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PCT/ US96/ 05660 Pl PERAZI NO DERI VATI VES AS NEURCKI NI N
ANTAGONI STS 5 BACKGROUND OF THE | NVENTI ON The
present invention relates to a genus of corrpounds useful

ant agoni st s of neur oki ni n r epeptorsT—rmrparttcutar-—theseqcan

neur oki ni n- 1 rER&R4EM (NK[erf]) REPLACEBISHEEDSe cBGal s (‘ﬁﬁﬁ?m n-1
receptor (NK[err])antagonistfk_and neurokinin-2 receptor _( K2) ant agoni st s,
that 10 is, NK[err] / NK[HADeseription yRagedt-or-- P8 ni-st:4. Some can al so
be neur okini n-2 r eceppAICl4itusy) apﬁga@;amgstmpagsom‘ssz n al so be

neur oki ni n-3 receptor (NK3) {3 Drawin g)ta%ga 18, 10 paged ...
Neur oki nin receptors are fou in the nervous-s stema he

circulatory systemand perip tAQth ssUBEO 1 rra 9§d and |t herefore are
15 iqnvolved in a variety of fnin receptor

antagoni sts are conseqUsIpERA APl ROKININ A ONISTS'
prevention of various rmammall an di sease states, Tor exanple asthma,

cough: br onchospasm i nfl ammt ory d| seases such as arthritis, mgraine,
noci cepti on, CN$ di BAGKGH INENTHBIN vari ous gastrointestinal

= - " ol )
ﬁ&[ e(rjlr ]SO; Sﬁrest ilrjghh:\s;ec[)ggﬂ Smlnvention rel afes to a genus of cérﬂp@@r’idd gsefay .
; (agonists, IR JRCSRIRE- maawg%*sbt‘%?ss qRke

m crovascul ar | eaka@%
been associ at ed wi t heurokioinal receplor (MKq) antegonists. Samercgniisabe peurolinit< er r |

receptor antagoni st gacapidf PNRH faXtdgonistd aﬁd\nédﬁakhrrﬁﬂé&ﬁtoranapaﬁagmusfentrrai
25 asthm. 10 is, NKy / NK> dual receptor antagon‘f'sme can ano be neur&kmm-z
receptor (NKp) antagonists. Some can also be neurokinin-3 receptor (NK3)
antagonists. '
Neurokinin receptors are found in the nervous system and the
_ circulatory system and peripheral tissues of mammals, and therefore are
15 involved in a variety of biological processes. Neurokinin receptor
antagonists are consequently expected to be useful in the treatment or
prevention of various mammalian disease states, for example asthma,
cough, bronchospasm, inflammatory diseases such as arthritis, migraine,
nociception, CNS diseases such as anxiety, and various gastromtestlnal
20 disorders such as Crohn's disease.
in particular, NK4 receptors have been reported to be involved
in microvascular leakage and mucus secretion, and NKz receptors have.
been associated with smooth muscle contraction, making NK1 and NKz
receptor antagonlsts especially useful in the treatment and prevention of
25 asthma.

Summary of the Invention

The invention relates to compounds of the formula:



The invention relates to conpounds of the formul a:

PCT/ US96/ 05660 -2- Jerr] .
each X is independently, O(H H), NRerr], or S nis O0to 2, u
ll is O to 2, 5 mis 1, andylslt030rm32andy|s

is to 2,
0.

than H in t he VOM96/p4864

and with the further proviso that no nore than one R err]

Ah

each X is Independently, O, (H,H), NRq, or S:
nis0 to2,uis0to2,lis0to 2,
5 . misl,andyis1to3;ormis2 andyis0;
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and with the further proviso that no more than one R is other than H in the

N2

Re moiety;

each R is independently H, C4-Cg alkyl, (CHaln;-R4 where nyis 110 6;

10

“
Ry is ORa, SR, : , .

— C==NH (N)

NH,



each Rc is independently H derr]-CJerr] alkyl, -(CHerr])[err]-R4 where

nferr] is 1 to 6; 10 [err] WO 96/ 34864
PCT/ US96/ 05660

- 3-
[err] .
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§ R o P
—=0-C—N-Rp or '—N-C OR.

R is C1-Cg alkyl or (CH2)nORa, with the proviso that no more than
5 one Ry is otherthan H;

each Ry and Ry, is independently selected from the group consisting
of H, C1-Cg alkyl, phenyl, substituted phenyl; benzyl, substituted benzyl,
allyl; or when Ry and Ry are attached to the same nitrogen, then Ra and Rp
together with the nitrogen to which they are attached, form a 4 to 7 member

10 ring;

Ry is independently selected from the group consisting of H,

C1-Cs alkyl, CN, ORa, phenyl, substituted phenyl, benzyl, substituted

benzyi, or allyl;
wherein each Ry and R2 is independently H, C1-Cg alkyl, CF3,
0 0
]
15 CyFs, Cl, Br, I, F, NO2, ORg, CN, NRaRb,—C"'Ra 'O—C‘“a
Ra Fl R
' b Q 2 2 S '?’
-—o—c-N—nb —N-c-OR. —N~-C-Ry —C—OR; =—C—N—R,
o] O (o)
i \ P \Y4
$=—Ra —5=Ra _gn. and —S$™=NHRa . and where Rg is not H
o Ry O

R [ ]
-s—n. -\\-‘sz-n. - or —N=C=0R,

in

20 orwhen Ry and Rz are on adjacent carbons on a ring, they can form



Rlerr]" is (Jerr]-Cferr] alkyl or (CH2)nORa, with the proviso that no nore
t han 5 one Rerr]' is other than H each
Rlerr] and Rlerr] is independently selected from-the group consisting

of H (err]-Clerr] alkyl, phenyl, substituted phenyl; benzyl, substituted

benzyl , allyl; or when Rlerr] and Rerr] are attached to the
sanme nitrogenWQ¥WBM8sK err] and R[err] t oget herpﬁ’ﬁﬁ?”gﬂ;g‘?
nitrogen to which they are attached, forma 4 to 7 nenber 10
ring; Rd is independently selected fromthe group
consi sting of H, : ~ (err]-Cferr] alkyl, CN, ORlerr], phenyl,
substituted phenyl, benzyl, substituted - -4- benzyl, or allyl;
wherein each Rlerr] and Rl err] is independently H C(err]-Cerr] alkyl,
CFlerr], [err] 20 or when Rerr] and Rerr] are on
adj acent carbons on a rf ng, \they can form WO 96/ 34364
PCT/ US96/ 05660 R, R

\0 7

n O

whereinn'is 1 or 2;

R
" and each Rs is independently H, C1-Cg alkyl, CFa, CoFs, — C—Ra |

Ra

] 1 |
-0—C—~Ra —C=N=R ¢ B |, orF, ORa, OCFs, or pheny:

5
Ary is heteroaryl or substituted heteroaryl,
Ry
el=ny R
I N
§ )n Ra \(é‘:__ﬂ
N S
/\ Ry} ‘)/ § \
Ry R = \ 1 Rs
R1 'Hz ? ’
2
| X
or Rs .
10

Ara is heteroaryl or substituted heteroaryl;

<X

R3

é—fﬁ—"z % i

or ’



-4- Jerr] and each R err] is independently H (err]-Cerr]
al kyl, CF[err], Cerr]F[err], [err], [err] 5 Ar[err] is heteroaryl
or substituted heteroaryl, [err] " 10 ’

WO 96/34864 PCT/US96/05660

.Or

Rs

(.
e

each R is independently selected from the group consisting of H, OH,

my

0
i
—C—Ra (,.Cgalkyl, (CH2)n1-Ra, wherein ny is 1 to 6 with the proviso
that when nq is 1, R4 is not OH or NRaRp; also with the proviso that when



Ar[err] is heteroaryl or substituted heteroaryl; [err] WO

96/ 34864

PCT/ US96/ 05660

-5- Zis [err]

WO 96/34864 ' PCT/US96/05660

10

15

20

25

-6-

Rs is C1-Cg alkyl, two R can be attached to the nitrogen to form a
quaternary salt; and ns is 1, or ng is 2 with the proviso that each ns is
independently C4-Cg alkyl;

p; and pz are each independently 1 to 4 with the proviso that p; and p2
added together are 2 to 6;

Re is heteroaryl, substituted heteroaryl, heterocycloalky!, substituted
heterocycloalkyl,

oo -
g O "Q

W Rz \ Re
xs

or '

X3is O, NRyg, or S;

or a pharmaceutically acceptable salt thereof.
All of the variables in the above formulas such as Z, R4, Ra, and Rs,
have the same meaning throughout the specification unless otherwise

specified.

Preferred compounds of the invention are compounds of formula |,
wherein each X is O or (H,H) and at least one X is O.

Also preferred are compounds of formula | wherein both X's are O.

Also preferred are compounds of formula | wherein 1is 0, m is 1, and
yis 1.



each R err]
[err] that when n[err]
al so with the proviso that when

is 1, Rerr]

I's independently selected fromthe group consisting of H OCH,

Is not OHor NRerr]Rerr];

WO 96/34864

PCT/USY6/05660

.7

Also preferred are compounds of formula | wherein nis 1 and u is 0.

Also preferred are compounds of formula | wherein Arq is
Rz

A

\Eié— .y e

213 —R P

or

10 whereinQis N or CH;

15

each X1 is independently O, S or NR,.

each Xz is independently CH or N; and
ngisOort.
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Rlerr] is (Jerr]-Cerr] alkyl, two Rerr] can be attached to the nitrogen
to forma quaternary salt; and n[err] is 1, or nferr] is 2 with the
proviso that each nferr] is I ndependently Cerr]-(eryr I X 5
Plerr] and p[ 0% each independently 1 to 4 with the proW 9%@
p[err] and p[err] added together are 2 to 6; Rlerr] is

het eroaryl, substituted heteroaryl, heterocycloal kyl, substituted

het er ocycl oal kyl, [err] 10 15 or a
pharmaceutical Iy acceptable salt thereof. -8- Al of the

vari ables in the above fornmul as such as Z, R[errﬂ Rlerr], and Rerr],
have the sane rreanlﬁl@m%’[@ﬂw%@tmmu@ﬁé@ﬁqf@&lﬁ oMheraincAz it her wi se

speci fi ed. /’j
e A ~s

\.

or

Also preferred are compounds of formula | wherein Z is

Also preferred are compounds of formuia | wherein Z is

A

]

N

N n Rs

Also preferred are compounds of formula | wherein Z is
(%)
I Ng my
N

. g/NZ



20 Preferred conpounds of the invention are conpounds of

formula I, wherein each Xis 0 or (H H and at |east one X is 0.
Al so preferred are conpounds of forrmula | wherein both X' s are 0. 25
Al so preferred are conpounds of formula | wherein | is O, mis 1, and
y is 1. WD 96/ 34864 _ _
PCT/ US96/ 05660WO 96/34864 ' ' ' -7- PCT/US96/05660
Al so preferred are conpounds of formula | wherein nis 1 and uis O.
5 Al so preferred are conpounds of forrmula | wherein Ar[err] is [err]
-9-
Also preferred are compounds of formula | wherein both X's are O, lis 0, m
. is1,yis1,nis1,uis0,and Arq is
R
R 3
[ —€]
t
k)] '\N’\
S P N
=~ = R2
S R €
Ra Xi R3 Ny
Ry

Rz
BN
\H1

Also prefefred are cbmpounds of formula | wherein Arz is

Rl kNS\
% __-_"Al\gjz

0] | ‘ _.' /)l R2
( )n N R3

4 .
'Y Or [
10 whereinngisOor1.



10 wherein Qis N or CH each X err] is independently O S or

NR[err]; each Xferr] is independently CH or N, and nferr] is O
and 1.. 15 WD 96/ 34864
PCT/ US96/ 05660 _
WO 96/34864 PCT/US96/05660
-10-

Also preferred are compounds of formula | wherein Z is

% ?LMNWR‘

Also preferred are compounds of formuta | wherein Z is

A

% N
5 RaRb

Also preferred are compounds of formula | wherein Z is

10 Also preferred are compounds of formula |
wherein Rg is



- 8- Al so preferred are conpounds of formula | wherein Ar[err] is [err]
Al so preferred are conpounds of formula | wherein Zis [err]
Al so preferred are conpounds of formula | wherein Z is [err]

WO 96734864 - PCT/US96/05660

-11-
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Also preferred are compounds of formula | wherein
2\ no N /N /lk
Rs N N N Ar)
Rc . >__/
P2 Ary
5 | LA

Also preferred are compounds of formula I'
where in R¢ is H, py and p2 are 2, Ary and Arz are both

10
Also preferred are compounds of formula I' wherein Rg is



Al so preferred are conpounds of formula | wherein Z is [err] 10

WD 96/ 34864 PCT/ US96/ 05660
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l is O, m is 1l yisl nis 1l uis 0, and Arferr] is [err]
WO 96/34864 PCT/US96/05660
-12.
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Also preferred are compounds of formula | wherein

5 Zis
my
g \N,
N ' Re
RaRb
and Rg is
Rl ’
f’%h
N
R3
10

Exemplary compounds of the invention are compounds of the formulas:



Al so preferred are conpounds of fornmula | wherein Ar[err]

WO 96/34864
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Is [err]
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10 wherein nferr] is 0 or 1. WD 96/ 34864
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-14-
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or a compound selected from the group consisting of



Al so preferred are conmpounds of fornula | wherein Z is [err] 10

Al so preferred are conpounds of fornula I wherein R err] is
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Al so preferred are conpounds of fornula |I wherein [err] : 5

Al so preferred are conpounds of fornula 1 where in Rerr] is H,
p[err] and p[err] are 2, Ar[err] and Ar[err] are both [err]
WO 96/34364 PCT/US96/05660
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wherein Rerr] is

Al so preferred are conpounds of fornula I’

WO 96/ 34864
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Al so preferred are conpounds of formula | wherein 5 Z1ls

and R err] is [err] 10 Exenpl ary conpounds of
conmpounds of the formulas: WO 96/ 34864
PCT/ US96/ 05660

WO 96/34864

SUBSTITUTE SHEET (RULE

the invention are
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26)



- 13- Jerr] or a conpound selected fromthe group consisting
of [err]
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5 or a compound selected fromthe group consisting of WO 96/ 34864

PCT/ US96/ 05660 -14- [err] wherein Z
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PCT/US96/05660
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-20-
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Rc = CHerr], isobutyt, -(CHerr])[err]-COOH, Rc = CHerr], isobutyl,
-(CH err])[err]-COCH. -(CH err])[err]-0OH,
-(CHerr])[err]-CONH err], -(CHerr])[err]-OH,
(CH[err])[err] CONH err], nferr]=1-6
nferr]=1-6 [err] -(CHerr])[err]-
(CH[err])[eersm (CH[err])[err] OH, Prrusssnssn
-(CHerr])[err]- -(CH err])[err]-COH
-(CH[err])[err]-COO—I nferr] = 1-6, n[err] = 2-6
nferr] = 1-6, n[err] = 2-6 5 or a pharmaceutically
acceptabl e salt thereof. Theggovention also relates to a
phar maceuti cal conposition conprising a thereapeutically effective
anount of a conpound of forgula I 10 in conbination &th a
pharmaceutically accept abl ekc‘ar rier.
CFs
NN N Nv“-N N CH,
OGS QO
CFs
a ©CH
o ol c
~Co CF;
N'KQ Ns—‘\-N N CHs
oo™ sf M < Vo 5‘@
o’ o cl
. Rc = CHj, isobutyl, -(CHg)ny-COOH, Rc = CHa, isobutyl, -(CHz)n-COOH,
«(CH2)n1-OH, -{(CH2)ni-CONH., (CHg)n1-OH, +(CH2)n-CONH,,
=1-6 m =16
NN e HS N"‘N-egd%
:0 Rg\j" cpa D\—N(j R;j_' CHj
¢ i i ca o '
Rc = «(CH,);zOH, +(CH2)n-COOH, Re = -(CHp)nzOH, ~{CHg)y-COOH,
+{CHp)ny“COOH : «(CHa)nq-COOH

N =16, ny=2-6 ™ =16, np=2-6

or a pharmaceutically acceptable salt thereof.

The invention also relates to a phairmaceutical composition
comprising a thereapeutically effective amount of a compound of formula I
10 in combination with a pharmaceutically acceptable carrier.
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The invention also relates to a nethod for inducing neurokinin

ant agoni sm whi ch conpri ses adm ni stering a neurokinin antagoni st i C
effective amount of a conpound of formula | to a-mammal in ne th 0
5 The VYAVERBFHn al so relates to a method for treatind %ﬂ&"é&al r way
di seases such as asthna and allergies; inflamatory di seases such as

i nfl anmat ory bowel di sease, psoriasis, fibrositos, osteoarthritis, and
rheumatoid arthritis; mgraine; central nervous system di sorders such as
depression, psychosis, denentia, and Al zhei R@7'-s di sease; Down's 10
syndrone; neuropathy; multiple sclerosis; ophthal mc disorders;
conjunctivitis; aut 0 i mwnmms@;e@eam amgthed fosinducing metirokinispus

eryt fggfts osus: S G ﬂgﬁﬁovgmahcaﬁpﬁzéwurﬁxn@x nauﬁ@kmirpaitagbmeuéol itis;
Raynaud' s di sease; 'Zﬁ@i L%FﬂmPPH"%Q&PFEH'Pir togq H@W’ﬂ%‘éﬂt"gﬁa%@g

15 relates to a nethod of treatlng ast hma whi ch conprises admnistering to

a  mammalg i n needrid ing, &ﬁkbﬁél?@?éfﬁ@& t6'8 nidthod foritiaing chi¥hid difwaount

of a conmpou d of for S
Det ai | ed Descripti 0 %eﬁ?‘f‘m andjﬁ'l}'&es F}nﬁammatory diseases sughsas,s e
herein the term al kiynllammateryd:mal disghse, cpsoﬁasls.dihmbltos. osteoarthrﬂst andit ed

O o e oy oL TAS A G Gl o B s o
represents slon psychosus emertia, én ?z eimer's disease; Down's
10 syndrome; neuropathy; multiple sclerosis; ophthalmic disorders;
conjunctivitis; auto immune disorders; graft rejection; systemic lupus
erythematosus; G! disorders such as Crohn's disease and ulcerative colitis;
disorders of bladder function; circulatory disorders such as angina;
Raynaud's disease; coughing and pain. In particular, the invention also
15 relates to a method of treating asthma which comprises administering to a
mammal in need of such treatment an anti-asthma effective amount of a
compound of formula I for such purpose.

il riptio %
20

As used herein the term alkyl means a straight or branched,
saturated hydrocarbon chain having from 1 to 6 carbon atoms. The number
of carbon atoms may be designated. For example, *C1-Cg alkyl" represents
a straight or branched, saturated hydrocarbon having from 1 to 6 carbon

25 atoms.

The term alkenyl means means a straight or branched, -
saturated alkeny! having from 2 to 6 carbon atoms. The number of carbon
atoms may be designated. For example, "C2-Cg alkenyl" represents a
straight or branched alkenyl having from 1 to 6 carbon atoms.

30 The term alkynyl means a straight or branched alkynyl having
from 2 to 6 carbon atoms. The number of carbon atoms may be designated.
For example, "C2-Cg alkyny!” represents a straight or branched chain
alkynyl having from 2 to 6 carbon atoms.



a straight or branched, saturated hydrocarbon having from1l to 6 carbon

25 atons. The term al kenyl neans neans a strai ght or
br anched, ) saturated al kenyl having from?2 to 6 carbon atons. The
nunber of carbon atons may be designated. For exanple,
"C[err]-C[ererlq?’j kenyl" represents a strai ght or branched al kenyl
having from1l rbon at ons. 30 The termwws ans a
strai ght or branched al kynyl having from?2 to 6 carbon atons. The
nunber of carbon atons may be desi gnat ed. For exanpl e,
"Clerr]-Cferr] alkynyl" represents a straight or branched chain
al kynyl having from2 to 6 carbon atons. .o8- WO 96/ 34864
PCT/ US96/ 05660 -28 -
As used herein, a heavy dark A4 ifedhéteinl & HeGRPHER IREQREL £8bnotes a cheriitd
com ng above the plane,of the agg. A@g‘ashﬁ_‘ | ne EerrJJ.denot ei a
cheni cal bond comi @%%FW"W&%&! heplgpecfhepage. A dashedline {» ) denotes a
As used herein, chemical bond comiag defovetherplamesof the page. t hat Rl err],
Rlerr], and Rerr] can be in either of the rings of the above napht hyl
noi ety. Asymmetric centers exist in conpounds of
formula I of the I nventi on. Accor(}'\n |y, conpounds of fornula I
i ncl ude stereoisoners. 10 bV X g’lsé)meri ¢ forms and
m xtures thereof are within the . \R32
5 ~ As used herein, : , for example, means
that Ry, Ro, and Rs can be in either of the rings of the above naphthyi
moiety.

Asymmetric centers exist in compounds of formula I of the
invention. Accordingly, compounds of formula I include stereoisomers.

10 All such isomeric forms and mixtures thereof are within the
scope of the present invention. Unless otherwise indicated, the methods of
preparation disclosed herein may result in product distributions which
include all possible structural isomers, although it is understood that
physiological response may vary-according to stereochemical structure.

15 The isomers may be separated by conventional means such as fractional
crystallization, preparative plate or column chromatography on silica,
alumina, or reversed phase supports or HPLC (high performance liquid
chromatography). - -

Enantiomers may be separated, where appropriate, by derivatization

20 or salt formation with an optically pure reagent, followed by separation by
one of the aforementioned methods. Altematively, enantiomers may be
separated by chromatography on a chiral support.

The compounds of formula I can exist in unsolvated as well as
solvated forms, including hydrated forms, e.g. the hemihydrate. In general,

25 the solvated forms, with pharmaceutically acceptable solvents such as
water, sthanol, and the like are equivalent to the unsolvated forms for the
purposes of the invention.

Those compounds of formula I which contain a basic group such as
-CHoNH3, form pharmaceutically acceptable salts. The preferred

30 pharmaceutically acceptabie salts are nontoxic acid addition salts formed by
adding to a suitable compound of the invention about a stoichiometric
amount of a mineral acid , such as HCi, HBr, H2504 or HgP0O4 or of an
organic acid such as acetic, propionic, valeric, oleic, palmitic, stearic, lauric,



scope of the present invention. Unless otherw se indicated, the nethods of
preparation disclosed herein may result in product distributions which

i nclude all possible structural isoners, although it is understood that
physi ol ogi cal response may vary according to stereochem cal structure.

15 The isoners may be separated by conventional neans such as fractional
crystallizatiW®%B#8parative plate or col um chronat ogr aphy BFIEopPI6a0

al um na, or reversed phase supports or HPLC (high performance liquid

chr omat ogr aphy) . Enantioners nmay be separated, where
appropriate, by derivatization 20 or salt formation with an optically
pure reagent, followed by separation by .29. one of the aforenentioned
nmet hods. Alternatively, enantioners may be separ at ed by

Ichr omat ogr aphy on aba’mio!dgIacﬁummaitoluenesulfonic. methaneitgft%rﬁ@ @ﬂ@,ﬂﬂéllewg_,f ormul a
.cah exist in uns Kﬁ'{ﬁ - ated forns, including
hydrated forns, e. Si.u e’ﬁ%%ébﬁ@ "'ﬁehf%Sgﬁgﬁ\éql)?{ 25 the sol vated

forms, with pharmaceutically acceptable solvents such as wat er,
et hanol, and the |ike are equival ent toddnerdlMahods siPrepaiohor t he
pur poses of the %nvention. Those conpounds o ormul a |
whi ch contain a basic group such as -CHerr]NH err], form

phar maceutical |y acceptabl e S&eteompaundgoéthis invention rsey bpipsepared byionelafy

o a sui 1 abl 6. Compo e B e e ety com 2001 0
ul Vv | U | |

bount of . i ner o 1eihegetute, DR horhlsgRaitand, Shauick RS shripturatfosmuins

or of an or belewara es defineth aboves Slarting matensis and reagents used ioithe

palmtic, steari®, mawidds.and examples/Bel8R! & bown or may be pregared according to

PCT/ US96/ 05660 known methods. _ - 29-

As used herein the term "substituted pheny!" means

\(\;?_ Ra
Rs wherein R4, Ra, and R3 are as described hearein.

*substituted " means substituted by R4, R2, and/or Rz as
16 described herein.
*Aryl" means phenyl, naphthyl, indenyl, tetrahydronaphthy!,
indanyl, anthracenyl or fiuorenyl.
*Halogeno" refers to fluoro, chloro, bromo or iodo atoms.
"Heterocycloalkyl" refers to 4- to 6-membered rings comprising
20 1 to 3 heteroatoms independeritly selected from the group consisting of -O-,
-S- and -N{R8)-, with the remaining ring members being carbon. Examples
of heterocycloalkyl rings are tetrahydrofuranyl, pyrrolidinyl, piperidinyi,
morpholinyl, thiomorpholinyl and piperazinyl.
*Heteroaryl" refers to 5- to 10-membered single or benzofused
25 aromatic rings comprising 1 to 3 heteroatoms independently selected from
the group consisting of -O-, -S- and -N=. Examples of single-ring heteroaryl
groups are pyridyl, isoxazolyl, oxadiazolyl, furanyl, pyrrolyl, thieny),
imidazolyl, pyrazolyl, tetrazolyl, thiazolyl, thiadiazolyl, pyrazinyi, pyrimidinyl,
pyridazinyl and triazolyl. Examples of benzofused heteroaryl groups are
30 quinoclinyl, thianaphthenyl and benzofurazanyl. N-oxides of nitrogen-
containing heteroaryl groups are also included. All positional isomers are
contemplated, e.g., 1-pyridyl, 2-pyridyl, 3-pyridy! and 4-pyridyl.



benzoic, lactic, para-toluenesulfonic, nmethanesulfonic, citric, maleic,
fumaric, succinic and the |ike, respectively.

General Methods of Preparation The conpounds of this

i nvention may be prepared by one of the follow ng general nethods.
As used herein RT nmeans room tenperature. Unl ess otherw se

i ndi cated, vAYPHH® in the structural fornulas bel BAWI/UP/03660
defined above. Starting materials and reagents used in the 10 net hods and
exanpl es bel ow, are known or may be prepared according to known

met hods. As used herein the term "substituted phenyl"”
nmeans [err] wherein R er3g-, Rerr], and Rlerr] are as
descri bed herein. "substituted" neans substituted by

Rlerr], Rlerr], and/or R errWhate R? thd®Ssubstivenisdomrn &.ring and additional
"Aryl" means phenyly, é?aﬂmr@'ére prédiiithe rihGd a&h&éihaB@GB %@Yzbm oxygen a H/flﬁqa”yl )

ant hracenyl or fluor uor o,
chloro, bromo or i SHUAtems or three adjacent hetsroatoms. TYH@?@F'GB?(?P&{N&Q arer ef er s

to 4- to 6-menber ethorpholinyt; piperazinyl@nd pigeridingl.o 3 het er oat ons i ndependent |y
sel ected from tge ofoup coMhskaBngiorn thatem *BOC* find¥ltphfcRldm1. ¥ {1

the remaining ring nenbers berng car
het erocycl oal kyl rings are téﬁ#&ﬁ@/ﬁ?@!ﬂ:%'ﬂm ‘BYr me_naiPheny! pi peri di nyl ,
nor phol i nyl, thi onmor phol i nyl AsuSedhe®ire2heidrm "RT" means room temperature.

"Heteroaryl" refers to 5- to r I
aromatic rings conprisin %gﬁgingértgg?%{r#& 8%|6PW§%%‘(§3£ from
the group consi sti r%eﬂﬁfag‘!ﬂ of ingjvidyalrchermical EQEW@PE@S 8% 08¢ ﬁéﬂ@aﬁh s for
heteroaryl 10 igstanes; 20 80,0¢/evey I1ooumeanba¢nonsmd:mw slsingleir anyl ,

|to¥|r ;3: glzol ;lh' egglr L SuRstate g%ﬂgéodlﬁférenpﬁéﬁaéﬁj i eacﬁ %és%? Céd&'h C[e%g!érﬁé Qfé’ !
Exanpl es of benzof @vay egamgsgﬁtﬂjsiasa-ﬂethlsyesemlﬁhﬁbparhmhc acids °’

t hi anapht henyl and dagmﬁ@ﬁurmsamahy st obpatalic! péactivhs. o conditions used turteaichi ng

Cont e 1 o4, e, Yokt el il skl b s i ot

15~ simp med work-up is employed generally a snmple wash enther wnth acid or
base if appropriate, then water. The presence of the product is detected by
thin layer chromatography (TLC) using known products as representative
standards. Further characterization by combination HPLC/MS is generally
performed. No further purification is performed on these materials before

20 they are submitted to biological assays.

As used herein, each R and Rc is independently selected
from the group consisting of H, C1-Cs alkyl, C2-Ce alkenyl, Co-Cg alkynyl,
unsubstituted or substituted phenyl, and unsubstituted or substituted
benzyl,

25 The starting materials in the methods below are either known
or can be prepared in accordance with known methods. In particular, the
following compounds are either known or can be prepared in accordance
with known methods: the diamine A, the compounds of formulas A, VI,
VIL, X, XI, XIV, XVIII, XIX, XXa, A", XXV, and Z-H, as well as esters of

30 formula XL and compounds of formula V2 U1 coo'a“‘V'

Method 1. !f the group Ar; is an aromatic group wnth no I or.
Br substituents, then the following method may be used to prepare the
useful intermediates (IV):



WD 96/ 34864

PCT/ US96/ 05660 - 30-

Where Rlerr] and R err] substituents forma ring and additi onal

het erocatons are present, the rings do not include adjacent oxygen and/or
sul fur atons or three adjacent heteroatons. Typical rings so forned are

mor phol i nyl , W@8¢38éy| and pi peri di nyl. 5 APCTEISE6/05660c N,
the term. "BOC' neans t-butoxycarbonyl. As used
herein, the term "Ph" neans phenyl. As used herein,
the term"RT" means room t enperature. ~ As used herein,
the term"parallel synthesis" neans the .31 preparatlon of i ndi vi dual
chemi cal conmpounds as one of a batch of, for i nstance, 20, 30, or
even 100 identical reactions on usually a S|ngle substrate but
using a different reagent in each vessel. Such reagents are al ways

of the sane general class- in this case, either carboxylic acids or
organic amnes in any set of parallel reactions. The conditions used for

each -« reaction are identi capht ht hose described in the exanples,
except that a 15 sinplified work enpl oyed, generally a S|nple
wash either with acid or g M/cﬁ‘ﬂ'proprlate then water. The
presence of the product is detect thin | ayer chromatography
(TLC) using known prodycts as reprm{ tp@e standards. Further
characterization by ghation HPLC/MS IS genera 9‘ perfornmed. No
further purificationftis p rformnd on these materifl s before 20 they are
submitted to biol ogl | Oy herein, each

Rlerr] and Rerr]' is |N1deinden N r the group
consisting of H (err]-Cerr] alkylp er C[err] al k , CJerr]-Cerr]
al kynyl , unsubstituted or subSfy tuted phenyl, ar‘tﬂ,)unsubst Ituted or

substi t ut ed

=

5
Transition metal catalyzed coupling of 2-chioropyrazine

with an aromatic Grignard reagent in a dry, ether solvent, such as THF,
yields the aryl-substituted pyrazine of formula I'. The catalyst shown, [1,2-
bis-(diphenylphosphino)ethane]nickel! chioride, is a preferred reagent for

10 this transformation. Where Ara has no halo substituents, reduction of a
compound of formula IF by catalytic hydrogenation, using, for instance,
palladium acetate, preferably in acetic acid solvent, results in preferential
reduction of the pyrazine ring, leaving the aromatic ring unreduced, that is, it
results in a compound of formula Il. Similarly, 10% Pd on charcoal (Pd-C)

15 can be used in an alcohol solvent, preferably methanol, with or without the
addition of a small quantity (1 to 5 equivalents) of acetic acid. Reaction
times of from 1 to 24 hours generally suifice for this reaction, which is
preferentially run at room temperature or slightly above (up to about 50°C)

and using from 1 to about 6 atmospheres pressure of hydrogen.
H

N
E Pd(OAC), [
i
© Hy/ACOH N A
H u

oy an

20



benzyl, 25 The starting materials in the nmethods bel ow are

ei t her known or can be prepared in accordance with known nethods.
In particular, the fol |l owi ng conpounds are either known or can be
prepared in accordance wi th known nethods: the diamne A the
conmpounds of formulas A VI, VITE, X XI, XIV, XVIII X

XX\r;p and z- HWVQ36/KEM s esters of 30 formula X, and ¥, Eﬁﬁfﬁﬂﬁéé
formula [err] Method 1. If the group Arferr] is an
aromatic group with no I or Br substituents, then the foll ow ng
met hod may be used to prepare the usef ul |nterned|ates (rv):

WD 96/ 34864 -32- PCT/ US96/ 05660
- 31- [err]

The intermediate of formula Il may also be prepared
from a compound of formula II', even If the group Arz contains halogen
atoms, by reduction using a strong hydride ion donor, preferably lithium
aluminum hydride (LAH) or diisobutyl aluminum hydride (DIBAL-H) in an

5 ether solvent, such as ether, THF or dimethoxyethane (DME). -

Selective alkylation of a compound of formula Il is
possible using low temperature conditions. Thus, reacting a compound of
formula It with a substituted aryl-alkyl halide of formula Il where lisOto 2,
results in the formation of the 4-substituted derivative of formula IV.

10 Suitable conditions include use of a halogenated solvent, such as CHaClo,
at low temperature. Suitabls temperatures are from -78°C initially, allowing
the reaction mixture to warm gradually to RT if the reaction is not completed
after several hours. The reaction is catalyzed by the addition of an
equivalent amount of an organic base, such as triethylamine and

15 diisopropylethylamine (Hinig's base).

H
]

Re );
E + CiBr- CHZ(éH), -Aty Fﬂz( H),—Ar,

N au) E
u

Method 2. If the group Arz contains one or more halogen atoms on an
aromatic ring and the other groups are as in Method 1, then an altemate
route to a compound of formula IV is preferred. In addition, this method can
20 be used to prepare compounds in which | is from 0 to 2. Mono-protection of
~ the diamine of formula (A), preferably with BOC anhydride, or other agents
known to introduce the t-butyloxycarbonyl protecting group, in an aicohol
~ solvent, such as msthanol, preferabiy at about -10°C, produces a compound
of formula V.



Transition nmetal catal yzed coupling of 2-chloropyrazine

with an aromatic Gignard reagent in a dry, ether solvent, such as THF,
yields the aryl-substituted pyrazine of fornula Il'. The catal yst shown,
[1, 2- bi s- (di phenyl phosphi no) et hane] nl ckel [err]
chloride, is a preferred reagent for 10 this

transf or mat i orfWOW34864 Ar[err] has no hal o substituents, redud@GrHI9¢5669
conmpound of forrmula Il'" by catal ytic hydrogenation, using, for instance,
pal | adi um acetate, preferably in acetic acid solvent, results in
preferenti al reduction of the pyrazine ring,

| eaving the aromatic ring unreduced, that is, ét

results in a conpound of fornmula II. SinilarT?,'lO@de on charcoal (Pd-CQ
15 can be used in an al cohol solvent, preferably nethanol, with or w thout
the NHaddi tion of a small quantijyNHe to 5
equi val ents) of acetic ag React i r,LV ti mes of

from1l to 24 hours gy y sufflég fOHQkaﬁkeacthw—WWNch i's

preferentially run at temperature Of STTgntly abo (up to about
NH and using from1 to/abNHBGC

50[err] O -
at nospheres pressure of yﬂrogé%. [err] 96/ 34864

PCT/ US96/ 05660 (A) V) -32-
The internediate of fornmula Il may froma

Iso be
compound of formula Il1', even if t &1"’[‘%@’? used fo.perform. s spiptive
-atons, by reduction amirna@omreactiongrithyue aldiahy@obbrmnia \{ite peachice\an arminewh

al um num hydride (LAgGim@ia V. (fstickire& (AYTIP (UiE)Y 8hd HR) hétel{\ R 8an Bb Béund to
5 any position betwaen the two nitrogens. In cyclic structures like (IVA) below,
R can be bound to any available cyclic position that is occupied by carbon,
and that is between the two nitrogens.)
Suitable conditions for this type of reaction include the
use of an alcohol solvent, preferably methanol, made slightly acidic with a
10 weak organic acid, such as acetic acid, and a reducing-agent known to favor
reductive amination reactions, preferably sodium cyanoborohydride,
NaBH3CN.

r

(&L )l"'AI'1

/NHZ A, CHz
| Rc-zg\ + ouc-gm!n.-m — ,/
NHBOC |
n v I?\NHBOC

V)

(Vi)

Reaction of a compound of formula VIt with a phenacy! halide
15 derivative of formuia Vill, in which Ara preferably represents a halogenated
aromatic ring, but may be any of the claimed aromatic rings, in the presence
of an organic base, such as di-isopropylethylamine, also known as Hiinig's
Base, in an ether solvent, such as THF, results in the formation of the
intermediates of formula IX.



5 ether solvent, such as ether, THF or di nmethoxyethane (DME).

Sel ective al kylation of a conpound of forrmula Il is

possi bl e using | ow tenperature conditions. Thus, reacting a conpound of
formula Il with a substituted aryl-alkyl halide of fornmula Il where | is O
to 2, results in the formation of the 4-substituted
derivative of WQHME64| V. 10 Suitable conditions iREIUR6056@ of
a hal ogenated solvent, such as CHerr]C[err], at | ow

tenperature. Suitable tenperatures are from-78[err]Cinitially, allow ng
the reaction mxture to warmgradually to RT if the reaction is not

conpl eted after several hourggglhe reaction is catalyzed by
the addition of an equi val ent anount of an organi c base,
such as triethylam ne and 15 diisopropyl ethyl amne (Hunig's
base). [err] Method 2. If the group ﬁ;ﬁrr]
contai ns one or nore hal ogen ons on an aro rrArpg and
the other groups are as in Hheas, thenpan alternate
route to a conpound of formuk,Vis prefermpd. In addition, §rret
can 20 be used to prepare gLonpoundls imwhich | is
Mono- pr ot ecti on of NH t he di of forrrul a ( preferab
wi t h BOC anhydri de, agents 2 t roduce the
t - but yl oxycar bonyl Lng group, in an al _ sol vent
such as net hanol , prefe y at about -10[eﬂu)]c produces onpound
of formula V. \/\CC 660 (a
PCT/ US96/ 05660
NH-BOC
Vil 1%

Removal of the BOC protecting group using a suitable acidic
catalyst, such as trifluoroacetic acid, followed by an intramolecular reductive
5 amination, under conditions such as those described above for the
preparation of a compound of formula Vi, leads to the formation of
compounds of formula [VA.

(‘lEH)l—Aﬁ Re:
CHa ? ({:H):—-Ar,
H
N Arz Ciz
r u N
Re ——
1+
( (s
4—a
" “SNH-BOC | " H At
(%) (IVA)

Method 3. An alternate route to compounds of the invention
10 inwhich lis Oto 2 is as follows. Standard coupling of an N-protected amino
acid of formula X, wherein Arz is as described above, such as Ara-

CH(NHProt)CO2H, with a glycine ester, or an amino acid ester derivative
Re

HaN .
with = 2 COOR (R' is Co-C4 alkyl, for instance, the ethyl ester of



-33- [err] These conpounds are used to

performa reductive am nation reaction with the al dehyde of formula
VI to produce an am ne of formula VII. (In structures (A, (V),
(VI1), and (I X) herein, R err] can be bound to 5 any position between
the two nitrogens. In cyclic structures like (1VA) bel ow, err] can
be bound to aMPRdEskabi e cyclic position that is occupied bYCHUFHKEFE0

and that is between the two nitrogens.) ' Sui t abl e
conditions for this type of reaction include the use of an al cohol

sol vent, preferably nmethanol, made slightly acidic with a 10 weak organic
acid, such as acetic acid, and a reduci ng ageyat. known to favor
reductive am nation reactions, preferably sodium cyanoborohydri de,

NaBH3CN. [err] formuta X! . Et in the formulas herein nf&tdtiag), Produces Aipestidelof

formia VIT with a %}E‘r&%c*h Raéd!tggle protecting group is BOC, although many others may
also be used. Other esters of glycine may also be used. Standard coupling
techniques may be applied, an example being the use of N-

5 hydroxybenztriazole (HOBT) and a water-soluble carbodiimide, such as 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide (DEC), in a non-hydroxylic
solvent such as CH2Clz, DMF or a mixture of the two foregoing solvents.
The reaction is run, preferably, at or below RT, and takes from 1 to 40 hours

for completion, depending upon the substrates.
Arp

B M),

R
HN” ~COZH o i
| + A —HN N._ _CO2Et
BOC HoN” ~CO,E! j
2 BOC X

10 X (0] oan e
Removal of the protecting group under standard

conditions, followed by treatment of the product with a base results in
cyclization fo the diketopiperazine of formula Xill. Suitable conditions for
removal of the exemplified BOC group are well known in the art and include

15 catalysis by trifluoroacetic acid (TFA). A suitable base for cyclization is the
alkali metal salt of an alcohol in the alcohol itself used as soivent. For
example, a solution of sodium ethoxide in ethanol may be used. The
temperature is preferably around RT but may be slightly above or below, in
the range 0°C to about 40°C. The reaction is generally complete within a

20 fewhours. Suitable reaction times are from 1 to 24 hours.

Arz :

) . 'i‘ ) Rc 'i'

u CO,EL O

thl Xy

= BOC O Rc o™

(Xiy H Ara
u

Reduction of the diketopiperazine of formula Xlli to a
compound of formula Il may be accomplished preferentially with a strong
hydride reducing agent, such as LAH or & solution of sodium bis(2-methoxy-



15 derivative of formula VIII, in which Ar[err] preferably represents a

hal ogenat ed aromatic ring, but nmay be any of the clained aromatic
rings, in the presence of an organi ¢ base, such as

di -i sopropyl et hyl am ne, al so known as Hunig's . Base, in an ether
solvent, such_as THF, results in the formation of the internedi at es
of fornula | XVO%6R488d — \\y 96/ 34864 PCT/US96/05660

PCT/ US96/ 05660 = 34- [err]

Renoval of the BOC protecting group using a suitable acidic
catal yst, such as trifluoroacetic acid, followed by an intranol ecul ar
reductive -36- :

ethoxy)atuminum hydride in toluene (also known as Red-Al®), or the
BH3.S(CHa3)2 complex. Suitable solvents for this reaction are DME and
other higher bolling ethers since the reaction is run at elevated

temperatures, from about 50°C to about 110°C, preferably at about 90°C.

H
|

H
Re 1 Re N
T )¢
o )
H Arz H Are
u m M u

5 ()
Altemnatively, a compound of formula of Il may be prepared by
the scheme shown below ( J. Med. Chem., 9, 191 (1 966)). As used herein L
is any readily available ester residue such as C1-C7 alkyl, more preferably
methyl or ethyl.

halogenation COO-L
Al /H\ . > Arg :
f) u+1 COO-L u

X
X=Cl, Br,|

/\ N o K
H2N NH, ( reduction E

(1)
A compound of formula || may be converted to a compound of
formula IV by the processes described in Method 1 above or Method 6
below.

15 Method 4. The intermediates of formula IV or IVA, formed via
any of the previous methods, may be further processed as follows. A
compound of formula IVA will be used in the Schemes. Reaction of a
compound of formula IVA with an activated halo-acid, generally the acid
halide of formula XV, in which Hal represents Cl, Br, or |, yields the

10




5 am nation,

under conditions such as those descri bed above for the

preparation of a conpound of forrmula VII, leads to the fornation of _
conmpounds of fornula I VA [err] Met hod 3.
An alternate route to conpounds of the invention 10 in which |l is Oto

2 is as follows. Standard coupling of an N-protected am no
formula X, whewWsine3486ferr] is as descri bed above, such as Ar[REHYSI6/05660

CH(NHProt) CJ e
[err]

et hyl ester of
PCT/ US96/ 05660

aci d of

rrJH, with a glycine ester, or an anmno acid ester derivative

with (R is C[err] Clerr] alkyl, for instance,

WO 96/ 34864
-37-

acylated derivative of formula XV that is, m is 1 for formula I. An organic

t he

base is used to take up the hydrogen halide formed in the reaction, suitable
bases being triethylamine (TEA) and Hinig’s Base. Suitable reaction media

include halogenated solvents, such as methylene chiloride and chioroform.
5§ The reaction is preferably run at low temperature, at least initially. Suitable

temperatures are in the region of -50°C down to -80°C. Later in the reaction

it may be desirable to allow the mixture to warm up to about RT to ensure

completion of the reaction.

CHz(ﬁ')l =Ar: 1
FHz(iH)l —Ary -
§'} %9/ HaI-(CH)y-CO-HaI

(XIV) ' (cu) —Hal

ava) A
Rc
10 - Reaction of the halogenated amides of formula XV with

an amine of formula Z-H resuits in formation of the products of formula XVi,

which are compounds of the invention in which Xis O and m is 1.

Compounds of formula XVI have been modified to show the fact that these

‘products could have been prepared from compounds of formula IVA as

15 well as from IV. Suitable solvents for this reaction are halogenated

hydrocarbons, such as methylene chloride, and an organic base is present

to absorb the H-Hal formed. Appropriate bases include Hinig's Base. The

reaction is performed at or around RT, a suitable temperature being

generally in the range of from 0°C to 40°C. Reaction is complete within 1 to

- 20 48 hours.



- 35- formula XI . Et in the fornulas herein neans ethyl), produces

a di peptide of formula XIl. A suitable protecting group is BCC,

al t hough many ot hers may al so be used. Oher esters of glycine may
al so be used. Standard coupling - techniques may be applied, an
exanpl e being the use of N 5 hydroxybenztriazol e (HOBT) and a

wat er - sol ubl e WaP¢RM8¢4 ni de, such as 1- PCIUSGNS660

( 3-di net hyl am nopropyl ) - 3-et hyl carbodii m de (DEC), in a non-hydroxylic
solvent such as CHerr]C[err], DW or a mxture of the two foregoing

sol vents. The reaction Is run, preferably, at or below RT, and

takes from1l to 40 hours for conpl et.igg, dependi ng upon the .

substrat es. [err] 10 :

Renoval of the protecting group cnder standard conditions, followed
| ?z%bgse results in cyclization to

;
15 catalysis by trifluoro acid (TFA zHA suitapl e ba @(
cyclization is the | kak} et al se+—ef—an a holnin the al cohol
Itself used as solvent. Fo \

i n ethanol” nay be used. The

exanple, a solutio i di um et hoxi de

by treatnent of the product % b
t he di ket opi per azi ne of fﬁémj 1 "MSui tabl e conditions for ,
renoval of the exenplified\BG group are well known in the 2" g‘llg i ncl ude
et g —An
nN .
Argnperature is pra rably around RT but

may be slightly above or b A t he range bout
40[err]C. The reaction is genéally conplete within a 2 f Bours.
Suitable reaction tines are fr 1 toH24 hour's. vy _ u
[err] xXv) —Hal )
8] (CQ,—Z
Rc Re

Method 5. Compounds of formula XVI where y # 0 may be converted to
other compounds of the invention of formula XVII by reduction under
controlied conditions.

Be - e
CHz(éH). —Ary o sz(éH)x —Ar
Rc\/ GF:
( l)n\ Ara - ( n Ars
u u
(xXvi) J\ (XVIi) I\

0”7 ey, —2 (Cly—2z
Re .

Suitable reducing agents to effect this transformation include the
~ borane-dimethyl sulfide complex, as well as other less selective reagents,
such as LAH, (assuming that no other group reactive to LAH is present),
Red-Al®, and diborane in ether. Effective temperatures for the borane-

10 dimethyisulfide compiex to reduce compounds of formula XVI, range from
RT to the reflux temperature of the solution of the reagent in THF (about
80°C).

Method 6. Intermediates of the formula XVIli may be
selectively acylated by coupling with an acid of the formula XiX. Standard

15 coupling techniques may be applied, an example being the use of HOBT, a
water-soluble carbodiimide, such as DEC, and an organic base, such as
triethylamine, in a non-hydroxylic soivent, such as CH2Cly, at a temperature



Reduction of the di ketopi perazine of fornmula XIIl to a conmpound of
formula Il nay be acconplished preferentially with a strong hydri de
reduci ng agent, such as LAH or a solution of sodium bis(2-nmethoxy-

WD 96/ 34864 PCT/ US96/ 05660

- 36- et hoxy) al um num hydride In toluene (al so known as
Red-AI[err]),“H? BH err].S(CH err])[err] conpl ex. PEYP39%{05640
solvents for this reaction are DVE and ot her higher boiling ethers
since the reaction is run at el evated tenperatures, from about
50[err]C to about 110[err]C, preferably at about 90[err]C [err] 5
Alternatively, a conpound of fornmula of Il ogg.be prepared by t he
scheme shown below (J. Med. Chem, 9, 191 (1966)). As used herein L

is any readily avaidfadiout wermmw drite mugireanaybe alidwéd &y wametdRTT tonor e

preferably Wlhte%e%géﬂon Thbbrodiiet ‘ot reaction is the amide of formula XX.
H + Re
Rc ) HO2C—(CH); —Ar, Re ﬁ—( H) "'Af1
_-N
ox) \
R
N _— (§\N
H ( Arp n '!' (XX}
u
u Ara
{XVID)

Compounds of the formula XX, may be further acylated
5 using an acid halide of formula XXa. The reaction is run, preferably at about
-78°C, over a period of 1 to 12 hours, in a halogenated solvent, such as
methylene chloride or similar solvent. An organic tertiary amine is used to
absorb the H-Hal produced in the reaction. Suitable amines include
triethylamine and Hiinig's Base. As used herein Hal means CI, Br, or {.

Re
ON—
A Re:
| HC }_( H)I "1. Rcoﬁ—.(ﬁ)l_Ar‘

X" .
v TlP
(5 e

N
" H Rc
u Ar2 {XXa)
Al
U
(XX) (o)
‘ (CHY —Hal
\Rc
(XX1)

10
- The compounds of formula XXI, thatis, mis 1in

formula |, y = 1-3, 1 = 0-2 may be used for further reaction without isolation.
Additional organic base, for instance, Hiinig's Base, is added to the mixture



A conpound of fornmula Il may be converted to a conpound of formul a
IV by the processes described in Method 1 above or Method 6 bel ow.
15 Met hod 4. The internediates of formula IV or I VA forned
Vi a any of the previous nethods, may be further processed as
follows. A conpound of formula IVA will be used in the_Sche
Reaction of aWO9B34864:,.1n0nd of formula IVA with an activat Bﬁr’ﬂﬁﬂﬁg&ﬁl d,
generally the acid . hal i de of fornmula XV, in which Hal represents
C, Br, or I, yields the WO 96/ 34864

PCT/ US96/ 05660 - 37-

acyl ated derivative of fornmula XV that is, mggs 1 for formula I. An organic
base is used to take up the hydrogen halide forned in the reaction,

sui tabl e bas folloved by Z-Hj et drydroond <78 TEAheaadctidn'is GompRaseby alidwing! e

chioride and chl or offS RS WeRn B0 RimRLViBBE N HoGheBinAE Wil o

tenperature, at | eagf‘)e’ workryp W putification by standard methods.

ac\ \‘(Cﬁ)' A R }—(cﬁ?j\ra
N - %
(gn\N (gn\u

Arz
u _ +
D e o
0 Z-H 0
(CH>Y\— Hal (CHY —z
(Xxn) (XX11)
R | \F‘c

5 The compounds of formula XXII, in which y = 1-3 may be converted

to other products of formula XXill by reduction under controlled conditions.

’RCI
\—«cﬁ-m e GHACHN —

6 —6
A%

(GHy —2 Re

oK) Ro (XXt

Suitable reducing agents to effect this transformation

include the borane-methyl sulfide complex, as well as other less selective
10 reagents, such as LAH, Red-Al®, and diborane in ether or other unreactive
solvents, such as THF. Using the borane-methy! sulfide complex in THF, at

the refiux temperature of the solution, which is about 80°C, the reaction is
complete in about 2 hours to 48 hours depending on the precise substrate.



tenperatures are in the region of -50[err]C down to -80[err]C. Later in the

reaction It may be desirable to allow the mxture to warmup to
about RT to ensure conpletion of the reaction. [err]

10 Reaction of the hal ogenated am des of formula XV
wth an anmne of fornmula Z-Hresults in formation of the products of
fornula XvI, WO9348fich are conpounds of the invention in wWHFEHS 90
and mis 1. Compounds of fornula XVl have been nodified to show the
fact that these products coul d have been prepared from conpounds of
formula | VA as 15 well as fromIV. Suitable solvents for this reaction
are hal ogenat ed hydrocarbons, such as_gpthyl ene chloride, and an
organi c base is present to absorb the H Hal formed. Appropriate

lggses i n_clt ugle H;mi g's Base. Tkgme of the sﬁ@étFétéé)lZ-lH for BfY AIRYIERSh ?aacga? W¥epaind
OLerr] G t o 40 er r] ¢ YRNgaieaoRY 4-atminpdrobriyipiheriine (4) By sl §Snugreon (S tne
WD 96/ 34864 t-BOC protected derivative(B) followed by remeétt of techertybgroup by
' hydrogenolysis over a suitable catalyst such as Pd(OH)z to yield the t-BOC
5 protected piperidine (C). Subsequent elaboration of this piperidine can be
accomplished by either alkylation or reductive alkylation depending on the

availability of reagents for these reactions.

Reaction of the intermediate (C) with an aldehyde or ketone
10 (D) under the conditions of reductive alkylation, such as in methanol andin
the presence of NaBH3CN with sufficient AcOH (acetic acid) present to
allow the reaction to proceed at a suitable rate, produces the amine (E) from '
which the t-BOC group may be removed, for instance, with 4N-HCl in
dioxane followed by basification for instance, with an aqueous solution of
15 NaOH, to produce the compound of formula (F).

The same product, (E), may be prepared from (C) by
alkylation with the halide derivative (G) in which “Hal* is Cl, Br, or I. Other
activated leaving groups are also possible for this reagent , such as
mesylates or tosylates. The reagent is preferably primary but the reaction

20 can also often be made to work acceptably for secondary derivatives.

The product of the alkylation, (E), may be treated as
described above to produce the 4-aminopiperidine (F) which represents one
of the preferred forms of Z which can be used to convert a compound of
formula XXi to a compound of formuia XXII.

25



-38- [err] Met hod 5. Conpounds of fornmula XVI where y

[err] O may be converted to ot her conpounds of the invention of

formula XVI1 by reduction under controlled conditions. [err]

5 Sui tabl e reduci ng agents to effect this transformation

I ncl ude the bor ane-di net hyl sulfide conplex, as well as other |ess

sel ective rea@@ﬁ”@?“‘ such as LAH, (assum ng that no ot

reactive to LAH is present), Red- Al [err], and di borane in ether.

Ef fective tenperatures for the borane- 10 dinmethylsulfide conplex to

reduce conpounds of forrmula XVI, range from RT to the refl ux

tenperature of the solution of the reagent -i42-THF (about 80[err]O).
NH, NHBOC NHBOC

t-BOC h Pd(OH),/C h Reducti

o
+JK&
(D)

N” anhydride “N° @ —> ,;J a{kylation
Ph Ph (‘;) e/%
A B %
@ ® | &‘:’a' NHBOC
R Re N

@) Fd\ Rg
/ (E)

NH,
()
D,

(F)

Method 7. The acylated derivatives of formula XX from Method 6
may be reduced to the saturated alkyl chain derivatives of formula XXIV.

Re Re
Rcoﬁ—-(ém -cAr1 Rc\ gﬂz(C()l —Ar,
¢ (S
( " I Ar2 n u Arz

H u - H
Xx)

5 (XXIv)



Met hod 6. Internmediates of the formula XVIII may be sel ectively

acyl ated by coupling with an acid of the fornula XI X Standard 15
coupling techniques may be applied, an exanple being the use of HOBT, a
wat er - sol ubl e carbodii m de, such as DEC, and an organi c base, such as
triethylamne, in a non-hydroxylic solvent, such as CHerr t a
tenperat ure WO96i34364 WD 96/ %4864 Lo Setfisbdusedd

PCT/ US96/ 05660 - 39- of
about -20[err]Cinitially. The m xture may be allowed to warmto RT to
conplete the reaction. The product of reaction is the am de of formula XX
[err] A Cogpounds of the fornula XX may
be further acyl ated 5 wusing an acid halide of formula XXa. The

rle?ct i1(2)nhi s run, preferably fhe pRi2ess tot conduct this cofVefsidr i@thé’!‘,@mefaspef i od of
chioride or inila §%rhéﬁ9%§ﬁoiﬁaqﬁ$@V9€sfqn of § compend of fguliie KT a
absorb the H Hal prompouad ohfarmalar XXdH.i The reagentol preferemessisithe borane-
‘ methyl sulfide complex.
5 Reaction of the intermediate of formula XXIV with the acy!
halide of formula XXV at temperatures of about -78°C produces the amides
of formula XXVI. The reaction is run preferably in a halogenated solvent,
such as methylene chloride, in the presence of an organic base to take up
the H-Hal formed. A suitable base is Hiinig's Base. The product, a
10 compound of formula XXVi, may be used without isolation in the subsequent

step.

) Re Rc:

Rc (':Hz( ) —Ar h =Ar
§§
( n Hal- (TH),-co-Hal (xxw)
_ u Ara R
H)y-HaI
XXV} Rc
15 The halo-derivative of formula XXVI may be used without

isolation to react with the amine compound of formula Z-H. An additional
equivalent amount of a suitable organic base, such as Hiinig's Base, is
. added to the mixture to consume H-Hal. The reaction is initially run at about
~78°C but is allowed to warm gradually to RT to complete the reaction. The
20 product, a compound of formula XXVII, is isolated by conventional
techniques and may be purified by flash chromatography.



triethylamne and Hunig's Base. As used herein Hal nmeans C, Br, or 1|.

[err] 10 The conpounds of
formula XXI, that is, mis 1 in formulal, vy =1-3, | = 0-2 may
be used for further reaction w thout isolation. Addi ti onal
organi c base, for instance, Hunig's Base, is added to the m xture
WO 96/ 34864 WO 96/34864 PCT/ UBGBNSBHEE0
- 40-
-44.
Re Rc
ng( ) ~Arn ng( ) —An
Rg N Re N

) TH)y-HaI o) (fH)y-Z
POtV Ao (XXVID) Rc

An alternate route to compounds of structure (XXII) also starts with
compound (XVIII). Initial reaction with an amine protecting group reagent,

5 preferably BOC anhydride, produces the N-t-butyloxycarbonyl derivative of
the formula XXVIiil. -

WO,

Ars oExXvID

Ar:

U vIID
u
As before, reaction occurs preferentially at the nitrogen atom further

away from the Arz group. Reaction of this intermediate with a reagent of

10  structure (XXa) as described above, leads to the halo-derivative (XXIX).
Reaction of (XXIX) with Z-H, again as described above, produces the
intermediate (XXX) which may be de-protected to produce (XXXI). Suitable
reagents include trifluoroacetic acid and HCL



followed by Z-H, at or around -78[err]C. The reaction is conpl eted by

al | owi ng the m xture to warmto RT overnight yielding .the conpounds
of formula XXII - after work-up and purification by standard nethods.
[err] 5 The conpounds of forrmula XXII, in whichy =
1-3 may be converted to other products of forrmula XXl Il by reduction
under control WOP6R34864li t i ons. [err] _ PCT/US96/05660

Sui t abl e reduci ng agents to effect this transformation i ncl ude the

bor ane-net hyl sulfide conplex, as well as other |ess selective

(XXVIi) +(XXa) =———> Hal

(XXIX)
Arz
Rc *
o R
(XXIX) +(Z-H) z y W 0
_ J n N—ILQ ’%
Ary
u (XXX)
R
Rc
W
XA
XXX)+CRCOH A/ -\N/H
( u XXX

Al’g
Reaction of (XXXI) with a carboxylic acid (XIX) under such coupling
5 conditions as described above, leads to the products of formula (XXII).
Method 7a.
Synthesis of the compounds of the invention wherein the pendant
aromatic group Ary, or the pendant aromatic group Arz and its sidechain,
, are located in the alternate ring position to the compounds ot formula XXl
10 (ie compounds of formula C below), may be prepared using compounds of
~ formula XXVIII from method 7 as starting materials. Coupling of compounds
of formula XXVIil with any of the acids of the invention



10 reagents, such as LAH, Red-Al[err], and di borane in ether or other

unreactive sol vents, such as THF. Using the borane-nethyl sulfide
conplex in THF, at the reflux tenperature of the solution, which is
about 80[err]C, the reaction is conplete in about 2 hours to 48 hours
depending on the precise substrate. WO 96/ 34864

PCT/ US96/ 0566 @vo 96/34864 PEIUS96/05660

Some of the substrates Z-H for the al kylation reaction were
synt hesi zed from 4-am no- 1- benzyl pi peridine (A) by initial conversion to

t he t-BOC protected derivative(B) followed by renoval of the benzyl
group by hydr ogenol ysi s over a suitablg catal yst such as Pd(OH)[err]
to yield the t-BCC 5 protected piperidiﬁéﬁ%TD. Subsequent el aboration
of this piperidine can be acconpl i shed by either alkylation or
reductive al kyl ati on depeffdi ng on the avai lability of reagents for

t hese reactions. Reaction of the internediate (O

wi th an al dehyde or Kﬁm]@ cé (D) under the conditions of reductive
al kyl ation, such as i ne Hﬂn onderistandard coupling cpnditiens; dordhstandaising ] CN

with sufficient ACORdETSERRN il PBC PR lo.! frod s?'ne%tbﬁﬁ‘é&iﬁfe Wﬁﬁ%&weﬁalto
proceed at a suitable, rat roguces the a%n e ; ro . I t he
b~ BOG group may be PERAEHOCIs Ol Aratecting GouR uBde pianedrd conditionsirelgases
fol l oned by basifi céite tree fmine (Bt Acylationeft(B) and autheo veactionh witha:Hgirocedds

NaOH, to producegth %@ﬁbﬁ% ™ : i samne
product, (E), ma? b?s epar e n]f?\?etf'l&? g? b@;?& c):rtversmnzﬁils)yl()a\{llaé)rﬁXl 't(t’ I§|X2[(l;i]-e
hal i de derivative (ef&h@\muﬂ% ofthegpvention. o | "t her

activated | eaving groups are al so possible for this reagent, such as

nmesyl ates or tosylates. The reagent is preferably primary but the reaction



20 can also often be nmade to work acceptably for secondary derivatives.

The product of the alkylation, (E), may be treated as descri bed
above to produce the 4-am nopiperidine (F) which represents one of
the preferred forns of Z which can be used to convert a conmpound of
formula XXI to a conpound of formula XXII. 25 , WD 96/ 34864
PCT/ US96/ 05660 WO 96/34864 -42 - [err] PCT/USS6/05660
-47 -
Rc' )
eoxviy e
o
HO,C IAH | A
( N
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N
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n Al’z
u
o)
]
H 1 ®
Rc'
© | An
( N
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u
N
Rc
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Met hod 7. The acyl ated derivatives of fornmula XX from Met hod 6 may be
reduced to the saturated al kyl chain derivatives of forrmula XXIV. [err]
5 WD 96/ 34864

PCT/ US96/ 05660

WO 96/34864 PCT/USI6/05660

10

15

20

-48-
Method 8.

A method for introducing a group, Rg, into the sidechain
of a compound of the invention bagins with a previously prepared compound
of formula (XX). This may be coupled with a suitably protected amino-acid
derivative of formula (XXXII) in which the t-BOC group is used as a
representative protecting group. Use of a relatively reactive coupling agent,
such as BOP-CI of formula (XXX1Il), is preferred and the reaction is run
under standard coupling conditions well known to one skilled in the art.
Suitable conditions include the use of CH2Cl2 and/or DMF as solvent, with
triethylamine or Hiinig's Base, and a temperature between 0°C initially and

‘RT. Usual work-up conditions yield the protected intermediate of formula

OXXIV).

In the case of (XXXIV), in which the N-protecting group
is t-BOC, the usual conditions for removal of such a group may be used to
free the amine function. Various concentrations of CF3CO2H in CH2Clo will
usually suffice. In some substrates a fairly dilute solution {e.g. 2N} will be
sufficient whereas in other cases a more concentrated solution, up to neat
TFA, may be necessary. In addition, other N-protecting groups may be
employed and removed by methods well known in the art. An example is
use of the N-Cbz which may be removed under either acidic or
hydrogenolytic conditions. The result of deprotection is the amine
intermediate of the formuia (XXXV).



- 43- The process to conduct this conversion is

the sane as ' described in Method 6 for conversion of a conpound
of formula XXII to a compound of formula XXIIl. The reagent of
preference is the borane- met hyl sul fide conpl ex. 5

Reaction of the internediate of fornmula XXIV with the acyl
hal i de of for Ripdeaes at tenperatures of about -78[err]C progderanssddssso

am des of formula XXVI. The reaction is run preferably in a
hal ogenat ed sol vent, such as nethylene chloride, in the
presence of an organic base to take up the HHal forned. A
sui tabl e base is Hunig's Base. The product, a 10 conpound of
formula XXVI, may be used without isolation 1491t he subsequent

step. [err] 16 The hal o-derivative of
formula XXVI may be used wijhout _Re i sol atigpn to React with the
am ne conpound of formula Z= itional c/'mﬂ.m', al ent
anount of a suitable organbch )F%ch as Hunig's %sﬁ.ws i

added to the m xture to copsu H Hal . The reaction i stially run at

about” -78] but is aIIowegl_to war radgally to RT to
conplete the reaction. The™FN 20 product, a d of fornula
XXVI1, is isolated by con tﬂ
) Ar, XXX, Ar,
u u
000 XXX o NH-BOC
Rc (OXXIV)
Re
Y(Cﬁr‘"‘
Rc_N
(4
n
uArg
O NH»>
Re poow)
Rc
a is /l\ .
HO.C NH-BOC . 0
O
YOOI, . Oj L o
L NN
Cl
XXX}

Conversion of intermediate of the formula (XXXV) to compounds of the
invention is then carried out by a reductive alkylation process.



techni ques and may be purified by flash chromatography. WO

96/ 34864 PCT/ US96/ 05660

-44- [err] An alternate route to conpounds of

structure (XXI'l) also starts with compound (XVII1). Initial reaction

Wi th an am ne protecting group reagent, 5 preferably BOC anhydri de,

produces the YWdosBudey! oxycar bonyl derivative of- t he f arommisa6/HSssd | | .
-50-

The group Z is introduced into the molecule using an
aldehyde or ketone in which the aforementioned group is present at the
carbon atom that is to be joined to the amino group of the formula (XXXV).
An example of such an intermediate is compound of the formula (XXXVI).

5 ,
Sy
o \ P1 N Fo
P2 Ra Rb
n
XAXXVI
After the reaction this group bacomes the Z group of the
compounds of the invention, that is, the "Y-NH" group shown in compounds
of the formula (XXXVIiI} just below
10
Tc’
O~ (CH) ——Aar,

Re

XN
(R~
°)YH—Y X0V

Rc

is equivalent to the "Z" group shown in the Summary of the Invention.
Conditions for this reductive amination procedure are known in the art and
are exemplified by the use of NaBH3CN in MeOH with the addition of

15 several equivalents of acetic acid. Generally, the reaction is performed at
RT and is left to react overnight. Product is isolated by standard means,
such as decomposition of excess reagent with H20 and extraction of the
product into an organic solvent such as CH2CI2 or a mixture of Et20 and
CH2Cl2.



[err] As before, reaction occurs preferentially at the

nitrogen atom furt her away fromthe Ar[err] group. Reaction of this
intermediate with a reagent of 10 structure (XXa) as described above,
| eads to the hal o-derivative (XXl X). Reaction of (XXIX) with Z-H,
agai n as described above, produces the i nternedi ate (XXX) which may
be de- pr ot ecwalsgaasqar oduce (XXXl). Suitable r eagent s PCHUSL6{08660
trifluoroacetic acid and HCO . WO 96/ 34864
PCT/ US96/ 05660 -45- [err]

-51-

Using procedures similar to those described in the above or using
procedures known to those skilled in the art, one can produce all of the
compounds of formutla | of the invention. For exampie one can obtain

-5 compounds of the invention of formula | wherein the R moiety is on various
carbons of the piperazine ring.

The in vitro and in vivo activity of the compounds of formula | can
be determined by the following procedures.

10 In vitro procedure to identify NK; activity
Test compounds are evaluated for their ability to inhibit the
activity of the NiK1 agonist Substance P on the isolated guinea pig vas
deferens. Freshly cut vas deferens are removed from male Hartley guinea
pigs (230-350g) and suspended in 25 mi tissue baths containing Kreb's



Reaction of (XXXI) with a carboylic acid (X X) under such coupling 5
conditions as described above, leads to the products of fornmula (XXII).

Met hod 7a. Synt hesi s of the conpounds of the invention wherein
t he pendant aromatic group Ar[err], or the pendant aromatic group
Ar[err] and its sidechain, are located in the alternate ring
position to tWOMMMBMMuUNds of formula XX I 10 (i e conpoundBCHUSIPHB| a C
bel ow), may be prepared usi ng conpounds of formula XXVI11 from et hod
7 as starting materials. Coupling of conpounds of formula XXVII1 with
any of the acids of the invention

-52-

Henseleit solution warmed to 37°C and constantly asrated with 95% Oz and
5% CO». Tissues are adjusted to 0.5 g and allowed to equilibrate for a
period of 30 minutes. The vas deferens are exposed to an electrical field
stimulation {Grass S48 Stimulator) every 60 seconds at an intensity that will
5 cause the tissue to contract 80% of its maximum capacity. All responses

are recorded isometrically by means of a Grass force displacement
transducer (FT03) and Harvard electronic recorder. Substance P inhibits
the electrical field stimulated-induced contractions of the guinea pig vas
deferens. In unpaired studies, all tissues (control or drug treated) are

10 exposed to cumulative concentrations of Substance P (1X10-10 M - 7X10-7
M). Single log-concentrations of the test compounds are given to separate
tissues and allowed to equilibrate for 30 minutes before a Substance P
concentration-response curve is generated. At least 5 separate tissues are
used for each control and individual drug-concentration for every drug

15 assay. _

Inhibition of the Substance P is demonstrated by a rightward
shift of its concentration-responsa curve. These shifts are used to
determine the pAg value, which is defined as the negative log of the molar
concentration of the inhibitor which would require that twice as much agonist

20 be used to elicit a chosen response. This value is used to determine
relative antagonist potency.
olated H r Trachea NK
.General methodology and characterization of hamster trachea
responses to neurokinin agonists as providing an NK2 monoreceptor assay
25 isfoundin C.A. Maggi, et al., Eur. J. Pharmacol. 166 (1989) 435 and J.L.
Eliis, et al., J. Pharm. Exp. Ther. 267 (1993) 95. '

Continuous isometric tension monitoring is achieved with
Grass FT-03 force displacement transducers connected to Buxco
Electronics preamplifiers built into a Graphtec Linearcorder Model WR 3310,

30 Male Charles River LAK:LVG (SYR) hamsters, 100-200 g fed
weight, are stunned by a sharp blow to the head, loss of corneal reflex is
assured, the hamsters are sacrificed by thoractomy and cutting the heart.
Cervical trachea segments are removed to room temperature Krebs butfer,
pH 7.4, aerated with 95% O» - 5% CO» gas and cleaned of adhering tissue.

35 The segments are cut into two 3-4 mm |ong' ring segments. Tracheal rings



WD 96/ 34864 PCT/ US96/ 05660

-46- Rerr] | Ar-(CH[err]CJ err] H under standard coupling
conditions, for instance using HOBT, Et[err]N and DEC in CH2Cl 2,
produces the internediate (A). Renoval of the t-BOC or other
protecting group under standard conditions rel eases the free am ne
(B). Acyl ati ogvofssgsdd and further reaction with Z-H proceedspcrsosossso
described in Method 6 for the conversion of (XX) via (XXI) to (XXIl) to

produce conpound (C) of the invention. PCT/ US96/ 05660
-47-

-53-

are suspended from transducers and anchored in 15.0 ml water jacketed
organ baths by means of stainless steel hooks and 6-0 silk. Baths are filled
with Krebs butter, pH 7.4, maintained at 37°C and continuously aerated with
95% Og - 5% CO2 gas. Tracheal rings are placed under 1.0 g initial tension
5 and allowed a 80 min equilibration period with four 1 uM NKA challenge,

wash and recovery cycles at 20 min intervals. 30 min vehicle pretreatment
is followed by cumulative additions of rising doses of NKA (3 nM - 1 uM final
concentration, 5 min intervals between additions). The final NKA response
is followed by a 15 min wash and recovery period. 30 min pretreatment with

10 atest compound or its vehicle is foliowed by cumulative additions of rising
doses of NKA (3 nM - 10 uM final concentration if necessary, 5 minutes
intervals between additions). The final NKA response is followed by a 1 mM
carbachol challenge to obtain a maximal tension response in each tissue.

Tissue responses to NKA are recorded as positive pen

15 displacements over baseline and converted to grams tension by comparison
to standard weights. Responses are normalized as a % of the maximal
tissue tension. EDsg’s are calculated for NKA from the control and treated
NKA dose responses and compared. Test compounds resulting in an
agonist dose ratio = 2 at a screening concentration of 1 uM (i.e. pA2 > = 6.0)

20 are considered actives. Further dose response data is obtained for actives
so that an apparent pAz estimate can be calculated. pAg is calculated either

by estimation of K; as described by Furchgott (where pAg = - Log K;, R.F.
- Furchgott, Pharm. Rev. 7 [1995) 183) or by Shild Plot Analysis (O.

Aruniakshana & H.O. Shild, Br. J. Pharmacol. 14[1959] 48) if the data is

25 sufficient.
Effect of NK4 _Anggggnlgj_s on Substance P-induced Airway
icrovas r Leak inea P

Studies are performed on male Hartley guinea pigs ranging in
weight from 400-650 g. The animals are given food and water ad libitum.
30 The animals are anesthetized by intraperitoneal injection of dialurethane
(containing 0.1 g/m! diallylbarbituric acid, 0.4 g/m! ethylurea and 0.4 g/mi
urethane). The trachea is cannulated just below the larynx and the animals
are ventilated (V1 = 4 mi, f = 45 breaths/min) with a Harvard rodent
respirator. The jugular vein is cannulated for the injection of drugs.
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Met hod 8. A nmet hod for introducing a group,
Rlerr], into the sidechain of a conmpound of the invention begins
with a previously prepared conpound 5 of formula (XX). This may be :
coupled wWith agmy y protected am no-acid deri vat i y@pridosibsgkgTul a
(XXXI'l') in which the t-BOC group is used as a representative
protecting group. Use of a relatively reactive coupling agent, such

as BOP-C of formula (XXXI11), is preferred and the reaction is run
under standard coupling conditions well known to one skilled in the art.
10 Suitable conditions include the use of <B§err]Cl[err] and/or DVF as
solvent, with triethﬁLanine or Hunig's Base, and a tenperature

between O[err]C initially andhe Evans bluadyeteehniquaanks, Goedatl-i Bharmacel. d

} het Er ot ect edf i ?t eroEHmine 19&03&09“'19?\}2) is used td ME¥bYMe airway microvascular .
n e case O | | | . i \ e

e case o o, ek QPR s i,

t he ami ne functi on.mindatesby ivdnjsstion af substanse ROBOag/kaiORive mia fater, the

CHerr]d[err] g | lthorax is opentiddParid/a bitint-bAded 1 Bga88& nE6ME pasédbinto thal 'l y
dilute solution (e erea of,her cases

a nore concentr at e'o&ﬂﬁ? D%‘? %{S%%ﬁgmdﬁeiﬁt‘he ﬁbﬁtfdtﬁ‘l’"e?’nﬁh,"ﬁ%‘ifﬁﬁé"h@ ry. In
addi tion, other N lushingt 108mbpfcaajise thigughethe aottic eathetey.dhedungs ambtrachaa,
net hods wel | known 4r8 rémevéad bn-biSt sheAfiBtich8a and bronchi&r@ tAén bioRedidaPwitkhi ch
may be removed u ndefflte? b&ggrran%c\}vgi'gﬁe&r Evans blue is extracted by incubation of the tissue
10 at 37°C for 18 hr in 2 m! of formamide in stoppered tubes. The absorbance
of the formamide extracts of dye is measured at 620 nm. The amount of dye
is calculated by interpolation from a standard curve of Evans blue in the
range 0.5-10 ug/ml in formamide. The dye concentration is expressed as ng
dye per mg tissue wet weight. Test compounds were suspended in
15 cyclodextran vehicle and given i.v. 5 min before substance P.
Measurement of NK» Activity in Vivo
Male Hartley guinea pigs (400-500 gm) with ad lib. access to
food and water are anesthetized with an intraperitoneal injection of 0.9 ml/kg
dialurethane (containing 0.1 g/m diallylbarbituric acid, 0.4 g/mi sthylurea and
20 0.4 g/ml urethane). After induction of a surgical plane of anesthesia,
tracheal, esophageal and jugular venous cannulae are implanted to facilitate
mechanical respiration, measurement of esophageal pressure and
administration of drugs, respectivély.
The guinea pigs are placed inside a whole body
25 plethysmograph and the catheters connected to outlet ports in the .
plethysmograph wall. Airtlow is measured using a differential pressure
transducer (Validyne, Northridge CA, model MP45-1, range + 2 cmH20)
which measures the pressure across a wire mesh screen that covers a 1
inch hole in the wall of the plethysmograph. The airflow signal is electrically
30 integrated to a signal proportional to volume. Transpulmonary pressure is
measured as the pressure difference between the trachea and the
esophagus using a differential pressure transducer (Validyne, Northridge,
CA, model MP45-1, range + 20 cm H20). The volume, airflow and
transpulmonary pressure signals are monitored by means of a puimonary
35 analysis computer (Buxco Electronics, Sharon, CT, model 6) and used for



hydr ogenol ytic conditions. The result of deprotection is the am ne

I ntermedi ate of the fornmula (XXXV). WO 96/ 34864
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the derivation of pulmonary resistance {R.) and dynamic lung compliance
(chn)- o
' Bronchoconstriction Due to NKA

Increasing iv doses of NKA are administered at half log (0.01-3
ng/kg) intervals allowing recovery to baseline pulmonary mechanics
between each dose. Peak bronchoconstriction occurs within 30 seconds
after each dose of agonist. The dose response is stopped when Cpyn, is
reduced 80-90% from baseline. One dose-response to NKA is performed in
each animal. -Test compounds are suspended in cyclodextran vehicle and
given i.v. 5 min before the initiation of the NKA dose response.

For each animal, dose response curves to NKA are
constructed by plotting the percent increase in Ry or decrease in Cpyn
against log dose of agonist. The doses of NKA that increased Ry by 100%
(RL100) or decreased Cpyn by 40% (Cpyn40) from baseline values are
obtained by log-linear interpolation of the dose response curves.

rokin r Binding A

Chinese Hamster ovary (CHO) cells transfected with the
coding ragions for the human neurokinin 1 (NK1) of the human naurokinin 2
(NK2) receptors are grown in Dulbecco’s minimal essential medium
supplemented with 10% fetal calf serum, 0.1 mM non-essential amino acids,
2 mM glutamine, 100units/mi of penicillin and streptomycin, and 0.8 mg of
G418/ml at 37°C in a humidified atmosphere containing 5% CO».

Cells are detached from T-175 flasks with a sterile solution
containing 5mM EDTA in phosphate buffered saline. Cells are harvested by
centrifugation and washed in RPMI media at 40°C for 5 minutes. The peliet
is resuspended inTris-HC! (pH7.4) containing 1 uM phsphoramidon and 4
ug/mi of chymostatin at a cell density of 30 x 108 cells/ml. The suspension
Is then homogenized in a Brinkman Polytron (setting 5) for 30-45 seconds.

- The homogenate is centrifuged at 800 x g for 5 min at 4°C to collect

unbroken cells and nuclei. The supematant is centrifuged in a Sorvall
RCSC at 19,000 rpm (44,00 x g) for 30 min at 4°C. The pellet is
resuspended, an aliquot is removed for a protein determination (BCA) and
washed again. The resulting pellet is stored at -80°C.

To assay receptor binding, 50 ul of [3H]-Substance P (9-Sar,
11-Met [02)) (specific activity 41 Ci/mmol) (Dupont-NEN) (0.8 nM for the NK-



Conversion of internediate of the fornula (XXXV) to conmpounds of the
I nvention is then carried out by a reductive al kyl ation process.
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1 assay) or [3H}-Neurokinin A (specific activity 114 Ci/ mmole) (Zenca) (1.0
nM for the NK-2 assay) is added to tubes containing buffer (50 mM Tris-HCI
(pH 7.4) with 1 mM MnCl2 and 0.2% Bovine Serum Albumin) and either
DMSO or test compound. Binding is initiated by the addition of 100ul of
membrane (10-20 ug) containing the human NK-1 or NK-2 receptor in a final
volume of 200 ul. After 40 minutes at room temperature, the reaction is
stopped by rapid filtration onto Whatman GF/C filters which have been
presoaked in 0.3% polyethylenimine. Filters are washed 2 times with 3ml
of 50 mM Tris-HC! (pH7.4). Filters are added to 6 mis of Ready-Safe liquid
scintillation cocktail and quantified by liquid scintiliation spectrometry in a
LKB 1219 RackBeta counter. Non-specific binding is determined by the
addition of either 1 pM of CP-99994 (NKy) or 1uM SR-48968 (NK2) (both
synthesized by the chemistry department of Schering-Plough Research
Institute). ICs0 values are determined from competition binding curves and
Ki values are determined according to Cheng and Prusoff using the
experimentally determined value of 0.8 nM for the NK1 receptor and 2.4 nM
for the NK2 receptor.

For all of the compounds of the invention, the NK1 bindingisina
range of about 0-100 % inhibition at 1 uM concentration. For all of the
compounds of the invention, the NKz binding is in a range of about 0-100 %
inhibition at 1 uM concentration. It should be understood that while the NK
binding for certain compounds of the invention is as low as 0% at 1 uM
concentration, that at higher concentrations these compounds may have NK
binding inhibition activity.

The Kj of a compound is that concentration at which the compound
caused 50% inhibition of either NKy or NK2. For those compounds of the
invention having higher than 50% inhibition of NK1 , K;'s for NK1 were
determined. The K;'s for NK1 for such compounds fell within a range of
about 0.1 nM to about 1 uM.

For those compounds of the invention having higher than 50%
inhibition of NK2 , K;'s for NK2 were determined. The K;'s for NK2 for such
compounds fell within a range of about 0.1 nM to about 1 uM.



- 50- The group Z is introduced into the

nol ecul e usi ng an al dehyde or ketone in which the aforenentioned
group is present at the carbon atomthat is to be joined to the
am no group of the formula (XXXV). An exanpl e of such an
internmediate i s conpound of the fornmula (XXXVI). 5 Lgr
After the reacMONe3#88#s group becones the Z group of the TUSI6/05660
conpounds of the invention, that is, the "Y-NH" group shown in conpounds

of the formula (XXXVII) just bel ow 10 [err]
I's equivalent to the "Z" group shown in the Summary of the Invention.
' -57-

Compounds of formula | exhibit NKy and NK3 antagonist activity to
varying degrees, i.e., certain compounds have strong NKy antagonist
activity, but weaker NK2 antagonist activity. Others are strong NK»
antagonists, but weaker NK1 antagonists. While compounds with -

5 - approximate equipotency are preferred, it is also within the scope of this
invention to use compounds of with unequat NK1/NK> antagonist activity
when clinically appropriate.

Certain compounds of formula ! have been found to be antagonists of
both NK; and NK2 receptors, and are therefore useful in treating conditions

10 caused or aggravated by the activity of NK4 and NK> receptors.

The present invention also relates to a pharmaceutical composition
comprising a compound of formula | and a pharmaceutically acceptable
carrier. Compounds of this invention can be administered in conventional
oral dosage forms such as capsules, tablets, powders, cachets,

15 suspensions or solutions, or in injectable dosage forms such as solutions,
suspensions, or powders for reconstitution. The pharmaceutical
compositions can be prepared with conventional excipients and additives,
using well known formulation techniques. Pharmaceutically acceptable
excipients and additives include nontoxic and chemically compatible fillers,

20 binders, disintegrants, buffers, preservatives, anti-oxidants, lubricants,
flavorings, thickeners, coloring agents, emulsifiers and the like.

The daily dose of a compound of formula I for treating asthma,
cough, bronchospasm, inflammatory disease, migraine, nociception and
gastrointestinal disorders is about 0.1 mg to about 20 mg/kg of body weight

25 per day, preferably about 0.5 to about 15 mg/kg, more preferably 0.5 to
about 5 mg/kg. For an average body weight of 70 kg, the dosage range is
therefore from about 1 to about 1500 mg of drug per day, preferably about
50 to about 100 mg , given in a single dose or 2-4 divided doses. The exact
dose , however is determined by the attending clinician , and is dependent

30 on the potency of the compound administered, the age, weight, condition
and response of the patient.

The invention disclosed herein is examplified by the following
examples, which should not be construed to limit the scope of the
disclosure. Alternative mechanistic pathways and analogous structures

35 within the scope of the invention will be apparent to those skilled in the art.



Conditions for this reductive am nation procedure are known . in the art and
are exenplified by the use of NaBH3CN in MeOH with the addition of 15
several equivalents of acetic acid. Generally, the reaction is perforned at
RT and is left to react overnight. Product is isolated by standard neans,
such as deconposition of excess reagent with Herr] O and extracti on of the
product into AFOM8Mi c sol vent such as CHerr]C [err] or a RFWDBRGHSESH
Et[err] O and CHerr]dJerr]. WO 96/ 34864

PCT/ US96/ 05660 -51 -

Usi ng procedures simlar to those described in the above or using
procedures known to those skilled in the artggone can produce all of the

conmpounds of fornmula | of the invention. For exanple one can obtain 5
conpounds of the invention of formula | whengnpige Rlerr] moiety is on
vari ous carbons of the piperazine rgpgm The in vitro
and in vivo activity of the conpounds of f rgtign of, , be det er ni ned

by the follow ng procedures. (+/-)-1[3, Sfbis(trifIuorqmeih)dlpheaylﬂmeihy&ﬁt-ﬂ)heﬁyNK[ err]
activity fd uated for their
ti - nhi pi ¢ Piperazine, dihyck8 éﬁloﬁ&&%tj]fﬁia] ﬁy{?ﬁé

ability to inhibit 't activity o err] agegli st Substance P
on the isolated guinea pig vas deferens. Fr e;h_l@c&t vas ded Fyr ens
are renmoved frommal e Hartley guinea plgs ('B50-

) and spended
in 25 m tissue bat hs cont ai ni ng Kreb S 89 f@

(1 —C2 —————»r:l L,

@CFa

—
N~ Ph
5 ~H

Chloropyrazine (20.68 gram, 177 mmol) and [1,2-°
bis(diphenylphosphino)ethane]nickel(ll} chloride (41.08 gram, 77.8 mmol) in
dry THF (1.5 liter) were mixed and stirred for 80 minutes in a flask (cooled
with a water bath) under nitrogen. A solution of phenyimagnesium bromide

10  (3Min Et20) (103mi, 309mmol) was added slowly through a dropping funnel
into the cooled brick-red slurry at room temperature under nitrogen over 3.5
hours. After stirring at room temperature overnight, TLC showed that the
reaction was complete. 3 N HCI (100 ml) was added slowly through a
dropping funnel under nitrogen and the mixture was stirred for one hour.

15 The THF layer was separated from the aqueous layer. The aqueous layer
was adjusted to pH 12 with 6 N NaOH and extracted with EtOAc (100 ml,
3x). The organic fractions (THF and EtOAc) were combined and dried over
MgSO04, filtered and concentrated to give a solid. The product was purified
by flash chromatography on 300 g of flash grade silica gel in 2.5 %

20 EtOAc/CH2Cl2 to give 10.79 gram (69 mmol, 39%) of 2-phenylpyrazine,

. m.p. 69-70 °C; FAB mass [M+1]* 157;

Found, C, 76.55; H, 5.22; N, 172.71. Calcd. for

C1oH3N2. C. 76.90; H, 5.16;. N, 19.93.
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Hensel eit solution warned to 37[err]C and constantly aerated with 95%
Jerr] and 5% CJ err]. Tissues are adjusted to 0.5 g and allowed to
equilibrate for a period of 30 m nutes. The vas deferens are
exposed to anW@%6B4864cal field stinulation (G ass S4BCHPIRNIAR or )
every 60 seconds at an intensity that wll 5 cause the tissue to
contract 80% of its maxinmum capacity. Al responses are recorded

I sonetrically by means of a Grass force displacenent : transducer
(FT03) and Harvard el ectronic recorder. Substance P inhibits t he

el ectrical field stimulated-induced contractid®s of the gui nea pi g vas
deferens. In unpaired studies, all tissues (control or drug treated) are
10 exposed to cumul ative concentrations of Substance P (1X10[err] M -

7X10[ err] M. Singl e Toog-soluoandir 2iphengipofazirec( 11664 gram bS8 snmolp

given to separate i, acetic acicSGRISmiY WasthidePalladidt abbtaty PHEOASS (BB3gram. eS
bef ore a Substance At

oncentratiop-response curve, s .generat ed.
| east 5 separate tiSS4d8Mole The "“"“’"eu‘gﬁ%lR WPQE’A@HS@S#W %%Trfg“'i DRHTS; g\f‘ﬁ
drug-concentratifn the reactioly wiasugpmplels; thecatalyst was filtered off and rinsed with a
| nhi bi tion of the Syigj Aot ﬁc&fd'ﬁ@ﬁ? rai‘h"edmpgteawéé %h&%hfated under holké !
of its concentration-response curve, gse shifts are used to . . o
determ ne the pA[erY cq;gqﬁ) &, 9ivéh Achrown-black sodd whieh Wag-gusnendedJp daionigad
mol ar ) . conctzavlratettdaoo mof) t@nd adjbstedt tor pMI with@o %I\m?mrsemtiwt Thece
as much agoni st 4 ;
Ged Lo dorerm pe _Prodift WaEE Mﬁ%ﬁa\f‘%@“n@@ oA S ERDAC! (20D i B o

t . \
Hanster Trac hea"ﬁIK[ ayer Mﬁ§b§yﬁ' ered and evaporated to Wne%%??eg'ﬁﬁ? 2RSS RIRR5B%N&nd
characterization of (hargram). tAmcadditional 1.6 g bt 2mphenyipiperagiasrwas abtained by

Ram 3" el a0k e b s v
CHaCl2. Total yield of 2-phenyl-piperazine was 73 %. The crude material
was crystallized from EtOAc and hexane for characterization, m.p. 86-88

15 OC; FAB mass [M+1]* 163;
Found, C, 74.04; H, 8.66; N, 17.15. Calcd. for

C1oH14N2, C, 74.04; H, 8.69; N, 17.26.

: To a solution of 2-phenylpiperazine (4.0 gram, 24.65 mmol) in

20 dry CH2Cli2 (200 ml) at -78 9C under nitrogen was added Et3N (5.15 mi,

36.97 mmol) followed by the dropwise addition of a CH2Cl2 solution{46.60

mi) of bis(trifluoromethyl)benzyl bromide { 4.66 ml, 24.65 mmol). The flask

was kept at -78 0C then it was gradually warmed to room temperature

overnight. After TLC showed that the reaction was complete, the material

25 was washed with brine (150 ml, 2x), dried over MgSQOy4, filtered, and

svaporated under vacuum to yield a tan solid. The crude produbt was

- purified by flash silica gel chromatography (150 g), eluting with 2.5 %

MeOH/CH2Cl2 to give (+,-) 1-[[3,5-bis(trifluoromethyl)phenylmethyl]-3-

phenyl-piperazine (6.96 gram, 17.92 mmol, 72.7%) as an oil. A portion of

30 this oil (0.5 gram, 1.287 mmol)) was converted to its hydrochioride salt by

dissolving the oil in CH2Cl2 (20 mi} and treating with 2.3 M HCI-EtOH ( 1.3

mi, 2.99 mmol). After stirring at room temperature for 10 minutes, all

solvents were removed under high vacuum and the residue was dried
overnight, m.p. 229-233 0C; FAB mass [M+1]+ 389;



Ellis, et al., J. Pharm Exp. Ther. 267 (1993) 95.

Conti nuous isonetric tension nonitoring is achieved with G ass
FT-03 force displacenent transducers connected to Buxco El ectronics
preanplifiers built into a G aphtec Linearcorder Mdel WR 3310. 30

Mal e Charles River LAK LVG (SYR) hansters, 100-200 g fed wei ght,

are stunned Iwoss/ahewr p bl ow to the head, |oss of corneal rePFERS964566
assured, the hansters are sacrificed by thoractonmy and cutting the heart.
Cervical trachea segnents are renoved to roomtenperature Krebs buffer,
pH 7.4, aerated with 95% (Jerr] - 5% CJerr] gas and cl eaned of adhering
tissue. 35 The segnents are cut into t\/\p603_-4 mm | ong ring segnents.
Tracheal rings WO 96/ 34864 '
PCT/ US96/ 05660

48.83; H, 4.28: N, 587, Cl, 177 F, 24.08.2'°€
suspended from transducers aﬁﬂu%%cﬁbr d 'nHIS.% ‘wat el hc@
organ bat hs by ma@'ﬁ-fgiﬁﬂW&@E%ﬁéélH&"d&%s '683 @q'?éé.HBét'%g N, £:01:
filled wi t h ¢ff egseo i f 24.47pH 7.4, maintained at 37[err] C and
continuously aerated with 95% (Jerr] - 5% CJerr] gas. Tracheal
rings are placed under 1.0 g initial tension 6 and allowed a 90 mn -
equilibration p8riod with four 1 [err]M NKEXAMPLERe, wash and
recovery cycles at 20 min intervals. 30 m pPrgsdraioeobr et reat ment S

foll owed by cunul ative additions Il Si = 8] M
final concentrati on, ?’%’ﬁﬂé'ﬁf%swﬁ'g%imﬁpeg%%ﬁ’gﬁ%'phéﬂ%?fm‘]naI
NKA response (phenylmethyBetipipgridingiizminalagalylipinatmzing: ifwdtpchloridg #akt3o
mn pretreatment WdiRydrafe. a test compound or its vehicle is followed by
cumul ative additions of rising dos&_.% of NKA (3 nM-10¢gerr] M final
concentration if neces 2 5 mnutes in_thaI S bet n additions).

The final NKA responsy o, SrdoRng bENl dHeN— N P (Nl oFs
[NlPh N Ph )\Ph
H CA-Br n-CN"Ph

CFs

. f A
o ..Q Ph

To a solution of (+,-) 1-[3,5-
bis(triﬂuorométhyl)phenyl]methyl]-3-pheny|-piperazine (0.76 gram, 1.975
mmol) in dry CH2CI2 (15.2 ml) at -78 °C was added Et3N (0.286 ml, 2.055

15 mmol) followed by the dropwise addition of bromoacetyl bromide (0.179 mi,
2.055 mmol). After stirring at -78 9C for 4 hours, the reaction was diluted
with CH2 Cl2 (200 ml), washed with brine (100 ml, 2x) and dried over
MgSO4. After filtration, the solvent was removed to give a light yellow solid
which was used without further purification. FAB mass [M+1]* 509.2 (79

20 Br).

The product from the previous reaction (1.067
gram, 2.096 mmol) was dissolved in dry CH2Cl2 (10.67 ml) and cooled to
=78 °C under nitrogen. To this cooled solution were added 4-amino-1-
benzylpiperidine (0.44 mil, 2.11 mmol) and diisopropylethylamine (0.402 ml,



car bachol challenge to obtain a maxi mal tension response in each tissue.
Ti ssue responses to NKA are recorded as positive pen 15 displacenents
over baseline and converted to grans tension by conparison to
standard wei ghts. Responses are normnalized as a % of the maxi m

tissue tension. EDerr]'s are calculated for NKA fromthe control and

treated wodéssskase responses and conpared. Test cONpPoOUNBETUSIHIOEEONg i N
an agoni st dose ratio [err] 2 at a screening concentration of 1
[err]M (i.e. pAlerr] [err] = 6.0) 20 are considered actives. Further dose
response data is obtained for actives so that an apparent pAlerr]
estimate can be cal culated. pAlerr] is calcul at ed either by
estimation of Klerr] asdescribed by Furchgdt I{where pAlerr] = -

Klerr], RF. rch Phar m. Rev. ] r b Shl|d P| ot
Anal ysis (O )&*J aﬂshgh% 19BN Wa§ 9@[&’3&' mﬁ%? g@f

48) if the data is ommmeremogen After EcmplattpnoCHaq!zn(aqO m&wgsmded
on Substance P-Indu 3 pr wWASC WRYREE Wit bhRENIO6 i} 2! Bﬁéd%\ié?
%ﬁérﬂ&d jtere

Studi'es are perfor g%erg@k”ea 85 %g ) ant%e '-ﬁ'l‘i&'t"ﬁﬁ‘l‘“méﬁ gwﬁgg

from 400-650 g. The
animals are aness hecrlmcblbwhichtwwpuriﬂ@bystﬂasmpmmawgmbhylloalﬂarsbtglaw silica
Grot 9 Gy PangetUiDgh, il with 298 N -MeOH-2,5% Eﬁ%‘f‘”&ﬁ 08 13geh ot
the animals X&@W/Qﬁt‘é?& aa\a&,mmoh% 65 Q{’ "%(%tﬂ' 55
Har vard rodent mmol waiscanverteditocity Iuggjmchlonde sati by dzssolwhgtm EHgQIz {125

i njection of drugs. . k S
PCT/ US98/ 05660 ml) and treating-Wwith 23'RHCHCI-ELOH (0.938 ml, 2.182 mmol). After stirring

The Evans bl ue &9e b fesmgtampenatine, fors 4G minytes, salyeRtwas, evaporated and the
residue was vacuum dried overnight, m.p. 199-202 °C; FAB mass [M+1]*

619.5;
Found, C, 5§1.73; H, 5.98; N, 7.18; Cl, 13.69; F, 14.75.
Caled. for C33H3gN4OFg * 3 HCI»2H20, C, 51.87 H, 5.67; N, 7.33;
15 Cl,13.92; F, 14.91.

EXAMPLE 3
20 By a process analogous to that described in Exarhp|e 2, the

following compound was prepared by using (1S,4S,)-benzyl-2,5-
diazobicyclo[2.2.1] heptane dihydrobromide in place of 4-amino-1-

benzylpiperidine .
cm
.\ e
freeform  MP-  HighResMass Cald 617.2715
4547 °C Found 617.2731

25
EXAMPLE 4
Preparation of



Commun., 1, 203-209, 1992) Is used to neasure airway m crovascul ar

| eakage (AM.). Evans blue (30 ng/kg) is injected intravenously, followed 1
mn later by i.v. injection of substance P (10 [err]g/kg). Five min later,
the 5 thorax is opended and a bl unt-ended 13-guage needl e passed into the
aorta. An incisionis made in the right atriumand blood is expelled by
flushing 100 wo9as48&tal i ne t hrough the aortic catheter. The PCT8I6HAEH0
trachea are renoved en-bloc and the trachea and bronchi are then
blotted dry with filter paper and wei ghed. Evans bhlue is extracted by
I ncubation of the tissue 10 at 37[err]C for 18 hr in 2 m of formam de in
st oppered tubes. The absorbance of thg formam de extracts of dye is
nmeasured at 620 nm The anmount of dye -€23 cal cul ated by interpolation

f dard f E . = m i
L ey

wet weight. Test dphpoyimethyipdeopiperidinylidpiperazinecthanamine, tetrahytrochiorided

given i.v. 5 mn bﬁﬂ@ﬁﬁmgﬁp@,h@jce P. Measurenent of NK[err] Activity
In Vivo " Mal e Hartl ey guinea pigs (400-500 gn) with ad
lib. access to food and water are anesthetized with an
intraperitoneal injectiShAsof 0.9 m/kg CEy al ur et hane aining 0.1
g/ mdiallylbarbituri id, 0.4 g/m ethy a and 20 O. m ur et hane).
After induction of g sucgical plane of ageSTémsia, adreal |
esophageal and juggl a}f venous—eamr™ac fir € i npl arted—+a-fagilitate

mechani cal respirat Phneasur enent of Bgeal pressurl” &id

adm ni stration of tively. \ng We [ pi gs
are placed inside mﬁ'@d 5 plethys g‘@lﬂﬁghd the ca ﬂ@*sﬁ?
connected to outlet ports in the pl et hysnogr aph waldgHolb Rid oW i s
nmeasur ed usi ng5d differential pressure transducer (Validyne,

Nort hridge CA, nodel MP45-1, range [err] 2 cnH err]O whi ch neasures

the pressure across a wire nmesh screefot hada ca@litionl of (+ 344 P854 n

th Il of th I ' ' | eped Loalad y 30

i n'? e\é\?at eg to : gi @%@ﬂﬁ%gﬁ&!’%ﬁm% E@c’)‘%ﬁé%?gﬁg%%@r@%étw 'f'égsur eis
neasured as the priipetginyliaminelesatylipiperazine(0:48s, O716emolia (12 ml) was
esophagus usi np a addgd:nerMi BHapr S(CHS R (0.368 ahic 38E Waholly MEhe Wixtune iveigse,

Cansptmonary o AR B A BLEASE, e Mgl MR mpeon.
anal ysi s conput er ©%6e8eBH3 was despmposeshby gropwite additian obMefitltq thecoolgd
solution under nitrogen. MeOH was evaporated and the residue was
redissolved in EtOH (14.4 ml). K2CO3 (0.235 gram, 1.707 mmol) was
15 added and the mixture was refluxed at 80 8C for five hours. After TLC
showed that the reaction was complete, the solid was filtered off and the
filtrate was evaporated under vacuum. The residue was redissolved in
EtOAc (300 mi), washed with brine (100 ml) and dried over MgSO4. It was
filtered and evaporated under vacuum to give an oil which was purified by
20 flash chromatography on flash grade silica gel (80 g), eluting with 3% NH3-
MeOH/CH2Cl2 to give the desired material as an oil (0.373 gram, 0.615
mmol, 79%). A portion of the oil (0.36 gram) was converted 1o its
hydrochioride salt by dissolving in dry CH2Ci2 (18 ml), followed by the
addition of 2.3 M HCI-EtOH (1.3 ml). Solvents were removed after stirring
25 at room temperature for 0.5 hour and the residue was vacuum dried, m.p.
238-241 °C; FAB mass [M+1]* 605.6;
Found, C, 51.96; H, 5.83; N, 7.01; Cl, 14.52; F, 18.21.
Caled. for
C3a3 HagN4Fg * 4 HCl* H20, C, 51.57; H,577; N, 7.28,
30 Cl,14.83; F, 18.45.
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PCT/ US96/ 05660 - 55+ t he
derivation of pulnmonary resistance (RL) and dynam c |ung conpliance
(Cerr]). Bronchocontriction Due to NKA
Increasing iv doses of NKA are adm nistered at half log (0.01-3 5

[err] g/ kg) | nwwassemagesal | owi ng recovery to basel i ne pul nbnaryPCHOS%NS65

bet ween each dose. Peak bronchoconstriction occurs within 30 seconds

after each dose of agonist. The dose response is stopped when Clerr] is
reduced 80-90% from baseline. One dose-response to NKA is performed in
each animal. Test conpounds are suspended in gyclodextran vehicle and - 10
given i.v. 5 mn before the initiation of t RESRKA dose response.

For each animal, dose response curves to N%@ 5 constructed by

pl ottsing the percent increase in R err] or &Ee in Cerr]

agai nst | og dose of agonist. The doses of NRuapatationioficr eased RL by 100%
(R[err]100) or decreased (en : ;hé,(})z- om basel i ne val ues are
15 obtained by |og-Iinear ir%‘gf%u'&ﬁ?%“gﬂgg?o? e d!ﬂs% response curves.

Neur oki ni n Receptor Bi ndi ng Assay HOD 1 Chi nese Hanster

ovary (CHO cells transfected t he codi ng regions fBr the human
neurokinin 1 (NK[err]mn,_of th@&n‘%n neungkinin 2 (NK2)-Mgcept or s
are grown in Dul becf' nBMgaY &dsent ifal jredium __20__suppl erEent ed vviéh
10% fetal calf seru ' N !

e . -

g™ non-essen aci ds,
gl utam ne, 100units/ nﬁq of penicillin and st gnmycin, and O. %g Cl
418/ mM at 37[er§]Cin a hum dified atnosphere @ont ai ni ng 5% err].
Cells are detached from T-175 flasks with a sterile solution
contai ni ng 5mM EDTA in phosphate buffered saline. Cells are harvested by
25 centrifugation and washed in RPM nedia at 40[err]C for 5 m nutes. The
pel | et i s r esuspende®@-(Sddichloruphenyhpyrazing wascprapaigdacgarding to the

phsphoram don and 4analogous m&ned describBl PEX@hpR Bt map. 49BL1 196103 IHAB Mss0 X
10[err] cells/ rqo Tﬁ&ﬁy%e&siz%p
To a solution of 2-(3,4-dichlorophenyl)pyrazine (10g, 44.43
mmol) in dry THF (150 ml) was added slowly a solution of DIBAL-H (1M in
THF, 444.3 ml) through a dropping funnel at 10 °C under N2. The color of
solution turned into red wine at the end of addition. The solution was
15 gradually warmed up to room temperature overnight. After completion
(checked by TLC) the reaction was quenched slowly by the addition of
saturated Na2S0O4 solution until no more H2 evolved. White precipate was
formed after stirring for 1.0h. The precipitate was filtered off, rinsed with
THF, dried over MgSO4 and evaporated to dryness. The crude material (10
20 g) was purified by flash chromatography on 300 g of flash grade silica gel in
7.5 % NH3-MeOH/CH2Cl2 to give 4.11g (17.77 mmol, 40%) of 2-(3,4-
dichloro-phenyl)piperazine. m.p. 74-769C; FAB mass [M+1]+ 35 Cl 231.

METHOD 2.
25
2-(3,4-dichlorophenyl)pyrazine was also synthesized according to the
method published in J.Med.Chem. 9,191,1966.
General method for the synthesis of 2-aryl-piperazine derivatives.



i-s then honogeni zed in a Brinkman Polytron (setting 5) for 30-45 seconds.
The. honbgenate is centrifuged at 800 x g for 5 mn at 4[err]C to collect
30 unbroken cells and nuclei. The supematant is centrifuged in a Sorvall
RC5C at 19,000 rpm (44,00 x g) for 30 mn at 4[err]C. The pellet is
resuspended, an aliquot is renoved for a protein determ nation (BCA) and
washed agai n.woagadgepul ting pellet is stored at -80[err]C. PCI/US96/05660

To assay receptor binding, 50 [err]l of [[err]H -Substance P (9-Sar, 35
11-Met [02]) (specific activity 41 C/mmol) (Dupont-NEN) (0.8 nMfor the
NK- WD 96/ 34864

PCT/ US96/ 05660 - 56- 1
assay) or [[err]H -Neurokinin A (speci"ﬁ“c activity 114 G/ mmole) (Zenca) -
(1.0 nMfor the NK-2 assay) is added to tubes containing buffer (50
mM Tri s- HCI (pH 7. wih 1 nmM err] an 26 Bovi ne Serum

Al bum n) and either tes 'T‘lg s initiated by
§ ontai ning the
[err]l. After

the addition of 100[er g& frent@)ane_ (10-

human NK-1 or NK-2 receptoF in a finalHN~ NH. volu

40 m nutes at roomtenperature, the reaction is apid -
filtration onto Whatnman G-/ C filters which have been pﬂ%a%%‘é&ed in

0. 3% pol yethylenimne. Filters are washed 2 tinmes w E"? K2 of 50 MM
Tris-HCl (pH7.4). Filters are added to 6 nis of Ready-Safe MheuRyR*EEFa
scintillation cocktail and quantified by liquid sgiMtillation spectronmetry

in a LKB 1219 RackBeta counter. Non-specif{c ing is determ ned
by the addition of either 1 [err]M of CP-99%94 [err]) or 1[err]M
SR- 48968 (NK[err]) (both synt hesi zed by the che iy departnent of
Scheri ng- Pl ough Research Institute). I(err] valges are determ ned

from conpetition bindi ng curves and 15 Ki values are determ ned according
to Cheng and Prusoff usiRig=Ch# orother substituents ie. OCHg, CF3, Br, I, F, elc.

R? =Cl, H orother substituenis i.e. OCH3, CF3, Br, |, F, etc.

Resolution of 2-(3,4-dichlorcphenyl)-piperazine

Step 1

Treat a solution of piperazine {10.6 g, 45.8 mmol) in methanol
{130 mL) with two equivalents of N-acetyl-L-leucine (15.9 g, 91.5 mmol) and
heat until alt of the material dissolves. Add EtOAc (660 mL) to this solution

10 and let sit at ambient temperature ovemight. Decant the solvent phase from

the precipitated salt and concentrate in vacuo to obtain 18.5 g of sait with
the piperazine enriched 3.0:1.0 of enantiomer A to B. Concentrate the
precipitated salt to give 12.3 g of a colorless solid with the piperazine
enriched 1.0:7.1 of enantiomer Ato B.

15 Step 2
Dissolve the precipitated salt from step 1 in 0.5 N NaOH {400
mL) and extract with CH2Cla (4 x 150 mL). Combined organic layers, dry
(MgS04) and concentrate to give 3.8 g piperazine free base. Recrystallize
the free base two times in hexane (100 and 70 mL) to give 2.5 g of
20 piperazine (98% ee of enantiomer B) as colorless crystals.

Step 3



experinmental ly determ ned value of 0.8 nMfor the NKerr] receptor and 2.4

nM for the NK2 receptor. For all of the conpounds of
the invention, the NKL binding is in a 20 range of about 0-100 %
inhibition at 1 [err]Mconcentration. For all of the conmpounds of

the invention, the NK2 binding is in a range of about 0-100 %
I nhi bition at Wobes#sdV concentration. It shoul d be under st oodcriimbsoskéol e

the NK bi ndi ng for certain conpounds of the invention is as |ow as
O%at 1 [err]M concentration, that at higher concentrations these
conpounds may have NK 25 binding inhibition activity. The

Klerr] of a conmpound is that concentration at which the conpound
caused 50% i nhi bition of either NK[ err] or NK[3§r‘r] For those conpounds of

t he I nvention haV| her &han 50% i nhi bi ti.on of NKhera[rsb]
Klerr]'s for NKL wer EeCHf§ ?ﬁ?'ﬁ m theSolvept phasedn siap 1wt mbpt such
conpounds fell withi EtGAc.majaarm‘l {5:1) to giventB.3tg 6k shltritdm thecsnlvent phase.r | M

For those compounds falkZu3his sah o9 BROAL:RRnatblt6:1) to give 9.9.g of
[t et o 0% 294

inhibition of NK[err wer e erm
NK2 for such SPE'PFtW S Ot 40 W‘ca%l}'ﬁh(?iWrW?6tﬁlﬁsut
1[err]M "~ 5 WDAdd/tsal 8altito 0.5 N NaOH (250 mL) and extract with cuzcsz (3x 100 mL).

PCT/ US96/ 05660
Conpounds of for mul a Iombme grg[anﬁ yers drg Ag li%%an co ntrate}]% > ive o;/ crude
varying degrees, i.e free 8,8 lggrazn
activity, but meaker(mmmmmempwty Q hers are strong NK2

ant agoni sts, but weaker NK1 antagonists. Wiile conpounds with
Analytical procedure for measuring piperazine enantiomeric

10  purity.
The enantiomeric purity of the piperazine is measured by chiral

HPLC analysis of the di-tert-butoxycarbonyl piperazine derivative. The di-
tert-butoxycarbony! derivative is prepared by adding a small piperazine
sample (free base or salt)(~ .2 mg) to di-tert-butyl dicarbonate (~ 1 mg) and

15 methanol (0.5 mL) and heating at 80°C for 1 hour. If the piperazine sample
is a salt, tristhylamine (20 pL) is also added. The derivative is analyzed by
HPLC using a ChiralPak AD column eluting with 95:5 hexane-isopropy!
alcohol.

20 EXAMPLE 6
Preparation of
(+,°)-4-[13,5-bis(trifluoromethyl)phenylimethyi]-2-(3,4-
dichlorophenyl)-1-{[[1-(phenyimethyl)-4-piperidiny!Jaminojlacetyl}-piperazine.

. o, ) r@CFa r.@cr-',,

ar@ca AT [ "2"{:" NSO

[H Ci O& o?N
O'?ah

By a procedure analogous to the procedure described in the
first part of Example 2, using (+,-)-1-[[3,5-bis(trifluoromethyl)phenyl]}-methyl]-
3-(3,4-dichlorophenyl)-piperazine (Example 5) in place of {(+,-)-1-[[3,5-bis-
(trifluoromethyl)-phenyljmethyl]-3-phenyl-piperazine, the bromoacetyl

25



5 approxi mate equi potency are preferred, it i.is also within the scope of
this i nvention to use conpounds of with unequal NK[err]/NK[err]

ant agoni st activity when clinically appropriate.

Certain compounds of formula | have been found to be antagoni sts of

both NK[err] and NK[err] receptors, and are therefore useful in treating
conditions Wwoosssmesed or aggravated by the activity of NK[mowgsseosssoNK] er r ]

receptors. The present invention also relates to a

phar maceutical conposition conprising a conpound of forrmula | and a
pharmaceutically acceptabl e carrier. Compounds of this invention can
be adm nistered in conventional or al dosage forms such as capsul es,
tabl ets, powders, cachets, 15 suspen5|oh§ or solutlons or in injectable

dosage for ms such | ution s ers
reconstitution. TH Bﬁ'ﬁ Sl?tggpd in 78§}1?‘§Hh§ aE%ma (78 ?)F@Eﬁlr BYPwi t h
conventional exci pl4G148 0r FARomass fd+11+ 35CI 57[7357@, wel | known fornul ation
techni ques. Phar maceuti cal | \gyag prédedilé analogo @(ﬁieobl‘éﬂééu@%s%ﬂséa i/ e

i ncl ude nont oxi c and chem c P T ers o

di si ntegrants, buf %P Paﬂeﬁé’%mn?eﬁ'g%eiwe.cowuaiwés Paipedanp soid (48%)
flavorings, t hi ke&ftafspurlflcatwn by flagk cheomatogtaphlyi o lasingradessiiidakgel (70g ),

The daily dose of @ufifgmith 4% MOHOHITIL, Trlp. 5B365Y 009 FAB MEss (M+11+35CI

-cough, bronchospas i nflammatory di seas€, m gr ai ne, noci ception and
gastrointesti nal orders is about 0.1 ng to about 20 ng/ kg of body wei ght
25 per day, preferably abououddS ﬁ(ﬁ&iﬁ&uﬂ 14.72p/Nyg B. 18y r 61, pt1 @62y &h)| ¥6.805 t o
about 5 ng/kg. FOVC&I&da‘f@F@& (Pi Hhdgc, LS rorR0s 082N E8 11B; :

therefore fro bo t 500 of drug per day, 'préferably about
50 to about 181)&1 &L fQ/égr F §‘§71ngl e dose or 2-4 divided doses. The exact
dose, however is determ ned by the attending cI i ni cian, and is dependent

30 on the potency of the conpound adm ni SE%A ke age, weight, condition
and response of the patient. he |nvent|on di scl osed herein
is exanplified by the foll ow ng exanpl es, which should not be

construed to limt the scopdBy#t prloeedure analogbu;szlt@slne progédure ndeseribed in
mechani stic paj§ i t he
T enti on vi ] %2’6‘55%? fé nﬁ“ﬁh E@S é-ﬁ Fﬂﬁ?‘ﬁldﬁ%rnfhﬁ%m&!h&hbﬁbﬁﬂﬁxeiﬁﬁ]@@ (8-
cl orop eny?)-pnperazme in place of +,-)- -hs 5-bis(trifluoromethyl)-
phenyllmethyl]-3-phenyl-piperazine, and employing (18,4S)-2-benzyl-2,5-
diazabicyclo[2.2.1]Jheptane dihydrobromide, in place of 4-amino-1-benzyl-
- piperidine, the following compound was prepared.
20
CF3

0
N I\
Phl\Néb \)LN N,\Q .
, -
Ct
a 025H,0

: +
[M+1]
mp. 55.57C , 10 685

based on *°Cl

EXAMPLE 8
25 Preparation of
{+,-)-4-[[3,5-bis(trifluoromethyl)phenyllacetyl}-2-phenyl-1-{{[ 1-
(phenyimethyl)-4-piperidinyllamino]acetyl]piperazine.



WD 96/ 34864 PCT/ US96/ 05660
- 58- ' EXAMPLE 1 '
Preparation of _
(+/-)-1-[[3,5-bis(trifluoronethyl)phenyl]nethyl]-3-phenyl -

pi perazi ne, dihydrochloride salt, quarter hydrate. [err]

Chl or opyrazi neygddbaedd gram 177 mmol) and [1, 2- PCT/US96/05660

bi s(di phenyl phosphi no) et hane] ni ckel (I1) chloride (41.08 gram 77.8 mol) in
dry THF (1.5 liter) were mxed and stirred for 80 mnutes in a flask-

(cool ed with a water bath) under nitrogen. A solution of
phenyl magnesi um br om de 10 (3Min Et[err]O (103m, 309mmol) was added
slowy through a dropping funnel -i6ft-o the cooled brick-red slurry
at room tenperature under nitrogen over 3.5 hours. After stirring
at room tenperature overni ght, TCK showed that the reacti on was
conplete. 3 N HA (190 ni) wa s GRJgID a OY\@CF3
. N HO CF3 N Br}k,Br N
[ l ~>[ l CFs ———- [ 1 CFB
!f Ph 1}1 Ph N” "Ph
H H OJ\,BI'

o)

.J\,B N” " Ph
e AN

To cooled CH2Cl2 (127ml) containing 2-phenyl-piperazine
(Example 1, 1.0 gram, 6.164 mmol), 3,5-bis(trifluoromethyl)phenylacetic
& acid (1.797g, 6.472 mmol), and N-hydroxybenzotriazole monohydrate
(0.874g, 6.472 mmol) at -20 °C were added Et3N (0.9m!, 6.472 mmol) and
N,N-dimethylaminopropylethylcarbodimide (DEC) under nitrogen. The
reaction was kept at -20 °C for an hour and gradually warmed to RT
overnight. After stirring 20 hours, the reaction was complete and CH2Ci2
10 (200 mi) was added. The organic solution was washed with 5% NaHCO3
(100 ml) and brine (100 ml, 3x), dried over MgSO4, filtered and
concentrated under vacuum to give 2.5 g of crude product. The product
was purified by flash chromatography on flash grade silica gel (120 g),
eluting with 3% NH3-MeOH/CH2CI2 to give a gummy solid (2.08g, 4.996
15  mmol, 81%). A portion of this solid (1.0 g) was crystallized from hexane and
characterized to yield a sofid, m.p. 80-82 °C; FAB mass [M+1]+ 417.2;

Caled. for C20H180N2Fg, C, 57.69; H, 4.36; N, 6.73; F,
27.38. .
Found, C, 57.91; H, 4.55; N, 6.69; F,

20 27.61. ' -
To a solution of the above compound (1.11g, 2.642 mmol) in
dry CH2Cl2 (22.2 ml) at -78 °C was added diisopropylethylamine (0.483 mli,
2.774 mmol) followed by the dropwise addition of bromoacetyl bromide
(0.246 ml, 2.774 mmol). After stirring at -78 9C for 7 hours under nitrogen,
25 additional diisopropylethylamine (0.51 mi, 2.8 mmol) and 4-amino-1-



droppi ng funnel under nitrogen and the m xture was stirred for one hour.
15 The THF | ayer was separated fromthe aqueous |ayer. The aqueous | ayer
was adjusted to pH 12 with 6 N NaOH and extracted with EtOAc (100 m ,
3x). The organic fractions (THF and Et CAc) were conbined and dried over
MySO err], filtered and concentrated to give a solid. The product was

purified W0 96/34884 f| ash chromat ography on 300 g of fl ashPCHa96/0366¢ i ca
gel in 2.5 % 20 EtQAc/CH err]CJ[err] to give 10.79 gram (69 muol, 39%
of 2-phenyl pyrazi ne, mp. 69-70 [err]C, FAB mass [M+1l][err] 157;
Found, C, 76.55; H 5.22; N, 17.71. Calcd. for

Cerr]Herr]Nerr], C 76.90; H 5.16;. N, _36%_93. WO 96/ 34864

PCT/ US96/ 05660 -59 -

To a sol ution of 2 I o

acetic acid (58.2 ”gfﬂgs’i:%@é&@go ﬁ%ﬁg‘? w{éa@? %8 'Ehe réa'&tlon
9.94 nmml ). The ni T ovamight. ,dfter ﬂd!ﬁssco"mﬁﬁi

5 the reaction waﬂ*nmceqﬂtsenewast nmtemmrwugmzs(ﬁm mby wdslnﬂd with brinen(§0dniyi t h
a smal | po GRYYC '%Tdﬁﬂ" der
house vacugkn‘* o alhsg%%f Mgéﬁ% Aﬂ_iﬁmfr?ﬁénr \%&s wats sugé?‘?an déP
dei oni zed 5 \xaswm( to00ive) aahahtacnaug'eveéohe whichs wast rpum'e% kyofle

sol ution. The chromatogtaphyvmsﬂam geades gilica g &mguselammmmsw NH3—

550 1, WAl SN o o

of 2-phenyl pi perazﬂf@o FABmas% % the aqueous
fraction to a solid and tri thladeng Gﬁlﬂi%ﬂzNhF\g t(D 63 15 H, SHBeN,] 866eiF, ] .

Total yield of 16" ptﬁ.rég_ FBhR(?,r etz'i 657885 753:7%) N:I'the.sﬁrp{dﬁ_gat erial

EXAMPLE 9
Preparation of
(+,-)-4-[2-[3,5-bis(trifluoromethyl)phenyllethyl]-2-phenyl-N-{1-
15 (phenylmethyl)-4-p|pend|nyl] 1-piperazineethanamine, four hydrochloride
salt hemihydrate.
CFa

[Nl CFy ey [m .

CF; -
' N* " Ph
o~
l N™ "Ph ’

. CFs
N(\@
— () o
N Ph
\/I?I\CNA
H
*4HCl » 05H,0

To a solution of the product from Example 16 (0.463 gram,

0.72 mmol) in dry THF (21.6 mi) was added a 10 M solution of BH3 »

20 S(CHa3)2 (0.716ml, 7.16 mmol) at RT under nitrogen. The solution was
heated at 80 9C under nitrogen for 24 hours. After cooling to RT, MeOH (5

ml) was added slowly to decompose excess BH3 » S(CH3)2. All solvents

were removed under vacuum and the residue was redissolved in absolute



was crystallized fromEt OAc and hexane for characterization, mp. 86-88

15 J[err]C FAB mass [ Mtl][err] 163; Found, C, 74.04;
H 8.66; N, 17.15. Calcd. for Cerr]HerrNerr], C 74.04; H 8.69;
N, 17.26. To a solution of 2-phenyl piperazine (4.0
gram 24.65 mmol) in 20 dry CHerr]dJerr] (200 m) at -78 [err]C under
ni trogen wasyassiedsdgt [err] N (5. 15 m, 36. 97 mol ) fg&@%&ythe

dropwi se addition of a CHerr]dJ[err] solution(46.60

bi s(trifluoromethyl)benzyl bromde (4.66 m, 24.65 nmmol). The flask

was kept at -78 [err]C then it was gradually warmed to room tenperature
overnight. After TLC showed that the reaction was conplete, the nateri al
25 was washed with brine (150 m, 2x), driedggever MySOM4, filtered, and

evapor at ed under vacuumto yield a tan solid. The crude product was

puri-fied by flash BiOH c(a4 Jeml)¢ follommidoy ainh rdditibh of )KoCOg! (0022g)i 1.58 Infmoty

MeOH CH d

EIEE G ool e e g O
gram i

gram 1.287 mol ))réd&%omﬂ\lﬁrEMé 0150 @l W\Qﬁﬁwwmbﬁﬁétﬁ@ml 2x). It was

20479 155 chds APUAEL gl g epodie i (el Sl

for 10 minutes, al{042g) whlchswasmﬂ@edv@yélasbmbmammhmrgﬂaslasm sifiep t he
resi due was dri ed gel (80 g), elutingrwitihd% NHa-MeH/ CR3Clctordive a whitersolid (0.14 g,

[Me1][err] 389: 4864
PCT/ US96/ 05660  0-227 mniés, 36%). - 60-

Found, C, 48.83: H, 4.28; NTh® sboveomateriat(0.14g, 0.2253nmol) was treated with
Cal cd. for C[ er F‘I(H[ eCHpOI2(6.8 hildnd £2.8M HZHEIDK (0502 24, HBe2 mrhbl).C, Atér Sfiting,
4.43, N 6. at RT for 10 minutes, the solution was evaporated under high vacuum to

give a white solid, m.p. 182-190 9C; High Res. MS [M+1]}*; Calcd. for
C34H41N4Fg, 619.3235, Found, 619.3222.

Calcd. for C34H40N4F6 « 4 HCI » 0.5 H20, C, 52.79; H,

15 5.86; N, 7.24, F, 14.73; Cl, 18.33. Found, C, 52.58; H, 8.10; N, 7.21;
F, 14.77; Ci, 16.71.

EXAMPLE 10
Preparation of
20 (+,~)-2-phenyl-1-[[[{1-phenylmethyl)-4-piperidinyljJaminolacetyl}-
4-[(3,4,5-trimethoxyiphenyl)acetyl]piperazine, hemihydrate.
By a procedure analogous to the procedure described in
Example 8, using 3,4,5-trimethoxyphenylacetic acid in place of 3,5-
bis(trifluoromethyl)phenylacetic acid, the titie compound was prepared as a
25 solid, m.p. 63-56 °C, High Res. MS:[M+1}+ Caled. for C35H45N405

601.3390; Found, 601.3393.

Calcd. for C35H44N405 » 0.5 H20, C, 68.94; H, 7.43; N,
9.19. Found, C, 69.21; H, 7.53; N, 9.22.

EXAMPLE 11
- Preparation of
(+,-)-2-phenyl-N-{1-(phenyimethyl)-4-piperidinyl}-4-{2-(3,4,5-
trimethoxyphenyl)ethy!]-1-piperazinesthanamine, four hydrochloride salt,
35 monohydrate.



Cd, 15.22; F, 24.47. 5 EXAMPLE 2
Preparati on of
(+,-)-4-[[3,5-bis(trifluoronethyl)phenyl]methyl]-2-phenyl-1[[[1-

(phenyl net hyl ) - 4- pi peri di ny] am no] acetyl ] pi perazi ne, trihydrochloride salt,
di hydrate. [err] 10 To

a solution w@besagen -) 1-[[3,5- PCT/USIG/0566

bi s(trifluoromethyl)phenyl]nethyl]-3-phenyl -pi perazine (0.76 gram 1. 975
mml) in dry CHerr]OJferr] (15.2 m) at -78 [err]C was added Et3N (0.286
m, 2.055 15 mmol) followed by the dropw se addition of bronpacetyl

brom de (0.179 m, 2.055 mmol ). After stirring at -78 [err]C for 4
hours, the reaction was diluted ' wi t<t¥0GH err] C[err] (200 m),
washed with brine (100 m, 2x) and dried over MgSO err]. After

filtration, the solvent was renoved to give a light yellow solid

g eh yas used without furthBy eByéntiallyabe sameFBosgSas Dbkdrtedy i EXEORDIB 9, 79
)

eacti on (1,067  eing the progucs from-Example 118 FRECY e §ric) femrERMES,

CHerr]dferr] ( 10tmtlﬂe)comn9uoadmjptepared as a soligh m.gx 1T 4 (wet. morshagen.

To this cool ed §ol mamg peing); MigteRed:- KIS: f+1)+ Caled. for cmmwcmrm 3805,
(0.44 m, 2.11 mmlF)ouﬂa fgééﬂ)oropyl et hyl am ne (0.402 ,

Calcd. for C35H48N403 » 4 HCi » H20, C, 57.07; H, 7.39;
N, 7.61; Cl, 19.25. Found, C, 57.16; H, 7.88; N, 7.64, Cl, 18.71.

10

EXAMPLE 12
Preparation ot
(+-)-4-[2-[3,5-bis(trifluoromethyl)phenyl)ethyl}-2-phenyi-1-[[[1-
15  (phenylmethyl)-4-piperidinyllamino]acetyl]piperazine, trihydrochloride salt.

By a process analogous to the reduction process described in
the first part of Exampie 9, using (+,-)-[[3,5-bis-
(trifluoromethyl)phenyllacetyl]-3-phenylpiperazine (described in the first part

20 of Ex. 8) as a starting material, (+,-)-4-[2-[bis(trifluoromethyl)-phenyijethyi])-2-
phenyi piperazine was prepared as a solid after purification by flash
chromatography, m.p. 183-195 °C, FAB mass [M+1]* 403.3. This material
(0.38g, 0.94 mmol) was converted to its bromoacetyl derivative according to
the same procedure as described in the second step of Example 8. After

25 reaction was complete, the material was alkylated with 4-amino-1-
benzylpiperidine without isolation, using the same procedure as described in
the third step of Example 16. The title compound was obtained as a solid by
flash chromatography, then converted to its HCI salt by treatment with
HCI/MeOH solution. m.p. 214-216 °C, High Res. MS: [M+1]* Calcd. for

30 C34H3aN4OFg, 633.3028; Found, 633.3034.

EXAMPLE 13
Preparation of
(+,-)-2-phenyi-1-[[[(1-phenyimethyl)-4-piperidinyljamino)acetyl]-
35 4-[2-(3,4,5-trimethoxyphenyllethylipiperazine.
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-61 - 2.3 mol ). The reaction was gradually warned to room
tenperature over ni ght under nitrogen. After conpletion,
CHerr]Cd[err] (300 mM) was added and the organic | ayer was washed
with brine (100 m, 2x), dried over MgSO err] and filtered. The
filtrate was wyofsaget ed under vacuumto give a 5 crude @drsbéssbsonas
purified by flash chromat ography on flash grade silica gel (100 g),
eluting with 2.5% NH err]-MeOH2. 5% EtOH CH err]C[err] to give a light
yellow oil (0.76 g, 1,229 mmol, 59%. A portion of the oil (0.27 gram

0. 436 nmol ) was converted to its hydrochloride salt by dissolving in
CHerr]CdJ[err] (13.5 m) and treatin@iwith 2.3 M HC -EtOH (0.938 nl,
2.182 mmol ). After stirring 10 at roomtenperature for 40 m nutes, '
sol went was evaporated and the resi due was vacuum dri ed overni ght,

mp. 199-202 [err]C FAB magy 4 Mdbikcliéh plocess analoféds B that described in the first
Found, C, 51.73; H .98:, N, : X

7.18: .C, .09, F, "14.793. d. for
Clerr]Herr]Nerr ]Qﬁﬁer r?f [-erﬁ)ﬁarﬁbﬁj Felzr r ]u?"lq er fTO?'tp%ﬂn%b%l,(%sf‘sé'; N,
7.33; 15 d, 13rigwthoxyphenglacetyl]piperazine as a starting material, the reduced
EXAVPLE 3 2% produgt, (b-)-2-ghén -ﬂglﬁqsﬁs-ﬂﬂﬁétﬁﬁ%éhéwf-&ﬁ?l]ﬂﬁér%&in@%é n
Exanple 2, the f(a ovma%c un‘ggas grg aigegogﬁ/ us ng(l
S, 45,) - benzyl - 2, 5.Prepared agia sl el puricalion by, Baeh shrarlatograpliy., 1.9, 168
pl ace of 4-am no- 11629C, FAB imass/ [N+ 1}&1357.4.c. This material (0.53g, 1.48 mmol) was
converted to its bromoacetyl derivative according to the same procedure as
described in the second step of Example 8. After reaction is complete, the
10 bromoacetyi derivative is alkylated in situ with 4-amino-1-benzylpiperidine,
using the same procedure as described in the third step of Example 8.
The title compound can be obtained and purified by flash

chromatography.

15 EXAMPLE 14
Preparation of
(+,+)-[3,5-bis(trifluoromethyl)benzoyl}-3-(3,4-
dichlorophenyl)-piperazine

CFy
H Q
N H-ar 0\/@0’3
[ : HO \
Cl P
N
| _ o [ Ci
SN <
20 R H -a

To a cooled solution of CH2Cl2 (103 ml) containing 2-
(3.4-dichiorophenyl)piperazine (1.15 gram, 5.0 mmol), 3,5-bis-
(trifiuoromethyl)benzoic acid (1.34g, 5.09 mmol), and N-

25 hydroxybenzotriazole monohydrate (0.688g, 5.09mmol) at -20 °C were
added Et3N (0.711ml, 5.09 mmol) and N,N-dimethylaminopropyl-
ethylcarbodimide (DEC) ( 0.967g, 5.09 mmol) under nitrogen. The reaction
was kept at -20 °C for an hour and gradually warmed to RT overnight. After
stirring 20 hours, the reaction was complete and CH2Cl2 (200 ml) was

30 added. The organic solution was washed with 5% NaHCO3 (80 ml) and



[err] free form mop. Hi gh Res.Mass Cal'd

617. 2715 45-47 [err]C Found 617.2731
25 EXAMPLE 4 :
Preparation of WO 96/ 34864

PCT/ US96/ 05660 : - 62-

(+,-)-4-1[3, 5+osdiwes | uor onet hyl ) phenyl ] net hyl ] - 2- phenyl - N plerrusesiosese
(phenyl net hyl ) - 4- pi peri di nyl ] - 1- pi per azi neet hanam ne, tetrahydrochl oride
salt, nmonohydrate. [err]

-72-

brine {80 ml, 2x), dried over MgS0y4, filtered and concentrated under
vacuum to give 2.1 g of crude product. The product was purified by flash
chromatography on flash grade silica gel (120 g), eluting with 2% NH3-
MeOH/CH2Clz2 to give a foam solid {1.25g, 2.65 mmol,53%). m.p. 50-53
5 0C; FAB mass [M+1)+ 35 Ci 470.9; -
Calcd. for C1gH140ON2FgCl2, C, 48.42; H, 2.99; N, 5.94;
F, 24.19; Cl, 15.05.
Found, C, 48.57; H, 2.90; N, 5.94;
F, 23.90; Cl, 15.03.
10 :

15 EXAMPLE 15
' Preparation of
(+,-)-4-[3,5-bis(trifluoromethyt)benzoyl}-2-(3,4-
dichlorophenyl)-1-{[[1-(phenyimethyl)-4-piperidinyljamino]acetyllpiperazine



5 To a solution of (+,-)-4-[[3,5-

bi s(trifluoronethyl)phenyl]nethyl]-2-phenyl-1-[[[1-(phenyl nethyl)-4-

pi peri di nyl)am no] acetyl ] pi perazine (0.48g, 0.776 mmol) in THF (12 M) was
10 added 10 MBH err] [err] S(CHerr])[err] (0.388 m, 3.88 mmwl). The

m xture was heated in an oil bath at 80 [err] C under nitrogen

over ni ght . Af (¥Q %4884 et i on, excess BH3 was deconposedPEyUEIAH0se
addition of MeOH to the cool ed sol uti on under nitrogen. MeOH was
evaporated and the residue was redi ssolved in EOH (14.4 m).
Klerr]CJerr] (0.235 gram 1.707 nmmol) was 15 added and the m xture was
refluxed at 80 [err]C for five hours. After _HaC showed that the _
reaction was conplete, the solid was filtered off and the filtrate
was evapor ated under vacuum The residue was redissolved in cr, Et OAc

- (300-n), washed with brine (100 nl) amg,dried over MgSH. It wa 3
filtered and evaporated under vacuum Ive an oil which vva p E?d by

20 flash chromat ography on flash € Ckj ca gel 0 9), with 3%
NH[ err] - MeOH CH err]Cl[err] to give the desj eairmater as an oil
(0.373 gram 0.615 mol , 79‘?N A portion offr £3 granzz was
converted to its hydrochl or {delsal t aly dissolving in
CHerr]C[err] (18 m), foll owed byNheI:( addition of 2.
(1.3 mM). Solvents were renpved aft g 25 at room %erature for

0.5 hour and the residue was vacuumdried, mp. 238-241 ¥err] C, FAB
mass [ M+ 1][err] 605. 6; Found, C, 51.96; H, 5.83; N,
7.01; d, 14.52; F, 18.21. Cal cd. for Cerr]
Herr]Nerr]F[err] [err] 4 HO [err] Herr]O C 51 %7 H 5.77;, N 7.29,
30 d, 14.83; F, 18.45. WO 96/ 34864 o

PCT/ US96/ 05660 HZN-é .

[ 1@(
H—N\CN

To a solution of (+,-)-[3,5-bis(trifluoromethyl)benzoyl}-3-(3,4-
dichlorophenyl)piperazine (0.6 g,1.274 mmol) in dry CHaCl2 (12.0 m!) at
§ -789C was added diisopropylethylamine (0.266ml, 1.53 mmol) followed by
the dropwise addition of bromoacetyl bromide {(0.124 ml, 1.40 mmol). After
stirring at -78 °C for 3.5 hours under nitrogen, additional diisopropyi-
ethylamine (0.234 m!, 1.342 mmol) and 4-amino-1-benzylpiperidine
(0.279ml, 1.342 mmol) were added at -78 °C. The reaction was gradually
10 warmed to RT overnight. After the reaction was complete, the reaction
was diluted with CH2Cl2 {200 ml), washed with brine (80 ml, 3x) and dried
over MgSO4, After filtration, the solvent was removed under vacuum to give
a light yellow solid which was purified by flash chromatography on flash
grade silica gel (150 g), eluting with 5% NH3-MeOH/CH2CI2 to give the title
15 compound as a white solid (0.55g, 1.274 mmol, 62 %), m.p.66-69 °C; FAB
mass [M+1]*+ 35C1 701.
Calcd. for C33H3202N4FsCl2, C, 56.50; H, 4.60; N, 7.99;
F, 16.25, Cl 10.11. Found, C, 56.57; H, 4.66; N,
7.94; F, 16.07, Cl, 9.90.
20



- 63- : EXAMPLE 5

Preparati on of 2- (3, 4-di chl or ophenyl ) pi perazi ne
METHOD 1 [err] 2- (3, 4-di chl or ophenyl ) pyr azi ne
was prepared according to the anal ogous net hod descri bed i n Exanpl e

1. mp. 118-119 [err]C, FAB nass 10 [MHl][err] 35 A 225.

To a sol uti onwer9624868, 4- di chl or ophenyl ) pyrazi ne (10g, 44.43 l"3'1"‘759“"‘5ﬁﬂ’()l) in
dry THF (150 m) was added slowy a solution of DIBAL-H (1 Min THF,
444.3 m) through a dropping funnel at 10 [err] C under N2. The col or of
solution turned into red wine at the end of addition. The solution was 15
gradual ly warned up to roomtenperature overg; ght. After conpletion
(checked by TLC) the reaction was quenched SI 3WI y by the addition of
saturated Na2SO4 solution until no nore H2 ﬁ( W%a@lte preci pate was
formed after stirring for 1.0 h. The preciplta iltered off, rinsed

with THF, dried over MySerr] By@mploying methpdsanalagessdo thnse crude
][rlate[] i al é 10 I20 eésmdweué xbw%/ﬁdaﬁém pler 15TREPgappropriate &Mthoy of

ash grade silica g|ve
4.11g (17.77 ol , %e?%e}‘g‘r and using| petalie L\W‘ﬁ‘f’% F%f'b% P %"%Béﬁéé‘bﬂégd
74-76[err] C - FAEﬁrraygs[qblajqusrr] 35 d 231. VETHOD 2
25 2-(3,4-di c or ofTTeX) I‘Byra2| ne was al so synt hesi zed
according to the met ho hed A dcr,Chem 9, 191, 1966.
General nethod for the synthe of %I - pi azine der| vati ves.

CF3

. )5,@

CF;

CFs

[lA,-—-——>- [l )—N/--(

1 2

Ar = 3,4-dichloropheny! or phenyl

N
B, oo
G 577 Gl

Z= HN Z& 43¥ Br o) 1\ NH %
puﬁfied at this stage l N _

M+1}* ¥l
637.3

10
EXAMPLE 17
Preparation of



WD 96/ 34864

PCT/ US96/ 05660 -64- [err]

Rlerr] = d, Hor other substituents i.e. OCHerr], CF[err], Br, |, F.

etc. Rlerr] = d, Hor other substituents i.e. OCHerr],

CF[err], Br, I, F, etc. Resol uti on of

2- (3, 4-di chl oré@REIH#4) - pi perazine 5 Step 1 PCT/USYG/5660
-75-

(+)-4-[3,5-bis(tritluoromethyl)benzoyl}-2-(3,4-
dichlorophenyl)-1-[{[1-(phenylmethyl)-4-piperidinyllamino]acetyllpiperazine
dihydrochloride dihydrate

CF,

Cr, o ﬁ/@
°Y©'CF3 HO/MeoH T -
N
[ N%c(m N 2
o“\ a OJ\

-N ~
-~N H \CN Ph
N

The compound from Example 15 (100 mg) was
separated on a Chiral Pak AD column (5x 50 cm), eluting with hexane :
isopropanol (80 : 20). The first fraction was evaporated to give 37 mg of
enantiomer A which was converted to its hydrochioride salt by dissolving in

10 MeOH and treating with three equivalents of anhydrous HCI/MeOH for 20
minutes. After the solvent was evaporated a white solid was obtained: m.p.
205-220 °C; [ap251 = + 21.1(MeOH); FAB mass [M+1]+ 35CI 701.

Caled. for C33H3202N4FeClo «2 HCle2 H20, C, 48.90; H,
4.73; N, 6.91; F,14.06, Cl, 17.49. Found: C, 49.34 H, 4.84; N, 6.82.
15  High Resolution Mass: Calc. for [M+11* C33H3302N4FgCl2 701.1885,
~ Found: 701.1879. -

EXAMPLE 18
Preparation of
20 - (~)-4-[3,5-bis(trifluoromethyl)benzoyi)-2-(3.4-
dichlorophenyl)-1-[[[ 1-(phenyimethyl)-4-piperidinyllamino]acetyljpiperazine
dihydrochloride dihydrate '

The compound from Example 15 (100 mg) was separated on a
25 Chiral Pak AD column (5x 50 cm), eluting with hexane : isopropanol (80 :
20). The second fraction was evaporated to give 45mg of enantiomer B
which was converted to its hydrochloride salt by dissolving in MeOH and



Treat a solution of piperazine (10.6 g, 45.8 mol ) in methanol (130
m.) with two equivalents of N-acetyl-L-leucine (15.9 g, 91.5 mmol) and
heat until all of the material dissolves. Add EtOAc (660 ni) to this
solution 10 and let sit at anbient tenperature overnight. Decant the

sol vent phase from the precipitated salt and concentrate I n_vacuo to
obtain 18.5 WOPR®ESt with t he pi perazine enriched 3.

enantionmer A to B. Concentrate the precipitated salt to gi ve 12.3 g of
a colorless solid with the piperazine enriched 1.0:7.1 of enantioner A
to B. 15 St ep2 . Dissolve the precipitated
salt fromstep 1 in 0.5 N NaCOH (400 )(and extract with

CH err]Cd[err] (4 x 150 nL). Conbi ned organ % | ayers, dry (MgS™) and

base w0t s | Teamg whihRe ?@"9’834&???@@* ou LN o 26 minutes. Rffer " ©©
(98% ee of enant i dRgsclypntwag gvanarated acwhita so |§ was obtained: m. p- greater Beap 3
WO 96/ 34864 258 9C; {o]p 25 1 . -18 5 (MeOH), FAB mass [M+1}+ 35CI AT/ US96/ 05660

-65 - Recr staIIiz I o I NS 1 wth
350 nL of E%/OA\C rret ‘?ﬂbé ﬁé@%ﬂgequ ’g%l ?1 ﬁé\?f 15? otr‘hg{gr?é
sol vent phase. & H, 473Rd&.r§<&1alﬁ, , Ohi 3748 tFound, C2#B.88 Hyr4.83; N

Et OAc: met hanol ( 5:6.71} Bligh ResSlutioroMass: Calc. for [Msetl}+ CanbiggOadisFeCient phase

N NaOH (250 L) anfb g FpUipTiTcgs 17 o AE é?ri N Too .o ot o®
Conbi ne organlc | ayers, dry (MgSO err]) a nt¥8ate to give 2.8 g of
crude Preparation of
10 (+.-)-2-(3 4-dichlorophenyl)-1-{{[[1-(phenyimethyl)-4-
piperidinyljJaminojacetyl]-4-(3,4,5-trimethoxybenzoyl)piperazine
By employing methods analogous to those described in
Example 14 and Exemple 15, and using 3,4,5-trimethoxybenzoic acid in
place of 3,5-bis-(trifluoromethyl)benzoic acid in the coupling reaction, the
15 title compound was obtained in 60% yield, m.p.67-70 °C; FAB mass
[M+1]+ 35C) 655.
Caled. for C34H4005N4Cl2, C, 62.29; H, 6.15; N 8.54;
- Cl, 10.81. Found, C, 61.87; H, 6.15; N,
8.46; Cl, 10.62. '

EXAMPLE 20
Preparation of
(+,-)-2-(3,4-dichlorophenyl)-4-[3-( 1-methylethoxy)benzoyl}- 1-
[l 1-(phenyimethyl)-4-piperidinyljamino}acetyl}piperazine, hemihydrate
25

By employing methods analogous to those described in
Example 14 and Example 15, and using 3-(1-methylethoxy)benzoic acid in
place of 3,5-bis-(trifluoromethyl)benzoic acid in the coupling reaction, the
30 title compound was obtained in 49.5% yield, m.p.58-81 °C; FAB mass

{M+1}* 35C1 623.3.
Caled. for C34H4003N4Cl2e 0.5 H20O, C, 64.55; H, 6.53;
N, 8.86; Ci, 11.20. Found, C, 64.55; H,

6.64; N, 8.92; Cl, 11.26.
35



free base. Recrystallize fromhexane (65 nL) to give 1.0 g of piperazine -

(98% ee of enantioner A). Anal ytical procedure for
measuri ng pi perazi ne enanti omeric 10 purity. The
enantionmeric purity of the piperazine is neasured by chiral HPLC

anal ysis of the di-tert-butoxycarbonyl piperazine derivative_ The di-
tert-butoxycar¥®P&348éeri vative is prepared by adding a smal | FGTySe5660.
sanple (free base or salt)(- .2 ng) to di-tert-butyl dicarbonate (- 1 np)
and 15 nmethanol (0.5 ni) and heating at 80[err]C for 1 hour. If the

pi perazi ne sanpl e Is a salt, triethylamne (20 [err]L) is also
added. The derivative is analyzed by _ _J,—Jﬂ_C using a Chiral Pak AD
colum eluting with 95:5 hexane-i sopropyl al cohol . 20
EXAMPLE 6 Preparation of

(+,-)-4-[[3,5-bis(trifluoronethyl)phenyl]nethyl]-2-(3, 4-
di chl orophenyl)-1 -[[[1
(phenyl met hyl ) - 4- pi peri di nyl ] am no] acetyl | BXAMPBEi @¢. [err] .
By a procedure anal qg F}Ebsra e pr ocedure descri bed
|n t he EI rst part of usi ﬂG’nH‘

(+,-)-1-[[3,5-bi 8(trifluor ome(Eér%rr&-ﬂgﬂh}mmngw)]’c-IZ-methovaenzoyll ~1-[{f1-

?- ( 35 4j1L di[ [cg| gr gphenxpmenylmemmaplpéﬁdiamdrmna}acauyl]nbemma‘
+. - IS
(tri fiuoromet hyl) - phgnyl et hy%’] "’apr"‘ﬁ’)’(ni“% ‘%:di:‘"aai"%’“s‘?ﬁmsﬁrosc"

xample 14 an ls 15 . a g 2-methoxybenzoic acid in B/ lace of
3,5-bis-(trifluoromethyl)benzoic acid in the coupling reaction, the title
10 compound was obtained in 42.0% yield, m.p.71-73 °C. FAB mass [M+1]+
35C1 595.2.
EXAMPLE 22
Preparation of
{+,-)-4-[3,5-bis(trifluoromethyl)benzoyl)-2-(3,4-dichlorophenyl)-
15 1-{[5-(phenyimethyl)-2,5-diazabicyclo[2.2.1]heptan-2-yljacetyl]piperazine
By employing methods analogous to those described in
Example 14 and Example 15, and using 5-phenylmethyl-2,5-
diazabiicyclo[2.2.1.]Jheptane in place of 1-amino-4-benzylpiperidine as the
alkylating reagent, the title compound was obtained in 75% yield, m.p.75-
20 779C. FAB mass [M+1]+ 35 Cl 699.2;
Calcd. for 033H3002N4F6012. C. 56.66; H, 4.32; N, 8.01;
Cl, 10.14; F, 16.30.
: Found, C, 56.85; H, 4.41; N, 7.95;
Cl, 9.93; F, 16.53.
25
EXAMPLE 23
Preparation of
(+=)-4-[[3,5-bis(trifluoromethyl)phenyljacetyl}-2-phenyl-1-[[[ 1-
{phenylmethyl)-4-piperidinyllaminolacetyl]piperazine.
30
By employing methods analogous to those described in
Example 14 and Example 15, using 2-phenylpiperazine in place of 2-(3,4-
dichloro-phenyl)piperazine and 3,5-bis(triflucromethyl)phenylacetic acid in
place of 3,5-bis(trifluoromethyl)benzoic acid in the coupling reaction, the title
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- 66- derivative was obtained in 78% fromits starting material as a
solid, mnp. 146- 148 [err]C, FAB nass [M+l]+ [err]C 577. 579.
By a procedure anal ogous to the procedure described in the second

part of Exanple 2, the title conpound was obtained as a solid 48%/% 5
after purifi cHOMBBEE f| ash chronat ography on flash grade si PFEYSERP 70g

), eluting with 4% MeOH/ CH err]CJ[err], mp. 53-55 [err]C, FAB nass
[ Mt1] [err] d 687; Found, C, 56.98; H 4.72; N,
8.13; d, 10.67; F, 16.30. Cal cd. for '

Cerr]Herr]Nerr]CJerr]F[err]O [err] 0.25_Ié[8e_rr]0, C, 57.27; H 5.03; N,
8. 10; 10 d, 10.25; F, 16.47.

Gooor e in 15 Eompgpes vas gl RIS Vel H.0%!E2 b, FIB RASERRH®
(+,-)-1-[[3, 5-bi s(tBAFEior omet hyl ) phenyl ] met hyl ] - 3- (3, 4-

di chl orophenyl ) - pi perazi ne i nCalcader @34(1-!5302!\!14%'&:.569.i15§ H,i S.BUONYT®EBYF) -
phenyl ] net hyl ] - 3- phﬁg#—api perazi ne, and enpl oyl ng (1S, 4S)-2-benzyl -2, 5-

di azabi cycl o[ 2. 2. 1] ne di hydrobrom de, in place of 4-am no-1-benzyl -

pi peridine, the $ollowi ng conpound was prepfound, C,262.73y H, 5.77; N, 8.59; F,

17.68.
EXAMPLE 24
Preparation of
(+~)-2-phenyl-1-{[[(1-phenyimethyl)-4-piperidinyllaminojacetyl})-
10  4-[(3,4,5-trimethoxylphenyl)acetyljpiperazine, hemihydrate.
By employing methods analogous to those described in
Example 14 and Example 15, and using 2-phenylpiperazine in place of 2-
(3.4-dichlorophenyl)-piperazine and 3,4,5-trimethoxyphenylacetic acid in
place of 3,5-bis(trifluoromethyl)benzoic acid, the title compound was
16 prepared as a solid, m.p. 53-56 °C, High Res. MS:[M+1]*+ Calcd. for
Cas5H45N40s5, 601.3380; Found, 601.3393. :
Calcd. for C35H44N405 » 0.5 H20, C, 68.94; H, 7.43; N,

9.19.
_ Found, C, 69.21; H, 7.53; N,
20 9.22,
EXAMPLE 25
Preparation of

(+,)4-]3,5-bis(trifluoromethyl)benzoyl}-2-phenyl-1-[[[1-
25 (phenyimethyl)-4-piperidinylJamino)acetyl)piperazine

By employing methods analogous to those described in
Example 14 and Example 15, and using 2-phenylpiperazine in place of 2-
(3,4-dichlorophenyl)-piperazine, the title compound was prepared with 71 %
30 yield as a solid: m.p. 65-67 °C, FAB MS [M+1]+ 35C! 633.4
Calcd. for C33H34N402Fg* 0.25 H20, C, 62.16; H, 5.46; N,
8.80; F, 17.89.
Found, C, 62.00; H, 5.65; N,
8.78; F, 18.08.
35



EXAMPLE 8 25

Preparation of

(+,-)-4-[[3,5-bis(trifluoronethyl )phényl]acetyl]-z-phenyl -1 -[[[1 -
(phenyl net hyl ) - 4- pi peri di nyl ] am no] acet yl ] pi per azi ne. WO 96/ 34864
PCT/ US96/ 05660 -67- [err]

' WO 96/34864 . _ PCT/US96/05660

10

16

20

25

-79.

EXAMPLE 26

Preparation of
(+-)-4-[3,5~dimethylbenzoyl]-2-(3,4-dichlorophenyl}-1-{{{ 1-(phenylmethyl)-4-
piperidinyljamino]acetyl]piperazine

NS N-E o ch,
OO X
=<

By employing methods analogous to those described in Example 14
and Example 15, and using 3,5-dimethylbenzoic acid in place of 3,5-
bis(triftuoromethyl)-benzoic acid, the title compound was prepared as a solid,
m.p.68-70 °C; FAB mass [M+1]+ 35Ci 593.1
Caled. for C33H38N402Cl2: C, 66.77; H, 6.45; N, 9.44; C1,11.94.
Found: C, 66.64; H, 6.74; N, 9.48; Cl, 11.89.
This racemic compound was resolved into Enantiomers A and B by
the analogous methods described in Example 17 and Exampie 18.
Enantiomer A m.p. 64-66°9C [c]pE= +26.3
FAB mass [M+1]}* 35C| 593.3;
Enantiomer B m.p. 64-66°C [ajp?s = -34.8
FAB mass [M+1}*+ 35C} 593.3;

EXAMPLE 27
By employing methods analogous to those described in Example 14, Example 15,
Example 16, and Example 26, using appropriate amino reagents, the following
compounds were obtained.



To cooled CH err]C[err] (127m ) contai ning 2-phenyl -pi perazi ne

(Exanple 1, 1.0 gram 6.164 mmol ), 3,5-bis(trifluoronethyl)phenylacetic 5
acid (1.797g, 6.472 mmol ), and N hydroxybenzotriazol e nonohydrate

(0.874g, 6.472 mmol) at -20 [err]C were added Et[err]N (0.9m, 6.472 mmol)
and N, N- di met hyl am nopr opyl et hyl car bodi m de (DEC) under _nitrogen. The
reaction was WaM34864" - 20 [err]C for an hour and gradually RWORT
overnight. After stirring 20 hours, the reaction was conplete and
CHerr]C[err] 10 (200 m) was added. The organi c sol ution was washed

w th 5% NaHCGO3 (100 M) and brine (100 M, 3x), dried over MgSHA,
filtered and concentrated under vacuugb .0 give 2.5 g of crude
product. The product was purified by flash chronat ography on flash
grade silica gel (120 g), el uti /Lh§§96M}B MeOH CH err]C [err] to
give a gummy solid (2.08g, 4.996 / A portion of this solid
(1.0 g) was crystallized from hex nd gh_j ized to yield a
solid, mp. 80-82 [err]C, FAB nmas rr] 417

Calcd. for CJerr]J]Herr]ONerr]F[err], C 57.69; H W.36; N 6.73; F,

27. 38. Found €CH357.91; H, 4.55; N,
6.69; F, 20 27.61. ution of the above conpound
(1.11g, 2.642 mmol) in dry qq[regpj,ﬂji (22.2 m) at -78 [err] C was
added dii sopropyl ethylam ne (0.483 m, 2.774 ol ) followed by the
dropwi se additi on of bronpacetyl br omi de (0.246 M, 2.774 mol ).

After stirring at -78 [err]C Jor 7 hgurs under nitrogen, 25 additiqnal

di i sopropyl et hyl am ne (0. 2.9 1) and 4-{371' 1- ¥\O

96/ 34864 ° PCT/ US96

- 68- benzyl pi pehi di H0 (o. 605 i BrM'iDI) vier e addedMat - 78yC. The

reaction N Ar—"'—-"*[ —— l —-—,—_-»[l
N Ar >-N-( SNTTAr >N N” Ar

O™z

1
2

) purified at this stage
Ar = 3,4-dichlorophenyl or phenyl

FABMASS [MH1]* 350 mp, o

< I‘D---HS‘N"'N%GHs 5703 60-62
CHs3
o
Cr\NQ’HB"N"Ngc(CHs ' 570.3 60-62
0
Cl Cl

Calc'd 525.3229
CHs Found 525.3230

C(‘N:_)-N\,.N N - High Res. Mass
e

5 EXAMPLE 28

Preparation of
(+,-)-2-(3,4-dichiorophenyi)-4-(3,5-dimethylbenzoyl)-1-[[[ 1-(2-furanylmethyl)-4-
piperidinyl)amino]acetyl]lpiperazine '



was gradually warnmed to RT overnight. After the reaction was conpl ete,

the reaction was diluted with CHerr]J]dJ[err] (150 m), washed with brine
(50 m, 3x) and dried over MgSO err]. After filtration, the sol vent
was renoved under 5 wvacuumto give a light yellow solid which was
purified by flash chromat ography on flash grade silica gel (150 g),
el.uting with SHONEPE6] - MeOH CH err]d [err] to giveth&"ﬁ’?
conmpound as a white solid (0.94,g, 1.453 mmol, 55 %, mp.49-52
[err]C, FAB nmass [Mtl][err] 647.3; ) Cal od. for
Cerr]Herr]err]Nerr]Ferr], C 63.15; H 5.16; N 8.66; F. 10 17.62.
Found, C, 62.73; H 5.77; N, 8.56; F, 17.68. 81

EXAMPLE 9 "©'Preparation of
(+,-)-4-12-[3,5-bis(trifluoronethyl)phenyl]ethyl]-2-phenyl-N[1- 15
“(phenyl net hyl ) - 4- pi peri dinyl ] - 1-pi perazi neet hanam ne, four hydrochl oride
salt, hemi hydrate. [&aneraméthod of synthesis To a sol ution of
the product from ExanpNde 16 g4l 463 gr &¥H44-BOC 0.72 mol )NH¥Baty THF (21.6

m) was added a 10 M sl ut ixgdife BH3 r]  2d@defr) 2 716nm, 7.16
mmol ) at RT under nit@en.%%ol ut§ was'_——‘h?ét t 80 [err]C

under nitrogen for 24 our MeOi} t er coo I ng tohﬂ?f'),"' MeCH ( m) was
added slowly to deconpdpg excess BH errBh [err] S(CHerr])[err]. Al
sol vent s wer e rerrqved under vacugm and the residue yas redi ssol ved in
absol ut e
ArCHO / NaBH3CN
MeOH / HOAc
Ar = aromatic group with
substituents
NH2 4N NH-t-BOC
HCI /dioxane
N = Q
SLY LY
4

Y = aromatic group with -
substituents

NH, — O CF3(CHg)

O
Br AN N‘K@ . A n 0 ~— O _CFs(CHs)
¢ . CFs (CHa) v NN N N‘"‘Q
L © CFa(CHa)
v Cl ¢ ———
5 Hunig's base a
CHChL )
5 To a solution of 4-amino-1-benzylpiperidine (9.5, 50mmol) in

methanol (150ml) at -109C was added a solution of di-t-butyldicarbonate
(10.9g, 50mmol } in methanol (60 ml). The mixture was gradually warmed
to room temperatures overnight. After the reaction was complete , solvent
was removed to give a white solid (2) FAB MASS [M+11+35C1291.3

10 Compound (2 ) (11.6g, 40 mmol) was dissolved in methanol (140 mi).
To this solution was added Pd(OH)2(20%) on carbon (2.4g) and the mixture
was hydrogenolyzed at 47 pounds per square inch. After the reaction was
complete, the catalyst was filtered. The filtrate was evaporated to give a
white solid of compound 3 (8g, 40 mmol).

15 A mixture of compound 3 (0.7g, 35 mmole) and 2-furaldehyde in
MeOH (10 ml) was stirred at RT for 10 min. NaBH3CN (0.5g, 8 mmol) and



WD 96/ 34864 PCT/ US96/ 05660

- 69- EtOH (14.1 m ), followed by the addition of Klerr]CJ err]
(0.22g. 1.58 mmol). The m xture was heated at 80 [err]C for 6.5
hours under nitrogen. After cooling KlerrJC err] was filtered and
Et OH was renoved to give a residue which was redi ssol ved i OAc
(150 m) and Y¥EBHith brine (50 n, 2x). It was 5 dri BGVEYEPSRA SO,
filtered, and evaporated under vacuumto give a solid (0.42 g)

whi ch was purified by flash chromat ography on flash grade silica

gel (80 g), eluting with 4% NH err]-MeOH CHerr]C[err] to give a white
solid (0.14 g, 0.227 mmol, 49% . -82- The above
material (0.14g, 0.227 mmvl) was treated with 10 CHerr]dJerr] (6.8 m)
and 2. 3M HC - Et OH ( Cacediz acid (11mi} @reradded latdrt eThesmixtunerwas stired at R RT f or

10 m nutes, the sol UsyepRighPindey &R UiMbEshera SPhitldber. ARerME rbactionwas 91 ve 2
e T G, (o, 60 1 ik i it vad et
Cal cd. for ( err] H esatyrated NpHCES Solition- (BOmi)Haid brimer(BO MmiIRxH The paanis; layer

52.79; H 15 §. B%é\'evgpo?fétedrafteiéryfr? ov¥erMJS0 4 o give atiudétansolia® ( Yis
6.10; N, 7.21; 0. F, 14, 7?; Ci:l 16. 71. e ax
EXAMPLE 10 -furanyimethyl) which was used without purificgtiofy, Fampeund,# wasy(

(+, -)-2- phenyl -1-10 [Qisselmiwdryﬂl-laﬂlg (ﬂmt)iapdttliedtewmmmrl&h‘;di@xaﬁe](sm)
4-[(3, 4, 5-trimet hoxylgnedh | S@e&hy Eh&b@éé@éﬁweﬂ&ﬁd@g%&'@& &fter stirfing the
ed Ln anpl e 8,

Gai g 3. 4.5t 1 ot holRBHRAS! HE far &NGH5.l L GRVBICSETOUR § 85.n off-whits oI
10  (0.65g) as HCl sait.
Compound 5 was converted in situ to the free base with
Hiinig's base then reacted with the bromoacetyl key intermediate (6) in the
above scheme to give the title compound analogous to the method
described in Example 15.
15 m.p. 65-67 °C; FAB mass [M+1]+35C| 583

EXAMPLE 29
20 By procedures analogous to the methods

described in Example 28 and Example 15, the following compounds were
obtained.



bi s(trifluoromethyl)phenylacetic acid, the title conpound was prepared as a
25 solid, mp. 53-56 [err]C, Hgh Res. Ms:[Mt1l][err] Calcd. for

Cerr]Herr]Nerr]derr] 601. 3390; Found, 601.3393.

Calcd. for err]J]Herr]Nerr]derr] [err] 0.5 Herr]O C, 68.94; H, 7.43;
N, 9.19. Found, C, 69.21; H, 7.53; N, 9.22. 30

EXAVPLE 11 WO 96/34864 Pr epar M&#’W“"

(+,-)-2-phenyl -N-[1-(phenyl net hyl ) - 4-pi peridinyl]-4-[2-(3, 4, 5-
tri met hoxyphenyl ) et hyl ] -1-pi perazi neet hanam ne, four hydrochloride salt,

35 nonohydrat e. WO 96/ 34864 _

PCT/ US96/ 05660 -83- - 70-

By essentially the same process as described in Exanple 9, usi ng the
product from Exanple 10 in place of the pFaBestorici MASEMwIPRE 8 M.P. o¢ t he
titl.e conpound was prepared as oI i d m p lo/ [ETT]TC (Wel, no snharp 5
melting point); H gh Res. . for

Cerr]JHerr]Nerr]g er Found 573 3810 1

Cal cd. for C[err]H[e'_lé @_[,err 4 HC [err err]O 9&0g7 07; H,
7. 39; N, 7.61,; CI 19. 25. und, C®Hg7.16; H 7.88: N 7.64, O,
18.71. -10

HO ~ O
EXQ \B_IN-KOCW 5994 72-74

CH3
ct Ci

O

NS N CH,
é]\'l(:r d_' J\@ 599.4 68-70

S CHs
cr o

NS NN oHs .
'O d-—l «©’ 583.1 64-86

CHs
i ¢

,O HB-‘N«Q'CHS 583.1 | 65-87

CH3
c ¢

EXAMPLE 30
5 Preparation of
(+,-)-1-[[[1-[I[1, 1-biphenyl]-4-yljmethyl]-4-
piperidinyllaminolacetyl]-2-(3,4-dichlorophenyl)-4-(3,5-
dimethylbenzoyl)piperazine
10

By methods analogous to those
described in Example 28, compound (3) (0.69, 3 mmol) from



EXAMPLE 12 Preparation of
(+/-)-4-12-13,5-bis(trifluoronethyl)phenyl)ethyl]-2-phenyl-1 -[[[1 - 15
(phenyl met hyl ) - 4- pi peri di nyl ] am no] acetyl ] pi perazine, trihydrochloride
salt. By a process anal ogous to the reduction process
described in the first part of Exanple 9, usin

(+,-)-[[3, 5- bVO.96/34864 (trifIuoronethyl)phenyl]acetyl]-3-pH§H?#Bﬁﬁﬁﬂhzine
(described in the first part 20 of Ex. 8) as a starting nmaterial,
(+,-)-4-[2-[bis(trifluoronethyl)-phenyl]ethyl]-2- phenyl pi perazine
was prepared as a solid after purification by flash chronatography,
mp. 193-195 [err]C, FAB mass [M+1l][err] 40383- This materi al

(0.38g, 0.94 mmmol ) was converted to its bronpacetyl derivative according to
t he sane procedure Exampms bmtﬁmixedh&ths@(uhloiombtﬂyl)bibhﬁuyi@ﬂgﬁa After 25

reacti on was conpl e
| o hﬁnu |solat|g§ 'ﬁég%% roc&g mcné

re as (?eSCI’I bed

benzyl pi peri di ne w isi n the s

in t he thi rd Rigrt gaYﬁ t I@%G @ahe opt ai ned as
a solid by f rmuon I'mxtua was diluted \Aﬂmeﬁﬂzﬁlg\(w hﬂﬂamd)wasued-ﬂlth salt by
treatnment with H| gh Res. ME:
[ M1l] [err] Cal cd5 fbnné*ggé@%q*l) erhFerr err ¥ Found,

633. 3034. tiltered, and conoantrated togive a whrte solr mgegude
Preparation of product was purified or{ ﬂasﬁ rade isilioa igell eldtihp With 2%

_phenyl et hyl ) - 4-
21213 4. 5yt2meltmhm J“y‘?"‘ %j:?g 'J'hgﬁéwmpc’”"dw%?@%m

PCT/ US96/ 05660 ag m as a whnte solid (0.7g, 64%).
The next two reactions leading to the
synthesis of the title compound are analogous to Example 28
described above. FAB Mass [M+1]+ 35C| 669; m.p.87-89 °C.

15 EXAMPLE 31

By procedures analogous to the methods
described in Examples 16, 28, and 30, the following compounds were
obtained.



-71- By a reduction process anal ogous to that descri bed
inthe first part of Exanple 9, using (+,-)-3-phenyl -1-[(3, 4, 5-
tri met hoxyphenyl )acetyl]pi perazine as a starting material, the reduced 5
product, (+,-)-2-phenyl-4-1[[2-(3,4,5-trinmethoxy)phenyl]-ethyl]piperazine

was pre%r%as a solid after purification by flash chromat ography,
m p. 160- P r1C, FAB mass [Mrl][err] 357.4. This nRCEUSIH566). 53,
1.48 mml) was converted to its bronpacetyl derivative according to
t he sane procedure as described in the second step of Exanple 8.
After reaction is conplete, the 10 bronoacetyl derivative is alkylated in
situ with 4-am no-1-benzyl pi peri di ne, -88i-ng t he sane procedure as
described in the third step of Exanple 8. _ The title
conpound can be obtai ned and purified by MAsiskt BEgr a 15
EXAVPLE 14 Fﬁbaﬁ&“’:.c‘iw. LIRS 2P oo

(+, -)- [35b|s(tr|fluororrethyl) zoI] 3(3 4-

di chl or ophenyl ) - pi pera2| OF; To a
cool ed sol ution of ﬁ cont ai ni f3§-12- 71-73

(3, 4-di chl or ophenyl )p| per azi ne (1 gra F5 0 mol.), 3,5-bis-
(trifluoronethyl)benzoic acid (1 5.09 mml) and N~ 25 -

hydr oxybenzotri azol e nonohydrate (O. 688g, 5.09mMmmol ) at -20 [err]C were
added Et3N (0.711 m, 5.09 nmol nd=N, I di met hyl am nopr opyl -

et hyl car bodi m de (DE é%@ gler nitrogen. The reaction
was kept at -20 [err] o] ual ly waf’®®d to RT oved#f@ht .
After CF3

NS
c| IG )8" «(;TCHS 627.2 68-70

CHs

NENNEL . or
F'@\.O d_’ JQ@ ? 718.0 70-72

CFq
cl ¢

HO - O ' - .

CFs
¢l o . -
o — | .
LS AN N 8"”8@0& 7850 7072
| o " .
H,,w N-C - CHs
d «(2'; 607.2 73-75

CHa

Q;— "OH% N-'g@,cu-ia o | 3?.59



stirring 20 hours, the reaction was conplete and CH err]C[err] (200 m)
was 30 added. The organic solution was washed with 5% NaHCO err] (80 ml)
and WD 96/ 34864

PCT/ US96/ 05660 -72- brine
(80 m, 2x), dried over MgSO err], filtered and concentrat e?cﬂggﬁfoﬁm
vacuum to gi weo96/3u8¢ of crude product. The product was puri by fl ash
chromat ography on flash grade silica gel (120 g), eluting with 2% NH err]-
MeOH CH err]Cl[err] to give a foamsolid (1.25g, 2.65 mmol,53%. mp.. 50-53

5 [err]C FAB mass [M+l]+ [err] O 470.9; Cal cd. for
C[err]H[err]O\I[err]F[err]CI[err] C, 48.42;-88- 2.99; N, .5.94, F,
24.19; d, 15.05. Found, C
48.57; H, 2.90; N, 5.94; F, 23.90; EhB arkiyoDCLMASEIM+1]'35¢C) 15 M.P. L
EXAMPLE 15 Prepar ati on of
(+,-)-4-13,5-bis(trifluoroneth @Mﬂ di chl or ophe )-1
-[[[ 1- (phenyl net hyl ) - 4- p@@ amyd| ad I ] p| per d¥3-He {Q’-},

HaC CFs

C :

N3N "N CHs
80 '"{;I o422 e

CHs

paNes C{"@ oo -

N&N’_\N P CHs
O—O\_,O -”\@ €69.0 87-89
CHa

cl d

CHs

o
O\_ IO N‘Z%-/N-(@ms 5942 75-76
o ¢ |

H NN CH | y
s D DO ); ,"*@ 3 639 72-74

CHa.
cl C
0 — DO
N N CHs
OO LG
CHs CHa

cl a



WD 96/ 34864 PCT/ US96/ 05660
-73- [err] To a solution of
(+,-)-[3,5-bis(trifluoronethyl)benzoyl]3-(3,4-

di chl or ophenyl ) pi perazine (0.6 g,1.274 mmol) in dry CHerr]dJ[err] (12.0

m) at 5 7%&% was added dii sopropyl et hyl am ne (0. 266fcopmhoshssdd ™! )

fol | owed by

EXAMPLE 32
Preparation of
(+.-)-2-(3,4-dichlorophenyi)-4-[{4-flucro-1-
naphthaienyl)carbonyil-1-[[[ 1-(phenyimethyl)-4-
5 piperidinyllaminojacetyllpiperazine
GENERAL METHODS
N t-BOC t-BOC

.Bromoac.tyl ,cqua
[ 1-BOC anhy. N | 1
lA'z MeOH/-78°%C ( J\Ar’ 2. 4-Amino-1-benzyl [ J\A,z

piperidine 01\'“ ~<:N~Ph

! | 2 100%
| 3 61.5%
OMe OMe '
a =30 | é@c* 30 SO0 3 ome w
Al"
1. 4NHClin H -
*  dioxane | coupling with . ( J\
A2 ———r—— .
* oph 10 °‘\'HFCN“Ph o hterocyeb ack °‘\'N~CN“Ph.
HOBT-DEC-CH,Cl,

4 95 %

To a cooled solution of 2-(3,4-dichlorophenyl)piperazine (1;
10
Ar 2 = 3,4-dichlorophenyl) (20g, 86.53 mmol) in MeOH (900 ml) at -78 °C
was addsd dropwise a solution of t-BOC anhydride (19.47g, 86.53 mmol} in
MeOH (263 ml) over 3h period under N2. The solution was gradually
warmed up to RT overnight. After reaction was complete, the soivent was
15  evaporated and the residue was dried under high vacuum overnight to give
2 as a white solid. {28g) {Ar2= 3,4-dichloropheny!) FAB Mass [M+1]+ 35
Cl 331.2.
To a cooled solution of compound 2 (23.8g, 71.85 mmol) in
CH2Cli2 (500 ml) at -78 °C was added a solution of bromoacetylbromide
20 (6.88 ml, 79.04 mmol) in CH2CI2 (10ml) through a dropping funnel under
N2 over a 10 min. period. After stirring at -78 °C for 3 h, TLC showed that



the dropwi se addition of bronoacetyl bromde (0.124 m, 1.40 nmol). After
stirring at -78 [err]C for 3.5 hours under nitrogen, additional

di i sopropyl - ethylamne (0.234 m, 1.342 mmol) and

4- am no- 1- benzyl pi peri di ne © (0.279nml, 1.342 nmmol) were added at -78
[err]C. The reaction was gradually 10 warnmed to RT overnight. After t he
reacti on was WOPP®EL the reaction was dil uted vm'ta' 68 [err]
(200 M), washed with brine (80 m, 3x) and dried over I\/gsqerr].
After filtration, the solvent was renoved under vacuumto give

light yellow solid which was purified by flash chromatography on fl ash
grade silica get (150 g), eluting with 5% N§&rr]-MeOd CHerr]d[err] to
give the title 15 conpound as a white solid SO 559, 1.274 mol, 62 %,

m p. 66-69 [err] C, FhB reaction was,eemplpie- 1jothiseogley sqiytion were added Hiinig's

galggd for (er r] H[ basd @bevraw\wm}d? and 4arlire-1lberlylpipRritife (£9.30.014817
7.94. F, 16. 07 'a. mé%é)oq Wa%ge&t 7898 %0r Srie RUren 65&6\?9@%%1 up toRT
PCT/ US96/ 05660 "ovemight. After completion, CH2Cl2 (200 ml) was added and;washed with
EXAMPLE 16 5§ brine (200 ml, 3x), dried over MgSOy4, filtdiyd ant ondengratedt tbgﬁe

snel oot {0 {1052 e prppesidue ofcompoi (Bl B b, > °

paral | el synthesis Gempousd Stwas puifiedbiyflash Ghmﬁﬂgfaphy on 400g of ﬂash grad@as
obtained. [err] . silica gel, eluting with 3.5 % NH3-MeOH/CHoCl2 to give 24.8 g (44.2 mmol,

61.5 %) of pure compound 3 (Ar2 = 3,4-dichiorophenyl). FAB mass [M+1]+

10 35CI561.3
To a solution of compound 3 (Ar2= 3,4-dich|orophenyl) ( 169,

28.49 mmol) in CH2Cl2 (142.5 ml) at 0 °C was added 4N HCi-dioxane

solution (71.24 ml, 284.9 mmol) through a dropping funnel. The reaction

was gradually warmed up to RT and stirred for 4h. After completion, the

15  solvents were evaporated to give a light yellow solid which was dissolved in
H20 (400 mi) and brought to pH 10 with 1 N NaOH. The product was
extracted from basic agqueous solution with CH2Cl2(200ml, 4x), dried over
MgSOy4, filtered and concentrated to give compound 4 {Ar2 = 3,4-
dichlorophenyl) as a light yellow solid (12.5g, 27.09 mmol, 95%). FAB

20 Mass [M+1]+35 Cl1461.1 Compound 4 was the key intermediate which was
used to couple with various aromatic acid for the synthesis of many target
compounds.

To a solution of compound 4 (Ar2 = 3,4~-dichlorophenyl) (200
mg, 0.433 mmol) in CH2Cl2 (5 mi) were sequentially added 4-fluoro-1-

25 naphthoic acid (84 mg, 0.433 mmol), HOBT (58.5 mg, 0.434 mmol), Et3N
{63.4 ml, 0.455 mmol) and DEC (85 mg, 0.434 mmol) at RT. The reaction
was stirred at RT under N2 overnight. After compiletion, the reaction was
diluted with EtOA¢ (150 ml) and washed with brine (50 ml, 3x), dried over
MgSO0a4, filtered and concentrated to give a crude product 5 (Ar2 = 3,4-

30 dichiorophenyl, Arl = 4-fluoro-1-naphthyl) which was purified by flash
chromatography ( 50 g flash grade silica gel), eluting with 4% sat'd NHz-
MeOH in CH2CI2 1o give the titie compound (0.21g, 0.331 mmol, 76.5 %)
Fab Mass [M+11*35 CI 633.2; m.p. 78-81 °C.

35 | ~ EXAMPLE 83



[err]

Ar =3, 4-di chl orophenyl or phenyl
EXAMPLE 17

10
Preparation of

WO 96/34364 PCT/US96/05660

-89-

_ The foliowing compounds were prepared according to the procedures
in Example 32. The key intermediate compound 4 in Example 32 (Ar? = 3.4~
dichlorophenyl) was coupled with the appropriate aromatic acid to obtain the
target compounds. Those compounds without melting points were prepared via

§ parallel synthesis.
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- 75 - '

(+)-4-13,5-bis(trifluoronethyl )benzoyl]-2-(3,4-

di chl orophenyl ) -1-[[[ 1- (phenyl met hyl ) - 4- pi peri di nyl ] anm nol acetyl ] pi perazi ne
5

di hydr ochl ori o%%rate [err]

The conpound fro nple 15 (100 ng) was separ at ed PCIUSI6OS660 al
Pak AD col umm (5x 50 cn), eluting with hexane: i sopropanol (80 :
20). The first fraction was evaporated to give 37 ng of - enant i oner
A which was converted to its hydrochloride salt by dissolving in 10

MeOH and treating with three equival ents of <8hydrous HCO/MeOH for 20
m nutes. After the solvent was evaporated a white solid was obtained: mp.

205- 220 G =+ 21.1 (Me 7
Cal cd. fE)rerE:][err][l[-l[e;]r}[qe(ra;]r]N[err]F[eﬁr]g_??tﬁ@rdgref?azgs%%‘}trr]Ogm%l

Herr]O C, 48.90; H, 91 F,14.06, d, 17.49. Found: C,
49.34 H, 4.84; N. 68 s Fon Mass: Calc. for [ Mt1] [err]
Cerr]JHerr]err] N er ] 885 601 Found: ®B401879.
Cl
O -~
N.}-N N cl
O\.(J 635 66-69
Cl
Cl ¢
*) o]
N}NHN |
Q\-O - 691 76-78
C ¢l
o) o]
aVons e U
N
CF3
ci ¢l
O —~ O
OH}N N"Q@OMe
N OMe 625 7375
C ci
Q O )
OO P
N 723 81-83
Br '
Cl ¢l

QONB" Nrjg,l " e



EXAVPLE 18 | Preparation of 20

(-)-4-[3,5-bis(trifluoronethyl)benzoyl]-2-(3, 4- di chl orophenyl ) -1
-[[[1 -(phenyl net hyl) - 4-pi peridi nyl]am no] acetyl ] pi paerazi ne

di hydrochl ori de di hydrate The conpound from Exanpl e
15 (100 ny) waa,&%éwt-ed on a 25 Chiral Pak AD colum (5x 50 cm,
eluting with hexan I sopr opanol (80: 20) . The seconECT/U39605660 \\as
evaporated to give 45ng of enantioner B whi ch was converted to its
hydrochl oride salt by dissolving in MeOH and WD 96/ 34864 '
PCT/ US96/ 05660 - 76-

treating with three equivalents of anhydrous_gil/MeOH for 20 minutes. After
t he sol vent was evaporated a white solid was obtained: mp. greater than
258 [err]C, [[err]][err] =-18.5 (MeOH), FAB rrass I\/Hrlké rr err]d 701.
Cal cd. for C[err]H[err]qerr]N[err]F[err]CI[e '["%i’ 11% &6 mp.oc
Herr]O C, 48.90; , N, 6.9 T L B ka1 e ~/=VET-Va LI 04
48.88 H, 4.83; N,

C[err]H[err]Qerr]N[er(iM @]
EXAMPLE 19

(+,-)-2-(3,4-dichl orophenyl)-l-[L Aphenﬁ”?et hyl ) - 4-

pi peri di nyl]am no] acetyl]-4-(3, 4} i met hoxybenzoyl ) pi per azi ne

tbﬂg l\/ass Calc for [M+1][err]
01.1 , Found: 701.1885.
reparation $%8 10

By enpl oyi ng net hods anal ogous tg those described in Exanpl e 14 and
Exanpl e 15, and using 4, 5-§ri X zoic acid in
) NGz es50
NO;
c ¢l
0 o)
~ NN
@\.N':) 615 87-89
cl cC
QO ~, O
H}N N - Cl
1 636.1 76-80
O X
ci Cl
Q ~ O
N3N
O d“ "\8': 633.2 78-81
c G
: o]
HS3v W °_ .
D\-N:j d“ g 621.2 70-73
cl Ci

8]
D\_O ng—«NéN 622.18 62-65



pl ace of 3,5-bis-(trifluoronethyl)benzoic acid in the coupling reaction,
t he 215 title conmpound was obtained in 60%yield, mp.67-70 [err]C, FAB

mass [ Mt1][err] [err]d 655. Cal cd. for
Cerr]Herr]err]Nerr]C[err], C 62.29; H 6.15; N, 8.54; a,
10. 81. : Found, C, 61.87; H, 6.15; N, 8.46; d,
10.62. 20 WO96/34864 EXAVPL BcRAs96/05660

Preparati on of ‘
(+,-)-2-(3, 4-dichl orophenyl)-4-[3-(1-nethyl et hoxy) benzoyl ] -1-
[[[1-(phenyl met hyl)-4-piperidinyl]an no]acetyl]piperazine, henihydrate 25

By enpl oyi ng nethods anal ogous to those descgpbed in Exanpl e 14 and
Exanpl e 15, and using 3-(1-nethyl et hoxy)benzoic acid in pl ace of
3,5-bis-(trifluoronethyl)benzoic acid i he. coypl.i ng.reaction, the 30
title conpound was obtained in 49.5% yi «E'LIA ,°“‘ﬁf°;5gg'$§38%‘"f1é+ra§f:t; ma’Grass
[Mt1l] [err] [err]d 623.3. carcad. rtor
C[err]H[err]CIerr]N[err]C][ern]O[eH ®.5 H}0, C, 64.55; H 6.53;
N, 8.86; O, 11.20. AN Oundeza@ 64.55; H, 5861
6.64; N, 8.92; d. 1 -N/ 35 96/ 34364
PCT/ US96/ 05660 _ -77-
Cl Ci
O m~ O
o0 P, -
N 3
ct C
o)
HS3N "L
O
607
ci Cl '
o o]
N}Nﬁn-«_
O™
HaC . 618
cl ¢
O ,m~~ ©
OO P
N Cl 635
ci Cl
o o]
OO
N 565
cf Ci

ooV P,



EXAMPLE 21 Preparation of 5
(+,-)-2-(3, 4- di chl orophenyl) - 4- [ 2- met hoxybenzoyl ] - 1-[[[ 1-

(phenyl net hyl ) - 4- pi peri di nyl ] am no] acet yl | pi per azi ne

By enpl oyi ng net hods anal ogous to those described in Exanpl e 14 and
Exanpl e 15, and using 2-nethoxybenzoic acid in place of

3,5-bis-(tri fIW&’B’R@%ﬁyI )benzoic acid in the coupling reacti on nﬁ%‘mﬂl e
10 conmpound was obtained in 42.0%yield, mp.71-73 [err]C. FAB nass

[ Mt1] [err] [err] O 595. 2. ,

EXAMPLE 22 Preparati on of
(+,-)-4-[3,5-bis(trifluoronethyl)benzoyl]=983¢3, 4-di chl or ophenyl ) - 15
1-[[5- (phenyl net hyl ) -2, 5-di azabi cycl.o[ 2. 2. 1] hept an- 2-yl ] acet yl ] pi per azi ne
By enpl oyi ng net hods anal ogous to those described in Exanpl e 14 and
Exampl e 15, and usi ng 5-phenyl net hyl - 2, 5EXAMPLE34

di azabiicyclo[2.2.1.] hepta i l.ace of 1- am no- 4- ben eridipe as th

al kyl ating reagent, the tit} ’& femRaYn erﬂﬁp?rﬁéﬁgﬁﬂiaf'@‘etﬂ boopglyres
20 77 [err]C. FAB mepl@ B21Tlhiekay infermetiiat canpodnd 4 in Example 32 ( Ar? = phenyl) .
Cal cd. for q@r ]W&%bfdﬁi‘dﬁ hg 'chiipied Wil thé 'epbropiatefroRfatic Heid s s’deschbed in

8. 01;
Found, C, 56. 55 ﬂ‘a'ﬂp&i’z 1 obiain e target compgynds) ‘Thosecomppungs withoytmelting

EXAMPLE 23 points were made by parallel synthesis. Preparati on of

(+,-)-4-[[3,5-bis(trifluoronmethyl)phenyl] aC@Aﬁ'a]md.%r@lmyiMérﬁéll' m.p.%C
(phenyl nmet hyl ) - 4- pi peri di nyl ] am no] acetyl ] pi perazi ne.

By enpl oyi ng net hods anal ogqu® tg.; hese described in - Exanpl e 14
and Exanpl e 15, usi 2- in place of 2-(3,4-

di chl or o- phenyl ) pi p LReJand - bi i f1&&Ddnet hyl ) phenyl acetic acid in
pl ace of 3,5-bis(trifluoronet benzoic &sd in the coupling reaction, the
title

oo P

O OHVBH .KC} 623.1
oo L -
aVopmsy §ES

AN OH%: NJ‘:?,CI scs.3



WO 96/ 34864 PCT/ US96/ 05660

- 78- conpound was obtained in 55 %yield, mp..49-52 [err]C, FAB
mass [ M+l][err] 647. 3; Cal cd. for
CerrJHerr]Jerr]Nerr]Ferr], C 63.15; H 5.61; N, 8.66; F.
17.62. 5 Found, C, 62péprusdérosse’
PCYAS
N. 8.59; F, TO%%RBY, 45,
. EXAMPLE 24 Preparati on of

(+,-)-2-phenyl -1-[[[ (1- phenyl net hyl ) - 4- pi peri di nyl ] am no] acetyl ] - 10
4-1(3,4,5-trinmet hoxyl phenyl )acetyl ] pi perazi ne, hem hydrate.

By enpl oyi ng net hods anal ogous to those dggecribed in Exanpl e 14 and
Exanpl e 15, and usi ng 2-phenyl pi perazine in place of 2-

(3, 4-dichl orophenyl ) - pi perazi ne and 3, 4 EXAMPLEt I38xyphenyl acetic acid in
place of 3,5-bis(trifluoronethyl)benzoi ¢ %ﬂ&oﬁﬁ? title conpound was 15

d lid 53-5 C | cd. f
ertl Ferr] NLorr] Gerr]. ao1 Gadn-a%Dimettybenzsssi-il-(phenyimetnyla " ' ©"
Calcd. for (Jerr]H erpi@d\![dnyi]hﬁm]adetﬂpz-{t}-(ﬂlﬁorbﬁﬁthyﬁphéﬂ/memtnﬁ,1.231ychhte

9. 109. 5 Found, C, 69. 21,

H 7.53; N, 20 9. 22. EXAMPLE
EResen.gt | ol of

(+-) 4-[3,5-bis(trifluoronmeth )b nzoyl]-Z;_Q_ﬂ_Qle_}[[[

(phenyl net hyl ) - 4-pi perl dinyl]a g tyl] PI Ry

By enpl oyi ng net hods anal ogous t Fgescrl béd | n CF,

CF;

Ny
3-(4-Trifluoromethylphenyl)-2-piperazinone (1) was prepared .
according to the procedures published in J.Med.Chem. 9, 191, 1866. To a
solution of compound 1 (0.65g, 2.66 mmol) in anhydrous THF (22 ml) was
10  added dropwise10 M BH3*S(CH3)2 (0.798 ml) at RT.  The mixture was
refluxed for 22 hr. The mixture was cooled in an ice-water bath and
quenched with MeOH (5 ml). The solvent was evaporated and the residue
was dissolved in absolute EtOH (30 mi). To this solution was added
anhydrous K2CO3 (0.8g) and the mixture was refluxed for 1 h then stirred
16 atRTfor 1 h, filtered and concentrated to give an orange solid which was
purified by flash chromatography using flash grade silica gel (24g), eluting
with 2.5%-4% of satd. NH3/MeOH in CH2Cl2 to give compound 2 (0.143g,



Exanpl e 14 and Exanpl e 15, and using 2-phenyl pi perazine in place of 2-

(3, 4-di chl orophenyl ) - pi perazine, the title conpound was prepared with 71 %
30 yield as a solid: mp. 65-67 [err]C, FAB M5 [M+1l][err] [err]d 633.4
Cal cd. for C[err]H[err]N[err]Qerr]F[err] [err] 0.25 Herr]O C, 62.16; H,
5.46; N, F, 17.

Found, C, 62. 86’9‘{-'14“3 65; N, 8.78; F, 18.08. 35 PCTIUSIGIOS660,
06/ 34864 - PCT/ US96/ 05660
- 79- EXAMPLE 26

Preparation of 5
(+,-)-4-[3,5-di net hyl benzoyl ]-2-(3, 4-di chl or@ﬁhenyl) 1- [[[1 (phenyl net hyl ) -

4- pi peri di nyl ] am nol acet yl ] pi perazine [err]
By enpl oyi ng net hodgaeﬂ'/a )- o §OmPaUFti3,Was cartied o nert tE!&?n?!PBS irvthe above

diagram according to the procedures described in Example 14 and
Examptle 15 for the preparation of the title compound FAB Mass [M+1]+
35C1593.1
5 EXAMPLE 36

The following compounds were prepared according to
the procedures in Example 5 (Method 2), Example 14, and Example 15 by
using appropriate reagents.



and Exanpl e 15, and using 3, 5-di net hyl benzoic acid in place of 3,5-
bi s(trifluoronethyl)-benzoic acid, the title conpound was prepared as a

solid, mp.69-70 [err]C, FAB nass [M+l][err] [err]C 593.1

Calcd. for C(ferr]Herr]Nerr]Jerr]C[err]: C 66.77; H 6.45 N, 9.44; O,
11.94. 15 Found: C, 66.64; H_6.74; N,
9.48; O . 11. 99 9634364 This racem ¢ conpound was BCIIHO0/668 1t o
Enantioners A and B by t he anal ogous net hods descri bed in Exanple 17
and Exanpl e 18. Enantionmer A mp. 64-66[err] C[[err]][err] =+
26. 3 FAB mass [Mtl][err] [err]d 593.3; 20

Enantioner B mp. 64-66[err] C[[err]] [errlge-- 34.8 FAB
mass [Mrl][err]+ [err]C 593. 3;

EXAMPLE 27 By enpl oyi ng net hods anal 4 bed,,i
Exanpl e 14, Exanple 15, 25 Exanpl e 16, 59§PE?I%P { TuRd qMPD'

am no reagents, the followngy, o ,_CORPOUCKES were obtained.
WD 96/ 348C4 n‘}LN N4L<:} PCT/ US96/ 05660
a0 o s
CF3
o dimaleate
OCH3
o)
n\’“” 663 195-197
d_' . dxmaleate

O —~m O CFs
kL)-N N-«Q 663.2782 glassy
O\'O High Resolution Mass

CFs3
MeO (ENANTIOMER A)

0 O
H SN
O\_ ( )‘ ~ 663.2782 glassy
N High Resolution Mass

H&\-N"‘N 2 |
N d./ '"*Q 663 168-.170
HB‘NHN-’&Q 555 - 68-71

Z



Ar = 3, 4-di chl orophenyl or phenyl purified at this stage

FAB MASS [ Mt1l][err] [err]d MP.[err]C [err]
579. 3 60- 62 [err]
579. 3 : 60-62 [err]
Hi gh Res. Mass Cal Clsﬂ)
525. 3229 WO S6i34864 | Found 525.3230 PCT/US96/05660
5 EXAMPLE 28
- -97-
EXAMPLE 37
Preparation of

{+.-)-4-[3,5-Bis(trifluoromethyl)benzoyl}-2-(3-hydroxyphenyl)- 1-{[[1-
5  (phenylmethyl)-4-piperidinyljamino]acetyl]piperazine, dimaleate,
hemihydrate

To a stirred solution of (+,-)-4-[3,5-bis(triluoromethyl)benzoyl}-

2-(3-methoxyphenyl)-1-[[[1-(phenylmethyl)-4-

10  piperidinyllaminolacetyllpiperazine, dimaleate ( 1g, 1.51 mmol) in
anhydrous 1,2-dichloroethane (50 ml) at 0 °C was added a 1 M solution of
BBr3 » §(CH3)2 in CH2Ci2 (15 ml). The mixture was stirred at 0 °C-RT
for 1 h then gradually heated to 80 °C and maintained at 80°Cfor 1h.
After cooling, the solution was poured into ice-water and basified with

16 - NH4O0H. The product was extracted from aqueous solution with CH2Cl2(
100 ml, 3x) and combined. The organic extract was washed with brine,
dried (MgS04), filtered and concentrated to give a solid {0.92 g) which was
purified by flash silica chromatography, eluting with MeOH-CH2Cl2-
28%NH40H (90 : 10 : 0.2) to yield 0.62g of the desired compound as a

20 syrup. FAB Mass [M+1]+35 C1649.4 To a solution-of this syrup (0.61g,
0.94 mmol) in EtOAc (10 ml) was added a solution of maleic acid (0.218g,
1.88 mmol) in EtOAc (20 ml). The precipitate was collected and
recrystallized from MeOH-EtOAc to give the title compound as a white solid
(0.58g). FAB Mass [M+1]* 35 C1 649.3; m.p. 186-187 9C. Calcd for

25 CasH34FgN403°2 (C4H404) » 0.5 H20 : C, 55.34; H, 4.87; N 6.30.
Found: C, 55.18; H, 5.14; N, 6.35.

EXAMPLE 38
Preparation of

{+.-)-4-[3,5-Bis(tritluoromethyl)benzoyl]-2-(4-hydroxypheny!)-1-[[{ 1-

30 (phenylmethyl)-4-piperidinyllamino]acetyljpiperazine, dimaleate,
hemihydrate

Following the same procedure described in Example 37 using

(+.-)-4-[3,5-bis(trifluoromethyl)benzoyl]-2-(4-rriethoxyphenyl)-1-[[(1-
(phenylmethyl)-4-piperidinyljJaminocjacetyljpiperazine, dimaleate as starting



Preparation of
(+,-)-2-(3, 4-di chl orophenyl ) -4-(3, 5-di net hyl benzoyl )-1 -[[[1
-(2-furanyl net hyl) - 4-

plperldlnyl)anlno]acetyl]]plpera2|ne WD 96/ 34864

PCT/ US96/ 05660 -81 -

General met hoWO@sR46ht hesi s [err] _ PCT/US96/05660
-88-

material, the title compound was obtained as a white solid dimaleate salt.
FAB Mass [M+1]+ 35 C1 649.3; m.p. 175-178 °C.



5 To a solution of 4-am no-1 -benzyl piperidine (9.5, 50mmol)
I n nmet hanol (150m ) at -10[err] C was added a sol ution of

di -t - butyl di carbonat e (10.9g, 50mmol) in nmethanol (60 m). The
m xture was gradual |y war nmed to roomtenperatures overnight.
After the reaction was conplete , solvent was renoved tao ve a
white solid (WPSAANSS [ M-1][err][err]d 291.3 10 Cl"“’t‘:’ﬂﬂ%&?md
(2) (11.6g9, 40 mol) was dissolved in nethanol (140 m). To this
solution was added Pd(OH)[err] (209 on carbon (2.4g) and the m xture

was hydrogenol yzed at 47 pounds per square inch. After the reaction was
conplete, the catalyst was filtered. The fii®9ate was evaporated to give a

white solid of conpound 3 (8g, 40 mmol). 15 A m xture of
conmpound 3 (0.7g, 35 mole) and 2-fural dehyde in MeOH (10 ml)
was stirred at RT for 10 min. NaBH err] CN (#AqpLB 300l ) and WO
96/ 34864 _ .

PCT/ US96/ 05660 Preparation of - 82-

acetrc acid (1 n) 2dRSB)Sctedichioraphenyld-{3 Sctimathylbanzoyl)ri-[SshycroXyri-oxo-
overni ght under san atSyOFR{MeRyIfethVij-4-pietidiniiARindiit8pyiRivdragine \Remihydrate

q )

O, QTN P N."o o

N £ c NG .
( 2—0 . (
N cl CHoCly N cl
F~Cl t-BOC-L-serine Oj_ ci
]

NH

HO 2
oo
l CF5COOH

?u
Bor = S

h HOAc HO NH
NL 4
P )

h

To a solution of 2-(R,S)-(3,4-dichlorophenyl)-4-(3,5-

dimethylbenzoyl)piperazine (1.0 g, 2.753 mmol) in CH2Cl2 (10 mi) were

10 added bis (2-0x0-3-0xazolidinyl) phosphinic chloride {0.72g, 2.753 mmol)
and Hiinig's base (0.48 ml, 2.753 mmol). The mixture was stirred at RT for
4 days. The reaction was diluted with CH2Cl2 (200 ml), washed with brine
(80 ml, 3x), dried (MgSOg), filtered and evaporated to dryness to give 2.3g
crude product. The crude material was purified by silica flash

15 chromatography, eluting with 2% sat'd NH3/ MeOH in CH2Cl2 to give
(0.21g, 0.38 mmol, 14%) of compound 2 in Example 39. The tBOC
protecting group of compound 2 was removed by treatment with CF3COOH
in CH2Cl2 ovemight to give compound 3.



conplete, CHerr]dJ[err] (50 mM) was added and the m xture was washed with
saturated NaHCJ err] solution (30m) and brine (30 m 2x). The organic

| ayer 5 was evaporated after drying over MgSOJ err] to give a crude tan
solid 4 ( Yis 2-furanyl nethyl) which was used w t hout
purification. Jwaepsised 4 was di ssol ved in dry CH er reciphdsadrdskeo( 2M )
and treated with 4N HC /di oxane (5n) sol ution. Solvents and
excess HCl were evaporated after stirring the reaction at RT for 2
hours. It gave conpound 5 as an off-white solid 10 (0.65g) as HO salt.
Compound 5 was converted in situ to the free base with Huni g' s base
then reacted with the brompacetyl key int¥&ediate (6) in the above
scheme to give the title (;lorrgound a nmet descri bed

NG

| to th d
in Exanple 15. 15 m SB’F“?%BET%Q&E&E%@MQ]%F'WD[@MQQN 583
EXAVPLE 29 2(8.2 ml) at RT was added 1-benzyl-4-piperid@ye (60yedcQ.32evmol)alAfigpus t o

the met hods stirring 86 AT fB@%,g@am o8 @&, 8%7 3@%@2@@ abetic &b (B2 uhow ng

conpounds were eoCPt I ned. ] . .
PCT/ US96/ 05660 Were added. The mixture was stirred at RT ovemniggt;_The reaction was

FAB and/ or C5 MAStBpped by additibCiof MpO. (1Domi)]afd[adjusted to pH 11 with 1 N NaOH.
The product was extracted from the agueous layer with CH2Cl2 (50 m|, 3x)
and combined, dried (MgS04), filtered and evaporated to dryness. The

crude material was purified by siiica flash chromatography, eluting with 4%
sat'd NH3-MeOH/CH2Clg to give the title compound as a white solid. FAB

10  Mass[M+1]+ 35CI 823; m.p.69-72 °C.

EXAMPLE 40
Preparation of

15 2-(R,S)-(3,4-dichlorophenyi)-4-(3,5-dimethylbenzoyl)-1-[4-methyl-1-oxo-2(R,S)-[[1-
(phenyimethyl)-4-piperidinyllaminojpentylpiperazine

By employing the methods described in Exampie 39 using (D, L)-isoleucine
in place of L-sering, the title compound was obtained as a white solid. FAB Mass
20 [M+1}+35C| 649.1; m.p. 68-71 °C.

EXAMPLE 41
Preparation of

{+,-)-N-{2-[2-(3,4-Dichiorophenyl)-4-(3,5-dimethylbenzoyl)-1-(piperazinyl}-2-oxo-
ethyl}-N-[1-phenyimethyl)-4-piperidinyljacetamide, hemihydrate

To a solution of {+,-)-2-(3,4-dichlorophenyl)-4-(3,5-dimethylbenzoyl)-
30 1-[li(phenyimethyl)-4-piperidinyllJaminolacetyllpiperazine
(Example 26) (0.26g, 0.43 mmol) in anhydrous CH2Cli2 (2.5 ml) at -78 °C were
added Hinig's base (0.1 ml, 0.57 mmol), and acetyi chloride (32 mi, 0.45 mmol).
The mixture was gradually warmed to RT overnight under N2. The reaction was
quenched with saturated NaCl solution and extracted with CH2Cl2 twice, combined
35 and washed with brine twice. The organic layer was dried over MgSOy4, filtered



EXAMPLE 30

5 Preparati on of

(+,-)-2-[[[2-[[[1 1 -biphenyl]-4-yl]nethyl]-4-
pi peri di nyl]am no] acetyl]-2-(3, 4-di chl orophenyl)-4-(3, 5-
di met hyl benzoyl ) pi per azi ne 10

10

15

20

25

30

35

WO 96/34864 PCT/US96/05660

-101-

and concentrated to give a solid which was purified by flash silica chromatography,
eluting with 4% sat'd NH3/MeOH in CH2Cl2 to give a white solid 0.22g (0.35mmol,
79%).

FAB Mass [M+1}+ 35Ci 635.2; m.p.99-102 SC.

EXAMPLE 42
. Preparation of
(+,-)-2-(3.4-dichlorophenyi)-4-(3,5-dimethylbenzoyl)-1-[[[2-hydroxyethyl][1-
(phenylmethyl)-4-piperidinyllaminojacetyllpiperazine, hemihydrate

To a mixture of 4-amino-1-benzyipiperidine (2.13g, 11.2 mmol)
and 2-bromoethanol {0.15g, 4.08 mmol) in anhydrous CH2Cl2 (20 ml) was
added Hinig's base (2.6 ml, 5.7 mmol). The solution was refiuxed for 24
hours. After evaporating off CH2Cl2, the crude material was purified by
silica flash chromatography to afford 2-[[1-{phenyimethyt)-4-
piperidinyllamino)ethanol {0.88g, 3.8 mmol) with 92% yield. FAB Mass
[M+1]+ 35C] 235.

By employing an analogous method to that described in
Example 15, using B-hydroxyethyl-4-amino-1-benzylpiperidine in place of 4-
amino-1-benzyipiperidine, the title compound was obtained as a white solid
after silica flash chromatography. FAB Mass [M+1]* 35C1 637; m.p. 70-73
oC. '

EXAMPLE 43

Preparation of
(+,-)-N-[2-[2-(3,4-dichiorophenyl)-4-(3,5-dimethylbenzoyi)- 1-piperazinyl]-2-
oxoethyl}-N,N-dimethylamino-1-(phenyimethyi)-4-piperidinaminium bromide,
dimethanolate "

To a solution of 4-amino-1-benzylpiperidine (1.47g, 7.7 mmol)
in CF3CH20H (14 ml) were added molecular sieve 4 A’ (5g), and
paraformaldehyde (0.51g, 17 mmol). After stirring at RT for 1 h, NaCNBH3



By net hods anal ogous to those described in Exanple 28, conpound (3)

(0.69, 3 mol) from WO 96/ 34864

PCT/ US96/ 05660 - 84 -
Exanpl e 28, was m xed with 4-(chl oronethyl)bi phenyl (0.61g, 3 mol )
(Y=derr]Herr]-Cerr]Herr]), Hunig's base (0.43g, 3 nole) in

CHerr]d [err‘}’(’l’m%‘w (10 ml) and stirred at RT for two da%gf’uﬁﬂ‘{oéﬁ‘”

conpl etion, the reaction mxture was diluted with CHerr]dJ[err]
(50 mM) and washed with 5 brine 930 m, 2x). The CHerr]dJ[err] |ayer
was dried over MgSO err], filtered, and concentrated to give a
white solid (1g). The crude product 19&s purified on flash grade

o : : .
o b oo Soimound 408 &Fmep was ook Snikied BB el A7 d Shblriies S o
as a white solid (stoppedbyrddition of bi20 and the product was extracted with (4:1)The next
two reactions |eadiB@C:6HbER). Orgenic fra &ifwirb%oﬁ{biﬁéh‘ﬂaﬁd wh Bfife ar €
anal ogous to Exanplg.28. eser | ove., F Mass f?\/& errl
[err]C 669 m p. 855893?%4 Q\Ieé:MgS<94,siﬁtfgeae and”‘ concentrafgg to give cru%]L ateJnal
EXAMPLE 31 5 which was purified by silica flash chromatoBsaphyac affords4-dimmethylgmiro-t o
t he net hods -bé?ﬁ? [giel?iﬁ i e q fol |l ow ng
conpounds were 1 'g t aéﬂ!gﬂ(@()%?ﬂ&) %AbﬁMa@[M-?ﬂ 354 é1ty?. .
- y employing an analogous method to that described in
Example 15, using N,N-dimethyl-4-amino-1-benzylpiperidine in place of 4-
amino-1-benzylpiperidine, the title compound was obtained as a white solid
10  after silica flash chromatography. FAB Mass [M+1]*+35C} 621.2

EXAMPLE 44
Preparation of
(+,-)-2-(3,4-dichlorophenyl)-4-(3,5-dimethylbenzoyl)- 1-{[methy! [1-
15  (phenyimethyl)-4-piperidinyl}amino]acetyl]piperazine

To a solution of 1-benzyl-4-piperidone (1.8g, 10 mmol) in
MeOH (10 ml) were added methylamine (8 mi, 16 mmol) and 3 A’ molecular
sieves. After stirring at RT for 1 h, the reaction was cooled in an ice-bath
20 and 4 N HClI in dioxane (2.5ml, 10 mmole) and NaCNBH3 (1.2g, 20 mmol)
were added. The reaction was stirred at RT overnight. After the reaction
was complete, H20 was added the pH was adjusted to 10 with 50% NaOH
solution. The product was extracted with EtOAc (100 ml, 3x)from aqueous
solution and combined. The combined organic solution was washed with
25 brine, dried over MgSOy4, filtered and concentrated to give an oil which was
purified by silica flash chromatography, eluting with 8% sat'd NH3/MeOH in
CH2Cli2 to give 4-methylamino-1-benzy! piperidine (1.77g, 8.66 mmol, 86%).
FAB Mass [M+1]+ 35C| 205.
By employing an analogous method to that described in
30 Example 15, using 4-methylamino-1-benzylpiperidine in place of 4-amino-1-
benzylpiperidine, the titie compound was obtained as a white solid after
silica flash chromatography. FAB Mass [M+1]+ 35Ci 607.

EXAMPLE 45
35 Preparation of



WD 96/ 34864 -
PCT/ US96/ 05660 - 85-

FAB and/or C MASS [M+l][err] [err]d MP. [err]C [err]
735.1 71-73 [err] .
770.9 WO 967348643~ 75 627.2 PCT/US96/05660
68- 70 '
- 108 -

(+.-)-2-(3,4-dichlorophenyl)-4-(3,5-dimethylbenzoyl)-2-methyi-1-{[{ 1-(phenyimethyl)-
4-piperidinyljJamino)acetyllpiperazine, 0.6 methanol

A solution of 3,4-dichlorophenylacetic acid (5.126g, 25 mmol)
5 in THF was added dropwise over 15 min. to a cooled solution of 1.0 M
LITMS)2/ THF (55ml, 55 mmol) at -78 °C under N2. The reaction mixture
was stirred in a water-ice bath for 2 h then cooled to -78 °C and Mal (12 mi )
was added. The mixture was gradually warmed to RT. After reaction was
complete, the precipitate was filtered off and rinsed with THF. The

10 precipitate was dissoived in H20 and acidified to about pH 2.0 then
extracted with EtOAc { 100m!, 3x). The extracts were combined, dried
(MgSO0y), filtered and concentrated to give 91% yield of 1-(3,4-
dichlorophenyl) propionic acid (4.984g, 22.7 mmol) as an oil. FAB
Mass[M+1]+ 35 C1 219,

15 1-(3.4-dichlorophenyl)propionic acid (20.23g, 99.1 mmol) was
dissolved in MeOH (200ml). To this solution was added conc. H2SO4 (2 ml)
and the solution refluxed for th.  After cooling, the solution was basified
with NaHCO3 and extracted with CH2Clo. Following by regular work-up,
methyl 1-(3,4-dichlorophenyl)propionate was obtained as an oil.

20 By employing an analogous method as described in J.
Med.Chem. 9,191,1966, methy! 1-bromo-1-(3,4-dichiorophenyl)propionate
was obtained by bromination of methy! 1-(3,4-dichlorophenyl)propionate
with NBS/CCl4. -

A mixture of methy! 1-bromo-1-(3,4-dichiorophenyl) propionate

25 (3.39g, 10.9 mmol) and ethylenediamine (7ml) was stirred at RT for 3.5
hours. After reaction was complete, brine (100 ml) was added and the -
product was extracted from the aqueous layer with CH2Cl2 (50 ml, 2x). The
combined organic extracts were washed with brine, dried over MgSOg4,
filtered and concentrated to give a 95% yield of 3-(3,4-dichlorophenyl)-3-

30 methyl-2-piperazinone which was reduced with LIAIH4/Et20 at 40 °C to 2-
methyl-2-(3,4-dichlorophenyl)-1-piperidine as described in J. Med.Chem.
9,191,1966.

| The title compound was prepared according to the analogous
methods described in Examples 14 and 15. FAB Mass [M+1}+ 35 Cl 607.2;
35 m.p.58-619C.



[err] 719.0 70-72

[err] 785.0
70-72 [err] 607. 2
73.75 [err] _
611.0 67- 69 : WO 96/ 34864
PCT/ US96/ 056630 96/34864 : PCT/US96/05660
- 86_
FAB and / or C WMASS [M+l][err][err]d MP. [err]C

-104 -

EXAMPLE 46

Preparation of

(+,-)-2-(3,4-dichlorophenyl)-4-(4-fluoro-1-naphthalenylcarbonyl)-2-methyi-1-
5 [[1-(phenylmethyl)-4-piperidinyllaminojacetyllpiperazine
By employing analogous methods described in Example 14,
Example 15 and Example 45, the titie compound was obtained as a white
solid. FAB Mass [M+1]+ 35CI 647.2; m.p.93-96 °C.

10

. EXAMPLE 47
Preparation of
15  (+,-)-4-[3,5-dimethylbenzoyl}-4-hydroxymethyl-2-(3,4-dichiorophenyi)-1-[[{1-
~ (phenyimethyl)-4-piperidinyllaminojacstyl]piperazine '



[err]
69-71
643. 2
[err]
83- 86
594. 2

89-91

wo ;6%%5_ 76

715.0

[err]

643

PCT/US96/05660

- 105 -
H.° .
.Si—CN.Zﬂ'Z
s NHs/MeOH
¢y CH:Ch/ R708h 450G, ah
Ct 4  T..4383 1984 2
HN_CN
not purified
cl

3 C

. cusbcu MeOH
R (15X-30X)

1 DAY tl
HCl + CHaCOCH3
HN
H 2N OMe
NaOH / Hzo
* 2 HCl
pH 105 ci
4 Cl

a-Amzno-(3,4-d|chIorophenyl)-acetomtrile (3) was prepared according
~ to the procedure in Tetrahedron Letters 4383, 1984. Compound (3) was
reacted with HCYMeOH solution which was generated from acety! chioride in
5 MeOH to give compound (4). The methyl o-amino-(3,4-dichlorobenzene)
acetate (5) was obtained by hydrolysis of (4) at pH 10.5. FAB Mass [M+1]+
35C1243.1



10

[err] 639
72-74 [err]
607. 1 72-74 WD 96/ 34864
'PCT/ US96/ 05660 -87-
EXAMPLE 32 Preparation of
(+,-)-2-(3, 4-YPOBBbphenyl ) - 4- [ (4-fl uoro- 1- PCT/US96/05660
napht hal enyl ) carbonyl ] -1-[[[1-(phenyl nethyl)-4- 5
pi peri di nyl ] am no] acetyl ] pi perazi ne GENERAL METHODS
[err]
-106 -
o NH-t-Boc ”°
HaN, OMe
NH-!-BOC OMe CFsCOOH HN OMe
c HOBT-DEC-EtsN-DMF CHzGlz

Cl 5 X =-CHo0t-Bu

NaOM elMeOH MEM CVTHF MEM-OI

H

Cl
9
LAH/E0 MEMOT MEM- OT
m—————— ——-—-————'P
40°C N
11 Cl

Methyl oa-amino-(3,4-dichlorobenzene) acetate (5) was
coupled with O-t-Bu-N-t-BOC-L-serine to give compound (6) which
was deprotected with CF3COOH to give compound (7), FAB Mass
[M+1]+ 35C1 321. Compound (7) was cyclized by treatment with 25%
NaOMe/ MeOH solution in MeOH to give compound (8), FAB Mass
(M+1]+ 35C] 289.

Compound (8) was reacted with 2-methoxyethoxymethyt
chloride (MEMCI) in THF in the presence of Hiinig's base to give
compound {(9) which is reduced with LAH to aftord compound (10).
Compound (10) is coupled with 3,5-dimethylbenzoic acid according to
the procedure described in Example 14 to give compound 11. By
employing analogous procedures described in Example 15, the title
compound is obtained as follows.



To a cool ed solution of 2-(3,4-dichl orophenyl)pi perazine (1; 10

Ar[err] = 3,4-dichlorophenyl) (20g, 86.53 mml) in MeOH (900 m) at -78 C
was added dropw se a solution of t-BOC anhydride (19.47g, 86.53 mmol) in
MeOH (263 m ) over 3h period under N err]. The solution was gradually
warnmed up to RT overnight. After reaction was conplete, the solvent was 15
evapor at ed arMOP¢M8$&si due was dried under high vacuum over REIHSIH5640 v e

2 as a white solid. (28g) (Ar[err] = 3,4-dichlorophenyl) FAB Mass

[ Mr1l] [err] 35 a 331. 2. To a cool ed sol ution of
conpound 2 (23.8g, 71.85 mmol) in CHerr]C[err] (500 M) at -78 C
was added a sol ution of bronpacetyl brom de-207¢6.88 m, 79.04 mmol) in
CHerr]dJ[err] (10m) through a dropping funnel under N2 over a 10
mn. period. After stirring at -7 Cfor 3 h. TLC showed t hat WO
96/ 34864 96/ 05660
o o . RN g )
N B 5 N
. MEM-OT - - MEM-OT
H N
cl 12 o4 ci
" Cl NH Ci
N

“
ZnBro | THE Ph

o

e
e,
e

N
“fh

EXAMPLE 48
Preparation of
5 (+-)-1-]8,5-Bis{trifluoromethyl)bénzoyl}-2-(3,4-dichlorophenyl)-4-[[[ 1-
(phenyimethyl)-4-piperidinyllaminojacetyllpiperazine, dimaleate,
monohydrate

1.1-Dimethylethyl-3-(3,4-dichlorophenyl)-1-piperazinecarboxylate, i.e.
10 compound 2 in Example 32 was coupled with 3,5-dimethylbenzoic acid
‘ described in Example 14. The t-BOC group was removed with
trifluoroacetic acid. By analogous methods as described in Example 15, the
title compound was obtained as a white solid, FAB Mass [M+1]+ 35Ci 701;
m.p. 170-172 °C,



- 88- the reaction was conplete. To this cool ed souml MIWHIH,HHH“"
Huni g' s base (13.76 m ,79 mvol) and 4-am no- 1- benz

(29.30 m, 143.7 nmmol). It was kept at -78[err]Cfor one” hour °t hen
gradual ly warnmed up to RT overnight. After conpletion, CH2C12 (200
m ) was added_and washed with 5 brine (200 m, 3x), dri ed over

MySO err], fi MOASEEPSANd concentrated to give a | i ght PERVERRAOMEL | due
of corrpound 3 (46g) (Ar[err] = 3,4-dichlorophenyl). Conmpound 3 was
purified by flash chromat ography on 400g of flash grade silica gel,

eluting with 3.5 % NH err]-MeOH{ CH err]C [err] to give 24.8 g (44.2 mol ,
61.5 %9 of pure conpound 3 (Ar[err] = 3,4-diyg8lLorophenyl). FAB nass

[ ME1] [err] 10 35C 561. 3 To a solution of conpound
3 (Ar2= 3, 4-dichl orophenyl) 164, 28.49 mol) in CHerr]dJerr]
(142.5 M) at O [err]C was aﬂﬂﬁ?f ane solution (71.24 m ,
284.9 mmol ) through a dropping unnep‘gal\z}%bq eaction was gradually

warmed up to RT and stirred for 4h. After conpletion, the 15 solvents
were evaporated toigive a Ilgwomhhammdfodnuhch was di ssolved in
Herr]O (400 m) and brought to pH 1 th 1 N NaCH. _The product was
extracted from basi ¢ aqueous sol utio th CHRgrr]d fgerr] (200m , 4x), dried

over MgSO err], filteged and centrdted tollgi ve corrpound 4
(Arferr] = 3, 4- di chl as I ot rnd (12.5g,
27.09 mmol, 95%. FAB 20 Va [err npound 4 was the

key internediate which was
acid for the synthesis of many tafjg¥
To a solution of conpound 4 (Ar2 RBe 3, 4-dichlo
0.433 mmol) in CHerr]dJ[err] (5 mM) were s
25 napht hoic acid (84 ng, 0.433 mol),

lrious aromati c

ny,
iTl |y adfded 4-fluoro-1-

8.5 ng, 0.434 mmol),

Et[err] N (63.4 m, 0.455 nmol) and ng, 0.434 mmol) at RIT.
The reaction was stirred at RT under M2 overnight. After
conpl etion, thegreaction was diluted with Et OAc 1150 m) and

washed with brine (50 m, 3x), dried over I\/gSCIerr] filtered and
concentrated to give a cr ude product 5 (Arferr] =

di chl orophenyl , Ar[err] e8clXis insependentiynOn i, )u\NBd.hOKAﬁs purl fied by flash
chromat ography ( 50 g flincislo 2deistbiLhist®io2, el uting with 4% sat'd

NH err] - 0I\/leC]—| |nyl1lsq—|[a$@¥'91[t§g Mpclx é%ﬁi?ﬁf?““e corrpound (0. 21q,

0.331 nmol, 76.5 C 633. mp. 78-81

[err]C. 10 and with the further proviso lhat no more than oné F!c is other than Hin the
g
Ro moiety;

each R; is independently H, C1-Cg alkyl, <(CHy)y-R4 where n is 110 6;

15
R

—N< _u__lf_ _ﬂ__

Rq is -ORg, SRa, Ao =~ —C—N-Ry ORa |
N

— C——=NH 5 Ra ©
S

NH, \ ~N—C-Ry o\
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The foll ow ng compounds were prepared according to the procedures in

Exanpl e 32. The key internedi ate conpound 4 in Exanple 32 (Ar%l@r@ = 3, 4-
di chl or ophenyMO %8864 5upl ed with the appropriate aromatic acPHVPRPoEH60; i
t he target conpounds. Those conpounds w thout nelting points were
prepared via 5 paral | el synthesis. WO
96/ 34864 :
PCT/ US96/ 05660 - 109 -
-90-

[

Y\: .
S
\ o -
i

© R, Rp O
) ]
—O0-C—N-R, . —N-C-OR..

Rc' is C1-Cg alkyl or (CH2)nORa, with the proviso that no more than
5 one Rg is other than H;

each Ry and Ry, is independently selected from the group consisting
of H, C1-Cg alkyl, phenyl, substituted phenyl; benzyl, substituted benzyl,
allyt; or when Ra and Ry are attached to the sama nitrogen, then Ra and Rp
together with the:nitrogen to which they are attached, form a 4 to 7 member

10 ring; '

Ry is independently selected from the group consisting of H,
C1-Cs alkyl, CN, OR4, phenyl, substituted phenyl, benzyl, substituted
benzyl, or allyl; .

wherein each Ry and Rz is independently H, C4-Cg alkyl, CF3,

0 0
. ] ]
15  CsFs, Cl, Br, I, F, NO2, ORa, CN, NRgRp, — C—Re =~ -0—C—-Ra
Ra R :
') ?b 7 " g '3 g T
weQ=—C=N~—ph ~—N~C-OR, =—N-C-Ry —C=OR, =~C—N-R,
o} (o}
I S Wl 2
®, ® ., -SRa, and @ . and where Ry is not H
(o]
I N7 vog
in S la..-s—-lfta;or N=C-OR,

20 or when Ry and Rz are on adjacent carbons on a ring, they can form

This Sheet Has Been Replaced
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FA8 and/ or O Mess [M][err] [err] O mp. [err]C HIIIIIJlIIIIjIIIJIIII[IIHIII |

635 66- 69 691
[err] [err]
76-78 WO 96/34364 62 PCT/USI6/05660
633
73-75
-110-
Ba Rb
AN o N~
n whereinn'is 1 or2;
9
and each Rs is independently H, C1-C alkyl, CF3, CoFs, ——C—Ra
¢ "
=0—~C—Ra —C—R-5y Cl, Br, I, or F, OR,, OCFs3, or phenyl;
5
Aryis heteroaryl or substituted heteroaryl,
/‘l-\ R
Ry
s 5
— -
: : Ra\r\ / § ~
/’&\ | ) \ |
R] R2 R3
Ry Re :
FPIN
J
or Rs .
10

Ar2 is heteroaryl or substituted heteroaryl;

-G | oo

or

This Sheet Has Been Replaced
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b1 63 | LR

943 108- 110 _ *WO 967 34864
PCT/ US96/ 05660
FAB and/or d Mass [Mt1l][err] [err]d mp.[err]C
[err] 0 96/34864 ., PCHU896/05660
66- 68
-111-
Zis
R,
N
] n N
() )
Ng
p2 R, Ry

(),
/ Z .

each Rs is independently selected from the group consisting of H, OH,

—C—Ra c..Cgalkyl, (CHz)n1-R4, wherein ny is 1 to 6 with the proviso
that when ny is 1, R4 is not OH or NRaRp: also with the proviso that when

is Sheet Has Been RTlaced
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[err]
[err]
87-89
636. 1
[err]
78-81
621. 2
622. 18

UL ) DR 1

[err]

76-80
633. 2
WO 96/34864 [err] PCT/US96/05660
70-73 [err]
62- 65 :

-112-

Rs is C1-Cg alkyl, two Rs can be attached to the nitrogen to form a
quaternary salt; and ng is 1, or ng is 2 with the proviso that each ns is
independently C4-Cg alkyl;

5 py and p are each independently 1 to 4 with the proviso that p, and p;
added together are 2 to 6;

Rg is heteroaryl, substituted heteroaryl, heterocycloalkyl, substituted

heterocycloalkyl,
x’\\l Re
™ %"‘“ X
s, |
R

10 . n,

: Ork g\ig\

X3is O, NRy, or S;

15 or a pharmaceutically adceptable sali thereof.

2. A compound according to claim 1, wherein each X is O or (H,H)
and at least one X is O.

20 3. A compound according to claim 2, wherein both X's are O.
4. A compound according to claim 1, whereinlisO, mis 1, andyis 1.

5. A compound according to claim 4, whereinnis 1and uis 0.

6. A compound according to claim 1, wherein Ary is

" This Sheet Has Been Replaced
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WD 96/ 34864

PCT/ US6/ 05660 | NCF O
*[rr]> ® 8 ¥

FAB and /or O Mass [M+l][err][err] d mp. [err]C
623. 3 58-61 _ [err]
655. 0
607 Wshanes PCT/US96/05660
-113-
A
I
\( Lo y
S

. N,
R,\ ' .
AN PN
BoclNs N
: .
L1
\
/Rs % R, = ) n
N
% -—4:::j[jj;}—nz -xs{ ﬂ/4;\l
R S o R .1 Rz o
N ]
== N

5 whereinQis N or CH:
each X1 is independently O, S or NRg;
each Xz is independently CH or N; and
ngaisOor 1.

10
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-114-

7. A compound according to claim 1, wherein Argis -

("‘/

Ry % Kst
G
_ Rs (0) M o MR’

8. A compound according to claim 1 wherein Z is

9. A compound according to claim 1 wherein Z is

N n Re

10. A compound according to claim 1 wherein Z is

(%), ).,

10
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EXAMPLE 34 The fol | owi ng C°Qﬂﬂﬂﬂ||muﬂl||ﬂlk
prepared according to the procedures

i ntermedi ate conpound 4 in Exanple 32 (Ar[err] phenyl) 5 Was
prepared first then coupled with the appropri ate aromatic acid as descri bed
Exanpl e 32 to obtain the target conmpounds, Those

corrpounds wi t WO36R4%64 t i ng poi nts were made
synt hesi s. FAB and / or
Cl Mass [Mtl][err] d mp.[err]C [err]
565. 2 [err] 525.1
[err] -+115.623. 1 .
[err] 633. 4
[err] 11. A compound according to claid2Bwherein both X'garep lisO, mis
565. 3 - 1,yis1,nis1,uis0, andAn is
R
R 3
[ -
4
D p '\N’\
‘) 2 Q l R;
<R
G RS €l
Rs X Ra N4
Ry
2= R
af,y

R2 ' , X -
Rj R,
A\
ot =
2 )
5 X2 . Ra or
R2
na-L\ /§
) Sq
Ry

12. A compound according to claim 11 wherein Arz is

™
i ]

%
LR; fa e
N ==

10 whereinngisODor1.
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EXAMPLE 35 Prepara i on of
(+,-)-4-(3,5- Dirrethylbenzoyl) 1-[[[ 1- (phenyl net hyl) - 4-
(trif

pi peri dinyl ] am no] acetyl]- | uor orret hyl ) phenyl ] pi perazine, 1. 2
hydr at e [er VP 6J34864 PCT/US96/05660

-116-

13. A compound according to claim 12 wherein Z is

pl
F R
(%)
n _
R, Ro

14. A compound according to claim 12 wherein Z is

A

% S~

5 ' RaRb

15. A compound according to claim 12 wherein Z is

(), T
/Z

10 16. A compound according to claim 13
wherein Rg is

This Sheet Has Been Re(ilaced

RGN




3-(4-Trifluoronethyl phenyl)-2-pi perazinone (1) was prepared J
according to the procedures published in J. Med. Chem 9, 191,
solution of conpound 1 (0.65g, 2.66 mmol) in anhydrous THF (22 *m ¥ was "

10 added dropwi se 10 MBH err][err]S(CH err])[err] (0.798 m) at RT. The
m xt ure was refluxed for 22 hr. The m xture was cooled in an

i ce-wat er bat h Tang 4864 quenched with MeOH (5 ml). ThePSHUSRSAH66Qa S
evapor ated and the residue was di ssolved in absolute EtOH (30
m). To this solution was added anhydrous Klerr]CJerr] (0. 89)
and the m xture was refluxed for 1 h then stirred 15 at RT for 1 h

, filtered and concentrated to give an orangdi3cli d whi ch was
purified by flash chronmat ography using flash grade silica gel (249),

el uting ith 2.5% 4% of satd. NHerr]/MeOH in CHerr]C[err] to
gi ve conmpound 2 (0. 143g, R, WO 96/ 34864

PCT/ U896/ 05660 - 95 -

23.49% . Conpound 2 s C j on the next three steps in the above

The foll ow ng corrpounds vver

di agram according to3he p scribgd in Exanple 14 gnd
Exanpl e 15 for the prepar a prf of th t|tlel ound. FAB [Mr1] [err]
pr epare

err]C 593.1
Lo accord¥lrk §

in Exanple 5 (Method 2), le 14, and Exarrpl%s by usi ng
appropriate reagents. R, '
Y
(g.j X3
T > A
R; _

17. A compound according to claim 1 of the formula
0 RC O
/\ APy l'}‘ll ;
R¢ N /_ —\
N N Ar)
P2 - An '

18. A compound according to claim 17
wherein R is H, p1 and pz are 2, Arq and Ars are both

o4
% (‘sz |

R3

10
19. A compound according to claim 17 wherein Rg is

This Sheet Has Been Rerlaced
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FAB :

- 96-

and /or C Mass [Mtl][err][err]d MP.[err] [err]
663 183- 185
[err] WO 9634864 6BGI/USI6/05660
195- 197 [err] :
663. 2782 gl assy Hi gh Resol ution
Mass '
-118-
% “ji_
i
N 7K
Xe\ — I ~——R2
Rs R3

21. A compound according to claim 1 selected from the group consisting of
CF3

CF3 N CF3

2 (L

Siﬁh-scu" Ph OMK‘}Y_ "

10 and

- This Sheet Has Been Replaced :



665, 2782  glassy A R L

Hi gh Resol ution Mass [err]

663 168. 170

[err] _ 555
68- 71 WRPea3e44364 : PCT/US96/05660
PCT/ US96/ 05660 -97-

EXAMPLE 37 Preparati on of

(+,-)-4[3,5-Bis(trifluoronethyl)benzoyl]-2-(3-hydroxyphenyl)- 1 -[[][1- 5
(phenyl net hyl ) - 4- pi peri di nyl ] am no] acet yl ] pijper-azi ne, di nal eat e,
hem hydr at e

A q CF3
O
V\N
CFg
H H
and
A " . CF3
O
\/\N
CF3
cl Cl

or a compound selected from the group consisting of |

.o CH;
z\)L N"'\NA\Q .

Cl
a

wherein Z is

N- VA —
IO e Ny O

5 :

or a compound selected from the group consisting of

- This Sheet Has BeenReﬁlaced
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pi peri di nyl ] am no] acetyl ] pi perazine, dinmaleate ( 1g, 1.

anhydrous 1, 2-di chl oroethane (50 m) at O [err]C was added a 1 M soI ution

of BBrW%&Frr] S(CHerr])[err] in CHerr]OJerr] (15 m). The
m xture was stirre O [err]CGRT for 1 h then gradlROTIUS9¢NS6E0cd t O
80 [err]C and mai ntained at 80 [err] C f.oppgl h. After cooling, the

solution was poured into ice-water and basified with 15 NH err] OH. The
product was extract ed from obleo,gs\ sal ution with CH[err]ﬁNberr (

100 mM, 3x) and co tract vvasp:; CF
dried (l\/gSCIerr]) and atedto@‘v olid g(? i ch
was purified by flash{sy i ca cQ onat ogr aphyg @g

MeOH CH err]d [err]- H[ er r' (90: 10: 0 to |d 0.€By of
the desired conpound as a 2 yrup. FAB Mass [I\/Hrl][errﬁer?'] a649.4 To

a solution of this syrup (O. 0.94 rrm)l) |n EtOAc(lO m) was
added a sol ution of ei ﬂﬁ‘a

ol CF3 qe
m ). The preci.pit NGO Iect and |ze 0
MeOH Et OAc to give the tit unda avx/mte [ (0. . FAB

Mass [Mr1] + [err]C 649. 3; m , 6 187F%rr]C. calltd for CFrs ,
Cerr]JHerr]F[err]NJerr]Jerr [e r] 2(C[err]H[err]Qerr]9| [6tr] 0.5
Herr]O C, 55.34; H 4.87; N 6 Found: C, 55.18; H, 5. 14 N,
6. 35. .)-N N EXAMPLE 80 N

Preparation of  Cf ch
(+,-)-4-[3, 5- Bls(tr rN;gt enzo _2- (4 h nyI 30
i ne, di

(phenyl met hyi ) - 4- pi ;Berl dinyl]a ] acet @F4 pi, per I mal c

hem hydr at e CI' Clol |l owi ng the sane procegjir ,descrl Bed'in
Exanpl e 37 using
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material, the title conpound was obtained as a white solid di

FAB Mass [Mrl][err] [err] O 649.3; mp. 175- 178 [err]C

96/ 34864 PCT/U896/05660
- 99- WO 9634864 EXAMPLE 39  °  pcrusesnseeo

Preparati on of

2- (R S)- (3, 4-dichl orophenyl)-4-(3, 5-di net hyl benzoyl )-1 -[3-hydroxy-1 -oxo-
5 2(S)-[[1 -(phenyl met hyl) - 4-pi peridi nyl]am nol propyl ] pi perazi ne,

hem hydrate [err] -121-
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To a solution of 2-(R S)-(3,4-dichlorophenyl)-4-(3,5-
di net hyl benzoyl ) pi perazine (1.0 g, 2.753 nmmol) in CHerr]d [el‘llllll““l"l“""lll I“III
were 10 added bis (2-oxo-3-oxazolidinyl) phosphinic chloridé (0.7*2g* 5 *
2.753 mol) and Hunig's base (0.48 m, 2.753 Mol ). The m xture was
stirred at RT for 4 days. The reaction was diluted with

CHerr]d [err] WOW3488)  washed with brine (80 ni, 3x)PCTIV§96/85660

(MySq err]), filtered and evaporated to_gsypness to give 2.3g crude
product. The crude material was purified by silica flash 15

chromat ography, eluting wwth 2% sat'd NH err]/ MeOH in CHerg]CJerg] to
gi ve (0.21g, 0.38 n'nol ,r24% of conpound L n nﬁﬁ. 9N t BEL
protecting group m aPoN 8l byclﬂgse@Q@t rr
in CHerr]C[err] mt tafgl ve ound 3. 6/ 34808
PCT/ US96/ 05660 * CF, o CFs
c o . '
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|ﬁ0(|3/eo—| (3.2 M) at -IR-’$' %:O!ﬂgdggnlogeﬁgwozngl ge$| dgge (GUH!IH mnlmllll " |II

0.32 mmol ). After stirring at RT for 1 h, NaBH err]CN (26 fyg," O. ‘a7
mol ) and acetic acid (32 [err]l) wer e added The m xture was stirred
at RT overnignt. The reaction was 5 stopped by addition of Herr]O
(100m ) and adVQP3¥4 o pH 11 with 1 N NaOH. The pr odudcRCEEEI605660
extracted fromthe aqueous |ayer with J]dferr] (50 m, 3x) and
combined, dried (MgS(err]), filtered and evaporated to dryness. The’

crude material was purifigdady I|§a fl ash chromatography el utlng with 4%

sat'd NH err]-M [ mthe title cq th;'a
solid. FAB 10 Ma rrj , ﬁ g/
ara

EXAMPLE 40
2-(RS) - (3, 4-di chl or ophenyl ¥ ( 3, 5- EF'ﬂethw benzoyl ) - 1- [ 4- G- 2(R,
S)-[[1- (phenyl net hyl -4 i peridi nyl ] am no] penty] pi S&r &b ne

By enpl oying the nethods described in Exanple 39 using (D, L)-isoleucine

in place of L-serine, thegicdl e-corqpound was obt ai ned o2 Wi whi t & solid. FAB
Mass 20 [ M#l][er [ep:j(g CHg- 71 r] N | CHy
EXAVPLE 41 N ,{B'epar Nﬁk@’
(+,-)-N2-[2-(3,4-Dichlorop I) 4- (Of4yS- dlrret beenzoyI oH

- (pi perazi nyl ] - 2- oxo- cl 3 ,
et hyl ] - N-[ 1- phenyl net hyl ) - 4- pi per| di nyl ] acet am de, hem @drﬁ't e
To a solution of (+,-)-2-(3,4-dichlorophenyl)-4-(3,5-di rrethyl benzoyl)- 30
pl e 26)

1-[[[ (phenyl met -4-pi e%&y‘h nol acet yl Jpi pera2| ne Ex

(0.26g, 0.43 WM u err] | RR Ve
added Huni g's base \ , nmo and &Qesﬁé &b r| de ( , 10;]45
mol ) . The m xture was ual | ycn@r med t over der NX. The
reacti on was quenched wit helsat ur at ed "Nacl soI ution and ract efHai t h

CHerr]d[err] twice, conbined 35 and washed with brine twi®e.CThe organic
| ayer was dried over NQSQWB], flltoered

N CHy NSl cre
e ¥ rell S Neaacy
CHy CHa )
Cl Cl c’ o
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WD 96/ 34864 PCT/ US9ﬂ"IMMﬁ “"u!m |
-101 - and concentrated to give a solid which was pur l/I ”III
silica chromat ography, eluting with 4%sat'd NH err]/MOH

CH err]C[err] to give a white solid 0.22g (0.35muol, 79% FAB
Mass [ M+ 1”“%46353210 635.2; mp.99-102 C. 5

EXAVPLE 42 . Prepar at i orPGITUS2E05660
(+,-)-2-(3, 4-di chl orophenyl)-4-(3, 5-di net hyl benzoyl )-1-[[[ 2- hydr oxyet hyl [ 1-
(phenyl net hyl ) - 4- pi peri di nyl ] am no] acetyl | pi perazi ne, hem hydrate

To a m xture of 4-am no-1-benzyl pi peridine (2.13g, 11.2 mol) and

2- bronoet hanol (0.15g, 4.08 Mol ) in anhydret24CH err]C[err] (20 m) was
15 added Hunig's base (2.6 m, 5.7 mvl). The solution was refluxed for 24
hours. After evaporating off CH[cf:rr] Cllerr], the crude materi aI was
purified by silica gra to NefMoOrd

2-[[1- (phenyl net hyl ) - 4- | n no] d.;f?mi@.g&&hl 3N
with 92% vyield. FAB Mas ][err [err]CI y
enpl oyi ng an anal ogou t hod t at deGEys i bed in 15, Usk4Ng
[err]-hydroxyet hyl - o-1- bé?lzyﬂpl peridine in place of 4 cl ¢

am no- 1- banzyl pi peridine, the title conpound was obtained as a white solid
after silica flash chronmat ography. FAB Mass [Mtl][err] [err]C 637: mp.

70-73 “ QV‘ND-N .g‘-N'_‘N-li@,ch O\ND,H.S“'NHNJ?\@,CF:;
CIdCT CF; . Hac (o} CQT CFy .
H)—N N-e\@cps H)‘-N N CF5 |
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0
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éN d—’ CFs Cr dd CF3CF
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2 eparati on of EXANPLE 43 ||II|II| T |||II|

(+,-)-N[2-[2-(3, 4-di chl orophenyl) - 4- (3, 5-di net hyl benzoyl ) - 1- plpera2|nyl] 2
- 30 oxoethyll-N, N-di net hyl am no- 1- (phenylnethyl) 4- pi peridi nam ni um

brom de, di net hanol at e To a sol ution of

4- ani no- 1- ben NP Wi di ne (1.47g, 7.7 mol) in CF[ err] BCFEI6{08§60 (14
m ) were added nol ecul ar sieve 4 [err] (5g), and 35 paraformal dehyde
(0.51g, 17 mml). After stirring at RT for 1 h, NaCNBH err] WO
96/ 34864

PCT/ US96/ 05660 -125. -102-

(2.59, 39.8 mmpl) was added and stirred for 16 h at RT. The reaction was
stopped by addition of Herg] O and the product was extracted with (4:1)

(Et[err]OCHerr]CJ[err]). = Um0 ctlons wer e combi ned, and_yaghed with
e ADSONE GHal t er @h@hwaﬂ g ve
as, :4rlfl by SI|I chr og y to
FAl

brine (2x), drieg

a crude materi al 5 N

affoid 4-di met hyl ami ng Q1 benzy g per i di eN( 80 %y.

[Mt1l][err] [err]d 2 jﬁ c o By enpl oyi ng alogous

met hod to that described in Exanpl e 15, using

N, N- di net hyl - 4- am no- 1- benzylpiperidine in place of 4-
anino-l-benzylpiperlzt§ghh milgﬂcqﬁpound was o |ned a wb*te solid

10 after silica fla

EXAMPLE 44 y WWSS [HN Pre %%G'fN%@xw
Hs IﬁC 0 o .
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(+,-)-2-(3, 4-dichl orophenyl) 4- (3 5-di met hyl benzoyl ) - 1- [ [ met

(phenyl met hyl )- 4-pi per  di nyl ] am no] acet yl ] pi per azi ne T l III1ﬁII|I I
To a solution of 1-benzyl-4-piperidone (1.9g, 10 mmol ). i

m) were added nethylamne (8 m, 16 mol) and 3 [err] rml ecul ar

sieves. After gddshi at RT for 1 h, the reaction was cooled in an

i ce-bath 20 an HC in dioxane (2.5m ,. 10 nmol e) and woasbidos6éo. 2,

20 mmol ) were added. The reactiopgyas stirred at RT overnight.

After the reaction was conplete, Herr] O was added the pH was
adjusted to 10 with 50% sol utlon The product was extracted

with Et CAc (100 3 nedOMIhe
conbi ned organic » @\_
MgSO err], filtered a con rat oglve n o vvh vvas

purified by silica flash chr tograﬁhy, gluting with sat'dOMg err]/ MeCH
I n CH err]C[err] €b ®lve 4-net hyl ani no- 1- ber@lyl Gbi peri di ne (1.77g,
8.66 nmmol, 869%. FAB Mass [Mrl][err] [err]d 205.

By enpl oyi ng an anal ogou thed to thg.t descri bed |n 30 Exarrpl e 15,
usi ng 4- met hyl.anj -1(3?3 npeo

benzyl pi peri di ngaheN Ftle npou S ob ' 8’ after
silica flash chromatograph AB Ma [Mhl][ r rr] 0

EXAMPLE 45 35 o o rati orBrof

WD 96/ 34864 CI Cl
PCT/ US96/ 05660

+,-)-2-(3, 4-di %5 di pet h
|(rret%1yl)( ' ro&m"& AT y@\»
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4- pi peri di nyl ] am no] acetyl ] pi perazi ne, 0.6 nethanol

sol ution of 3, 4-dichlorophenylacetic acid (5.126g, 25 mml) ”H'II” I""‘""lg ”III
added dropwi se over 15 min. to a cooled solution of 1.

THF (55m, 55 mmol) at -78 [err] C under N2. The reactron mxture

stirred in a Wd%r@-ﬂé&e bath for 2 h then cooled to -78 [err] C and Ml (12

m ) was ' a The mi xture was gradual |y warnmed to RT.PATUSS6/0SEACt i on
was conplete, the precipitate was filtered off and rinsed with THF.
The 10 precipitate was dissolved in Herr]O and acidified to about pH 2.0
t hen extracted with EtOAc ( 100m, 3x). The extracts were conbined,
dried (MgSHM), filtered and concentrat1gﬁ to give 91%vyield of 1-(3,4-
di chl orophenyl ) propionic acid (4 984g, 22.7 mmol) as an oiI FAB
Mass[Mrl][err] [err]d 219. 1 1-(3, 4- drchlor prd)plonrc
acid+(20.23g, 99.1 J-N o ved in -- | ci
solution was added clugy’ \t?jgl ﬁ'@ r@ol utr xed
for 1h. After cooling, the sol u{l gn was s$¢'ised qur ang
extracted with CHerr]C[err].q clowrng by regular wor k- u hyI
1- (3, 4-di chl or ophenyl ) pr opi onate was obtained as an oil. B
enpl oyi ng an anal ogous rret ho T d-e$cr¢bed in J. Eggm—\ (o)

9,191, 1966, net hyl 1 phenyl)@%@

obt ai ned by brom nat chI or o ate

with NBS/ CO [err] ture of nethy .
1- br ono- 1- ( 3, 4- d| chl or ophenyl ) gfT Bpi onate 25 (3 39g, 10 9 fhol§ and

et hyl enediam ne (7m) was stirred at RT for 3. hour s. After reaction

was conplete, brine (100 m ) nd the prodt©, Nact ed
fromthe aqueous | ay 50 m X)
organi c extracts wer br| ned ed .,ov errg

filtered and concentrated to gr a 95% vyield of 3-(3,4-dic phenyl) 3-
30 nethyl - 2-pi perazi none whi col' wep reduced with UAlH err]/dt[err] O at 40
[err]C to 2- met hyl - 2- (3, 4-di chl or ophenyl ) - 1- pi peri dine as descri bed
in J. Md. Chem 9,191, 086. ~ 0 Ci The (o] e,-eo und wa
prepared according t e@ U N t hod SC 14
and 15. FAB Mass [M@\w [ercr;t’:r 68 35 m
Cl
O ~ O o fo) .
O\' 0“}“' N RN "n OMe
g ©. SV L
Cl ¢ : cl ¢
O ~—~m O
a NS g S Sl NPT S 6
¢ o SN
c < oGl OMe
o) O
e i N
. ¢ C o ¢l
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EXAMPLE 46
(+,-)-2-(3,4-dichl orophenyl)-4-(4-fluoro-1-napht hal enyl car bonyl ) - 2- net hyl -
- 5 [[I] l-mmsget hyl ) - 4- pi peri di nyl ] am no] acetyl ] pi perazi ne

oo oy

By enpl oyi ng anal’ogous net hods described in Exanpl e 14, PCT/USS&MSREE 15
and Exanple 45, the title conmpound was obtained as a white solid.
FAB Mass [ Mtl] [err] [err]C 647.2; mp.93-96 [err]C 10 :
EXAMPLE 47 Preparation of 15
(+,-)-4-[3,5-di met hyl benzoyl ] - 4- hydr oxynet hyltog-.( 3, 4- di chl orophenyl )- 1
11 1- (phenyl net hyl ) - 4- pi peri di nyl ] am no] acet yl | pi per azi ne
HiC _
. Q
O\- NN N 2 H,,\\-N N
N c”ad_/ Q\O
Br ' . F
cl T _ ct Ci '
H¢. o CF
NN NC=
O\—N CH,
Bf. CF3 ’
L I
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Q\—GH}N N-{Q HB\\-N ey 3
N O
CFs CH;
- OCH;g ' OCH,
HQ o SFs ' CH,
O OHJ'NHN-KQ HIN N2~
N O
CF;.; 4 CH3
OH OH
Q — o0 fFFs CH
O\—O,H)-N N-(Q ”&NHN o] 3
! SAN'S
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MeO MeO
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OMe CF3 . OMe CHg
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vo 96 2264 | R “STfIIIIIIﬂﬂfT T

[err]-Am no- (3, 4-di chl orophenyl)-acetonitrile (3) was prepared aEcordithgs *
to the procedure in Tetrahedron Letters 4383, 1984. Conpound (3) was

reacted with I-go/ OH sol ution which was generated from acetyl chloride in
5 MeOHto giv é%ﬁ’ﬁﬁ-md (4). The nethyl [err]-am no- (3, 4-di Giiei0besérNe)
acetate (5) was obtained by hydrolysis of (4) at pH 10.5. FAB Mass

[ Mt1] [err] _

0oRR T, 00N

| HSN 2 CF3 S ,_.\No' Hy
o0t P, oo 8*@5
FC . FaC ’

z

OONFR, 0Pl

(o]

O»&"&"HMC{: @»f;g*& |

. Ha
Cl ¢ | c‘l %l
Hszjﬁ-u'_‘ 0 =L MR o o oh
| :
CFs CHy
c o a’ o )
H (o] NHN o) I CF, n
O\UHOH & oo f‘du
3 CHy
¢ ¢ - o’

>

CFs
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[err]d 243.1 WD 96/ 34864

PCT/ US96/ 05660

WO 96/34864

-130-

Rc = CH, isobutyl, ~(CHg)yy-COOH,
«(CH2)y-OH, ~(CHg)ny-CONH,,

nm=16
CF
O, }N"‘N-«oo ?
D\—N Rd CFs

Cl ¢

Rc = -(CHo)rOH, ~(CHg)ny-COOH,
«(CHa)y1-COOH
=16, np=2-6

U

PCT/US96/05660

<
O ™ o
NO-N N c
A g o™
c Che
ci
Ho ~°
QTP o™
N d

a ©Chs
c

Re = CHyg, isobutyl, «(CHg)ny-COOH,
~(CHz)n1-OH, +«(CHg)ny~CONHy,

me1-6
0O ~ 0 _FH
D\"O %N-(@ma

Cl ci

Rc = -(CHy);g-OH, ~(CHa)n;-COCH,

-(CHy)y-COOH
N =16, np=2-6

or a pharmaceutically acceptable salt thereof.

22. A composition comprising a neurokinin antagonistic eftective amount
of a compound according to claim 1 and a pharmaceutically acceptabie

carrier material.

10 23.

A method for for inducing neurokinin antagonism which comprises

administering a neurokinin antagonistic effective amount of a compound
according to claim 1 to a mammal in need thereof.

This Sheet Has Been Re

laced

iy .‘;‘:



MLV ferrL eryon (. s ot orobenceney acetate (9, vas| AR NFAIN
was deprotected with CF[err] COOH to give conmpound (7), FAB Mass 5

[ Mt1l][err] [err]d 321. Conpound (7) was cyclized by treatment with 25%
NaOve/ MeOH solution in MeOH to give conmpound (8), FAB Mass

[Mr1] [err] [ ePO%6P48689 Conpound ( 8)PGHAL66 o
wi t h 2-met hoxyet hoxymet hyl chloride (MEMC) n THF in the
presence of Hunig's base to give 10 conmpound (9) which is reduced
with LAH to afford conmpound (1 0). Compound (1 0) is coupled
with 3,5-di net hyl benzoic acid according to-131- t he procedure
described in Exanple 14 to give conpound 1 1. By enpl oyi ng

anal ogous procedures described in Exanple 15, the title

conpeund s obtaingd, asAffiéthedior treating chroffié &ifwal/d8dases such as asthma and

PCT/ US98/ 05660 allergies; inflammatory diseases such as inflammét%:gfﬁovjveq rJiJease,
psoriasis, fibrositos, osteoarthritis, and rheumatoid arthritis; migraine; central

5 nervous system disorders such as depression, psychosis, dementia, and
Alzheimer's disease; Down's syndrome; neuropathy; muttiple sclerosis;
ophthalmic disorders; conjunctivitis; auto immune disorders; graft rejection;
systemic lupus erythematosus; Gl disorders such as Crohn's disease and
ulcerative colitis; disorders of bladder function; circulatory disorders such as
10  angina; Raynaud's disease; coughing and pain, which comprises

administering a therapeutically effective amount of a compound according to
claim 1.
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_EXANPLE 48 h"_ﬁPre'naLaf ion of 5

(+ -)-1-[3, 5- Bls(trlfluoromthﬂﬂﬁmm - di CRERI-ASEMBNT)SHERTS 1 SG
(phenyl net hyl ) - 4- pi peri dinyl ] a m mﬂﬁl zHBdJesdezdteaIag;:d .. to paged ..
nonohydr at e B TClaim(s) :paged'08 to paged 138
1, 1- D met hyl et hyl - 3- (3, 4-di chl or ophenyl ) - 1- pi per azﬂ]r]hcaa;ﬁrtg@oylg&:tged .J.te.paged (0.
corrpound 2 in Exanple 32 was coupled w th 3,5-di frelihabsaaczoi paged d--. to paged
described in Exanple 14. The t-BOC group was rem)ved with qunég%
trifluoroacetic acid. By anal ogous net hods gg 5 eol%:

title conpound was obtained as a whi.te soli
701, : mp. 170-172 [err]C

WHAT IS CLAIMED IS:

1. A compound of the formula:

CH

uis0to2,
yis 1to 3;
10 and with the further proviso that no more than one R is other than H in the

‘y
Re moiety;

each R is independently H, C1-Cg alkyl,

hydroxy (C17C,) alkyl, carb -
(C -C )a]_ky]_- 4 Ooxy (Cl Cglalkyl or H,NC(0)-




-108- VHAT |'S CLA )
- formula: [err] “M“““mmmf urt he'rA\ C?(r)reiog(r)\dt ﬁf t the
nore than one Rlerr] an P =

is other t Hin thes [&rr]

- 109 -

5
each Ra and Ry, is independently selected from the group consisting
of H, C1-Cs alkyl,
LR ' Ry
10 i-—cn
Ry or Ra;
Rs | Rs

allyl; or Ra or Rb together are CZ"CG alkylene and are

attached to the same nitrogen, SO that Ra and Rb

10 together with the nitrogen to which they are attached,
join to form a 4 to 7 member ring;

wherein each Ry and Ry is independently H, C1-Ce alkyl, CFa.
) O

] M
15 CFs, Cl, Br, I, F, NOg, OR, CN, NRyRp,—C—Ra ~ -O—C—Ra
QO Ra - Ry O R .
ot R A 9 g B
—0—C—N—pgp —N-C-OR, —N-C-R, —C—OR, —C—N—-Rp
_"— \\//O O\\ //O
S Ra _S_Ra 'SR d S NHRa . -
] . a. an ; and where R, is not H
R
I W "7
in ~S—Ra —S—R. —N=-C-OR,

20




each Rerr] is independentiy H (er

*(derr]-derr]) alkyl,
(Jerr]-Cerr])al kyl;

ety o S UL

each Ra and Rb is independently sel ected

hydr oxy
r Herr] NC(O) -
-109-

Cerr]-Cerr]

fr t he group consisting
@Irq'yl ;

together are (Jerr]-

al kyl, [err] 10 or Rerr] or Rerr]
er{] al kylene and are .
Ra Ry
\o No”
f whereinn‘is 1 or2; -
. o .
. . s ]
and-each Rg is independently H, C1-Cg alkyl, CF3, CoF5, ——C—Ra '
0 0 R,
-0—&-pa —C—N-R,
. . Cl. Br, |, or F, OR,, OCF3, or phenyt;
5
Ary is
Ry
Ry
R2
e .
G Y
' S \\
Ra
Ra 14
quinolyl, pyridyl, thianaphthenyl, benzofurazanyl,
benzothiazolyl, indolyl or indolyl substituted with
Rl' R2 and R3;
10
Arg is
Ry
5w
N
R3

REPLACEMENT SHERT
0 2NOV 198

of
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‘attached to the sane nitrogen, so tl'lmlmemlﬂ'mml"ml together with the
‘nitrogen to which they are attached, ma 4 to 7 nmenber
ring; wherein each Rlerr]* afd R etr]%i s i ndependently H,
Cerr]-Cferr] alkyl, CFlerr], [err] 20 or when R err] and
Rlerr] are on adjacent carbons on a ring the}l/ can form

- 110- [err} - =111 -

Zis

), 9
+ ~

each Rs is independently selected from the group consisting of H,

Ci-Cealkyl, also with the proviso that when.
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pyridyl,
t hi.anapht henyl , benzof urazanyl, benzothlazolyl |ndonI or indolyl

substituted with Rlerr], Rerr] and Rerr]; 10 Arferr] is [err]
' -1

Rs is C1-Cg alkyl, two Rs can be attached to the nitrogen to form a
quaternary salt; and ng is 1, or ns is 2 with the proviso that each ns is
independently C4-Cg alkyl;

5 p¢ and p, are each independently 1 to 4 with the proviso that p; and p,
added together are 2 to 6; -

Re is heteroaryl, substituted heteroaryl,

=g, e e W,
/Vl SAG™

10

wherein heteroaryl is selected from the group
consisting of imidazolyl, oxadiazolyl, thiadiazolyl,
benzimidazolyl, indolyl, thiazolyl, thienyl, pyrrolyl,
furyl, pyridyl, isoxazolyl, pyrimidyl and quinolyl;
and wherein substituted heteroaryl are heteroaryl rings
substituted with Rl' R2 and R3, or a pharmaceutically

acceptable salt thereof.
20

2. A compound according to claim 1, wherein ¥ is 1

3 . A compound according to claim2., wherein u is O.
25
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-113-

4. A compound according to claim 1 wherein Z is

5.

6. A compound according to claim 1 wherein Z is

A
%/”ZN
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"(5:onsi sting of eaCh Rerr] : &]gsf]en(gfgf' lrmlﬂmlﬂ lMI“I;II)m“ Eet gtraoglroow so t hat

when. REPLACENE

-112- Rlerr] is (Jerr]-Cerr] alkyl, two R[e_rr] can be attached to
the nitrogen to forma gquatemary salt; and n[err] is 1, or nferr] is 2
with the proviso that each n[err] is I ndependently Cerr]-Cerr]

al kyl ; 5 Plerr] and p[err] are each independently 1 to 4 with the
proviso that p[err] and P[err] added togdtiler are 2 to 6;

7. A compound according to claim 1 of the formula

Pi -H I i 7
RG/\N&/N%N/— _\N )kAr:

8. A compound according to claim 7
wherein R¢ is H, p1 and pp are 2, Arq and Ars are both

% r{_.g,
<\

R3

REPLACEMENT SHEET

‘G 2NOV 1998




\I?[hgg ni ﬁe?gf' g;?;tlry: S :&bzyt ggt 1??0216: ﬁ(rafmlmnu"" I“" Mﬂmu ng of | m dazol yl ,

oxadi azol yl, thiadiazolyl, ben2|n1dazolyl |ndonI t hi azol yl, thienyl,
pyrrol yl, furyl, pyridyl, isoxazolyl, pyr|n1dyl and qui nol yl ; and
wherein substituted heteroaryl are hetergmsl- rings substitut ed with
Rlerr], Rerr] and Rerr]]; or a pharnmaceutically accept abl e salt
thereof. 20 2. A conpound according to claiml, whereiny is
1 3 . A conpound according to claim2, wherein uis o. 25
- 113- :

9. A c:mpound according to claim 5 wherein Rgis

1
(\\_Rz
ol
5
10.. A compound a i i
. po ccording to claim 1 selected from the group consisting of
rC}ca
CF;
oJ\n d
Ve .
~CN Ph
\—Ph
10 and
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3 hocompound according ;."m"&awe%e.“ﬂ”zﬁlﬂlﬁlullﬂllll Iflll|| |II|
according to claim1 wherein Zis [err] *

-116-
CF3
OO
N
CF3
H H
and
N CF3
N\
OO
' \/\N N
CFs
cl o]

or a compound selected from the group consisting of

(0] CHj
z\/lL- N’—\N’\Q
. CHy
cl
a

wherein Z is

- VA _
I & A NG

or a compound selected from the group consisting of

5

. .6. A
6. Acorrpound
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- 114 - 7. A conpound accordi ng to claim1 of ‘ I E)
5 8. A conpound according to claim 7 V\/nere““miﬂm mmll ﬁl[“ [err]
and p[err] are 2, Ar[err] and Ar[err] are both [err]| ¢

-115-
-117-
W HS N Wl
@\—0 C%JN‘”O' F3 O\GLO dJ ‘K@,CF:&
o o CFs

cl ¢ _ - Ol Ct
- O Q —/ O )
c _@\’Ng,ng_' N‘K@,CFa Q\‘ Oﬂg N-b'cf:3
- CR . £ cR .

ct Ci Ct ¢t

RSN "w Fa W s
G;QNO CICé; «% ' HP\O cugig—/ J«(?F; F:
Cl

HSW "W CF, H Qo
>N N CF
o oo o~
a cr . CH, cE,
o o c o

F-Q_O n‘i%’:\”ﬁ@cﬁ ESX O ﬁf;-gé: th(\)@,c&

O/ CF;
c’ ¢ _ c’ ol
SN cr, W S
)\ CF3
OO YT O Y
F cr . - CR
o o o c
HB\-N'_‘N Cacrs -~ RS x 2 o
cFy . g ' CFs .
c’ c c
N\)\-N N Fs GH&N’“N 2 CF4
CHs cs . O CE
o o ca o
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10. A
9. A conpound according to claim5 wherei ml mmll m
’conpoundngccordlng toclaim1l selected frpnl nl II " ; Ltlng of [err]
10 and

-116- [err]
-118-~ °
N3N on i WY W
O O -K@' b
CH:g . c*-h cHa
' o o’ ¢
S Wy W S NS WL
: CH,
CHj F .
¢ i c ¢
NI ot M3 o
Hy
DO o Oy
Cl CHs - HO .9
c’ o ' o o
H:%LNFWN 2 CHy ﬁ O —~ O
NN CH,
POTITTT oo
cl &y ot '
c o s
. ne)LN N CHy A H:%“NF“N (o} ot
CHj .9
cl ¢ ¢ cl :
“3\-:4 N CHy u\g‘-NﬁN CH
F CH; ' . CH-:_;
c’ ¢ o o
RO N cH NS c
Hs
OO 0P
CHy , ¢ &,
c o o
N W CHy PN NS x CHy
OO N chson v
CH; O CH3
Ct cl c o .
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or a conpound selected fromthe group do
wherein Z is [err]

||I|ﬂl Ll IlﬂﬁHIII

-119-

ND\_ U H&N‘—\N ‘8@,0&
Q Cks

ct cl

a}\‘ ON\SE;: N«lg@,c&

! CF,
o o 3 of o Ch;
SN WL cor HOQ
| NN WL __or
Udb.”aﬁfﬁﬁ C{“@“
CR o
cl' cl of o CF,
O —, ©
3 NS CF N S
S0 G 000" P
CFy
o c ) o’ o e
N (cqn ’_\ O I. —
Q\Q‘ CHN s (j\ N\}'“&N N-lco: CF3
c
c’ ¢ b o CF3
[ n\)'NP‘N-é)@,CFa CNAOHEANE er,
¢ o - céj CFs
C‘Y‘ND/NB‘-N'_‘N CF N HO — O
\ : ,‘K@, 3 HN\;EAND-—N}N N4 ; CF,
o« B d CRy |

CH"S‘@\_O N‘i}'g}“‘g@ﬁp

Chs

cl o

Cit Ci
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Lerr) & O SO e g”’“plﬂﬂlﬁllll Illﬂ’lllflllllll |

- -120
HO Wy O —, o0
Y 8} ™ s O ONJ—N N«@,cw
' CHs CH,
o o of o
s Sy SR NSl
OO o ¢ OO S e
CHs . ' CHj
o o . o o
,Jn&mf@% ' {30 o
o o Rad
W N3N "W e,
o w0 of o
@(\ “Dm.ﬁ\g\-uhn Q Oty C(\,,‘,}_n S 0 oty
| 4 Y
o o of % T
) [h@.ﬁ&N'_\N‘%CH;; Q}?NDVN 3_ Nr—-\N .O CHy
Cg—l CH, l
Cl C . CHj «
. cl ¢l
[\ N N3 N«QCH;, gf/f‘ N:\/—ﬁ\gv-u'ﬁulg@cua
C{/ CHy C{l CHy
cl cl cl ¢t
REPLACEMENT SHEET

0 2Nov 1998




ferr et o

-121-

N/ NS "ﬁN"O'\Q'CF" N”N&NDH}N NJCIJ\@CF:;

d—J CF3 dd CF;
cl ¢l ) cl ¢

O :}ﬂj‘-wﬁuo s @w«:}“}" N c?a
NP O Y

"-@\ H)‘-N N CFs :),“.)LN N CFa
OHPtn PODY

CF; CF;
c’ ¢ ¢

/i N\S\-N'_\N R ck ND__ﬁ \j“_N,——‘N 2 o
STETE Oy
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-122-

CHy  H.G40 CH,
cli ¢l ' Cl ¢
S
HO’O\N BT CHs p\‘\( ) NN CHa
D . Ho§,
CHy CHs
ca o Cl <
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N\i‘g{d N-ﬁi?,? | @\‘ O“g}l-’?@ﬁm

) OMe
Cct ¢l

Cl
Br

OO 8*@ | @»G“BD*Q

oot Pl OO e

HO M~ O

NN N NO,

3

ct ci

0“23_/ ~«©: @\oﬁ\g:‘ N-"i)@,o}\

@\‘N HS3-N"n o c Wy |
OC{*@ O C{ J“@
@\ 3T ""“@fj "
CQ'—I QJO C1C€: F .
HS3N"w HOW W2,
oo m@f‘ﬁ* aN's) “g{*fi
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-(CHerr])
-CONH[ err], [e

= -(CHerr])[err]-(CHerr])[err],
-(CH2)[err] - COOH.
-(CH2)[err]-COOH

ef fective anount
phar maceuti cal |y acceptabl e
neur oki ni n antagoni stic effective anount
claiml in a preparation ﬂfoa — aedl cament for i I’ldLﬁ:ld‘lg neur8k| nin

antagonismin a (:)\fﬁzf

| sobutyl,
r]- COOH,
-(CHerr])[err]-OH
(CH2)[er
nferr] =

nferr] = 2-6

(m[e”])[euwwu MIW[?&][err])[err]

(Cﬂ[efr]

I sobutyl,

[eWr] H[err] [erf].

((142)[ err]-0OH,

% n[err] =2-6 -
or a pharnaceutlcally acceptable salt

11. A conposition conprising a neurokinin antagonistic

of a conpound according to claim1 and a
carrier material.

10 12. A use of a
of a conpound according to

P

ct ¢

ct Cl
HJ%LNPﬁN 2 OM;
<:>\’&::r <:5‘f' OMe
ct Cl Otte
“ O — © g']
@\ :O NN
¢
ct c
REPLACEMENT SHEET

0 2 NOV 1998




-128- 13.
conpound according to

treating chronic airway di seases such

A use of a therapeut|

medi cament for

claimlin am'lmuuﬁmgﬂlll)muarmunt of a

*

4s asthng and al | ergi es;

i nfl ammat ory di seases such as inflanmmatory bowel 5 di sease, psoriasis,
fibrositos, osteoarthritis, and rheunatoidyiggthritis; migraine;

central nervous systen1d|sorders such as depression, psychosis, denenti a,
and Al zhei ner' s di sease; Down's syndrone; neuropathy; nultiple
sclerosis; ophthalmc di sorders; conjunctivitis; auto imune

di sorders; graft rejection; system c |upus eryt hemat osus; 4

di sorders such as Crohn's disease and ul cerative colitis; 10 di sorders of
bl adder function; circulatory disorders such as angina; Raynaud's

di sease; coughi ng and pai HaC WO 96/ 34864

PCT/ US96/ 056'60 @\, NJ‘-N N e ﬁd‘-N N ‘
. R oo Pe

¢t ¢l c
H 0 —~ o . Ofs
OO
Br CF,
ct ¢
HQ ~ 0 _FCh H Qo CHy
OO G oot
S c{
OCH; OCH,
NS wl CFo 0O W
OO AV aN's; & avy
OH OH
n \S‘-NHN o _[Ch &-NHN 9]
OO & o’ ‘*@
MeO MeO
O\,QH&NHNJEC}C& &{&N Y
HO HO
E&NhN-"\d " RSO3 ="
( §0Me CH,
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[erT] WD 96/ 34864
-PCT/ US96/ 05660
Rc = CH err]. isobutyl, -(CH2)[err] COOH
- COOH J(CH2)[err] - OH,

- (CH2) [ err] - CONH2.

0op .

O

(CH2)[err] CONH2-
o -126-

|||I|II| I i il l[lio orr,

Re = &H3, isobutyl. -(CH2)[err]

-(CH2) [err] - OH,

@»@“ie;;:“%j

o“j&;«d |

NN

G
N~)LN N
O c‘d *d
@»@’iﬁgf“fdi .
o o
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n[e-rr]:'1:6 n[e I I1 m Rc =
(G [err] oy - (o) err]- IIIIIIHlH:ﬂIIL IHIIJ)[e”]m
-(CH2) [ err] - COOH. -(CHFerf])fer]-® .
-(CH2)[err] - COH nferr] = 1-6, n[err] =26
nferr] = 1-6 , nferr] = 2-6 or a pharmaceutically acceptable salt
thereof. 5 22. A conposition conpri | ng a neuroki nin antagonistic
ef fective anount of a conpound accor&T r?g to claim1l and a
pharmaceutically acceptabl e carrier material. 10 23. A nethod for
for induci ng neurokinin antagoni smwhich conprises adm nistering a
neur oki ni n antagoni stic @ffective anount of a conpoundH according to
claiml to a mammal in and thereof V\096/343§4
PCT/ US96/ 05660 N NJ-N N
oG, Ao e
c O
c ¢ Ct
H &Fs HO r;;h
ﬁ:I SN N4§<:> (:1V‘::FN'” N2 oy
- S
CHy
' o & Cl
Rc = CH,, isobutyl, «(CH,)q-COOH, Re = CHg, isobutyl, -(CHglq(-COOH,
«(CH2)qr-OH, «(CH2)as-CONH,, ~(CHg)n1-OH, ~(CHp)qq-CONH,,
n1|=1-6 n =16
0 ~ o0, FCF H G CHy
N N-(@ ~‘)\-N N-ﬂ\@
Q‘@ jog—, CF, @ i CHs
o o ' c ¢
Re = -(CHy ) OH, +(CH2)n1-COOH, Re = «(CHz)z-OH, -(CHz)q1-COOH,
~(CH)ay-COOH «(CHa)y-COOH

=16, ny=2-6 : =16, np=2-6

or a pharmaceutically acceptable salt thereof.

11. A composition comprising a neurokinin antagonistic effective amount
of a compotind according to claim 1 and a pharmaceutically acceptable
carrier material.

10 12. A use of a neurokinin antagonistic effective amount
of a compound according to claim 1 in a preparation of a
medicament for inducing neurokinin antagonism in a
subject in need thereof.
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st and arorgrea i ntt anme: ADAARCIRARELIES ) et oy

bowel di sease, psoriasis, fibrosito$, 'ost"eodrthritis, and rheumatoid
arthritis; mgraine; central 5 nervous system di sorders such as
depression, psychosis, denentia, and Al zhei mer' s di sease; Down's
syndrone; neuropathy; multiple sclerosis; opht hal mi ¢ di sorders;
conjunctivitis; auto i mune disorders; graft rejection; systen c

| upus erythematosus; G disorders such as Crohn's di sease and

ulcerative colitis; disorders of bladdeq2gunction; circulatory disorders
such as 10 angi na; Raynaud's di sease; coughi ng and pain, which
conpri ses adm nistering a therapeutically effective anbunt of a

conpound accqdi NGy te of a therapbiticdily effective amount of a compound according to
claim 1 in a preparation of a medicament for treating chronic airway diseases such
as asthma and allergies; inflammatory diseases such as inflammatory bowel
5 disease, psoriasis, fibrositos, osteoarthritis, and rheumatoid arthritis; migraine;
central nervous system disorders such as depression, psychosis, dementia, and
Alzheimer’s disease; Down’s syndrome; neuropathy; multiple sclerosis; ophthalmic
disorders; conjunctivitis; auto immune disorders; graft rejection; systemic lupus
erythematosus; GI disorders such as Crohn’s disease and ulcerative colitis;
10  disorders of bladder function; circulatory disorders such as angina; Raynaud’s
disease; coughing and pain.
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