl di%¥ci nyl ) pi per azi ne (ZQGﬂméyzéUb5l ni nol )
was di ssolved in dichloromethane (50 nL) and anisole (20 ). To this 3
vigorously stirred mixture was 116 10 May 2006 added trifluoroacetic acid-
(50 nm.). The mxture was stirred for 25 mn at roomtenperature. The
solvents were renobved under vacuum The residue was triturated in ether
and sonicated for 60 mn. The sol|d, . || ected by filtration 5 and
dried i¥hee &8%1 bt I diHsdmerhppat) (i '8’é°‘“e&‘a“3/- The

1- (4--repheaadie Roayh i hi i) Fralcgliyas Nwéne Wordhiagdnend tedidamragedt abe (18.2 g,
88% as a 1,ig)ht éel I-oa\é/ sal i d. J.ﬁ NI\/RC&g’DBO ) . APl - M5, W& = 354 (M+l) 10
Prepar a31YH GP22xEn1 Y Afe ths) FOW O FEPLHBes of formula (1) were prepared
accordi {yg-¥Mr t he indi cated method (Method I-A, Method |I-B, -~ Method I-C,
Method |-D, Method |-E,  Method I-F or Method |-G 15 fromthe indicated

st ar t 7 niS e /8l 458 i @8 ot herwi se  descri bed. - Exanpl e 1

1- (4- Vegbix whenzeys - ety byl yeooy | 9 4- pireaet gk pi per azi ne. 20 Method |- A

To a stirring solution of 1-(4-methoxybenzoyl-D-phenyl- glycinyl)piperazine

(0.05 g, 0.14 nmml) in nmethanol (1 nL) was. added phenyl acet al dehyde (0. 17
m, 1. 4gpamlde 2f ol | oned by : '

1- (4-Methoxybenzoyl-D-phenylglycinyl) -4-[2-~ (4-pyridinyl) -
10 ethyllpiperazine Diydrochloride. .
| Method I-B
. lF(D-Phenylglycinyl)—4-[2-(4—pyridinyl)ethyllpiperazine
trihydrochloride (1.0 g, 2.31 mmol) and potassium carboﬁate
(2.0 g, 144.4 mmol) were dissolved in 1,4-dioxane (5 mL) and
15 water (1 mbL). To this solution, p-anisoyl chloride (650 uL, -
' 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 (NazSO4), filtered and
20 concentra;éd. The residue was dissolved in methanol and .
loaded onto an SCX column (10 g, pretreated with 5% aqetic
acid in methanol and washed with methanol). The by-products
. were eluted with methanol (about 20 mL), and desired product
eluted with saturated ammonia in wethanol. The product was
25 further purified by column chromatography (SiOs, CH2012:CMA-
. 5531“68*9;1 gradient). The'ﬁroduct was dissolvéd in methangi,
- and HC1 in diethyl ether was added to provide 1-(4- .
..'methoxybenzoyl-D-phenylglyqinyl)—4-[2-(4—
pyridinyl)ethyl] piperazine hydrochloride (370 mg, 37%) as an
30 off white solid. - |
1H-NMR (CDC13)
CI-MS, w/e = 459 (Ms1)



acetic acid (0.05 nL, 0.87 mml) and then sodi um 25 :
cyanobor ohydride. (.0.014 g, 0.21 mml). After 2 h, the solution was |oaded
onto an SCX col umm; which was. preff®ated with 5% aceti qoagiygmet hanol .

The col umn was washed with methanol and then the product was el uted with
" 10/1 dichloronethane: (2 N NH3 in nethanol).. The product-contai ning 30.
fractions were conbi ned and concentrated to give 63 ng of thick oil (90%
pure by analytical HPLC). The crude product was dissolved in a mninal

vol ume of di chl oronmet hane and chromat og raghed over silica gel, eluting
wi th dfealysbfeittafeH308ePovd BiFlethy| HaR < &Hafd):| owed by a gradi ent of

2% 117 10 May12806 tlrogghglDly (% NehNH§/ neg herol ) in. dichl oromet hane. The
product containing fracti ons” were combi ned and concentrated to gi ve 0.022

g (34-) of Fewendit|eCeofpohd H/1l4-RAR N 1&HNE, me 458.0 (Mr1) HPLC

Anal YSEprLeMRhEOA A (MbeRNAE) & A4 BN FXADlEn
1-(4- N@thoxybenzoyl D-phenngIyC|nyI) -[2-(4-pyridinyl) 10

et hyS] pi per azi ne Di ydrochl oride. Method I-B 1- (D Phenylglycinyl) -4;. [24

(4- pyrhﬂbﬂ%ié gthyl] piperazine trihydrochioride (1.0 g, 2. 31 mrol ) and
pot assi um carbonate (2.0 g, 144.4 mml) were dissolved in 4- di oxane (5

m:)~" and- 15nm1e76(cpnbeyylﬁ%-nwlgawewnw--b- %ﬂn(éopwréﬁplaﬂbe (650 ILL,
4.62 ag yg§? e.The nmixture stirred at roomtenperature for 3 h. The
m xt ure ut ed mnth water, and the m xture extracted with ethyl
acetate. The organic |ayers werMetkedhilr€d, washed with brine, dried

(Na%§04){ fiLkﬁfﬁﬁL&yTGIYCinYI)—4—[2-(4#pyridiny1)ethyl}piperazine
(1.0 g, 2.31 mmol), 6-carboxyindole (371 wg, 2.31 mmol), HOBt
(312 mg, 2.31 wmol), Et3N (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

s 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 NH3 in
methanol) to provide the crude product as a brown solid. The
crude product was purified by chromatography (SiO3, 20:1 '

20 CHZClzzcﬁA to 6:1 CH3Cl,:CMA) to provide 1-(indole-6-carbonyl-
D-phenylglycinyl) -4- [2- (4-pyridinyl) ethyl]lpiperazine (350 mg,
32%) as an off white solid.

- Melting Point = 75-80 °C
IR (thin £ilm)
.25 1H NMR (cuc13)
' Analysls for C23H29N403 _
Caled: 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~pyrid1ny1)-
ethyl]piperazine Dihydrochloride.

- Prepared from 1—(1ndole-6-carbony1—D«phenylglycinyl)-



20 concentrated. The residue was -dissolved in nmethanol and | oaded onto an
SCX colum . (10 g, pretreated with 5t acetic acid in nmethanol and washed
with nmethanol). The by-products w&it® eluted with net hano‘h g? 20 nlL),
and desired product eluted with saturated ammonia i n net hano e product

©was 25 further purified. by colum chromatography (Si02, CH2Cl2: CVA- 201+

to' 9:i gradient). The product was dissolved in nethanol, and HCLl in

di ethyl ether was added to provide 1-(4-

met hoxybenzayl - D- phenyl g inyl)-4-[2-(4- pyrl di nyl )et hyI ] piperazine

hydr octi-d2i-d&-pg¥ ?%yl&suaﬁra@e‘eoflﬁ fdi ¥erhegd 3D PHS‘- NRARLRHC13)

Cl - M5, mloraaatﬁwé)aslJt&elqn&/ayaﬁmveaabyS| s for C27H30N403.2.2 HOl 1.1

H20. 0.4 NHACL: Calcd: C, 55.91; H 6.26; N 10.63; Found: C. 56.04;:H,

6.55; . NH ¥fR46.  HPLC Analysis (Method B): 99.7% tR = 10.98 min. - 5.

Exarrpl asimsl- myadose:H- gﬁrllyonyl D phenyl gl yci nyl 4. - 4-[ 2- (4- pyri d| Nyl )

et hyI pi perazine. Method I-C 1 .
RN YELeCEAY| §28HMN 502 5yP|’6¢}M PeBrQF ] pi perazine (1.0 g, 2. 31

mml) 6- capheXyi ndol@ (5%7170rrgu 253:!4 TR iz F¥Btc1 (342 7g9, 2.31 mmol), Et3N

(1.3 n, 9.24 mml), and DCC' (62 3.0 Sgwere stirred i nDVF at -_

f oom t enper Koupd: ovéFfm%t“-Tﬁe %f%l al t-&?eo'%a keddvd®-by filtration, and

the . 15diid hhaligafen o@tggl UPGIers MACUURYt £ Gudefi Ck paste. The resi due
was d| ssol ved in met hanol -and purifi ed by ion exchange : '

- 10 Example 4
1-(3-Chloroindole-6 -carbonyl D-phenylglycinyl) -
4- [2-(4~pyridiny1)ethyl]piperazinef
Prepared from 3-chloroindole-6-carboxylic acid and 1- (D-
phenylglycinyl) -4-[2- (4-pyridinyl)ethyllpiperazine using '
15 Method I-C.
| Melting point = 100-105 ©°C
1H-NMR (CDCl3)
API-MS, m/e = 502 (M+l)
Analysis for CpgHpgClNgOp+1.2 HO:
20 Calcd: 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-
v (4-Pyridinyl) ethyllpiperazine Dihydrochloride.

Prepared from 1- (3-chloroindole-6- -carbonyl-D-
pheﬁylglycinyl)-45[2-(4-§Yridinyl)ethy1]piperazine using
Method I-D (but using dichloromethane as the initial solvent).

30 1H NMR ' |
IS-MS, m/e 502.1 (M+1)



chr omat ogr aphy (SCX resin, nethanol then saturated.NH3 in nethanol) to
provi de the crude product as a brown solid. The crude product was purified
by chromatography (Si02, 20:1 20 CH&12: CVA to 6:1 CH2CA13pGMYy 24gs provi de
_1-(indol e-6-carbonyl - .D-phenyl gl yci nyl ) -4-[2-(4-pyridinyl)ethyl] piperazine
“(.350 my, 32% as an off white solid. Melting Point = 75-80 C" IR (thin.-
film 25 1H NVR (CDC13) Analysis for C28R29N403: Calcd: C, 50.12; H, 5.06;-
N, 7. 54 Found C 49 81 H 5.33; N, 7.39. HPLC Anal yS|s ( Met hod B): >99%
tr =71

1- (| nd&né“lé’séér 68ﬁy?2@%ﬂg1ﬂﬁpgl 9 r{Fh 148 B20¢ 4. pyr| di nyI )

et hyl1 pi per @ailea: D hydy asshl9ri de. s%@par edafsomer, 17.

1- (i ndol e- 6-car Honyl Dphen IgI ycC 119 I\/g‘%/ 2006 (4-pyridinyl)
ethyl] pi peF&2PHé usithg S md f- b%/‘butn'u%?nﬁo *hiict- @ﬁet hane as the

i ni tialnee woRlysidHMBEJSAVE, 106 e 468 =226 V68 )mbn Anal ysi s for .
C2BH29N5O2. 1.9 HC1.2.0 H2O Calcd: C, '58.70; H, 6.14; N, 12.22; d, 11.76;

Foun_d-’. C, 58.86; H, 5.62; N, 42.07; CI 11 78. HPLC Analysis (Method A):
100 % tHxampi@ 84 mn. 10Exarrp|e41 S
;)ICBLrg;_‘Tm ndoI %omimrkt')]c_)é\yl S 239 Cun¥.g?|.yciny1)(-2 (4-pyridi hyl ) ethyl]
4-[2- (4-pyridiny1)ethyl]piperazine.
Prepared from 5-chloroindole-2-carboxylic acid and 1-(D-
10 phenylglycinyl) -4-(2- (4 -pyridinyl)ethyllpiperazine using
Method I-C. | | |
Melting Point = 106-110 °C
IR (thin film)
1H-NMR (CDCl3)
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-pyridiny1)~
20 ethyi]p;perazine.
Prepared from 1ndole 2~ carboxyllc acid and 1- (D-phenyl-
g1y01ny1) -4-[2~ (4—pyr1d1nyl)ethyl]plpera21ne using Method I-C.
: Melting point = 95-100 °C
1H-NMR (CDCl3) |
25 IR (thin £ilm)
" BAPI-MS, m/e 468 (M+1)
Analysis for 023H29N502;1.7 Hy0:
 Caled: C, 67.51; H, 6.55; N, 14.06;
Pound:  C, 67.00; H, 6.10; N, 14,02.
30 HPLC Analysis (Method B): 96.5% t, = 13.5 min.

Example 7
1-(3-Methylindqle-GacarbonylaD-phenylglycinyl)-
.4*[2~(4-pyridiny1)ethyl]piperazine.



W,

PE4TE8TH 5. 74; N, 13.22. HPLC Analysis (Method B): 97.2%tr = 13.8 min.

Prepared from 3-chl oroi ndol e-6-carboxylic acid and 1- (D phenyl gl ycinyl)

-4- (2- (4-pyridinyl) ethyl] piperazine using 15 Method I-C. Melting point

= 100-105 C ~1H-NMR (CDC13) API-MB,12H e = 502 (Mrl) Anal y§j aygp
C28H28CINS02. 1.2 H2O. 20 Calcd: C,. 64..23; H 5.85 N, 13.3 ound: C,

Exanple 4a 25 1 (3 -Chl oroi ndol e- 6-car bonyl - D- phenyl gl yci nyl ) - 4-
[ -(4- pyridinyl)ethyl]piperazine Di hydrochl oride. Prepared from 1-.

oy-

hi _6-
- .E)ﬁe(r:\yl Slrsglnﬂl%ﬁepa%eﬁz oy reylipdehs T beatie asidandand®-1-D (but

usi ng” dphéhykgietingig -as (:nh(a:prrtlaahyﬁr&ﬁmﬂtlblpe%ziﬁb NMidgS- M5, nfe 502.1
(Mr1) 120..10 y 2006 Analysis for C28H28CLN502.2.0 HC1. 1.8 H20: Calcd: C,

55. 37; t%?%i 11.53; d, 17.51; .Found: C, 55. 03 H 5.34; N, '11. 30;-
d-, 17. ﬂéﬂt;dﬂﬂpalﬁnagyGQSGQNQjhod A): 100 %tr = 24.55 nmin. 5 Exanple 5

© 1. (5- Ior0|ndgle 2= carbonyl - D- phenyl gl yci nyl )- 4- [2- (4-pyridinyl) ethyl]

pi peraz Bdd from 5-chl or oi ndol e- 2-carboxylic acid and 1-(D 10
phenyl . gk yciHid JEidmf2- (4- pyrldlnyl)ethyl] pi perazine using Method 1-C

API-MS, m/e 482 (M+l) ~
Analysis for 029H31N502 1.6 Hzo
Calcd: C, 68.24; H, 6.75; N, 13. 72-
10 . Found: C, 68.25;_H, 6.66; N, 13.78.
HPLC Analysis (Method B): 93.6% ty = 13.3 min.

Example 8
1- (4-Methoxybenzoyl-D-phenylglycinyl) -4~ {2- (2-pyridinyl) -
15 ethyllpiperazine. ]
Prepared from 4—ﬁethoxybenzoyl chloride .and
1- (D-phenylgly01ny1) ~-4-[2- (2-pyr1d1ny1)ethyl]plpera21ne using
Method I-B.
M¢1t1ng point = 168-180 °C
20 [a)25, ~87.7 (c 1.00, methanol)
1H-NMR (CD30D)
CI-MS, m/e = 459 (M+1)
Analysis for Cp7H3gN4O5+2.0HCL-0.9H,O: .
~‘Caled: €, 59.21; H, 6.22; N, 10.23; Cl, 12.95,
25 Found: C, 58.88; H, 6.25;"N, 10.19; C1, 13.26.
- HPLC Analysls (Method B) 97.5% t, =.12.2.m1n.

Exaﬁple 9
'1-(3-Chloroindole-G-carbonyl-D—ﬁhenylgiycinyl}-
30 4 [2- (2-pyridiny1)ethyl]piperazine.
Prepared from 3-chloroindole-6- carboxyllc acid and 1- (D-
' phenylglyc1ny1)—4-[2-(2fpyr1d1ny1)ethyl]plperaz1ne using
Method I-C. '
‘Melting point = 93-96 °C



Melting Point = 106-110 C IR (thin filnm 1H NWVR (CDC13) 15 API-M5, me =
502 (M+1l) HPLC Analysis (Method B): 88.7%tr = 14.9 mn. Exanple 6

1- (I ndol e- 2- car bonyl - D- phenyl gl yci AgR) - 4- [ 2- (4- pyr|d|nyl)ﬂ)@@ Eb&yl]

pa. perazine. Prepared from |ndole-2-carboxylic acid and 1- ¥) enyl

IgrYEinyl) 4= 2 (4 pyridinyl) ethyl] -pi perazine using Method I|-C..

‘Melting point = 95-100 C . 1H NMR (CDC13) .25 IR (thin film API-MS, me
468 (Mr1l) Analysis for C28H29N502-1.7 H20: Calcd: C, 67.51; H 6.55; N,
14.06; Found: C, 67.00; H, 6.10; N, 14,02. 30 HPLC Anal ysis (Method B)
96. 5%tra1ﬂ53ff> -52m4n (Exam € chlbroform)

" (3- N@{2¥ ndoI%D r bonyl - D-phenngIyC|nyI) .4- [2- (4-pyridinyl) ethyl]
pi pera HidIMR, 563 y 2006 Prepared from 3-nethylindol e-6-carboxylic acid

and 1- (¢x-Msheaykgkysony{Msi- [ 2- (4-pyridinyl)ethyl]pi perazine using Method

1-C. Meltin l%omt =62-65 C 5 1H—NNR (CDC13) IR (thin film (M+l) -API - M5,

me 4821ma1 for CygHygNg04-0 H90
5 Calcd: C, 66.04; H, 5.07; N, 13.75; Cl, 6.96;
Found : C, 65.94; H, 5.61; N, 13.74; Cl, 6.91.

HPLC Analysis (Method B): 98.3% ty =-14.1 min. .

Example 10 |
10 1-(Indole-6-carbonyl-D-phenylglycinyl)-4-[2- (2-pyridinyl) -
ethyllpiperazine. | | ’
Prepared from indole-6-carboxylic acid and
1- (D-phenylglycinyl) -4-[2- (2—pyridinyl)ethyl]plpera21ne using
Method I-C.
15 Melting point = 73-78 °C
[@]25p -90.9 (c 0.25, chloroform)
1H-NMR (CDCl3)
CI-MS, m/e = 468 (M+1)
Analysis for C23H23N502-0.6 Hs0:
20 Caled: . €, 70.30; H, 6.36; N, 14.64; .
Found: C, 70.39; H, 6.30; N, 14.62.
HPLC Analysis (Method B): 98.3% t, = 14.1 min.

Example 11
- 25 - [4-Methoxybenzoy1 D, L- (pyridin- 2-y1)g1ycinyl]~ _
4-1{2- (4-py'r:l.diny1)ethyl]piperazine Trihydrochlor:lde. o .
Prepared from 4-methoxybenzo:|.c acid and 1-[b,L- (pyrldin- '
-yl)glycinyl]-4 (2- (4—pyridiny1)ethy1]plpera21ne using . Method
I-C. '
30 1H-NMR
Is-MS, m/e 460.3 (M+1)



Anal ysis for C29H31IN502.1.6 H2O Calcd: C, 68.24; H, 6:75; N, 13.72; 10 .
Found: C, 68.25;.H 6.66;"N, 13.78. HPLC Analysis (Method B): 93.6%tr =

13.3 min. Exanple 8 123. 10 May 2006
1- (4- Met hoxybenzoyl Dphenyl glycinyl)-4-[2-(2-pyridinyl)- 5y

et hiyF Fpitperazi ne.” Prepared #From 4 net’ hoxybenzoyl chi ori de. and

1- (D-phenyl gl ycinyl ) -4-[2-(2-pyridinyl)ethyl]piperazine using -Mthod |-B.
Melting point = 168-180 C .20 (C125D -87.7 (¢ 1.00, nmethanol) 1H NWR
(CD30D) Cl-M5, me = 459 (M+rl) Analysis for C27H30NAQR2. 2. OHCL. 0. 9H20: .

Cal cd:-AﬁalﬁéielfOHcg&mnsub 1k FE1-€ Ha92. 95, 25 Found: C, 58.88; H,

6. 25;~N, 10 C Iy Sq hod B): 97.5%tr = 12.2.mn..
Exampl e 9 E&?‘édcm ordi n§ P ékcagraﬁghy Dé@nyl gl ycinyl) 30 __ 3

4-[2-(2-pyr Fdunmgi ) et €y kpi. per ekl 15e.75Fr Bpatedsér om

3- chl orgj ndgl es 6-car I|c cigd and 1-(L . | |
phenyl. éﬂ%‘@l%’ﬁ?}%ﬁaz Bﬁ}r]ﬁ ni;/q(%egl’fyl—] g?b%? azihe usi ng Method I-C. .

Mel tisng point = 93-96 C 122 [a] 25D -72.4 (c 0.61, chloroform 1H NWR
(CDClBh Cl - g/sojﬂrde 502 (Mrl) -Analysis for C28H28N502-0.4 H20: 5 Calcd: C,

66. . 04; N, 13.75; d, 6.96;
- 1 [3 Chloroindole-6- carbonyl-D,L-(pyvidin- -yl)glycinyl] -4- [2-

(4 pyridinyl)ethyllpiperazine Trihydrochloride.
Prepared from 3-chloroindole-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 Cp7Hp7NgO5Cl-3 HCLl-5 Hp0:
15 Calcd: C, 46.16; H, 5.74; N, 11.96; Cl, 20.19;
Found: C, 46.10; H, 5.59; N, 11.68; Cl, 20.29.
HPLC Analysis (Method A): 99% ty = 18.64 min.

Example 13
20 1~([3-Methylindole-6-carbonyl-D,L-(pyridin-2-yl)glycinyl] -4~ [2-

(4-pyridiny1)ethyl]piperazine.
Prepared from 3-methylindole-6-carboxylic acid and
1 [D L- (pyridin- 2-y1)gly01ny1] ~4- [2 (4-pyrid1ny1)ethy1]-
piperazine using Method I-C.
;,25.1H -NMR
. T8-M8, w/e 483.5 (M41)
HPLC Analysis (Method R): 99% tp = 16.14 min.

Example 14 .
30 1—(Indole—S—carbonyl-D,L-(pyridin-2~y1)g1yciny1]-
4~[2-(4—pyridiny1)ethyl]piperaz;ne.
Prepared from indole-6-carboxylic acid and 1-({D,L-
(pyridin-2-yl)glycinyl] -4-{2- (4-pyr1d1ny1)ethyl]p:.pera21ne
using Method I-C.



Found: C, 65.94; H 5.61; N, 13.74; O, 6.91. HPLC Anal ysis (Met hod B)
98.3%tr =44.1 mn. 10 May 2006 Exa le 10 10

1- (1 ndol e- 6- car bonyl - D- phenyl gl yci t\d%) - 4-[ 2- (2- pyri di nyl )40 ay 2006
et hyl ] pi perazine. Prepared fromindol e-6-carboxylic acid any

g (D—phenngIyC|nyI) -7 5525 pyridinyl yethyl]pi perazi ne using  Method I-C.
15 'Mel'ting point 73-78 C[a].25D -90.9 (c 0.25, chloroforn) 1H NMR (CDC13)
Cl-M5, nie = 468 (M+r1l) Analysis for C28H28N502.0.6 H20: 20 Calcd:. C

70.30; H, 6.36; N, 14.64; Found: C, 70.39; H 6.30; N, 14.62: HPLC

~ Anal ysildl-fMBt hod B) 98 3% tr = 14.1 min. Exanple 11 25 ]Jc [4

- - Metho hidin-2 -yl) glycinyl] --

C4-] 2- (Exgggfdlnyl )eth ?ﬂxlperaz ins Trihydroch|oride. Prepared from

4- et hdi?}l?eﬁi‘éhfﬂh%l G‘Wll\@ D, 10Qp it o A2- -87yMimt v cinyl] -4- [2-
(4-pyridinyl)ethyl]piperazine using Method 1-C. 30 1H-NWVR IS-M5,.nfe 460.3
(M+1l) 123. Analysis for C26H29N503.3.5 HCl . 4. H20: Calcd: C, 47.37; H,-

6. 19;5 Wxatple215 Found: C, 47.17; H 5.75; N, 10.56. HPLC Anal ysis (Method

A 10(}?/0 (tﬁdélégs f‘&%ﬁ&k’ﬁ&?@@d@l) ¥44' tz- (3-py'r;:'_.diny1) -

ethyl]p1perazine. ' o |
Prepared from indole- 6- carboxylic acid and 1- (D~pheny1-

glycinyl) -4-[2-(3-pyridinyl)ethyll piperazine using Method I-C.

10 Melting point = 82-87 °C

(al25p -116.0 (c 0.25, methanol)

IR (thin film)

1H-NMR (CDCl;)

API-MS, m/e = 468 (Mil)

15 Analysis for CygHpgNg05-1.25 H30:

Calcd: C, 68.62; H, 6.48; N, 14.29;

| Found: ' C, 68.49; H, 6.39; N, 14.13.

HPLC Analysis (Method B): >§9%-tr = 12.3 nin.

20 Example 16 _ |
1- (Indole-~6-carhonyl- D-phenylglycinyl) -4-f2~ (2-pyraziny1)-'
"~ ethyll] piperazine.
Prepared from indole-6- -carboxylic acid and 1- (D-phenyl-
glyc:.nyl) -4-[2- (2-pyraz1ny1)ethyl] piperazine using Method I- c.
.25 Melting Point = 53-58 °C |
' [a]_25 .-91.4 (c 0.23, chloroform)
1H-NMR (CDCl3)
IR (thin film) _
API-MS, m/e 469 (M+1)
30 Analysis for CagHpgNgO2-1.6 Hp0:
‘Calcd: 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.



rﬂe 503.5 (M+1) " Anal ysis for C27H27N602C1-

5 Exanple 12 1-(3-Chloroindol e-6-carbonyl -D, L-(pyrdi n-2-yl)glycinyl]-4-[2-
(4-pyridinyl) ethyl]piperaz.ine Trihydrochloride. Prepared from
3 chl or oi ndol e- 6-carboxylic acid arld 10 1- [D, L (pyri d|1rmaa%j_zaoggl yci nyI]
[2- (4-pyridinyl) ethyl] - piperazine. usi.ng Method [-C | S- VB
“HC1.5 H20: 15 Cal'cd: C, 46. 16
H 574, 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 mn. Exanple 13 20
1-[3-Met hyl | ndoI e-6-carbonyl -D, L- (pyridin-2-yl)glycinyl]-4-[2 (4-pyridinyl)
_ethyl] Exppelazthe. Prepared from 3-nmethylindole-6-carboxylic acid and 1-
1D, b+ @py rhdbTe 26 Har®oXi Dl gn 141%1%1)3;/44 pi-nol-lim@ ¥ bly1 pi per azi ne
usi ng I\/Et hod | -C. 25 1H NWVR 483 (M+1l) HPLC Anal ysi's (Method A):
99% t r ethy$lIRIPoKaEing. sy e 14 30
1- (1 adol e- 6peaphay | Froml 1 A8Y1d 0 NReabivho Uk ¥ Chand ]a11d41 [(B=phén dpyrl di nyl)

et hyl ] piperazine. Prepared from.i ndole-6-carboxylic acid an
(pyr ﬁdBﬂYEJ’W}b‘r"y‘cﬁWIl]'lmqafczll(]@ WMPW‘5%¥W LsipgeMathod IUSI ng Met hod
' 14 1HNWR I S=M5, nle 469.3 (M)

1H-NMR _—
IS-MS, w/e 457.3 (M+1)
Analysis for CogHygNgO2-1.1 HpO:
10  Caled: 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) -
ethyl]l piperazine. |

Prepared from indole-6-carboxylic acid and i-(D-phenyl—

glycinyl)-4—[2—(1—pyrazoly1)ethyl]piperazine using Method_I4C;
1H~-NMR

20 IS-MS, wm/e 457.2 (M+1)
Analysis for CpgHygNgO2+1.3 HpO0:

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% t = 22.98 win.
‘ Example 19 -

1- (Indole-G carbonyl- D~pheny1g1ycinyl) -4~ [2 (4-imidazolyl) -
| ethyl]piperazine Dihydrochloride.
Prepared from indole-6-carboxylic acid and 1-(D-phenyl-
30 glycinyl)-4-[2-(4-imidagzolyl)ethyl]lpiperazine using Method I-
c. -
1H-NMR
IS-MS, m/e 457.3 (M+1)



HPLC Anal ysis (Method A): 100 tr = 12.87 mn. 10 May 2006 5 Exanple 15
1- (1 ndol e- 6- car bonyl - D- phenyl gl yci nyl ) - 4-12- (3- pyri di nyl) -
et hyl ] pi perazi ne. Prepared.from I ndt3€e- 6- . car boxylic acid- WFZ&% phenyl -
gl yci nyI) 4-[2-(3-pyridinyl)ethyl]piperazine usi ng. Met hod

—point...=-82-87 C (a] 25D 116.0 (c 0.25, rrethanol) TR (th|n film: 1TH NWVR
(CDC13) APl - M5, nmle = 468 (k+ 1) 15 Analysis for C28H29NS02.1.25 H2O
Calcd: C, 68.62; H, 6.48; N, 14.29; Found: C, 68.49; H, 6.39; N, 14.13.
HPLC Analysis (Method B): >99%tr = 12.3 nin. 20 Exanple 16

C1-(1 ndohﬂalﬁsmrdmﬁm;cbsﬁ)zmmllyucwh)e4-1;{C2: (2-py.razinyl)- -

~ethyl lpi perazine. Prepared from i QXY bk C and 1 (Dphenyl

gl yci nyI ) 4 az“‘(dz pyr 2|Fr‘|§/1%°eit IWI ?pSEEra'm e udi F% ne h%% | - 25 Melting
Poi nt = 53- 58xfnd:a] 250, - 91l. ¢k ;( @,06284; ch) axfs6H ML, 1H NMVR. (CDCiB) IR (thin

film AP - MtL). .30 Analysi s H28N6CR2. 1.6 H2O  Cal cd: C,
65.20: HPLE %‘?Uﬁlslg“@gh ‘5 PYund at kr6’5 h‘go;%%zlg‘ 02; N, 16:54. HPLC o

Anal ygi-s (Method B): 98.5%tr = 13.6 mn. 125
Example 20 '
1- (Indole-6- carbonyl-D-phenylglycinyl)r4 [2- (4-pyrazoly1)-
ethyl]piperazine Hydrochloride.
Prepared from indole-G—carboxylic acid and 1-(D-phenyl-
10 glyéinyl)-4-[2-(4-pyraioly1)ethyl]piperazine using'uetho§ I-C.
1H-NMR '
IS-MS, m/e 457.3 {(M+l)
Analysis for CygHpgNgOz-1.3 HC1:1.75 Hp0:
caled:  C, 58.32; H, 6.17; N, 15.70; Cl, 8.61;
15 Found: C, 58.31; H, 5.72; N, 15.48; Cl, 8.37.
HPLC Analysis (Method A): >98% tp = 19.95 nin.

Example 21
1- (Indole-6- carbonyl-D-phenylglycinyl) -4-[2- (3-pyr1daziny1)-
20 ethyl]piperazine.

Prepared from indole-6-carboxylic ac1d and 1-(D- phenyl-
glyc1ny1)-4-[2-(3-pyrida21ny1)ethyl]plperazlne using Method I-
Melting Point = 219-222 °C 'with'décou@osition

.25 1H NMR (cnc13) | _

' [a]25 53,90 (c 0.25, dlmethyl sulfoxlde)
API-MS, m/e = 469 (Msl)
HPLC Analysis (Method B): >99% ty = 12.8 min.

30 Example 22
1- [4-Methoxybenzoyl-D, L~ (2-methoxypheny1)g1yciny1] -
4- [2- (4-pyridiny1)ethyl]piperazine. ,
Prepared from 4-methoxyben201c acid and 1-({D,L- (2—meth—
oxyphenyl)glycinyl]-4—{2~(4-pyr1d1ny1)ethyl]piperazine u91ng

10 Mel ti. ng



10 May 2006 Exanple 17
1- (I ndol e- 6- car bonyl - D-phenngIyC|nyI) 4-[2-(1-imdazolyl)

_ethyl ] pepro@zi+te. Prepared fromindol e-6-carboxylic acid and 1-(D-phenyl -

. glycin

TS VB

. 6.43;
A >97
1-(I'nd

XﬁéNé%[z (1- pyrazol yl)ethyl] pi perazi ne usi'ng Method |-C.

7.2 (Mt1l) Analysis for C26H28N602. 1.3 H20: Calcd: C, 65.06; H,

1H NMR 20

5

et hyl ] pi perazi ne. Prepared from i ntid e- 6- carboxylic aC|d1g§%fL dgg- phenyl -
egC|nyI) 4-[2-(1-imdazolyl)ethyl]piperazine. using method I'- C. 1H NVR. .
1SMS, ' me 457.3 (Mrl) Analysis for. C26H28N602 1. 1 H20 J107Cal cd: C
65.55. H, 6.39; N, 17.64; .Found: C 66.01; H, 6.23: N, 17 14. HPLC

Anal ysis (Method A): 99%tr = 19.66 mn. Exanple 18 15

1- (I ndol e- 6- car bonyl - D- phenyl gl yci nyl )-4-[ 2- (1- pyrazol yl ) -

Bb—ﬂ§ qife 4BOuAd{M€l) 65.39; H, 6.53; N, 16.98. HPLC AnaIySIS (Met hod

% t

BF@ Bb%%%3h§ghgﬁgﬁ§%§lglyC|nyI) 4-12-.(4- |n1dazolyl)

et hyk] pi perezie®: Di hgqr 6ehs 9y iHie.6.B8epHy etl 266m i ndol e- 6- car boxyl i ¢ aci d

and 1-

Met hod P

10

15

20

25

30

HPLC Analysis (Method A): 97.2% tp.= 16.02 min.

Example 23
1-[Indole-G-carbonyl-D}L-(z-methoxyphenyl)glycinyll-
4-[2- (4-pyridinyl) ethyl]piperazine Dihydrochloride.
Prepared from indole-6-carboxylic acid and 1-[D,L-(2-
methoxyphenyl)glycinyl];4—[2-(4—pyridinyl)ethyl]piperazine
using Method I-C, followed by Method I-D.
1H-NMR
IS-MS, m/e 498.0 (M+1)
Analysis for.CpoH31NgO3-2.1 HC1-2.5 Hp0:
calcd: ¢, 56.25; H, 6.20; N, 11.31; C1, 12.02;
. Found: C, 56.56; H, 5.83; N, 11.21; Cl, 12.13.
HPLC Analysis (Method A): 100% ty = 17.24 min.

Methods for Examples 24 - 25
The compounds of Examples 24 and 25 were prepared by
coupling Boc-D-4- carboxamidophenylglyc1ne to the appropriate.
amine with EDCI/HOAt (s1milar to Method c-C), deprotectlon
Jgth TFA/DCM (similar to Method D-B) and coupllng to 3-amino-

4-chlorobenzoic acid with EDCI/HOAt (similar to Method I-C).

Example 24 ' e
1-{3-Amino-4-chlorobenzoyl-D-{4- caxboxamldophenyl)glycinyl]-
4- (z-phenylethyl)plperazine

HPLC (Method C) rt 11.1min.

LCMS M+1 521.

.. NMR

%D;Rhgnyl(:307qg¥q|ﬂylg.@%[%,(inglgazolyl)ethyl]plpera2|ne_u3|ng



IHNWR |S-M5 me 457.3 (M+1) 126 10 May 2006 Analysis for C26H28N602. 7.1
HC1.4.0 H20: Calcd: C, 51.60; H, 6.35; N, 13.89; d, 12.30; Found: C,
51.82; H, 6.04;.N, 13.56; O,: 12. 128 HPLC AnaIyS|s (thnygbgbﬂ0§4@6tr =
17.78 min.. 5 Exanple 20 _ B
-1- (I ndol-e- 6- car bonyl - D- phenyl gl yci nyl ). - 4-[ 2- (4- pyrazolyl) S :

et hyl ] pi perazi ne Hydrochl oride. Prepared from i ndol e-6- carboxyllc aC|d and
1- (D phenyl - 10 glycinyl)-4-[2-(4-pyrazolyl)ethyll piperazine usi ng Met hod
I-C. IH-NWR [|S-M5, W 457.3 (M+ ) HCL. 1: 75H20: Anal ysis for C26H28N602. 1.3
Calcd: C, 58.32; H 6.17; N, 15.70; d,8:61; 15Found: C, 58.31; H,5.72;

N, 15..48; %?]_8 % HPLC Anal ysis (Met hod A): >98%tr = 19.95 min. Exarrpl e
21 1- (Fx car bonyl - D- phenyl gl yci nyl ) - 4-[ 2- (3_fyr|da2|nyl - 20

- et hyl | pLpé3 ehniimo-4Prhbarcherzayh-Pndotaripxamidophervlglyeinydd -4 (D phenyl -
glycuny ri dazunyl) et hy1] Pi Perazufl e using Method I-. C.

Mel ting %P’f?p%§%§a%§§¥c:MAth deconposition 25 1H NVR (CDC13). (a] 25D :53.9
(c O. ESHPHC miMdbhods @) f ki He)4min.

LCMS M+l 512.
NMR . . ~

Example 26
~10 16[Inddle-G-carbonyl-b-(4~carboxypheny1)glycinyl}-4—(1-methy1-
piperidin-4 -yl)piperazine. ) -
By coupling of Boc-D-4- carboxymethylphenylglyc1ne with
1- (1-methylpiperidin-4-yl)piperazine using HOAt and EDCI _
(similar to Method C-C), followed by TFA deprotection (similar
15 to Method D-B), coupling to indole-6-carboxylic acid using
HOAt and EDCI (similar to Method I-C) followed by hydrolysls
of the methyl ester with lithium hydroxide. '
HPLC (Method C) rt, 6.0Smin
LCMS M+l 504
20 Nmr

Example 27
1-(4-Methoxybenzoy1 -D-phenylglycinyl) ~-4- (4-piperidiny1mathy1)-
piperazine Trifluoroacetate.

Preparation of Starting Materfals-'

1-Boc-isonipecotic acid. -
_ Isonipecotic acid (15.0 g, 116 mmol) was dlssolved in THF (300
30 mL), water (150 mL) and 6 N NaOH ‘(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



APl -M5, nmle = 469 (Mrl) . HPLC Analysis (Method B): >99%tr = 12.8 mn. 30
Exanpl e 22 1- (4-Methoxybenzoyl-D, L- (2 nethoxyphenyl)glyC nyl] - 4-12-
(4-pyridinyl)ethyl]piperazine. Pr eng ed from 4-net hoxybengm4y 200ed and
1=[ D, L- (2- et h- oxyphenyl) gl ycinyl]-4-[2-(4-pyridinyl)ethyllpiperazine . ...
using 127 Method I-C. 1HNWR IS M5 me 489.1. (M+i) Analysis for f '
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. HPLC Analysis (Method A): 97.2%tr.=1,,6.02 m n. 10 May
2006 Exanple 23 10 1-[IndoIe-6-carbonyI-D,L-(2-nethoxypheny|)gI¥C|nyI]

4- [ 2- (41B¥aididy| reehyhiei pRiyaai was Dibwdres: WMishi B8S04 Pt2phr ed~f -

dol e- 6- b | d
hgtﬁdiﬁﬁﬁgg%?$%¥V%fﬁgg% egg¥55¥%g%§Frdl r?ﬁnﬁfp|b%ra2|ne ~usi ng- Met hod
1-C fobLRugdvivh Maihed drf2d 1@rabsohVR ﬁﬂwednﬁad49an©er(tma1:)edAnal ysis

for. C29HB1N503, 2. 1 HQA - 2.5, H20: Cal cd 6. 25 2 1.31) 4,
112, 02; torpEAWide, 1-Hecsésopipecelic Ri"lil(:’z’l% 82 298) 1%3 92 C Anal ysi s

- (thgoﬁo@ﬁd 100% tr = 17.24 m n. Methods for Exanples 24 25 The conpounds
of Exanples 24 and 25 were prepared by coupling
Boc- D- 2HcMMB6SRF Hopheny! gl ycine to the appropriate

" API-MS, m/e = 230 (M+1) -

1-Boc-piperidine-4-methanol.

10 1-Boc- isonipecotlc acid (10.0 g, 214 mmol) was dissolved in
THF (400 wL) and cooled to 0 °C. A solution of BH3 THF
(180 wh, 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 w1th

15 water and diluted with ethyl acetate. The water layer was
extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried (NapSO4), filtered and
concentrated to provide 1-Boc-piperidine-4-methanol (7.98 g,
‘85%) as a white solid.

20 1H-NMR(CDCl3)
API-MS, w/e = 220 (M+1)

l-Boc-pzperidine -4~carboxaldehyde.
" pimethyl sulfoxide (3.5 mL, 48.7 wmol) was dissolved in
. 25 dichloromethane (100 wmL) and was ‘cooled to -78 °C. Oxalyl
' chloride {(3.65 mbL, 41.8 mmol) was added. The ‘wixture stirred
for 30 min. To this solution.was added a "solution of 1-Boc-
piperidiue-4-methanol'(7.5 g, 34.8 mmol) in dichloromethane
(15 mL), and the.mixture stirred for 1 h. Triethylamine (9.7
30 mL, 69.6 mmol) was added slowly and the wmixture stlrred 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
| separated. The water layer was extracted with dlchloromethane

-and the organlc layers combined, dried (NayS04) , filtered and



25 amine with EDCI/HOAt (simlar to Method G-C), deprotection t-h TFA/DCM
(simlar to Method D B)andcoupling to 3-am no- 4-chl orobenzoic acid with
EDClI /HOAt (simlar to Method |-C). 1B®anple 24 30 19 May 2078

1- [ 3- Ami no- 4- chl or obenzoyl - D- ( 4- car boxani dophenyl ) gl ycinyl - .
4- (2- phenyl et hyl ) pi perazi ne. HPLC (Method C) rt 11.1nmin. LCMS M1 521. NWR
128 W May 2006 Exanple 25 ' o
1-[ 3- Am no- 4- chl or obenzoyl - D- 4- car boxam dophenyl gl yci nyl) -

benzyl pi perazine. 5 HPLC (Method C) rt 11.4min. LCVB Mrl 512. NMR Exanpl e
26 10 tohtedoratdd day lpaoylidd- {4Bearmimenikdényt} gtychaonaldeyde- net hyl -

pi peri di_n.4-yl) pj berazine. coupl ing of

Boc- D- 3%3?%@%& hyafspﬁexfﬁg?gyc?%g' with ' -

1- (1- maHRWMRKERCI g n- 4-yl ) pi perazi ne using HOAt and EDCl (similar to

Met hod 1@%5 fﬁ}lq= 4pw IE% deprotection (simlar 15 to Method D-B),
coupl i t 0~ T ndofl e- -carg%xylic acid using HOAt and EDClI (simlar to
Methed |-C) foll owed by hydrolysis of. the nmethyl ester with |ithium

e iR Rk Phes BBty NS b Syl s P © 27

ylmethyl)piperazine.
Prepared from 1- (4-methoxybenzoyl-D-phenylglycinyl)-
piperazine trifluoroacetate and i-Boc-piperidine~4—
10 carboxaldehyde using Method I-A (but using sodium
triacetoxyborohydride in 1;2-dichloroethane) {(85%).
1H-NMR (CDCl3)

1-(4-Methoxybenzoyl-D-phenYlglycinyl)-4-(4-piperidiny1-
15 methyl)piperazine trifluoroacetate. _

- Prepared from 1-(4-methoxybenzoyl~D-phenylglycinyl)—4-(1—
Boc-piperidin-4-ylmeth?l)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 CygH3gNg03-2.5 TFA-0.4 H0:
lCalCd; C, 50.12; H, 5.06; N, 7.54;
. Found: C, 49.81; H, 5.33; N, 7.39.
|25 HPLC Analysis (Method B): 97.1% RT=14.3 min.

¥ -

Methods for Examples 28 - 29

Unless otherwise indicated, using Method I-A, the title compounds
were prepared from 1-(4-methoxybenzoy1-D-phenylglycinyl)-4-(4—

30 piperidinylmethyl)piperazine trifluoroacetate and the indicated
-aldehyde or ketone. '

'-Example 28 : .
: 1-(4~M£thoxybenzoy1-D-phenylglycinyl)14-(1-methy1piperidih-4-



pi perazine Trifluoroacetate. 25 Preparation of Starting Materials

1- Hoc-i soni pecotic acid. |sonipecotic acid (15.0 g, 116 mmol) was di ssol ved
in THE (300 30 nL), water (150 nlL)13dnd 6 N NaCH ' (40 nl}oMai200ent - butyl
di carbonate (26.6 g, 122 nmol) was added and the m xture. stirred o
overnight. The m xture was diluted with water and.” ethyl acetate, and the

| ayers separated. The water |layers were extracted with ethyl acetate, and
the organic layers 129 -10 May 2006 di scarded. The water |ayer was dil uted
with KHSO4 (2 N, pH4) and extracted with ethyl acetate. The organic |ayer
was Wweghesthyl)ipiperaeineri ed (Na2SO4), filtered and concentrated to
provi de 1-Boc-isoni pecotic acid (23 9 g 88%? as a white 5 solid.

1H NVR( CDC1 3Brepamed\Erow paxafrmad geiydq . )gi peri di ne- 4- met hanol . 10

1- Boc-.i SBni¥Relotic acid (10.0 g, 214 nnDI) was di ssolved in THE (400 m)
and coo#ﬁaygﬁyéﬁﬁgo yA-solution of BH3-THF (180 mL, 1 Nin THF, 180 mmol) was
added s e mxture stirred for 1 h at 0 C and was allomed to warm
to ro@nCItPéﬁpem/eﬁméGﬁor(M.t?) h. The mixture was carefully quenched with 15
water and diluted with ethyl acetate. The water |ayer was  extracted with
ethyl acetate. The organic |ayers were conbined, washed with brine, dried
(Na2SO4Exapple e42d and concentrated to previde 1-Boc- pi peri di ne- 4- met hanol

(7.98 095 _ (8AtRkydei2bl e - 5 Ophéhy 14yt { A3 opropyl -
piperidin-4-ylmethyl)piperazine Trihydrochloride..

10 Prepared from acetone using Method I-A, followed by Method

I-D (but using methanol in place of ether/dichloromethane) (72%).
Melting Point = 172-180 °C with decomposition

IR (KBr)
1H-NMR (CD30D)
15 CI-MS, m/e = 493 (M+1)
Analysis for CyoHygNgO3-3 HCL:
" Caled: C, 55.85; H, 7.34; N, 8.98;
Found: c, 55.63; H, 7.32; N, 8.66.
HPLC Analysis (Method B): 98.2% RT=14.4 min.
20 | '
Example 30
1- (4-Methoxybenzoyl- D-phenylglycinyl) -4- (2 cyclopentylethyi)-.
 piperaz1ne '

'_ﬁS Préparation of Starting Materials:
N
Cyclopentylacetaldehyde.

Prepared from 2-cyclopentylethanol using the Dess-Martln
oxidation (Dess, D. B.; Martin, J. C.; J. Am. Chem. Soc.,
_-30.1991, 113, 7277). The aldehyde was used with trace amounts of
ether'énd méthyiene chloride present due to volatility of

product. '

1H NMR (CDCl3)



APl -M5, mle = 220 (M+1l) 1-Hoc-pi peridine-4- carboxal dehyde. D net hyl .
sul foxide (3.5 nL, 48.7 mvpl) was dissolved in 25 dichl oronet hane (100 nl)
and was cooled to -78 C. Oxalyl cHhi3@ride (3.65 nL, 41.8 W@WH&Q@@E added.
The m xture stirred ‘for 30 min. To this solution.was added a“sol ution of
'1- Boc- piperidine-4-nmethanol (7.5 g, 34.8 mmol ) in dichloronethane (15 - -
m.), and the mixture stirred for 1 h. Triethylamine (9.7 30 M., 69.6 mvl)
was added. slowly and the m xture stirred at -78 C for-30 mn and warned to .
roomtenperature over the course of 1 h. The mixture was diluted with

wat er ard4tMethayybenzaydpdrphedyldhecinytld -4 43 ecyolkopantylathed) wi t h _
dlchlor ge Qﬁgge and the organic |ayers conbined, dried (Na2SO4), filtered
and 138 ef ’D "6 concentrated to provide '
1- Boc- p|perPdepereﬂcﬁndmon&bdepydEylidhtﬂadghYQQQgszagenqpébdomrblI
lH_NNSggﬁgi APl - M5, W = 214 (M+1) 5

1-(4- ybenzoyl - D- phenyl gl yci nyl ) -4- (1 - Hoc- pi peri di n- 4-
ylneshyH)pMBeKanChﬂ Prepared from 1-(4-net hoxybenzoyl - D-phenngIyC|nyI)

pi perazine trifluoroacetate and 1-Boc-pi peridine-4 10 carboxaldehyde u3|ng
Met hod I-A (but using sodium triacetoxyborohydride in

1, 2-di chl oroet hane) (85% . 1K- Nef{rigiXel 3 0B,

et MR RSB i 4R DS e d Ry -

1- (4- mpipexybina gydiogqiiemiigl gedrate. 4- (1-
_ BociBig%ELganigﬁylnethyl)piperazine usi ng Method H A (90% .

To a stirred solution of 1-(4-&ethoxybenzy1-D-phenyl—
glycinyl) -4- (2-cyclopentylethyl)piperazine (260 mg, 0.58 mmoi)
in ether (10 mL) and methylene chloride (1 mL) was added
hydrogen chloride as a 2 N solution in ether (about 2 mL), and

15 thé resulting precipitate was filtered to give 1-(4- |
methoiybenzoyl-D-phenylglycinyl)-4-(2fcyclopenty1;
ethyl)piperazine hydrochioride as a pale yellow solid.
1H NMR (CD30D)

IS<MS, m/e = 450 (M+1)

20 Analysis for C27H35N303 *HC1-0.5 HgO:

Calcd C, 65.51; H, 7.53; N, 8.49;

Found: C, 65.67; H, 7.58; N, 8.13.

HPLC Analysis (Method D): »99%, RT=15.84

Melting Point = 190-192 °C -
.25 o
' Example 31 |
1-(4-Methoxybenzoy1-D—phenylglycinyl)—47(3-pyrrolidinyi)-

piperagzine Trifluoroacetate.
30 Preparation of Starting Materials
(R) - (+)-1-Boc-3-pyrrolidinol.

To a stlrred solution of (R)-(+) 3-pyrr011d1nol (2 g,
22.96 mmol) in tetrahydrofuran (60 mL) and water (30 mL) was



Melting Point = 70-72 C with deconposition .IR(KBr) 20 1H NVR(CD30D)
APl - M5, nle = 451 (MH) Analysis for C26H34N403.2.5 TFAO.4 H20: Calcd: C
50.12; H, 5.06; N,.7.54; Found: C13389.81; H, 5.33; N, 7. ﬁf\@%@_

Anal ysis (Method B).:- 97.1% RT=14.3 mn. Methods for

““Unléss’ ot herwi se indicated, using Method I-A, the title conpounds were

prepared from 1- (4- et hoxybenzoyl - D- phenyl gl yci nyl) - 4- (4'30
pi peridinyl methyl ) pi perazine trifluoroacetate and the indicated aldehyde
or ket one. Exanple 28

. (4- Imdledxsibengnwbxmyﬂhdﬁ;chgbynaml 05-.27( &, et hyS$ propel)i éind- 3 N31

ylrreth e R epa dfr ar.af 69 | R (KBr)

1H NNR(GG@C)% E‘%%%Fi‘ﬁs (g’ ‘“E'i'4%% r% @“8 8%%‘?%&%‘@@% 29

1-(4- I\/Bstthmryzklleﬁztnydi -1 ph’ew}:hgtyponty:ﬁ)n bf( ﬁll-tep‘tepglﬂ:yl dlcarbon?te ’ t

pi peri era2| n [ | rom acet one
usi ng n¢at hodg ni 9%1 '%"'IE) X ﬁfé?é '%ﬁ/ %&Pgﬁg?% %ﬁano i n place of

et herd divehrindgbhet HBM)re(al‘Z:%n wivk| dihg:da)im::h—waﬁer 1660 @LM thddeconposi tion
IR (KBertr%t@toR&% Oe[@hyl acet:ak/s (£d X 1504%%)(M+Me combined

organic extracts were washed with 2 N-potassium hydrogen
‘sulfate (200 mL), saturated sodium bicarbonate (2 x 150 mL),'

brine (150 mL) and dried over magnesium sulfate. Removal of
10 solvent in vacuo gave (R) (+)-1-Boc~ 3—pyrr011dinol (4 21 q,

98%) as a yellow oil.

1H-NMR (CDClj) -

1-Boe-3-pyrrolidinone.

15 Prepared from_(R)-(+)—1-Boc-3-pyrrolidinol using the
Dess-Martin oxidatibn (Dess, D. B.; Martin, J. C.; J. Anm.
Chém. Soc., 1991, 113, 7277) (85%).
1H NMR (CDCl3)

20 1-(4-Methoxybenzyl- D—phenylglycinyl) -4-(1- Boc 3-pyrrolid:l.ny1)-
piperazine.
Prepared from 1-(4-methoxybenzyl-D-phenyl- ,
glyc1nyl)plperaz:|.ne trifluoroacetate and 1-Boc- 3-pyrr011dinone
_ us:mg Method I-A (69%) .
.25 l‘g NMR (CDC13)

1- (4-Methoxybenzoyl-D-phenylglycinyl) -4- (3-pyrrolidinyl) -
piperazine Trifluorocacetate.
Prepared from 1- (4-methoxybenzyl-D-phenylglycinyl) -4- (1-Boc-3-
.30 pyrrolidinyl)piperazine using Method H-A. '
-1H NMR (CD30D)

Methods for Examples 32 - 3.3
- Using Method I-A (but using sodium triacetoxyborohydride



Anal ysis for C29HA0N403.3 HCl. Calcd: C, 55.85; H 7.34; N, 8.98;, Found:
C, 55.63; H '7.32; N, 8.66. HPLC Anal ysis (Method B): 98.2% RT=14.4 m n.
20 Exanple 30 134
1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- ( 2- cyclopentylethy?) plpera2|ne
wvr2GaPreparati-on of Starting Materials: Cyclopentyl acetal dehyde. Prepared:
from 2-cycl opentyl et hanol using the Dess-Martin oxidation (Dess, D. B.
Martin, J. C; J. Am Chem Soc., 30 1991, 113, 7277). The al dehyde was
used mﬁth trace anounts of ether and nethylene chloride present due to
vol ati lint ¥, QtdlpﬁIm&ﬁéthéHé)NNBhéCE[EBé ddﬁbdhhdbhyeiéOﬁrepared from '
1-(4- N@thoxyben hen Yy, ent pi per azi ne.
Pr epar d B‘EFE%%B%F&A ﬁ@?’ﬁﬁf@ﬁi&% 'b%’f’ g4 Er?¥%§1‘§ylfH NVR (CDC13)
Exanpl e zine trifluoroacetate and the 1nd1cated aldehyde or
1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) -4-(2-cycl opentyl et hyl )- pi perazi ne
FNdrocH“%FP&e Hydrate. 10 Method I-D To a stirred sol ution of
(41ﬁethoxybenzyl D-phenyl - gl ycinyl)-4-(2- cyclopentylethyl)plpera2|ne

(260 0.38 nmmol) in ether (10 nL) and nethylene' chloride (1 nk) was
added d§ed2chl oride as a 2 N solution in ether (about 2 ni), and 15
the resul M-mm&m&mi@p—mehyhmyednimama -irefAylpyrrolidin-3-

yl)piperazine.

Prepared from paraformaldehyde (20%).
10 1H-NMR(CDCl3) '

Example 33
1- (4-Methoxybenzoyl-D-phenylglycinyl) -4- (1-isopropyl-
pyrrolidin-3-yl)piperazine.
15 Prepared from acetone (59%).
1H-NMR (CDCl3)

Methods foi 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 uSLng

Method I-A.

Example 34
.. 25 1 (4-Methoxybenzoy1-D phenylglyc1nyl) -4~ (2-pyridylmethyl) -
' piperazine
Prepared from 2-pyrid1necarboxa1dehyde (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-Methoxybenzoy1-D-phenylglycinyl) -4- (3-pyridy1methy1)-

piperazine.



met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- (2-cycl opentyl - et hyl) pi per azi ne
hydrochl oride as a pale yellow solid. 1H NVR (.CD30D) |ISM5 me = 450
(M+l) 20 Anal ysis for C27H35N3C3-HE350.5 H20: Calcd: C ﬁ/@kﬁﬂz le, 7.53; N,
8.49; Found: C, 65.67; H 7.58; N, 8.13. HPLC Anal ysis SD): >99%

= RT=15:484 -~Melting-Pornt-="190-192 C 25 Exanmpl e 31'

1- (4- Met hoxybenzoyl - Dphenyl glycinyl)-4-(3-pyrrolidinyl)- piperazine
Trifluoroacetate. 30 Preparation of Starting Materials
(R)-(+)-1-Boc-3-pyrrolidinyl. To a stirred solution of

. (R) - (+) 3 Pyremited aon( 2-gyr 2R @Garokpldehyde re43%dr-of uran (6G L) and

- wat-er. ) was 133 1D May 2006 added di-tert-butyl dicarbonate (5.27 g,
24,15 D and 3 N sodium hydroxide (16 nL), and the.resulting solution
.vvas . SstisFMe( wpe Mma.9 Amether portion. of di -tert-butyl dicarbonate (0.74

g, 0.34. n ti i 5 overnight. The

. reacti %%Elﬁ?\,\ftﬁ%&qﬁdtﬁ gﬂ?geA %lunt)qqa gé(t(;ga%?ed with ethyl acetate
(2 xgl50 nL). The conbined organic extracts were washed with 2

N-i pot assi um hydrogen sulfate (200 nL), saturated sodium' bicarbonate (2 X
150 nLE*amBLend6 (150 ni) and dried over magnesium sul fate. Renoval of 10

sol venty -i(4 -MeehoxgPetezdy)-Di- phedy BpkyBnyld #4F i ¢+ poriqylapthyl) - 98% as a
yellow agil. 1H NWR (CDClS)
piperazine.
Prepared from 4—pyr1d1necarboxaldehyde (45%) .
.10 1H-NMR
IS-MS, w/e 444.9 (M+l)

Analytical RPHPLC, Method A, RT = 18.36 min (99%)

Example 37
15 1-(4-Mbthoxybenzoyl-D-phenylglycinyl)-4-(3-pentyl)piperazine;
Prepared from 3-pentanone (88%) .
1H-NMR .
IS-MS, w/e 424.0 (M+l)
Analytical RPHPLC, Method A, RT = 23.62 min (100%)
20
Example 38
1- (4—uethoxybenzoy1 D—phenylglycinyl) -4- cyclopentylpiperazine.
Prepared from cyclopentanone (95%) . '
1H—NMR
25 IS -MS, m/e 422.0 (M+1) _
" Analytical RPHPLC, Method A, RT = 20.76 min (100%)

Example 39
14(4-MbthoxybenzoylAD-phenylglycinyl)-4-(4-methylcythpexy1)-
30 piperaz;ne.
Prepared from 4- methylcyclohexanone (46%) .
~ 1H-NMR
IS-MS, m/e 450.0 (M+1l)
Analytical RPHPLC, Method A, RT = 27.07 min (isomer 1), 27.74



1- Boc- 3-pyrrolidinone. 15 Prepared from(R) (+)-1-Boc-3-pyrrolidinol usi ng

the Dess-Martin oxidation (Dess, D. B.; Martin,.J. C; J. Am Chem Soc.

1991, 113, 7277)(85% . 1H NWR (CDC1’83}5 20 10 May 2006

1- (4- Met hoxybenzyl - D- phenyl gl yci nyl ) ' -4-(1-Boa-3-pyrrolidinyl])- piper azi ne.

~«Pr épared’ from 1¥°(4- et hoxybenzyl - D- phenyl gl yci nyl ) pi per azi ne

trifluoroacetate and 1-Boc-3-pyrrolidinone using Method-1-A (69%.. 25 1H.
NMR (CDC13) 1-(4-Methoxybenzoyl - D-phenyl gl ycinyl)-4-(3- pyrrol i di nyl )

pi perazine Trifluoroacetate. Prepared from _

1- (4- meniroxiiigomeyl 2D- phenyl gl yci nyl ) - 4- (i - Boc-3- . 30 ‘

“pyrrokidinyl)pi perazine using Method HA 1H NWR (CDSCD) Met hods- for

. Exanples 32 - 33 Using Method I-A (but.using sodiumtriacetoxyborohydride

134 10 Rkampd® 30in 1, 2- di chI oroet hane), the title conpounds were prepared

from 154 i {4 | g A eerRUy &P L15H -pi perazi ne
trifl uorogcerq%at e%ggﬂ e K n ?Xéﬂg e}lr:%?de gr ﬁet%ne anple 32 -
1- (4- 94 hoddypideeregin®. phenyl gI ycinyl)--.4-(1-nethyl pyrrol i di n-3-

é;;ﬁ%ﬁeraz'rB%epa%EHaEfﬁhfEéH?dﬁ%&%L0&&“%ﬁ¥339¥%n§Zoéﬁe (88 yLH NVR(CDCL3)

“1H~-NMR . .
IS-MS, m/e 453.9 (Ms1)
Analytical RPHPLC, Method A, RT = 22.96 min (100%)
10 | '
Example 41
1- (4-Methoxybenzoyl-D-phenylglycinyl) -4-(2- 1ndany1)piperazine.
Prepared from 2-indanone (92%).
1H-NMR
15 IS-MS, w/e 469.9 (M+1)
Analytical RPHPLC, Method A, RT = 26.32 min. (100{)

Example 42

1—(4-Methoxybenzoyl-n-phenylglycinyl)-4-benzy1piperazine.
. 20 Prepared from benzaldehyde (87%) .

1H~ NMR

IS-MS, m/e 444.0 (M+1)

Analytical RPHPLC, Method A, RT = 25.78 min (96%)

.25 Eiample 43 _ _
" 1 (4 Mathoxybenzoyl-D-phenylglycinyl) -4- (cyclohexyl-
methyl)piperazine. | '
Prepared from cyclohéxanecarboxaldghyde (86%) .
1H-NMR
30 IS-MS, m/e 450.2 (M+1) .
Analytical RPHPLC, Method A, RT = 28.07 min (94%)

Example 44
v1-(4#Methoxybenzoy1—D-phenylglycinyl)-4-(4-hepty1)piperazine.



1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- (1-i sopropyl . : '
pyrrolidin-3-yl)piperazine. 15" Prepared from acetone (59% . 1H NVR(CDCL13)
Met hods for Exanples 3.4 - 46 Unl e9870t herw se indicated,.. t% ﬁro€ucts of
Exanpl es 20 34-46. were obtained from 1-(4-net hoxybenzoy 2h
gl yeknyl)pi per azi ne--and " the~i ndi'cated al dehyde of “ketorie“lusi ng Method

1 -A -Exanple 34 25
1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl) . -4-(2-pyridyl met hyl )- piperazine.
- Prepared from 2-pyri di necar boxal dehyde (48%. 1HNWVR IS-M5 me 444.9
(M) 30. Araxepared|f1A-Bepkbhboel BIWXT = 21.70 min (100% Exarrpl e 35

1- (4- ?M enzoyl - D- phenyl gl yci nyl ) - 4- (3-pyridyl net hyl)- piperazine. 135
Prepar e rom 3-pyridi necar boxal dehyde (42%. 1H-NVR IS-M5, me 444.9
(MH ) . TaryMsyt imfel 4RPHPLB+IVet hod A, RT = 17.84 min-(99% 5 16 May 2006

S i vtachl RAEHICRSREQY . Cepeny @vai VL dayy 4. (4.~ Dy dy et wl)-

pi pera rep pyr| tli necarboxal 45%,.- 10 1H NWR .

Example 45 : : _
1;- (4 -Methoxybenzoyl-D-phenylglycinyl) -4~ (4 -pyraxiyl-)piperaz ine.
Prepared from pyran-4-one (95%). '
1H-NMR
10 IS-MS, wm/e 437.9 (M+1) . _
Analytical RPHPLC, Method A, RT = 18.46 min (97.5%)

Example 46

1- (4-Methoxybenzoyl-D-phenylglycinyl) -4- cyclohexylpzpera21ne.
15 Prepared from cyclohexanone (quantitative).

1H-NMR

IS-MS;, m/e 436.0 (M+1)

i_zmalytical 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-phenylglyc1ny1) -4~ Boc—piperazine
.25 ué:mg Method H-A. The crude __product- was dissol_ved 1n.et_hyl _
' -;Zétéﬁznahd washed with satd aq. NaHCO3, followed by brine, .
~ then dried with MgsO,, filtered and concentrated in vacuo
(85%) . '
~ 1H-NMR
30 IS-MS, m/e 354.2 (M+1)
.Analysis for CpgHp3N303-0.2 Hy0: -
Calcd: C, 67.28; H, 6.61; N, 11.77;
Found: C, 67.10; H, 6.46; N, 11.63.



IS-MS5, me 444.9 (Mtl) Anal ytical RPHPLC, Method A, RT = 18.36 min (99%
Exanpl e 37 15 1-(4-N@thoxybenzoy|-D-&R%nylglyC|nyI) 4- (3-pentyl) pi perazi ne.
Prepared from 3-pentanone (88% | S-M5, W 424.0 ﬁyhé»c@gglytlca
RPHPLC, Method A, RT = 23.62 mn (100@@ 20 Exampl e. 38, _
.- (4--Met hoxybenzoyl - D- phenyl glycinyi)~ 4 cyclopentylplpera2|ne Prepared
*fronlcyclopentanone (9599. 1H-NWR 25 IS-M5, W 422.0 (M)

~ Analytical' RPHPLC, Method A, RT = 20.76 nin'(loowa Exanpl e 39

- 1-(4- thhoxybenzoyl D- phenyl gl yci nyl ) -4-(4-met hyl c clohexyl)- 30

_pi per aiifiebz M -alwmadolyoinitl het hill-mpthyheiRenitix - JpiprRRfRer S VS, nfe
=45000- (MHl ) Anal ytical RPHPLC, Method A, RT = 27.07 n1n (isomer 1), 27.74
":136 mn (isomer-.2 May 2006 Exanple 40 :

_.1-(4- Met hoxPhepmasd fDOp\héﬁWg‘P;&hmlpllcwﬁ}Wa&WeoWFan- | -
: -::4 S )pivﬁégggfgx%{%aﬁ -qd0hE A 416} MARHSEOT A LRkORIS Ry %‘oﬂﬂﬁm(86% 1H NWR
'ﬁ!- 5 triacetoxyborohydride in 1,2- dichloroethane) (49%) . ' :
" 1H-NMR
IS-MS, m/e 451.3 (M+1) ~
Analysis fof CogH34N403: ' '
Calcd: 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 stlrrlng 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 wl) in ethaﬁol.(so mL) . 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
diatpmaceoué earth and concentrated in vacuo. The residue was
dissolved in ethyl acetate and HCl gas was bubbled through the
' atirting-solutioﬁ-to precipitate the dihydrochloride-salt.
The mixture was filtered and the.sblid'ﬁas dried in vacuo to
.25 give 2 6g (quantitative) of the title compound.
1E-NMR
IS-MS, m/e 317.3 (M+l)

1-Boc-D-Phenylglycinyl-4- (1-methylpiperidin-4-yl)piperazine.
30 Boc-D-Phg-OH (40.0 g, 159.2 mmol) and 1-(1-methyl-
plperldln- -yl)piperazine (32.1 g, 175.1 mmol) were slurried
in anhydrous dichloromethane (1.5 L) under Np. The mixture
was then cooled to -15 °C in an ice/MeOH bath. Triethylamine
. (26.6 wL, 191.0 mmol) was added slowly, maintaining the



Anal ytical RPHPLC, Method A, RT = 22.96 mn (100% .10 Exanple 41

1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4-(2-i ndanyl ) pi perazine. Prepared -
from 2-i ndanone (92% . 1H NVR 15 HMSSVM5, W 469.-9 (M+ ) ﬁ?ﬁﬂ¥5b6€' RPHPLC,
Method A, RT = 26.32 min (1009 Exanple 42 e
. 1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl) - 4-benZy| pi pérazinée 490 Prepared from

- benzal-dehyde (87%. 1HNVR IS-M5 nfe 444.0 (M+l) Anal ytical RPHPLC,
Method A, RT = 25.76 min (96% 25 Exanple 43 |
(4- Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- (cycl ohexyl - net hyl) pi perazi ne.
Preparqgm&kggtgxglQeexﬁpe@@rb@xﬁ&dﬁh!@e818696dditﬂanNR aﬁetﬁylfs m e 450. 2
(MF1) _Anal'ytical RPHPLC, Method A, 3 949 Le 44
1- (4- MRYRPCpHOSPE 9P3E§pH§h§lgﬁycFﬂ§19 @Fﬂ}-lhéﬁ?ﬁ?) T¥ Prepared

from 4-fiept.anege ( Bl 81 f5ded :Jd\/%kmAeal yéa&al RPHPLC,
- Met hod A h? Rﬁn é ﬁge/()reac%g_ﬁﬁ"\@l&%thgﬁ 1sabG 5 Exanple 45" :
temperature overnight The reaction was then quenched:with

5 the addition of satd NaHCO3 (500 mL), and the- layers were

separated. The aqueous layer was then extracted w1th
- dichloromethane (3 x 1 L). The organit layers were combined,
dried over NajSO4, filtered and concentrated in vacuo to give
a crude oil. Purification using (Biotage) Flash
10 Chromatography with 7.5% (2 M NH3 in MeOH) in THF _gavé 53.6'g -
(81%) of the title compound o
1y NMR mwo“)67n(m5HL712m J—81HL1HL'
5.53.(d, J = 8.1 Hz, 1 H), 3.31 (m, S H), 2.72 (4, J = 11.3
Hz, 2 H), 2.3 (m, 3 H), 2.09 (s, 3 H), 2.03 - 1.86 (m, 2 H),
15 1.76 (dt, J = 9.7, 1.8 Hz, 2 K), 1.56 (m, 2 H), 1.36 (s, 9 H).

1S-MS, m/e 416.27 (M+1).

Ch1ra1 HPLC indicated no racemization had occurred

20 1-D-Phenylglycinyl-4- (L-methylpiperidin-4-yl)piperazine
Trihydrochloride.
_1;B69-D-phenylglyciny1-4-(1-methylpiperidin-4-y1)f_-
piperazine (49.6 g, 119.1 mmol) was dissolved-in aﬁhydrous
'MeOH (1 L) and HCl (gas). was‘bﬁbbled through the solution for.
- 28 Z%h 15. min noting the formation of a white pre01p1tate The
solvents were removed in vacuo to give 48.3 g (95%) of the
title compound as an off—white foam.
1n 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 (s, 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, ¢ H): IS-MS, w/e
316.24 (M+1). o



1- (4- Met hoxybenzoyl - D- phenyl gl yci nyl ) ., 4- (4- pyranyl ) pi perazi ne. Prepar.ed
from pyran-4-one (95%. 1H-NVR .10 IS-M5 me 437.9 (Mrl) Anal ytical
RPHPLC, Method A, RT = 18.46 mn (9A05% Exanple 46 1- 10 May 2006 :
(4- Met hoxybenzoyl - D-phenyl gl yci nyl) -4-cycl ohexyl pi perazine. 15 Prepared
- fromcycl ohexanone (quantitative). 1HNWVR [|'S-Ms, "We"436.0 (M) Analytical
RPHPLC, Method A, RT = 23.43 mn (100% 20 Exanples 47 - 50 Preparation of.
Starting Materials 1-(Cbz D Phenyl gl yci nyl) pi perazi ne. Prepared from

1- (Cbz- D- phenyl gl ycinyl)-4-Boc-piperazine 25 usjng Method H.A. The crude
pr oductGenesadi Berédirdn Fxepbt g Qerwifg AGSRELPSH 1 FheaPgodhct NaH03,

folle B bRCrxaddiely 4.0 Whd ,_l\%,%%d Erbhere-and concentrated in
vacuo 8%9 1I—I—N}I§/?? 30 1'S-M5, rﬂgbs 4.2 (M+rl),. Anal ysis for '

C20H23 eyl gy Fikny 1 et ol -methp¥piperiding 46 Y L) RIP§52350e  Found: C, 67. 10;

H, . 6. 4@%%%Fﬁéri&§8aﬂc9 tMay igdi@ated acid using Method I-C (with _
1- (Cbz- henyl gl yci nyl ) - 4- (1- met hyl pi per.i di n-4-yl) pi perazi'ue. Prepared
from§g Gﬂ)_CDiplhDthI?%iDSq))-pi perazine and 1 -nethyl pi peridin-4 -one using
Met hod I-A. (but using sodium 5 triacetoxyborohydride in - : :
1, 2-di chl oroet hane) (49% . 1H NWMR S '

- Example 47 i

1-(4-Methoxybenzoyl-D-phenylglycin?l)~4-(1~methy1piperidine4-

yl) piperazine. ' '
10 Prepared from 4-methoxybenzoic acid (19%).

1H-NMR | '

IS-MS, m/e 451.0 -(M+1)

Analytical RPHPLC, Method A, RT =.16.76 min (100%)

15 Example 47a
'1-(4-Methoxybenzoyl-D-phenylglycinyl)-4-(1-methy1piperidin-4-
yl) piperazine Dihydrochlbride. ' B
| Prepared from 1-(4-methoxybenzoy1~D—phenylg1ycinyl)74-(1-
methylpiperidin-4-yl)piperazine using Method I-D {but using
20 dichloromethane as the initial solvent) .

1H NMR
Analysis for CygHagClN502-2.0 HCl-0.5 HO:
Calcd: €, 58.64; H, 7.00; N, 10.22;
"Found:  C, 58.92; H, 6.79; N, 10.19.
| 25 HPLC Analysis (Method A): 100% ty = 17.14 min.

Example 47 (Alternative Synthesis)'
1-(4-Methoxybenzoyl-D-pheﬁylglycinyl)-4-(1amethy1piperidin—4—
yl)piperazine. '

30 15D-Phenylglgciny1-4-(i-methylpiperidin—4-yl)pipérazine
trihydrochloride (5.0 g, 11.7 mmol) was slurried in anhydrous
dichloromethane (100 mL). To the slurry was added
triethyamine (6;9 mL, 49.3 mmol),'causihg the solid to go into

solution after approximately 15 min. p-Anisoyl chloride (2.1



IS-M5, me 451.3 (M1l) Analysis for C26H34N403: Calcd: C, 69.31; H 7.61;
.10 Found: C, 69.36; H, 7.71; 12.43; 13.14. N, N,

1- D- Phenyl gl yci nyl - 4- (1- met hyl pi peri4di n- 4-yl ) pi per azi ne 1?"%@&
To a stirring suspension of 5s Pd/C (0.6 g) in et hanol _
nitrogen was added-a solution of 1-(Chz-D i i
phenyl gl yci nyl)-4-(1- et hyl pi peri di n- 4- yI)plperaZ|ne (2.6 g 5. 77 nanol)
and acetic acid (1.6 nL) in ethanol. (50 nm.). The flask was placed under
vacuum and t he atnosphere was replaced w th hydrogen (balloon). After 4 h,
di atOﬁaﬁﬂpm.ejarrﬁnblwaﬁa%a@dtte,da&ﬂdthéereéi::ui_anesmgrédlfrareldlt.hrough a pad

. of di.atonmaceous, earth and con a N3GHO T, S}
di ssol vEBe| FeRFHIR ¥Rg: gt‘%néﬁ‘dic dth (Eig acpd %gl 88 P%F%€9L1W étl rring
sol uti oandorE eﬁy@r@aheréh@ephﬁh)ﬁéﬂochrnelmwmm la¥he waxture was filtered

d th lid 6 f th
e R M) S NARGAS (2 P yfn® InkBURRLIA V) of (he
é Hogsga_gyeaﬁ_lyl‘géwldwbiggdl cmﬁtelwlopegel;aﬁ%A £illypirpdrand ne. 3?) _ _

0C [ an | perazi ne
(32.1 gchI%n I?Fﬁﬁ’m) The, sraddat ElaFn"‘a%&r@i%égdgkgﬁ{’%%%eﬁgnep(?. 5 1)
under NPBidbggé) Hlueh Checmitesraphyl, edluting WiChi 63a(NHgein@omat h.

Triethylam N i aethens’ to aive T b 188 ‘%eq:hse' WYe SBIALA NG the 139

| ori de.
ia B under LERERAS

1y NMR (DMSO-dg) & 8.65 (d, J = 7.7 Hz, 1 H), 7.88 (d, J = 8.8
10 Hz, 2 H), 7.35 (m, 5 H), 6.97 (d, J = 6.8 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
(d&t, g = 1.8, 10.2 Hz, 2 H), 1.59 (d, J = 11.0 Hz, 2 H), 1.30
(m, 2 H).
- 15 IS-MS m/e 450.26 (M+1).
[0l p20 = -87.62 (c=0.02, MeOH).
.Analysis for CpgH34N403-H30:
' Calcd: C, 66.64; H, 7.74; N, 11.96;
 Found: C, 66.79; H, 7.41; N, 11.94.
20 '
Example 48
1—(Indole-G-carbonyl-D-phenYlglycinyl)-4-(I-methylpiperidih-4-
yl)piperazine. _
.Prepared from indole—s-carboxylic acid (65%).
.25 LH-NMR |
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-(l-methylpipgridin-é- :
yl)piperazine Dihydrochloride. '
May be prepared from 1- (1ndole-6 carbonyl-D-phenyl -
glyc1ny1)-4 (1- methylplperldln— -yl)plpera21ne using Method I-
D (but u81ng dichloromethane as the 1nitia1 solvent)



- 10 May 2006 tenperature at -15 C, followed by slow addition: of diethyl
cyanophosphonate (29.0 nL, 191.0 mml), again nmaintaining tenp at -15 C
The reaction mxture was all owed td4garmto room tenperaﬁy&g %%génight._
The reaction was then quenched with 5 the addition of sat 2 1500 ),
and the layers. were separated. The aqueous |ayer was thenh extracted with
di chl oronethane (3 x 1 L). The organic |ayers were conbined, dried over
Na2SO4, filtered and concentrated in vacuo to give a crude oil.

Purificati'on using (Biotage) Flash 10 Chronmatography with 7.5% (2 M NH3 in
MeOH) in THE gave 53.6 g (81t) of the title conmpound. 1H NVR (DMSO-d6) S
7.33 ( .1 Hz, A H, 553 (d J=81H, 1H, 331
(m 5 a“?lffz"e iL’g-‘J‘g‘ar’f‘ff ﬁﬁ?‘?g?ﬁfo’, 2.3 (m 3 H, 2.09 (s, 3 H, 2.03 -
1. 86 (M- @&ndolelb-darifodydl-D-phenPldlyclinylhiz4 - Pl Hethylgiperidinty, 1.36 (s, -
9 H IS NB, me 416.27 (Mtl). Chiral HPLC indicated no racem zati on had
occur r eft) Bﬂ??fa549ﬁ9||ylglyC|nyl 4- ('1- net hyl pi peri di n- 4- y1) pi perazi ne .

Tri hyglrochl %d@@e 8- m&ym@nabmymm g%- 69 Fetdyl )pigper i di n- 4-yl )

pi per azi ne anhydrqus MOH (1 L) and
HC1 (ga%jD‘P gﬂﬁiﬁ¥if4FHFOH§EK§$§}Eﬁ§§§P g Y{h TA24€15. - ni n, noting
the- foriﬂﬁﬂ}déhlarmtﬂzobe@ Pbb a3 aumolll exesal sBmbsio®rim r enoved | n vacuo

E%M%'ov om0 Lehioronayhang; (o) R . “3r80 PRt VRe' U8 26" be. 1
, (.5 Ve (o 30 4. 26
L g 0 0 1 0 s s,

(m 2o HL, 1496V3, mmpé) Qﬁﬁsaﬂde@Npl9w1y, maintalnlng the temper ure
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 overnight. The reaction was then

15 quenched with the addition of satd NaHCO3; (500 wh), and the
layers were separated. The aqueous layer was then extracted
with dichloromethane (3 x 500 mL). The organic layers were
éombined, dried over NaySO4. filtered and c¢oncentrated to give
a crude oil. Purification was performed using (Biotage) Flash

20 Chromatography, eluting with 8.3% (2 M NH3 in MeOH) in CHClj.

The product containing fractions were comwbined and
concentrated in vacuo to give 45.1 g (99%) of the ti;le.
compound. | _ ' o
| lg NMR  (DMSO-dg) 8 11.35 (s, 1 H), 8.65 (d, J = 7.7 Hz, 1 H), .

“.25'7‘98 (s, 1 H), 7.60 - 7.45 (m, 5 H), 7.40 - 7.25 (m, 3 H),

" .48 (t, J = 2.0 Hz, 1 H), 6.09 (d, J = 7.7 Hz, 1 H), 3.5 (m,
3 W, 2.72 (d, o = 11.3 Hz, 2 H), 2.40 (m, 2 H), 2.09 (s, 3
H), 2.05 (m, 2 H), 1.77 (dt, J= 1.1, 10.2 Hz, 2 H), 1.59 (d,
J = 11.3 Hz, 2 H), 1.31 (m, 2 H). |

30 13¢ ¥MR - (DMSO-dg) & 168.0, 166.4, 138.0, 135.1, 129.9; 128.4,
i28.2, 128.0, 127.6, 126.6, 119.4, 118.1, 111.5, 101.2, 78.1,.
60.6, 54.7, 53.7, 48.5, 48.3, 45.8, 45.4, 42.2, 27.7, 27.6.



140 10
pr oduct

May 2006 General Procedure: Except as ot herw se descri bed, .
of each of Exanples 47-50 was prepared from 1-(D

t he

phenyl gl yci nyl ) - 4- ( 1- met hyl pi peri di#4-y1) pi per azi ne di hy@lm@fﬁc,gai de and

the indicated acid using Method 1-C (wwth 5 EDClI in place of "DCC).

47 1-(4-Met hoxybenzoyl - D- phenyl gl yci nyl ) - 4- ( 1- net hyl pi peri di n- 4- :
yl ) pi perazine. 10 Prepared from 4-nmet hoxybenzoic acid (19%. 1H NVR IS M5, .
me 451.0 (Mti) Analytical RPHPLC, Method A, RT = 16.76 m n (100%

Exanpl e 47a 1-(4-Met hoxybenzoyl -

yl ) pi petaMs. a/Bi h?lrmh(mﬂnde Prepar ed from
1-(4-nme enzoyl - henyl I |)-4-(1- nethyl pi peridin-4- yI)plperaZ|ne
usi ng N%?hgﬁp ¥ 85>E§T£d”g2 € Pihloronethane as the initial solvent).

NMR Anal ysi s for C28H28C1N502. 2.0 HC1. 0.5 H20:;
N, 10.22; Found C 5

79; N .10.1

2.:. H,
N - o005 11 o Bpreigh oF £l free BadS uad dHO1ERed Erdt o
1- (4- d/et hepphae nzeyht & pbBradty Isyetaml 3 4exfybtenl hpé pmgtedsticiIn which

/)PP bl T A - ol REGRL RS, g 4911 per ezt ne

di chi or

10

15

20

25

30

RAEFRNE wad0Bollid Teb e asbulvatevabmtadadng 0.5 mol

chloroform per mol of free base. The chloroform solvate was
found to have a broad endotherm about 148-158 °C, followed by a
sharper endotherm (peak at 194.4 °C) as the melting point of

the desolvated free base.

Example 48a (Altermative Synthesis)
1-(Indole-6-carbonyl-D-phenylglycinyl) -4~ (1-methylpiperidin-4-
yl)piperazine Hydrochloride. i _

To a solution of 1-(indole-6-carbonyl-D-phenylglycinyl)-

:4-(1—methylpiperidin-4-y1)piperazine (4.5 g, 31.6 mmol) in

anhydrous-dichloromethane (300 ml) and anhydrous MeOH (150 wL)
at 0 °C was added HCl in Ety0 (32.2 mL, 32.2 mmol). After
approxiﬁately 5 min, the solvents were removed in vacuo to -
give 15.1 g (96%) of the title compound.

1g NMR (DMSO-dg) & 11.40 (s, 1 H), 10.3 (bs, 1 H), 8.68 (m, 1

H), 7.99 (8, 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 -

-+1.5 tbm,-15 H), 2.66 (s, 3 H).

IS-MS, m/e 459.26 (M+1).

[@]p2® = -83.67 (c=0.01, MeOH).

Analysis for CygH33Ng505-1.1 HC1-1.7 H20:
Caled: C, 61.03; H, 7.30; N, 13.18; Cl, 7.34;
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

Exanpl e

15

D- phenyl gl yci nyl ) - 4- (1 nethylplperldln 4-

Calcd: C, 58.64; H, 7. 00;
HPLC fI%%IS (thhod



triethyamne (6.9 M, 49.3 mol),. causing t
after approximately 15 mn. p-Anisoyl chlor
14.1 mmol ) was added, and the reactdén stir

he solid to go into solution
ide (2.1 141 10 May 2006 i,
red for 1 h. {hfayeeesi on was

quenched with the addition of water (100 nlL), and the |ayers were
wi t h-di chl oronet hane (3-x 100, -
i ed over Na2S™4, filtered and =

-~separat ed. The aqueous |ayer was extracted
m.). The aqueous 5 | ayers were conbi ned, dr
concentrated. The crude material was purifi

ed twice using (Biotage) Flash

Chr omat ogr aphy, eluting with 5% (NH3 in McOH) in dichlormethene to. give
1.4 g (wb-hyakothEotidd %aQQn’aﬁarlﬁb peHaMVROhGMBO- d8¥alys8s6by(d, J = 7.7 Hz,

1 7.88 (d, J = 8.8 10
H Vs mc(r@(scgpwsbov&d ghagpy 30%52%%&“%“13&

6.97 188 H, 1
ms"%’g&‘(cles ﬁ{‘g 2.72' (d, J =

11.3 I_glalﬁ_lfzs}iﬂs b 3§C (fRirddho Qeﬁ&l(& uﬁlb&ngZP@ﬂlt(.rfunZag&'eetﬂeﬂt‘? (dt, J

6
7.41;" N 11.94. 20 Exanple 4
1-(
Iy)

I
S- VB, e 460.2 (M1) Analytic

1.8, 10 2" 1.59 (d. J = 11. % 3folﬁ; ") 15|s-|v5
e 450vitdh @mprphops|mgkerialgy 8’21?3:30 “ﬂme/E ce Llgw PYEFE™f or
NAQRS-Ji#d Gink! ﬁadteﬁa166,a64cyéiea théoudh Alv&fsr pressdreC, 66. 79 H,

| ndolaatdesay fhyrets | mae 5he mRteEiAb AShigussecdnter
P PEL P B 88 éromendaéEy&ararohoxyhene ammt- (foated ] ~H NMR

% RPHPLC, .Met hod %T = 1?
crystals which were birefringent by mlcroscopy, 'and a melting

68 _mn (100@6

point of about 174 °C was demonstrated for the newly

10 crystailized;.hygroscopic material.

Example 48b
1- (Indole-6-carbonyl-D-phenylglycinyl)
"~ yl)piperazine Difumarate.

-4- (L-methylpiperidin-4-

15 The difumarate salt is conveniently prepared by
dissolving the free base in methanol or 95% ethamnol and

warming to about 50 °C (for example at a concentration of 460

mg in 15 mb).  Two molar equivalents of fumaric acid (for

example 232.2 wyg) are then added (for example, as a 0.25 M

20 soluticn in wethanol or as a suspension in 3 ml 95% ethanol)

Following cooling and c:ystalllzatlon,

and isolation and

drying, the product is obtained as thin.crystallinelneedles,

with a sharp melting point at about 213 °C by DsC.

';ZS'E;ample 49

1- (B-Methylindole ~-6-carbonyl-D- phenylglycinyl) ~4-

(l-methylpxperidin- -yl)piperazine.

Prepared from 3-methylindole- -6~ carboxyllc ac1d (50%) .

1H-NMR _ _
30 IS-MS, m/e 474.3 (M+l)

Analytical RPHPLC, Method A, RT = 22.20 min (98%)



Exanpl e 48a 30 _ o

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

yl ) pi perazi ne Di hydrochl ori de. May 148 prepared from 10 May 2006

1- (i ndol e- 6- car bonyl - D- phenyl - gl ycinyl) -4-

-+ {-1- met hyl pi peri di n-4-yl ) pi perazi ne using Method |- D (but using- 3
di chl oronet hane as the initial solvent). 142 -TO May 2006 Exanple 48
(Al'ternative Synthesis) '

1- (1 ndol e- 6- car bonyl - D- phenyl gl yci nyl ) - 4- (1- net hyl pi peri di n- 4-
yl ) pi pexempde. 58 | ndol e- 6- carboxylic acid (16.0 g, 99.3 mmol) and

1- D- phenyl.g ' -4-41- % LREHL ShdvigivRhpey agi ne  tri hydrochl'oride
(42.3 S‘L GQ%E%%#?é%re@%ﬁo%’g i|’)n§lﬂnar%ﬁlsgﬁg'lryous?di chl oronet hane (1 .L) under
N2. The(Ivmethydpiperidimmtcddpdgerazing. C in an i ce/ MeOH bath. Tri et hyani ne

(58.1 10 m.,_ 4 & iRk 8k NAeH t (Igg)t.enperature  at
215 C, foll %,eeﬁgﬁgdg?’é%a%?ﬁl?%ﬁgg?é%‘?’éﬁﬁ (b:cgahophosphd;ﬁat?e (18.1 ni;

119. s mmINMR nai ntai ning the tenperature at -15 C. The reaction m xture

was al l to o] m t enperature overni ght. The reaction was then
15 quen@?ﬁ%'wﬁ/ﬁm?%?'gdw@on of satd NaHCO3 (500 nmL), and the |ayers were -

separ atmshlylieadqREBEEC) dyetthodad,t REn=cX2 +afctd® (WPO® di chl or omet hane (3 x
50.0 nL). The organic |layers were conbined, dried over Na2SO4, filtered
and concentrated to give a crude oil. Purification was perforned using
( Bi ot ageanplas!t5120 Chr omat ography, eluting with 8.3% (2 MNH3 in MeOH) in

CHC13, , T r,0duc t ai ol agti I Lped and concentrated in -
vacub? th gf'\%lﬁ?ihgg?gé%g%%“ﬁ’g ?i Pﬁgﬁﬂé%n’%g&%? ?HNIVR (DVBO- d6) & 11.35
(s, 1 Hi4-pigarigdnylnetiyY) piperhzipe Dihydrochloride. _

‘Preparation of Starting Materials:

15 1-(1-Boc-pipe;idin—4-ylmethyl)piperazine.

To a stirring solution of 1-Boc-pipe;idinei4-carbox-
aldehyde (2.4 g, 11.3 mmol) in THF (60 mL) and-acetonitrile
115 mL) was added piperazine (4.85 g, 56.3 mmol) . After
stirring for 5 h, sodium triacetoxybordhydride (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 iwice with satd ag. NaHCO;, followed'by-water,

.'then'dfied over MQSO4; filtered aﬁd.concentrated in vacuo.

25 fﬁe residue was then chromatqgiaphéd over silica gel, elpting
| Qgthméégtep gradient of 2% through 15% (2 N ammonia/methanol)
in dithorométhane; The.prodnct containing fractions were

-COmbined and concentrated in vacuo to give 4.93 g (48%) of the
title compound. ' |

30 1H-NMR
IS-MS, m/e 284.3 (M+1)



.25 (m 3 11), 6.48 (t,

25 7,98. (a, '1 H , 7.60 - 7.45(m 5 H),:7.40 - 7

J=20H, 1H, 6.09(d, J =7.7Hz, 1 H, 33.5(m 3H, 2.72(d, J =
11.3 Hz, 2 H, 2.40 (m 2 H, 2.09 146 3 H, 2.05 (m I—%Ma 5066 (dt, J =
1.1, 10.2 Hz, 2 H), 1.59 (d, J =11.3 Hz, 2 H , 1.31 (m &1).30130
'?'-‘-‘-*"P\WR(DIVBOd6) 6 168.0, 166.4, 138..0, .135.1, 129.9, 128.4, 128.2, 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. 143 | S- M5, me 459. 26 (Mt1). 1CE] D20
-73.08 (c= 0. 02, MeOH). 10 May 2@&6 A portion of the free base was isol ated
froma' mhKObﬂ#MﬁDhed?lghmchyvlhetﬁ€m1BQ§onEﬁ¥i@%ﬂsﬂeH?§§tE?BknaﬂI ine material
whi ch--was blref ngent by m croscopy. From DSC and TGA, the material was
~found t8 B%r%?%o vate containing 0.5 nmol chloroformper nol .of free base.
'The chl or of oPrepmteditfroma sbzfDuphenyddiaeéne pddd (@nBeehripaeiskid- 148- 158

C, foll gm?ﬁgg%)zls \Psetq%&&ﬁ ggé fwg%?(dpeak alepled44416) coppdita el ting

‘point o 8a (Alternative Synthesis)

1- (I ndohasepnﬁbmqllbybqummtgw@phw |o)veat— (silm rgﬂlpu péﬂtmm-mthlst

yl ) pi-per azi ne ch ri.d
1- (i ndoPg ©B- 85? qfa‘r’feﬁ‘yl g?y?l N oRQa%ethanol in
4- (1~ medhyhpopemethansd- yl ) pi per azi ne (14 5.9, 31.6 mml) in

anhydr ous- hl or onet hane (300 nL) and anhydrous McOH (150 nL) at 0 C was
added HCI™ Et20 (32.2 n, 32.2 nmmol ). After 20 approximately 5 mn, the
sol vent gswese mpga0ssw. 3 iMsaduo to give 15.1 g (96k) of the title conpound.
| lH.Ngg (DVMBO-d6) 8 11.40 (s; 1 H), 10.3 (bs, 1 H),.8.68 (m, 1
1-(D-Phenylglycinyi);4-(1-Boc~piperidin-4-y1methyl)pipérazine.
Prépared from 1- (Cbz-D-phenylglycinyl)-4-(1-Boc-
piperidin-4-ylmethyl)piperazine using Method F-A.
1H-NMR
15 IS-Ms, m/e 417.8 (M+1)

_1;(3-Chloroindole-G-carbonyl-D-phenylglycinyl)-4-
'(4-piperidiny1methy1)piper&zine Dihydrochloride.
Prepared from 3—chloroindole-s-cérboxylic acid and 1-(D-
20 phenyllecinyl)-4—(1—Boc-piperidin-4—ylmethyl)piperazine-using
Methods Ieé, D-B, and I-D {using dichloromethane in place éf
ether/dichloromethane as an initial solvent) .
1H-NMR
_ IS—MS, m/e 494.2 (M+1)
.25 Analysis for Cy7H35N503C1l-2.2 HC1-3.0 HyO: _
' Calcd ¢, 51.61; H, 6.45; N, 11.15; C1, .18. 06; .
Found: ¢, 51.40; H, 6.12; N, 11. 02; Cl, 17.80.
Analytical RPHPLC, Method A, RT = 20.59 min (100%)

30 Example 52 |
'1-(3-Hethylindole—6-carhonyl-D-phenylglycinyl)-4-
(4-piperidinylmethyl)piperazine Dihydrochloride. .

_ Prepared from 3-methylindole-6-carboxylic acid and 1~ (D-
phenylglycinyl) -4- (1-Boc -piperidin-4-ylmethyl) piperaziné using



R, 7299 (s, 1 H, 7.6 - 7.4 (m 5 H, 7.4 - 7.3 (m 3H) 6.48 (s, 1 H),
6.11 (d, J = 7.3 Hz, 1 H), 4.08 (be, 1 H), 3.625- “bm 15 K), 2.66
(s, 3H . IS-M5, me 459.26 (M+l).147a] D20 = -83

Anal ysi s %or C27H33NG02. 1. 1 HCL. 1.7 H20: Cal cd: b 61 03 “’ll—i"' %@a? N,

w0 1:3:185 €y 7345 30, Found: " C, 60.95; H 6.91; N, 13.03; O, 7.00. The

.' pr oduct prepared by both the method of Exanple 48a - and Exarrpl e 48a
(Al'ternative Synthesis) was found to be the 144 10 May 2006
nono- hydrochl ori de salt and to be anorphous. Analysis by m croscopy showed

gl assy Ma¥holis’ €LC| Ngam} £Had ti-0 qasiagdidnekpeeshaye OSC flaiceedft 0 reveal a
mel ting point, in agreement wth anmprphous mat ial. Using a m crobal ance
flow s)yat béﬁ/dlﬁhf‘ﬂ?‘ﬁ??lb?%la%ﬁ‘f‘eFP&FP%as“&Y?P “through a vapor pressure
| sot herygg-ggdrer m nati on, where the material deliquesced, then allowed to
. deydrate. Upon: deh dratlon there were formed crystals which were

bi r,efri’@'@‘li fofcOMt) and a nelting point of about 174 C was

denmonstAa{y lfSOEoirh@ 5'1@5(‘%&’ délzcrayatalua&dzo hygroscom c material. Exanple

48b. 1-(In car%on henyl gl yci nyl%l iretjg peridin-4-

yl ) pi perazi- ﬁ'é‘ Bfiﬁumarﬁt e53 ‘*Sf‘l'ﬁe dir ?gmﬂ'at g‘&l‘ c %ré%l@m ently prepared

by -dissol vigggnihie frep dases; m, et hapay, @0.99% cletibsumd. and warnming to

about 50 C (for exarTBI e at a concentratjon of .46 §o ien 15 m).. Two nol ar
F 12952

equi valan all REAPEC o Mekthadh A1 BYafiptd 253518 then added (for

exanple, as a 0.25 M 20 solutidn in-nethanol or as a suspension in 3 nL 95%

et hanol ) .
10 Example 53

1- [4-Chlorobenzoyl-D-phenylglycinyl] -4-benzylpiperazine

Trifluofoacetate. ’ .
Boc-D-phenylglycine (753'mg;-3 mmol), TBTU (2-(1ﬁ—(benzo-_

triazol-1-yl}-1,1,3,3-tetramethyluronium tetrafluoroborate) _

15 (963.3 mg, 3 mmol), diisopropylethylamine (894 mg, 6 mmol) and
4-benzylpiperazine (525 mg, 3 mmol) were combined in DMF (10
ij and stirred overmight. The reaction_mixtura was taken
into dichloromethane (25 mkL) washed with water (50 mL) and
evaporated to drymess.

-20 The residue was treated with TFA (5 wL) for 1 h and the
excess 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
mixtire of 4- chlorobenzoic acid (156 S5mg, 1 mmol), HOBt

25 (148 5 mg, 1.1 mmol) and EDCI (191 mg, 1 mmol) in DMF (3 mL)

' that had been stirred for 5 min. The reaction mixture was -
stirred'overnight dlluted with water and acetonitile, and
applied directly for purlficatlon by preparatlve RPHPLC to
give the title compound (120 mg).

30 1H-NMR

By similar methods to those described in Example 53 the

following compounds were prepared:



Foll ow ng cooling and crystallization, and isolation and drying, the
product is obtained as thin crystalline needles, wth a sharp nelting
poi nt at about 213 C by DSC. 25 1;casple:. 4.9. 10 May 2006

1- (3-Met hyli ndol e- 6- car bonyl - D- phenyl gl yci nyl ) - 4-

o ( k-nethylepiperi-di ns 4-yl2)-pi-perazi-ne. Prepared from

3-net hyl i ndol e-6-carboxylic acid (50%9. 1H NVR 30 | S M5, me 474.3 (M+1)
Anal ytical RPHPLC, Method A, RT = 22.20 mn (98% 145 Exanple 50

1- (3- chl oroi ndol e- 6- car bonyl - D- phenyl gl yci nyl ) - 4-

(1-net Qr kgi n-4- yI)pipera2|ne Prepared from _
3-chl or oi ndol e- 6- car boxylic _acid 1H NVR IS— %

Anal yt.!eall‘i-RMPEebemm -Rheerslmiqueum“*“EIB %‘%@’éﬁﬁ tee53zy 1-
(3c! hlaopoifidelebcaeaonyl_D phefl YIgl YCfIYl) -4- (4 -

_ pi peri |ny met hyl ) pi pera. zi ne D hydrochl oride. Preparation of Starting

Mat eri aMB<NMRO May 2006 (76% 15 1-(1-Boc- pi peridin-4-yl nel hyl) pi perazi ne.

To a st | S t g{l£ﬁ4é%-BOC pi peri di ne- 4- car box al dehyde (2.4 g, 11.3
nm)l)SS “é{kﬂg?ngﬁ ? and ‘acetonitrile (15 nL) was added pi perazi ne

(4.85' g, 56.3 nmol). After stirring for 5 h, sodiumtriacetoxyborohydride
(2.87 qﬁﬁ5&?% 48 ol ) was added and the Leaction was allowed to stir

overnig e next norning, the solvents. were_renoved by
1-[4-~ Chlorobenzoyl-D-phenylglycinyl] -4- (cyclohexylmethyl)-

piperazine Trifluoroacetate.
- 10 1H-NMR _
MS MALDI TOF M+l = 454

Example 56
1- [Indole-6-carbonyl— -phénylglycinyl]-4-[2-(thiazol-z-yl)-_
15 ethyllpiperazine Hydrochloride.
~ Prepared from 1- (D-phenylglycinyl)-4-[2-(thiazol- 2-y1)-
zethyl]plpera21ne_trlhydrochloride and indole-6~- carboxy11c acid
using methods substantially equivaleht to Method I-C followed
by Method I-D. ’
20 Melting Point = 135-142 °C with decomposition.
1H NMR (CD30D). |
APCI-MS, w/e = 474 (CygHp7N5025+1).
HPLC Analysis (Method B): 98.8% ty = 14.2 min.

.25 Exa.mple 57
| (Nb Example 57)

Example 58a
1-[Indole-6-~carbonyl- D-phenylglycinyl]-4-{2-(3-£fluoropyridin-.
30 4-yl)ethyllpiperazine. : |
| Prepared from 1- (D—pheny1g1y01ny1) -4-[2-(3- fluoropyridln- "
4-yl)ethyllpiperazine and_lndqle -6~ carboxyllc acid using a
method substantially equivalent to Method I-C (66%).



w~through 15% (2° N-amirgii-aF et hanol ) ™ i i di

rotary evaporation and the residue was dissolved in ethyl. acetate.,

washed twice with satd agq. NaHCO3, followed by water, then dried over
MySO4, filtered and concentrated i-td%acuo. 25 The re5|due

chr omat ogr aphed over silica gel, elutlng ith al step gradleXt of 2%

ronet haae. The product

contai ning fractions were conbined and concentrated in vacuo to give 4.03

g (48% of the title conmpound. 30 1HNVR IS-M5, me 284.3 (M+l) 146 10
May 2006 |- (Cbz-D- Phenyl gl ycinyl)-4-(1-Boc-pi peridin-4-yl.nethyl)-

pi per aaygnfmr P{@ar,9d from Cbz- D-phenngIyC|ne and 1-(1-Boc- pi peridin-

4=yl et hyl ) pera2|ne u3|ng Met hod C-A. The title conpound 5 was purified
by chrbﬁﬁ?o@? Gvés S|F2@%QQEH5°2ﬂ¥MH ng with a step gradient of 1%to

3% (2 N annnnla/nethanol in dichloronethane. 1HNVR |S-M5 nfe 551.3 '
- (MF1l) 10 1- D-PhenngIyC|nyI) 4- (1- Hoc- pi peri-di n-4- ylnethyl)plpera2|ne

Pr epar &FaFPbth 38R Cbz- D- phenyl gl yci nyl ) - 4- (1- Boc

p|pe@|QJQIﬁdyigmglaagbabggLaﬂL Al IEr R Dda FL2- (3 A1udYiRplye il fn VS, m e

417.8 (M1 Chlor0|ndole 6- car bonyl - D- phenyl gl yci nyl ) - 4-

(4- p|péFNﬂ3ﬂ§P¥é&RﬂH%ﬁi EPaﬁYﬂﬁPﬁﬁﬁﬂg;qﬁchloride. Prepared from

3- chl oroi ndgl-gpfr&P 34y hi-§iAGbTe 26\ kakboliyl - D-phenylglycinyl) -4-
{2- (3-fluoropyridin-4-yl)ethyl] piperazine using a method
substantially equivalent to Method I-D (89%)f- '

10 [a]25p -98.8° (c 0.30, methanol)
Melting Point = 135-145 o¢ with decomposition.
1g NMR (CD30D) .
APCI-MS, m/e = 486 (CogHpgFN50+1) .
TLC Rf = 0.44 (7:3 CH3Cly:CMA)
15 Analysis for.CggH3iN304-1.25 HC1-1.2 H30:
| Calcd: C, 60.84; H, 5.77; N, 12.67; CL, 8.02;
Found: C, 61.14; H, 5.86; N, 12.34; CL, 7.88.
HPLC Analysis (Method B): 98.2% ty = 13.2 min.

20 Example 59%a
1- [Indole-6-carbonyl— D-phenylglycinyl] -4- [2 (2~ cyanopyridln-
4-yl)ethyllpiperazine.
-  Method I-E |
1- (D-Phenylglycinyl) -4- [2- (2'cyan0pyfidin-4 ylethyl)-
. 25 p1perazzne trlhydrochlorlde (580 mg, 1 26 mmol)., indole- 6-
: Carboxyllc acid (205 mg, 1. 26 mmol) HOBt (171 mg, 1.26 wmol),.
and triethylamine (0.88 mL, '6.9 mmol) were dissolved in DMF
(20 mL). To this sblution, DCC (390 wmg, 1.89 mmol) was added,
and the mixture stirred at room temperature overnight.. Ethyl
30 acetate (100‘mL).and heptane (20 mlL) were added and sqlids
removed by filtration. .The'solvents were removed under vacuum
and.residue re- -dissolved in toluené/ethyl acetate (200 mbh, .
1:1) and solids removed by filtration. The filtrate was
. washed W1th water and brine, dried (NaySO4), filtered and



- 20 phenyl gl yci nyl ) -4-(1-Boc- pi peridi n-4-yl met hyl ) pi perazi :ne using Methods
I-C, DB, and I-D (using dichloronethane in place of ether/dichloronethane
as an initial solvent). 1H NWR 1S-W8 me 494.2 (M+1)  251¢\wevysios for
C27H32N502C1. 2. 2 HC13..0. H20:  Calcd; . G, .51.61;. e 6. 450 N, 11..15; C1,.18. 06;

““Found: C, 51.40; H 6.12; N,.11.02; CI 17:80." " Anal ytlcal 'RPHPLC, Met hod

A, RT = 20.59 mn (100% 30 Exarrple 52 . 1- (3 ]

. Met hyi i ndole-. 6carbonyl-.D-.phefl Yl gl YGflYi) -4- (4 -piperidinylmethyl )
pi perazi ne D hydrochl oride._ Prepared from 3-net hy| i ndol e- 6- car boxylic acid
~and 1- (@HW?FQ yendew [vacqumnt@derqyiger Fevﬂezlpquqw?ﬁal B8t azi ne using
147 1° I\/F;_.g@gét lide o Qi‘@flg?q)yl ch(,ﬁgta?rg?\l“'\:}th (cngget hane in place of

a

et her/ di cth oro hane as aniniti sol vent I'S“VS, e 474. 2
(MFL)  5LORfNPsiLs - f 380 (P35 02, snerhaned : eopegltW% amgonggmgn: H o7, 25;
N 11 13%0.Chet 4b3 - 05 prdinad - dib1 bl cBafdund § 13. 12

Anal yt ﬂ%’%‘?&R’%HPEC RE P et swé‘ $om m'%10 /3 argr;hplza 53

1-[ 4- 3:h+fbrlﬂﬁerlﬁ3§§fhb phenyl gI yC| nyI 1 4 benzyl pi per azi ne Trifl uoroacet at e.

Boc- D- pRedyd gﬂ XC'(ESO(]?&%. rrg:ln{g%l L hanbB ! Hohatht Hd e M@ionium

trlazol-l-yl 1,3, 3-tet’ramét h§i ur oni um tetrafluoroborate) 15 (963 3 ng, 3
mol ) , Wdl%m%dabyl et hyl ami ne (894 ng, 6 ntol) and 4-benzyl pi perazi ne (525
ng, 3 mmol) were conbined in DMF (10 _ ' -

Example 58b

10 1-[Indole-6-carbonyl— b;phenylglyciny11-4;[2-(2-cyanopyridin-
-yl)ethyl]piperazine.Bydrochloride |
Prepared from 1-(indoyl-6- carbonyl~D phenylglycinyl) -4~
[2- {2-cyanopyridin-4-yl)ethyllpiperazine using methods b
substantially equivalent to - those described in Method I-D,
15 (96%). |
[a125D -92.0° (c 0.27, wmethanol)
Melting Point = 156-16% °C
IR(ATR) .
1H NMR (CD30D).
20 APCI-MS, m/e = 493 (CygHygNgOg+l).
Analysis for C23H31N3_64-1.1 HCl- 0.9 HyO: _
 Calcd: C, 63.44; H, 5.68; N, 15.31; Cl, 7.10;
‘Found: C, 63.53; H, 5.68; N, 15.41; Cl, 6.88.
HPLC‘Analysié (Method B): 98.9% t, = 15.2 wmin.
.. 25 '

.-r..-
pf

Example 60
- 1- [4-Néthoxybenzoy1- D,L-(z chlorophenyl)glycinyl] -4-
(1-methylpiperidin-4-yl)piperazine Hydrochloride.
Prepared from 1- D, L-(2- chlorophenyl)gly01ny1] 4~~
30 (1—methy1piper1d1n-4 yl)piperazine and p-anisoyl chloride
using procedures substant:.ally equlvalent to those described
in Method I-B, using dichloromethane for aqueous dioxane and
TEA for K2C03, followed by Method I-D.
1H NMR



M.) and stirred overnight. The reaction mxture. was taken into

di chl oronet hane (25 nlL) washed with water (50 nL) and evaporated to
dryness. 20 The residue was treatedddith TFA (5 nL) for ﬂ 3§ excess
TFA evaporated in vacuo. Triethylamne (1 ni).was added ?;1 Maé E}gr ated in
“vacuo. This mixture was then divided.  into thréeé équal parts. One-part“vas
then treated with a mixture of 4 -chl orobenzoic' acid (156.5 ny, 1
mol ), . HOBt 25 (148.5 ng,. 1.1 nmol) and EDCI (131 ng, 1 nmol) in DWVF (3

m.) that had been stirred for 5 mn. The reaction m xture was stirred
over ni gi$-MSdi meectBniI iMsader and acetonitile, and applied directly for

-~ purifi y t i Y he title conmpound, (120 ng) :
30 1H—%%%h9%195f§$q§ & ’ﬁfﬁggrgkgﬁﬁ§ézggs§ ?bed in Exanple 53 the :

fol | owi ng cé’ﬁibeénd%r vier-d4pr Epabedl; M8 1}G4%y0200585®;rrpl e 54

1-[4-Chloro I | 'y | 1] 4 he th per azi ne
_ Trlfluoroacgggﬁgy 1Péﬁﬁéﬁy5& gkgi I‘ §f46%éﬁggnple 55 -
1- ( 45CHPECoBRAYFLs DiNstdod 3) yciogs ]t14—'=( d?c_Véhmayl met hyl ) - pi perazi ne
TrifI uoroacetate. 10 1H NVR M5 - MALDI TOP M+l 454 Exanpl e 56 ,
['I ndol e- 6- car bony! - D-phenngIyC|nyI]-4-[2-(thiazol-2-y|)- 15
ethyl]ﬁhpupéslﬁb Hydr och] ori de.

1- {4-Methoxybenzoyl-D- (2~ chlorophenyl)glycinyl] -4~ (1-methy1-
piperidin 4-yl)piperazine Hydrochloride. '

10 1- [4-Methobeenzoy1 -D,L-(2- chlorophenyl)glyclnyl] -4-
(1-methylpiperidin-4-yl)piperazine (8.20 g, 18.16 wmmol) was .
divided into 2 g lots and each lot was dissolved in a mixture .
of chloroform (1.0 mL), isopropanol (13 wmL) and heptane {26
mL) . These samples ﬁere then individually chromatographed

15 nsing 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%
isopropanol/65% heptane with 0.4% DMEA, 1.0 mL]min,.UV

20 detection at 260 nm) revealed two peaks, baseline resolved.
The fractions from the preparative 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 o
fractlons containing the later runnlng isomer were combined

..25_and concentrated to give 3.80 g of isomer 2. Biologlcal h

. evaluatlon of the two samples revealed isomer 1 to be over ten
times more potent than ;somer_z 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-Sil [32-63um particle size]l coluwns, eluting with a

| gradient of 0-6% 2N ammonia/methanol in dichloromethane) and
the product contalnlng fract1ons were combined and
concentrated. The residue was then redissolved in

dichloromethane and .to this stirring solution was added 1 M



Pr epar
trihyd

equi valent to Method I-C foll owed
135-142 C with deconp03|t|on 1HNMR (CD30D) . . APCI-NB me, .47

- (C26H2

ed from 1- (D phenyl gl ycinyl)-4-[2-(thiazol -2-yl)- ethyl]piperazine]
rochl ori de and i ndol e-6=carboxylic acid wusing nethods substantially

7N502S+1) . HPLC Aral'ysis (Method B): 98.8% tr = 14. 2 mn.

- 57 (No Exanple 57) Exanple 58a 1-[Indol e-6-carbonyl -

D- phen

yl glycinyl]-4-t2-(3-fluoropyridin- 30 4-yl)ethyl]piperazine.

Method |-D. 20 Mel tfmaf’gom =
25fB*aane'T

Pr epar ed

from 1- (D phenyl gl ycinyl)-4-[2-(3-fluoropyridin- 4-yl)ethyl]piperazine and
i ndol e-2Icambdipgthyl aethbmi4ng3 amk vet 133d vewobdt arffhealdnecdgiktateent to Met hod

oo uaines et (GEEIELs (RS 1y J1L6 2.9% (SHIRETtREZD): 1

. D- phenwW il hecicaompbund: [ 2- (3-f | uor opyr i d| n- 4-yl)ethyl]pi perazine -

FWdroc
(2-(3-

egui sl E3HMS,0 mlet BBE. 3 - M1995) .

Poi nt.
(C28H2

.10

15

20

f

Calcd: C, 57.68; H, 6.57; N, 10.35; Cl, 15 06;
Found: C, 57.42; H, 6.76; N, 10.06; Cl, 14.89.

Example 62
1-[Indole-6-carbonyl—'D,L-(2-chloropheny1)glycinyl]-4-
(1-methylpiperidin-4-yl)piperazine Dihydrochloride.
M§thod I-F -
_ To a stirring solution of D,L-(2-chlorophenyl)glycinyl] -
4-(1-methylpiperidin-4-yl)piperazine (0.458 g, 1.31 mmol) in
dithoromethane (5.mL) 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 vacuo and the residue was
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 ammonla/methanol) in
dichloromethane. The_product containing fractlons_were

combined and concentrated in vacuo.. The residue was then

chromatographed over silica gel, eluting with a gradient of 0~

5% (2 N amﬁonia/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

30

prepared using Method I-D to give 290 mg (39%) of the title
compound. .
1H NMR

IS-MS, m/e 494.2 (M+1)

10 May

Iﬁ&b@b Prepared from 1- (i ndol e-6-carbonyl - D-phenngIyC|nyI) 4- -
yridin-4-yl)ethyl]piperazine using a nmethod substantially

10 [a] 25D -98.8 (c 0.30, nethanol) Nbltlng

ekl SRS Uy 5 B, (G0 hec i e

486



15 Anal ysis for.C28H31N304.1.25 HC. 1 1.2 H2O Calcd: C, 60.84; H5.77;

N, 12.67; d;8.02; Found: C,61.14; H 5.86; N, 12.34; d,7.88. HPLC AnaIyS|s
(Method B): 98.2%tr = 13.2 mn. 2@5§xanple 59a 1- [Indoleﬂﬁmgﬁgompyl

D- phenyl gl ycinyl ] - 4-[2-(2- cyanopyri di n- 4- yI)ethyI]plpera2|ne Ntthod | =B, .. .
1- (D- Phenyi-gl.yci nyl) - .- 4- (2-( 2-'cyanopyfi di n- 4-yl et hyl') 25 ppera2|ne A
trihydrochloride (580 ng, 1.26 mmol)., indole-6- carboxylic acid (205 ny,
1.26 mml )., HOBt (171 ny, 1.26 nnDI),. and triethylamne (0.88 nL, 6.9
mmol ) were dissolved in DM (20 nL). To this solution, DCC (390 ny, 1. 89
ol ) veslydded foradgeBisNOylure2sHEL r@ds dz0:00m t enper at ure over ni ght

Et hyl-"30 ac te (100, a epta ( we ded and sol i.ds

renoved by ?gﬁtgatébn & Egl?eggsnﬁbrioyghgeéd&gnggf vacuum and residue
re- d|ssolvewbmmdtobueﬂel@ahyt acepat®, (2089,mCl, 19.43.and solids renoved by
filtrat filtr d, wt and brine, dried (Na2SQ4),
fllteréhﬁﬂ: aiyﬁ To‘ﬁ%ﬁ“%@gﬁ m@ﬁggnFFatgﬁlunder ®acuumto provi de crude
produgct (800 mg). The crude product was purified by chromat ogr aphy (Si 02,
1000. 13! ]?5%310 1 CH2C12: nethanol: concentrated amonium hydroxide) to
provid titled compound (443 ng, 71%. 5 1H NVR (CDC13). TLC = 0.3
(200: an;uxuadaexz erirbanyl - D4wznehmbfaphnhgnwglyadnyNI-delﬂnetﬂgl-Exanple 59b

10, R S0 RSB o B PR Sh b, 12 (2 cyanopyrici

1- [Indole-6-carbonyl-D, Li- (2-chloxophenyl)glycinyl] -4~ (1-

- 10 methylplperldln 4-y1)pipera21ne (18 8 mmol theoretical) was
divided into 0.5 g lots and each lot was dissolved in a
mixture of isopropanol (5 mb) and heptane (20 mL). These
samples were then individually chromatographed using
preparative chiral HPLC (Chiralcel OD, 8 x 34 cm, eluting w1th

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%
1sopropanol/7o% heptane with 0.2% DMEA, 1.0 wL/min, UV
‘detection at 260 nm) revealed two peaks, baseline réséivéd

20 The fractlons from the preparative HPLC runs containing the
peak with the shorter retentlon time were comblned and
concentrated in vacuo to give 2.8 g of isomer 1. The

' fractlons contalnlng the later runnlng isomer were combined
and concentrated to give 2.80 g of isomer 2. Blological
.25 évaluation of the two samples revealed isomer 1 to bé-about_

' 100 times- more potent than isomer 2; and, on that ba81s,
isomer 1 was tentatlvely a991gned ag 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 wh,

30 5.26 mmol). :The precipitate was filtered and dried in vacuo
to give 2%4'9 (48%) of the title compound. |
1H NMR | |
IS-MS, m/e 494.0 (M+1)



Prepared from. 1- (i ndoyl - 6-carbonyl - D- phenyl gl yci nyl ) - 4-

[ 2- (2-cyanopyridin-4-yl)ethyl] piperazine using nethods substantially
equi val ent to-those descri bed in Met2od 1-D, 15 (96U. [a] 2!5[Ma)920(§15 (c 0. 27,
met hanol ) Melting Point = 156-169 C IR'(ATR) . 1H NVR (CD30D).. .
“APCI -M5, - nie = 493 (C29H28N602+l) © ‘Anal ysi's” for ‘C28H31N304: 1. 1 HCl o
25 30 H2O Calcd: C, 63.44; H' 5.68; N, 15.31; d, 7.10; Found: C, 63.53;

H 5.68; N, 15.41; d, 6.88. HPLC Analvysis (thhod B): 98.9%tr = 15.2

m n. Exanple 60 . 1-(4-Methoxybenzoyl- D, L-(2-chl.orophenyl)glycinyl]-4-

( 1- met hxhplyeis dior CoyHY pReR CIzind HOUrochlHpl:de. Prepared from v
1-[D,L-(2-¢ or o henyL)al yci.nyl ( Dpiper i di px4-yl) pi perazi ne and

p- ani soyl #%rfge%pug%ngybﬁgbééagés&éu s?éhtf%ll%gegﬂlvalent to those

descri bed |Fbmmdh@ﬂ BOBST7 usH NG .@ilc hNor B2etdyafd . f &8.-3fJueous di oxane and

TEA for K2C03, followed by Method I-D. -1H NVR . 151 I S-M5, nie 485.3 (N%l) _
Anal ysis for C27H32N502Cl1-2.2 HCL. 2.0 H2O Calcd: C 53.14; H, 6.31;N,-11.48;
Cl , 1855fxaimplence4 C, 53. 04; H,5.86; N, 11.36; ,18.13. 5 HPLC Analysis‘ -

0 .
(thhOd A%In&gEL@ carbonyngrﬂ (quinolin- 8-y1)g1yciny1]-4-(1-methylv_
"~ piperidin-4-yl)piperazine Dihydrochlotide. '
Prepared from indole-6- carboxyllc acid and D, L-(quinolln-

8-yl)glycinyl] -4~ (1-methylpiperidin-4 -yl)piperazine using
10 procedures substantialiy equivaleﬁt to those described in
Method I-C followed by Method I-D. The final product was
purified by preparative RPHPLC (Vydac C18, 90% A through 65%
A; A=0.01% ag. HCl, B=acetonitrile).
1H NMR
15 IS-MS, wm/e 511.1 (M+1) _
" Bnalysis for C3gH3zgNgO2-1.9 HC1-3.0 H3O0:
| Calcd: C, 56.84; H, 6.66; N, 13.26; Cl, 10.63;
. Pound: C, 56.79; H, 6.81; N, 13.12; Cl, 10.62.
HPLC Analysis (Method A): 98.6% tpy = 17.84 min.
20 )
Example 65
1-[3-Chloroindoie- 6-carbonyl-D,L-(quinolin-8 -yl)glycinyl]f4—
(l-methyipiperidin- -yl)piperazine Hydrochloride.__
. Prepared from 3-chloroindole-6- -carboxylic acid and
- 25 I, L-(qyinolin— -yl)glycinyl]-4 (1-methylpiperidin-4 -yl)-
. pipera21ne using procedures substantlally equivalent to- those
described in Method I-C. followed by Method I-D.
1H NMR . '
IS-MS, m/e 545.0 (M+1)
30 Analysis for C3oH33NgOoCl-1.6 HCl-1.5 HyO:
Calcd: C, 57;15; H, 6.01; N, 13.33; Cl, 14.62;
Found: C, 56.86; H, 5.64; _N, 13.02; Cl1, 14.37.
HPLC Analys'is" (Method A): 100% ty = 25.08 min.



10 May 2006 Exanple 61 |-

(4- Met hoxybenzoyl - D- ( 2- chl orophenyl)gl ycinyl]-4- (1 nmet hyl -

pi peri di n-4-yl ) pi perazi ne Hydrochl d5bde. .10 1- [4-Met hoxydfiag2ebe D, L-
(2-chl orophenyl) glycinyl] -4- (1 met hyl pi peri di n-4-yl)piperazine (8.20 9, ..
18.16 nmml) was. divided into 2°'g lots and each I'ot was dissol vedina
m xture of chloroform (1.0 nm), isopropanol (13 m.) and hept ane (26 rrL)
These sanpl es were then individually chromatographed 15 using preparative
chiral HPLC (Chiralcel OD, 8 x 34 cm eluting with 35% i sopropanol / 65%
hept anepxamgle).64% DVEA for 21 mn at a flow rate of 350 nL/m n)

Anal yti t he ace [ r X 250 mm
el uti ngiv\hﬁﬂ&‘gﬂgn‘é‘gﬁ? opacr?g E/lﬁé%qg Lin%lé.ﬁhg ﬁf%\)i:‘g‘?"'ﬁoqm /Imn, W .
f20 dtet eciJ-I?m;@ﬂ_tpﬁﬁermﬁn-re?eab&ﬂetmmai&hyldaeehlwe:i.imoI veg Tﬂe ] :
racti-ons fromthe arat i u n peak with the

shorter ret értP8Ne fll %@KE %nd co%(?%ﬁﬁ%?%é ‘fn vacuo-to give 3.71
g (;L 533[}:&; (@in‘c?henf-sqﬂ)lglﬁ&laym aan(nguddwlbaperidim-mmwsoner ‘were
conbined, 25 and concentrat gical _
eval uat PLReTRZ M UPHRI %ﬁﬂe@g‘%vs% ?tsic?%%g %q'tdé e%ri/é\:ro ten gl Mes nore
pot €nt Hésdrilssimin Rethisd A a falllbesed by iMeiiod I-Dwas tentatively assigned
as the D-isomer. Isoner.1l was then chropatographed over silica gel

(Bi ot agéndygﬁ 12/ 25 System 25 30 nm KP-Si| [32-63um particle size]

col umszsemg} ime B2EDL a(Mwgdi ent of 0-6% 2N amoni a/ net hanol in

di chl oronet hane)_ and the_product fracti ons were conbi ned: and
concaft Pariypisrfor, ta1inaees 3¢ ﬁgf %fésg%%qged in dichloronmethane and-to

this stirringas@:utiossves; arjJdedsi; Mi 152 .Ba;Mey, 209662 ; ..
Found: C, 54.41; H, 6.25; N, 12.00;_01, 15.99.
HPLC Analysis (Method A): 99% tp = 23.06 min.

- 15 Example 67
1- [4-Methoxybenzoyl-D, L~ (2-trifluoromethylphenyl}glycinyl] -4-
_(iémethylpiperidin-4-y1)piperazine Hydrochloridé.
Prepared from using précedures substantially equivalent
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% tp = 20.18 min.

Example 68
.. 285 1 [4-Methoxybenzoyl ~-D-(2- trifluoromethylphenyl)glycinyl] -4-
. (1-methy1piperid1n- ~-yl)piperazine Dihydrochloride.
~ 1-[4-Methoxybenzoyl-D, L- (2- -trifluoromethylphenyl) -
glycinyl]-4-(1-methy1pipetidin-4-yl)piperaéine (6.14 g, 11.8
mmol) was divided into 0.5 g ldts and each lot was dissolved
30 in a mixture of isopropénol (20 mL) and heptane (30 wh).
These samples were then individually chromatographed uéing
preparative chiral HPLC (Chiralpak AD, 8 x 40 cm, eluting with
| 45% isopropanol/55% heptane with 0.2% DMEA for 18 min at a
flow rate of 450 mL/min). Analytical HPLC of the racemic



~HA in diethyl ether (4.33 nL, 4.33 mmvol). The precipitate.. was filtered

and dried in vacuo to give 2.3 g (496) of the title conpound. in NVR 5

|S-M5, nmle 485.3 (M+1l) Analysis fort5626H33N403C1. 1. 3 HC1. Q R¥Q%RN Calcd .C,

57.68; H 6.57; N 10.35 d, 15.06; Found: C 57. 42 H, 8 10 06;

~Cl, 14.89. .10 Rxample.62 1- [Indole 6- car bonyl -

D,L-(2-ch|oropheny|)egC|nyII-4- (1- nethylplperldln 4- yI)plperaZ|ne

Di hydrochl.ori de. thhod X-F To a stirring solution of D,

- L-(2- chlorophenyl inyl]- 15 4-(1-nethyl piperidin-4-yl)piperazine (0.458
g, 1.3mipgire i(Gh i\;lpﬁl@rpé}mﬁhéne 250 7, SAYLERE ¥D tM33/%/vas added i ndol e- 6-

car boxyj d 4 )23 BMEaSOhULI pfl/ies, qaeled to 0 C and
DEPC (0 %ﬁ&mci%%%&? a}lv‘\a/agua dléd2 After 24 h, /the sol ution was

concentdettesttion @bce0 amd mevepdeddino \meskz Bassbinedresplsmbacet i c

aci d/ Oﬁﬂﬁﬁj t e Sy shed with
nmet hawwjgcegen t ctg%p l’fn was e{%?vﬂutgﬁ (5:8{‘?/3): 2 l\lli@;%"r%ﬁl a/ met hanol )
in & qdakr erishhthe. siveteyr aetentionttimg werer gembbpedwand® conbi ned and
concentécﬁceeg, l‘QFﬁ&Cﬂ? vadfy t%SbgUS %\?? %@;mgﬁeg#iormhggr aphed over silica

gel ng w agra I ent oOf nmoni a/ met hanol ) '
di chl orforasttiions. cmmmlnmé:hepilguectnvmrm‘ riﬂﬁgetru€¥$d¢mbﬂmed conbi ned and

concent;ﬁecq) u3| ng&?/bécﬂo(%%eao 69909f1 SIWQI 8%?“’% cahhe HCL salt was

t hen prepare to give 2 Fe title 30
conpouneialublivRof IS twy @anPled temadled 1somer 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 g)
was then redissolved in dichloromethane and to this stirring
solution was added 1 M HCl in diethyl ether (10.4 mL, 10.4
mmol) . The precipitate was filtered and dried in vacub_ to

15 give 2.8 g (75%) of the title compound. .
1H NMR
1S-MS, m/e 520.1 (M+1)

Analysis for Cy7H33N403F+2.1 HCl-1.4 HO:
caled: C, 52.43; H, 6.14; N, 9.06; Cl, 12.04;
20 - Pound: C, 52.06; H, 6.03; N, 9.41; C1, 11.91.

Example 69
1-[Indole-6- carbényl— D,L- (2  trifluoromethylphenyl) glycinyi] -
_4 (l-methylp:.peridin 4-yl) piperazine Hydrochloride.

25 « Prepared from 1-(D,L-(2- trlfluoromethylphenyl)glyc:.nyl] -
4- (1-methy1p1per1d1n-4 yl)p:.peranne and 6-carboxyindole us:.ng
procedures substantlally equivalent to those described in
Method I-C followed by I-D.
1H NMR

30 IS-MS, m/e 528.0 (M+l1)
Analysis for c28332N562F3-1.9 HCl-2.S5 Hp0:
Calcd: C 52 39; H, 6.10; N, 10.91; Cl, 10.50;
Found: C, 52 12 H, 5.61; N, 10.71; él, 10.63.
HPLC Analysis (Method A): 97% ty = 21.10 win.



- 153 Analysis for C26H33N403C1-2.2 HC1.0.5 H20: Calcd: C, 54.38; H, 6.35; N,
9.76; d, 19.76; Found: O 54.08; H 6.12; N, 9.59; d, 19.44. HPLC

Anal ysis (Method A): 100%tr = 21.586hin. 10 May 2006 Exawmy%oe

- 1-[indol e-6-car bonyl - D- (2-chl or opheny7) gl yci nyl ] -4- (1 - et hyl -
““pi‘peridin-4-yl)pi perazi ne D hydrochl ori de. : . '

1-[ I ndol e- 6- car bonyl - D, L- (2- chl or ophenyl ) gl yci nyl]-4-(1- 10

met hyl pi peri di n-4-yl)pi perazine (18.8 mml theoretical) was divided into
0.5 g lots and each | ot was dissolved in-a mxture of isopropanol (5 m)
and heptane (20 W These sanples were then individually chromatographed
usi ng-"dgpre arative chiral HPLC (Chiralcel OD, 8 x 34 cm eluting with 15
30% i so* 3n39/70%heptane with 0.2% DMVEA for 14 min at a flaow rate of .

370 nl/1d pa)-MebRakybérpdby 1HPIC lclbpen P cdnyl] x4 U E-&thyXd cel OD, 4.6x
250 mm. eluting with 30% isopropanql/ 70% tane with 0.2% DMVEA, 1.0 '
L/ mi n,PwriﬂéPééfYHP’aRem‘%TPgﬁg&é%?lg'@’i%’peaks, basel i ne resol ved: 20
The fgactions fromthe preparatingHdd €-guns containing.the peak with the
shorter retention ting were conbi ned and , cancentr tgﬁ in vacuo to-give 2.8

g of isoner Te aTRELTF1AG (§RNEICHNPL; HPRY (Gidd3Bafer 2 i drer were

- conbi ngsENG e@NCRak’ 2d@sd toeaifoes84 89, @ @5 mmeAPL 2To Bilpi®gi cal 25 -
eval uati-on of the twy_sanples reveal ed i'sorger éto pbe about 100 tines-nore
pot ent AHaFicRokep 3dded fy sYNtinG o RTEEIPYHRBEOIC RS efft-40%vel y
assi gnegl 356N amb1) SQHBI 1 - {BURLopent PlFHy@ingas -then-r edi ssol ved in
di chl oronethane, and to this, stirring solution was added 1. M HCl in -
di etHy|metydpipsrading¢ g Bieeragipe) (014 shedi ot WP hak? M ded and
dried igyvacW@ter stirring overnight, the solution was filtered; and
the filtrate was loaded onto an SCX column (pretreated with S%
acetic acid/methanol and washed with methanol). The column
was washed with methanol and then the product was eluted_wi;h
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+l)) 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 compound. '
1H NMR |
IS-MS, m/e 443.4 (M+1)
Analysis for CpgH3gN403-2.1 HCl-2.0 HRO: _
. Calcd: C, 54.08; H, 8.01; N, 10.09; Cl, 13.41;
.25 Found: C, 54.35; H, 7.76; N, 10.06; Cl, 13.64.

S
HPLC Analysis (Method A): 99.4% try = 17.84 min.

Example 71 .
1- [Indole-6-carbonyl— D-cyclopentylglycinyl] -4-(1l-methyl-
- 30 piperidin-4-yl)piperazine Dihydtochloride.' _
Prepared from indole-6-carboxylic acid and 1- {D-cyclo-
- pentylglycinyll -4- (1-wethylpiperidin-4-yl)piperazine using
procedures subétantially equivalent to those used in Method I-
G, using HOBt in place of HOAt and EDCI for DCC, and Method I-



to give 2,4 g (48% of the title conmpound. 1H NVR IS M5., me 494.0 (M+l)
154 Anal ysis for C27H32N502Cl1.2.1 HCLl.0.7 H2O Calcd: C, 59.31; H 6.36; N,
12.81; d, 13.62; Found: C, 59.57;198 6.41;'N, -12. 42; Cj1okéw%%061o May
. 2006 5 Exanple 64 _
=L irndot e-'6- car bonyl - D, L- (qui nol i n-8-yl) gl yci nyl]-4-(1- et hyl

pi peridi n-4-yl) pi perazi ne Di hydrochl oti de. Prepared.from
i ndol e- 6-carboxylic acid and D, L-(quinolin-
8-yl)glycinyl]-4-(1-nethyl pi peridin-4-yl)piperazine using 10 procedures
substanplally equi val ent to those described in Mthod |I-C followed by
Met hod he. final product was purified by preparative RPHPLC (Vydac
C18, 90 oA through 65% A, A=0.01% aqg. HCl, B=acetonitrile). IHNW 15 -
| S- VS, ESeMSl1lm/e (48=2LB AMalysis for C30H34N602.1.9 HC.3.0 H2O Cal cd: C,

et @aafvfiﬁé%i%pgt‘?m% 28 bt =07 B e 5 xampre 68

1-[ 3- ghi orom:a[bd:dah 6{1‘.atslsom§lb D, L7 (sp}i w0l im:B8 y1Q1gl wai. byl - 4-

(i-methylpip @zupeﬁryﬂroggl r|q§' Pregared from
L=

| 3 chlor0|ndo Lai’Rol i n- 8-yl ) gfy0|nyl]
“(1- HEL@yAqmm'majl(Me&hpa)A) plqmmzltge_mrrgs mmedures subst antially
_ eqU|vaIent to those _ .

Example 72
10 1-[4-Methoxybenzoyl- b-cyélohexyigiycinyll-4-(1-methY1-
piperidin-4-y1)piperaiine Dihydrochloride. '
Prepared from 4-methoxybenzoic acid and 1-[D-cyclohexyl-
glycinyl]-4;(1~methy1piperi&in-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 CagHsoNgO3-2.0 HC1-0.6 HyO:
Calcd: C, 57.79; H, 8.06; N, 10.37; Cl, 13.12;
20 Found: C, 57.54; H, 8.02; N, 10.19; -C1, 13.22,
HPLC Analysis (Method A): 100% t, = 19.35 min.

Example 75 .
1- [Indole-6- carbonyl-'D-eyclehexy1§1y01ny1] -4~ (1-methyl-

.25 piperidin-4 yl)plperazine Dihydrochloride. _
: Prepared from indole-6- ~carboxylic acid and 1- [D-cyclo--
hexylglyc1nyl] -4~ (1-methy1p1perid1n -4-yl)piperazine using

procedures substantlally equivalent to those in Method 1I-G,
substltutlng HOAt for HOBt and EDCI for DCC, and Method I-D.

.30 1H NMR | |
IS-MS, m/e 466.3 (M+1)



" described in Method 1-C followed by Method I-D. 1H NVR IS-M5, me 545.0
(Mt1) 30 Analysis for C30H33N602Cl.1.6 HCI.1;5 H20: Calcd: C, 57.15; H,
6.01;' N, 13.33; O, 14.62; Found: 182 56.86; H 5.64; N, {gw.z005 14.37.
HPLC Anal ysis (Method A): 100%tr = 25.08 m n. 155 10 May 2006 Exanple 66
=~ 1= 3=Methylindol e-6- carbonyl - D, L- (qui nol i n-8-yl)glycinyl]-4-
(1-nethy|piperrdin-4-y|)piperazine Tri hydrochl ori de. Prepared from

3- et hyl i ndol e- 6-carboxylic acid and 5 D, L-(quinolin-8-yl)glycinyll
-4- (1-nmet hyl pi peridin-4-yl)- piperazine using procedures substantially

C1S-M5y me 525.1 (M

equi val g9 st hgﬁec d036d. L nudkihad o€ fol | owed by Method I-D. 1H NWR
ﬁ 10 Anal¥3|s f or g?éHS ?@0 § ggkﬂl 2.6 H20: Cal cd:

C, 54.68: HCaé«°§4 CN, 5§ P84 H, 7 -84 5 B 12-Pdy 41: H, 6.25 N, |

12.00; 4, Fudld: cHRE j‘gl-alyysrysd}\/mhach)l 232% 121:7& 23.06 min. ..15

Exampl e 67 i- [4- thhox benzoyl tr|fIuoronethylphenyl)gly0|nyI]
-4- . (1HRES ARV EEPi ‘ﬁ‘f’ﬂ}'/ﬁ‘l@ Wy p?ﬁe?ﬁzélhe A’dP8cRiBri de. Prepared from using

procqgures substantially equivalent to those described in Method I-C
followed by I-D. 20 1H NVR IS-M5, nme 519.0 (M+1l) HPLC Anal ysis (Nhthod A)
98% tr Exax@leg 74Rn. Exanpl e 68 '

1- [Indole-6-carbonyl~ D -phenylglycinyr]-4f(2-phenethy1)--
piperazine. -
Prepared'from 1-(D-phenylglycinyl)—4—(2~phenéthy1)-

10 piperazine and indole-sécarbbxylié acid using methods
substantially equivalent to those described in Method I-C
(62%).
lg NMR (CDCl3) .

APCI-MS, m/e = 467 (M+l).

15
Example 74b
1- {Indole-6-carbonyl— D -pheqylglycinyl]-4-(Zéphénéthy1)-
piperazine Hydrochloride.

Prepared from 1-(indole-6- carbonyl - D—phenylglycinyl) -4-

20 (2-phenethyl)piperazine using methods.substantlally.equlvalgnt

" to those described in Method I-D (96%) .

[0125p = -96.8 °C (c 0.25, methanol) .

Melting Point = 210-215 °C (dec.)

1H NMR (CD30D). | o

25 HPLC Analysis (Meth'od'B)-- '98.6% ér = 16.5 min.

Analysis for 029H30N402 1.0 HC1:0.5 H20
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~ [4-Methoxybenzoyl- D, L-thiaxol-z-ylglycinyll-4-(1—mgthy1e
piperidin-4-yl)piperazine.

Prepared from 1-{D,L- (thlazol 2-y1)g1yc1nyl] 4 (1-methyl—



25 1:- (4-Methoxybenzoyl-D- (2-trifluoronethyl phenyl).glycinyl] -4-
(1- met hyl pi peri di n-4-yl) pi perazi ne Di hydrochl ori de.
1-[4- Met hoxybenzoyl - D, L- (2-tri fl uoriéfet hyl phenyl) 0May2006 '
gl ycinyl]-4-(1-nethyl pi peridin-.4-yl)piperazine (6.14 g, 11.8" mml) was
i VTEET TRt 9T 0.5 g 'Ot'S7ENRd "éach 1 ot was dissolved 30 in a mixture. of
i sopropanol (20 nL) and heptane (30 M.). These sanples were then
i ndi vi dual | y 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
- M n at gipddidinrat el Phighd Zinent fhydaiilordde ikl Groffsdyle racem c 156 10
'I\/ay 200§ i xture (Chiral AD, 4.6 X ting with 45%
i sopro Tige afﬁ%t}%a‘i(ﬁ -6+ Zi“ﬁ}ﬁ&uif“gnmﬁn# - W detection at. 260
nm - rewaahﬁﬁm@metngakﬁxnéxxﬁﬁ pBEa555uﬁ\uaiboﬁhEefam@téuhntikmm&nghe
preparagj PLC dtcongﬁem ng the 5 peak with the shorter retention
time &AtFated in vacu6 to give 2.9 g of isoner 1.
The grmimqms cont ai ni ng the | at er runni ng-i sonmer were conbi ned and
concent r at eg‘{{t gl veméfl g of isoner 2. Biological evaluation of the two
sanpl ePMR, &% §5P s+l to be over 100 .10 tinmes nore potent than isomer
2; and, on that basis, isoner.]. was tent~at|vely assigned as the D-isoner.

I somer (2..7 g was then redissolved in dichloronmethane and to this
Stll‘l‘lf‘@‘%%tGBH was added 1 MHCL in diethyl ether (10.4 ni$ 10.4

ol ) . hpt Mt BioRybah LoyRD , f1i- (beh 26 [Finthidiphed - B Ry VEs1yae ingr1154gi ve 2.8 g
(75%& the title conpound. eiHNI\/R J(E‘S-MS me 520.1 (M+l) Analysis for _
NFoRethyipiperidinibyllpipegazite sy 43: H 6.14; N, 9.06; O, 12.04;

Prepared from 1- [D,L (benzo[b]thlophen_3-y1)gly01ny1]—45
(1-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)

BExample 76b
20 1- [4-Methoxybenzoyl— D,L-benzothiophene-3-ylglycinyl]-4-
: (1-methylpiperidin—4-yi)piperazine Dihydrochloride.

Prepared from 1-[4-methoxybgnzoy1-D,L-(benzo[b]thiqphen-
3—yl)giYCiny1]—4-(1-methy1piperidin-4-yl)piperazine'éhd 0.2 N
HC1l, followed by lyophilization. |

.25 LCMS w/z 507.4

'Example 77a .
1- [4-Methoxybenzoyl— D, L-naphthalene-1-ylglyciny1] -4
(l-methylpiperidin- ~-yl)piperagine. .
30 Prepared from 1-(D,L- (naphthalen- 1-y1)glyc1ny1] -4-
(1-methylpiperidin-4-yl)piperazine trihydrochloride and
. .anisoyl chloride using wmethod G-A, substituting triethylamine
..for'potassium carbonate and substituting dichloromethane for

dioxane.



20 Found: C, 52.06; H, 6.03; N, 9.41; d, 11:91. Exanple 69 1-

I | adol e-6-carbonyl-- D, L- (2-trifl uororret hyl phenyl) gl ycinyl] - ___

4- (1- et hyl pi peri di n-4-yl ) pi perazi nét Hydrochl oride. 25 Prqa@Magdzobsom

1- (D, L-(2-trif’' |l uoronethyl phenyl)glycinyll

A=t hykpispelidi-n4=§1) pi pérazi‘'ne and 6-car boxyi ndol e usi ng procedures
substantially equivalent to those described in Mthod I-C followed by I-D..
IH NVR 30 I S-M5, nfe 528.0 (Mtl) Analysis for C28H32N502F3 1.9 HC1-2.5 H2CO
Calcd: C, 52.39; H, 6.10; N, 10.91; d, 10.50. Found: C, 52.12; H, 5.61;

. N, 10. ii-N8R, 10.63. HPLC Anal ysis (NEt hod A) 97%tr = 21.10 mn. 157 10

%'Nhy 2006 Ie 70 ol 4 t hoxybenzoyl -

- D-cycl (ﬁ?eﬁ?y{{z yC|1hyI I(LI - et hyl - pi peri di n-4-yl) pi perazi ne

Dhydrochlorlde S Method |-G To a stirring solution of HOBt (O. 388 g, 2.87
nmol ) DyF;; nm) was added DCC (0.684-g, 2.65 mml). To this solution

was adm $o i on of p-nethoxybenzoic acid (0.404 g, 2.65 muvl) and

1- (Dsp)ac-l[apmthbqkmmyﬂ]—n;(a-lnéﬁhutetlbpbpﬂ-prlglanwl,ﬂl')4p1 perazine (0.663 g,
2.21 mml rr t he sol uti on-was
fil tere@' %ﬁgy%&fﬂjﬁn& glt\\%%p 3 92?88%‘2&2% c%? um (pretréated with
5% —aceti.c pgepared Evoal 1add, naemmphuhalhnﬁethhhgﬂvclnYki1ﬁﬁ unn was washed
wi th et hano oduct ted t 5 / met hanol
fol | oneld HFE h?’@ﬂf%‘?%erfﬁt“ng é’Rs Se %‘hacgn%\é\ﬁlln]?%% fé%ltlélt | ons re
conbi nedyoprd1eeaesais ated in vacuo . |

10 1H-NMR

LCMS m/z 501.4 (M+1)

Example 78 ;
1- [Indole-6-carbonyl— D,L-naphthalene-1-ylglycinyl] -4-

15 (1l-methylpiperidin-4-yl)piperazine.
* Prepared from 1-[D,L- (naphthalen-1-yl)glycinyl] -4~
(l.methylplperldln 4-y1)p1pera21ne trihydrochloride and
6- carboxylndole using method I-C, substitutuing EDCI for pCe
and substituting N,N-diisopropylamine for triethylamine.

20 IS-MS wm/e 510.0 {M+1)

Example 79
1-[4-Methoxfbenzoy1 -D,L- (2-methylsu1fony1pheny1)glycinyl] 4—
(1-methylpiperidin- -yl)piperazine Hydrochloride.

;25 ' Prepared from 1-({D,L-(2- methylsulfonylphenyl)gly01ny1] -4 -

' (1-methy1piper1d1n -4-yl)piperazine and anisoyl chloride using
Method I-B, substituting triethylamine for potassium carbonate
and.substituting dichloroﬁethane for dioxape. The HCl salt
was prepared by Method I-D, substituting ethyl acetate for

30 dichloromethane. -
1H-NMR

~ IS-MS, m/e 529. (M+1)



to give 0.687 g, (70% 1H NVR, |IS-M5, nmle 443.4 (Mrl)) of the free base of
the title conpound. The HCl salt was prepared using Method I-D to give

737 ng (95% . of the title conmpoundi62H NVR | S-M5, nie 44% 1“%;%&#& AnaIyS|s
for C25H38N403 2.1 HC1.2.0 H2C7 Calcd: C, 54.08; H 8.01; R

#1304t 25 Fqund: - CF ‘54 355 HTIT6; N 10.°06; A, 138,64, HPLC Analy5|s
”(thhod A) 99.4%tr = 17.84 min. Exanple 71 1- [Indole 6- carbonyl

D-cycl opentyl gl yci nyl]-4-(1-methyl --30 piperidin-4-yl)piperazi ne

Di hydrochi oride. Prepared from i ndol e-6-carboxylic acid and 1-[ D-cycl o-
‘pent yl gEyample |8Q- (1- net hyl pi peri di n-4-yl) pi perazine . u5|ng “procedures

~substanti_qakl t 0p _using HOBt in place
of HOAt &a?é Ko Bt %]o:r!kl 1~ d’b 1u§gﬂ g’éﬂ%tl%(liﬁ&ﬁ \R'TS M5, me 452.3
(MH1") Aﬂawa-mapsmpPr@zme Dilydypohlogidg.: C, 55 18; H, 7.82;

N, 12.38; dq zolc - 481i3°(7 1.79. HPLC
Anal ysis ( Met hf)%%l reﬁo%futﬁn %? éﬁ%eﬁ’m&b% o Jé%o‘g fsx gé 72 10 -

1-[ 4- ﬁbﬁh@ﬂ?ﬂéﬁzo}l[DDLCyéh%ﬁﬁﬁéﬂsgwybglw¢ﬂnwﬂ3tffﬁétNpledln 4-Y1)-
2P g RS REsB R ORer 4 sisened b s T e
usi ny in DMF (40 uL) was added EDCI (1. 05 g@. .5 mmol). The mixture

was stirred at room temperature-for 20 h, and the solvent

removed in vacuo. The residues 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

chloroformgisopropyl_alcohol (2:1), washed with satd sodium

bicarbonate, dried (MgsO4) and concentrated inn?acﬁo. The

free base thus obtained was’diséolved in methanol and treated

with 2 equivalents of HCl in.ether.and evaporated to drymess.
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-Methoxybenzoy1— D, L (2-methy1thiazol 4-y1)g1yciny1] -4- [2-_
(pyxridin- 4-y1)ethy1]piperazine Dihydrochloride.
Prepared from 1-(D,L-(2-methylthiazol-4-yl)glycinyl]-4-
[2- (pyridin-4-yl)ethyl]piperazine and 4-methoxybenzoic acid
30. using methods substantially equivalent to those described. in
Example 80. ' '
LCMS M+l 480



procedures substantially .equivalent to those in Method |-G and 15 Met hod
|-D. IHNWR IS-M5 me 457.4 (Mtl) Analysis for C26H40N403. 2.0 HC1 0.6 H2O

Calcd: C, 57.79; H 8.06; N 10.37;163, 13.12; 20 Found: 16M a‘,}? H,
8.02; ‘N, 10.19;-C1, 13, 22. HPLC AnaIyS|s (thhod A 100 tr = 19 35 mna
f”E%aﬁpie 73 1- [Indole 6- carbonyl “D-cyél ohexylglycinyl |- 4-(I-met Ayt~ |25

“+ piiperidi n-4-yl)piperazine D |.ydrochloride. Prepared from

- indol e- 6- carboxyllc acid and 1-[D-cyclo

- hexyl gl.ycin I] (1 net hyl pi peri di n-4-yl)pi perazine using procedures
.Subst a U|valent to those in Method |-G substltutlng HOAt for

- "HOBt “and. @Dl theky b imoyand pVat (9 thalirdthi 391-14'1-*1\1?1 11V-466.3 (M)
22159 -Anal SIS for C27H38N502. 2. k]QHCI 2t ﬁZO &%lNE ]gg_ H 7.86; N,
1p711: l@- (pypidbn-4 el )athyd] piperaging Dihydroghlomider: O, 12,.76. HPLC -

*Anal ySigy pMpbROSr db 1 bt . z-gn@i&ﬁmaawm@e 200§ -Exqgpl e 74a
:.1- (1 ndol e-6-carbonyl - D-p enngIyC|nyT'] (2 phenethyl) pi perazi ne. .
T Prep&r dPYRASANT4 1Y il piperagine andapmetherhenzolig pepdrugime and

“dooort y it i to those
__descr.Egﬁﬁ?ﬁghéﬁﬁﬁﬁ?fﬁidil?sg@gf*giéﬂ?*io EibsL LA U HRhPle!

LCMS M+l 481
R _
10 .
The following compouﬁds are prepared using similar
procedures to those described above and the appropriate

starting materials:

15 i-[Indole-G-carbonyl— b-phenylglycinyl]-4-[2-(2-aminothiazol-”
4-y1)ethyl]piperazine. (For example by coupling indole~
6-carboxylic acid with Intermediate A-10, followed by

deprotection of the amino group.)

20 1l-[Indole-6-carbonyl-D-phenylglycinyl]-4- [2 (2-methy1pyridin-
4-yl) ethyllpiperazine.

1- [Indole-6-carbonyl- -D-phenylglycinyl] -4- [2-(2- trifluoro-
methylpyridin 6-y1)ethy1]piperazine.
-1
' 1 [Indole 6-carbonyl-D- (2-chlorophenyl)glycinyl] 4--
[2- (pyridin-4 -yl)ethyl]piperazine.

1-[Indole-G-carbonyl-D-(2-ch16ropheny1)glycinyl]-4-
- 30 [2-(pyridazin-3-yl)ethyllpiperazine.

' - 1-[Indole-6-carbonyl-D-(2- chlorophenyl)glycinyl] -4-
[2- (imidazol- 1-yl)ethyl] piperazine .



1H NVMR (CDC13). APCI-MS, mle = 467 (Mrl). 15 Exanple 74b

1- 11ndol e- 6- car bonyl - D-phenngIyC|§¥I] 4- (2- phenet hyl ) - pi perazine :

Hydrochl ori de. Prepared from 1-(ind 6- car bonyl - D-pheny*&#&gbﬁﬁ§) 4- 20

(2- phenet hyl ) pi perazi ne using nethods substantially _q; L e. .

-.described in Nethod 1-D (96% ). [a]25D =<96.8 OC"(c"0: 2% % D A

- Melting Point = 210-215 OC (dec.) ],H NVR (CD30D) . 25 H LC.. Ana1y3|s
(Method B).,:: 98.6%tr 16..5 mn. Analysis for C29H30N402. 1.0 HC10.5 H20:
.Calcd: C, 68.02; H 6.30; N. 10.94; 4, 6.92 Found: C, 68.21; H 6.32; N,

- 10. 78; l:i[Iﬁdd'Ba Géclé@rbbﬁylPDe(z;cmar()MyB@lﬁﬂanvu =F5 o

“hi-[ 4+ h y z0ol - | ycinyl]-4-.(1-methyl -

pi peri min EM’?'?%%%er‘laX?%%tﬁg]a - ’az IF'(%m

1-[ D, L- (thlazol 2- yI)egC|nyI] 4-(1-nmethyl 4 160 10 Nhy 2006

l pi-peri di Riheraz och Xl nd an oyl ‘chloride u5|ng
- met hod ?‘ éé“ %st | tl?trl ng ﬁl llr{l-{n"‘h | 55" ﬂd'lé %n Z -¥or ‘potassium -
'carboaaﬁa_&pukaznlﬁﬂ:yﬂmbthgllpﬁpﬂﬁhelneethane for di oxane..- 5 1H NWR

1- [4-Methoxybenzoy1-n L-{(quinolin- B-yi)glycinyll -4- (1-methy1-
piperidin 4~y1)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
26
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) . Pur‘.l.f:l.ed human '
factor Xa, trypsin, thrombln and plasmln were purchased from
.. 25 AleXIB Corporatlon, thtlngham UK. Urokinase was purchased
. from Calblochem, thtlngham, UK. Chromogenic substrates for - .- f
these enzymes; pefachrome-FXA, pefachromerTRY, pefachrome-TH;-
pefachrome-PL and.pefachrbme-UK were purchased from Pentapharm
AG; Basel, Switzerland. Product (p-nitroaniline) waé
30 quantified by adsorption at 405nm in 96 well microplates using
a Dynatech MRS000 feader (Dynex Ltd, Billingshurst, UK).
and Ki were calculated using SAS PROC'NLIN.(SAS Institute,
Cary, NC, USA, Release 6.11) Ky values were determined as
100.9uM for factor Xa/pefachrome-FXA and 8l.6pM for |



LCMB -l z 458. 4 (N%Y) Exanpl e 76a

1-[ 4- Met hoxybenzoyl - D, L- (benzo[b]thlophen 3-ylglycinyl]- 4 10.

(1- nmet hyl pi peri di n-4- yI)plpera2|ne 6Pr epared from 1- (D, 29@@9 [ b]
thi ophen-3-yl) glycinyl] -4- (1-nethylpiperidin-4- yI)plpera2| s
. trihydrochl orideand ani soyl chloride Usi ng method G'A, substitufing - "
triethylam ne for potassium carbonate and substituting di chl oronet hane for
15 di oxane. 1H-NVR LCM5 mlz 507.4 (‘M+l) Exanple 76b 20
1-[4-thhoxybenzoy| D, L- benzot hi ophene- 3-yl gl ycinyl]-4-

(1-met gléhgggféby@pﬁzO%fx?,h‘%@é%eﬁhwm&%ns%@pér ed from

1-[4-pe i ophen-

3-yl )9'@&9&!&}1 At(hemtinllmzseraﬂdrbe@tyeld) ptpeomm,ntso&ndaﬂdzw HC1,
foll owed by |yophiljzation. .

1- [ 4- MAARSFPEIN 26y KL Wiswrfaﬁpﬁmm %ﬁm@ ‘hig,|‘j°“¥3r18°n with

(1- met hyl Riad@ekdbR- ¥nodn PiELAELRS . of FAackoepRa eshd aypsin. :
1-[ D, L- (napht hal en-1-yl gl yci nyl ] -4 (1-methyl pi peri di-n-4- yI)plpera2|ne
trlhﬁhrochlorlde and anisoyl chloride using nmethod G A, substituting

tri et hyamgreentat WDERIRIBIDshaAbaNEL e bandanidibié tilﬁti:.m:gtdﬂcf&ardﬂ‘ret hane for

di oxane. 161 1H-NVR | S-
“Xa, trypsin, thrombl\a/'.sn,mp%agol 0 (JVH- %gag/gym. 0 ég o7f 7b

155uM, 21pM, 330nM, 200nM and 100nM respectlvely,_NARAP
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 commercial sourceé. 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;aibfcrd_]. The
apparent Kass values were obtained using automated (BioMek-
1000) dilutions of inhibitors (Kass'determinatidns are

;325 phrformed in trlpllcate at each of four-eight 1nh1bitor

" concentrations) into 96-well plates and chromogenic substrate
hydrolysis rates determined at 405 nm using a Thermomax plate )
reader from Molecular Dévices (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 pl inhibitor test solution (in MeOH);

25l huhan factor Xa (32 nM in 0.03 M tris,-ofls M NaCl, 1
mg/ml HSA); finally, 150 pl BzIleGluGlyArgpNA (0.3 wM in water)

added within 2 min to start hydrolysis. Final factor Xa was



5 1-[4- Met hoxybenzoyl - D, L- napht hal ene- 1-yl gl yci nyl ] - 4-

(1- met hyl pi peridi n-4-yl) pi perazi ne Di hydrochl oride. Prepared from
1-[ D, L- (napht hal en-1 -yl ) gl yci nyl ] - 4661- net hyl pi peri di n- 4- %%%?928 [
0.2N HC1, followed by Iyophilization. 10 1H-IM LCM5 nmz )
Exanpl e 78 - 1-[Indol e-6-carbonyl - ‘D, L-napht hal ene- 1- ngIyC|nyr] 4 E
(1- met hyl pi peridi n-4-yl) pi perazi ne. Prepared from

1-[ D, L- (napht hal en-1-yl ) gl yci nyl]-4- (1-nethyl pi peridin-4-yl)pi perazi ne
trihydrochloride and 6-carboxyindole using nethod |I-C, substi.tutuing

EDCl, ory XChm. anﬁréé’b?él._:]xlgﬂdqﬂohhy' fhkd 15 QRIreP Nk BERENdDEroh Rifighani.ne:: 20
IS—NB—nie 510.0

1-[ 4- mmyénzeyveﬁ) <Ln (tzhenﬂaﬁwelﬁl%ﬁw pEengf) PSR P-4- .

(1-met *Bd LRS! ghp- § %knéoﬁhféii&fahlh%h' g8d %@ﬁr&@amdsf rom’

1-[D, L- ( met hyl sul ony ienyl ) glycinyl]-4-

(1- met lnplsudated fon-saghiinkibifer eerrentrabirncMrish dE'OG!z}Fﬁ@ Mot hod 1=B,
substd t a ogat stgt tlng -

i oo e O e et hod |-

subst i tnM ifiagterhih) aceprarent asg0 dfcfﬁ-&r]drfgfﬁéﬁép = 1H NVR | S- MS, m e 529-

(Mr1) 1 a0 -
1-[ 4. Nbﬁﬁgiqb n¥£y|9§{) ?ﬁtlazoﬁren§ Kass'ﬁalues gso obtained arg
(2- (pyranbnw@mﬁt)eévhlyh? pirp@rr@s. RE tp y%lg (%w ¥1Pd§espect1ve :

‘inhibitors [1/appKass = app Kil. The variability of mean

10 apparent Kags values determined at the single substrate - -
concentration was +/- 15%. - The assay system Km was measured

as 0.347 +/- 0.031 mM [n=4]; and Vmax was 13.11 +/- 0.76

HM/min.

15 Kass values were determined with throwbin and other proteases
using 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; XITa
10 nM with 0.2 mM HDProPheArgpNA; plasmin 3.4 nM with 0.5 mM

20 HDValLeuLyspNA; nt-PA 1.2 nM with 0.8 mM HDIleProArgpNA; and
urckinase 0.4 nM with 0.4 mM pyroGluGlyAxgpNA; aPC 3 nM witp
0.174 mM pyroGluProRArgpNA; plasma kallikrein 1.9 nM with D-
ProPheArgpNA; bovine trypsin 1.4 nM with 0.18 wM
BzPheValArgpNA.

" 25 Lo

Citations’

(a) Sall DJ, JA Bastian, SL Briggs, JA Buben, NY
Chirgadze, DK Clawson, ML Denny, DD Giera, DS Gifford--
30 Moore,  RW Hafper, KL, Hauser, VJ Klimkowski, TJ Kohn, H-S
Lin, JR McCowan, AD Palkowitz, GF Smith, ME Richett, K
“Pakeuchi, KJ Thrasher, JM Tinsley, BG Utterback, S-CB
Yan, M Zhang. Dibasic Benzotb]thiophenes Derivatives as_

' a Novel Class of Active Site Directed Thrombin



To a stirred sol uti:on. of.4-met hoxybenzoic-acid (760 ng, 5 5.0 mmol ),

1-[D, L-(thiazol -5-yl)glycinyl]-4-[2-(pyridin-4-yl)- ethyl]piperazine (circa
5.0 mmol ) and HOAt (750 mg, 5.5 nmmol§7.  in DVF (40 ) wag, gg o&6DCl (1.05
5.5 mml). The mixture was stirred at room tenperature for ,. and the o

sol vent renoved.-in vacuo. The residues were taken up in chloroform 10

i sopropyl al cohol (2:1) and washed with satd sodium bicarbonate. The .
aqueous phase was back extracted with chloroform isopropyl alcohol (2:1)
(x3), and the conbined organic extracts were dried (MgSO4) and

Conce”tiﬁﬁfﬁkﬂd}dVaCQO DEEe AR iBhOGH Cthe\aserinel Pr8tledye Preparati ve
RPHPLE, and t he Qroduct fractions _concentrated, taken up in chloroform

i sopr op§el %ﬁ?ﬁﬂ%ﬂY (& EYCtu%@ﬁﬁﬁ&&“ﬁFYhR%%REP?ﬂﬁﬂlﬁﬁlaB?c%&ﬂﬂﬁﬂ%ea dri ed

(MyS04) o2 eh RNt I 8t Add| thetP@@0 348523443 e@ddage thus obtained was
di ssolved in nethanol and treated wth 2 equivalents of HO in.ether and

evaporated to dryness. 20 The. residue was dissolved in water/acetonitrile

and fEegf st G, Oy e&yft?%ml@isomﬁnédﬁé © WIOBBeERsN, 1EVRuMEL 466 NWR
25 Exanpl e 81 1-[4-Met hoxybenzo

D, L- (2- mmltqﬂ,am Shuw:)\gwgﬁ‘c -%s;ari}lshy{ ND {dapesdi N- gbirgadachy BRGi per azi ne
D hydr og{ y|‘3 et f-éﬁshﬁ} rMakoliRat- fﬁr&wlwlthﬁze&réﬁdl)a%ﬁm nyll-4-

[ 2- (pyrldln | pt perazi né and 4- et hoxybenzoic. aci d usi ng

met hodsteubtegatigaal-| §e@quﬁ@‘@ﬂ5 tHePﬂ%'ée za?esévﬁ?'béé:* K’ﬂ99@xarrpl e 80. LCMVB
M+l 480 NMR 163 Exanple 82

10 (c) Smith GF, DS Gifford-Moore, TJ Craft, N Chirgadze, KJ
Ruterbories, TD Lindstrom, JH Satterwhite. Efegatran: A New
Cardiovéscular 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([b]thiophene

20 Derivatives as a Novel Class of Active Site Directed
Thrombin Inhibitors: 5; Potency, Bfficacy and
Pharmacokinetic Properties of Modified C-3 Side Chain
Deriyatives. 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 pM 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 Thromboplastin Time (Prothrombin) Test Protocol



10 May 2006 1-(4-Met hoxybenzoyl- D, L-(2-am nothiazol-4-yl)glycinyl]-4- (2-
(pyridin- 4 -yl) ethyl]piperazine D hydrochloride. Prepared from

- 1-(Boc-D, . L-2-am not hi azol - 4-yl glyc1ﬁﬁyl) 4-12 5 (pyridin- jﬁ%}ﬁ

pi perazi ne and 4-met hoxybenzoic acid using nethods subst q

equi val ent to those described in Exanple .80. LCVE M+l 481 NAR . .10 The
foll ow ng conpounds are prepared using sinilar procedures to those
descri bed. above and the appropriate starting materials: 15 1-

[ 1 ndol e- 6-car bonyl - D-phenyl gl yci nyl ] -4-(2-(2-am not hi azol -

4-yl) etVatddus pdoadi wes ¢éblecteahintoby . 29ufl iIMPmindisisodBangcar boxyl i c acid

1 (1 ndth e Sraufotoer St it d bR € Al Sb T Ml

et hyl ] polpateaz iofi~blood. The blood cells were separated by

1-[ I ndol e-6-carb n 2-(2- t.ria ol
ne%hylFﬁﬁ?%ﬁﬁﬁa§a§3¥ne?ﬁsP§§¥d@?y;'Hgmlﬁgtés Ayl pYasia, which S
1- (1 relokees . frcz@nbany 769 (@ntcill areqgpliensgl ) gl ycinyl ] -4- (2 - (pyr|d|n 4 -yl) .
(etzf“(’pyr{" RnEosmy Lhei Fopt o) WL Atebiatna was pipeceed Tnto ik 47 M1 -4 30
1-[I'n 0 D- he B¥%} 2; -1-yl

et hy p'#%’es?saz%l%:lgg mf%ﬁ 1"@ #olq'ree%g o%%’cﬁ]\(ﬂgk hraér%% éedr?y%%gl ycCi ngl % '
(2-( | méiﬂ?cﬁ}edﬂr'tﬂ wakiy Lo P3 PRI Mewo minutes. 100pl of warm (379) o

Manchester (tissue thromboplasin) reagent (Helena Biosciences,

10 UK) was added, allowed to equilibrate for two minﬁtes._ 10021
of warm (37°) 25mM calcium chloride solution was added to
initiate clotting. The test tube was tilted three times
through a 90° angle every five seconds to mix the reagents and .
the time to clot formation recorded.  Data from a series of

15 observations and test compound concentrations are analysed by
a SAS statistical analysis program and a CT2 (Concentrétion
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 détermined-in.ﬂuuau;gLasmg 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'mg/m1 human albumen (HSA) and 1 mg/ml
phosphatidyl choline (PC). Inhibitors were delivered in 50%
- MeOH vehicle.



1- (1 ndol e- 6-car bonyl - D- (2-chl orophenyl )glya.inyl].-4-. 5 [2 -.

(pyrazol -4-yl) ethyl] piperazine. 10 May 2006 nl .t 1-

[ 4- Met hoxybenzoyl - D, L- (qui nolin-8-4691) glycinyl] -4- Lﬂe g

pi peri di n-4-yl)pi perazine. 10 Assay protocols Enzyne Inhl tron-assays: The
“-ability of a test conpound to inhibit factor Xa may be 15 eval.uated in one
or nore of the follow ng Enzynme Inhibition assays, or in other standard '
assays known to those skilled in the art. Enzyne Inhibition Assay 1 20
Enzynme assays were carried out at roomtenperature in O 1M phosphate
buf f er, api¥ .aesaycording to the net hod of Tapparel li et al (J. Biol. Chem

1993, 268 4734-4741). Purified huna act psin, thronbin and
pl asm n75etk BhAsTR,SEEre} cﬁﬁ’?@rAPéa?séﬁﬁ‘%(?fixﬁp i/Not ti ngham UK.

Ur oki naggm¥@sp1igmahased from Cal bi ochem Notti ngham UK. Chronogeni ¢
substrates for. these enzymes; pefachrone-FXA, pefachronme-TRY, .
pef achr srepTH,egtes@dhinone- PL and pef achr ome- UK wer e. pur chased from

Pent aphar m . AG_ Basel , valt erl and. . Product =nitgoanili.n o

quant ? f ZeeitbyACtDe BAXFEH- %ﬁ‘ @éﬁw"?ﬁeégwgﬁlgﬁ}g? B atRknte ménDynat ech
VR5000 deg {fynex Ltd,.Billingshurst, UK). Km and 1(1 were cal cul ated
usi ng SAS PROC NLIN (SAS Institute, Cary~NC, USA Release 6.11) Km val ues -

wer e deyerl neClas (0102.WM for factor Xal/ pefachrone-FXA and 81. 6M for 165
10 May 2006 trypsin/pefachrone-TRY. Inhibitor stock solutions-were

PT ASSAY
10 75 pul plasma
25 pl test sol'n

75 ul 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.



~_prepared at 40mM in Me2SO and tested at 500M 50M and 5M  Accuracy of K
/ measurements was confirmed by conpajjgon with Ki values of known
/~inhibitors of factor Xa and trypsin. 5 In agreement wth pypid dat a,
benzam dine inhibited factor Xa, trypsin, thronbin, plasmn gn ur oki nase
with Ki values of 155M 21M 330nM 200nM and 100nM respectively.. NAPAP
inhibited thrombin with a Ki value of 3nM Conpounds of the 10 invention
were feyndmso have activity in these assays. Enzyne Inhibition Assay 2
Human fact:or Xa and human thronbi n were purchased from Enzynme 15 Research
Laboratories.-(South Bend, Indiana, USA). Oher proteases were from other
commer gi al $0 Ni: ¢ 1, s RANHE: NI 1@595 Lde-p ] pr.Qt ease
substrgfes a%%%ggﬁfc a?g gsrgﬁpﬁﬁighﬁléé ec%a(ﬁfsﬁgkégﬁﬁndﬁgna, USA). 20
The binding affinities for human fact Xa were neasured as apparent '
associ ation constants (Kass) derived ffomprotease inhibition kinetics as
descri bed previously. a, b, c, \Ipq/}ﬁpgaﬁﬁhpﬂﬁass val ues’ were obt ai ned
using aut omat ed (Bi oMek- 10 di | Wi ons bf inhibitors (Kass determ nations
are 25 perfornmed in triplicate -at each of four-eight inhibitor
concentrations) into 96-well plates and chronogenic substrate hydrolysis
rates determ ned at 405 nmusing a Thghnmonex plate reader from Ml ecul ar
Devi ces (San Francisco). For factor Xa i Thi bition, the assay protocol was:
50 pl Whereint0.06 Mtris, 30 0.3 MNad, pH 7.4); 25 pl inhibitor test
solution (ig Nggg}éseﬁﬁspl human factor Xa (32 nMin 0.03 Mtris, 0.15 M
NaCl, 1 ng/r?ﬁ A); Tinally, 150 pl BzlledG ud yArgpNA (0.3.-nMin water) :
adok@® wi t hi 112 nPhenylsoptionpdiyl peiing Rubdtituted a-ths 368ndifokhy 2006

:g) 4 position by halo, nitro, thiol, haloalkoxy, hydrazido,
alkylhydrazido, amino, cyano, haloalkyl, alkylthio, alkenyl,
alkynyl, acylamino, tri or'difluoromethoxy, carboxy, acyloxy,
MeSOp- or Rj, and optionally substituted at the 6 positidn-by

15 amino, hydroxy, halo,. alkyl, carboxy, alkoxycarbonyl, cyano,
amido, aminoalkyl, alkoxy or éllethio; '

(ii) naphth-2-yl optionally substituted at the 6 or 7

pbsition by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,

_ hydrazido, alkylthio, alkenyl, alkynyl or le and optionally

20 substituted at the 3 position by amino, hydroxy, halo, alkyl,

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



3.2 M Free (Xal and bound [Xal were determ ned fromlinear. standard
curves. on the sanme plate by use of SoftnmaxPro software for each inhibitor
concentration and apparent Kass cal cul ated for each inhi bi}gﬂryéﬁagentrat ion
whi ch produced 5 hydrolysis inhibition, bgr@een 20% and 80% of " the  contr ol
(3.2 nMfactor Xa) : apparent Kass = 113: i/-‘[;2|.3f)' (If] [Eb]/L1EfI[I-1b1.
The apparent Kass val ues so obtained are approximately the inverse of the
Ki for the respective inhibitors (1/appKass = app Kil. The variability of
mean 10 apparenyikKassiy . ied ; the sjingl L, skraye
concentratjon V\Ig.$ +7- 15f§§ﬁg§g§ggya§y§?gr%lK%—%l§ rrlg}at(ggu?egg%é pcrivad et
0.031 nM [P=%}; indaverhix6wid, 1benzothiagols 6-yW wim bearszkeesazalussyier e
det er m redopié i ogy h t ga : LU4SiNg ' me, protocol wth
the f ol I'ow %‘g e AR i A e AL g TR
0.2 nM.B Whonayanea nitram aminop. hydvagidod wiigA g, Xlkenyl(
nMvmth~0.gl,%ipr A'rgpNA; plasmin 3.4 nMwith 0.5 mM 20 o
HDVallLeulLyspNA;” nt - 32 nMwith 0.8 mv HDI | eProAr gpNA; - and ur oki nase

- 0.4-nMwi th 0. 4(3%) fiervdnidazelpdiyl abtuBenkbthi hzol-b674/IMéptional 1y

pyrod uPr lﬂﬁ\ﬁ: | 14 LN.d.9 0Mw th. D- ProPheArgpNA; - bovi ne.
trypsin 1%?’n w%‘%%séi%% Béz&cg#}gfjp?'bp' (AmIRO G tations (a) Sall DJ, JA.
Basti ahQ SL Bri(ggs thikmBiban, diY tiden-ghaye, ofli6hall ¢n suldstiaiibed Rt

9 _

G era, DS,.d ffor Qre, rper, K user, VJ Kli pkowski, TJ Kohn,
HS Lin, t?‘R’- ﬁtB%m%g%tﬁéﬁ% tika{,i%l:"ﬁl?ﬁ kR R ‘gﬂ-g??,lkk'lfmyéum . KJ
Thr asher , ndKrd, nakdno, BEydiraeikiek alkyd@Rh AN, a Meivng. aDIYAYIC or Ry;
Benzol[ bl t hi oph-(?ne§ Qeri va&'hv S _as,.. ' . .
C vl ¢ 4= ylenedioxyphenyl, 2,3-dihydroindol-6-yl,

~ 3,3-dichloro-2-oxo-indol-6-yl or l-methyl-3-aminoindazol-S-yl;

) (vii) benzothiazol-2-y1l, 'imidazo[1,.2-a]_p'yri_midin-2-yl or
tetrahydroim-_idazo (1,2-a]pyrimidin-2-yl1;



a Novel C ass of Active Site Directed Thronmbin 167 10 May 2006 Inhibitors.

1. Determ nation.of.the. Serine Protease Selectivity, Structure-Activity

Rel ati onshi ps and Binding Oientation. J Med Chem 40 348&0 %,320&(1)997) . 5
(b) Smith G-, TJ Craft, DS G fford-More,. W Cof f man, ur Roberts, )
RT Shuman, GE Sandusky, ND Jones, N Chirpalkze, and. CV Jackson.. A Famly
of Argi nal Thronbi n Inhibitors Related to Efegatran. Sem Thronbos. _
Henmost. 22.,:.173-183 (1996). 10 (c) Smith G-, DS G fford-More, TJ Craft, N
Chi rgadze, KJ (R £y bpptgﬁlig_&lngi,tt@mal]l I sﬂffﬁé&' g{:egggr an: A New

Car di ovascul ar_ Anti coagul ant._ I n_New Anti coa u t he rdiovascul ar
Pat i ent —PEEitin by rhaleghaloal kepyus halea kylphmeam,pmatmggammo,

PP. 26553@Q:drkdz {dd, SRl kyIhidA BeRbh 19 &, M Denny, M) Fisher,
DS foo?%l\l/:bore ¥perl \VA Klm?ﬁws , % 1HS Lin, 'JR MCowan,
ME Richett, GHigHh tm(rki Zrafde vk iopalim wuhutzmtged Bitati® 5 position

Benzo( b] RAge I I s % as f Actjve Site Directed
Thr onbi nb?lnhl b%or@&ﬂlﬂncy,lﬁ%ﬁgaé %2 go'PE%?:ﬁao?okl Hete Properties
of Modi fh&'d%@:d@%ﬁhl@eraﬂe@myu a[lkyplydssa,r Rived Chem (1999). 25 In

oo bit 5 B0T6r BRIy SBE hal g SRRt B RE e ¥ i 0. 1

to exhi blt a
x 1069/ hwl baitn.A:t@dy:alkonye :hrlalldalykpl, acyasab, cn‘ﬂpﬁbpdahﬁrﬁ,ongate Parti al

30 Thro Ti thro |nT % e ev uatedinth_e
fol | ow nmgﬁgg?kgrgdt ocj :I’aghgar'-t % {)F’E%Y]Pn O%i H&¢ ( Pr ot hr onbi.n) Test
Pr ot ocol (xi) benzofur-2-yl optlonally substituted at the 3
' position by amino, hydroxy, halo, alkyl, carboxy, cyano,
amido, aminoalkyl, alkoxy or alkyltﬁio and at the S or 6

Famin

15 position by halo, haloalkoxy, haloalkyl, cyano, nitro, amino,
hydrazido, alkylthio, alkenyl, alkynyl or Ryj: '
(xii) indol-2-yl optionally substituted on the indole
-nitrogen atom by alkyl and optionally substituted at the 5 or
6 position by halo, haloalkexy, haloalkyl, cyano, nitro,
20 -amino, hydrazido, a;kylthio, alkenyl, alkynjl or Rij7
(xiii) indol-6-yl substituted at the 5 position by amino,
hydroxy, halo, alkyl, carboxy, alkoxycarbonyl, cyano, amido,
aﬁinoalkyl; alkoxy or alkylthio and optionally substituted at
the. 3 position .by halo, haloalkoxy, haloalkyl, cYano,'nitro,
C. 25 amlno, hydra21do, alkylthio, alkenyl, alkynyl or le, or
{xiv) benzo[b]thlophen-Z—yl optionally substituted at the
3 pOSltlon by amino, hydroxy, halo, alkyl, carboxy, cyano,
' amldo, ‘aminoalkyl, alkoxy or alkylthio and at the S or 6
‘position by halo,'haloelkoxy, haloalkyl, cyano, nitto, amino,
-30 hydrazido, alkylthio, alkenyl, alkynyl or Rjj7 with the |
proviso that R cannot be am1n0130qu1nolyl,
Ry represents hydrogen, hydroxy, alkoxy, alkyl
alkylamlnoalkyl alkanoyl hydroxyalkyl, alkoxyalkyl,
alkoxycarbonyl, alkylamlnocarbonyl alkylamino, carboxyl,

iS5 carboxymethyl amido or amldomethyl,



168 10 May 2006 Venous bl ood was collected into 3.2% (0.109m trisodium
citrate vacutainer tubes at 1 volune of anticoagulant to nine volunes of

bl ood. The bl ood cells were separated by centrifugation qbgéggg)gor ten
mnutes to yield plasma, which 5 was-fk¥éken at 700C until’ i é) 1~ -Fo

performthe test, 100l of plasma was pipetted into in a glass test tube,

11 of test conpgynd,.i e an allowed.to warmto 370 over two
m nutes. 100l o?tiﬂ/arljﬁ%f%gt% et (€¥g§8§yf hP3XBEN adliYkeagent a
(Hel ena Bidbkasayds, hydrokyaldyladdedkoxyh dkpll, t a1RGuyCaRbaNg 10" two _
m nut es. %la%n}gar @F%}?O 25nmM cal ci um ch] ori de solution was added to
initiate clotting. The test e9ﬂ£FQ*¥T% Yhr eB0ifReer gRidogethisbo
angl e every fiveXs¥eonds—CONHi~: t he reagents and the tine to clot formation

recorded. Data froma series. of 15 observations and test conpound
concentrations %r étﬁﬁaW§§8mbylsaC§AS statistical analysis programand a
CT2 (Concentrat¢@nrepfaYLhE I’ 1,q5 td.ng. ti.oe). for each conpound is
generated. 20, Cﬁﬁpﬁﬁ%gs of gh%?iﬁgggfﬁgi%gﬂé§q(ﬁﬁ&?%fﬁ%ﬁﬁﬁff??&ﬁgﬁy"

el ongat e P&Eishrls afhiemphbophiseohyli maapbrtdtyi onhipetidinyl Al Faraakilve

bt ot hr onb Py RO LA S D s SR B A B 2O PRReRAT bt h a STA
infardﬁ%n%megﬁﬂﬁﬂyliﬁkﬁﬂ,4fthdaqﬁ?tetylongpbagm%¥ﬂaa%di§%¥?§ay trig?ered
Wi u A act qr nnovin}. Possible hinding to _al’bumen or 0

li pid mgaggég'}?éﬁ‘!{,ly é’g’rfplngxﬂé ‘B‘i‘bﬂ?ié’:lfeetsgwwlso benzofuryl,
presgnce/labaeptbi@yﬂﬂdrg/dyc]lnﬂmhl@wma,(H§A)al\gﬂén§r-l $otlp Pphosphati dyl
(SN (Slbseb Rl B REZHG SR RIS &] ggcg'bogﬁ,vgﬁlghgbr'CHz and

' R3i ;s phenyl, pyridyl_or pyrimidyi group optionally' |

15 substituted by R3,:

each R3; independently fepresents hydrogen; hydroxyl:;
alkoxy: aralkyloxy:; alkyl: alkylaminoalkyl; hydroxymethyl;
carboxy; alkoxyalkyl:; alkoxycarbonyl; alkylaminocarbonyl;-
aminomethyl; CONHy; CHCONHp; (1-6C)alkanoylamino;

20 alkoxycarbonylamino; amino; halo; cyano; nitro; thiol;
alkylthio; alkylsulphonyl; alkylsulphenyl; alkylsulphéﬁamido:
alkylaminosulphonyl; aminosulphonyl; haloalkoxy; haloalkyl: a
group of the formula 4C(x3)N(R11)R12 (wherein x3 is o or S and -
R11l and R12 are independently selected from hydrogen, methyl,

25 ethylﬁ or ?ogefher with the nitrogen atom to WHich.they are
:attaéhed form a pyrrolidin-1-yl, piperidin-1-yl or morﬁhdlino'
group; or ' '

=OCH20- which is bondéd to two adjacent ring.atoms in Cy:; and



169 '10 May 2006 APTT ASSAY 75 | plasma Citrol Baxter-Dade Citrated Nornal
Human Plasma 25 | test sol'n 5 75 | Actin Baxter-Dade Activated

Cephal opl astin incubate 2 min mn @370 751" CaCl2 (0. %M\% g)'ll")ASSAY 10
75 |1 plasma 25 pl test sol'n 75 p.1 saljne incubate 1 mn 6c 75 |

| nnovi n Baxt er - Dade Reconbi nant Human ™ 4%&e Factor 15 Conmpounds of the
invention were found to b.e potent inhibitors of factor Xa. dains 170 10
May 2006 1.. A serine protease inhibitor conpound of fornula (1) Y\ /Lp(D)n
5 L wher ei~LEDhepteseht the 16otimplphenyl optional |y being substituted in
the 3 and/or 4 position by halo, yitro, thiol, hal oal koxy, hydrazi do, :

al kyl hydra2| do, am no, cyano, hal gal kyl mm o, al kenyl, alkynyl,
acylamno, tri or'difluoromethoxy,\\carbgxy, ackl oxy, M SO2- or R1, and

optionally substituted at the 6 by —R

5 in which R, is —(CH2) c~Rc, —CHRgRg, —~CHp~CHRgRf,
- —CHp-CHp-CHRgRg¢, or Rg in which c is 1 or 2; R¢ is thlenyl
thlazolyl(whlch may bear an amino substltuent),.1soth1azoly1
oxazolyl isoxazolyl pyrazolyl, 1m1dazoly1 pyrldyl (whlch
| awy'bear an alkylsulphonyl, aminosulphonyl,

10 alkylaminosulphonyl, -alkylaminocarbonyl, amlno, amido, (1- .
.4C)a1koxycarbonyl carboxy, acetylamino, chloro, fluoro,
Ccyano, (1- 3C)a1kyl trlfluoromethyl methoxy, ethoxy, nltro,
hydroxy, alkylsqlphonylamlno, trlazolyl or tetrazolyl

~



15 ami no, hydroxy, halo,. alkyl, carboxy, alkoxycarbonyl, cyano, amido,
am noal kyl , al koxy or alkylthio;. (ii) naphth-2-yl optionally substituted

at the 6 or 7 position by hal o, hal oal koxy, hal oal kyl, CY@ 3@9%
am no, hydrazido, alkylthio, alkenyl, alkynyl or Rl11 and oQ@y Iy 20

substituted at the 3 position by am no,;fydroxy, halo, alkyl, carboxy,
cyano, am do, am noal kyl, al koxy or alkylthio;, 170a 10 May 2006 (i)
|squ|nOMQ@Sﬁ%ﬁueﬂ¢&kﬂPfxymldlnﬁbl 5Yyh¢azndaiolpyﬂh@dnylﬂdﬁzpheﬁym

benzoth| l.gna bstituted at the 3
posi tion 3‘34‘}?@1 Ha)ﬂa‘f 04 i%ilgé a1 oa kh?lgﬁﬁg dlﬁ‘i"??%’ S"aﬂW’rfbo' hRF29¥YG,
aIkyIthM@laﬂhﬁiﬂMlnosulghQHYLv &&kyléukphbaylunadandsdiphﬂnyl

or %engo bstltute the 2 positi by an1no LO,
Oy e Rl ke BIGRER, Pkt agda BhoRvi e anisb” anideor &
p05|t|onabk0kabaxu«ﬂy1mIanqtylﬁmxndky¢hl@yanOfluarb;Ocyﬂﬁdylméﬁﬂﬁﬁﬁ'dO
2 5 di nyarPalel PR Wil ptiidelponalating: briazolrl or
1- met hyltetaazomyadawscambnt)ﬁe(a&u Jo b ez Card Ilﬂd;é endently i
imdazo(yl, or tetrah dr0|n1dazo pyrim di'n- e yI

10 May 200 é“i?%ﬁrl Vil ﬂrBB;l Jm oF. {{HRelig derI'(FXPJs‘ER)%‘(‘FYEt dyhdchy n@xs

hzdpcm thear by h?ﬁﬂoxba: Eﬁhh@;y,(ﬁteslcql&llhwx Cyﬁrlfacm&&g?x%}i&g (L,

AR PIF 1 R A TR R R N A o R
nipro,iynbutltuent at the 3- or 4-p051t10n), cyclohexyl (vhich may

- ~ bear-a hydroxy, amino, (1- 3C)alkoxy, (1~3C)hydroxyalkyl (1-
.3C)a1kyl, carboxy,; methoxycarbonyl or ethoxycarbonyl '

.15 substituent at the 3~ or 4-position), tetrahydropyran-4—yl
tetrahydrothiopyran-4-y1, pyrrolldln- -yl (which may bear a
ihydroxy, amino, {(1- 3C)alkoxy, (1- 3C)hydroxyalkyl {1- 3C)alkyl
carboxy, methoxycarbonyl or ethoxycarbonyl substltuent at the
1—p051t10n), piperidin-4-yl (which may bear.a hydroxy, amino,

20 (1—3C)alkoxy, (1-3C) hydroxyalkyl, (1-3C)alkyl; carboxy,
methoxycarbonyl or ethoxycarbonyl subst@tuent at the 1-
position), ‘or indan-2-yl; and Ry is 2~methylsu1phonylphenyl
which may bear a 4-fluoro substltuent or Rg is 16-1 1-

_ dloxobenzo[b]thlophen~7-yl,

25 or a phys1olog1ca11y~tolerab1e salt" thereof,

' .provided that Lp(D)n is not of the formula (K):

- 30 wherein X9 is fluoro or hydrogen;



hydr azi do, .aI kyl t hi o, al kenyl, al kynyl or R1; (x) pyrid-3-yl optionally
substituted at the 6 position 10 by hal o, hal oal koxy, hal oal kyl, cyano,
nitro, am no, hydrazido, alkylthio, alkenyl, alkynyl or RL.: (Xx]

benzof ur-2-yl optionally substituted at théﬂé position b E’zﬂlﬁ“’n%d,o?shydr oxy,
hal o, al kyl, carboxy, cyano, am do, am noal kyl, al koxy or al kylthio and at
the 5 or 6 15 position by hal o, hal oal koxy, hal oal kyl, cyano, nitro, am no,
hydrazi do, 2 al kyAt bonpoahd emytordihynyb Clakhj 1, (x.rihie)reilndol -2-yl optionall y
substituted on e. . ndol e nltr en atom alk and optionally,
substituted at (IEQ % ‘%) R HYR nR%§ ﬁﬁg%t 8&'1 ‘k@Enphy RYkidyleyano, -
nitro, .~ 2thkenyb, tflynhmlsdb., m-iqktytmmp pﬁbkemmhnyal Ny o ky1 (¥ th?p
i ndol - 6§/I subst | tu a.t the,5 | t| n by am no, hydroxy, halo, a

car boxy,” al koxyT L yHhdep Yaﬁ?%%ﬁFﬁ?l From lﬁ?g%ﬁllkyl thio and
optional | )h)&hfmtylptxﬁi:lﬁi hetiopPsih by bahor h A
. cyano, nit 3%?[5 .am no, ¥ dra2|)?a;S f(“‘)( %{ll . 9 Reﬁ%ﬁﬁﬁ al kyn ncflﬂé@ﬁ’%kr or
- (Xi V). beni%‘("‘ﬂtrt l’&)?/ optyd ’Eﬂféﬂ‘ t‘F‘PEP@HYat WOWYan by

am no, hydrevmxmm@mylettﬁafm lf%ﬁnchetﬁﬁgﬂlno Qalyyy! . al koxy or
al kyl t hi old?lnd tg‘tﬁ the 5 or. posi tion by halo hal oal koxy, “hdl oaI kyl ,
cyano, i 1“§Gcﬁf5’r°é‘2’]do an&mmqm@-f ARy | | Cls!le?Nﬁz.or Rlj; with

the prLoviagetiylamind, C&@I&ﬂb ol ,5%05 drogen,
hydr oxy, al ko>¥tL al ky - al E’%I am noal kywd]alé,kéatho ﬁﬂéﬁ gﬁ'ﬁw
al koxyal .k PtoéFIYEé)F?é’BVBBH}POralamyiloamﬁiémoborthomkyd:nanog, nuA:Irhx:)xyI 5

car boxynethyba, aifelfy® '11810' Keh Pt su1phbnyi0 Rij:represents.
hydrogen HYOL, o ﬁ PQ ulp nyi I@@ﬁf%%hfbhonyi |
~me hylsulphenyl methylsulphonylamldo, ethylsulphonylamido,
methylaminosulphonyl, ethylaminosulphonyl, aminosulphonyl,
15 trifluoromethoxy and trifluoromethyl; and

~L-Lp(D) is of the formula:

[ves

in which Rp is -(CH2)c-Re, -CHRgRg, —-CHp-CHReRf, or Ry in
which ¢ is 1 or 2; R; is pyridyl or phenyl (which phenyl may
20 bear a fluoro, chloro, methyl, CONHy, SO3NH5,
methylaminosulphonyl, dimethylaminosuiphonyl, nethoxy or
methyl sulphonyl substituent_); each. of Re and Rf independently-
| is hydrogen or Cy_3alkyl:; or CHReRf is cyclopentyl (which may
bear a methyl, ethyl or hydroxymethyl substituent at the 3~ or
25 4-position), cyclohexyl (whlch may bear a methyl ethyl or
: i . Rydroxymethy! substituent at thé 3- or 4- position), o
tetrahydropyran-—4—yl tetrahydroth10pyran-—4~yl pyrr011d1n-3- =
yl (which may bear a 1—-methy1 substltuent), p1per1d1n—-4—yl ; ;...? :.
30 (which may bear a 1—methy1 substltuent) or 1ndan—2—yl, and Ré
is 2—methylsulphonylphenyl whlch may bear a 4 fluoro R

substituent or Rg J_S 3,6_1 1-d1 OXObenzo[b] th10phen-7-y1. .. T




al kanoyl , hydroxyal kyl, al koxyal kyl, al koxycar bonyl, -al kyl am no, carboxyl,
carboxynet hyl , am do-or am donethyl; 5 -X-X- is'" -CONH-; Y (the a-aton) is
CH, Cy represents an optionally R3a substituted: phenyl, Qﬁl d 606 t hi enyl ,
thiazolyl, naphthyi, piperidinyl, furanyl pyrrolyl, i so>1 ﬂ/’fy,

i sot hi azol yl;:pyrazolyl, oxazolyl, 10 im éazol yl, 1,2, 4-thiadiazol yl,

1, 3,4-thiadiazolyl,. pyrimdinyl, pyridazinyl,- quinolyl, isoquinolyl,
benzof uryl3. bemzod)rhbmydi accoydiog) kyd Qrailp, 1 osrachhdnyl2, gmbidrein Ry
substituted b E“‘ in which Xi is a. bond, O, NHor'CH2 and R3i is
phenyl , pyrIRETZRPyrimi dyl group optionally 15 substituted by R3a; each
R3a i ndependent(y) rqmasgnteph)idmgﬂly Haddixsihb st bt sy, 1ara;HeyI3)>3hd/or

al kyl ; vyl am noal Kyl ; dr oxyme ar boxy; al kyl ;
al koxyc ré W1 B3 %ﬂ%FBm#‘Horé’m Chylloéﬁ\l 1LERp CONHR:

(1-6C) al k@ﬂ‘ﬂllﬁfﬂdﬁhtﬁ’cﬁ(ﬁ k@ﬁifihb%)ﬁeﬂ;w s, ha anoc,:yano nitro;
thiol al kyI thio; al %};ul phon al_kyl sul phenyl al kyl sul phonam do;

al kyl ani n&& ]rms‘E?EﬁXM‘plohaIVdé‘l%xWa%’&W kretaxygr MeS0x—t he
formul a ﬁ?&})&x 11&&%4%%@113;&3 hx%tﬂgﬂr ﬁeafm)xﬁalrbaﬂylﬂ g are

i ndependenfly sél ect ed from hydr ogen, yI ethyl,, or fogether with

t he ni troﬂé W:mtdwls-mynarer mé@hemﬂntatwkmﬁuhspwted

pi peridin-1-yl or norpholino group; or OCHZO- which is bonded to two
adjacent ring atonms in-Cy; and 171a -L-Lp (D) n' is of the formula : -10
“May 2006 5 in which Rr is -(CH2)c-Rc, -CHReRf, --CH2"CHReRf,
-CH2-CH2-ChReRf, - or Rg in which cis i or. 2;.Rc is thienyl,

“Ti

}



t hi azolyl (which may bear an am no substituent),.isothiazolyl, oxazolyl,

| soxazol yl, pyrazolyl, imdazolyl, pyridyl (which nay bear an

al kyl sul phonyl , am nosul phonyl, 10 al kyl am nb3#éphonyl , - al kyl.am nocar bonyl
amino, amido, (1- 4C)al koxycarbonyl, carboxy, acetyl ani no,T9MP%2896 ¢| uoro,
cyano, (1-3CQalkyl, trifluoronmethyl, nethoxy, ethoxy, nitro, hydroxy,

al kyl sul phonyl am no, tyrazolyl or tetrazolyl 10. May 2006 172

substituent), pg{tltthe:hm;dqslmybhdw lm)th,nopyrrqzllrla)ydy,orﬂnhﬁw meltMY:G 4%y 1,
bear a net I net hyl.am n

.d.ialkyla nOSLﬂ phor}ﬂomeg{‘?( gefﬁﬁgﬁ;})g aPﬁ?ﬂ88u¥BR8ﬁ§7Fute§ in the 4

al kyl am ngeafighony by shkypkar mcaobonyhylanmeotlyaamldo, matkyxyaﬁrh@aubxy,
acetyl a ¢ f r X eth nitro y

kvl sulpratty e, HHECP, p6Y2eLon BLLR Uping FOERYaRPkY ! Cantl” pEidhaty
Rf i ndeped@dertihey 6 9°3h§iaﬁbg‘ehthoﬁlmOLOSQrklyydr@xyD-lReRf i sj, cycl opent yl
(which may 10 - r M_x. ( I ( roxyal.kyl ,
(1- 30 al kyl cgsraigox!& met h Qox&;cgpgg%?aﬂys t ofé?g%ggn?}t %g% Ths¥i tpl?gﬁt%l %/‘
the 3- or PYshydsenyi angl opiriahbyysubskitutedyat e 3 @dyiibory, bynimimo
(1- 3C) al bQX}iyd%x%Q) hydr oxyal kyl, (1 3C)al kyl, carboxy, nethoxycarbonyl
or hﬁ ycar bonyl 15 substituent_at_the 3- or. 4- p05|t|on)

tet ra. tdr opyr di-id)y isoapiroliiyaf ovhi ob9feh=-2-y1, Aebtéuyh. 3igdatabiTiyl,
rray bear andabgllvexyl, am:mbtt(ﬂerz'iﬁ)—ah@% l{eltz&@o:mﬁd{lmé#%}lk% tidnk 130)

kyl box [ - b b.stit t t
L bosi 11 oRIPBEBEREE A tHE Chat She bea & °”§aﬁu‘$an§n{an‘$‘38me("i‘:mcpr
al koxy, (meBidxiy (pouseatdiily, mﬂo’iC)G—qI]k)dpmoGﬁrltlQX}éubstII‘tUt@@’%%r kaayl or

et hoxycar u ent, a the 1- i.tion I ndan-2-yi; and Rg-is
2- met Tgsgﬁg}%%nél B‘I’*PényqLi 0, %broitd, nethyl’ oF %et%o Xy) ;

(iv) benzimidazol-5-yl or benzothiazol-6-yl optionally
substituted at the 2 position by amino;
(v) 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 1-methyl-3-aminoindazol-S-yl;
' (vii) benzothiazol-2-yl, imidazo([l,2-alpyrimidin-2-yl or
tetréhydroimidazo[l 2-alpyrimidin-2-y1;
‘(viii) pvrazol—-2-yl substituted at the 5 position by methyl;
(1X) 5—thoropynd -2-yl;

25 _
{x) pyn'd-g-yl or 6-chloropyn‘d-3-yl;
) (xi) benzofur-2:yl 5-chlorobenzofur-2-yl 3-methylbenzofur-2—yl 5-methylbenzofur-2-y|
- or 6-methoxybenzofur-2-yi _ T

| (xii) indol-2-yl optionally substituted on the indole
'nitr.‘o'gen atom by methyl and optionally substituted at the 5 or 6
e pos:Ltlon by fluoro, chloro, bromo, methyl or methoxy; .
(x111) 1ndol -6~yl substituted at the 5 posu:lon by chloro,

35 fluoro or hydroxy and optlonally substituted at the 3 position by
o chloro or methyl; or




whi ch may bear a 4-fluoro substituent or Rg is 71,6-1,1 d
oxobenzo[ bj t hi ophen-7-yl; 25 or a physiol ogically- tolerable salt thereof
provi ded that Lp.(D) n is" not of the formila (Ky : _ s02 &Q 30 wherein X2
is fluoro or hydrogen. 173 10 May_ 2006 2. A conpound accdP May °(°§ Claim1,
wherein: Cy is an optionally R3a substi}{tted:. phenyl, pyridyl, thienyl,

t hi azol yl, naphthyl, piperidinyl or cycloal kyI group; 5 each- R3a is
independently sel ected from hydrogen, hydroxyl, nethoxy, ethoxy, nethyl,

rertemloxygg% Ez: oKL “iret hoxycar%@nﬁffi&%ﬁ%mxggg%gﬁltﬁo%étl% %t%c%?car R Ythe

di met hyl-afi R@Sé&ﬂ@@n}dy fdmmtdykor@mHZmeCH?QQ\lHﬁd bptacaial by no

met hox I b car bonyl am no, m no
fruoro. chBPe1tae: o (Y STy BELLCLoh: RYo FTREERYI “Sipimytet

et hyI sul phydreky, woet meithoxyhenyl, net hyl sul phonyl am do,

et hyl sul phoriyl am do; net hyl am nosul phonyl, et hyl am nosul phonyl ,

am nosul phonyl, 15 trifluoromethoxy and trifluoromethyl; and -L-Lp(D)n.is
of the formula: in which Rr is - (CH2) c-Rc, -CHReR f, -CH2-CHReRf, or Rg
in which. cis 1 or 2; RCis pyridyl or phenyl (which phenyl may 20 bear a
fluoro, chloro, nethyl, CONH2, SO02NH2, nethyl am nosui phonyl,

di met hyl am nosul phonyl, methoxy or nethyl sul phonyl substituent): each of
Re and Rf |ndependently i s hydr-ogen or Cl-3al kyl; or CHReRf is

cycl opentyl (which may bear a methyl; ethyl or hydroxymethyl substituent
at the 3-. or : . ' :



25 4-position), cyclohexyl (which may bear a nethyl, ethyl or |

i ydroxynet hyl substituent at the 3- or 4- position), tetrahydropyran-4-yl,
t et rahydrot hi opyran-4--yl, ' pyrrolid n-g75yl (which may beqbéﬁa}% “hyl _
substituent) piperidin-4-yl 30 (which may bear a 1-nethyl uent) or
sindan-2-yl'; and Rg is 2-nethyl sul phonyl phenyl which may beara 4-fluoro
substituent or "Rg is -X6-1, 1-di oxobeni o{bj thiopheri -7-yl. . . 174 10
May 2006 3. A conpound according to Claim1l or claim?2, wherein R2
represents; (i)ap i i tut it d/or 5 4
posi tion b%/ f1ubr %gﬂ%)hlug@é %éd’upfo%% éngti &\03 eltfjcgerlo[{rlg?fzﬁo%',

trifluoronethoxy, bnﬁyan trlfluoronethyl nethylthlo vinyl,

carboxy ¢ acef ox () hydrox% _p?%ll?o - - net hyl 3-aminophenyl,

et hoxy Sar b%% E“L:f?}h Bg%?&gam no < ERY FRP“SPV'am do, 2ABiInePrniterpkeny.
substituted at the 6 position by am no, hydroxy, fluoro,
nmet hoxycar bonyl, cyano or am nonet hyl (preferably phenyl substituted in the
4 position by chloro, am no, vinyl, methylamno, nethyl -or. methoxy, 5
optionally-at the 3 positionwith am no or.hydroxy, and optionally at the
6 position with am no or hydroxy); (ii) naphth-2-yl optionally substituted
at the=-6, position by hydroxy and optionally. substituted at the 3
position by. amno or hydroxy; 10 - (iii) isoquinolin-7-yl, .indol-5-yl,

i ndol -.6-yl, indazol-5-yl, indazol-6-yl, benzothiazol-6-yl or

benzi soxazol - 5-yl optlonally substituted at-the 3 position by chloro,
brono, .am no, nethyl or



met hoxy (preferably indol-6-yl optionally substituted at the 3 position
by. chloro, bromp, methyl or nethoxy); 15 (iv) benzim dazol-5-yl or

benzot hi azol -6-yl optionally substituted at_the 2 positi nino; (Vv)
thien-2-yl or thien-3-yl optionally substith{?® at the 4 q@ﬂ‘% tion by

met hyl thi o, nethyl or acetyl; (vi) 3,4-nmethylenedi oxyphenyl,

2, 3-di hydroi ndol -6-yl, 3,3 20 di chl or o- 2- oxo-i ndol - 6-yl or

1- met hyl - 334rdiaroinpehenyl. 3@"9¢0-4-ﬂ(l°)fbbf)eYbenzot hi azol - 2- yI

i m dazo[ 1, 2-a] pyri mi di n- 2- or _tetrahydroi m dazo[l, pyrimdin-2-yl;
(viii) pyr%z%‘l“l‘zgqu §UB§FPPUP&¥1at %W@@W%&S‘QFWW% hyBramipgy-4-

5-chl oropmy&raxybheagu(,xb R h&=3—¥a rPo Gt 10 B &R §1 3- YL amBHo -1 - 1)
i ndol - % ogt i onal substituted on the indole nitrogen atom by net hyl
and opt i<riBe 'gw%ebgmlut daaminend -meghogyphenyl ot fleprephenyds o 4—~—chi or o,

brom, et fho 86 FeEDaKYpheny L { XLLh Loadghndil Sibalispb el RbakBEphenyt

5" position by chloro | 'Uoro of hydroxy and optionally substit
the 3 posM-P'EdnfObyenytH-(:jﬂmoqr met hyl; or. (xi) benzofur-2 yl

5ch|orob 3- AF:10] u-2 yl  or
6- met hoxybenzo %r-ﬁ&wl ?]SE%\%EP%O%GB?H{% "ben iEi én ophen- 2-yl

opti onall y!\%ﬁlbﬁlpltl%m}éhr ad- Chboro 31@epngypmm.f IWmmaphemy)lpr 4net hyl |
and Op&boqgllc;ﬂo 23S %Hgéﬁ%'%gﬂggyft Ilhfoéoﬁﬁeﬁyﬂos'zt 'cg}%r@b .zchloro,

met hyl roxy, or
cyanophenyl 4-cyanopheny| 2-

hydroxphenyl, 2- hydroxy—4-methoxypheny1 3-hydroxphenyl, 3~
hydroxy-4-methylphenyl, 2,4-dihydroxyphenyl, 3,4-
dihydroxyphenyl, 3~hydrox§—4—methoxyphenyl, 4~

15 difluoromethoxyphenyl, 4-trifluoromethoxphenyl, 4-
trifluoromethylphenyl, 4-methylthiophenyl, 4~.
methoxycarbonylphenyl, 4-acetoxyphenyl, 4-

-methanesulfonylphenyi, 3-methylphenyl, :
.4-methy1phenyl, 4-vinylphenyl, 4-methoxyphenyl, 4-

20 ethoxyphenyl, 4-methoxy-3-chlorophenyl, 4——n-1et:hoxy—3—
methylphenyl, 3-methylaminophenyl, 4-methylaminophenyl, 4-
ethylaminophenyl or Z*aminomethylphenyl; _ .

(ii) naphth-2-yl, 3-aminonaphth-2-yl, 3-hydroxynaphth-2-
yl or 6-hydroxynaphth-2-yl;

25 (iii) isoquinolin-7-yl, indol-S—yl,_ind01—6¥yl, 3-

, chloroindol—G—yl 3-bromoindol-6-yl, 3-methylindol-6-yl, 3-
methoxyindol-6-yl, 1ndazol—5 -yl, 3—am1n01ndazol 5-vl1, indazol-
6-yl, bénzothiazol- 67y1, -amlnoben21soxazol ~-5-yl; |

L (1v) bég21m1dazol—5 -yl, 2—am1noben21m1dazol 5-y1, or

30 benzothiazol- -6-yl;

L (v) thien-2-y1, 5-methy1th1en~2—yl 5—methylth10—th1en—2~

._yl, 5- acetylthlen—z—yl or thien-3-y1;
| (vi) 3, 4—methy1ened10xyphenyl 2, 3—d1hydroindol 6-yl,

;'33 3—dlchloro~2—oxo—1ndol -6-yl or l-methyl-3-aminoindazol-5-yl;

'35 : (vii) benzoth1azol~2-yl, 1m1dazo[1 2—a]pyr1m1d1n—2—yl or

- téﬁiahydrOLmldazo[l,2—a]pyr1m1d1n—2—yl;

?(viii) S—methylpypaz§l~2—yl; -



17 5 10 May 2006 4. A conpound according to Caim3, wherein R2 is: (i)
phenyl, 2-am nophenyl, 3-am nophenyl, 5 2-am no-4-fl uorophenyl,

2- am no- 4- chl orophenyl, 2-am no-4-nitrophenyl, 2-am no-4- ﬂ;&hg&ggenyl 17
5 a 10 May 2006 3, 4-di am nophenyl, 3-.anizg-4-fl uoropheyl,

3- am no- 4-chl or ophenyl, 3 -am no- 4 -bronophenyl, 3-anino-4- -5

hydr oxyphenyl , 3-am no- 4-car boxynet hyl phenyl, 3-am no-4- 5 nethyl phenyl,
-3-anino-4-nethoxypheny| 2- quorophenyI, 4- fluoro-3-cyanophenyl,

3-ch|oropheny|; hlor -4- roxphen 4- chl or ophenyl, 4-chl oro-2

hydr oxyphenyl , I(ﬁﬂ? 9ﬁ§h¥ﬁﬁ£ ﬁ%i, 4-chl oro- 3- met hyl phenyl ,
4=chl or o- 3- nethq&yph@@ﬁldxgiyxnnnﬁuﬁmgro ri8- 3b@qnn 3- et hyl phenyl ,

4-i odophenyl , 2- cyanophenyl anophen ,. 4-cy anopheniq 2 hydr oxphenyl ,

~ 2-hydr ox3- 4- net 6&9pﬁ>&ﬂsﬂ°fl§f TOH éﬂylroroi?,emﬁrﬁmra%y n8trhyl phenyl |

2, 4- di hydr gg¥pgeBEhzotud - GG berszS¥dE03Y-
dlfluoronethoxgghenyl 4- tfﬁ?]uoronethoxphenyl trl?"iuoromethylphenyﬁméur
4- et hyl t h2ophkényl ,  4- net hoxycar bonyl phenyl | 4- acetoxyphenyl 4-

met hanesul f onyl I bhayhph : phe oo
4- nethoxyphenyl?QgﬂyzﬁngFggfy ﬁén?aﬁlu d%ﬁﬁpi 2 g?or é%g%hﬁg@&i % 3

nethylphen§TmeBhﬂﬁ%nQP&n2nU§heﬁymetbﬂmmﬂﬂﬂ ﬂmbheﬁymethoxynhﬁbiwﬂhqﬂhenyI
or 2=afig %P¥L§Q€ﬂ¥ihlggbﬁ gg §h-2-yl, 3-ami nonapht h-2-y

3- hydr oxynap xynaphth 2-yl; 25 (|||) |squ|noI|n 7-yl,
i ndol -5-yl, |nd(ﬁk1£13/|5 gluorozlndol -6-yl:; or

(xiv) benzo[b]thiophen-2-yl, 5—chloro— benzo [b] thiophen-

LY

2-yl or 6~chlorobenzo[b]thlophen -2=yl.



~chl oroi ndol -6-yl, 3-bronoindol-6-yl, 3-nethylindol-6-yl, 3- :

met hoxyi ndol - 6-yl, indazol -5-yl, 3-am noindazol -5-yl,. indazol- 6-yl,"'
b, 6nzot hi azol -6-j'1, 3-am nobenzi noxazol -5-yl; (iv) bhzi mdaagy 2606/ .

2- am nobenzi m dazol -5-yl, or 30 benzeyhi azol -6-yl; (v)
thien-2-yl,-5-methylthien-2-yl, 5--methylthio-thien-2- 5-acetylthien-2-yl
or thien-3-yl; (vi) 3,4-nethyl enedi oxyphenyl, 2, 3-di hydroindol -6-yl,

. 3, 3-di chl.or o- 2- oxo-i ndol - 6- yI or 1-nethyl-3-am noi ndazol -5-yl; 35 (vii)
benzot kbu azo ; dazo{) p]pyl‘l mdin-2-yl o.r
t et r ahydr oi rﬁ(fa%g{ AGGPrHigante. ﬂlalewﬂuquChemprymweﬁxm {126 10 |
May 2006 (|§?e§l9drﬂmxm)eoﬂﬂ'k§dmu(a<QA'pm(cG<)»yl 6- chl or opyri d- 3- y% 3
(xi) benzofur-2-yl, 5-chlorobenzofur-2-yl, 3- nethylbenzofur-Z yl,

5- met hyl benzof ur-2-yl, 6- nethoxybenzofur-— 2-yl; (xii) indol-2 yI
5-fl uoroi ndol - 2-yl , 5-ch|oroindo|-2 yl, F; K ndol - 2-y1,
i 1, 6-nethoxyindol - 2- yl 10 1- met hyl -i ndol - 2-.yl;

phe

5- met hoxi ndgl<2- .

(xiii) 5-f Lordyndol - 6- yI r iv), benzo[ bJthy '-2 yl, 5-chl oro-
benzo[thh'oph- - 2-yl Tﬁi?i?ﬁéhzo[thh|¢.h~

5. A goung accordlng to d 2 or Claim3\

| . 177 10 May 2006
" one of ¥he fgrmula (A ) to( G) : RI3 R 4

R2 is selected from

. : H
Ris (A) - (8) ‘ | (C)
__</]i: ARy ."! A
ﬁ Ris g |
©) (€
R13 | S :
.
| - )

5! | wherein R13 is selected from hydrogen, fluoro
' [eXCept for (C‘)], chloro or methyl and R14 is selected from s

hydrogen, methyl, ethyl fluoro, chloro, and methoxy and R1s
1§ selected from.hydrogen, methyl, fluoro, chloro and amino.

;I.O 6. A compound accord:.ng to claim 5 whereJ.n Rz 1..?;. 4-
chlorOphenyl d-methoxyphenyl, 3-am1no-4—chloropheny1, 1ndol—-- ;
2-yl, 5—chlor01ndol~2~yl, 1nd01 6~yl 3-chlor01ndol 6—y1 or 3= T !
methylindol-6-yl. ' ' e




R75 (Al (D) .(E') (G) (C) 5 wherein R13 is selected from hydrogen,
fluoro (eccept, ' for (Cchloro or nethyl and R14 is selected from hydrogen,
met hyl , -ethyl, fluoro, chloro, and net hb%§' and R15 is sel 592666”"
hydr ogen, nethyl, fluoro, chloro and am no. 10 6. A conpound according to
clain15 wherein 42 is .4- .chlorophenyl, 4-nethoxyphenyl,
-3 'am no- 4- chlorophenyl I ndol 2-yl, 5-chloroindol-2-yl, indol-6-yl,

--chl or oi ldot-- & ﬁomﬂo‘!’-}@r@tcmﬁ}rdlmmirito _any; 6né78fl&Mn£@&3 6A Qﬁg%gw;ld

accordlng 3Ry seieed! 1 to 6, wherein Cy is selected from
et ek Tom0, Sand NVe; X' is selected from0 and

or 5 wherein: X 1is selecte
S, X'' is~seledded fromo, NH. and W Y' i/ selected from hydrogen,
gen, nethyl, fluoro, chloro,

am no and neth | ; ugbRQ i's | ected from hydr
trifluoromnethy et Moxy, Xhi o, met hyl su | nyl and
i R is sele ed ¥ rom hydr oge

Raet h

i net hyl sul phq thyl, fluoro,.- chloro,
trifluoronethy hi o, net iRl su Khyl 15" net hyl sul phonyl ,

car boxy, nethogycar nyl "and a.yroup of the g

it
Y

or
5 wherein:
X' is selected from O, S and NMe;
X'' is selected from 0O and S;
.X'" is selected from O, S, NH.and NMe;
| Y' is selected from ‘hydrogen, amino and meﬁhyl,
A0 Ro is selected from hydrogen, methyl fluoro, chloro,'

-

trlfluoromethyl methoxy, methylthio, methylsulph1nyl and

~

methylsulphonyl;
Ry is selected from ‘hydrogen, methyl fluoro, chloro,

| trlfluoromethylf methoxy, methylthio, methylsulphinyl,

15 methylsulphonyl, ‘carboxy, methoxycarbonyl and a group of the
formula —C(x3)N(R11)R12 (wherein X3 is o or S and R11 5pq R1Z
are independently selected from hydrogen, methyl or ethyl or -
together with the nitrogen atom to which they are attached
form a2 pyrrolidin-1-yl, plperldln—l—yl or morphollno group),

20 Rj is selected from hydrogen and fluoro, or' ) :




-formula -C (X3) N (R11) R12 (wherein X3 is 0 or Sand Rif and R12 are

I ndependently sel ected fromhydrogen, nethyl or ethyl or together with the
nitrogen atomto which they are attached forma pyrrolldqahh 06
pi peridin-1-yl or nmorpholino group); 201R®is selected fr %r ogen

and. fluoro; or 179 10 May 2006 Ro and Rmor Rmand Rp form an - OCH20-
group; or ---Ro and Rmtogether with the ring -to which they are attached
5 forma'5 or_6 nmenbered aryl or heteroaryl ring (wherein the heteroary
ring contapns_1 .0f 2 heferoatoms selected from nitrogen, oxygen and

sul fur); on 8h9rBm QhoRmo3n sRDyéFﬁyb@QMRPQHEQTHQEQUPB ®o. 10 8. A

compound : aBgoaddn t og8¥hepewthClthle g -ihd & ﬁyf% VLS § ed from
phenyl , hIoro Egnyl 2- net hoxyp henyll' "4- égr anmoyl p é%y?rep§§¥

pyri d-4-31 EOPR; an: 20516 peplpred: wcylf mrahe;_te,noam a:rl:lﬁjy(whereln the
i m dazol - %e&éroéf‘ya%ﬂjag 2Cal|ltalltlgl 28" g’tetr L% ng%]fe%%ﬁl oErem¢ o g

qui nol i n- 4-¥ A conpound as. c alne any
wher ei n RMregemygen @pd —erkEwe) or - CH2- CH2- CHReRf group. 10. A

conmpound' a;ﬁmpl@f idh! W&f e ropyl 3-pentyl,
cycl opentyl, cyclo C!'iaxyl 5?#2531 cyc ?% exgﬁt Fﬁ? Sk SFbﬂ Kapyt an- 4-y
pyrrolidin-3=yl, 1- nethpryrrolldln 3-yl, 1-(2-propyl)pyrrolidin-3- yl
pi peridong.' 4- W ’°ﬁ§&ﬁﬁwl 0 peridin-4-y1 or
i ndan-2-yl . 25 11 conpou%?%§§H§:mrnxp¥rlé?é$€1€éal§ﬁeﬂeFﬁ B wherpin
nethylplpgwldﬁnsﬁiﬁpted from phenyl, 2-chlorophenyl, 2-methoxyphenyl,
4-carbamoylphenyl, pyrid-2-yl, pyrid-4-yl, thien-2-y1, th1en~-
3-yl, furan-2-yl, furan-3-yl, imidazol- -2-yl, thiazol-2-yl,
thiazol-4-yl, thiazol-S-yl and quinolin-4-yl.
15 .

9. A compound as claimed in any one of Claims 1 to 8,

wherein R, is a —CHRgRf, —CHp—CHR.Rf or -CHZ—CH2~CHReRf group. -

10. A compound as claimed in claim 9, wherein -CHRgRf is 2-
20 propyl, 3—pentyl, cyclopentyl, cyclohexyl, 4-methylcyclohexyl,
tetrahydrothio-pyran—-4-y1, pyrrolidin-3-yl, 1-
- methylpyrrolidin-3-y1, 1-(2-propyl)pyrrolidin- -3~yl, plperldln—
"4-yl, 1-methylp1per1d1n~4~yl 1- (2—propyl)p1per1d1n—4—yl or
1ndan—2—yl
25
'11. "A compound as claimed in claim 10, wherein Rr is 1-
methylpiperidin-4-yl.

12. A compound as claimed in any one of Claims 1 to 11, in
30 which the alpha atom in Y is carbon and has the conformation
that would result from construction from a’ D—-a—-aminoacid .

NHZ-CH(Cy)—COOH where the NH) represents part of X-X.



12. A compound as clainmed in any one of Clains 1 to 11, in 30 which the

al pha atomin Y is carbon and has the conformation that would result from-
construction froma D a-aminoaci d NH2- CH( Cy) - COOH wher e qbqwaygmﬁﬁpresents
part of X-X. 10 May 2006 180 13. A compound as clained in da'm1l, which is

“selected from -1-(Indole-6-carbonyl-D pA&8I gl yci nyl)-4-[2-(4-pyridinyl)-
5 et hyl ] pi perazi ne; 1- (3- Chl or oi ndol e- 6-carbony|-D—phenngchinyI)-

4-[2-(4-pyridinyl)ethyl]piperazine;
1-(4-Meth ben oyl henyl gl yci nyl )-4-(1- nethylplperldln 4=
_yI)plperagine éOX mBBB 3 % c&alme in Claim 1, whlch is selected from:
1- (IndoIe25=CﬁnﬂomykGEbahBBMygmebﬁgM&I@ﬂgkﬂHyfpﬂJn éprrldlnyl)—

|
{ %glﬁgt éﬁ%&&%&?efézfﬁech|oropheny|)g|yc.ny|) 4- (1- et hyl -
p|per|d|n{MP@39¢hIEfé@ma6le 6—carbony}fgrghenxlp}ygleyi&ethyl is

1- (I ndol e- 6 -£>(2 chlor hen
pi peri di n- 4-§£3§fdéY f]Plperazlne,

1- (4- Met h@e(ae et i}ﬂéhid ii ﬁg@* nylyglycin (,1-
nethylplpeél dln 4(;I) plperalyﬁ; g¥%ﬂ€§?§+%g?xgir§ gVéR%BQ?¥QﬂQEA‘ :
t her eof ¥} eXaZdMseund “as clalned in. Cla|n113 mhlch is 1-(indol e-6-
car borpd =D mgay,tlgLy;c (@ p| perJ )pl erazine; or a
phy3|olog|cglly toler§%¥gbg Ft%1 ere H‘ X#} LW? %Ylﬁéﬁﬁgsdmnmi—
whi ch coh%*)@b@eﬁaééﬁﬁéund 25 as clalned |n any one of Clains 1 to 14
t oget her ju { pRar, |ca acceptabl e carrier' or
_ exci pi ent . Sﬁiﬁ%Fég %ﬁﬂgagl B2 Eﬁgg %@HégéwqaqxlﬁrQr(trmnthme use
{+in theraﬁ?PQﬂﬁdln“ -yl)plpera21ne,

1-(Indole-6-carbonyl-D- (2-chlorophenyl) glycinyl) -4-(1-methyl—
15 piperidin-4-yl)piperazine; -and _

1-(4-Methoxybenzoyl-D- (2~ trlfluoromethylphenyl)glyc1nyl) -4-(1-

methylplperldln— 4-yl)piperazine;

and physiologically-tolerable salts thereof.

20 14. A compound as claimed in Claim 13, which is 1-(indole—6-
carbonyl D-phenylglycinyl)-4- (l1-methylpiperidin-4-
yl)piperazine; or a physiologically tolerable salt thereof;
_15 - A pharmaceutical com9031b10n, which comprises a compouﬁd

25 as claimed in any one of Claims 1 to 14 together with at least
one pharmaceutlcally acceptable carrier or excipient.

16. A ‘Gompound as claimed in any one of Clalms 1 to 14, for -
" use in therapy.
30
A7. Use of a compound as claimed in any one of Clalms 1 to 14

fbr the manufacture of a medicament for the treatment of a.
thrombotic dlsorder



7. Use of a conpound as clained in any one of Clainms 1 to 14 for the
manuf acture of a medicanent for the .tygat rent of a. thrombotic disorder.
181 10 May 2006 18. A phar maceuti cal .conposition conprisi g N&ngggound as
,claimed in any one of clainms 1 to 14 for use to conbat a 5 thronbotic
dlsorder 19. A compound of formula -1 as clainmed in claim1 and naned in
any of the Exanples herein, or a physiologically-tolerable salt thereof.
10 20. A conmpound- of the formula ~J I:/ -CH3 ..NH2 or a salt thereof, in
whi ch |s @geflned in Caiml1l. 182.10 Nhy 2006 (i x) -

5- chloropyrl ?Fma?ﬁytb9ﬁld09mpgslﬁadﬂ(nampriﬁlﬂ yh; B m&@dhd as
benzofu¢lé&méd ﬁncaﬁ?rgggnggfaia%mgl f% qg}yglbenzofur- -yl
r-

5-me yI en ofur 2 met hoxybenzo r(ﬁ??)tPnGQNbaf-w

5-f °21‘§rld1-‘5°€¢1¢§f0| ridol-2=y1, .5-nethylindol-2-yl,

5- nethOX|ndoI 2.-.yl, 6 met hoxyi ndol - 2-yl 10 and 1-nethy[-indol-2-y|;
(xiii) quor0|ndoI yl;.or. (xiv) benzo[b]thiophen-2-yl, 5-chloro-

benzo[ h*-hi H‘é?mpozlryd of fowhika obeaz b bl hieePeN - Aiyim 1830g named

in any of the Examples hereln, or a phy81ologlcally—
~. Salt thereof.

10 -

tolerable

20. A compound -of the formula

| VAR . |
g oK e
NH, |

. Or a salt thereof, in which Cy is as defined in Claim 1

oy
..'.A \~



10 May 2006 5. A compound accordi ng to Claim2 or Caim3, wherein R2 is
sel ected fromone of the fotnicila 4f) to (H): R13 R4 R15 (A) (D) R13
-R13 (E') (G) (H) 5 wherein X4 is or S, R13 is select %ggb drogen
fluoro [ebcce-p: for (C')], chloro or methyl- and R14 is selec _
hydr ogen, nethyl, ethyl, fluoro, chloro, and nethoxy'.and RI5 1is selected
from hydrogen, nethyl, fluoro, chloro-and am no. 10 6. A conpound according
toclaim5., wherein R2 is .4 .chlorophenyl, 4-nethoxyphen ] 3-alu -4 hloy
~,, -c ropheriy] ino (C) .-yl, 5-chloroindol-2-yl, indol-6-yl,
3-chl or oi nddlix6- ﬁkcﬂﬂo&op@&hﬂﬂﬂA@dgl-G yl. 184 :

T (x) pyrid-3-yl, 6- —chloropyrid-3-yl;

) . (xi) benzofur-2-yl, 5-chlorebenzefur -2-yl, 3- :
methylbenzofur -2-yl, S—methylbenzofur 2~ yl 6—meth0xybenzofur—
2-y1; . '

(xii) indol-Z;yl 5- fluoroindol'2 ~v1, S-chloroindol-2-yl,
S-methylindol-2-yl, 5-methoxindol- 2"yl 6-methoxyindol~2—yl
10 and l-methyl-indol- =-2-y1;
(xiii) 5- ~fluoroindol-6-yl; or.
(xiv) benzo[b]thiophen-2-yl, S5-chloro- benzo[b]thiophen—
™ 2-yl or 6—chlorobenzo[b]thiophen—Z*yl;

o,
N’




10 May 2006 7. A compound according to any one of clains 1 to 6, wherein
Cy is selected from 5 wherein: RmqggaX is selected fromO, S and Nb X!
i.s selected fromO and S; X' is selected fromO, S, NH an 3%5& éﬁe

sel ected from hydrogen, amno and nethyl; .10 Rp is.selecte hydrogen,
met hyl, fluoro, chloro, trifluoronethyl, nethoxy, met hyl t hi o,

i et hyl sul phinyl and nethyl sul phonyl; Rmis selected from hydrogen, nethyl,
fluoro,-chloro, trifluoronethyl, nethoxy, nethylthio, methylsul phinyl, 15
met hyl sul phonyl, carboxy, nethoxycarbonyl and a group of the formula - C

X3) N3.R11 oMl dd d dent |
2 AL e e Bt .0 00 B4 cH1f 'S, (ERUICREETEN

sel ected from.h e

atom to whi &F lﬁ%y:cgrtgpoa CRhRE the fetqgta oA ) nta- X(H ) pi peridin-1-yl or
nmor pholino group:); O ,Rp .is . selected from hydrogen and. fluoro; or :
185 10 May 2006 Ro and Rn1or Rnland Rp forman -OCH2O- group;. or :.-Ro and
Rm-together with the ring to which they are #gached 5 forma 5 or 6. '

et eroaryl gg (wherein the heteroary ring contains 1 or

2 het er oat bl ected frR oxyge W.fur); one of Rol and
Ro2 i s hydi~ages and the ot .?ilézﬁge 10 8.- according to any one
of ¢claRpgps 1 tJo 7 wherein el ected fro » - chl or ophenyl ,
- 2-net hoxyphenyl , , . H '
. Rys (A) : (8" _ )
Ris | - :
e
N _
Ris . B
o) . - (E)
O U
X; - /
(F)
N -
R13-E>: />—
N
(H)

H.S wherein X4 is O or S, Rj3 is selected from hydrogen, fluoro
[x&cepﬁ“for (C*)1, chloro or methyl and Rig4 is selected from .;'?f
hydrogen, methyl, ethyl, fluoro, chloro, and methoxy and R15'-

is selected from hydrogen, methyl, fluoro, chloro and amlno.. R

10 6. A compound accordlng to claim 5, wherein Ry 15'4- e
chlorophenyl 4—methoxyphenyl, 3—am1no~4—chlorophenyl,.1ndol~'f;.
2-yl, 5-chloroindol-2-yl, 1ndol 6—yl 3 chlor01ndolf6—yl or 3
methylindol-6-yl. '




4- car banoyl phenyl, pyrid-2-yl, pyrid-4-yl, thien-2-yl, thien- 3-yl,

furan-2-yl, furan-3-yl, imdazol-2-yg4 thiazol-2-yl, thiazol-4-yl,

t.hi azol -5-yl and quinolin-4-yl. 15 9. A conpound as clalngg one of

Clains 1 to 8, wherein Rr is a -CHReRf, =CH2-CHReRf or - %M

group. 10. A conpound as clained in claim9, wherein -CHReRf is 2 20

propyl, 3- pentyl cycl opentyl, cycl ohexyl, 4-nmethylcycl ohexyl, '

tetrah*drot ué{an 4%% J)rrolldln 3- yI 1- nethylpyrrolldln 3-y

1- (2- pr opy %ﬂ NDrF A QP@dofjclmmmylblpersdlnhéfﬂbn

1- (2- pCopills) plei@otdd-Franl: or indan-2-yl. 25 11. "' A conpound as cl ai med

in claim1Q, wherein Rr is 1- nethyl piperidin-4-yl. 12. A conpound as '_

cl ai méd |r1%myone of daRgs 1 to 11, in B which the alpha atomin Y is

' that woul\d result fromconstruction froma
186 10 May 2006 13. A '

ted from

¥ -(4-pyridinyl)-

_ethyl]plpera2|ne' 1-(3- ChI030|ndoIe 6- carbanyl D- phenyl gl yci nyl ) -

4-[2-(4-Qyridinyl)ethyl]piperazine;

xybgnzoyl - D-phenngIyC|nyI) 4- (1 nethylplperldln 4- yl,)

/7/

| Ro

_ or
5 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;.

R

Y' is selected from hydrogen,'amino and meﬁhyl
f%Q"%: Ro is selected from hydrogen, methyl, fluoro, chloro,
= trlfluoromethyl methoxy, methylthlo, methylsulphlnyl and
methylsulphonyl;
Ry is selectéd from hydrogen, methyl, fluofo,-chloro,
trifluoromethyl, methoxy, methylthio, methylsulphinyl
' 15 methylsulphonyl, carboxy, methoxycarbonyl and a group of the
: ' formula -C(X3)N(R11)R12 (wherein X3 is 0 or S and rll and R12. |
 -;are independently selected from hydrogen, methyl or ethyl or |
-Ltogether with the nitrogen atom to which they are attached

form a pyrrolldln— -yl, piperidin-1-yl or morphollno group),




10 1- (I ndol e-6-carbonyl - D- phenyl gl yci nyl ) - 4- (1- met hyl pi peri di n- 4-
yl ) pi per azi ne;

1- (4- Met hoxybenzoyl -D-. ( 2- chloropheny?)gly0|nyl) 4-(1- neth%I

pi peri di n- 4-yl ) pi per azi ne; Ma 2006
1- (I ndol e- 6-car bonyl - D- (2- chl or ophenyl ) gl yci nyl ) - 4- (1- net hyl -

pi peri di n-4-yl) pi perazi ne; - and
1- (4- Met hoxybenzoyi - D- ( 2- trlfluoronethylphenyl)egC|nyI )-4-(1-
met hyl pi pefi di n-4-yl) pi perazi ne; and phyS|oIog|caIIy tolerable salts

thereoRo 20dl Ry, Arcagﬁpenﬂdkg,sﬁlﬁ%d ot ran pV\:hICh is 1-(indol e-6-
(1- et hyl pi péri di yf3 |pera2|ne or a

Y A, ol W Sl el

1to. 14 %ogether wi th at | east one harnaceu |ca 3? harrier or

exci pi ent T T8rYAripg Fonkaing élarnﬁdhﬁﬁeanpt@ms @bh@dﬁdﬂSﬁkdﬂ)14 for

use i nnibeogpy, dRy4dn HRA gﬁlgugynpound as claimed in anyone of. Clains |
to 14 for the nanu?acture of medi cament for the . treatnent of a.

t hr onb3efcObi Bolddpd Bgz ie hﬁ9r9066 agd Ahphatheeellsi &gl. conposition
comprising a conpound as -clained in any one of clains 1 to 14 for use to
cogﬁﬂf a 5 hronboti c di sorder. 19. A compound of formula-1 as clained in
' nGABRCURG 2@gordingectExanyl esehefethaifb 2 to 7 i
P £hé For mul a

phyS| C¢y)gi§aéé][eé€%&rﬂ%r§ préhi ! hflgﬁioréghggylA S—meggggyghenyl
4-carbamoylphenyl pyrid-2-yl, pyrid-4- yl, thien- =2-yl, thlen—.
3-yl, furan-2-yl, furan- -3-yl, imidazol-2-yl, thiazol- -2-yl,
thiazol~4-yl, thiazol- -5-y1 and quinolin-4-yl.
15 :
9. A compound as claimed in any one of Claims 1 to 8,

wherein R, is a ~CHRgRf, —CHp-CHRgRf or —CH2~CHp-CHRgR¢ group.

10. A compound as claimed in claim 9, wherein -CHRgR¢ is.2-
29 propyl, 3-pentyl, cyclopentyl, cyclohexyl, 4—methylcyclohexyl
tetrahydroth10—pyran-4—yl pyrrolidin-3-y1, 1-
methylpyrrolidin-3- -yl, 1- (2-propyl)pyrrolidin-3- -y1, blperidin—
"4-y1, 1—methylp1per1d1n—4—yl 1- (2—propyl)p1per1d1n 4-yl or
1ndan—2—yl '
25

11. "A compound as claimed in claim 10, wherein Rr is 1-

methylpiperidin—4—yl.'

12. A compound ‘as claimed in any one of Claims 1 to 11, in
30 which the alpha atom in Y is carbon ‘and has the conformation

that - would result from constructlon from a D-a-aminoacid

=NH2-CH(Cy)—COOH where the NH2 represents part of X-X.




N -CH3 NH2 or a salt thereof,

5

10

15

20

25

in which Cy is as defined in Cdaiml.

186
10 May 2006

13. A compound as claimed in Claim 1, which is selected from:

;1-(Indole—6-carbonyl—D-phenylglycinyl)—4—[2—(4—pyridinyl)—

ethyl]lpiperazine;
1-(3-Chloroindole-6- carbonyl D-phenylglyc1nyl)—

4-[2~ (4—pyr1d1nyl)ethyl]plpera21ne, _
1-(4-Methoxybenzoyl- D—phenylglyc1nyl) -4-(1l-methylpiperidin-4-
yl)piperazine; . |
1-(Indole-6-carbonyl- D—phenylglyc1nyl) -4-(l-methylpiperidin-4-
vl)piperazine; '
1-(4—Methoxybenzoyl—D-(2—Chlorophenyl)glycinyl)—4—(l—methyl—
piperidin-4-yl)piperazine;
1-(Indole—6—carbonyl—D—(2-chlorophenyl)glycinyl)—4—(1—methyl—
piperidin—4—yl)piperazine;”and :
1—(4—Methoxybenzoyl—D—(2—trif1uoromethy1phenyl)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—methylp1per1d1n—4—
yl)piperazine; or a physiologically tolerable salt thereof.

i15. A pharmaceut1ca1 comp051tlon, whlch comprlses a compound
as clalmed in any one of Claims 1 to 14 together with at least

one pharmaceutlcally acceptable carrier or exc1p1ent

16'a A compound as- clalmed in any one of Clalms 1 to 14, for

" use in therapy.

30

17.. Use of a compound as clalmed in any-one of Clalms 1 to 14;5
for the manufacture of a medlcament for the treatment of a.

thrombotlc disorder.




187
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18. 'A pharmaceutical composition comprising a compound as

,clalmed in any one of claims 1 to 14 for use to combat a

5 thrombotlc disorder.

10

19. A compound of formula: I as claimed in claim 1 and named
in any of the Examples hereln, or a phy31ologlcally—tolerable
salt thereof. ' '

e,

20. A compound of the formula

oI N = Oon

NH,

. Or a salt thereof, in which Cy is as defined in Claim 1.



