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SUFERINTENDENCIA Aci. 211 PRESENTACION Evgoﬁég f&SE“MmNAL'

PETITORIO - FORMULARIO UNICO DE SUL1LLILY -
PATENTE PCT
ENTRADA EN FASE NACIONAL 7 P2010/000071

SOLICITUD DE: o

i x | Patentez de Invencion, Patente de Madela dz Utilidad.
1 - — -
f x | Capitula 1. Capitulo II.
Nombre: ASTRAZENECA AB . IDENTIFICACION
Direccién; S-5SE-151 85 Sadertalje |
SOLICITANTE S— — : | C.C. NIT
, (71) Nacionalidad o Domicilio: Suecia : _
: Lugar de Constitucion: Suecia | C.E. Otro
|
5 — ‘ Cual
~ Teléfono: Fax: \
E-mail: i Namero
o T T " IDENTIFICACION
Nombre: J. IAN RAISBECK |
| c.c.| x | NIT
Direccidn: Diagonal 24 N, 5-28 Bogota :
REPRESENTANTE p - — — ;
' O APODERADO i Telef?no: f501-77u0 : Fax: &01-7799 C.E. Otro
! E-mail: office@olarteraisbeck.com »
! Cual
' NGmero 73.376.996
1 TP_135.799

Nombre: 1) Joseph BOWD, 2) Giles A, BROWHN, 2) Michael

HIGGINBOTTOM
. Direccion: 1) 77 Limes Foad, Hardwick, Cambridage, Cambridgeshire SB23 7N
INVET;?;{ (ES) GB;, 2) T Elflwdq Poad, Cambridgs, Cambridgeshire CRS 3LZ G2, 3) & Goose
Cross, Highfields Caldecots, Carmbridgeshive CRZZ 721 GB
Nacionalidad o Domicilio: _Britanica
(l ) PCT (86) o ' s T
Solicitud Internacional No. PCT/EPZO0S/066577 Fecha Diciembre 5, 2003
Publicacian Internacional HNo. WO 2009/071653 Faicha Junic 11, 2009

Titulo (54) PIPERAZINAS COMO AGENTES ANTIOBESIDAD

Clasificacién Internacional (51) C070 ~11/27 CO7D 265/30, CO70 241/04, AG1F
29/00, AG1P 3/04, Al 31/495

ais de Origen | (32) Fecha |31 nomers de Salisitud

(X%}

— = oreaoe]

Prioridad " SE ¥ Tic n—-mL.rc 5, 2007 'i 0702696-6
Enero 23, 2008 1 21 /022,923
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ANEXOS /
Comprobante dz page de 13 taza de presentacidn de la salicitud.

Divcurnente que acredita la existencia y representacidn lzgal cuands 2l solicitante 223 persona
juridica.

Poderas, si fuzre 2l caso. Adjunto copia simple Ver E-pediente Na. oR- 129 6“’/
Docurnenta dz cesidn del inventor al solicitante o a su causante.

Declaraciones.

Copia de la solicitud intermacional. (Resumern, descripaidn, reivindicasiones, dibujos).

Traduccidn de 13 salicitud internacional al castellano, (Fesumen, descripcidn, reivindicacianss,
dibujos).

Copia del examen preliminar internacional efectuads por 1a Autoridad Internacionsl de Examen
Preliminar (IPEA).

Traduccidn del examen preliminar internacional efectuads por 12 IPEA,

D

Y
L£7]

er el caso, copia del contrato Jde accesa.

Dz zer el caso, dosurments que acredite la licencia o autorizacidn Je uso de conocimizntos
tradicionales dz las comunidadas indigenas.

De ser ¢l caso, certificado de depdsito del material bicldgico.

g

Arte final 12 x 12.

D ser 2l casa, informacién sobre otras colicitudes de patente o titulos obtenidos en &l extranjero
por &l misme titular o 2u causante, relacionadas parcial o totalments oon 1z invencidn de esta
solicitud.

D zer el cazy, modificaciones efectusdas a la zolicitud internacional.

Otros. Blsqueds Internacional,

® | O D DDDDDD OO

FIGURA CARACTERISTICA:

@ Solicito la concesidn de 1a patente, 7 .
NCOMBERE: 1. TAIL PAISEECEH. I‘IPMA “Q e m, “;ﬂi

L Z9.376.9596 tZ-': T.P._135.759

g
g
L]
-
o
3
(<118
S
jx1]

Instrucciones para 2l diligenciamients dwl presente formulario, ver reverso d
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Tracluccién o-Ficial de un documento cuyo iwigina‘ l,
No. 11426 |
El Ministerio de Relaciones Exleriorss en Estocolmo cerifica por el L
presente docurnento gque Mrs. Anna-tarin Selin, de la Oficing de , 1'
Fegistro de Con L safias de Suacia, Sundsvall, ha - pedica v firrnadc 1a " '
anterior celtificacidn en su calicdad oficial, . |
i b
En Ezlocolno, este Jdia 14 de Agosto de 2007, ‘ " [,n
' | |
(Firmado) ' i i
Fay un sello del Ministerico de Relacionas Exleriores de Suecia. "
o
Hay un s&lic firrnads de la En Alajada de Sudédn en Estocolmo. .
U
Firma de Agneta S, H, ;‘
Y sello de o
Firmna: Mohamed Hussein. | f
Fecha: 20 de Auwtu de Z007. . '
1
Selio: “Ann=-Maris Bonde - T otario Pullico de Estocolma”
Certificacion Notarial | G
Vo, la suscrita Anne-Marie Bonde, Motario PUblico de la |c;iur“l cle ! ‘
Estox::olrru:»,i certilico por medio del presente que  Anders Burén, L 'h
aelidarma |h~ autorizaclo para firnar en nomibre de AstraZe ‘uec.j AR ha » L
i {
expediclo y firmad &l anterior documento en original, del cual 1a
presents &5 Lna copia auténtica. ' | :
Darechos: 240 coronas. Estocolimo, 26 de Octubre de 2007, . 'L .
Ex oficio: .
(Firmaudo) ‘36“32 “ anne-Marie Bonde — 1 lotaric Pallice de Eztocolmo™. “

T eﬁcto Uhcml
JORGE E, SIIRRA R!-
Lisenuin Y76 |993 Mml
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Apostifla adjunta: o |
APOSTILLE - o
(Convention du La Haye du 5 octolbre 1961) i |
1. Pais: | Suecia § )
Do
TN
El pre ===l nle docuniento pulblico 1 L
o
A
2. Ha sido firnado oo Anne-Marie Bonde o
K ‘_l
3. Actuando =n calidad de: Naotario Pablico 3 ‘i
i &l :
4. Ueva el sello / estampilla de: Notario Pablicao de Estocolmo. } '
' TR
Cerlificado ‘ i
S
5. En: Estocolmo | oo
* ST
6. El: Dia 26 de Octubre des 2007 -
P "‘ [l
7. Por: Bjorm Sal Acling Notario Puablico ‘ H f'!
TR
8. Bajo el No. 4071 S
. ol
= , s Tt
9. Sello / estanmpilla: Bjorm Sandin, Motario Pablico de N .,!
il b
Estocolmo. (‘ 3
' l'
10. Firma: (Firmado) At
.
Cerlificacion: co
1! l[ i
i , > ]
CErlifico Gus 2 /"/(:‘bl::NZ'E‘ ES Una raduccion vierdadsra v comyplata 3/ , t?'
i i
S toan
documernio af,//um‘u “Cert.Min. R=l.” l.‘ i
SRR
t ]
/—ec/va 158 da Nowvizmbie s 2007, | il ‘

Traducior: .,/':i/'gé Enrigus Siarra Rayes.

Licencia No. 578 de 1992 3, o3 Ninistzro de Justizia. :
Direccicn: Carrsra 15 No. 99-13 Drizina <4171, Bogoid, Cokomibia. :.'t
Taldiono: (57-1) 215222058, (3:,7-1) 0252925, ;\
!
EF-mail: reseseri&y ahoo.com. No.o 10-05- :

JORGE E, "'IERRAIREYES
Licentin 376 - 1993 Mmuum



APOSTILLE
(Convention de L.a Haye du 5 octobre 1961)
1. Country : Sweden
This public document
2. has been signed by Anna-Marie Bonde
3. i,lCt[il'Ig in the capacity of [otary Public
4. begars the seal/stamp of

Notary Public in Stockholm

) ~ Certified
5. at Stockholm 6. the 26.10.2007
7. by‘} Bjorn Sandin
'Notary Public
8. No 4071
9. Se‘allstamp: ~10. Signature:
j
- ‘\"
\,“.
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Power of Attomev ' .+ Poder Coepl
g i
5 ‘\’ B 1')1 ‘\.\'. . ! 3 o
The undersigned, f;i, o ’ f’“fe "‘* El suscrito, ; (- ;
[y Ash‘aZencmAL AR
domiciled in ( /\ }u\»§\ \‘:?.i\ domiciliado en ‘ ‘

by means of thesc plr"*«’nb hm ebv gmnlﬂ o (‘al l()a

R. Olarte and/or J. Inn R'usbeck and/or
Ana Maria Frieri and/or Juan Guillermo

Moure and/or Natalia Castro . full and
sufficient Power | of Attm'\ncy to file, prosecute,
obtain, defend apd enforce any and all of the
company’s Patents for lnvenuons, Utility Models,
Layout-Designs ((opograplucs) of Integrated
Circnits, Industrial’ Designs,  Trademarks,
Advertising Sloghns, Tr rldc Names, Conunercial
LLmblems, Geographical Imhcalious, Protection of
Trade Secrets, Obtainer’s Certificatcs,
Copyrights, Rc;:,letmhum of Domain Mames,
Health Registrations, or any other intellectual
property right jin the Republic of Colombia, lo
which end it empowers them o ftake all cleps
nceescary  before| any administrative or  judicial
authority of any class for the objects stated, to file
petitions, recourses, replies and oppocitions, pay
tares and annuities, request tzstiraonies, receive
documents and  Securities,’ abandon applications,
collect refunds, desict, setile, conciliate or neaotiate.
Sufficient power| is lietcby granted io reccive
notifications on hehalf of the Company, to confer
powers on thoze who are 6 represent the company

]a]udtcmlly {0 ancwer in cowtt in
the matter of all clmms and demands that may be
plccenled in !,f)n]]“(‘tl“ll with the objzcts statad,
piving them ‘lkC\"l"P poveer o substilute these
presents and 1cvnl«= such substitutions.

3:151 85 \:mdblhﬂ‘]e,kb\%/cdull i

|
por medio del [)l("'*lllC‘ t_;(ulgd a C'lll()s R,
Olarte y/o J. Ian R'usl)eck y/o Ana
Maria Trieri y/o Juan Guiller no
Moure y/o Natalia Castro poder e»pecml
amplic y suficiente para presentar, traniitar,
obtener, defender y hacer respetar todas y
cualquiera de las Patentes de Invencion, Modelos
de Utilidad, Esquemas de  Trazados - de
Circuitos Integrados, Disciios Industrialcs,
Marcas, Lemas Comerciales, Nombres
Comerciales, Ensciias Comer U-!lLS,
Denominaciones de  Origen, Pmlccuon\ de
Secretos  Empresariales, Certificados ' de
Obtentor, Derechos de Autor, Registro de
Nombres de Dominio, Registros Sanitarios, o
cualquier otro bien de propiedad intelectusl de
la compaiiia en la Repiblica de Colombia, a cuyo
efecto los faculta para dar todos los pasos
necesarios ante cualquier awloridad admmlstmu\'a
o judicial de cualquier jerarquia para cumplir 'con
lo encomendado, elevar solicitudes, recursos,
respuestas y  oposiciones, pagar impuestos y
anualidades,  solicitar  teztimonios,  recibir
documentos  y  valores, degjctir, tranzigir, y
percibir. 3¢ concede poder bastante para recibir
notificaciones a nombre de la compaiifa, olorgar
podersc a quicnes vayan a rtepreséntar a la
u;l]]p.'lllm_jll(llClill y cxtrajudic ialmcnlpl responder
en juicio a todas laz reclamaciones o demandas
que por motivo de lo encomendado se presentaien,
ddndolvs '1snmsmo facullad para sushhuu c]

st\nder.: Burén

Signature/Iinma:

Yt/ Techas ’7‘:: /“‘ ] e (\)
I aj:./ll cha; o, iy "';Tc ¥ H{‘ ;‘:’_ Wz 'U,\ ’,__?_;_»
City, Country/Ciudad, Pais; < n- .
SN ASY 2= - L_')C\ '_';\::.} f\’yj‘& l‘_i

\/ Aumon..ed Signatory

World Trade Canter - Torrz A, Calle

Ly Y

100 Mo. A - 37, Piso 10, Bogola D.C., Colombia
Tet 157 1 601-7700, Far. + 57 | 601-7799, oflice@olartemisbeck. cor, www.ol

arteraisbeck. coti
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I, the undersigned, Anne-Marie Bonde, Notary Public of the City of Stockholm
hereby certify that A |
ANDERS BUREN
duly authorized to sign for
STRAZENECA AB
has issued and signed the foregoing document

Fee 340:- Stockholim 2007-10-26

Crowns Ex officio:
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MODEL OF NOTARIAL CERTIFICATION

Notarial Certification -Certificacién Notarial

On this date, En esta facha,

. i et A ———— - =

!

t

I

|

]
il
_ o
- The undersigned N tary Publio certifics; el Matario Miblice suscriio cortifica: | l! i

1. That . Que - . ‘ ‘ ’ ‘I

| 1

b of legal age and domiciled in mayuor de edad y domicitindo : 1 i
: ' . [N : L
oL ~ ' : ]

[ signed the foregaing docunient anaeribio of documento que antsoede, o l ”

. . l |

- y . - - i by o

e 2. That the grantor has xeouted the foregaing 2. Due ol oturganie hn suserito ol reforido [y
. e i “AV‘ o -~ R ST i A
. “l;""“:u!"ent a9 DULS AUTHOrTSED STCNATORY documento cn su cardeter de ; “ |

! of ASTRAZENEGA AB . o o
" .., % Thatt ASTPAZENECA AB ' : 4. Que A1
i } hrwmi' its principal plm,u of buumc;s located in con sedsz principnl ubicada en % |r|
SODERTALJE, SWEDEN : o : o

. i
! “is duly uwm;mmln[ in cmreu(ly in eristence & and ostd logubnente constituida, que lone m-.tan\,m S ]
){‘ _hat the purposes for which llw Power of Aforney is  logal vigente ¥ que log 3 prophsitos para log gualos P t; I
i grantad  are  within the :wopu of g corporale e olorga ol poder 3¢ encuenten danire o lw. que ; ;"
! muposes, L comprenden su objelo socin), - i
. 1 ! rl ‘

. . . ' x ,
! o4 That the granion hag the autlmmv to weente the 4, Que el olorgaite tiene la repre qc,u(uuon par . ' l f l
t
{‘ , Power of Aftorney md ihat his/her reprosentation is  sugeribir sl poder, ¥ que ésia os legitima, : '5 i
0 legal. - !
i 3. The fuumlm lon for my cf‘lllf'muum contyined in- 5, El  fundmaento (lL, tmis  cortificaciones P
/ points 2, 3 and 4 st the axhibition of the n)llqunL comtetddas en los puntos 2, 3 v 4 fie la exhibicion |
authentic d()mlmml(s)

| ’ de las (del) nuumnh (3) dncumuntn(q) nuu niic 30(K):
1. CERTIFICATE OF INCORPORATION
N OF ASTRAZENECA AB

~ % AUTHORISATION IN FAVOUK oF , ’ o |
SIGNATORY

—

NO'I ARY PUBLIC (Signature):

Nime ¢ aidl Tiibiielars £, Motary's name, Jl wduﬁ b T (e of Lickricd E
FAT (dptional)

,‘;plrauOn) '
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’l raduccion oFicia_‘ de un documento cuyo oviginal estd en ingjl(

BOLAGSVERKET

851 81 Sund... Tel. 060-13 40 00 - Fax: 060 129840. !
bolagsverkel@bolagsverlkket (legible)
Cerlificado de Existencia
Yo, Anna-yarin Ostin, de Bolagsverkat, la Oficina de Registro de
Cormnpafiias de Suecia, cedtifico por medio del presants documento que

neda AB |

|

Registro No. 5E6011-7452

es uhngel f

vigente v ¢

registros e

En testimo
oficial ce B

(Firmadlo) A

Compan

ia debidamente consliluida segin las leyes de ule—:t ia,

mly e;-;istenc:ia corporativa legal hasta donde muastran s

asta 'flul 2 en la facha que se indica mas adelante.

Nic e o anterior, he pussto mi firma y estampado «l sello

{
wosto del ano 2007,

Slagsver et en Sundsvall, este

nna-Karin Ostin. :

dia & d= A

Hay un sello Cle B‘ lagsverket

i

Eolagaverl.eat,

i

. |
Registradar

STIPresas

la Oficina de registro ‘es el

de Comppafias de Suacia,

Oficial de las Compan ias

Limitaclas y olras fc»nnaq cle
i ' . . .
Jcomerciales en Suscia. Antes de que se e::q:'lda LN
cde existencia, los registros radicados an eata u[h ||Icl g

Ceartificadca

G~aminan para tenar la

L

seguricdad de gue la cormpaiia an «,u«=stu n llena

los siguientes requerimientos: !

La compania i

La cormpania liens

ena una Junla Direcliva compelents

ur Auditor titulaclo salificado. '

Trach
JORGE I,
' lmmnlu 3761993 M"""“;c“
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La cory

radicacion corracta

La con

COImip af

La corm

_‘

as, terminac

pania no ha sido disuelta ¢

pafia ha llenado sus obligacionss

ce suinfornne anual.

15N o bancarrota.

oImo resulia

ha salida del registra por ninguna otra razén.

El Cerlifica
&slos y sin

Registro d¢

2
o

Compaiias de Suacia.

O

cdo de una fusidn y no

respacito a

Sello: “Anne-Marie Bondce — Notario Pdllico de Estocalimo”.

Estocolnd)

cebidamehte autorizaca

Registro des Companiias de Susdia,

SCrita

cerlifico por

Arne-Marie Bonde,

Certificacion Notarial

medio del presente g

Motario Publico de la ciudad de

us Anna-Karin Ostin,

clozuma '1'1' e original, del cual la prasente &s una copia auténtica.

Darechos: 340 coronas. L°~1~.v\_|_)ll'1'1\.) 26 cle Octulbre cdes 2007 .

=x oficio:

(Firmadl

0) Sr-*”u

Apostilla aajunia:

‘Anne-Marie Bonde - Notario Publico de Estocolmo”.

[

pae'

apafiia no &3 el sujeto de accionss legales de divisidin de

do esta firmado por un funcionario autorizade para espedic

ilares documentos en nombre de Bolagsver! @, la Oficina de

e nombre de la Oficina de
ha expadiclo y fimads el anterior

Trndullpe?r” O ciul
JORGE E. SIERRA REY

l

Y
,}
1
(R}
o
'
t

€s

Licancls 376 - 1993 Minidsticn
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APOSTILLE
(Convention du La Hayes du 5 cclobre 1961)

1. Pais: A Suecia '

El presente documanto pablico

2. Ha sido finmadao por: Anne-Marie Bonde .
b

3. Actuando en calidad de: Notario Puablico ‘

4. Llava =l sello /[ estampilla de: Nolario Publico de Estocalmo.

Cetificado .
5. En: Estocolmo | l ;'
a. El: Dia 26 de Octubre de 2007
7. Por: Bjorn Sandin, Notario Pablico ’

8. Bajo el No. 4070

9. Saello / estampilla: Ejom Sandin, Notario Paklico de

Estocolmo.

10. Firma: (Firmado) N

Cerlificacion: ‘

Caitifizo qus la presents =5 una traduccion verdadsra y COMylEia ol
docLMmEnto aojunto. “Uert. Bolagsverked”
Fecha: 18 de Nonviembre ds 2007, X
Traductor: Jorgs Enngue Sisrra Rayes. '
Licencia No. 576 da 1995, dasf AMinisterno Se Jusiicia.

Direzcidin: CSarmzra 15 No. 99-7.3 Oficina 417, Bogota, Jolomibia.

T(j/«‘]t_’/?l.' (9'11‘7) —7/&.—791.7 (:5'—' 7) ) 4 5

ot : X]
~ — <33
E-mall: freseserl @yahoo.com. No. 10-053 \)‘ ton

N "i / j
Trn% Dficial
JORGE ESIERRA RevE;
i
Licenein 376 - 1993 Minjietiz.
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APOSTILLE
(Convention de La Haye du 5 octobre 1961)
1. Country : Sweden

This public document
<. has been signed by Annz-Marie Bonde
2. acling in the capacity of MNatary Public
4. beélrs the seal/stamp of

I‘Jé‘tary Public in Stockhalm
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PIPERAZINES AS ANTI-OBESITY AGENTS

FIELD OF THE INVENTION

The present invention relates to new  piperazine  derivatives, to  pharmaceutical
campositions comprising these conipounds, o processes for their preparation, and to the
use of these compounds as leptin recepior modulator mimetics in the preparation of
medicamenis against conditions associated with weight gain, type 2 diabetes and

dyslipidemias.

BACKGROUND ART

The prevalence of obesity is increasing in the industrialized world. Typically, the first line
of reatment is to offer diet and life style advice to patients, such as reducing the fat content
of their diet and increasing their physical aciivity, However, soms patients may also nzed
to undergo drug therapy to maintain the benaficial resulis obtained from adapting the
aforementioned Jdiet and lifestyle changes.

Leptin is a hormone synthesizad in fat cells that is believed (o act in the hypothalamus to
reduce food intake and body weight (seg, ¢.z., Bryson, 1. M. (2000) Diabetes, Obesity and
Metabalism 2: 8§3-59).

It has been shown that i obese humans the ratio of leptin in the cerebrospinal fluid to that
of circulating leptin is decraased (Koistinzn ¢f al., (1298) Eur. J. Clin. Invest. 28: $94-5397),
This suggests that the capacity for leptin transport into the brain is d=ficient in the obase
state. Indzed, m animal models of obesity (NZO mouse and Koletsky rat), defects in leptin
transport have been shown to rasult in raduced brain lepiin content (Kastin, A. J. (1999)
Peptides 20: 1449-1433; Banks, W. A. ¢t ol (2002) Brain Res. 950: 130-136). In studies
involving dictary-induced obese radents (a rodent madel that is believed to mors closely
resemble human obesity, sae, e.g., Van Hezk ¢f 2. (1997) 1. Clin. Invest. 99: 355-390),
exeiss leptin administered peripherally was shown to be inzffective in reducing food intake
and body weight, whereas leptin injected dirzctly into the brain was effective in reducing
food intalie and body weight. It has also been shown that in ohese humans with exczss
circulating leptin, the signaling system becama dzsensitized to the coniinual stimulation of

the lzptin receptors (Manizoros, C. S, (1999) Ann. Intern. Med. 130: 671-680),

)
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Amgen has conducted clinical trials with recombinant methionyl human leptin. The results
from these trials were mixed, as even in the presence of high plasma concentrations of
leptin weight loss was variable, and the average weight reduction in the cohort of patients
testzd relatively small (Obesity Strategic Perspective, Datamonitor, 2001).

Several atterpts at finding active fragments have bezn reportzd in the literature since the
discovery of the Lzptin gene coding sequence. An sxample is by Samson et al. (1996)
Endocrinol. 137: 5182-5185 which describes an active fragment at the N-terminal (22 o
56). This sequence was shown (o reduce food intake when injected ICV whereas a
sequence talzen ai the C-terminal was shown not to have any effect. Leptin fragments are
also disclosed in Intarnational Patent Application WO 97/46585

Other reports looking at the C-terminus part of the sequence reported a possible
stimulation of luteinising hormeme production by a 116-130 fragment (Gonzalez et al,,
(1999) Nevroendocrinology 70:213-220) and an effect on GH production following GHRH
administration (fragment [26-140) (Hanew (2003) Eur. J. Endocrin, [49: 407-412),

Leptin has racently been associated with inflarmmation. It has been veporiad that circulating
leptin levels rise during bacterial infection and in inflammation (see Qtera, M et al. (2005)
FEBS Lett. 5§79 295-301 and references therein). Leplin can also act to increase
mnflammation by enhancing the release of pro-inflanymatory cytokinegs TNF and IL-6 from
mflammatory cells (Zarkesh-Esfahani, H. et al. 2001) J. Inmmunol. 167; 4393-4399),
These agents in twin can contribute o the insulin resistance commonly seen in obese
patients by veducing the efficacy of insulin recepior signaling (Lyon, C. 1. et al. (2003)
Endocrinol. 44: 2195-2200), Continuous low grade inflammation is believed to he
associated with obesity (in the presence and absence of insulin resistance and Type 11
diabetes) (Browning et al. (2004) Metabolism 53: 899903, Inflammatory markers elevated
in blood of obese women; Manggze et al. (2004) Exp. Clin. Endocrinol. Diabates 112: 373-
382, Juvenile obesity comelates with serum inflammatory marker C-reactive protein,
Maachi et al. (2004) Int. J. Obes. Relat. Metab, Disord. 28: 993-997, Systemic low grade
inflammation in obes: pzoplz). Leptin has also been implicated in the process of
atherogenesis, by promoting lipid uptake into macrophages and zndothalial dysfunction,
thus promoting the formation of atharoscleratic plaques (sze Lyon, C. J. et al. (2003)
Endocrinol. 144: 2195-2200).

Leptin has also been shown to promeote the formation of new blood vessals (angiogenesis)

a procass implicated in the growth of adiposé tissue (Boulonmic A, et al. (1998) Circ. Res.
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: 1050-1065). Angiogenesis has also been implicated in diabetic retinopathy (Suganami,
E. ¢t al. (2004) Diabetes. 53: 2443-2448).

Angiozenesis is also believed to be involved with the growth of new blood vessels that
feed abnormal tumour cells. Elevated leptin levels have been associatad with a number of
cancers, in particular breast, prostate and gastrointestinal cancers in humans (Somasundar
P.etal. (2004) 1. Surg. Res. 116: 337-349).
Leptin receptor agonisis may also be used in the manufacture of a madicament to promote
wound healing (Gorden, P. and Gavrilova, Q. (2003) Current Opinion in Pharmacology 3:
655-659).
Further, it has been shown that elevating leptin signaling in the brain may represent an
approach for the treatment of deprassive disorders (Lu, Xin-Yun et al. (2006) PNAS 103:
1593-1598).

DISCLOSURE OF THE INVENTION

It has surprisingly been found that compounds of formula (T) are effective in reducing body
weight and food intake in rodents. While not wishing to be bound by theory, it is proposed

that the compounds of fonmula T modulate the leptin receptor signaling pathway.

In some embodiments, compounds with leptin receptor agonistic like properties can be
useful for the treatment of disorders relating o leptin signaling, as well as conditions
associated with weight gain, such as obesity. The inventors hypothesized that small
moleculz CNS penstrant leptin mimetics would be able o by-pass the limiting uptake
system into the brain., Further, assuming that this situation mirrors the human obese
condition, the inventors believe that a CNS-active leptinoid with a relatively long duration
of action would male an effzctive therapy for the obese state and its attendant

cormplications, in particular (but not limited to) diabetes.

In other embodiments, compounds with leptin rzcepior antagonistic like properties could
be vseful for the wzatment of inflaumation, athzrosclzrosis, diabatic retinopathy and

nephropathy.
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In a firsi aspect, the invention relates to a compound of formula (I),

0
X‘“-‘[‘j,‘,.,»” -
) | E—R
[Rz]éj[(-]a-m) l./ Mg I R,
% RY

)

or a phamaceutically accepiable salt, solvate, hydrate, geometrical isomer, tautomer,

optical isomer or N-oxide thereof, wherein:

X is selected fromn O, S, N(RY) and CH(R?), provided that the ring containing X is not
s ’ ( ) l o 5

3-pyrrolidine;
Y is CHy, O or N(R®);

R' is independently szlected from hydrogen, Cyi-alkyl (unsubstituted or optionally
substituted with one or more substituents independently selzcted from halogen, hydroxy,
cyano and Cs-alkoxy) and Cjs-acyl (unsubstituted or optionally substituted with one or

mara substituents indzpendently selected fiom halogen, hydrovy and Cjg-alkoxy);

R? and R® are independently selacted from hydrogen, halogen, hydroxy, Cg-allyl
(unsubstitutzd or optionally substitutad with one or more substituents independently
selectzd fromn halogzn, hydrozy and Cigs-allkoxy) and Chg-alkoxy (unsubstituted or
optionally substitntzd with one or more substituents independenily selected from halogen,

hydroxy and Cys-alkoxy),

PY is independently sclected from hydrogen, halozen, hydroxy, cyano, nitro, CFs,

Cig-alkyl and C, s-alkoxy,
R’ is hydrogen ar C)4-alkyl;

a, b and ¢ arz ¢ach independently 1, 2 or 3,

dis0,1or2;
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eis 1,2 or3;and

fand g are each independently 0, 1 or 2.

In a prefarred embodiment of the invention, Y is O.

In anothar embodiment, X is preferably selected from O, N(RY) and CHR?).

R!is preferably selected from hydrogen, Ci4-alkyl and Cy4-acyl.

In a most prefared embodiment, R is hydrogen, methyl or acatyl,

R2 and R? are praferably independently selected from hydrogen and C_-alkyl.

In a most preferred embodiment, R? and R? are hydrogen.

4 . .
R" is preferably independently selecied from hydrogzen, halogen, CF; and C) y-alkyl.
In a most preferred embodiment, R* is independently selected from hydrogen, fluoro,

chloro or methyl.

d and f are each preferably 1.
¢ 18 preferably 1 or 2.

g is praferably 0 or 1, and more preferably 0.

Particular preferred compounds of formula (I) are the compounds of formula (1)

rxj\'{'ﬁ]éO"“”r\I‘ﬁ. 1 '\-H> 4
) A

4y
wherein:

X' and X? are ach independently selected from O, N(RY) or CH(R?), provided that at least
one of X' and X* is N(R");
R' is as defined in formula (1), and preferably hydrogen, methyl or acetyl,

2. Fned T
R is as defined in formula (I), and preferably hydrogen,
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R? is hydragen, fluoro, chlore or methyl;
cisl,2or3;
gis 1 or2; and

gisQorl.

Specific preferred compounds of formula (I) are those selected from the group consisting
of:

o [(3R)-1-mezthylpiperidin-3-ylJmethyl 4-(4-methylphenyl)piperazine-1-carboxylate;

[(3S)-1-mazthylpiperidin-3-yljmethyl 4-(4-methylphenyl)piperazine-1-carbox ylate;
10 o [(25)-1,4-dimethylpiperazin-2-yl]methyl 4-phenylpiperazine-1-carboxylate;
¢ [(2R)-1,4-dimethylpiperazin-2-ylhmethyl 4-phenylpiperazine-1-carboxylate;
o [(25)-1,4-dimethylpiperazin-2-ylJmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate;
¢ [(2ZR)-1,4-dimethylpiperazin-2-yllmethyl 4-(4-fluorophenyl)pipzrazine-1-carboxylate;
e 4-phenylpiperazine-1-carboxylic acid 2-(1,4-dimethylpiperazin-2-yl)2thyl ester;
15« [(25)-1,4-dimethylpiperazin-2-ylJmethyl 4-(2,4-difluoraphenyl)piperazine-1-
carboxylate;
e [(258)-4-methylpiperazin-2-yljmethyl 4-phenylpiperazine-1-carboxylate;
¢ (1,4-dimethylpiperazin-2-yDmethyl 4-benzylpiperacine-1-carboxylate;

e morphelin-2-ylmethyl 4-phenylpiperazine-1-carboxylate;

1D
=
o

(25)-morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate;
e (2R)-morpholin-2-ylmethyl 4-phenylpiperazing-1-carboxylate,
¢ (4-methylmorpholin-2-yl)methyl 4-phenylpiperazine-1-carboxylate;
o [(25)-4-mithylmorpholin-2-ylJmethyl 4-phenylpiperazine-1-carboxylate;
o [(2R)-4-methylmorpholin-2-y1Jmetlyl 4-phenylpiperacine-1-carboxylate,
25 o [(2S)-4-methyhnorpholin-2-yl]methyl 4-(4-fluorophenyl)piperazine-1-carbaxylate;
o [(2R)-4-methylmorpholin-2-yllmethyl 4-(4-fluoropheny!)piperazine-1-carboxylate;
e [(25)-4-methylmorpholin-2-ylimethyl 4-(2,4-diflusrophenyl)piperazine- 1-carboxylats;
e [(2P)-4-mathylmorpholin-2-yl]mathyl 4-(2,4-difluorophenyl)piperazine-1-carboxylats;
e morpholin-2-ylmethyl 4-(4-fluorophenyl)piperazing-1-carboxylatz;

30 o (25)-merpholin-2-ylmethyl 4-(4-fluarophenyl)piperazine-1-carboxylate;

(2R)-morpholin-2-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate;

(4-methylmorpholin-2-yDmethyl 4-(4-chlorophenyl)piperazine- 1-carboxylate;

(4-methylmorpholin-2-yl)ymethyl 4-(4-fluorobenzybpiperazine-1-carboxylate;
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(4-acetylmorpholin-2-y)methy! 4-phenylpiperazine-1-carboxylate;

marpholin-3-ylmethyl 4-(4-flusrophenyl)piperazine-1-carboxylate;

(3S)-morpholin-3-ylmethyl 4-(4-fuorophenyl)piperacine-1-carboxylate;

(3R)-mwrpholin-3-ylmethyl 4-(4-fluoraphenyl)piperazine-1-carboxylate;

o (4-methylmorpholin-3-yl)methyl 4-(4-Auoraphenyl)piperazine-1-carboxylats;

¢ morpholin-3-ylmathyl 4-phenylpiperazine-1-carboxylate;

o morpholin-3-yhmethyl 4-(2,4-difluorophenyl)piperazine-1-carboxylate;

o (4-methylmorpholin-3-ylmszthyl 4-(2,4-difluorophenyl)piperazine-1-carboxylate;
o (28)-morpholin-2-ylmethyl 4-(2,4-diflusrophenyl)piperacine-1-carboxylate; and

o (2R)-morpholin-2-ylmethyl 4-(2,4-difluvorophenyl)piperazine-1-carbozylate.

Anather aspect of the present invention is a compound of forrmula (I) for use in therapy.

In a further aspect, the invention relates (o a compound of formula (I) for use in the

treatment or prevention of any of thes disorders or conditions described herein.

In yet a further aspect, the invention relates to the use of a compound of formula (1) in the
manufacture of a medicament for the treatment or pravention of any of the disorders or

conditions described herein.,

In some embodiments, said compounds may be used in the manufacture of a medicament
for the treatment or prevention of a condition that is prevented, treated, or ameliorated by

selective action on the leptin receptor.

In some embodiments, said compounds may be used in the manufacture of a medicament
for the treatment or prevention of conditions (in particular, metabolic conditions) that are
associated with weight gain, Conditions associatzd with wazight gain include diszases,
disarders, ar other conditions that have an incrzased incidencs in obese or overwszizht
subjects. Examplas include: lipodystrophy, HIV lipadystrophy, diabatas (type 2), insulin
resistance, metatolic syndrome, hyperglycamia, hyperinsulinemia, dyslipidemia, hepatic
steatosis, hyperphagia, hypertension, hypertriglyceridemia, infertility, a skin disorder

associated with waight gain, macular degeneration. In some embadiments, the compounds
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may also be used in the manufacture of a medicament for maintaining weight loss of a

subject.

In somz embodiments, compounds of formoala (I) which are leptin receptor agonist

mimetics may also be vsed in the manufacture of a medicament to promote wound healing.

In somz embodiments, compounds of formwla (I) which are leptin receptor agonist
mimetics may also be used in the manufachure of a medicament for the ifreatment or
prevention of condiiions that cause a decrease in circulating leptin concentrations, and the
consequent malfunction of the immmmnz and reproductive systems. Examples of such
conditions and malfunctions include severe weight loss, dysmenorrhea, amenorrhea,
female infetility, immumodeficiency and conditions associated with low testosterone

levels.

In some embodiments, compounds of fornmla (I) which are leptin receptor agonist
mimetics may also be used in the manufactive of a medicament for the reatment or
prevention of conditions caused as a result of leptin deficiency, or a leplin or leptin

receptor mutation.

In some other embodimeants, compounds of formula (T) which are leptin receptor antagonist
mimetics may bz used for the treatinent or prevention of inflarnmatory conditions or
discases, low level inflammation associated with obesity and excess plasma leptin and in
reducing other complications associated with obesity including atherosclerosis, and for the

correction of insulin resistance seen in Metabolic Syndroine and diabetes.

In some embodiments, compounds of formula (I) which are leptin receptor antagonist
mimetics can be used for the treatment or prevention of inflammation caused by or
associated with: cancer (such as laukemias, lymphomas, carcinomas, colon cancer, braast
cancer, lung cancer, pancreatic cancar, hepatoczllular carcinoma, kidney cancer,
melanoma, hepatic, lung, breast, and prostats metastases, 26¢.); auto-immune diseass (such
as organ fransplant rejection, lupus erythematosus, graft v, host rgjection, allograft
rejections, nmultiple sclerosis, rhevmatoid arthritis, type T diabetzs mellitus including the

destruction of pancreatic islets leading to diabetes and the inflavmatory consaquences of
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diabetzs);, antoimmune damags (including mmltiple sclzrosis, Guillamn Barre Syndrome,
myasthepia gravis); cardiovascular conditions associated with poor tissue perfusion and
inflammation (such as atheromas, atherosclerosis, stroke, ischaemia-reperfusion injury,
claudication, spinal cord injury, congestive heart failure, vasculitis, hagmorrhagic shock,
vasospasm following subarachnoid haemorhage, vasospasm following cerebrovascular
accident, plewritis, pericarditis, the cardiovascular complications of diabetes); ischaemia-
reperfusion  injury, ischaemia and associated inflammation, restenosis following
angioplasty and inflammatory  ancurysms; epilepsy, nzurodegeneration  (including
Alzheimer's Disease), arthritis (such as rheumatoid arthritis, osteoarthritis, rheumatoid
spondylitis, gouty arthritis), fibrosis (for examplz of the lung, skin and liver), multiple
sclerosis, sepsis, septic shock, zncephalitis, infectious arthwitis, Jarisch-Har<heimer
reaction, shingles, toxic shock, cerebral malaria, Lyme’s disease, endotoxic shocl:, gram
negative shoack, haemonhagic shocl, hepatitis (avising both from tissuz damage or viral
infection), deep vein thrombeosis, gout; conditions associated with breathing difficulties
(¢.z. chromic obstructive pulmonary disease, impeded and obstructed  airways,
bronchoconstriction, pulmonary vasoconstiiction, impeded respiration, chronic pulmonary
inflammatory  disease,  silicosis, pulmonary  sarcosis, coystic  fibrosis, pulmonary
hypertension, pulmonary  vasoconstriction, emphysema, bronchial allergy and/or
inflammation, asthma, hay fevzr, rhinitis, vernal comjunciivitis and adult respiratory
distress syndroni?); conditions associated with inflammation of the skin (including
psoriasis, eccema, uleers, contact dermatitis); conditions assaciated with inflammation of
the bhowel (including Crohn’s discase, ulcerative colitis and pyresis, irritable bowel
syndrome, inflammatory bowel disease); HIV (particularly HIV infection), cerebral
malaria, bacterial meningitis, osteoporosis  and  other bone resorption  Jiseases,
osteoarthritis, infertility fiora endometriosis, faver and myalgia due to infection, and other
conditions mediated by excessive anti-inflanmatory cell (including neutrophil, eosinophil,

macrophage and T- cell) activity.

In some embedimants, compounds of formula (I) which are leptin receptor antagonists
mimetics may ba used for the trzatment or praveniion of macro or micro vascular
complications »f type 1 or 2 diabetes, retinopathy, nephropathy, autonomic neurapathy, or

blood vessel demage caused by ischacmia or atherosclerosis,
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In some embodiments, compounds of formula (I) which are leptin receptor antagonist
mimetics may be used to inhibit angiogenesis. Compounds of the invention that inhibit
angiogenesis may be used for the treatment or prevention of obesity or complications
associated with obesity, Comipounds of the imvention that inhibit angisgenesis may be used
for the treatment or prevention of complications associated with inflarmmation diabetic

retinopaihy, or tumour growth particularly in breast, prostate or gastrointestinal cancer,

In a further aspect, the mvention relates to a method for the treatment or prevention of any
of the disorders or conditions describad hervein, which includes administering to a subject
(e.2., a subject in nead thereof, e.g., a mammal) a effective amount of a compound of

o

formula 1.

Methods delincated herein include those wherein the subjzct is identified as in need of a
particular statzd treatment. Identifying a subject in need of such treatment can be in the
judgmant of a subject or a health care professional and can be subjective (&.g. opinion) or
objective (e.g. measurable by a test or diagnostic methad).

In othér aspects, the methods herzin include those further comprising monitoring subject
raspanse to the treatment adnunistrations. Such monitoring may include periodic sampling
of subject ticsue, fluids, specimens, cells, proteins, chemical markers, genetic matzrials,
etc. as marlzers or indicators of the treatment regimen. In other methods, the subject is
presereened or identified as in need of such treatment by assessment for a relevant marker
or indicator of suitability for such (reatment.

In one embodiment, the invention providzs a method of monitoring treatment progress.
The method includes the step of determining a level of diagnostic marker Marker) (e.g.,
any targéet or cell type delineatzd herein modulated by a compound herein) or diagnostic
measurement (&.2., screen, assay) in a subject suffering from or susceptible to a disorder or
symptoms thereof delineatsd hervein, in which the subject has heen administered a
therapeutic amwount of a compound herzin sufficient to (reat the disease or symptoms
thereof. Th level of Marker determined in the methad can be comparad o known Levels of
Marler in zither hzalthy normal controls or in other afflicted patients to cstablish the
subject’s diszase status. In preferred embodiments, a second level of Marker in the subject
15 determined at a time point later than the determination of the first level, and the two

levels are compared to monitor the course of disease or the efficacy of the therapy. In
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certain preferred embodiments, a pre-treatment level of Marker in the subjact is detarmined
prior to beginning treatment according to this invention; this pre-treatment level of Marker
can then be compared to the level of Marker in the subject after the treatment commences,
to determing the efficacy of the treatment.

In certain method embodiments, a level of Marker or Marker activity in a subject is
deterinined at least once. Comparison of Marker levels, e.g., to another mzasurement of
Marker lavel obtained previously or subscgquenily from the same patient, another patient, or
a normal subject, may be useful in detzrmining whether therapy according to the invention
is having the dJesired effect, and thereby permitting adjustinent of dosage levels as
appropriate. Determination of Markar levels may be performed using any suitable
sampling/ezpression assay method Lknown in the art or described herein. Preferably, a
tissue or fluid sample is first removed from a subject. Examples of suitable samples
include blood, urine, tissue, mouth or cheel: cells, and hair samples containing roots. Other
suitable samples would be known to the person skilled in the at. Determination of protein
levels and/or mRNA levels (2.3., Markar levels) in the sample can be parformed using any
suitable technique known in the art, including, but not limitzd to, enzyme immunoassay,
ELISA, radialabeling/assay techniques, blotting/chemiluminescence methods, real-time

PCR, and the like.

In some embodiments, it may be advantageous if a compound of formula (I) is able o
penetrate the central nervous systzrm. In othar embodiments, it may be advantageous if a
compound of formula (I) is not ablz to penetrate the CNS. In general, it is expeacted that
compounds that are leptin raceptor agonist mimetics may be particularly useful for the
freatmant or prevention of obesity, insulin resistance, or diabetes (particularly glucose
intolerance) it these compounds can pencivate the CNS. A person of ordinary skill in the
art can rzadily determine whether a compound can penetrate the CNS. A suitable method

that may be used is described in the Biological Methods section.

A leptin receptor response may bz maasured in any suitable way. In vitro, this may be done
be measuring leptin receptor signaling. For examplz, phosphorylation of Akt, STAT3,
STATS, MAPK, shp2 ar the lepiin receptor in response to binding of leptin or a compound
of the invention o the leptin receptor may be measured. The extent of phosphorylation of

Al:t, STAT3, STATS, MAPK, shp?2 or the leptin receptor may be detzrmined for sxample
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by Weastem blotting or by ELISA. Aliernatively, a STAT reporter assay may be used, for
example STAT driven luciferase expression. A czll line exprassing the leptin raceptor may
be used for such assays. In vivo, leptin receptor response may b measured by determining
the reduction in food intake and body weight after administration of leptin or a compound

of the invention,

The Biological Methods below describe assays and methods that can be used to determine
whether a compound of the invention is a leptin receptor agonist mimetic or a leptin

receptor antagonist mimetic.

A compound of fornwla (I) may be adminisiered with or without other therapeutic agents.
For example, where it is desired to raduce inflammation, the compound may be
administered with an anti-inflavamatory agent (for example, disease modifying anti-
rheumatic drugs such as methotrexatz, sulphasalazine and cytokine inactivating agents,
steroids, NSAIDs, cannabinoids, tachykinin modulators, or bradykinin modulators). Where
it is desired o provide an anti-tumour effect, a compound of formula (I) may be
administzred with a cytotoxic agent (for example, methotrexate, cyclophosphamide) or

another anti-tumour drug.

Compounds of formmla (I) may be radiolabeled (Fr example with tritiim or radivactive
ioding) for in vitro or in vive applications, such as receptor displacement studies or

receptor imaging.

A further aspect of the present imvention relates to processes for the manufacture of

compounds of formula (I) as defined above. In one embodiment, the process comprises:
(a) reacting a compound of formula (IT):

HI \l’[/\]?‘ wherein B3, R b, ¢, fand z arz as defined in

PR \
r]l o L ' ‘H_[R le formula (1),
Ry Uk

(I
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with 4-nitrophenyl chloroformate or bis-(4-nitrophenyl)carbonate in the presence of a
suitable base (such as DIPEA or NE(;) in a suitable solvent (such as DCM or THF), at -10

to 40 °C, to form a compound of formula (I1):

ON-_ 2
| S
Uy .T | J;V.’E[R“]
cOoML s ¢

'-,_‘-"‘— B -
() R% I
(b) reacting the compound of formula (IIT) with & commpound of formula IV):

X wherain X, R', R% a, d and ¢ are as defined in

>§{' JeoH
R T N'\ formula (),
R1

(V)

in the presence of a suitable base, (such as NaH or NMM), in a suitable solvent (such as

THF or DCM), at -10 to 40 °C, o obtain a corapound of formula (1); and

(¢) optionally, in one or several steps transforming a compound of formula (I) into another

compound of formula ().
In another embadiment, the process comprises:

(a) rzacting a compound of formula (IV):

Y— 1is wherein X, R!, R, a, d and e are as defined in
L 3 Tom
(R KN formula (1),
a d \ 1
R
(V)

with 4-nitrophenyl chloroformate or bis-(4-nitrophenyl)carbonate in the prosenee of a
suitable base (such as DIPEA or NMM) in a suitable solvent (such as DCM), at -10 to 40

°C, to form a compound of formula (V):
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X— & L

)
[Rzlajﬁd-N\

R’ (V)

C) i Y (:) o "{f; .

(b) reacting the compound of formula (V) with a compound of formula (II):

HIN /{f]l.;‘l e . wherein R?, R b, ¢, Fand z are as definzd in
oM. J\ -H_[R Je formula (D),
R R
(1

in the presence of a suitable base, (such as DIPEA), in a suitable solvent (such as DCM or

DMF), at -10 to 40 °C, to obtain a compound of formula (I); and

(c) optionally, in one or several steps transforming a compound of formula (I) into another

compound of formula (I).
DEFINITIONS

The following definitions shall apply throughount the spzcification and the appended
claims.

Unless otherwise stated or indicated, the term “Cis-allyl” denotes a straight or branched
allzyl group having from 1 to 6 carbon atoms. Examples of said C)s-allyl include methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl, and straight- and
branched-chain pentyl and hexyl. For parts of the range “C)g-alkyl” all subgroups thereof
are comtemplated such as Cj_s-alkyl, C)4-allyl, C);-alliyl, C)-alkyl, Cjs-alkyl, Cas-alkyl,
Caa-alkyl, Cyz-alkyl, Css-allyl, Cys-allzyl, cte.

Unless otherwise statzd or indicatad, the term “Cjg-acyl” dznotzs a carhonyl group that is
attached through its carbon atom to a hydrogen atom (i.e., a formyl group) or to a straight
or bratiched C;_;-allzyl group, where alkyl is defined as above. Examples of said C,s-acyl

include formyl, acetyl, propionyl, n-butyryl, 2-methylpropionyl and n-pentoyl. For parts of
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the range “Cjs-acyl” all subgroups thereof are contemplatzd such as Cj.s-acyl, Cy-acyl,
Cyz-acyl, Cyz-acyl, Cyg-acyl, Caos-acyl, Ciu-acyl, Ciz-acyl, Cis-acyl, Cys-acyl, ete. If a
Cig-acyl group is optionally substituted with one or more substituznts independently
selected from halogen, hydroxy and Cg-all:oxy, said substituent can not be attached to the
carbonyl carbon atom.

Unless otherwiss stated or indicated, the term “C)g-alkoxy” denotss a straight or branched
alkoxy group having from 1 to 6 carbon atorms. Examples of said Cg-alkoxy include
methoxy, ethozy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy, t-butoxy, and
straight- and branched-chain pentoxy and hexoxy. For parts of ths rangs “Cjs-alkoxy” all
subgroups thereof are contzmplated such as Cy-alkoxy, Ciy-alloxy, Cys-alkoxy, C.z-
all:oxy, Cyg-alkony, Cos-alkoxy, Cay-alloxy, Cis-alkoxy, C;s-alkaxy, Cys-alkaxy, ete.
“Halogen” efers to fluorine, chloring, broming or iodine.

“Hydroxy” refers to the —OH radical.

“Nitro” refers to the -NQ, radical.

“Cyano” refers to the —CN radical.

“Optional” or “optionally” means that the subsequently described event or circumstance
may but need not occur, and that the description includes instances whare the event or
circumstance oceurs and instances in which it doas not.

The term “mammal” includes organisims, which include mice, rats, cows, sheep, pigs,
rabbits, goats, and horses, monkays, dogs, cats, and preferably humans. The subject may be
a human subject or 2 non human animal, particularly a domesticated animal, such as a dog.
“Pharmacautically acceptable” means bzing useful in prepaing a pharmaceutical
composition that is generally safe, non-toxic and neither biologically nor otherwise
undesirable and includes being useful for veterinary use as well as human pharmaceutical
use.

“Treatment” as used herein includes prophylaxis of the named disorder or condition, or
amelioration or elimination of the disavder once it has been established.

“An effective amount” refers to an amount of & compound thai confers a tharapeutic effect
(¢.z., treats, comtrols, amecliorates, prevents, delays the onset of, or reduces the risk of
developing a diszasz, disorder, or condition or symptoms thereof) on the freated subjact,
The therapeutic effect may be objective (i.e., measurable by some test or marker) or

subjective (1.2, subject gives an indication of or fels an effect).
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“Pradrugs” refers to compounds that may be converted under physiological conditions or
by solvolysis to a biologically active compound of formula (I). A prodmg may be inactive
when administered 0 a subject in need thereof, but is converted in vive to an active

compound of formula (I). Prodrugs are typically rapidly transformead in vivo to yield the
parent compound, e.g. by hiydrolysis in the blood. The prodiug compound usually offers
advantages of solubility, tissue compatibility or delayed release in a mammalian orgfmism
(see Silvarraan, R. B., The Organic Chemistry of Drug Design and Diug Astion, 2 ™ Ed,
Elsevier Academic Press (2004), pp. 4938-349), Pradrugs may be preparad by modifying
functional groups, such as a hydrosy, aming or mercapto groups, present in a compound of
formula (I) in such a way that the modifications are cleaved, either in routine manipulation
or in vive, 1o the parent compound. Examples of prodrugs include, but are not limited to,
acetate, formate and succinate derivatives of hydroxy functional groups or phenyl

carhamate derivatives of amine functional groups.

Thraoughout the specification and the appendad claims, a given chemical formula or name
shall also encompass all salts, hydrates, solvates, N-oxides and prodrug forms therzof.
Further, a given chemical formula or name shall encompass all tautomeric and
stereoisomatic forms thereof. Stereoisomers include enantiomers and diasiereomers.
Enantiomers can he present in their pure forms, or as racemic (equal) or unequal mixtures
of two enantiorers. Diastereomers can be present in their pure forms, or as mixtures of
diastereomers. Diastereomers also include geometrical isomers, which can be present in
their pure ofs or frans forras or as mixtures of those.

The compounds of formula (I) may bz used as such or, wher: appropriate, as
pharmacologically  acceptable  salts  (acid or base addition salts) thereof. The
pharmacologically acceptable addition salts mentioned below are meant (o comprise the
therapentically active non-toxic acid and base addition salt forms that the compounds are
able to foim. Compounds that have basic properticss can be convertzd to  their
pharmaceutically acceptable acid addition salis by treating th: basz form with an
appropriatz acid. Exemplary acids include inorganic acids, such as hydrogzn chloride,
hydrogen bromidz, hydrogen iodide, sulphuric acid, phosphoric acid; and organic acids
such as formic acid, acetic acid, propaneic acid, hydroxyacetic acid, lactic acid, pyruvic
acid, glycolic acid, maleic acid, malonic acid, oxalic acid, benzenesulphonic acid,

taluenesnlphonic acid, methanesulphonic acid, trifluoroacetic acid, fumaric acid, succinic



wn

10

15

30

WO 2009/07165%8 17 PCT/EP2008/066877

acid, malic acid, tartaric acid, citric acid, salicylic acid, p-aninosalicylic acid, pamaic acid,
benzoic acid, ascorbic acid and the like. Exemplary base addition salt forms are the
sodium, potassiuin, calciurn salts, and salis with pharmaceutically acceptable amines such
as, for example, ammonia, alkylamines, benzathing, and amine acids, such as, =.g. arginine
and lysine. The term addition salt as used herzin also comprises solvates which the
compounds and salis thereof are able to form, such as, for example, hydrates, alcoholates

and the like.

COMPOSITIONS

For clinical use, the compounds of the invention are formulated into pharmaceutical
formulations for various modzs of administration. It will be appreciated that compounds of
the invention may be administered togsther with a physiologically acceptabls carrier,
excipient, or diluent. The pharmaceutical compasitions of the invention may be
administered by any suvitable route, preferably by oral, rectal, nasal, topical (including
buccal and sublingual), sublingual, transdzrmal, inirathecal, transmucosal or parenteral
(ncluding subcutansous, intramuscular, intfravenous and intradermal) administration,

Other formulations may conveniently be presented in unit dosage form, e.g., tablets and
sustained release capsules, and in liposomes, and may bz prepared by any methods well
known in the art of pharmacy. Pharmacentical formulations arz usually prepared by miving
the active substance, or a pharmacentically acceptable salt thareof, with conventional
pharmaceutically acceptable carriers, diluents or excipients. Exaples of excipiznls are
water, zelatin, gnm arabicumn, lactose, microcrystalline cellulose, starch, sodium starch
glycolate, calcium hydrogen phosphate, magnesium stearate, taleum, colloidal silicon
dioxide, and the like. Such formulations may also contain other pharmacologically active
agents, and conventional additives, such as stabilizers, wetting agents, emulsifiers,
flavouring agents, buffers, and the lil:z. Usually, the amount of active compounds is
betwean 0.1-95% by weight of the praparation, preferably batween 0.2-20%5 by weight in
preparations for parentzral use and more preferably batween 1-50% by weight in
preparations for oral administration.

The formulations can be further prepared by lmown methods such as granulation,
compression, micraencapsulation, spray coating, etc. The formulations may be prepared by

conventional methods in the dosage form of tableis, capsules, granules, powders, syrups,



wh

10

WO 2009/071658 18 PCT/EP2005/066877

suspznsions, suppositories or injections. Ligquid formulations may be prepared by
dissolving »r suspending the active substance in water or other suitable vehicles. Tablets
and granules may be coated in a conventional manner. To maintain therapeutically
effective plasma concentrations for extended periods of time, compounds of the invention
may be incorporated into slow release formulations.

The dose level and frequency of dosage of the specific compound will vary depending on a
variety of factors including the poiency of the specific compound employed, the metabolic
stability and length of action of that compound, the patient's age, body weight, general
health, sex, diei, mode and time of administration, rate of excretion, drug combination, the
severity of the condition to be treated, and the patient undergoing therapy. The daily
dosagz may, for example, range from about 0.001 mg to about 100 mg per Lila of body
weight, administerad singly or multiply in doses, ¢.g. from about 0.01 mg to about 25 mg
each. Normally, such a dosage is given orally but parenteral administration may also be

chosen.
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PREPARATION OF COMPOUNDS OF THE INVENTION

The compounds of formula (I) above may be prepared by, or in analogy with, conventional
methods. Formation of the central urethane or urea linker is the liey synthetic step in
preparing the compounds formula (I). A large number of activating reagents can bz used
for the formation of a wethane or urea linker e.g. phosgene (o form chloroformate of
alcohols, or carbonyldiimidazole (CDI) i form imidazole carboxylates. Typically the
urcthane linkers incorporaied into compounds of formula (I) have been synthesized
utilizing 4-niirophenyl chloroformate or bis-(4-nitrophenyl)carbonate as the activating
agent. The preparation of intermediates and compounds according to the examples of the

present invention may in particular be illuminated by the following Schemes 1 and 2.

(4

Definitions of variables in the structures in the schemes herein are commensurate with

P

those of corresponding positions in the formulae delineated herein.

Scheme 1. Preparation by activation of the piperazine moiety
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wherein X, R'-R" and a-3 are as defined in formula 1,
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In ong procedure, as generally represented in Scheme 1, the piperacine moiety is activated
by ftreating piperazine derivative (II) with 4-nitrophenyl chloroformate or  bis-(4-
nitrophenyl)carbonate in the presence of a base (such as DIPEA) to form the corresponding

carbamate derivative (IIT). Treaiment of this activated intermediatz with the appropriate

I

)

alcohol moicty (IV) in the presence of a base (such as NaH) resulis in the formation of the

desired compound of formula (I).

Scheme 2. Preparation by activation of the alcohol moiety
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wherein X, R'-R” and a-g are as defined in formula 1.

15 Inan alternative procedure, the alcohol moiety is activated by treating alcohol (IV) with 4-

nitrophenyl chloraformate or bis-(4-nitrophenyl)carbonatz in the presence of a base (such
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as DIPEA) to form the corresponding 4-nitrophenyl carbonate derivative (V). In the next
stzp, the activated carbonatz (V) is trzated with thes appropriate piperazing moiety (IT) in
the presance of a basz (such as DIPEA), resulting in the formation of the desired

compound of formula (T). This is generally represented in Scheme 2.

The formation of the urethans is typically a two step process but this may also be
performed in a one-pot reaction by formation of the activated intermediate in situ. The

experimental seciion below gives examplas of all of these synthetic alternatives.

The necessary starting materials for preparing the compounds of formula (1) are either
commearcially available, or may be prepared by methods Inown in the art.

Thz processes described below in the experimental section may be carried out to give a
compound in the form of a fre2 basz or as an acid addition salt. A phannaceutically
acceptable acid addition salt may be obtained by dissolving the fiee base in a suitable
orzanic solvent and freating the solution with an acid, in accordance with conventional
procedures for preparing acid addition salts fiom base compounds. Exaniples of addition
salt forming acids are mentioned above.

The compounds of forrmula (I) may passess one or more chiral carbon atoms, and they may
therefore be obtained in the form of aptical isomers, e.z., as a pure enantiomer, or as a
mixture of enantiomers (racemate) or as a mixbure containing dJdiastereomers. The
separation of mixtures of optical isomers to obtain purz enantiomers is well known in the
art and may, for example, be achieved by fractional crystallization of salts with optically
active (chiral) acids or by chromatographic separation on chiral columns.

The chemicals used in the synthetic routes delingated herein may include, for example,
solvents, reagents, catalysts, and protecting group and deprotecting group reagents.
Examples of protecting groups are  t-butoxycarbonyl (Boc), benzyl and  trityl
(triphznylmethyl). The methods dzscribed above may alse additionally include steps, cither
before or after the steps describad specifically hersin, o add or remove suitablz protecting
groups in order to ultimatzly allow synthesis of the compounds. In addition, various
synthztic stzps may be performad in an alternate sequence or order to give the desired
compounds. Synthetic chemistry transformations and protecting group mathodologizs
(protection and deprotection) useful in synthesizing applicablz compounds are known in

the art and include, for example, those described in R. Larock, Comprehensive Orgzanic
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Transformations, VCH Publishers (1989); T.W. Greene and P.G.M. Wuts, Profective
Groups in Qrganic Synthesis, 3 Ed., John Wiley and Sons (1999); L. Fieser and M.
Fieser, Fieser and Ficser's Reagents for Qrganic Synthesis, John Wilzy and Sens (1994);
and L. Paquatte, ed., Encyclopedia of Reagents for Organiz Synthesis, John Wiley and

Sens (1995) and subszquent editions thereof.,

The following abbreviations have been used:

-AmOH tert-Amylalcohol

Bec tert-Butoxycarbonyl

t-Bu tert-Butyl

DCM Dichloromethane

DIPEA N,N-Diisopropylethylamine
DMF N,N-Dimethylformamide

ES” Electrospray

Et,0 Diethyl ether

EtOAc Ethyl acetate

HIV Human immunodeficiency virus
HPLC High performance liquid chromatography
ICV Intracerebroventricular

LCMS Liquid Chromatography Mass Spectrometry
M Molar '
[MH]" Protonated molecular ion

NEt; Triethylamine

NMM N-miethyl morpholine

RP Reverse Phase

tert Tertiary

TFA Trifluoroacetic acid

THF Tetrahydrofuran

Embadiments of the invention ars describad in the following examples with referance o

the accompanying drawings, in which:
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Figure 1 shows an example of body weight separation batween animals fed on a high

carbohydrate dizt. The ervor bars represent mean +/-SEM.

Figure 2 shows the cumulative body weight change (%) obsarved in a 4 day study in DIO

rats for Example 7.

Figure 3 shows the cumulative body weight change (%) observed in a 4 day study in DIO

rats for Example 20.

Figure 4 shows the curnulative body weight change (%) observad in a 4 day study in DIO

rats for Example 30.

Figure § shows the concentration-dependent increase in [PH]-thymidine incorporation by

JEG-3 cells for leptin.

The recitation of a listing of chemical groups in any definition of a variable herein includes
definitions of that variable as any single group or combination of listed groups. The
recitation of an embodiment herein inchudes that embodinent as any single embodiment or

in combination with any other embodimznts or portions thereof.

Thz invention will now be further illustrated by the following non-limiting examples. The
specific examples below are to be eonstruad as merely illustrative, and not limitative of the
remainder of the discloswre in any way whatsoever. Without further elaboration, it is
believed that one slilled in the art can, based on the description herein, utilize the present
invention to its fullest extent. All references and publications cited herein are hereby

incorporated by reference in their entirety.
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EXAMPLES AND INTERMEDIATE COMPOUNDS
Experimental Methads

All rzagents were commarcial grads and were unsed as received without further
purification, unless otherwise specified. Commercially available anhydrous solvents were
used for reactions conducted under inert atmosphere. Reazent grade solvents were used in
all other cases, unless otherwise spacified. The methyl isocyanate resin was supplied by
NovaBiochem (Cat. No, 01-64-0169), Analytical LCMS was performed on a Waters Z0Q
mass spectrometer connected to an Agilent 1100 HPLC system. Analytical HPLC was
performed on an Agilent 1100 system. High-resolution mass spectra (FHRMS) were
obtained on an Agilent MSD-TOF connected to an Agilent 1100 HPLC system. During the
analyses the calibration was checlied by two masses and automatically comrectzd when
nezded. Spectra are acquired in positive electrospray mode. The acquired mass range was
n/z 100-1100. Profilz deiection of the mass peaks was used. Flash chromatography was
performad om a Flash Master Personal system equipped with Strata SI-1 silica gigatubes.
Reverse phase chromatography was performed on a Gilson systzm equipped with Merck
LiChoprep® RP-18 (40-63pum) 460 % 26mm column, 30 mL/min, gradient of methanol in
water, Preparative HPLC was performed on a Gilson sysiem equipped with Phenomenex
Hydro BP 15 0 20mum, 20 mL/min, gradient of acetonitrile in water. The compounds were

automatically named using ACD 6.0 or 8.0.

Analytical HPLC and LCMS data were obtained with:

System A: Phenomenex Synergi Hydro FP, (130 x 4.6mum, 4pm), gradient 5-100°: CH:CN
(+-0.085% TFA) in HaO (--0.1% TFA), 1.5 ml/min, with a gradient time of 7 min, 200-300
nm, 30 °C; or

System B: Phenomenes Synergi Hydro RP, (150 x 4.6mim, 4pm), gradient 5-25%% CH.CN
(+0.085% TFA) in H,O (+-0.1% TFA), 1 mL/min, with a gradient time of 15.5 min, 200-
300 nm, 40 °C.

Analytical LCMS data were also obtained with:

System C: Phenomener Synergi Hydro RP (30 » 4.émm, 4pm), gradient 5-100% CH;CN
(+0.085% TFA) in HzO (+-0.1% TFA), 1.5 mL/min, with a gradient time of 1.75 min, 30
°C.
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INTERMEDIATE 1
4-Nitrophenyl 4-(4-methyl)phenylpiperazine-1-carboxylate

OZN\ ///\

I‘\ |] ”
RSP Ot .N
t ‘:?N\ .

To a solution of 1-(4-methylphenyl)piperacine dihydrochloride (10.65 z, 42.7 mmeol) and
DIPEA (22 mL, 133 mmol) in DCM (100 mL) at 0 °C was added 4-nitrophenyl
chloroformate (2.5 g, 47.1 mmol). The reaction mizture was stirred for 30 minutes at 0 °C
and then washed with satwated sodivm hydrogzn carbonate solution (3 = 200 mL), dried
(MzS0.) and concentrated /n vacuo (o give 4-nitrophenyl 4-(4-methyl)phenylpiperazinz-1-
carboxylate (17.84 g, quantitative) as a yellow solid which was used without further
purification.

Analytical LCMS: purity ~90% (System C, Ry = 2.20 min), ES™: 342.1 [MH]".
¥ purity (> )

INTERMEDIATE 2
4-Nitrophenyl 4-phenylpiperazine-1-carboxylate

02N ~. //,'\

"

@

To a solution of phenylpiperazin:g (12.0 g, 74.0 mmol) and DIPEA (13.5 mL, 81.6 mmol)
in DCM (70 mL) at O °C add 4-nitrophenyl chloroformate (16.5 g, $1.71 mmol). The
reaclion mixture was stirred for 30 minufzs at 0 °C and then washed with saturated sodium
hydrogen carbonate solution (3 x 200 mL), dried (MgSQy4) and concentrated in vacuo o
give a 4-nitrophenyl 4-phenylpiperazing-1-carboxylate (24.8 g, 102%) as a yellow solid
which was used without further purification,

Analytical LCMS: purity ~90% (Systern C, Ry = 2.40 min), ES™: 328.1 [MH]".
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INTERMEDIATE 3
1,4-Dimethyl-(S)-2-hydroxymethyl piperazine

|

N e
(J

N

I

(S)-2-Piperazing carboxylic acid dihydrochlovide (5.10 g, 25.1 mumol) was dissolved in
water (10 mL) and dioxane (40 mL) and cooled to 0 °C. Sodium hydroxide (3.10 g, 77.5
mmal) in water (6 mL) and di-ferr-butyl dicarbonate (11.5 g, 52.7 mumol) were added. The
rzaction mixlure was stirred at room temparature for 16 hours and then concentrated in
vacuo. The residue was suspendad in DCM (400 mL), stirred for 30 minutes at room
tenperature and then fltered. The filate was concentrated /in vacuo to give (S)-2-
piperazine-1,2,4-tricarboxylic acid 1,4-di-tert-butyl ester (2.90 z, 1199%) as a white solid
which was used without further purification.

Analytical LCMS: purity 100% (System C, Ry = 2.28 min), ES™: 331.1 [MH]".

(S)-2-Piperazine-1,2,4-tricarboxylic acid 1,4-di-ferf-butyl ester (9.90 g, 30.0 mmol) was
dissolved in THF (14 mL). 1M boran2 in THF (20 mL, 90.0 mmol) was added at room
temperature. The rzaction mixture was stirred at reflux for 4 hours and then coolad o 0 °C
and quenchad with the drop-wise addition of mzthanol (100 mL) and then concentrated in
vacuo to give (8)-2-hydroxymethyl-piperazing-1,4-dicarbozylic acid di-fers-butyl zster
(12.07 g, 127%) as a white solid which was used without further purification.

Analytical LCMS: purity 100% (System C, R = 2.08 min), ES*: 339.4 [MH]".

(S)-2-hydroxymethyl-piperazine-1,4-dicarboxylic acid di-ferr-butyl estzr (5.66 2, 17.9
nunal) was dissolvad in THF (10 mL) and cooled to 0 “C. 2M LiAlH, in THF (28.5 mL,
57.0 mmol) was added. The reaction mixture was stirred at rzflux for 4 hours and thzn
coalzd to 0°C and quenched with the drop-wise addition of 1M sodiui hydroxide solution
(20 10L). The reaction mixture was diluted with THF (50 L), filtered and the filtrate was

concentrated in vacuo o give 1, 4-dimethyl-(S)-2-hydroxymeihyl piperazine (1.44 g2, 502%)

as a colourless oil which was used without further purification.

Analytical LCMS: puriiy ~90% (System C, Fr = 0.38 min), ES™: 143.2 [MH]".
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INTERMEDIATE 4
1,4-Dimethyl-(R)-2-hydroxymethy! piperazine

I
[Nj/\OH

N

I
(R)-Piperazine-1,3-dicarboxylic acid 1-ferr-butyl ester (4.94 g, 21.5 mmol) was dissolved
in water (10 mL) and dioxane (20 mL) and cooled to 0 °C. Sodivm hydroxide (1.72 g, 43.0
mmol) in water (4 mL) and di-reré-butyl dicarbonate (5.20 g, 23.8 mmal) were added. The
reaction mixtura was stiired at room temperature for 16 hows and then concentratzd in
vacuo. The residue was suspendad in DCM (400 mL) and stired for 30 minutes at room
temperature, filtered and the filvate was concentratzd in vacuo o give (R)-2-piperazine-
1,2 4-tricarboxylic acid 1,4-di-fer-butyl ester (1,78 g, 138%) as a pale yellow ail which

was used without further purification.

Analytical LCMS: purity ~90% (System C, Rt = 1.56 min), ES™: 131.7 [M+H-2Boc]".

(R)-2-Piperazing-1,2,4-tricarboxylic acid 1,4-di-icrt-buiyl ester (2.16 g, 6.55 mmol) was
dissolved in THF (10 mL). 1M btorane in THF (20 mL, 20.0 numol) was added at room
temparature. The reaction mixture was siirred at raflux for 4 hours and then coolad 0 0 °C
and quenchad with the drop-wise addition of methanol (60 mL) and than conczntrated in
vacuo to give (R)-2-hydracymethyl-piperazine-1,4-dicarboxylic acid di-feri-butyl ester
(2.60 g, 125%) as an off whitz solid which was used without further purification.

Analytical LCMS: purity ~90% (System C, Bt = 2.06 min), ES™: 116.9 [M--H-2Boc]".

(R)-2-hydroxymethyl-piperazinz-1,4-dicarhoxylic acid di-fert-butyl ester (6.24 g, 19.7
mmol) was dissolved in THF (10 mL) and cooled o 0 °C. 2M LiAlH, in THF (30.0 mL,
60.0 mmol) was addad. The reaction mixture was stirred at raflux for 4 howrs and then
cooled to 0 °C and quenched with the drop-wise addition of 1M sodivm hydroxidz solution
(20 mL). The reaction mixture was diluted with THF (50 mL), filiered and the filtrate was

2%%)

concentrated in vacua o give 1,4-dimethyl-(R)-2-hydroxymeihyl piperazine (1.77 g, 62%

as a colourless oil which was used without further purification.

Analytical LCMS: purity 1009 (System C, Ry = 0.44 min), ES™: 143.2 [MH]".
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INTERMEDIATE 5
(S)-(4-Methyl-piperazin-2-yl)-methanol

mL, 32.6 mmol). The rzaction was heated o 90 °C and stirrad under raflux for 2 howrs.
The reaction mixture was removad from the heat before a further 1.5 equivalents of 1.0 M
borane THEF complex solution (32.6 mL, 32.6 mnel) was addzd. The reaction was re-
heated to 90 °C and stirred under reflux for a furthar 2 hours. The reaction was cooled to 0
°C and quenched by the slow addition of MeOH. The rzaction mivture was then
concentrated in vacuo, The white solid abtained was dissolved in THF (30 mL), conled to
0 °C end clowly added a 2.0M solution of LiAlH; in THF (27 mL, 54.0 mmol). The
reaction was heated o 90 °C and stirred under reflux for 2h. A furiher portion of 2.0M
solution of LiAlH, in THF (27 mL, 54.0nmol) was added and the reaction stirred under
reflux for 4h and then at room temperature overnight. The reaction mixture was cooled to
0°C and quenched by the slow addition of 1.0M aq NaQOH solution until the exothermic
reaction subsided. The resulting el was diluted with THF and the solids filtered off. The
filirate was then concentrated i vacuo to afford (S)-(4-methyl-piperazin-2-yl)-methanol

(2.84 g, 101% crude yield) as a colourless oil.

INTERMEDIATE 6
4-(4-Fluorophenyl)-piperazine-1-carboxylic acid 4-nitrophenyl ester

02N\ ///\

<ot

o N x\@\
= F

1-(4-Fluora-phenyl)-piperazine (12.2 g, 67.7 mmol) and triethylaminz: (4.63 mL, 67.7
mmol) were dissolved in anhydrous THF (150 mL) under nitrogen and the reaction
mixtwe was cooled o 0 °C. 4-Nitrophenyl chloroformate (13.4 g, 67.7 mmol) dissolvad in

anhydrous THF (150 mL) at 0 °C was added and the reaction mixture was stirred at room
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temperature overnight. The solvent was remaved in vacuc and the residue suspended
between water and EiQOAc. The aqueous layer was extractzd with two further portions of
EtOAc, the organic layers were combined, dried (MgS0,), dried in vacue and then
recrystallised from toluene (50 mL) / hexanz (60 mL) to give 4-(4-fluorophenyl)-

piperazine-1-carboxylic acid 4-nitrophenyl aster (15.8 g, 67°%) as fine yellow needlas.

INTERMEDIATE 7
3-Hydroxymethyl-morpholine-4-carboxylic acid fert-butyl ester

0 -0

X’Y
Sk
o]
Morpholing-3,4-dicarboxylic acid 4-feri-butyl ester (9.50 2, 41 mmol) was dissolved in
anhydrous THF (50 mL) under nitrogen and cooled o -10 °C. A 1M solution of borane (82
mL, 82 mmol) was added dropwise whilst maintaining the temperaturs below 0 °C. The
reaction mixture was allowed o warm o room temperatwe and stirred ovemight. The
reaction mixture was cooled o -5 °C and water (10 mL) was addad cautiously followed by
NazCOs (9.5 g) in water (20 mL). After stirving for 30min at room temperature the THF
was removed in vacuoe, water was added and the reaction mixture was extracted with
diethylethar (x3). The combined arganic exiracts were dried (MzS0,) and the solvent was
evaporated jn vacuo o give 3-hydroxymethyl-morpholine-4-carbovylic acid feit-butyl

ester (8.9 g, 100%) as a colourless oil.

INTERMEDIATE &

(S)-2-Hydroxymethyl-morpholine-4-carboxylic acid fer-butyl ester

oy
J Lk
o "o

(S)-3-Amino-1,2-propanediol (16.S gz, 154 mmol) was dissolved in MeOH (90 ml) at
room temperature and the solution was diluted with MeCN (550 mL). NEi; (30.5 mL, 219
mmol) was added and the reaction mixtur: was cooled to -10 °C. Chloroacetyl chloridz
(22.2 g, 15.6 mL, 197 mmol) was addzd dropwise at -10 °C during 1.5h under nitrogen.

The temparature was maintained at -10 °C for an additional hour and then the reaction
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mixture was allowed to reach room temparature and stirved overnight (16h). Tha solvents
were remaved in vaovo. The residue was purified by colmnn chromatography (normal
phase, Apolle Scientific silica, 40-60p, 60A, gradient 1% o 109, MeOH in EtOAc). The
combinad fractions were evaporated to afford 2-chloro-N-[(S)-2,3-dihydroxypropyl]-

~

acetamide (28.5 g, 929) as a colourless oil which gave a white solid on standing.

To a solution of i-BuOK (13.7 g, 122 numol) in /~AmOH (175 mL) was added a solution of
2-chloro-N-[(S)-2,3-dihydroxypropyljacetamide (S.1 g, 48.3 mmol) in --AmOH (325 mL)
at voon temperature over 2h, The resulting suspension was stirred for 1h at room
temperature. Methanol (30 mL) and water (3 mL) were addad and the resulting solution
was stirred for 0.5h at room temperature before adjusting the pH to § by the addition of
conc. HCL The suspension was filtered and the solid washed with methanol. The filtrate
was evaporated in vacwo, the resulting solid was slurried in methanol (50 mL) and filtered
off o afford (S)-6-(hydroxymethylymorpholin-3-one (1.3 g) as a whitz solid. A second
crop was obtained by adding EiOAc (200 mL) to the filoatz and filtering the resulting
solution through a silica plug (1 = 10 cm). The solvent was evaporated in vacuo to afford

(8)-6-(hydroxymethyhmerpholin-3-one (3.9 g, overall vield 5.2 z, 82°%) as a white solid.

Tao a solution of (S)-6-(hydroxymethymorphelin-3-one (7.50 2, 57.2 mmwol) in anhydrous
THF (100 mL) at 0 °C was added BHz in THF (110 mL, $5.8 mmol). The reaction mixture
was allowed to reach room temperature and then heated at reflux overnight. The reaction
was conled to room temperature and then quenchad with a mixturz of water (5 mL) in THF
(16 mL) followed by 7M methanolic anmonia (30 mL). The reaction mixture was heated
to refluz for 30 min, cooled and the solvents ramoved in vaoue. The residue was dissolved
in mzthano] (135 mL), leaded onto an Isolute SCX-2 20 3 colwnn, washad with MeOH (100
mL) and ehted with methanolic anmonia, The solvent was removed in vacue to give (S)-
morpholin-2-yl-methanol (1.67 g, 249%) as a hrown liquid.

To a solution of (S)-morpholin-2-yl-methanol (1.63 g, 13.9 mmol) in DCM (75 mL) was
added a solution of NaOH (0.61 g, 15.3 muwol) in water (2 mL). Di-ieré-butyldicarbonate
(3.04 g, 13.9 mmol) was addad and the reaction mixiur2 stirred overnight at room
temparature. The aqueous phase was separvated and further exiracted with DCM (2 x 15

mL). The combined organic phases were dried (NazS04) and the solvent remaved in
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vacuo. The residue was purified by colunmn chromatography (normal phase silica, 20 g
Isolute-Si colunm, gradient 1% tw 10%% MeOH in DCM) and dried in vacuc w give (S)-2-

hydresymethyl-morpholine-4-cabioxylic acid ter-butyl aster (2.3 g, 71°%) as a white solid.

INTERMEDIATE 9
(R)-2-Hydroxymethyl-morpholine-4-carboxylic acid fer-butyl ester

[:]/\OH
Ak

(R)-2-hydroxymethyl-morpholine-4-carboxylic acid teit-butyl ester was prepared similar
o the procedure described for Intermediate 8, but using (R)-3-amino-1,2-propanediol
instead of (3)-3-amino-1,2-propanediol. The title compound was obtained as a white solid

(10% overall yield, 4 steps)

INTERMEDIATE 10
(S)-(4-Methylmorpholin-2-yl)-methanol

(J)H
O
ET]

(S)-2-Hydroxymethyl-marpholine-4-carbwoxylic acid ter-butyl ester (Intermzdiatz S; 1.20
g, 5.52 mmol) in THF (5§ mL) was addzd to a suspznsion of LiAIH, (1.30 g, 34.3 mmol) in
anhydrous THF (15 mL) at -10 °C and stirred under nitrogzn for 15 min. The cooling bath
was remaved and the reaction mixture was gently hzated to reflux for 4h. The reaction
mixture was quenched by careful addition of a mivture of water (4 mL) in THF (25 mL)
with ice bath cooling. THF (50 mL) was added to the reaction mixture, stirred for 15 min,
filtered and the solid washad with THF (50 mL). The combined filtratzs were evaporated
in vazuo. The residue was dissolved in DCM (50 L), diied MzSQ,) and the solvent
removed in vacuc to give (S)-(4-methylmorpholin-2-yl)-methanol (490 g, 677%) as a

colourless oil.
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INTERMEDIATE 11
(R)-(4-Methyhnorpholin-2-yl)-methanol

OH
Y
N
I
(R)-(4-Methylmorpholin-2-yl)-methanol was prepared similar to the procedure described
for Intermediate 10, but using (R)-2-hydroxymathyl-morphaline-4-carboxylic acid fert-
butyl ester (Intarmediate @) instead of (S)-2-hydroxymethyl-morpholing-4-carboxylic acid

fer-butyl ester (Intermediate S). The titls compound was obtained as a colourless oil (560

mg, 77%).

INTERMEDIATE 12
4-(2,4-Difluorophenyl)-piperazine-1-carboxylic acid 4-nitrophenyl ester

OQN\ ///\

[
T

1-(2,4-Difluoro-phenyl)-piperazine (3.70 g, 18.9 mmol) and tricthylamine (2.8 mL, 19.S
mmal) were dissolved in anhydrous THEF (30 mL) vnder nitrogen and the reaction mixture
was cooled to 0 °C. 4-Nitrophenyl chloroformatz (3.8 g, 8.9 numol), dissolved in
anhydrous THF (25 mL), was added dropwise and the reaction mixture was stirred at room
temperature overnight, The solvent was removed in vacue and the residue triturated with
watcr, and then filtered. The yellow solid was recrystallised from a mixture of hexanc and
toluene (3:7) using charcoal to give 4-(2,4-difluorophenyl)-piperazine-1-carboxylic acid 4-

nitropheny! ester (4.3 gz, 63%) as a yellow crystalline solid.

INTERMEDIATE 13
2-(1,4-Dimethylpiperazin-2-yl)ethanol

|
[Nj//\v..OH

N

| .
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To a solution of methyl-2-piperazineacetate dihydrochloride (500 mg, 2.16 mmol) in
dioxane (12 mL) and water (6.0 mL) at 0 °C was slowly added a solution of NaOH (182 g,
4.55 nunel) in water (0.4 mL) followed by di-tert-butyl dicarbonate (992 mg, 4.55 mmol).
The rzaction mixture was stitred at roorm tenperature for 4 hours, and then concentrated in
vacua. To the resulting salts was added DCM (75 mwl) and the suspension stirred
vigorously for 30 minutes. The salis were filtered off and washed with DCM (50 mL). The
filoate was concenftrated in vacuo to afford 2-methoxycarbonylmethylpiperazine-1,4-

dicarboxylic acid di-tert-butyl ester (662 mg, $5%) as a pale yellow oil.

To a stirved solution of 2-methoxycarbonylmethylpiperacine-1,4-dicarboxylic acid di-terr-
buty! ester (602 mg, 1.95 mmol) in anhydrous THF (10 mL) at 0 °C was slowly added a
IM salution of LiAlH, in THF (5.7 mL, 5.70 minol). The stimred reaction mixture was
allowed to warm to room temperature over a pariod of 15 minutzs beforz being refluxed
for 2 hours. Afier this time the reaction mixturs was cooled to 0 °C and cautiously
quenched by the dropwisz addition of 1.0M aquzous NaOH solution until the effervescing
czased. The rasulting gel was diluted with THF (50 mL) and the solids filtered off. The
filtrate was concentrated in vacue to afford 2-(1,4-dimethylpiperazin-2-yDethanol (191 mg,

65%) as a colourless oil.

EXAMPLE 1
[(3R)-1-Methylpiperidin-3-yljmethyl 4-(4-methylphenyl)piperazine-1-carboxylate

0]
Crey
|

l -

=

A 2M solutien of LiAIH, in THF (14.0 L, 28.0 mmol) was added drop-wise to a solution
of (R)-tert-butyl 3-(hydroxymeathyDpiperidine-1-carboxylate (5.00 g, 23.2 mmol) in THF
(30 mL) under argon at 0 °C. Tha reaction mixtwe was allowed to wam to room
ternperaturs over 2 hours and stirrad at room temperaturz for 17 hours. The reaction
mixture was coolad to 0 °C and a 1M ag NaOH solution (4.0 mL) was added drop-wise.
Water (2 ml) was added and the resulting mixture stivrad at room temperaturs for 2 hours,

The white solid was renmwoved by filiration. The filivate was concentrated in vacwo to give
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(R)-(1-metlyylpiperidin-3-yDmethanal (3.19z, 106%) as a colowrlzss oil which was used
without further purification.

Analytical LCMS: purity ~90% (System C, Er = 0.46 min), ES™: 130.1 [MH]".

Sodium hydride (0.70 g, 0% dispersion in mineral oil, 17.5 mmol) was suspended in
heptane (10 mL) under an argon abmosphere. The heptane was decanted off, and the flask
was charged with THF (20 mL) and cooled 0 0 °C. A solution of (R)-(1-methylpiperidin-
J-yhmaihanol (0.75 g, 5.83 mmol) in THF (20 mL) was added drop-wise, followed by a
solution of 4-nitrophenyl d-(4-methylphenyl)piperazine-1-carboxylate  (Intermediate 1,
2,19 g, 642 mmol) in THF (20 mL). The reaction mixiure was allowed to warm to room
temperature and stirred for 18 hours, The reaction mixture was then cooled to 0 °C and
quenched with the drop-wise addition of sat aq NaHCO; solution and concentrated in
vacua, The residue was dissotved in ethyl acetate (200 mL), washed with sat aq NaHCO,
solntion (4 x 50 mL), dried (MzSOy) and concentrated in vacuo. The residue was purified
by reverse phase chromatography (gradient eluting with methanol in water, with 1%
formic acid in each solvent, 0-25%). The rzsulting residue was dissolved in DCM (50 mL)
and stirzd with solid KzCO- for 20 min, ltered and concentrated in wacuo. The residue
was further purified by normal phase colunm chromatography (zluting with DCM,
followed by a 90:10 mixtwe of DCM:MzOH) o give [(GR)-1-methylpiperidin-3-ylimethyl
4-(4-methylphenyl) piperazine-1-carboxylate (619 myg, 32%) as a pale brown solid.
Analytical HPLC: purity 99.9% (Systern A, R = 4.07 min); Analytical LCMS: purity
100% (System A, Rt = 4.46 min), ES*: 3325 [MI—I]+; HRMS caled for CioHaasN3O;:
331.2260, found 331.2275.

EXAMPLE 2
[(3S)-1-Methylpiperidin-3-yljmethyl 4-(4-methylphenyl)piperazine-1-carboxylate
0]

Cren
|

o

=

(S)-(1-Methylpiperidin-3-yhmicthanol (1.50 g, 11.6 mmol; prepared according to Example
1 but starting from (S)-feri-butyl  3-(hydroxyruethyl)piperidine-1-carboxylate)  was
dissolved in DCM (20 mL) and cooled to 0 °C. NMM (1.30 mL, 12.2 mmol) and
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nitropheny! chloroformate (2,46 g, 12.2 mmol) were added. The reaction mixture was
stired at 0 °C for 2 hows and then a solution of 4-(4-methylphenyl)piperazine

dihydrochloride (1.88 g, 7.5 nunol) and DIPEA (3.70 mL, 22.1 mmol) in DMF (40 mL)

cemcentrated in vacua, The residue was dissolvad in EtOAc (300 mL) and then washed
sequentially with 1M agq Na;CO: solution (5 x 200 mL), dried (MgS0O,) and concentrated
in vacuo. The residue was purifiad by normal phasz column chromatography (2luting with
DCM, followed by a 85:15 mixture of DCM:MeOH) followed by reverse phase HPLC
(Advanced Chromatography Technologizs ACE-122-1030 RP silica 100 x 30mm column,
packed with Ace 3 CS (Spm), Pore Size 1004, 30 mL/min, gradient of CH;CN in water,
with 0.1% TFA in =ach solvent, $-38%). The residue was dissolved in DCM (70 nmiL) and
stirred with solid K;CO; for 20 min, filtzrad and concentrated in vacuo to give a yellow oil
which was recrystallised from heptane/EtQAc to give [(3S)-1-methylpiperidin-3-ylmethyl
4-(4-methylphenyl) piperazine-1-carhoxylate (521 mg, 13.5%) as a white solid.

Analytical HPLC: purity 1005% (System A, R = 3.88 min); Analytical LCMS: purity
100% (System A, Rt = 4.39 min), ES™: 332, [MII] HRMS caled for CigHzoN=0O:z:
331.2260, found 331.2270.

EXAMPLE 3
[(2S)-1,4-Dimethylpiperazin-2-yljmethyl 4-phenylpiperazine-1-carboxylate
0

| [
|

To a solution of 1,4-dimethyl-(S)-2-hydroxymeathyl piperazine (Intarmediate 3; 1.49 g
10.3 mmol) in THF (20 mL) at 0 °C wag added sodium hydride (1.24 3, 60% dispersion in
minzral oil, 31.0 mmwl). Thea reaction mixture was stirrad for several minutes at 0 °C and
then 4-nitrophanyl 4-phenylpiperazine-1-carboxylate (Intermediate 25 3.72 g, 11.4 nunol)
in THF (20 mL). The reaction mixture was allowed to warm to room teraperature and
stired for 7 hours. The reaction mixture was then cooled to 0 °C and quenchad with the
drop-wise addition of sat ag NaHCOQ; solution. The THF was removad in vacue, the
aqueous phase extracted with EtOAc (x3), combined organic phases washad with sat aq

NaHCO; solution (x6), dried (MgSQy) and concentrated in vacua. The residus was
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suspended in water:formic acid solution [1:13 (20 mL), filtered and the filtrate was purified
by reverse phase column chromatography (gradient eluting with methanol in water, with
1% formic acid in each solvent, 0-15%). The resulting residue was dissolved in DCM (50
mL) and stirred with solid KzCO; for 20 minuies, filtered and concentrated in vaouo to
give [(29)-1,4-dimzthylpiperazin-2-ylJmethyl 4-phenylpiperazine-1-carboxylate (1.25 g3,
36%) as a pale yellow solid.

Analytical HPLC: purity 99,8 (System A, Ry = 3.50 min); Analytical LCMS: purity
100% (System A, Ry = 3.86¢ min), ES™: 333.6 [MH]"; HRMS caled for CizHzeNyOq:

332.2212, found 332.2227.

EXAMPLE 4
[(2R)-1,4-Dimethylpiperazin-2-yljmethyl 4-phenylpiperazine-1-carboxylate

| o
N
[/ ]/ o fil\/j\’l]l

-~ 7

N

-0
N

=

Sodium hydride (1.14 g, 60% dispersion in minzral oil, 28.6 nuaol) was suspendad in
heptane (10 mL) vnder an argon atmosphere. The heptane was decanted off, and the flask
was charged with THF (20 mL) and cooled to 0 °C. A solution of 1,4-dimethyl-(R)-2-
hydroxymethyl piperazine (Intzrmediate 4; 1.38 g, 9.5 mmol) in THF (20 L) was added
drop-wise, followed by a solution of the 4-nitrophenyl 4-phenylpiperazine-1-carboxylate
(Intermeadiate 2; 4.00 g, 12.4 numol) in THF (20 mL). The reaction mixture was allowed to
warm to room temperaturs, stirred for 16 howurs, the reaction mixture was cooled to 0°C
then quenched with the drop-wiss addition of sat aq NaHCO; solution and concenirated in
vacuo. The residue was dissolved in EtOAc (200 mL), washzd with sat aq NaHCO,
solation (4 x 50 mL), dried (MgSQy) and concentrated /n vacue. The residue was
suspanded in water:formic acid  solution [1:1] (20 L), filiered and the filtrate was
purifizd by reverse phase column chromatography (gradient eluting with methanol in
water, with 1% formic acid in each solvent, 0-15%). The resulting residue was dissolved in
DCM (50 mL) and stirred with solid K;CO- for 20 minutes, filtered and concentrated in
vazuo to give [(CR)-1,4-dimethylpiperazin-2-ylJmethyl 4-phenylpiperacine-1-carboxylate

1.93 g, 61%) as a pale yellow solid.
pal&y
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Analytical HPLC: purity 100% (System A, Rt = 3.35 min); Analytical LCMS: pwity
100% (System A, Ry = 3.90 min), ES™: 333.5 [MH]"; HRMS caled for CigHzeNyOa:

332.2212, found 332.2225.

EXAMPLE 5
[( ZS)-1,4-Dimethylpiperazin-z-yl]methyl 4-(4-Mluorophenyl)piperazine-1-carboxylate
o

F TN
8 A,

4-Nitrophanyl chloroformate (5.17 g, 25.7 nunol) was dissolved in DCM (200 mL) at room
temperature and the reaction mixture was coolzd to 0 °C and DIPEA (6.94 g, 9.38 niL,
53.9 mnwl) and 1,4-dimethyl-(S)-2-hydroxymethyl piperazine (Intermediate 3; 3.70 3,
25.7 mmol) were added. The reaction mixture was stirred at roor temperature for 211, and
then split into threz equal volumzs. To one poriion was added 1-(4-fluoro-phenyl)-
piperazine (1.53 g, S.5 nuol) and the mivwre was stirred for 48h. The solvent was
remaved in vacuo and the residuez partitionzd batween EiOAC (500 mL) and 1.0M NaOH
solution (200 mL). The organic layer was washed with 1.0M ag NaOH solution (5 £ 125
mL), brinz (100 mL), dried (M3S0.) and the solvent removed in vacuo. The residue was
digsalvad in DCM (100 mL) and isocyanate resin (3 g) was added, the reaction mixture
was shaken for 14h, filterad and the solvent was removed in vacwe. The residue was
purified by reverse phase column chromatography (LiChroprep RP-18, 40-63pm, 460 x
2omm (100 g), 30 ml/min, gradient 0° (o 30% (over 75 min) to 100% (aver 13 min)
MezOH in water with 1% formic acid). The rasiduz was de-salted using K;CO; in DCM o
give [(285)-1,4-dimethylpiperasin-2-yllmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate
(1.78 g, 60.0%) as a light y=llow gum.

Analytical HPLC: purity 99.1% (System A, It = 3.69 min); Analytical LCMS: purity
100% (System A, Rt = 4.10 min), ES*: 351.1 [MH]".
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EXAMPLE 6

4-Phenylpiperazine-1-carboxylic acid 2-(1,4-dimethylpiperazin-2-ylethyl ester

|
N

Tl
Ao b
|

2-(1,4-Dimethylpiperazin-2-yl)ethanol (703 mg, 444 nmmol) was dissolved in anhydrous

THF (20 mL) and the stirted solution cooled to 0 °C before NaH (60% dispersion in
mineral oil; 550 mg, 13.3 mmol) was added. The snspension was left to stir for 10 minutes.
4-Nitraphanyl 4-phenylpiperazine-1-carboxylate (Intermediate 2; 1.89 3, 5.77 mmal) was
added to the reaction mixture, which was lefl to stir at room temperature for 3 hours. After
this time the reaction was tzminated by cooling th: mixture to 0 °C and cautiously
10 quenching with saturated aqueous NaHCO: solution (50 mL). The THF was removed in
vacuo and transferred to a separating funnel where the organic product was exiracted with
EtOAc (3 » 75 mL). The combined organic extracts were eollzcted together and washed
with saturatzd aqueous NaHCO; solution (3 xz 75 mL). The organic layer was dried
(MzS0y), filtered and concentrated /n vacue to give a crude yellow slurry. The crude
15 residuc was purificd by reverse phase colunn chromatography (LiChroprep RP-18, 40-63
pm, 460 = 26 mm (100g), 30 mL/min, gradient 0% to 15% (aver 70 min) o 100°% (over 5
min) MeOH in water with 1% formic acid). De-salting (using KoCO: in DCM), filtvation
and concentration in vacuo  afforded  4-phenylpiperazine-1-carboxylic acid 2-(1,4-
dimethylpiperazin-2-yl)=thyl ester (236 mg, 1394) as a daik yellow oil.
20 Analytical HPLC: purity 100% (System A, Rt = 3.50 min); Analytical LCMS: purity
100% (System A, Rr = 3.92 min), ES™: 347.6 [MH]"; HRMS caled for CjsH;oNOy:
346.2369, found 346.2378.
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EXAMPLE 7
[(2S)-1,4-Dimethylpiperazin-2-yljmethyl 4-(2,4-difluorophenyl)piperazine-1-

carboxylate

4-Niophenyl chloroformate (5.17 g, 25.7 nunwl) was dissolved in DCM (200 mL) at room
temperature and the reaction mixiure was cooled to 0 °C and DIPEA (6.94 3, 9.3S nlL,
53.9 mmol) and 1,4-dimethyl-(S)-2-hydroxymethyl piperazine (Intermediate 3; 3.70 g,
25.7 mmol) were added. The reaction misiure was stirred at room temperature for 2h and
then split into three equal volumas. To one portion was added 1-(2,4-difluaro-phenyl)-
piperazine (1.6S g, S.5 muimol) and stirred for 48h. The solvent was removed in vacuo and
the residue was partitionad batwesn EtOAc (500 mL) and 1.OM aqg NaOH solution (200
mL). The organic layar was washed with 1.0M aq NaOH solution (5 x 125 mL), brina (100
mL), dried (M3S0;) and the salvent removad /i vacuo. The rasiduz was dissalved in DCM
(100 mL) and isocyanats resin (3 g) was addzd, the reaction mixture was shaken for 14h,
filtered and the solvents were removed in vaowo. The residus was purified by reverse phase
column chromatography (LiChraprep FP-18, 40-63pm, 460 x 26mm (100 g), 30 mL/min,
gradient 0% to 30% (aver 75 min) o 100% (over 13 min) MeOH in water with 1°% formic
acid). The residue was de-salted using Ky;CO; in DCM o give [(2S)-1,4-
dimethylpiperazin-2-yllmethyl  4-(2,4-difluorophenyl)piperazine-1-carboxylate  (1.23 3,
39.4%) as a light yellow gum.

Analytical HPLC: purity 1002 (Sysizm A, Rt = 4.12 min); Analytical LCMS: purity
100%% (Sys<em A, Ry = 4.53 min), ES": 369.1 [MH]"; HRMS caled for CjgHyFNyOs:

368.2024, found 368.2038.
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EXAMPLE §
[(2S)-4-Methylpiperazin-2-yljmethyl 4-phenylpiperazine-1-carboxylate
trihydrochloride

To a suspeinsion of (S)-(4-methyl-piperazin-2-yl)-methanol (Intermediate 5; 2.34 g, 21.7
mmol) in a mixiure of H20 (20 mL) and diozane (40 mL) at 0 °C was added 50%% w/w aq
NaOH solution (0.96 g, 24.0 nunol). Di-rer-butyl dicarbonate (3.01 g, 22.9 mmol) was
added and ihe reaction mixiure stiired at room temperatur: overnight. The solvents were
removed in vacuo, The residuz was dissolved in anhydrous THF (25 mL) and the solution
cooled ta 0 °C. NaH (60% wi disparsion in oil; 4.05 2, 101 mmol) was added and the grey
suspension stirred for 10 minutes before 4-nitro-phenyl 4-phenyl-piparazine-1-carboxylate
(Intermediate 2; 11.2 g, 34.1 mmol) was addzd. The reaction was stired at room
temperaturz over the weekend. The reaction miviure was cooled to 0 °C and quenchad with
sat aq NaHCQO; solution (20 L) before the THF was removed in vacuo. The organic
product was extracted with EtOAc (3 = 50 mL) and the organic layers combined and
washed with sat aq NaHCO- soluiion (3 x 50 mL), dried (MgSQOy), and the solvent
removed in vacuse, M2OH was added to the crude slurry and the solids filtzared off and
washed with M2OH. The filtrate was concenirated and purified in two batches by reverse
phase column chromatography (LiChroprep RP-18, 40-03pun, 460 ¥ 26mm (100 g), 30
mL/min, gradient 0% to 50% (over 75 min) MeOH in water with 1% formic acid). The
product was de-salted using KzCO; in DCM 1o give (S)-4-methyl-2-(4-phanyl-piperazine-
1-carbonylaxymethyl)-piperazine-1-carboxylic acid fers-butyl estar (1.65 gz, 18%) as a

brown oil.

To a solution of (S)-4-mathyl-2-(4-phenyl-piperazine- 1-carbonylaxymesthyl)-piperazina-1-
carbaxylic acid fert-butyl ester (1.65 g, 3.9 mmol) in MeOH (10 mL) was added 2M HCl
n Et;0 solntion (11.8 mL, 23,6 mmol), The reaciion was stirred at room tamparature for 3
days. Thaz reaction mixture was concentrated i vacuo. The residue was purified by reverse
phase column chromatography (LiCheoprep FP-18, 40-63pm, 460 x 26mm (100 g), 30

mL/min, gradient 0% to 15% (over 75 min) MeOH in water with 0.1% TFA. The material
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was then purified further by reverse phase HPLC (YMC ODS-A 100 x 20mm, Sum, 25
mL/min, gradient 50% 0 100% (over 7 min) then 100% (3 min) MeOH in 10%
MeOH/water). The pure product was stirred in 4M aq HCI solution (10 mL) for 4 hours
before being concentraied in wacwe. The resulting oil was washed with heptans,
1centrated in vicuo and then dried in a vacuum oven overnight to afford the [(25)-4-
methylpiperazin-2-ylmethyl 4-phenylpiperazine-1-carboxylate trihydrochloride salt (1.63
g, 96%) as a pale brown solid.
Analytical HPLC: purity 100% (Systema A, Rt = 3.27 in); Analytical LCMS: purity
100% (Systzm A, Rr = 3.71 min), ES™: 3192 [MH]"; HRMS caled for Cp7HzsN4Oz:
318.2056, found 318.2071.

EXAMPLE 9
(1,4-Dimethylpiperazin-2-yl)methyl 4-benzylpiperazine-1-carboxylate
-
rN g | P
J b

1,4-dimethyl-2-hydroxymethyl piperazins (1.00 g, 6.94 nunol) was dissolved in DCM (50
mL) at room temperature and NMM (0.74 gz, 7.29 mmol) was added. The reaction mixture
was coolad to 0 °C and 4-nitrophenylchloroformat: (1.4 g, 6.94 mmal) was added. The
reaction mixture was stivred at room temperature for 4h and then divided into two aqual
volumes. To one portion was added DIPEA (1.35 3, 10.4 mmaol), 1-benzyl piperazine (0.61
g, 3.47 nunol) and the reaction mixture was stirred for 4h. Tha solvents were remaved in
vaziny and the residue was partitioned betwezen EtDAc (300 mL) and 1.0M aq NaOH
solution (100 mL). The organic layer was washad with 1.0M aq NaOH solution (5 = 100
mL), brine (100 mL), dried (MzS0,) and the solvents were removed in vacua, The residue
was dissolved in DCM (100 mL) and isocyanate resin was added, the reaction mixture was
shal:cn for 16h, filtered and the solvents ware removed in vacua. The residus was purificd
by reverse phase column chromatozraphy (LiChroprep RP-18, 40-03pm, 460 = 26mm (100
2), 30 wil/min, gradiznt 0% to 30% (over 88 min) MeOH in water with 194 formic acid).
Tha residue was de-salted using KzCOs; in DCM w0 give (1,4-dimethylpiperazin-2-

yhmethyl 4-benzylpiperacing-1-carboxylate (0.32 z, 26.3%6) as a light yellow oil.
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Analytical HPLC: purity 100% (Systzm A, Ry = 2.94 min); Analytical LCMS: purity
100% (System A, Ry = 3.40 min), ES™: 347.2 [MH]"; HEMS caled for C,sHzoNyOs:
346.2369, found 346.2352.

EXAMPLE 10
Morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate dihydrochloride
i
[/o.. ] g g ﬁ
N 2He |

=

2-Hydroxymethyl-morpholine-4-carboxylic acid tert-butyl ester (4.13 g, 19.0 mmol) was
dissalved in anhydrous THF (20 mL) and the solution cooled v 0 °C. NaH (60°%% wt
dispersion in oil; 228 2, 57.0 nunol) was added and the grey suspension stirad for 10
minutes before 4-nitrophenyl 4-phenylpiperazine-1-carboxylat2 (Intermediatz 2; 7.46g,
22.8 mmal) was added. The reaction was stitred at room tamperaturs over the waelend. A
further 1.5 equivalents of NaH (60% wt dispersion in oil) (1.14 g, 28.5 mumol) was added
and the reaction stirred at room temperature avernight, The reaction mixture was cooled ©
0 °C and quenched with sat aq NaHCO; solution (50 mL) before the THF was removed in
vazua. The organic product was extracted with E(OAc (3 = 50 mL) and the organic layers
combined, washed with sat aq NaHCO- solution (3 x 50 mL), dvizd (MgSQy) and the
solvent removed in vacwe. The residue was purified by reverse phase column
chromatography (LiChroprep PP-18, 40-63pm, 460 % 36nun (2003z), 30 mL/min, gradient
0% to S0% (over 120 ming) MeOH in water with 19% formic acid) o afford 2-(4-
phenylpiperazing-1-carbonyloxymethyl)-morpholing-4-carboxylic  acid  iert-butyl  ester
(6.67 g, 87% yield) as a dark brown oil.

To a solution of 2-(4-phenylpipzrazine-1-carhonyloxymathyl)-merpholine-4-carboxylic
acid tert-butyl estzr (.67 g, 16.5 naol) in MzOH (10 mL) was added 2M HCI in E;;O
solution (16.5 mL, 32.9 mamol). Thz brown solution was stived &t roomn temperature
overnight. The reaction mixture was concentratad /i vacue, The residue purified by reverse
phase column chromatography (LiChroprap EP-18, 40-03pum, 460 x 2émm (100 ), 30
mL/min, gradient 0% to 15% (aver 75 min) MeOH in water with 0.1% TFA). The pure

sample was stirred in a 4M aq HCI solution (20 mL) overnizht before being concentrated
1 l <] &



A

10

<
o

20

WO 2009/071658 43 PCT/EP2005/066577

in vacuo. The resulting yellow oil was washed with heptane, concentrated in vacuo and
dried in a vacuum oven avernight to give the morpholin-2-ylmethyl 4-phenylpiperacine-1-
carboxylaie dihydrochloridz salt (4.72 g, 76%) as a pale yellow solid.

Analytical HPLC: purity 92.6% (System A, Rt = 3.57 min); Analytical LCMS: purity
100% (Systzm A, Rt = 3.90 min), ES™ 306.3 [MI—I]"L; HRMS caled for CigH:sN5O4:
305.1739, found 305.1749.

EXAMPLE 11
(25)-Morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate

(S)-2-Hydroxymethyl-morpholine-4-carboxylic acid fert-butyl ester (Intermediate S; 100
mg, 0.46 mmol) was added o a suspension of NaH (60% dispersion in oil; 55.0 mg, 1.38
mumol) in anhydrous THF (5 mL) and stired under nitrogen for 30 min, 4-Nitrophenyl 4-
phenylpiperazine- I -carboxylate (Intermediate 2, 180 mg, 0.55 mmol) and THF (2 mL)
were added and the reaction mixturs was stivred at room temperature for 48h. The reaction
mixturz was filtered through celite and the solid washed with THF (10 mL). The filtrates
were combined and the solvent removed in vacuo. The residue was purifiad by column
chromatography (normal phase silica, 53 Isolute-Si colummn, gradient 10°% v 30% EtOAc
in  hexane) to give (25)-(4-phenylpiperazine-1-carbonyloxymethyl)-morpholine-4-

carboxylic acid tert-butyl ester (180 mg, 96%%) as a colourless oil.

(25)-(4-Phenylpiperazine- 1 -carbonyloxymeathyl)-morpholine-4-carboxylic acid tert-butyl
ester (180 mg, 0.44 mmol) was dissolved in DCM (2 mL) and TFA 3 mL, 10% in DCM)
was added. The reaction mixture was stirrad at voon tamperature overnight, The solvents
wers removad in vacuo, Heptane was added and the solvent was removed in vacuo. KaCOs
(500 mg, 3.6 mel) was added to a solution of the rasidue in DCM (2 1al) and sticrad for
30 min before adding water (0.3 mL) and stired for Th, The mixture was filterad and the
filtrate dried (NaS0,) and solvents removed in vacue. The residue was purified by column

chromatography (normal phase, 5z Isolute-Si colunm, EtOAC in Hexane (1:1) followed by
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1-10% MeOH in EtOAc). The residue was dried in vacue o give (2S)-morpholin-2-
ylmethyl 4-phenylpiparazine-1-carbaxylate (101 mg, 759%) as a white solid.

Analytical HPLC: pwity 98994 (System B, Ry = 6.63 min); Analytical LCMS: purity
100% (System B, Ry = 6.57 min), ES™: 306.7 [MH]"; HRMS caled for CgHzNsO5:

305.1739, found 305.1753.

EXAMPLE 12
(2R)-Morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate

O
(e
H

278

o

=

(R)-2-Hydroxymethyl-morpholinz-4-carboxylic acid tert-butyl estar (Intenmadiate 95 100
mg, 0.46 nunnl) was addzd to a suspansion of NaH (602 dispersion in oil; 55.0 mg, 1.38
mmol) in anhydrous THF (§ mL) and stirrsd under nitrogen for 30 min. 4-Nitrophenyl 4-
phenylpiperazine-1-carboxylate (Intermadiatz 2; 180 mg, 0.55 mmol) was add:zd and the
reaction mixture was stirred at room temperature for 48h. The reaction mixture was filtered
throuzh celite and the solid washed with THF (10 mL). The filtrates were combined and
the solvent removed i vacue., The residue was purified by colummn chromatography
(normal phase,silica, 53 Isolute-Si column, gradient 10% to 5074 EtOAC in hexane) to give
(2R)~(4-phenylpiperaczine-1-carhonyloxymethyl)-morpholing-4-carboxylic  acid fert-butyl

ester (170 mg, 91%) as a light yellow oil.

(2R)-(4-Phenylpiperazine-1-carbonylozymethyl)-morpholine-4-carboxylic acid tert-butyl
ester (130 mg, 0.32 muanl) was dissolved in DCM (2 L) and TFA (3 mL, 10% in DCM)
was added. The reaction mixture was stirred ab room temperature ovarmight. The solvents
were removed in vacuo. Heptane was added and the solvent removed in vazuo, K;COs
(500 mg, 3.6 ramol) was added to a solution of the residue in DCM (2 wiL) and stirred for
30min before adding water (0.3 mL) and stivved for 1h, The mixture was fltered and the
filirate dried (NazSOy) and solvents removed in vacuo. The residue was purified by colunmn
chromatozraphy (normal phase, 5g Isolute-Si coluran, EtOAc in Hexang (1:1) followed by
1-10% MeOH in EtQAc). The residue was dried in vacuo to give (2R)-morpholin-2-

ylmethyl 4-phenylpiparazine-1-carboxylate (57 mg, 58%) as a white solid.
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Analytical HPLC: purity 99.8£%% (Systzm B, Ry = 6.63 min); Analytical LCMS: purity
100% (Systam B, Ry = 6.54 min), ES*: 306.7 [MH]"'; HEMS caled for C3Ha:N20s:
305.1739, found 305.1753.

EXAMPLE 13
(4-Methylmorpholin-2-yl)methyl 4-phenylpiperazine-1-carboxylate
i
(O'.“]’ "‘A"'..OA» - 4[‘ .-‘/\
. Lon
N .v| X
| %

Marpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate (non-HCI salt of Example 10;
1.00 g, 3.27 mmal) and 379 formaldehyde in water (1.97 2, 1.82 mL, 65.5 mmol) were
dissolved in MeOH (20 mL) at room temperature followad by addition of sodium
triacetoxyborohydride (2.78 g, 13.1 mmel) portionwise over 5 minutzs. The reaction
mixture was stirred for 2h. The reaction mixture was quenched by the addition of saturated
aq Na;CO; solution. The solvents were remaved in vacue and the residual agqueous phase
was loaded onto an Isolute HM-N 20 wil cartridge. The desired product was cluted with
DCM (200 mL) and the solvent removed in vacuo 1o give (4-methylmorpholin-2-yDmethyl
4-phenylpiperazine-1-carboxylate (0.93 g, 88.9%) as a colowless gum.

Analytical HPLC: purity 99.5% (System A, Rt = 3.64 min); Analyiical LCMS: purity
100% (System A, Ry = 4.01 min), ES": 320.1 [MH]"; HRMS caled for Cj7Hz;N204:
319.1896, found 319.1899,

EXAMPLE 14
[(2S)-4-Methylmorpholin-2-yl]methyl 4-phenylpiperazine-1-carboxylate

o

O, RO ” L
( ] o .<N, ’\j
L_m
Il\l - ’

~

=

(S)-(4-Methyl-morpholin-2-yl)-methanol (Intermadiatz 10; 100 mg, 0.76 mmol) was addzd
to & suspension of NaH (0% dispersion in oil; 90.0 mg, 2.28 nunol,) in anhydrous THF (7
mL) and stired under nitrogen for 30 min. 4-Nitrophenyl 4-phenylpiperacine-1-

carboxylate (Intermediate 2; 300 mg, 0.92 mmol) was added and the reaction mixture was
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stived at voom temperatura for 48h. The reaction wmixture was filterad through celite and
the solid washed with THF (10 mL). The filtrates were combined and the solvent removed
in vacuo. The residue was purified by column chromatography (normal phase silica, Sg
Isolute-Si coluran, gradient 1-596 MeQH in DCM) then by reverse phase HPLC (YMC
ODS-A 100 % 20 mam, 5 pm, 25 mL/min, gradient 209 to 100% (over 7 min) then 100% (3
min) MeOH in 10% MeOH/water). The pure product was talien up in DCM (5 mL),
filizred, and dried in vacuo to give [(2S)-4-niethylmorpholin-2-ylJmethyl 4-phenyl-
piperazine-1-carboxylate (50 mg, 20%) as a colourlass gum.

Analytical HPLC: purity 99.4% (System A, Ry = 3.63 min); Analytical LCMS: purity
100% (System A, Rr = 3.66 min), ES™: 320.3 [MH]"; HRMS caled for Cy7Hz;N305:

319.1896, found 319.1909,

EXAMPLE 15
[(ZR)-4-Methylmorpholin-2-yljmethyl 4-phenylpiperazine-1-carboxylate

(o}
o ~. M
S

(R)-(3-Methyl-morpholin-2-yl)-methanol (Intermediate 11; 100 mg, 0.76 mmol) was added
to a suspension of Na (60%% dispersion in oil; 90.0 mg, 2.28 mmol) in anhydrous THF (7
mL) and stirred under nitrogen far 30 min. 4-Nitrophenyl 4-phenylpipzrazine-1-
carboxylate (Intermediate 2; 300 mg, 0.92 mmol) was added and the reaction mixture was
stirred at room teraperature for 4Sh. The reaction mixture was filterad through celite and
the solid washed with THF (10 mL). The filtrates were combined and the solvent removed
in vacuo. The residue was purified by column chromatography (normal phase silica, 5z
Isolute-Si column, gradient 1-5% MzOH in DCM). The solvents were removed in vacuo o
give [(2R)-4-mathylmorpholin-2-yl]mzthyl 4-phenylpiperazine-1-carboxylatz (175 mg,
72%) as a light yellow gum

Analytical HPLC: purity 99.8% (System B, Ry = 6.834 min);, Analytical LCMS: purity
100% (System A, Rp = 3.67 min), ES™: 320.5 [MH]"; HEMS caled for C)7HzN;Os:
19.1896, found 319.1895.

(o8
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EXAMPLE 16

[(28)-4-Methylmorpholin-2-yljmethyl 4-(4-flnorophenyl)piperazine-1-carboxylate
0

tag e

(S)-(4-Mzihyl-morpholin-2-yl)-methanal (Intermediate 10; 100 mg, 0.76 nuol) was added
to a suspension of NaH (60% dispersion in oil; 90.0 mg, 2.28 mmol) in anhydrous THF (7
mL) and stirred uvander nitrogzn for 30 min. 4-(4-Fhaorophenyl)-piperazine-1-carboxylic
acid 4-nitrophenyl zster (Intermediate 6; 314 mg, 0.91 mmol) was added and the 1caction
mixfure was stirred at room temperaturz for 4Sh. The reaction mixture was filtzred through
celite and the solid washzd with THF (10 mL). The filtrates were combined and the solvent
removed in vacue. The residue was purified by colunn chromatography (normal phase
silica, 5 g Isolute-Si column, gradient 1-5% M=OH in DCM) and the solvents were
removed in vacue to give [(2S)-d-methylmorpholin-2-ylimethyl  4-(4-fluoraphenyl)-
piperazine-1-carboxylat2 (130 mg, 51%) as a light brawn solid .

Analytical HPLC: purity 96.0% (System B, Fr = 7.40 min); Analytical LCMS: purity
100% (System A, Ry = 3.97 min), ES™: 338.6 [MH]"; HRMS caled for C)7HzFN505:
337.1802, found 337.1814.

EXAMPLE 17
[(2R)-4-Methylmorpholin-2-yljmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate

o
|

(R)-(4-Methyl-morpholin-2-yl)-methanal (Intermediate 11; 100 mg, 0.76 mimol) was added
to a suspension of NaH (60% dispersion in oil; 90.0 mg, 2.2S mmal) in anhydrons THF (7
mL) and stired under nitrogzn for 30 min. 4-(4-Fluorophenyl)-piperazine-1-carboxylic
acid 4-nitrophzanyl ester (Intznmediatz 6; 314 g, 0.91 nuuol) was added and the reaction
mixture was stirred at room temperature fon 48h, The reaction mixture was filiered through

celite and the solid washed with THF (10 mL). The filtrates were combined and the solvent

7/
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remaved in vacro. The residue was purified by column chromatography (normal phase
silica, § ¢ Isolute-Si column, gradient 1-5% MaOH in DCM) and then reverse phase HPLC
(YMC ODS-A 100 x 20 mm, 5 pm, 25 mL/min, gradieat 20% o 100% (ovar 7 min) then
100% (3 min) M=OH in 10% MeOH/water). The pure product was taken up in DCM (5
mL), filtered, and dried in vacwo o give [(QR)-4-methylmorpholin-2-yljmethyl 4-(4-
fluorophenyl)piperacineg-1-carboxylate (100 mg, 28%4) as a colourless gum.

Analytical HPLC: purity 99.7% (System A, Rt = 3.97 min); Analytical LCMS: purity
100% (System A, Ry = 3.94 min), ES™: 338.3 [MH]"; HRMS caled for Ci7HzFN;0;:
337.1802, found 337.1815.

EXAMPLE 18
[(25)-4-Methylmorpholin-2-yljmethyl 4-(2 4-difluorophenyl)piperazine-1-carboxylate
o

F]

~,

F/F

(S)-(4-Methylmorpholin-2-yl)-methanol (Intermediate 10; 100 mg, 0.76 mmol) was added
to a suspension of NaH (60% dispersion in oil; 90.0 mg, 2.28 mmal) in anhydrous THF (7
mL) and stirred under nitrogen for 30 min. 4-(2,4-Difluorophenyl)-piperazineg-1-carborxylic
acid 4-nitrophenyl ester (Intermediate 12, 330 mg, 0.91 nmol) was addzd and the reaction
mixzture was stirred at room temperature for 4Sh. The reaction mixture was filtered through
celite and the solid washed with THF (10 mL). The filtrates were combined and the solvent
removed i vacuo. The residue was purified by colunn chromatography (normal phase
silica, § g Tsolute-Si colurmn, gradient 1-5% MeOH in DCM) and the solvents were

removed i vacuo to give [(25)-4-methylmorpholin-2-ylmethyl 4-(2,4-difluorophenyl)-
piperazine-1-carbwozxylatz (104 mg, 38%) as a colourless gum.

Analytical HFLC: purity 99.3% (System B, Ry = 8.55 min); Analytical LCMS: purity
100% (System B, Ry = $.32 min), ES*: 356.7 [MH]"; HRMS calcd for C7Hz;FN50;3:
355.1707, found 355.1724.
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EXAMPLE 19
[(2R)-4-Methylmorpholin-2-yljmethyl 4-(2 -'I-diﬂuorophél’nyl)piperazine-l-c:u'bo,\'ylnte

M”
/ui

(R)-(4-Methylmorpholin-2-yl)-methanol (Intermediate 11; 100 mg, 0.76 mmol) was added
to a suspension of NaH (60% dispersion in oil; 0.0 mg, 2.28 mmol) in anhydrous THF (7
ml) and stirred under nitrogen for 30 min. 4-(2,4-Difluorophenyl)-piperazine-1-carboxylic
acid 4-nitrophenyl ester (Intzrmediate 12; 330 myg, 0.91 nunol) was added and the reaction
mixture was stirred at room temperaiure for 4Sh. The reaction mixture was filtered through
celite and thz solid washed with THF (10 mL). The filtrates were combined and the solvent
removed in vacwo. The residue was purified by column chromatography (ormal phase
silica, 5 g Isolute-Si column, gradient 1-5% MeOH in DCM) and the solvents were
removed in vasue to give [(QR)-4-methylmorpholin-2-yljmethyl 4-(2,4-difluvorophenyl)-
piperazine-1-carboxylatz (87 mg, 32%) as a colourlzss gum.

Analytical HPLC: purity 100% (Syster B, Ry = §.57 min); Analytical LCMS: purity 1009
(Systzm A, Rt = 4.62 min), ES*: 356.4 [MH] ; HEMS caled for C7H-FoN-O-: 335.1707,
found 355.1722.

EXAMPLE 20
Morpholin-2-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate dihydrochloride
1
N 2Ha R

2-Hydroxymethyl-morpholine-4-carboxylic acid tert-butyl ester (2.17 g, 10 numol) was
dissolved in anhydrous THF (50 mL) and the reaction mixture was cooled o 0 °C. NaH
(60% dispersion in oil; 0.40 2, 10 mmol) was added and stirred for 10 minutes before 4-(4-
fluorophenyl)-pipzracine-1-carboxylic acid 4-nitrophenyl ester (Intermediate 6; 3.45 g, 10
mmol) was addzd. Thz reaction mixre was stirrad at room temperature overnight and

then cautiously quenched by dropwise addition of water (1 mL) / THF (10 mL) mixture
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hefore the THFE was removed in vacue, The residue was suspended between sat ag NayCO;
(50 mL) and EtOAc (200 mL). The organic layer was washed with sat aq NaCO; (5 = 30
mL), dried (MgS0Qy) and dried in vacuo. The residue was purified by reverse phase column
chromatography (LiChroprep RP-18, 40-63pm, 460 = 2omm (100 g), 30 mL/min, gradient
5 0% to 60% (over G0 miny MeOH in water) o give ~S0%6 pure material by HPLC. The
crude intermediate was dissolved in DCM (100 miL) and TFA (10 mL, excess) and was
stirved al room temperature overnight. The solvent was removed in vacuo and the residus
was repurified by reverse phase column chromatography (LiChroprep RP-18, 40-63pm,
400 = 2omm (100 g), 30 mL/mm, gradieni 0% to 20%%5 (over 70 miny then held at 20%
10 (over 120 min) MeOH in water with 1% formie acid. The solvent was removed in vacue
and the residuz was de-salted using K;CO: in DCM. The residue was dissolved in DCM
and HCI (2M in Ei;0, 3.2 mL, 6.4 mnl), dried in a vacuum oven avernight to give the
morpholin-2-ylmethyl  4-(4-flucrophenyl)piperazine-1-carboxylate  dihydrochlovide  salt
(2.30 g, 58%) as a colourless gum,
15 Analytical HPLC: purity 97.5% (System A, Ry = 3.90 min); Analytical LCMS: purity
100% (System A, Ry = 4.27 min), ES™: 3241 [MH]+ HREMS caled for C1gHzFN;O5:
323.1645, found 323.1660.

EXAMPLE 21
20 (25)-Morpholin-2-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate
i
(njo . \j
N R NS
H |
%

F
(S)-2-Hydrozymethyl-mopholing-4-carbozylic acid fert-buiyl estor (Intermadiate $; 100
1, 0.46 nanol) was added to a suspension of NaH (6026 dispersion in oil; §5.0 mg, 1.3
mmol) in anhydrous THF (2 mLl) and stirred under nitogen for 30 min. 4-(4-
25  TFluorophenyl)-piperazine-1-carboxylic acid 4-nitrophenyl ester (Internmediate 6; 191 mg,
0.55 munol) was added and the reaction mixture was stirred at room temperature for 4Sh,
The reaction mixturs was {iltered through czlite and the solid washed with THF (10 mlL).
The filirates ware combinzd and the solvent removed in vacue. The residue was purified
by column chromatography (normal phase silica, 5 g Isolute-Si column, gradiznt 10 (o

30 30% EtOAc¢ in hexane) tw give (2S)-[4-(4-fluoro-phenyl)-piperazineg-1-carbonyloxy-
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methyl]-morpholine-4-carboxylic acid fert-butyl ester (200 myg, quantitative) as a light

yellow oil.

(28)-[4-(4-Fluoro-phenyl)-piperazine-1-carthonyloxymethyl}-morpholine-4-cabaxylic acid
tert-butyl estzr (200 mg, 0,46 nunal) was dissolved in DCM (2 mL) and TFA (3 L, 10%
in DCM) was added. The reaction mixture was stirred at room temperature ovanight. The
solvenis were removed i vacuo, Heptanz was added and then the solvent was removed in
vacuc., KyCOs (300 mg, 3.6 mmol) was added o a solution of the residue in DCM (2 mL)
and stirred for 30 min before adding water (0.3 mL) and stired for 1h. The mixture was
filiered and the filtratz dried (Na;S0O4) and solveats removed in vacuo. The residue was
purified by column chromatography (normal phase, 5 g Isolute-Si column, EtOAcC in
hexane (1:1) followed by 1-10% MeOH in EtDAc¢). The rasidue was dried in vacuo to give
(25)-morpholin-2-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate (135 mg, S9%) as
a white solid.

Analytical HPLC: pwrity 98.2% (Systzm B, Ry = 7.23 min); Analytical LCMS: purity
100% (Systzm B, Ry = 7.12 min), BES": 324.7 [MH]"; HRMS caled for CsHzFN:Os:
323.1645, found 323.1659.

EXAMPLE 22
(2R)-Morpholin-2-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate

0
o. ~_ M
T
L_ ML
rq b
H

RS

=
F

(R)-2-Hydroxymethyl-marpholing-4-carboxylic acid tert-butyl ester (Intermediate 9; 100
mg, 0.46 mmol) was added to a suapension of NaH (60%% dispersion in oil; 5.0 myg, 1.38
mmol) in anhydreus THF (2 mL) and stived wnder nitrogen for 30 min, 4-(4-
Fluaropheryl)-piperazine-1-carborylic acid 4-nitrophenyl ester (Intermediate 6; 191 mg,

0.55 mmol) was added and the reaction mixture was stirred at room temperature for 48h,

The filtrates were combined and the solvent removed in vacwue. The residue was purified

by column chromatography (normal phase silica, § g Isclute-Si colnnn, gradient 10% to
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5005 EtOAc in hexane) to give (QR)-[4-(d-Mmoro-phenyl)-piperazine-1-carbanyloxy-

methyl]-morpholine-4-carboxylic acid rere-butyl ester (130 mg, 67%%) as a colourless oil.

(CR)-[4-(4-Fluoro-phenyl)-piperazine-1-carbonylozymethyl]-morpholine-4-carboxylic acid
iert-butyl ester (120 mz, 0.40 nunol) was dissalved in DCM (2 mL) and TFA (3 mL, 10%
in DCM) was added. The rzaction mixture was siirred at room temperature overnight, The
solvents ware removed in vacuo, Heptane was added and then the solvents were removed
in vacue, Kz;COs (300 myg, 3.6 mmol) was addad o a solution of the residue in DCM (2
mL) and stirred for 30 min before adding water (0.3 mL) and stirred for 1h. The mixture
was filtered and the Aloate dried (NazSQ,) and solvents removed in vacue. The residue
was purified by column chromatography (nermal phase, § g Isolute-Si column, EtQAc¢ in
hexane (1:1) followed by 1-10% MeOH in EtQOAc). The residue was dried in vacuo to give
(2R)-morpholin-2-ylmathyl 4-(4-flucrophenyl)piperazine-1-carboxylate (117 mg, 71%) as
a white solid.

Analytical HPLC: purity 99.3% (System B, Rt = 7.25 min); Analytical LCMS: purity
97.9% (System B, Ry = 7.13 min), ES™: 324.6 [MH]"; HRMS calcd for C)gHzFN;Os:
323.1645, found 323.1659,

EXAMPLE 23
(4-Methylraorpholin-2-yl)methyl 4-(4-chlorophenyl)piperazine-1-carboxylate
dihydrochloride
o]
o~
SERS
L~ ,
M zHel |
| %

Cl
(4-Methyl-morphalin-2-yl)-methanal (1.035 g, 3.0 mmol) and DIPEA (2.79 1al, 16.0 mmol
were dissolved in DCM (S0 mL) and the reaction mixture was cooled o 0 “C and p-
nitrophenyl chloroformate (3.23 z, 16.0 mmol) was added. The reaction mixture was
allowed to warm to roorn temperature and stivred for 2h. The reaction mixture was divided
inta 4 batches and concentrated /n vacua, Que portion was dissolved in DMF (20 L) and
1-(4-chlorophenyl)-piperazin: dihydrochloride (539 mg, 2 mmol) was added, and the
resulting veaction miviure was stirred at room temperature for 24h. The solvent was

removad in vacue and the residue was dissolved in DCM (30 mL). The organic layer was
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washed with 1.0M NayCO- solution (3 = 30 mL), dried (MzSO4) and the solvents were
removad in vacuo, The residue was purified by column chromatography (normal phase, 20
g, Strata SI-1, silica gigatubz, 20 mL/min, gradient 0% to 5% MgOH in DCM, residue dry
loaded). Thz solvents were removed in vacue and the residue was dissolved in DCM (50
mL), filtered and 2M HCI in E;O (2 mL, 4 mmol) added. The solvents were removed in
vacuge and the resulting solid was dried in a vacuum oven overnight to give the (4-
rethylmorpholin-2-ymethyl 4-(4-chlorophenyl)piperazine-1-carboxylate dihydrochloride
salt (0.510 g, 60%) as a white solid.

Analytical HPLC: purity 100% (Sysiem A, Rt = 4.69 min); Analytical LCMS: purity
100% (System A, Ry = 3.12 min), ES™; 3544 [MH]; HRMS caled for Cj7HzCIN;Os:
353.1506, found 353.1516.

EXAMPLE 24
(4-Methylmorpholin-2-yhmethyl 4-(4-fluorobenzyl)piperazine-1-carboxylate
dihydrochloride
o]

oo~ b F

I

M

’r 2HC! T T

(4-Methyl-morpholin-2-yl)-mazthanol (1.05 g, $.0 mumol) and DIPEA (2.79 ml, 16.0 mmol
ware dissolved in DCM (S0 mL) and the reaction mixture was cooled o 0 °C and p-
nitropheny! chloroformate (3.23 3, 16.0 nuawol) was added. The reaction mixture was
allowed to warm to room temperature and stirred for 2h. The reaction mixture was divided
mto 4 batches and concentrated in vaowe, One portion was dissolved in DMF (20 mL) and

1-(4-fluoro-benzyl)-piperazine (0.39 g, 2 munol) added and the resulting raaction mixture

talzen up in DCM (30 mL). The organic layer was washed with 1.OM NayCO; solution (3 =
30 mL), dried (MzS0y) and the solvents were removed in vacua, The residue was purified

FEERAE

2, Strata SI-1, silica gizatube, 20 mL/min,

o

by column chromatography (normal phasz, 20
gradient 0% to 5% MzOH in DCM, rasiduz dry loaded). The solvents were removed in
vacue and the residue was dissolved in DCM (50 ml), filterad and 2M HCI in E,Q (2 mL,

4 mmol) added. The solvent was remaoved in vacuo and the residue was dried in a vacuum
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ovan overnight to give the (4-methylmorpholin-2-yDmethyl 4-(4-fluorohenzyl)piperazine-
1-carboxylate dihydrochloride salt (0.375 g, 44%) as a white solid.

Analytical HPLC: purity 99.2% (System A, Rt = 3.13 min); Analytical LCMS: purity
100% (System A, Rt = 3.60 min), ES*: 352.5 [MH]".

EXAMPLE 25
(d-Acetylmorpholin-2-yl)methyl 4-phenylpiperazine-1-carboxylate

o~ Ml .
(TN

-~ ay
\O O

To a stired solution of morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate
dihydrachloride (Example 10; 0.52 g, 140 mmol) in pyridine (2.25 L, 27.7 mmol) was
slowly addad acetyl chloride (0.15 mL, 2.10 mmeol). The reaction mixiure was stiired at
room temperature for 1h before the pyridine was removed in vacwo and the resulting
residue diluted with sat aq NaHCO; solution (50 mL). The organic product was extractzd
with EtOAc (3 x 50 mL). The combined organic layers were washed with sat ag NaHCO,
solution (3 ¥ 50 mL), drizd (MgSQ,) and thz solvent removed in vacwo. The residue was
purifizd by coluran clwomatography (normal phase, 20 g, Strata SI-1, silica gigatube, 20
mL/min, gradient 0% to 5% MeOH in EtOAc). Thz solvents were removed in vacue and
dried in a vacuum oven overnight o afford  (4-acetylmorpholin-2-yDmethyl 4-
phenylpiparacing-1-carboxylate (0.38 gz, 78%) as a pale brown oil,

Analytical HPLC: purity 99.0% (System A, R = 4.34 min); Analytical LCMS: purity
100% (System A, Ry = 4.60 min), ES™: 3483 [MI-I]+; HRMS caled for Cj;HzsMN-0Qy:
347.1845, found 347.1859.

EXAMPLE 26
Morpholin-3-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate
10
(N‘ _’]’,’\ — N\j
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NaH (60% in oil, prewashed with hevane; 1.30 g, 31.7 mmol) was suspended in anhydrous
THF (50 mL) under nitogen and the reaction mixiure was coolzd to -10 °C with stirring. A
solution of 3-hydroxymethyl-morpholing-4-carboylic acid fer-butyl ester (Intermadiate 7;
2.30 g, 10.6 mmol) in THE (50 mL) was added dropwise. The reaction mixture was stirred
for 20 min at 0 °C. 4-(d-Fluorophenyl)-piperazinz-1-carboxylic acid 4-nitrophenyl ester
(Intermediate 6; 4.38 z, 12.7 mmol) was added and the reaction mixture was stirrzd
overnight at room temperature. Sat aq NaHCO: solution (10 mL) was added and the
solvents were removed in vacuo, The residue was partitioned between water and EtQAc¢
and the aqueous phase extracted with EtQAc. The combined organic extracts were washed
with sat aq NaHCO:; (3 x 100 mL), dried (MzSOy) and the solvent removed in vacuo. The
residue was purified by flash normal column chromatography (Apollo silica, 40-63 pun,
60A) eluting with EtOAc¢/hexane. Impure material was further purified by flash normal
phase chromatography using 1% MeOH in DCM to give 3-[4-(4-fAuorophenyl)-piperazine-

Ll-carbonylaxymethyl]-morpholing-4-carboxylic acid tert-butyl ester (3.05 g, 68%%).

3-[4-(4-Fluorophenyl)-piperazine-1-carbonyloxymethyl]-morpholing-4-carboxylic acid
tert-butyl ester (2.98 g, 7.04 mmol) was stirred in DCM (30 mL) at 0 °C. TFA (6 mL)
dissolved in DCM (24 mL) was added dropwise. The reaction mixture was stined
overnight at room temperaturz, The solvent was removed in vacue and the residue was
partitioned between DCM (30 mL) and aqueous NaHCO, (5 g in 30 mL). The aqueous
layer was extracted with DCM (3 x 30 mL), dried (MzSQy) and the solvent removed in
vacuo to give morpholin-3-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate (2,183,
96%) as a white solid.

Analytical HPLC: purity 98.3% (System A, Rr = 3.88 min); Analytical LCMS: purity
100% (System A, Rr = 4.27 min), ES™: 324.0 [MH]"; HRMS caled for CisHzFN-O;:
323.1645, found 323.1661.

EXAMPLE 27
(3S)-Morpholin-3-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate
0

’r:}. o .),” e

( ] o N \l

L N
v -

=

-~

F



L]

10

20

30

WO 2009/071658 56 PCT/EP2008/066877

NaH (0% in oil, prewashed with hexane; 2.76 g, 69.0 mmol) was suspznded in anhydrous
THF (100 mL) undar nitvogen and the reaction mixture was coolzd to 0 °C with stirring. A
solution of (S)-3-hydroxymethyl-morpholing-4-carboxylic acid tert-butyl ester (5.00 g,
23.0 mmal) in THF (100 mL) was added dropwise. The reaction mixture was stirred for 30
minutes al 0 °C. 4-(4-Fluorophenyl)-piperazine-1-carboxylic acid 4-nitrophenyl ester
(Intermediatz 6; 10.0 g, 29.0 mmol) was added and the reaction mixture was stirred
overnight at voom tzmperature befor2 standing for 24h. The reaction mixiure was coolad to
5-10 °C. A 10% aqueous solution of NaHCO- (22 mL) was added and the solvents werz
removed in vacuo, The residue was partitioned between EtOAc (700 mL) and 10%
aqueous solution of NaHCO; (200 mL) / water (400 mL). The EtQOAc layer was driad
(MgSQy) and the solvent removed /n vacuo. The residue was purified by column
chromatography (normal phase silica, 100 g Isolute-Si column, gradient of EtOAc in
hexane). The residue was dissolved in DCM and evaporated in vacuo and repeated before
drying in vacuo to give (3S)-3-[4-(4-flumwphenyl)-piperazing-1-carbonyloxymethyl]-

morpholine-4-carbwxylic acid fer-butyl ester (8.19 g, 84%,) as an oranze Fuim.
y J, 13’ (=] o

(3S)-3-[4-(4-Fluorophenyl)-piperazine-1-carbonyloxymethyl-marpholing-4-carbovylic
acid fer-butyl ester (8.19 g, 19.3 mmol) was stined in DCM (% mL) ai -5 o 0 °C. TFA
(28.9 mL) dissolved in DCM (67 mL) was added dropwise and the cooling maintained for
30 minutes. The reaction mixiure was stirred for 20h at moom tzmperature. The reaction
mixture was diluted with heptanz (200 mL) and a red-brown gum separated. The gum was
dried in vacuo and then washed with hepiane (200 mL). The residue was partitioned
betwaen DCM (430 mL) and 1.2M agueous NaHCO; (135 mL). Tha aqueous layer was
extracted with DCM (2 x 225 mL). The combined DCM extracts were dried (NazSQy) and
the solvent removed jn vacuo to give (3S)-morpholin-3-yhnethyl 4-(1-fluorophenyl)-
piperazine-1-carboxylate (5.83z, 93%) as a beige solid.

Analytical HPLC: purity 99.5% (System A, Fr = 3.86 min); Analytical LCMS: purity
100% (Systzm A, Ry = 3.82 min), ES™: 324.7 [MH]"; HRMS calcd for C,¢HFN;05:
323.1645, found 323.16352.
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EXAMPLE 28
(3R)-Morpholin-3-ylmethyl 4-(4-llnorophenyl)piperazine-1-carboxylate

| ‘\
Zp

NaH (60% in oil, prewashed with hexane; 1.38 g, 34.5 mmol) was suspended in anhydrous
THF (50 mL) vnder nitrogen, the reaction mixture cooled to -5 °C with stiring and a
sohition of (R)-3-hydroxymethyl-morpholineg-4-carboxylic acid fer-butyl ester (2.50 g,
11.5 mmol) in THF (50 mL) was added dropwisz, The reaction mixture was stirred for 30
min at 0 to 3 °C. 4-(4-Fluorophenyl)-piperacine-1-carhoxylic acid 4-nitrophenyl ester
(Intermediate 6; 5.01 g, 14.5 mmol) was added and the reaciion mixturs was stirred
overnight at room temperature. The reaction mixture was covlad with an ice bath and a
10% aq NaHCO; solution (11 mL) was added. The solvents were removed in vacus and
the residuz was partitioned betwazen EtOAc (350 L) and 10%6 aq NaHCO, solution (100
mL) / watzr (200 mL). The EtOAc layer was drizd (MgSQy) and the solvent removed in
vacue. The residuz was pwified by colummn chromatography (normal phase silica, 70 3
Isolute-Si column, gradient of EiOAc in hzxane). The residue was dissolved in DCM and
evaporated in vaoue and repeatzd onez before drying in vacuc to give (3R)-3-[4-(4-
fluoraphenyl)-piperazine-1-carbonylox ymethyl]-morpholing-4-carboxylic  acid  ferr-butyl

ester (2.20 2) as a pale yellow gum.

carboxylic acid fert-butyl ester (2.50 g, 11.5 munol). After repurification of the impure
fractions from both batches, 8.17 g (33.9%) of (3R)-3-[4-(4-fluorophenyl)-piperazine-1-

carbonyloxymethyl]-morpholine-4-carboxylic acid rert-butyl ester was obtained.

(3R)-3-[4-(4-Fluorophenyl)-piperazinz-1-carbonyloxymethyl]-morpholine-4-carboxylic

acid tert-butyl ester (5.07 2, 12.0 mumol) was stived in dry dioxane (35 ml) at room
temperaturs and HCI in dioxane (4M; 15 mL, 60 nunel) was added dropwise, The reaction
mixture was stitred for 24h at room temperature. A further portion of HCl in diozane (4M;
10 mL, 40 mmol) was added and stirred overnight. The dioxane was decanted and the
residual gum was washed with diozane (x 3) and Et;0 (= 2). The residue was partitioned

between DCM (300 mL) and 1.2M aqueous NaHCO;. The aqueous layer was extracted
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with DCM (2 = 200 mL). The combined DCM extracts were dried (NazSOy) and tha
solvent removed in vacuo. The residue was dissolved in DCM and dried in vacuo to give
(BR)-marpholin-3-ylmethyl 4-(4-fuorophanyl)piperazine-1-carbaxylate (3.97 2, quant.) as
an off white solid.

Aunalytical HPLC: purity 100%% (Sysizm A, Rt = 3.87 min); Analytical LCMS: purity
100% (System A, Rt = 3.82 min), ES™: 3247 [MI—I]"'; HRMS c¢aled for CgH:FN-O5:
323.16435, found 323.1657.

EXAMPLE 29
(4-Methylmorpholin-3-yl)methyl 4-(4-fluorophenyl)piperazine-1-carboxylate

|
S

o LN | “
7k
LiAIH, (4.2 g, 110 ramol) was suspendad in anhydrous THF (60 mL) undar nitrogen,
conlad to -10 °C with stirring and a solution of 3-hydrozymethyl-morpholine-4-carboxylic
acid teri-butyl aster (Intermadiatz 7; 4.1 g, 18.4 muool) in THF (30 mL) was added
dropwise. The reaction mixture was stirred for 20 minutzs at 0 °C, heated to reflux for 3h
and then stirred at room temperature overnight. The reaction mixture was cooled to -10 °C
and quenched with the dropwise addition of 10% watzr in THF. The reaction mixture was
diluted with THF (50 mL), stirred for 1h at room temperature, fliered and the Altrate was
concentrated /i vacuo. The residue was dissolved in DCM, dried (MgSQ,) and the solvent
removed in vacuo oo give (d-methyl-morpholin-3-yl)-mathanol (2.05 g, $3%%) as a

colourless liquid.

NaH (60% in oil, prewashed with hexane; 0.91 g, 22.9 mmol) was suspended in anhydrous
THF (25 mL) undar nirogen and cooled to 0 °C with stirring, A solution of (4-methyl-
morpholin-3-yl)-methanol (1.00 g, 2.62 wmmol) in THF (25 L) was added dropwise, 4-(4-
Fluorophanyl)-piperazing-1-carboxylic acid 4-nitrophenyl ester (Intermediate 6; 3.16 g,
9.15 mmol) was added and the reaction mixfure was stirred overnight at room temperature.
A saturated aqueous solution of NaHCO; (10 mL) was added and the solvenis were
removad 7i7 vacuo. The residus was partitionzd between water and EtQOAc and the aqueous

phase was extracted with EfOA¢. The combined organic extracts were washed with sat aq
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NaHCO; (3 % 100 mL), dried MzS0y) and the solvents wers removad in vacuc. The
residue waz purified by flash normal colunm chromatography (Apollo silica, 40-63 pm,
60A) eluting with 1% MeOH in DCM to give (d-methylmorpholin-3-ylymethyl 4-(4-
fluorophenylpiperazine-1-carboxylate (2.15 g, $3%) as a white solid.

Analyiical HPLC: purity 10056 (Systzm A, Rr = 3.99 min); Analytical LCMS: purity
100% (System A, Ry = 4.38 min), ES™: 338.0 [MH]"; HRMS caled for Cj7Hz4FN3Qs:
337.1802, found 337.1811.

EXAMPLE 30

Morpholin-3-ylmethyl 4-phenylpiperazine-1-carboxylate
’ o]
M.~ |

NaH (60% in oil, prewashad with hexane; 1.23 g, 30.1 mmol) was suspended in anhydrous
THEF (50 mL) under nitrogen and cooled to 0 °C with stiring. A solution of 3-
hydroxymethyl-morpholine-4-carboxylic acid fert-butyl ester (Intermediate 7; 2.23 2, 10.3
mmol) in THF (50 mL) was added dropwise. The reaction nixture was stirred for 20 min
at 0 °C. 4-Nitrophenyl 4-phenylpiperacine-1-carboxylatz (Intermediate 2; 4.03 g, 12.3
mmeol) was added and the reaction mixture was stirred for 4Sh at room temperature. A sat
aq NaHCO: solution (10 mL) was addzd and the solvents were removed in vacue. The
residue was partitionzd between water and EtOAg, the aqueous phase was extracted with
EtOAc (2 ¥ 100 mL). The combined organic zxiracts ware washed with sai ag NaHCO; (3
» 100 mL), dried (MzSQ.) and the solvents were removed in vacuo. The residue was
purifizd by flash normal colomn chromatography (Apollo silica, 40-63 pm, 60A) cluting
with 1% MezOH in DCM to give 3-(4-phe.nyl-pipera:ine-l-carbonﬂo:-:yme.thyl)-

morpholine-4-carboxylic acid fer-butyl ester (3.35 g, $09%).

3-(4-Phenyl-pipzrazine-1-carbonyloxymethyl)-morpholing-4-carbonylic  acid  reri-butyl
ester (3.31 g, 8.16 mumol) was stirred in DCM (30 L) at 0 °C. TFA (6 mL) dissolved in
DCM (24 mL) was added dropwise. Tha rzaction mixiure was stirred overnight at room
temperature. The solvents were remaved i vacuo and the residue was partitioned between

DCM (30 mL) and aq NaHCO: (5 g in 30 mL). The aqueous layer was extracted with
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DCM (3 x 30 mL), drizd (MgSQy) and thz solveats were removed in vacue to give
morphelin-3-ylmethyl 4-phenylpiperazine-1-carboxylatz (2.55 g, quant.) as a white solid.

Analytical HPLC: puiity 100% (Systzm A, Rt = 3.60 min); Analytical LCMS: purity
100% (System A, Rr = 3.97 min), ES™: 306.0 [MH]"; HRMS caled for C)gHzN30;:

305.1739, found 305.1741.

EXAMPLE 31
Morpholin-3-ylmethyl 4-(2,4-difluorophenyl)piperazine-1-carboxylate
I
(N J g \j
\.0>r‘ l«\y;hj.\ ".»\.
A

3-Hydrozymethyl-morpholine-4-carboxylic acid fert-butyl ester (Intermadiate 7, 250 mg,
0.76 mmol) in THFE (5 mL) was added dropwise to a suspensiom of NaH (60% dispersion
n oil, prawashed with hexane; 138 mg, 3.45 mmol) in anhydraus THF (5 mL) at 0 °C and
stirred undar nitrogen for 35 minutes. 4-(2,4-Difluorophenyl)-piperazing-1-carboxylic acid
4-nitrophenyl astzr (Intermediatz 12; 501 mg, 1.38 mmol) was added and thz reaction
mivture was stirred at room temperature ovamighi. The rzaction mixture was quenched
with the addition of aqueous NaHCO; (0.5 mL) at 0 °C and the solvents removed inn vacuo.
The residue was suspendad between aq NaCO; (20 mL) and EtOAc (20 mL). The aqueous
phase was extracted with EtOAc (2 x 20 mL). The combined organic layars wers washzd
with aq Na;CO; (20 mL), dried (MzS0,) and the solvent removad i vacus, The residus
was purified by colomn chromatography (normal phase, Apollo silica, 1% MeOH in DCM)
and the solvents were remaoved /n vacue o give 3-[4-(2,4-diflusro-phznyl)-piperazine-1-

carbonyloxymethyl]-marpholing-4-carboxylic acid fere-butyl ester (170 myg, 34%%).

To 3-[4-(24-difluora-phenyl)-piperacing- 1 -carbonyloxymathyl]-morpholine-4-carboxylic
acid feir-butyl ester (170 mg, 0.39 munol) in DCM (G mL) at 0 °C was added TFA (1 mL in
5 mL DCM). The reaction mixturs was allowed 0 warm i room iempersturs and stimed
overnight. Thz solvent was removed /i vacuo and the residus suspended between sat aq
NaHCO; (10 mL) and DCM (10 mL). The aqueous phase was exiracted with DCM (2 x 10

mL). The combined organic layers were dried MzS0Q,) and the solvent removed in vasuo
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o give morpholin-3-ylmethyl 4-(2,4-difluorophenyl)piperazine-1-carboxylate (104 mg,
79%) as a colourless ail.

Analytical HPLC: purity 98.7% (System B, Rt = $.29 min); Analytical LCMS: purity
100% (System B, Ry = $.09 min), FS™: 342.6 [MH]"; HRMS caled for CgHzFaN3Os:
341.1551, found 341.1561.

EXAMPLE 32
(4-Methylmorpholin-3-yDmethyl 4-(2,4-difluorophenyl)piperazine-1-carboxylate

oo . ‘J,.N.“‘_
O /“ i

(4-Methyl-marpholin-3-yl)-methanol (387 mg, 2.95 nuol) in THF (7.5 mL) was added
drapwise to a suspension of NaH (60% dispersion in oil, prewashed with hexane; 354 mg,
8.85 mmol) in anhydrous THF (7.3 mL) at 0 °C and stirred under nitrogen for 40 minutes.
4-(2,4-Diflucrophenyl)-piperazine-1-carhoxylic acid 4-nitrophenyl ester (Intermediate 12;
1.28 g, 3.54 mmnl) was added and the reaction mixture was stirred at room tamperature
overnight. The reaction mixture was quenchad with the addition of aqueous NaHCO- (0.5
mL) at 0 °C. The reaction mixture was stitred for 1h and then the solvents were removed in
vacuo. The residue was suspended between water and EtQAc. The aquecus phase was
extracted with EtOAc (= 3). Th: combinzd organic layers were washed with aqueous
Na,COy, dried (MgSQy) and the solvent removed in vacuo. The residus was purifizd by
column chromatography (normaal phasz, Apollo silica, 1% MeOH in DCM) and the
solvents  werz removed in vacue 1o give (4-mathylmorpholin-3-ylmsthyl  4-(2,4-
difluvorophenyl)piperazine-1-carboxylate (197 mg, 19%) as a colourless oil.

Analytical HPLC: purity 99.3% (System B, Fr = S.45 min); Analytical LCMS: purity
100% (Systzm A, Ry = 4.51 min), ES™: 336.5 [MH]"; HEMS caled for C)7HFN-O5:
355.1707, found 355.1724.

EXAMPLE 33
(2S)-Morpholin-2-ylmethyl 4-(2,4-difluorophenyl)piperazine-1-carboxylate
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(S)-2-Hydroxymethyl-morpholine-4-carboxylic acid teri-butyl ester (Intermediate 8; 100
mg, 0.46 mmol) was added to a suspension of NaH (60% dispersion in oil; 55.0 mg, 1.38
mmol) in anhydrous THF (2 mL) and stirred under nitrogen for 30 min. 4-(2,4-Difluoro-
phenyl)-piparacine-1-carboxylic acid 4-nitrophenyl ester (Intermadiate 12; 191 mg, 0.55
mmol) was added and the reaction mixinre was stirrzd at room temperature for 24h. The
reaction mixture was filtered throuzh celite and the solid washed with THF (10 mL). The
filtrates were combined and the solvent removed in wazuo. The residue was purified hy
column chromatography (normal phase silica, § g Isolute-Si eolumn, gradient 10% to 50%
EtOAC in hexane) to give (2S)-[4-(2,4-difluoro-phenyl)-piperaczine-1-carbonyloxymethyl]-

morpholine-4-carbaxylic acid fert-butyl ester (210 1mg, quant.) as an oil.

(25)-[4-(2,4-Difluoro-phenyl)-piperazine-1-carbonyloxyrmethyl]-morpholine-4-carboxylic
acid tert-tmiyl ester (203 mg, 0.46 mimol) was dissolvzd in DCM (2 mL) and TFA (3 mL,
10% in DCM) was added. The reaction mixture was stirred at voommn temperature overnight,
The solvents were removed in vacue. Heptane was added and the solvent was then
removed /n vacue. K;CO5 (500 mg, 3.6 mmel) was added o a solution of the residue in
DCM (2 L) and stirred for 1h. The mixawre was filtered and the filtrate dried (NaySOQy)
and solvents removed in vacue. The residue was purified by colurmn chromatography
(normal phasz, 5 g, Isolutz-Si, EtOAc in hexanz (1:1) followed by 1-10%0 MeOH in
EtOAC). The rasidue was dried in vacwe o give (2S)-morpholin-2-ylmethyl 4-(2,4-
diflvorophenyl)piperazine-1-carboxylate (104 mg, 69%) as a white solid.

Analytical HPLC: purity 99.8% (System B, Rt = $.40 min), Analytical LCMS: purity
100% (Systzm B, Rr = .15 min), ES™: 342.6 [MH]"; HRMS caled for CjsHz FaN;Q5:
341.1551, found 341.1559.

EXAMPLE 34
(2R)-Morpholin-2-ylmethyl 4-(2,4-difluorophenyl)piperazine-1-carboxylate
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(R)-2-Hydroxymethyl-mo pholing-4-carboxylic acid er-butyl ester (Intermediate 9; 100
mg, 0.46 mmwol) was addad to a suspension of NaH (60% disparsion in oil; 55.0 mg, 1.38
mmel) in anhydious THF (2 mL) and stimed under nitrogzn for 30 min. 4-(2,4-
difluoraphenyl)-piperazine-1-carboxylic acid 4-nitrophenyl ester (Infermediate 12; 191 mg,
0.55 nunol) was added and (he reaction mixture was stirred at room temperature for 24h.
The reaction mixture was filteied through celitz and the solid washed with THF (10 mL).
The filtrates were combined and the selvent removed in vacue, The residue was purified
by column chromatography (normal phase silica, § g Isalutz-Si column, gradient 10% to
50%  EBEtOAc  in hexang) to give  (2R)-[4-(2,4-ditluoro-phenyl)-piperazine-1-

carbonyloxymethyl]-morpholine-4-carhoxylic acid fer-butyl ester (176 myg, S6%).

(2R)-[4-(2,4-difluoro-phenyl)-piperazine-1-carbonyloxymethyl]-morpholing-4-carboxylic
acid feri-butyl ester (170 mg, 0.40 rumol) was dissolved in DCM (2 mL) and TFA (3 mL,
10% in DCM) was added. The raaction mixture was stirred al room temparature ovemight.
Thz solvents ware ramoved in vacus, Heptanz was added and then thz solvent removed in
vacue. KaCOs (500 mg, 3.6 nmumol) was added to a solution of the residue in DCM (2 mL)
and stirred for 30 min before adding water (0.3 mL) and stirred for 1Th, The mixiure was
filtered and ihe filwate dried (NazS04) and solvents vemoved in vazue, The residue was
purified by column chromatography (normal phasz, 5 g Isolute-Si column, EtQOAc in
hezane (1:1) followed by 1-10% M=OH in EtOAC). The residue was dried in vaouo to give
(2R)-morpholin-2-ylmeathyl 4-(2,4-difluorophenyl)piparazine-1-carboxylate ($9 mg, 65%%)
as a white solid.

Analytical HPLC: purity 99,895 (System B, Rt = $.38 min); Analytical LCMS: purity
100% (System B, Ry = $.23 min), ES™: 342.¢ [MH]"; HEMS caled for CgHzFN30;3:
341.1551, found 341.1561.

EXAMPLE 35
[(2R)-1,4-Dimethylpiperazin-2-yllmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate
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NaH (60% dispersion in mineral oil; 0.45 2, 11.3 mmol) was suspended in anhydrous THF
(20 mL) under nitrogen and the reaction mixture was cooled to 0 °C with stiring. A
solution of 1,4-dimazthyl-(R)-2-hydroxymethyl piperazine (Intermediate 4; 0.50 2, 3.47
mmol) in THF (20 mL) was added dropwise. The reaction mixture was stired for 10
minutes at 0 °C. 4-(4-Fluorophenyl)-piperazine-1-carboxylic acid 4-nitrophenyl ester
(Intermediate 6; 1.50 g, 4.34 mnol) was added and the reaction mixfure was stinad
overnight at room temperature, The reaction mixtme was quenched with sat. ag. NaHCO;
(40 mL) and the THF was removed in vacwo. The aqueous phase was extracted with
EtOAc (100 mL). The organic layer was washad with sat, aq. NaHCO- (5 x 100 mL),
driad (MgS0Qy) and the solvent removad in vacuo. The residue was purified by reversa
phase column chromatography (LiCheoprap FP-18, 40-63pum, 460 x 2é6mm (100 2), 30
mL/min, gradient 0% to 305 (over 75 min) to [00% (over 13 min) M2OH in water with
1% formic acid). The residue was da-salied using KzCO; in DCM (o give [(2R)-1,4-
dimethylpiperazin-2-ylmethyl 4-(4-fuorophenylpiperazine-1-carboxylate (0.42 g, 35 %)
as a colourless gum.

Analytical HPLC: purity 100% (System A, Rt = 3.88 min); Analytical LCMS: purity
100% (System A, Rt = 3.58 min), ES™: 351.2 [T\/IIIJ HEMS caled tor C):HzFNLO;:
350.2118, found 350.2125.

BIOLOGICAL METHODS

Animal madel of l}unun chesity (dictary-induced abese rat)

Rodent models of obesity are valuable tools for studying the undarlying factors that
contribute to the initiation and maintenance of the obesz state in humans. The model of
digt-induced obesity (DIO) in rodents is particularly suited to this task as DIO rats share a
rumber of (raits with human cbesity.

These include polygenic inheritance, insulin resistance, hyperlepiinemia, lowerad zrowth

hormone secretion, proclivity to praferentially oxidize carbohydrate over fat, and the
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ahility to dacrease metabolic rate when calorie-restrictad, leading to weight regain after
restriction. In outbred rats fed a high energy diet, about one-half develop DIO, while the
rest ave resistant to obesity and gain no more weight than chow-fed cemtrols (diet rasistant,
DR). The model of diet-induced obesity (DIO) is of special interest with regard to
egulation of energy homeostasis, When fed a dizt moderately high in fat, sucrase, and
encrgy content (HE diet), about one-half of the rats will put on substantially more weight
than the others (DIO vs. DR).
Rats pradisposed to develop DIO will gain weight at rates comparable to rats fed a low-
energy (chow) diet and will not become obese unless fed an HE diet. However, once the
DIO and DR phenotypes are established on a HE dizi, the resulting weight gains and body
composition chanzes persist, even when animals are switched bacl to a normal chow diet.
Changes in bady weight and composition, which occur during the development and
perpetvation of the DIQ and DR phenatypes, are associated with saveral alterations in

brain function that may underlic these adjustments
DIO Protocol

The digt-inducad obesity protocol as described by Widdowson, P. S. ¢ al. (Diabétes
(1997) 46:1782-1785) was followed for selection of obese-prone animals.

Wistar male vats (~200-250 g at start of modified distary intzrveniion) are put on a high-
carbohydrate (HE) diet for S-10 weels. The composiiion of the diet is 33% (w/v)
powdered chow (RM1), 33% (w/v) condensad mill: (Nesile), 7% (w/v) Caslor sngar (Tate
& Lyle), and 27% (w/v) water. Body waights are recorded and following an S-week
period, animals are separatzd in 2 groups according o their weight. As in any outbred
strain of animals (rodents, primates) a population will naturally separate in two Zroups:
individuals prone to obesity (putting on more weight) or obesity-rasistant (puiting on less
weight). The obese animals weigh up to 60 g more afier & weeks. Qbese-prone animals ara
Lept to perform studizs on the effect on bady weight and food intake of compounds of
formula (I). Figurz 1 shows an example of bady weight s2paration betwzen animals fzd on

the highly palatable dizt (high carbohydratz).

In vivo experiments oi the ffect of the compounds on body weight
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Obese-prone animals are treated with a compound of formula (I) and the 2ffect on their
body weight is measurad. The compounds are dosed bid at 10 mg/lkg PO, with a dose-
volume of 1 mL/kg or an equivalent vehicle dose (saling) for comparison. The doses are
administered AM (09:00) and PM (16:00) and the body weight is measwred in the morning
before dosing. There are typically € animals per group. Figures 2 9 4 show the cumulative
hady weight change (%6) observed in a 4 day study in DIO rats for Examples 7, 20 and 30,

respectively.
Leptin assay in non-recombinant systein

Although well-characterised in recombinant systems (e.g. ObRb-transfected HEK293
cells), where leptin elicits a very wmarked increase in STAT3 phosphorylation, these
systems have oftan failed to provide an accurate measure of activity of a test compound
towards the leptin receptor. Tt seems that overzxpression of the receptor (as well as the
possibility for different drugs 1o act on different parts of the signaling pathway triggered hy
leptin association with its receptor) resulis in most ¢ases in the absence of activity of the

drugs tested.

The leptin receptor sxpression in non-recombinant syst2m is oflen fluctuating and care
must bz given to identify a systew where signal stability remains within experiments.
Using such a system, leptin receptor antagonist mimatics could be identified by evaluating
their action vs. leptin (see below).

Leptin is produced chiefly in adipose cells, but in humans, mRNA encoding lzptin is also
present in the placenta. Here, leptin might play an impertant proliferative role in the

microvasculature. The possibility to use this hypothesis in a native cell line was evaluated.

JEG-3 protocol

In JEG-3 cells (chorincarcinoma cell ling) leptin is ablz to stimulatz proliferation up to 3
fold (Biol. Reprod. (2007) 76: 203-10). Leptin also causss a concentration-dependant
increase in [PH]-thymidine incorporation in JEG-3 czlls (Figure 5, maximal »ffect at 100

nM (ECsp = 2.1 nM)). The radioactivity incorporated by the cells is an index of their
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proliferative activity and is measured in counts per minute (CPM) with a liquid
scintillation beta counter.

This finding can be applied to test whether a compound is able to either reproduce the
effect of leptin on cell proliferation (leptin receptor agonist mimetic) (i€, a given
compound will cause an increase in incorporated [PH]-Thymiding by the cells) or to inhibit
the effect of leptin (aniagonistic effect) by preventing the leptin-mediated increase in [*H]-

thymiding incorporation.

This approach has the advantage of using a non-recombinant systzm and has reasonable

reproducibility and robustness.
Mcasurciment of brain penetration

Tha test species (rodent) is given a bolus dose of the substrate undar investigation, usually
via intravenous (IV) or oral (PO) routes. At appropriate time points, blood samplzs are
taken and the rvesultant plasma extracted and analyszd for substrate concentration and,
where appropriate, metabolite concentration. At similar time points, animals from another
group are sacrificad, brains isolated and the brain surface cleanad. Brain samples are then
homogenised, extracted and analysed for substraie concentration and, where appropriate,
metabolite concentration. Alternatively, microdialysis probes are implanted into one or
more brain regions of the test species and samples collected at appropriate time points for
subsequent analysis. This method has the advantage of measuring only extra-cellular
substrate concentration. Plasma and brain concentrations are then compared and ratios
calculated, either by comparison of averaged concentrations at individual time points, or by

caleulation of the area-under-the-curve (AUC) of the concentration-time plots.
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CLAIMS
1. A compound of formula (I)
0
S i T ” It it
M N I 4
G H) loon Lo, TR
R I
5 @

or a pharmaceutically acceptable salt, solvate, hydrate, geometrical isomer, tautomer,

optical isomer or N-oxide thereof, wherein:

10 N is selected from O, S, N(R") and CH(R?), provided that the ring containing X is not

3-pyrrolidine;
Y is CHy, O or N(R®);

15 R' is independently selected from hydragen, C)s-alkyl (unsubstituted or aptionally
substituted with one or more substitnents independently selected from halogen,
hydrozy, cyano and Cig-alkoxy) and Cjg-acyl (unsubstitut=d or optionally
substituted with one or more substituents independently selected from halogen,
hydroxy and C, ¢-alkovy);

20
R? and R? arz independently salected from hydrogen, halogen, hydroxy, Cjs-alkyl
(unsubstituted or optionally substituted with one or more substituents independently
selected from halogen, hydroxy and Cj-alkoxy) and C.-alkoxy (unsubstitutad or
optionally substituted with one or more substituents independently selectzd from

25 halogen, hydroxy and C,s-alkoxy),

4 . . .
R* is indspendently szlected frova hydrogen, halogen, hydroxy, cyano, nitra, CFs,

Cig-alkyl and C, s-alkoxy;

30 R’ is hydrogen or Cy.s-alkyl,
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6.

— 69—

a, b and ¢ are each independently 1, 2 or 3;
dis 0,1 or2;
eis 1,2 or3; and

fand g are zach independently 0, 1 or 2.
A compound according to claim 1, wherzin Y 1s Q.

. . . e - 1 2
A compound according to claim 1 or 2, whergin X is O, N(R') or CH(R").

. . . 1.
A compound accarding to any one of claims 1 to 3, wherein R° is hydrogen, methyl,

ethyl or acetyl.

. oo .12 3
A compound according to any one of claims 1 to 4, wherein R® and R are

independently selected from hydrogen, methyl and ethyl.

A compound according to any one of claims 1 to 5, wherzin R® is independzntly

selected from hydrogen, fluoro, chloro, methyl and ethyl.

A compound aceording to any one of claims 1 to 6, wherein the compound is of

formula (I

e

a7 Vr‘ll o
[, @

wherein:

X' and X? are each independantly selected from O, N(RP and CH(R?), provided that
at least one of X' and X? is N(R");
R', R? and R* are as defined in claim 1;

cis 1,2 or3;



WO 2009/071658 70 PCT/EP2008/066877

¢is 1 or2; and

gisOorl.

8. A compound according o claim 1, which is selected from:
5 e [(3R)-1-methylpiperidin-3-yl}methyl 4-(4-methylphenylpiperazine-1-
| carboxylate;
e [(38)-1-methylpiperidin-3-ylJmethyl 4-(4-methylphenyl)pipsrazine-1-carboxylate;
¢ [(25)-1,4-dimethylpiperacin-2-yl]methyl 4-phenylpiperazine-1-carboxylate;
e [(2R)-14-dimethylpiperazin-2-yllmazthyl 4-phenylpiperazine-1-carboxylate;
10 ¢ [(25)-1,4-dimethylpiperazin-2-yl]methyl 4-(4-fluorophenyl)piperazine-1-
carboxylate;
o [(2F)-14-dimethylpiperacin-2-yljmathyl 4-(4-fluorophenyl)piperazine-1-
carboxylate;
o 4-phenylpiperazine-1-carboxylic acid 2-(1,4-dimethylpiperacin-2-yl)ethyl ester;
15 o [(28)-1,4-dimethylpiperazin-2-yljmethyl 4-(2,4-difluorophenyl)piperazine-1-
carboxylate;
o [(2S)-4-mathylpiperazin-2-ylJmethyl 4-phenylpiperazina-1-carboxylata;
o (1,4-dimethylpiperazin-2-yl)mathyl 4-benzylpiperazine-1-carboxylate;
e morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate;
20 e (2S)-morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate;
¢ (2R)-morpholin-2-ylmethyl 4-phenylpiperazine-1-carboxylate;
¢ (4-methylmorpholin-2-yl)methyl 4-phenylpiperazine-1-carboxylate;
o [(2S)-4-methylmorpholin-2-ylJmethyl 4-phenylpiperazine-1-carboxylate;
¢ [(2F)-4-mzthylmorpholin-2-yljmethyl 4-phenylpiperazine-1-carboxylate;
25 o [(2S)-4-methylmorpholin-2-yl]mezthyl 4-(4-fluorophenyl)piperazine-1-
carboxylate;
¢ [(2R)-4-methylmorpholin-2-ylJmethyl 4-(4-fluorephenyl)piparazine-1-
carboxylate,
e [(2S)-4-methylmorpholin-2-ylJmathyl 4-(2,4-difluorophenyl)piperazine-1-
30 carboxylate;
¢ [2R)-4-mzthylmorpholin-2-yljmethyl 4-(2,4-difluorophenyl)piperazine-1-
carboxylate;

o marpholin-2-ylmethyl 4-(4-fluorophenyl)piperazine-1-carbaxylate;
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10.

11.

~71 -

o (2S)-morpholin-2-yhnéethyl 4-(4-flucrophenyl)piperazine-1-carboxylate;

e (QR)-morphelin-2-ylmethyl 4-(4-fluarophenyl)piperazine-1-carboxylate;

e (4-methylmorpholin-2-yl)methyl 4-(4-chlorophenyl)piperazine-1-carboylate;

o (4-methylmorpholin-2-yDmethyl 4-(4-fluorobenzypiperazine-1-carboxylate;

e (4-acetyhmorpholin-2-yDmethyl 4-phenylpiperazine-1-carboxylate;

e morpholin-3-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate;

¢ (3%)-morpholin-3-ylmethyl 4-(4-fluorophenyl)piperazine-1-carboxylate;

e (3R)-morpholin-3-ylmethyl 4-(4-fluorophenyl)piperacine-1-carboxylate;

e (4-methyhmorpholin-3-yDmethyl 4-(4-fluorophenyDpiperazine-1-carboxylate;

o morpholin-3-ylmethyl 4-phenylpiperazine-1-carboxylate;

o morpholin-3-ylmathyl 4-(2,4-diflucrophenyl)piperazine-1-carboxylate;

e (4-methylmorpholin-3-ylmethyl 4-(2,4-diflvorophenyl)piperacine-1-carboxylate;
e (2S)-morpholin-2-ylmethyl 4-(2,4-difluorophenyl)piperacing-1-carboxylats; and

¢ (2R)-morphalin-2-ylmethyl 4-(2,4-difluvorophenyl)piperazine-1-carboxylate.

A pharmaceutical formulation comprising a compound according to any one of
claims 1 to S as an active ingredient, in combination with a pharmaceutically

acceplable diluent or carrier.

A compound according 1o any one of claims 1 to S for use in therapy.

A compound according to any ong of claims 1 o S for use in the treatment or

prevention of conditions or diseases associated with weight gain.

The compound according to claim 11, wherein the condition or disease is obesity,
type 2 diabetes, lipodystrophy, insulin  resistance, metabolic  syndrome,
hyperglycemia, hyperinsulinamia, dyslipidemiz, hzpatic steatosis, hyperphagia,
hypertension, hypartriglycaridamia, infertility, a slin disorder associatzd with weight

gain or macular degeneration.

A compound according to any one of claims 1 to S for use in the treabtment or
prevantion of severe weight lass, dysmenmrhea, amenorrhza, female infertility or

immunadeficiency, or in the treatment of wound healing.
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14.

16.

17.

—-72 -

A compound according o any one of claims 1 to S for usez in the treatmant or
pravention of inflammatory  conditions or discases, low level  inflammation
associatzd with obesity and excess plasma leptin, atherosclzrosis, macro of micro
vascular complications of type 1 or 2 diabetes, ratinopathy, nephropathy, autonomic

neuropathy, or blood vessel damage caused by ischaemia or atherosclerosis.

A compound according to any one of claims 1 to S for use in th2 inhibition of

angiogenesis.

Usz of a compound according to any one of claims 1 to 8 for the manufacture of a
madicament for the treatment or prevention of conditions or diseases assaciated with

weight gain.

The use according to claim 16, wherein the condition or diszase is obesity, type 2
diabetes, lipodystrophy, insulin resistance, maztabolic syndrome, hyperglycemia,
hyperinsulinzmia, dyslipidemia, hepatic  steatosis, hyperphagia, hyperiension,
hypertriglyceridemia, infertility, a skin disorder associated with weight gain or

macular degeneration.

Usz of a compound according to any one of claims 1 o $ for the manufacture of a
medicament for the treatment or prevention of szvere weight loss, dysmenorrhes,
amenorihea, female nfertility or immunodeficiency, or the (reatment of wound

healing.

Usz of a compound according to any one of claims 1 (o 8 for the manufacture of a
medicament for the treatment or pravention of inflammatory conditions or diszases,
low levzl inflammation  associatzd with abesity and excess plasma leptin,
atherosclerosis, macro or micro vascular complications of type 1 or 2 diabetes,
retinopathy, nephropathy, awtonomic neuropathy, or blood vessel damazs causzd by

ischaemia or atherosclerosis.



10

20

25

(9
Pl

WO 2009/071658 PCT/EP2008/066877

20.

21.

25.
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Use of a compound aceording to any one of claims 1 to S for the manufacture of a

medicament for use in the inhibition of angiogenesis.

A method for treatment ov prevention of conditions or diseases associated with
weight gain, which comprises administzring to a mammal, including man, in need of
such treatment an effective arnount of a compound aceording to any one of claims 1

to 8.

The method according (o claim 21, wherein the dissase or condition is obesity, type 2
diabetes, lipodystrophy, insulin resistance, métabolic syndroms, hyperglycemia,
hyperinsulinemia, dyslipidemia, hepatic steatosis, hyperphagia, hypertension,
hypartriglyceridemia, infertility, a skin disorder associated with weight gain or

macular degeneration.

A method for (rzatment or prevention of severe weight loss, dysmenorrhea,
amenorhea, female infertility or immunodeficiency, or the (eatment of wound
healing, which comprises administering to a mammal, including man, in ne:d of such

treatment an effective amount of a compound according (o any one of claims 1 to S.

A method for treatment or pravention of inflanwmatory conditions or diseases, low
level inflanumation associated with obesity and excess plasma leptin, atherosclerosis,
macro or micro vascular complications of type 1 or 2 diabetes, retinopathy,
nephropathy, autonomic neuropathy, or blood vesszl damage caused by ischasmia or
atherasclerosis, which comprises administering to a mammal, including man, in need
of such ireatment an effactive amount of a compound aceording to any one of claims

1to 8.

A method for inhibition of angiogenzsis, which comprises administering o a
mammal, including man, in nzed of such treatment an effzctive amount of a

compound according to any ane of claims 1 to 8.
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A process for the prepavation of a compound of claim 1, comprising:
(a) reacting a compound of fornmla (1I):

anA T wherein R?, RY b, ¢, fand g are as defined

. B
,.11 [ :H,_[R‘t]c in claim 1,

ko
(in)

R/

with 4-nitropheny] chloroformate o bis-(4-nitraphenyl)carbonate in the presence of a
suitable base (such as DIPEA or NEt3) in a suitable solvent (such as DCM or THF),

at -10 (0 40 °C, to form a compound of formula (IIT):

O.N DAY

b ?rlR )

(1) Ry ‘l"

(b) reacting the compound of fornmla (IIT) with a compound of formula (IV):

X 4l wherein X, RY, R, a, d and ¢ are as defined
j<‘)’ >5{ h
[R 17N in claim 1,
N
R
(IV)

in the presence of a suitable base, (such as NaH or NMM), in a suitable solvent (such

as THF or DCM), at -10 to 40 °C, io abtain a corapound of formula (T); and

(c) opticnally, in one or several steps transforming a compound of formula (I) into

another compound of formula ().
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A process for the preparation of a compound of claim 1, comprising:

(a) reacting a compound of farmula (IV):

X 4 Wharein X, R', R? &, d and ¢ are as
xtteon
R} 4N defined in claim 1,
a d \ 1
R
(IV)

with 4-nitrophenyl chloroformate or bis-(4-nitrophenyl)carbonate in the presence of a
suitable base (such as DIPEA or NMM) in a suitable solvent (such as DCM), at -10
to 40 °C, to form a compound of formula (V):

O e
g 1T

'> é‘l:}“v «(:}..' e
[Rzlaj[%d—N\

R’ V)

(b) reacting the compound of formula (V) with a compmmnd of formula (IT):

HE \l’{/‘]-‘“-] s ) “whersin R}, R4 b, ¢, Fand g are as defined
ML [ tH—lR le in claim 1,

[RS]b/' PR ‘[.,]g
(In

in the presence of a suitable base, (such as DIPEA), in a suitable solvent (such as

DCM or DMF), at -10 to 40 °C, (o obtain a compound of fonmula (I); and

(c) optionally, in one or several steps (ransforming a compound of formula (I) into

another compound of formula (I).
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Figure 2
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PIPERAZINAS COMO AGENTES ANTIOBESIDAD

CAMPO DE LA INVENCION

La presente invencidén se refiere a nuvevos derivados de piperazina, a composiciones
farmacéuticas que comprenden estos compuestos, a procesas para su preparacion y al uso
de estos compuestos como miméticos moduladores del receptor de leptina, en la
preparacion de medicamentos para afecciones asociadas al aumento de peso, la diabetes

tipo 2 y las dislipidemias.

ANTECEDENTES DE LA TECNICA

La prevalencia de la obezidad estd avmentando en el mundo industrializado. Generalmente,
la primera linca de tratamiento es ofrecer a los pacientes consgjos sobre dieta y estilo de
vida, coma reducir los contenidos de grasa de sus dietas y anmentar su actividad fisica. Sin
embargo, algunos pacientes también pueden necesitar someterse a terapias con farmacos
para mantener los resultados beneficiosos obtenidos de adaptar la dieta mencionada
anteriormente y los cambios de estilo de vida.
La leptina ez una hormona sintetizada en las células de grasa, que se cree que actiua en el
hipotilamo para reducir la abzorcidn de los alimentos y el peso corporal (ver, por ejemplo,
Bryson, J. M. (2000) Diabetes, Obesity and Metabolism 2: 83-89).
S¢ ha demostrado que en seres humanaosz obezos se reduce la proporcidn de la leptina en el
fluido cerebroespinal con respecto a la leptina en circulacion (Koistinen ¢f &l., (1998) Eur.
1. Clin. Invest. 28: 894-897), Ezto zugiere que la capacidad de tranaportar leptina al cerebro
es deficiente en el estado de obesidad. De hecho, en modelos animales de obesidad
(ratomes NZQ y ratas Koletsky), se¢ ha demostrada que los defectos en el iransporte de
leptina dan como resultado un menor contenida de leptina en el cerebro (Kastin, A. J.
(1999) Peptides 20: 1449-1453; Banks, W. A. er al., (2002) Brain Rez. 930 130-136). En
estudios de roedores con abesidad inducida mediante la dieta (un modelo de roedor que se
cree bastante similar a la obesidad humana, ver, por ejemplo, Van Heek er al. (1997) J.
Clin. Invest. 99: 3§5-390), se mostrd que la leptina en exceso administrada periféricamente
no era efectiva para reducir la absorcidn de alimento y el peso corporal, mientras que la

leptina inyectada directamente al cerebro era efectiva para reducir 1a abszorcidn de alimento
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y ¢l peso carparal. También se ha demostrada que en seres humanos obesas con exceso

leptina en circulacidn, ¢l sistema de sefiales se vuelve insensible a la estimulacion contix
de los receptores de lepiina (Mantzoros, C. S. (1999) Ann. Intern. Med. 130: 671-650).
Amgen ha realizado pruebas clinicas con metionil leptina humana recombinante. Los
reaultados de estas pruebas fueron mixtos, puestd que aun en presencia de alias
concentraciones de leptina en plasma la pérdida de peso era variable y el promedio de
reduccién de peso en el grupo de pacientes evaluados era relativamente pequefio (Obesity
Strategic Perspective, Datamonitor, 2001).
Desde el descubrimiento de la secuencia codificante del gen de la leptina, en la bibliografia
se han incluido varies intentos de hallar fragmentos activos. Un gjemplo es el de Samson &t
al. (1996) Endocrinal. 137: 5182-5185 que describe un fragmento activo en &l extremo N-
terminal (22 a 56). Se demastrd que esta secnencia reduce la absorcidn de alimento cuando
se la inyecta ICV, mientras que una secuencia tomada en el extrema C-terminal no
demostrd tener ningin efecto. Loz fragmentos de leptina también se divulgan en la
solicitud de patente internacional WO 97/46585
Otros informes que apuntan a la parte del extremo C-terminal de la secuencia, informan de
una posible estimulacién de la produccidn de la hormona luteinziante mediante un
fragmento 116-130 (Gonzalez et al., (1999) Neurcendocrinology 70:213-220) y un efecto
en la produccidn de GH después de la administracion de GHRH (fragmento 126-140)
(Hanew (2003) Eur. J. Endocrin. 149: 407-412).
La leptina ha sido asociada recientemente con la inflamacién. Se ha informada que los
niveles de leptina en circulacién se elevan durante la infeccidén bacteriana y en la
inflamaciém (ver Otero, M et al. (2005) FEBS Leit. 579: 295-301 y las referencias en el
mna). La leptina también puede actvar para incrementar la inflamacién mediante el
aumento de la liberacién de citoquinas pro inflamatorias TNF ¢ IL-6 de células
inflamatowias (Zarkesh-Esfahani, H. et al. (2001) J Immunal. 167: 4593-4399), Esios
agentes, a su vez, pueden contribuir a la resistencia a la insulina que se ve cominmente en
los pacientes obesos, reduciendo la eficacia de las sefiales del receptor de inzulina (Lyon,
C.I. et al. (2003) Endocrinal. 44: 2195-2200). Se cree que la inflamacién continua en bajo
grado se asocia a la obesidad (en presencia y ausencia de reaistencia a la insulina y de
diabetes tipo IT) (Browning et al. (2004) Metabolizm 33; §99-903, Inflammatory markers
elevated in blood of obese women; Mangge et al. (2004) Exp. Clin. Endocrinol. Diabetes

112: 378-382, Juvenile obesity correlates with serum inflammatory marker C-reactiv

(€]
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protein; Maachi et al. (2004) Int. J. Obes. Relat. Metab. Disord. 28: 993-997, Systemic low
grade inflammation in obese peaple). La leptina también s¢ ha relacionado con el procesy
de aterogénesis, promoviends la absorcién de lipidos en maadfagos y Jdisfuncién
endotelial, promoviends asi la formacidn de placas ateroesclerdticas (ver Lyon, C.J. et. al.
(2003) Endocrinal. 144 2195-2200).

También se ha mostrado que la leptina promueve la formacidn de nuevos vazos sanguineos
(anginzénesis), un proceso asociado con el crecimiento Jdel tejido adiposo (Bouloumie A,
et al. (1995) Circ. Res. 83: 1059-1066). La angiogénesia también estd involucrada en la
retinopatia diabética (Suganami, E. et al. (2004) Diabetes. 53: 2443-2448).

También se cree que la angiogénesis participa en el crecimiento de nuevos vasos
sanguineos que alimentan a las células tumorales anormales. Los niveles elevados de
leptina se han asociado con varios canceres, en particular cancer de mama, de préstata y
gastrointestinal en seres hmmanos (Somasundar P. et al. (2004) J. Surg. Res. 116: 337-349),
Los agiistas de los receptores de leptina también se pueden uiilizar en la elaboracidn de

un medicaments para promover la cicatrizacidn de heridas (Gorden, P. and Gavrilova, Q.

'J\

(2003) Current Opinion in Pharmacology 3: 655-659).

Ademas, se ha mostrada que elevar las sefiales de leptina en el cerebro puede ser un
abordaje para el tratamienta de traztormos depresivos (Lu, Nin-Yun et al. (2006) PNAS

103: 1593-1598).

DIVULGACION DE LA INVENCION

Sorprendentemente se ha hallado que los compuestos de férmula (I) son efectivos para
reducir el peso corporal y 1a absorcidn de alimentos en roedores, Sin animo de limitarse a
la teoria, se propone que los compuestos de fiimula T modulan la senda de sefial del

receptor de leptina.

En algunas realizaciones, los compuestos con prapiedades del tipo agonistas del receptor

de leptina pueden ser utiles para el tratamiento de frastormos relacionados con la sefial de

leptina, asi como de afecciones asociadas con el aumento de peso, como la obesidad. La
hipdtesis de los inventores ex que log miméticos de leptina que penetran en pequedias

malécnlas del SNC serian capaces de superar el sistema de limitacién de la absorcidn para

acceder al cerebra. Ademas, suponienda que esta situacién es un reflujo de la afeccidn de
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la obesidad en seres humanog, 1os inventares creen que un leptinoide activo en ¢l SNC, con

uwna duracidn relativamente larga de accidn, seria una terapia efectiva para el estado d¢
obesidad y suz complicaciones concomitantez, én particular (aunque no taxativamente) la

diabetes.

En otras realizaciones, los compuestos con propiedades del tipo antagonista del receptor de
leptina padrian ser Gtiles para el tratamiento de inflamacidn, atercesclerosis, retinopatia

diabética y nefropatia.

En un primer aspecto, la invencion se refiere a un compuestas de firmula (I):

)

A ”‘U R .
IRZI}[(-]; r-s) 1 l*lt. «I"::,;,,,:H—[Rﬁ“

\ , R ,'r“") g f—r
R R ’ M

o una sal, solvato, hidrato, isdémero geométrico, tautdémero, izémero aptico o N-dxido

farmacéuticarente aceptables del mismo, donde:

X

UJ

selecciona de O, S, N(RY) y CH(R?), siempre que el anillo que contiene X no sea

3-pirrolidina;
Y es CH,, O o N(R®);

R! se selecciona independientemente de hidrdgeno, alquiloC)¢ (ne sustituida o sustitnida
gullu,
opcionalmente por uno o mas sustituyentes seleccionados independientemente  de
haldgenc, hidroxi, ciano y aleaxiCi) v aciloCi.g (no sustituido o sustituido opcionalmente
(=2 > b
por une o mas sustituyentes seleccionados independientemente de haldgeno, hidroxi y

alcoxiCj.g);

P2 y P2 se seleccionan independientemente de hidrdgeno, haldgeno, hidroxi, alquiloCi.g-
(no sustituido o sustituido opcionalmente por une o mds sustituyentes seleccionados
independientemente de haldgenas, hidroxi y alcoxiCig) y aleoxiCig (no sustituido o
sustitnido opcionalmente por uno o méds zustituyentes seleccionados independientemente

de haldgena, hidrovi y alcoviCi.);
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R* se selecciona independientemente de hidrdgenao, haldgeno, hidroxi, ciano, nitro, CF,

alquiloC,.y alcoxiC.g;

R’ es hidrégeno o alquiloCi.g;

Oh
'S )

a, by ¢ 3on cada uno independientemente 1, 2
des0,1, 6 2;
ees1,263;y

fy g son cada uno independientemente 0, 1 4 2.

En una realizacién preferida de la invencidn, Y es O.

En otra realizaciin, X se selecciona preferentemente de O, N(R') y CH(R?).

R! se selecciona preferentemente de hidrézeno, alquiloCy y aciloCi.

En una realizacidn més preferida, R! es hidrdgeno, metilo o acetilo.

R?y R? se scleccionan preferente ¢ independientemente de hidrégeno y alquiloC ..

En una realizacion mas preferida, R? y R? aon hidrégeno.

R? se selecciona preferente e independientemente de hidrdgeno, halégeno, CF: y
alquiloCy 4.
Fn una realizacién mas preferida, R* se selecciona independientemente de hidrégeno,

fluor, cloro o metilo.

dy fson cada uno preferentemente 1.
¢ es preferentemente 1 § 2;

g es preferentemente 0 & 1 y mas preferentemente 0.

. >,
BV G PN,

L L e
e

()
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donde:

r 7. : . : ) . T, "l 2 .
X'y X2 s¢ seleccionan cada une independientemente Je O, N(R'") o CH(R?), siempre que

al menos wno de X' y X2 sea N(Rl);

R &5 como se definid en la frmula (1), y preferentemente hidrageno, metilo o acetilo;

RZes como se definid en la frmula (D), y preferentemente hidrégeno;

R* es hidrégeno, flaor, cloro o metilo.

cesl,263;

eesl62;y

ges061.

Los compuestos especificas preferidos de famula (I) son los seleccionados del grupo

conformado por:

4-(4-metilfenil)piperazina-1-carboxilato de [(GR)-1-metilpiperidin-3-iljmetilo;
4-(4-metilfenil)piperazina-1-carboxilato de [(3S)-1-metilpiperidin-3-iljmetilo;
4-fenilpiperazina-1-carboxilato de [(25)-1,4-dimetilpiperidin-2-ilJmetilo;
4-fenilpiperazina-1-carboxilato de [(2R)-1,4-dimetilpiperidin-2-il]metilo;
4-(4-fluorofenil)piperazina-1-carboxilato de [(25)-1,4-dimetilpiperazin-2-ilJmetilo;
4-(4-flucrcfenil)piperazina-1-carboxilato de [(2R)-1,4-dimetilpiperazin-2-il]metilo;
2-(1,4-dimetilpiperazin-2-il)etil éster del 4cido 4-fenilpiperazina-1-carboxilico;
4-(2.4-difluorofenil)piperazina-1-carboxilata de [(25)-1,4-dimetilpiperazin-2-ilJmetilo;
4-fenilpiperazina-1-carboxilato de [(25)-4-metilpiperazin-2-ilJmetilo;
4-hencilpiperazina-1-carboxilato de (1,4-dimetilpiperazin-2-il)metilo;
4-fenilpiperazina-1-carboxilato de morfolin-2-ilmetilo;
4-fenilpiperazina-1-carboxilato de (2S)-morfolin-2-ilmetilo;
4-fenilpiperazina-1-carboxilato de (2R)-meorfolin-2-ilmetila,
4-fenilpiperazina-1-carboxilato de (4-metilmorfolin-2-il)metilo,
4-fenilpiperazina-1-carboxilato de [(25)-4-metilmorfolin-2-illmetilo;
4-fenilpiperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-illmetilo;
4-(4-fluorofenil)piperazina-1-carboxilato de [(2S)-4-metilmarfolin-2-iljmetilo;
4-(4-fluorofemb)piperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-il]metilo,

4-(2 4-difluorofenil)piperazina- 1 -carboxilata de [(25)-4-metilmorfolin-2-il jmetilo;,
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o 4-24-diflucrcfenil)piperazina-1-carboxilato de [(CR)-4-metilmorfolin-2-ilJmetilo;
o 4-(4-fluorafenil)piperazina-1-carboxilato de morfolin-2-ilmetilo;

o 4-(4-fluorofenil)piperazina-1-carboxilato de (28)-morfolin-2-ilmetilo;

o 4-(4-fluorafenil)piperazina-1-carboxilato de (2R)-morfolin-2-ilmetilo;

o 4-(4-clorofenil)piperazina-1-carboxilato de (4-metilmorfolin-2-il)metilo;

o 4-(4-fluorabencil)piperazina-1-carboxilato de (4-metilmorfolin-2-i)metilo,

o 4-fenilpiperazina-1-carboxilato de (4-acetilmorfolin-2-iDmetilo;

e 4-(4-flucrofenil)piperazina-1-carboxilato de morfolin-3-ilmetilo;

o 4-(4-fluorofenil)piperazina-1-carboxilata de (3S)-maorfolin-3-ilmetilo;

o 4-(4-fluorafenil)piperazina- 1-carboxilato de (3R)-morfolin-3-ilmetilo,

o 4-(4-flucrofenil)piperazina-1-carboxilato de (4-metilmorfolin-3-imetilo;

¢ 4-fenilpiperazina-1-carboxilato de morfolin-3-ilmetilo,

e 4-(24-difluorofenil)piperazina-1-carboxilato de morfolin-3-ilmetilo;

o 4-(2,4-difluenofenil)piperazina-1-carboxilaio de (4-metilmor folin-3-i)metilo;
o 4-(2,4-difluorofenil)piperazina-1-carboxilato de (2S)-morfolin-2-ilmetilo; y

o 4-(2,4-diflucrafenil)piperazina-1-carboxilato de (2R)-menfolin-2-ilmetilo.

Otra aspecte de la presente invencidn es un compuesto de férmula (I) para utilizar en una

terapia.

En otro aspecto, la invencidn se refiere a un compuesto de fdrmula (I) para utilizar en el
tratamients o prevencidn de cualquiera de los trastormos o afecciones que se describen en

la presente.

En otro aspecto, la invencidn se refiere al uso de un compuesto de férmula (I) en la
elaboracién de un medicamento para ¢l tratamiento o prevencién de cualquiera de los

trastornos o afecciones que se describen en la presente.

En algunag realizaciones, dichos compuestos se pueden utilizar en la elaboracién de un
medicamento para el tratamiento o la prevencién de una afeccién que se previene, rata o

mejora mediante una accidn selectiva en el receptor de leptina.
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En algunas realizaciones, dichos compuestos ze¢ pueden utilizar en la elaboracién de\ un
medicamento para el tratamiento o la prevencidn de afecciones (en particular, afecciol
metabdlicas) asociadas al avmento de peso. Las afecciones asociadas al aumento de peso
incluyen enfermedades, trastomos, u otras afecciones que tienen una incidencia mayar en
individuos obesosz o con sobrepeso. Los gjemploz incluyen: lipodistrofia, lipodistofia del
VIH, diabetes (tipe 2), resistencia a la insulina, sindrome metabdlico, hiperglicemia,
hiperinsulinemia,  dislipidemia,  esteatosis  hepatica,  hiperfagia,  hiperiensiin,
hipertrigliceridemia, inferiilidad, un trasioing cutdneo asociado con el aumento de peso,
degeneracidn macular. En algunas realizaciones, los compuestos también se pueden utilizar

en la elaboracidn de un medicamento para mantener la pérdida de peso de un individuo.

En algunas realizaciones, los compuestos de formula (I) que son miméticos agoniztas del
receptor de leptina también se pueden utilizar en la elaboracién de un medicamento para

promover la cicatrizacién de heridas.

En algunas realizaciones, los compuestos de formula (I) que son miméticas agonistaz del
receptor de leptina también se pueden utilizar en la elaboracidn de un medicamento para el
tratamiento o prevencidn Jde  afecciones que provocan una  Jdisminucidén de  las
concentraciones de leptina en cirenlacidn y el consiguiente malfuncionamiento de los
sistemaz  inmune y  reproductivo. Los  gjemploz de  tales  afecciones y  malos
funcionamientos incluyen pérdida de peso zevera, dismenonrea, amenmrea, infertilidad

femenina, innmunodeficiencia y afecciones asociadas a niveles bajos de testosterana.

En algunas realicaciones, los compuestos de formula (I) que son miméticos agonistas del
receptor de leptina también se pueden utilizar en la elaboracidn de un medicamento para el
tratamiento o prevencidn de afecciones provocadas comeo resultado de la deficiencia de

leptina o una mutacidn de la leptina o del receptor de leptina.

En algunaz realizaciones, 1oz compuestos de férmula (I) que son miméticos antagonistas
del receptor de leptina se pueden utilizar en el tratamients o prevencién Jde afecciones
inflamatorias o enfermedades, inflamaciones de bajo nivel asociadas a la obezidad y

exceso de leptina en plasma; y para reducir otras complicaciones asociadas con la obesidad
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incluida la ateroesclerosis y para la correccién de la resistencia a la insulina que se ve en @

sindrome metabdlico y la diabetes.

En algunas realizaciones, los compuestos de formula (I) que son miméticos antagonistas
del receptor de leptina se pueden utilizar en ¢l tratamiento o la prevenciém de inflamacidn
provocada por o asociada con: céncer (como lencemias, linfomas, carcinomas, cancer de
colon, cancer de mama, cancer de pulmén, cincer de pancreas, carcinoma hepatocelular,
cancer de rifidn, melanoma, metastasis hepatica, de pulmdn, de mama y de prastata, etc.);
enfermedades autoinmunes (como rechazo de tragplantes de Srganos, lupus erilematosa,
rechazo injerto combtra huésped, rechazo al alotrasplante, esclerosiz multiple, artritis
revmatoidea, diabetes mellitus tipo I incluida la destmecidn de izlotes pancreaticos que
conduce a la diabetes y las consecuencias inflamatorias de la diabetes); dafio autoinmune
(incluide esclerosis miltiple, sindrome de Guillam Barre, miastenia gravis); afecciones
cardiovasculares asociadas a la perfusion insuficiente de 1oz tejidos ¢ nflamacion (como
ateromas, ateroesclerosis, accidente cerebrovascular, lesidn por izquemia-reperfusion,
claudicacidn, lezidn de la médula espinal, falla cardiaca congénita, vasculitis, shock
hemorragica, Qasc@spasmo después de una hemorragia subaracneide, vasoezpasmo
después de un accidente cerebrovascular, pleuritis, pericarditis, las complicaciones
cardiovasculares de la diabetes); lesidn por isquemia-reperfuzidn, isquemia ¢ inflamacién
asociada, restenosiz después de una angioplastia y anewiamaz inflamatorios; epilepsia,
neuradegeneracion  (incluida la enfermedad de  Alzheimer), artritis (como  artritis
reumatoide, osteoartritis, espondilitis reumatoide, artritis gotosa), fibrosis (por ejemplo del
pulmdn, la piel y el higado), ezclerosis maltiple, sepsis, shock zéptico, encefalitis, artritia
infecciosa, reaccidn de Jarisch-Herzheimer, culebrilla, shock téxico, malaria cerebral,
enfermedad de Lyme, shock endotévico, shock gram negativo, shock hemorragico,
hepatitis (proveniente ianto del daiio de tejido como de la infeccién viral), trombasis
venoza profunda, gota; afecciones asociadaz a dificultades respiratorias (por ejemplo,
enfermedad pulmonar obstructiva crdnica, vias respiratorias obstruidas y bloqueadas,
broncoconatriceidn,  vasoconstriceidn  pulmonar, respiracidn  blogueada, enfermedad
pulmonar inflamatoria crénica, silicosis, sarcosis pulmonar, fibrosis cistica, hipertension
pulmonar, vaseconstriccidn pulmonar, enfisema, alergia bronguial y/o inflamacidn, asma,
fiebre del hena, rinitis, conjuntivitis vermnal y sindrome de distrés reapiratorio del adulto);

afecciones asociadas a inflamaciones de la piel (incluidas psoriasis, eczema, tdlceras,
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dermatitis de contacta); afecciones asociadas con inflamacidn del intesting (incluidlaz
enfermedad de Crohn, colitis ulcerosa y piresis, sindrome del intesting irritab
enfermedad inflamatoria intestinal); VIH (particularmente infeccion por VIH), malaria
cerebral, meningitis bacteriana, osteoporosis y otras enfermedades de la resorcidn dsea,
ozteoartritis, infertilidad por endometriosis, fiebre y mialgia debidas a infeccién y ofras
afecciones provocadas por una actividad celular anti-inflamatoria excesiva (incluida la

actividad neutrdfila, eosindfila, de macréfago y células T).

En algunaz realizaciones, los compueztoz de fomula (I) que son miméticos antagonistas
del receptor de leptina se pueden utilizar para ¢l tratamiento o la prevencién de macra o
microe complicaciones vasculares de la diabetes tipo 1 & 2, retinopatia, nefropatia,

neuropatia autondmica o dafio de vasos sanguineos provocade por isquemia o

ateroesclerosis.

En algunas realizaciones, 1os compuestos de firmula (T) que son miméticos antagonistas
del receptor de leptina se pueden utilizar para inhibir la angiogénesis. Loz compuestos de
la invencién ¢ue inhiben la angiogénesis se pueden utilizar para el wratamiento o
prevencién de la obesidad o complicaciones asociadas con la obesidad. Los compuestos de
la invencién que inhiben la angingénesis se pueden utilizar para el tratamients> o
prevencidn de complicaciones asociadas con la inflamacién por retinopatia diabética o

crecimients tumotral particulanmente en el cancer de mama, préstata o gasirointeatinal.

En otro aspecta, la invencion se refiere a un método para ¢l ratamiento o la prevencidn de
cualquiera de los trastornas o afecciones descritos en la presenie, que incluye administrar a
un individuo (por ejemplo, un individuo que 1o necesite, por ¢jemplo, un mamifera), una

cantidad efectiva de un compuesto de formula 1.

Los métodos aqui establecidos incluyen aquellas donde se ideniifica que el individuo
necesita un tratamiento particular establecido. La identificacién de un individuo que
necesite tal tratamiento puede realizarse seglin el juicio de un individue o de un profesional
de la salud y puede ser subjetiva (par gemplo, opinidn) n abjetive (por ejemplo, medible

mediante una prueba o un método diagndstica).
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En otros aspectos, los métodos incluidas en la presente incluyen otros que compregde /
monitorear la respuesta del individuo a laz administraciones del (ratamiento. Do
menitoree puede incluir el muestren periddico de tejidos, fluidos, muestras, células,
proteinas, marcadores quimicos, materiales genéticos, etc. del individuo, como marcadores
o indicadores del régimen de tratamiento. En otros métodos, se preselecciona o identifica
el individua que necesita tal tratamiento mediante la evaluacidn de un marcador relevante
o indicador pertinentes de que tal tratamiento es apropiado.

En una realizacién, la invencidn proporciona un método para monitorear el progreso del
tratamiento. El métode incluye la etapa de determinar el nivel de marcador diagndstico
(marcador) (por gemplo, cualquier objetivo o tipo de célula establecido en la presente,
modulada mediante un compuesta de la presente) o medida diagndstica (por ejemplo,
andlisis, ensayo) en un individuo que sufre o es susceptible de sufrir un trastorne o
sintomas del mismo, establecido en la presente, en el cual se le ha adminisirado al
individua una cantidad terapéutica de un compuesto de la presente, suficiente como para
tratar el trastorno o los sintomas del mismo. El nivel de marcador determinado en el
métado se puede comparar con 103 niveles conocidos de marcador, ya sea en individuos de
control ¢con salud normal o en otros pacientes afectados para establecer el estado de
enfermedad del individuo. En realizaciones preferidas, se determina un segundo nivel de
marcador en el individuo en un momento posterior a la determinacidn del primer nivel y se
comparan los dos niveles para monitorear el curso de la enfermedad o la eficacia de la
terapia. En ciertas realizaciones preferidas, se determina un nivel del marcador previo al
tratamiento en el individuo antes de empezar el tratamiento de conformidad con la
invencidn; este nivel de marcador previo al tratamiento se puede comparar entonces con el
nivel de marcador en el individuo después de comenzado el tratamiento, para determinar la
eficacia del tratamiento.

En ciertas realizaciones de métado, se determina wn nivel de marcador o de actividad del
marcador en un individuo al menos una vez. La comparacién de niveles de marcador, por
ejemplo, con otra medida del nivel de marcador obtenida antes o después del mismo
paciente, de otro paciente, o de wn individuo normal, puede ser 06l para determinar si la
terapia de conformidad con la invencidn estd teniendo el efecto deseado, permitiends asi
ajustar 1oz nivelez de dosis segin corresponda. La determinacion de los niveles de
marcadores se puede realizar utilizando cualquier método de ensayn de muestrea/expresion

conocida en la téonica o descrits en la presente. Preferentemente, primero se retira una
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muestra de tejido o fluido del individue. Los gjemplos de muestraz apropiadas incluyen

sangre, orina, tejido, células de la boca o mejilla y muestras de cabellos que contengs

I

15
fu

ices. Los entendidos en la téenica sabran de otras muestras apropiadas. La determinacidn
de niveles de proteina y/o niveles de ARNm (por gjemplo, niveles de marcador) en la
muestra se pueden realizar utilizando cualquier téenica apropiada conocida en la téenica,
incluida, aunque no taxativamente, inmunoensayo de entimas, ELISA, técnicaz de
marcado/ensayo radivactive, métodos de  (ransferencia/quimioluminiscencia, PCR en

tiempa real y similares.

En algunas realizaciones, puede ser ventajoso si un compuesio de la farmula (I) es capaz
de penetrar €l sistema nervioso central. En otras realizaciones, puede ser ventajozo si un
compuesto de la fdimula (1) no es capaz de pencivar €l SNC. En general, ze ezpera que los
compuestos que son miméticos agonistas del receptor de leptina sean particularmente uiiles
en el tratamiento o prevencidn de la obesidad, la resistencia a la insulina, o diabetes
(particularmente intolerancia a la glueosa) 81 estos compuestos pueden peneirar el SNC.
Una persona entendida en la técnica podrd determinar facilmente si wn compuesto puede
penetrar el SNC. En la seccidn de métodos bioldgicas se describe un métado aprapiado

que se puede utilizar.

Una respuesta del receptor de leptina se puede medir de cualquier forma apropiada. In
vitro, se puede realizar midiendo la sefial del receptor de lepiina. Por gjemplo, se puede
medir la fosforilacidn de Akt, STAT3, STATS, MAPK, shp2 o se puede medir el receptor
de leptina en respuesta a la midn de 1a lepting o un compuesio de la invencidn al receptor
de leptina, El alcance de la fosforilacién de Aki, STAT3, STATS, MAPK, shp2 o del
receptor de leptina se puede determinar por ¢jemploy mediante Westem blotiing o mediante
ELISA. Alternativamente, se puede utilizar un ensayo reportero STAT, por ejemplo
expresidn de luciferasa conducida por STAT. Para dichos ensayos se puede utilizar una
linea celular que exprese el receptar de leptina. In viva, la respuesta del receptor de leptina
se puede medir determinando la reduccidn en la absorcidn de alimentos y el peso corporal

después de la administracién de leptina o un compuesto de la invencidn.
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Los métadas binldgicas a continuacidn describen ensayos y méiodos que se pueden utilizar
para delerminar si un compuesto de la invencidon es wn mimético agonista del receptor de

leptina & un mimético antagonista del receptor de leptina.

Se puede adminizirar un compuesto de la fmula (I) con o 3in agentes terapéuticos. Por
¢jemplo, cuando se desea reducir la inflamacidn, el compuesto se puede administrar con un
agente anti-inflamaiorio (por egemplo, firmacos antimeumaticos modificadores  de
enfermedad como metotrexato, sulfasalazina y agentes inaclivantes de la citoquina,
esteroides, farmacos anti-inflamatorios no esteroides, cannabinoides, moduladores de
taquicinina, o moduladores de bradiquinina). Cuando se desea proporcionar un efecto
antitumoral, s¢ puede administrar un compuesto de la fhmula (I) con un agente citotédxico

(por ejemipla, metolrexato, ciclofosfamida) u otro farmaco antitumearal.

Los compuesios de formula (T) se pueden marcar radiactivamente (por ejemplo con tritio o
yado radicactivo) para aplicaciones in vifra o in viva, como estudios de desplazamienta del

receptor o imagen del receptor.

Otro aspecto de la presente invencidn se refiere a procesos para la elaboracidn de
compuestos de férmula (I) como se definid anteriormente. En una realizacidn, el proceso

Co mprende .

(a) hacer reaccionar un compuesto de la farmula (IT):

HN
4 ‘g
donde R3, R, b, ¢, [ y g son como s¢ definid en la

L N J
Ry formula (1),
(n

con 4-nitrofenil cloroformato o bis-(4-nitrofenil)carbonato en presencia de una base

aprapiada (como DIPEA o NEt;) en un solvente apropiado (como DCM o THE), de -10 a
40 °C, para formar un compuesto de férmula (I1):

QN < -

ST g
e gy N”' J\H_[R

(11 [R"]’ T"
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(b) hacer reaccionar el compuesto de fdrmula (I1) con un compuesto de formula (IV):

‘ _&’{A}B'QH donde X, R, R?, a, d y e son coma se definid en
R TN 1 la férmula (1),
R
(IV)

en presencia de una base apropiada, (como NalH o NMM), en un solvente apropiado (como

THF o DCM), de -10 a 40 °C, para obtener un compuesto de formula (I); y

(c) opcionalmente, transformar en una o varias etapas un compuesto de la fdrmula (T) en

otro compuesto de la formula (I).

En otra realizacidn, el proceso comprende:

(a) hacer reaccionar un compuesto de la férmula (IV):

) /X _XSH?OH donde X, R!, R?, a, d y e son como se definid en
R TN .
R la férmula (1),
(V)

con 4-nitrofenil cloroformatoe o bis-(4-niccofenil)carbonato en presencia de una base
apropiada (como DIPEA o NMM) én mn solvente apropiado (como DCM), de -10 a 40°C,

para formar un compuesto de formula (V):
o~ _-NO,

ol

ﬁ
ERNS T
S
RI™MEN,

)
R V)

(b) hacer reaccionar el compuesto de férmula (V) con un compuesto de férmula (11):

HN = .
N R -{ [R“‘]‘c donde P2, R4 b, ¢, f y g zon como se definid en
A T O .
R/ e la formula (1),

(i

en presencia de una base apropiada, (como DIPEA), en un solvente apropiado (come DCM

o DMF), de -10 a 40 °C, para obtener un compuesto de formula (I); y
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(c) opecionalmente, transformar en una o varias etapas un compuesto de la firmula (T) en

otro compuesto de la farmula (1).
DEFINICIONES

Se deben aplicar las siguientes definiciones a lo largo de toda la memoria descriptiva y las
reivindicaciones anexas.
A menos que se indique o establezca lo contrario, el térming “alquilaC).¢” se refiere a un
grupo alquilo lineal o ramificado que tiene de 1 a 6 dtomos de carbono. Algunos ejemplos
de dicha alquilaC . incluyen metilo, etilo, n-propilo, isopropilo, n-butilo, iso-butilo, sec-
butila, t-butilo y cadenas lineales y ramificadas de pentilo y hexilo, Para partes del espectra
“alquiloC.¢” todas 1oz subzrupes del mismo se contemplan como alquiloC,_;, alquiloCy,
alquiloCy;, alquiloC,s, alquiloCag, alquiloCss, alquiloCsy, alguilaCs.a, alquiloCs.g,
alquiloCy.s, etc.
A menos que se indique o establezca 1o contrario, el térming aciloC) ¢ se refiere a un grupo
carbonilo que estd unido a través de su dtomo de carbono a un dtomo de hidrégeno (es
decir, un grupo formilo), o a un grupe alquileC.; lineal o ramificado, donde alquilo es
como se definid anteriormente. Los ejemplas de dicho aciloCjg incluyen formilo, acetilo,
propicnila, n-butirilo, 2-metilpropionilo y n-pentailo. Para partes del espectro “aciloCy.g”
todos 1os subgrupos del mismo se contemplan coma aciloC s, aciloC)y, aciloCy.;, aciloC.
2 aciloCyg, aciloCy;, aciloCsi., aciloChs, aciloCsy, aciloCy;, ete. Sioze suatituye
opcionalmente un - grupo  aciloCig por uno o mas  sustituyenies  seleccionados
independientemente de haldgeno, hidroxi y alconiCiy, dicho austituyente no puede estar
unido al &tomo de carbono carbonilo.
A menos que se indique o establezca 1o contrario, el término “alcoxiC” se refiere a un
grupo aleoxi lineal o ramificado que tiene de 1 a 6 dtomos de carbono. Algunos ejemplos
de dicha aleoxiC)g incluyen metoxi, etoxi, n-propoxi, iso-propoxi, n-butoxi, iso-butoxi,
sec-butoxi, t-butoxi y cadenas lineales y ramificadas de pentoxi y hexoxi. Para las partes
del espectro “alcoxiC).s” todos los subgrupos del mismo se contemplan como aleoxiC.s,
alcoxiCy, alcoxiC);, alcoxiC).y, alcoxiCag, alcoxiCa;, alcoxiCy., aleoxiCy, alcoxiCh.g,
alcoxiCy.s, etc.
“Halégeno” se refiere a floor, cloro, bromo o yodo.

“Hidroxi” se refiere al radical ~QH,
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“Nitro” se refiere al radical -NO,.

“Ciano” se refiere al radical —-CN.

“Opcional” v “opcionalmente” significa que la circunstancia o evento deacrito a
continuacidn puede ocurrir o no, de modo que la descripeidn incluye instancias en las que
el evento o la circunstancia ocurre & instancias en las que no.

El término “mamifero” incluye organismos, que incluyen ratones, ratas, vacas, ovejas,
cerdoz, conejas, cabras, y caballos, monos, petras, gatos y preferentemente seres humanos
El individuo puede ser un ser humana o un animal no humano, particularmente un animal
domesticado, como un perro.

“Farmacéuticamente aceptable” significa que es atil en la preparacién de una composicidn
farmacéutica que generalmente es segura, no tdxica, no es indeseable binlégicamente ni de
ningin otro modo ¢ incluye ser 0til tanto para uso veterinario como para uso famacéutico
humaro.

“Tratamiento™ comea 3¢ utiliza en la plesents. incluye la profilaxis del trastorno o afeccién
nombrado o la mejora o eliminacién del trastormo una vez establecido.

“Una cantidad efectiva” se refiere a una cantidad de un compuesto que confiere un efecto
terapéutico (por ejemplo, trata, controla, mejora, previene, demora el comienzo, o reduce
los riesgoz de desarrollar una enfermedad, trastormo o afeccion, o los sintomas de los
misma3s) en el individuo tratade. El efecto terapéutico puede ser objetivo (&3 decir, medible
mediante alguna prueba o marcador) o subjetivo (ez decir, el individuo da indicios o siente
un efecto).

“Profarmaca” se refiere a compuestos que se pueden convertir, bajo condiciones
fisioldgicas o mediante solvalisis, en un compuesta bioldgicamente activo de firmula (I).
Un profirmaco puede estar inactivo cvando se administra a un individuo que lo necesita,
pero se convierte in vivo en un compuesto active de férmula (I). Loz profdimaco

gencralmente se transforman rapidamente in vive para producir €l compuesto madre, por
ejemplo, mediante hidrdlisis en la sangre. El compuesto profarmaco generalmente ofrece
ventajas de solubilidad, compatibilidad de tejido o liberacién retardada en un organismo
mamifero (ver Silverman, R. B., The Orgemic Chemistry of Drug Design and Drug Action,
2" Ed., Elsevier Academic Press (2004), pp. 498-549). Los profirmacas se pueden
preparar modificando grupos funcionales, como  grupos hidroxi, aminoe o mercapto,
presentes en un compuesto de firmula (I) de tal modo que las modificaciones se separen,

ya sea en la manipulacién de rutina o in vivo, del compuesto madre. Los ejemplos de
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profirmacos incluyen, anngue no taxativamente, derivados de acetato, formato y succinato
de grupos funcionales hidroxi o derivados de carbamato fenilo de grupos funcionales

amino.

En el correr de la memoria descriptiva y de las reivindicaciones adjuntas, una férmula
quimica o nombre determinado también abarcard todas las sales, hidratos, solvatos, N-
6xidos y formas de profirmacos del mismo. Ademds, una formula quimica o nombre
determinado también abarcard todas las formas tavtoméricas y esteroizoméricas de esta.
Los esteraisdmeros incluyen enantidmeros y diastereoisdémeros. Loz enantiéimeros pueden
estar presentes en sus formas puras, o como mezelas racémicas (iguales) o desizuales de
dos enantidmeros. Los diastereoisdmeros pueden estar presentes en sus formas puras, o
como mezclas de diastereoizémeros. Los diasterenisdmeros también incluyen isémeros

geométricos, que pueden estar presentes en sus formas puras cis o frans o como mezelas de

Las compuestos de fdrmula () se pueden utilizar como tales o, cuando corresponda, como
sales farmacoldgicamente aceptables (zales de adicién de dcido o base) de los mizmas. Las
sales de adicién farmacoldgicamente aceptables mencionadas a continuacién son las que
comprenden las formas de sales de adicidn de 4cido y base, terapéuticamente activas, no
toxicas, que los compuestos son capaces de formar. Los compuestos que  tienen
propiedades  basicas se pueden convertic en sus sales de  adicién de  4cido
farmacéuticamente aceptables, tratando la forma bazse con un dcido apropiade. Los
ejemplos de acidos incluyen dcidos inorganicos, como cloruroe de hidrdgeno, bromuro de
hidrédgeno, yoduro de hidrdgena, dcido aulfirico, acido foaférico; y dcidos organicos coma
acido férmico, dcido acéticn, acido propancico, acido hidroxiacético, dcido lactico, acido
pinivico, acido  glicdlico, 4cido maleico, acido malénico, 4cido  oxdlico, dcido
bencenasulfénico, acido tolvenosulfénico, acido metanosulfonica, acido trifluoroacético,
dcide fumdrico, dcido succinico, &cido malico, 4cido tartarico, acido citrico, dcido
salicilico, 4cido p-aminozalicilico, 4cido pamoico, acide benzoico, acido ascérbico y
similares. Las ejemplos de formas de sal de adicidén de baze son las sales de zodio, patasio,
calcia, y sales con aminas farmacéuticamente aceptables como, por gemplo, amoniaco,
alquilaminas, benzatina, y aminodcidos, como, por ejemplo, arginina y lisina. Segin se

utiliza en la presente, ¢l términe sal de adicidn comprende también 1os solvatos que los
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compuestos y sus sales son capaces de formar, como, por ejempla, hidratos, alcoholatos, y

similares.

COMPOSICIONES

Para wso clinico, los compuestos de la invencién se formulan en formulaciones
farmacéuticas para varios modos de administracién. Se apreciara que los compuesios de la
invencidn se pueden administrar junto con un vehiculo, excipiente o diluyente
fisioldgicamente aceptable. Las composiciones Farmacéuticas de 1a invencidén se pueden
administrar por cualquier via apropiada, preferentemente mediante administracién oral,
rectal, nasal, tépica (incluida bucal y sublingual), sublingual, transdérmica, intratecal,
transmucosal o parenteral (incluida subcutinea, intramuscular, intravenasa e intradermal).
Otras formulaciones pueden preseniarse convenientemente en formas de dosificacién
unitaria, por gemplo, comprimidos y capsulas de liberacidn sostenida, y en liposomas, y se
las puede preparar mediante cvalquier método conocido en la farmacéutica. Las
formulaciones farmacénticas generalmente se preparan mezclando la sustancia activa, o
una sal farmacéuticamente aceptable de la misma, con vehiculos, diluyentes o excipientes
convencionales, farmacéuticamente aceptablez. Son ejemplos de excipientes el agua, la
gelatina, 1a goma ardbica, la lactosa, la celulosa microcristaling, el almidan, el glicolato
sédico de almiddn, el fozfato hidrdgeno calcico, el estearato de magnesio, el taleo, el
didvido de silicona coloidal, y similares. Tales formulaciones también pueden contener
otros agentes activos farmacoldgicamente y adilivos convencionales, come estabilizadores,
agentes humedecedores, emulsiomantes, agentes saborizantes, tampones y similares.
Generalmente, la cantidad de compuestos activos estd entre un 0,1- 95%; por peso de la
preparacién, preferentemente entre un 0,2-20% por peso en preparaciones para uso
parenteral y mds preferentemente entre un 1-50% por pezo en preparaciones para
administracién oral.

Las formulaciones se pueden preparar ademas mediante métados conocidos como
granulacién, compresidn, microencapsulacién, recubrimients en  aerosol, ete. Las
formulaciones se pueden preparar mediante métodos convencionales en la forma de
dosificacidn  de  comprimidos, cipsulas, grinulos, polvos, jarabes, suspensiones,
supositorios o inyecciones. Las formulaciones liquidaz se pueden preparar disolviendo o

suspendienda la sustancia activa en agua u otros vehiculosz apropiados. Los comprimidos y
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grianulos se pueden recubrir de modo convencional. A los efectos de mantener las
concentraciones en plasma terapéuticamente efectivas por periodos de tiempo prolongados,
los compuestos de la invencidn se pueden incorporar a formulaciones de liberacién lenta.

El nivel de dosiz y la frecuencia de la dosificacidon del compuesto especifico variardn en
funcidn de varios factores incluidos la potencia del compuesio especifico empleado, la
estabilidad metabdlica y longitud de accidn de ese compuesto, la edad del paciente, el peso
corporal, la zalud general, el seva, la dieta, el modo y tiempo de adminiatracidn, la
velocidad de excrecidn, la combinacidn de farmacas, la gravedad de la afeccidn que se esta
tratando, y del paciente que estd siendo sometido a la terapia. La daosis diaria puede estar,
por gjemplo, entre 0,001 mg aproximadamente y 100 mg aproximadamente por kilo de
peso corporal, administrado en una dosis dnica o en multiples dosis, por gempla, de 0,01
mg aproximadamente a 25 mg aproximadamente cada una. Normalmente, dicha
dosificacién se administra oralmente pero también puede elegirse la administracién

parenteral.
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PREPARACION DE LOS COMPUESTOS DE LA INVENCION

Los compuestos de la formula (I) anterior pueden preparase mediante métodos
convencionales o analogos. La formacidn del uretano central o el enlazador de urea &3 la
etapa sintética clave para preparar 1oz compuesios de fdmmula (I). Se puede utilizar un gran
numere de reactivos de activacion para la formacién de un enlazador uretano o de urea, por
ejemplao, fasgeno para formar cloroformato de aleoholes, o carbonildiimidazolo (CDI),
para formar carboxilatos de imidazol. Generalmente losz enlazadores de  wretano
incorporados a los compuesioz de formula (I) han sido sintetizados utilizando 4-nitrafenil
cloroformato o bis-(4-nitrofenil)carbonato como el agente de activacidén. La preparacidn
de intermedios y compuestos de conformidad con los ejemplos de la presente invencidn
pueden esclarecerse en particular mediante los siguientes esquemas 1 y 2. Las definiciones
de variables en las estructuras en los presentes esquemas son equivalentes con aquellos con

pasiciones correspondientes en la firmula establecida en la presente.

Esquema 1. Preparacion mediante activacion de la porcion de piperazina.
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donde X, R'-R*y a-3 son como se definid en la formula 1.
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En un procedimiento, segun se representa en forma general en el esquema 1, la porcidn ¢

piperazina

es activada tratando los

derivados de piperazina (II) con 4-nitrofenil

cloroformato o bis-(4-nitrofenil)carbonato en presencia de una base (como DIPEA) para

formar los derivadoz

de

catbamatos (II) corvespondientes. El tratamiento de este

intermedio activado con la porcién de alcohol (IV) apropiada, en presencia de uwna base

(como NaH) produce la formacidn del compuesto deseado de férmula (T).

Esquema 2.

Preparacion mediante activacion de la porcion de alcohol.
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donde X, R'R*y a-g son como se definid en la farmula 1.

En un procedimiento alternativo, la poreidn de aleohol es activada ratando el alcohol (IV)

con 4-nitrofenil cloroformato o bis-(4-nitrofenil)carbonato en presencia de una base (como

DIPEA) para fornta los corespondientes derivados de 4-nitrofenil carbonate (V). En la
p ja

siguiente etapa,

s¢ trata el carbonato activade (V) con la porcidn de piperazina (II)

apropiada, en presencia de una base (como DIPEA), 1o que produce la formacidn del

compuesto descado de formwula (I). Esto se representa en forma general en el Esquema 2.
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La formacion del wetano generalmente ¢ un proceso de dos etapas pero también se 1o
puede realizar én una sola reaccidn mediante la formacidn del intermedio activado in sifu.

La seccidn experimental a continnacién proporciona ejemploz de todaz estas alternativas

L]

sintéticas.

Los materiales de partida necesarios para preparar los compuestos de firmula (I) se
encuentran disponibles comercialmente, o se los puede preparar mediante métados
conocidas en la técnica.

Los procesos descritos a continuacidn en la seccion experimental se pueden realizar para
producir un compnesto en la forma de una base libre o come una zal de adicidn de dcido.
Se puede obtener una sal de adicidn de acido farmacéuticamente aceptable, disolviendo la
baze libre en un zolvente orgdnico apropiado y tratande la solucidn con un acide, de
conformidad con procedimientos convencionales para preparar sales de adicién de deido a
partir de compuestos basicos. Anteriormente se mencionaron ejemplos de  acidos
formadores de zales de adicidn. |

Los compuestos de fdrmula (I) pueden poseer uno o més dtoma de carbono quirales, y por
lo tanto, se los puede obtener en forma de isémeroz épticos, por ejemplo, como un
enantiomero puro, o como una mezcla de enantidmeros (racematos) o como una mezcla
que contiene diastereoisdmeros. La separacidn de mezclas de isdmeros dpticos para
obtener enantidmeros puros es conocida en la téenica, y por ¢jemplo, se puede lograr
mediante cristalizacién fraccional de sales con dcidos dpticamente activos (quirales) o
mediante separacidn cromatografica en columnas quirales.

Los productos quimicos utilizados en las vias sintéticas establecidas en la prezente pueden
inchuir, por gjemplo, solventes, reactivos, catalizadores, y reactivoz de grupos proteciores y
grupos desprotectores. Son gjemplos de grupos protectores el (-butoxicarbonilo (Bog),
beneilo y nitile (rifenilmetilo). Los métodos deseritos anteriormente también pueden
incluir etapas adicionalmente, ya sea antes o después de las etapas especificamente
descritas en la presente, para agregar o retivar grupos proteciores apropiados, a los efectos
de permitir, en ultima instancia, la sintesis de los compuesios. Ademdas, se pueden realizar
varias etapas sintéticas en una secuencia alternativa u orden, para producir loz compuestos
deseados. Laz transformaciones quimicas sintélicas y las metodologiaz de los grupos
praotectores (proteccidén y desproteccidm) itiles en compuesios en 103 que la aintesiz es

aplicable, son conccidas en la técnica e incluyen, por ejemplo, aquellas descritas en R.
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Larock, Camprehensive Organic Transformations, VCH Publishers (1989); T.W. Greene
and P.G.M. Wuts, Protective Groups in Organic Synihesis, 3 Ed., John Wiley and Sans
(1999); L. Fieser and M. Fiezer, Fieser and Fieser's Reagents for Organic Synthesis, John
Wiley and Sons (1994); y L. Paquetie, ed., Encyclopedia of Reagents for Organic

Synthesis, John Wiley and Sons (1995) y las siguientes ediciones del mismo.

Se utilizaron las siguientes abreviaturas:

t-AmOH terc-Amilalcohol

Boc ferc-Butoxicarbonilo

-Bu terc-Butilo

DCM Diclorometano

DIPEA N,N - Diisopropiletilamina

DMF N N -Dimetilformamida

ES* Electrospray

Et,O Dietil éter

EtOAc Acetato de etilo

VIH Virus de innunodeficiencia humana
HPLC Cromatografia liquida de alto rendimiento
ICv Intracerebroventricular

LCMS Cromatografia liquida Ezpectrometria de masa
M Molar

[MH]" [6n molecular protonado

NEt; Trietilamina

NMM N-metilo morfolino

RP Fase inversa

terc Terciario

TFA Acido trifluoracético.

THF Tetrahidrofurano

En los siguientes ¢jemplos se describen realizaciones de la invencion en referencia a los

dibujos adjuntos, en los cuales:
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La figura 1 muestra un gjemplo de separacidn de peso corporal entre animales alimentados

con una dieta alta en carbohidratos. Laz barras de error representan +/-SEM media.

La figura 2 muestra ¢l cambio de peso corporal (%) acumulado, observado en un estudio

de 4 dias en ratas DIO para el gjemplo 7.

La figura 3 muestra el cambia de peso corporal (°%) acumulado, observado én un estudio

de 4 dias en ratas DIO para el ejemplo 20.

La figura 4 muestra el cambio de pezo corporal (%) acumulado, observado en un estudio

de 4 dias en ratas DIO para ¢l ejemplo 30.

La figura 5 muestra el aumento én funcidn de la concentracién en la incarparacian de [*H)-

timidina mediante células JEG-3 para la leptina.

La enumeracidn de una lista de grupos quimicos en cualquier definicién de una variable de
la presente incluye las definiciones de esa variable coma cualquier grupo tnica o cualquier
combinacidn de grupos enumerados. La enumeracidn de una realizacidn de la presente
incluye esa realizacién como cualquier realizacién vnica o en combinacién con cualquier

otra realizacidon o porcidn de esta.

A continuacidn se ilustrard en mayor detalle la invencidn mediante los siguientes ejemplos
no taxativas. Los gemplos especificos a continuacion deben interpretarse meramente como
ilustrativos y de ningin modo como limitantes del resto de la divulgaciém, Sin mas
elabaracion, se cree que un entendido en la téenica, basado en la descripeidn de la prezente,
padra utilizar la presente invencién en su alcance mas completo. Todas las referencias y
publicaciones citadas en la presente se incorporan a la presente, én su totalidad, a modo de

referencia.
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EIEMPLOS Y COMPUESTOS INTERMEDIOS

Métadas experimentales

Tados las reactivos fueron de categoria comercial y se las utilizd tal coma se los recibid,
sin mayor purificacién, a menoz que se indique lo contravio. Se utilizaron solventes
anhidros disponibles comercialmente para las reacciones realizadas en atmédsfera inerte. Se
utilizaron solventes con categoria de reactivos én todos los demds casos, a menos que se
indique lo contrario. La resina metilo isocianato fue suminisirada por NovaRiochem (Cat.
Na. 01-64-0169). La LCMS analitica se realizd en un espectrémetro de masza Waters ZQ
conectade a un sistema HPLC Agilent 1100, La HPLC analitica se realizd en un sistema
Agilent 1100. El espectro de masa de alta resoluciém (HRMS) se abtuvo en un Agilent
MSD-TOF conectado a un sistema HPLC Agilent 1100, Durante los analisis la calibracién
se verificd mediante dos mazas y 3¢ corrigid automaticamente cuando fue necesario. Los
espectras se obtuvieron en modo de electrospray positiva. El espectro de maza obtenido
fue de nv/z 100-1100. Se utilizé deteccidén de perfil de los picos de masa. La cromatografia
ultrarrapida se realizd en un sistema Flash Master Personal equipadoa con giga tubos de
silice Strata SI-1. La cromatografia de fase inversa se realizd en un asistema Gilson
equipado con Merck LiC hupn.p RP-18 (40-03pum) columna de 460 x 26mm, 30 mL/min,
gradiente de metanol en agua. La HPLC preparativa se realizd en un sistema Gilson
equipade con Phenomenex Hydro RP 15 0x 20mm, 20 mL/min, gradiente de acetonitrilo

en agua. Los compuestos se nombraron antomaticamente utilizande ACD 6.0 & §.0.

Los datos de la HPLC y ¢l LCMS analiticas se obtuvieron con:

Sistema A: Phenomenex Synergi Hydro RP, (150 » 4,6mm, 4pum), gradiente de un 5-100%%
CHZCN (+0,085% TFA) en HzO (un +0,1% TFA), 1,5 mL/min, con un tiempo gradiente de
7 min, 200-300 nm, 30 °C; o

Sistema B: Phenomenex Synergi Hydro RP, (150 x 4,6mm, 4pum), gradiente de un 5-95%%
CH;CN (+0,085% TFA) en Hz0 (un +-0,1% TFA), 1 mL/min, con un tiempo gradiente de
15,5 min, 200-300 nm, 40 °C.

La informacidn de la LCMS analitica se obtuvo también con;
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Sistema C: Phenomenex Synergi Hydro RP, (30 % 4,6mm, 4pm), gradiente de un 5-100%)
CH>CN (++0,085% TFA) en HaO (un -+0,1% TFA), 1,5 mL/min, con un tiempo gradiente ¢
1,75 min, 30 °C.

INTERMEDIARIO 1
4-(4-Metil)fenilpiperazina-1-carboxilato de 4-nitrofenilo

QOJLNON
L

A una solucidn de dihidroclorwo de 1-(4-metilfenil)piperazina (10,65 g, 42,7 mmol) y
DIPEA (22 mL, 133 mmol) en DCM (100 mL) a 0 °C se agregd cloroformato de 4-
nitrefenilo (9,5 g, 47,1 mmol). La mezcla de reaccidon se agitd durante 30 minutos a 0 °Cy
se lavd con solucidn saturada de hidrdgeno carbonato de sodio (3 x 200 mL), se secd
MgSQy) y concentrd al vacio para proporcionar 4-(4-metil)fenilpiperazina-1-carboxilato
de 4-nitrofenilo (17,84 g, cuantitative) como un sélido amarille que se utilizd sin
purificacién adicional.

LCMS analitica: pureza ~90% (Sistema C, Ry = 2,20 min), ES": 342,1 [MH]".

INTERMEDIARIO 2

4-Fenilpiperazina-1-carboxilato de 4-nitrofenilo

QOJLNON
|

A una solucidn de fenilpiperazina (12,0 g, 74,0 mmol) y DIPEA (13,5 mL, 1,6 mmal) en

DCM (70 mL) a 0 °C se agregd cloroformato de 4-nittofenilo (16,5 g, $1,71 mmol). La
mezcla de reaccidn se agitd durante 30 minutos a 0 °C y s lavéd con solucidn saturada de
hidrégeno carbonato de sodio (3 x 200 mL), se secd (MzS0y,) y concentrd al vacio para
proporcionar 4-fenilpiperazina-1-carboxilato de 4-nitvofenilo (24,8 g, 102°%) como un
salido amarillo que se utilizd sin purificacién adicional.

LCMS analitica: pureza ~0% (Sistema C, Ry = 2,40 min), ES™: 328,1 [MH]".
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INTERMEDIARIO 3
Piperazina de 1,4-dimetil-(S)-2-hidroximetilo

|
NS
[wj

Se disolvié dihidroclorurs del 4cido (S)-Z-piperazina carboxilica (5,10 g, 25,1 mmal) en
agua (10 mL) y dioxano (40 mL) y se enfrid a 0 °C. Se agregaron hidrévido de sadia (3,10
g, 77,5 mmol) en agua (6 mL) y dicarbonato de di-terc-butilo (11,5 g, 52,7 mmol). La
mezcla de reaccion ze agitd a temperatura ambiente dwante 16 horas y se concentrd al

vacio. El residuo se zuspendid en DCM (400 mL), se agitd durante 30 minutos a
temperatura ambiente y se filaed. El filtrado ze concenird al vacio para proporcionar (S)-2-
piperazina- 1,4-di-terc-butil éster del 4cido 1,2,4-tricarboxilica (9,90 3, 119%3) como un
s6lido blanco que se utilizd sin purificacién adicional.

LCMS analitica: pureza 100% (Sistema C, Ry S min), ES™: 331,1 [MH]".

Se dizolvid 1,4-di-terc-butil éster del Acido (S)-B-pipemzina-l,2,4-t1'ic.zu'bu::x1'lico (9,90 2,
30,0 mmol) en THF (14 mL). Se agregd borano IM en THF (90 mL, 20,0 mmol) a
temperatura ambiente. La mezecla de reaccidn se agitd a reflujo durante 4 horas y se enfiid
a 0 °C, se desactivid con la adicidén por goteo de metanol (100 mL) y se concenird al vacio
para proporcionar  di-terc-butil  éster del Aacido  (S)-2-hidroximetil-piperazina-1,4-
dicarboxilico (12,07 g, 127%) como un sdlido blanco que se utilizd sin purificacion
adicional.

LCMS analitica: pureza 100% (Sistema C, Ry = 2,08 min), ES™: 3394 [MH]".

Se disolvid di-terc-butil éster del acido (S)-’_Z-hidmximetil-piperazina—1,4-dica1‘b|:'x1'1ico
(5,66 2, 17,9 mmol) en THF (10 mL) y se enfrié a 0 °C. Se agregd LiAlHy 2M en THF
(28,5 mL, 57,0 mmol). La mezcla de reaccion se agitd a reflujo durante 4 horas y 3¢ enfrid
a 0°C y se desactivé con la adicidn por goteo de salucidn de hidréxido de sodio 1M (20
mL). La mezcla de reaccidn se diluyd con THF (50 mL), se filtrd y el filtrado se concentrd
al vacio para proporcionar 1,4-dimeitil-(S)-2-hidroximetil piperazina (1,44 2, 56%) como

un aceite incolora que se utilizé sin purificacidn adicional.
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LCMS analitica: pureza ~90% (Sistema C, Ry = 0,38 min), ES™: 145,2 [MH]".

INTERMEDIARIO 4
1,4-Dimetil-(R)-2-hidroximetil piperazina

!

[ j/\OH

|
Se dicolvid 1-terc-butil é&ster del Acido (R)-piperazina-1,3-dicarboxilico (4,94 g, 21,5
mmel) en agua (10 mL) y dioxano (20 mL) y se enfrié a 0 °C. Se agregaron hidréxido de
sodio (1,72 g, 43,0 mmal) en agua (4 mL) y dicarbonato de di-terc-butile (5,20 g, 23,8
mmol). La mezcla de reaccidn se agitd a temperatura ambiente durante 16 horas y se
concentrd al vacio. El residuo se suspendid en DCM (400 mL) y se agitd durante 30
minutos a temperatura ambiente, s¢ filod y el filrado se concentrd al vacio para
proporcionar 1,4-di-terc-butil éster del dcido (R)-2-piperazina-1,2,4-tricarboxilica (9,78 2,
138%%) coma un aceite amarillo clara que se utilizd sin purificacion adicional.

LCMS analitica: pureza ~90% (Sistema C, Ry = 1,56 min), ES™: 131,7 [M+H-2Boc]".
I

Se disolvid 1,4-di-terc-butil éster del acido (R)-2-piperazina-1,2,4-tricarboxilico (2,16 g,
6,55 mmol) en THE (10 mL). Se agregd borane 1M en THF (20 mL, 20,0 mmol) a
temperatura ambiente. La mezcla de reaccidn se agitd a reflyyo durante 4 horas y se enfrié
a 0 °C y se desactivé con la adicidn por goteo de metanol (60 mL) y 3¢ concentrd al vacio
para  proporcionar  di-terc-butil  éster del  Acide  (R)-2-hidroximetil-piperazina-1,4-
dicarboxilico (2,60 g, 125%) como un sélida blanguecing que ze utilizd sin purificacién
adicional.

LCMS analitica: pureza ~90% (Sistema C, Rt = 2,06 min), ES™: 116,9 [M+H-2Boc] "

Se disolvid di-terc-butil éater del 4cido (R)-2-hidroximetil-piperazina-1,4-dicarboxilico
(6,24 g, 19,7 mmol) en THF (10 mL) y se enfiié a 0 °C.. Se agregd LiAlHy 2M en THF
(30,0 mL, 60,0 mmaol). La mezcla de reaccidn se agitd a reflujo durante 4 horas, se enfiid a
0 °C'y se desactivd con la adicién por goteo de solucidn de hidrédxido de sodio 1M (20

mL). La mezcla de reaccidn se diluyd con THE (50 mL), se filird y el filvado se concentrd
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al vacio para proporcionar 1,4-dimetil-(R)-2-hidroximetil piperazina (1,77 g, 02%) como

un aceite incoloro que se utilizd sin purificacidn adicional.

LCMS analitica: pureza 100% (Sistema C, Rt = 0,44 min), ES™: 1452 [MH]".

INTERMEDIARIO 5
(S)-(4-Metil-piperazin-2-il)-metanol

H
oh
N
I

A una snspensidn agitada de 1-terc-butil éster del dcido (S)-piperazina-1,3-dicarboxilico
(5,00 g, 21,7 mmol) en THF (40 mL) se agregd lentamente solucidn de de borano 1,0 M -
complejo THF (32,6 mL, 32,6 mmol). La reaccidn se calentd hasta 90 “C y se agitd bajo
reflyjo durante 2 horas. La mezcla de reaccidn se retivd del calentamiento y s agregd 1,5
equivalentes de solucion de borano 1,0 M - complejo THF (32,6 mL, 32,6 mmol). La
reaccidn se volvid a calentar hasta 90 °C y ge agitd bajo reflujo durante 2 horas
adicionales. La reaccidn se enfiid a 0 °C y se inactivd mediante la adicién lenta de MeQH.
La mezcla de reaccidn se concentréd al vacio. El sélido blanco que se obtuvo se dizolvié en
THF (30 mL), e enfrid a 0 °C y se agregd lentamente wna solucidn 2,0M de LiAlH, en
THF (27 mL, 54,0 mmol). La reaccidn se calentd hasta 90 °C y se agitd bajo reflujo
durante 2h. Se agregzd una porcidn adicional de solucién 2,0M de LiAlHy en THE (27 mL,
54,0mmol) y la reaccidn se agitd bajo reflujo durante 4h y a temperatura ambiente durante
la noche. La mezcla de reaccidn e enfiid a 0°C y se inactivd mediante la adicidn lenta de
solucidn de NaOH 1,0M ac. hasta que la finalizé la reaccidn exotérmica. El gel resultante
ge diluyd con THF y las sdlidos se filtravon. El filirado se concentrd al vacio para
1)1‘0pc»1‘d01131' (S)-(4-metil-piperazin-2-il)-metanol (2,84 g, 101% de rendimienio bruio)

como un aceite incoloro,

INTERMEDIARIO 6

4-Nitrofenil éster del acido 4-(4-fluorofenil)-piperazina-1-carboxilico
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Se disolvieron 1-(4-fluoro-fenil)-piperazina (12,2 g, 67,7 mmeol) y rietilamina (4,63 mL,
67,7 mmol) en THF anhidra (150 mL) bajo nitrdgeno y la mezcla de reaccidn se enfrid a 0
°C. Se agregd cloroformato de 4-nitrofenilo (13,4 2, 67,7 mmal) disuelto en THF anhidro
(150 mL) a 0 °C y la mezcla de reaccidn se agitd a temperatura ambiente durante la noche.
El solvente ze elimind al vacio y el residuo se suspendié entre agua y EtQAc. La capa
acuosa se extrajo con dos porciones adicionales de EtQAe, las capas orginicas se
combinaron, se secaron MzSQy), se secaron al vacio y se recristalizaron a partir de
toluena (50 mL) / hexano (60 mL) para proporcionar 4-nitrofenil éster del &cido 4-(4-

fluorafenil)-piperazina-1-carboxilico (15,5 g, 676%) como agujas finas amarillas.

INTERMEDIARIO 7

Terc-butil éster del acido 3-hidroximetil-morfolina-4-carboxilico
O\’?O
T
[ j/\OH
o)
Se disolvid 4-terc-butil éster del dcido morfolina-3,4-dicarbaxilico (9,50 g, 41 mmol) en
THF anhidra (50 mL) bajo nitrdgeno y se enfrid a -10 °C. Se agregd por goteo una
solucidn de borano 1M (82 mL, 82 mmeol) manteniendo la temperatura por debajo de 0 °C.
La mezela de reaccidn se dejé calentar a temperatura ambiente y se agitd durante la noche.
La mezcla de reaccidn se enfiid a -5 °C y se agregd con cuidado agua (10 mL) seguido de
NazCO; (9,5 2) en agua (20 mL). Después de agitarse durante 30min a temperatura
ambiente se elimind el THF al vacio, se agregd agua y la mezcla de reaceidn se extrajo con
dietiléter (x3). Los exbractos orginicos combinados se secaran MzSOy) y el solvente se
evapord al vacio para proporcionar terc-bntil éster del dcido 3-hidroximetil-morfolina-4-

carboxilico (8,9 g, 100%) como un aceite incoloro.

INTERMEDIARIO 8

Terc-butil éster del acido (S)-2-hidroximetil-morfolina-4-carboxilico
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Se disolvid (S)-3-amino-1,2-propanodicl (16,8 g, 184 mmol) en MeOH (90 mL) a
temperatura ambiente y la solucidn se diluyd con MeCN (550 mL). Se agregd NEi; (30,5
mlL, 219 mmal) y la mezcla de reaccidn se enfris a -10 °C. Se agregd por goteo cloruro de
cloroacetilo (22,2 g, 15,6 mL, 197 mmol) a -10 °C Jdurante 1,5h bajo nitrégeno. La
temperatura seé mantuva a -10 °C durante una hora adicional y se permitié que la mezcla de
reaccidn que alcancara temperatura ambiente y se agitdé durante la noche (16h). Los
solventes se eliminaron al vacio. El residuo 3¢ purificd mediante cromatografia en columna
(fase normal, silice Apolla Scientific, 40-00p, 604, gradiente de 1% a 10% de MeOH en
EtQAc). Las fracciones combinadas se evaporaron para proporcionar 2-cloro-N-[(S)-2,3-

dihidroxipropil]acetamida (28,5 g, 92%) comao un aceiie incoloro que proporciond un

sélido blanco al reposar.

A una solucidn de --BuQK (13,7 2, 122 mmol) en /~-AmQH (175 mL) se agregd una
zoluciédn de 2-clora-N-[(S)-2,3-dihidioxipropilJacetamida (8,1 2, 48,3 mmol) en -AmOQH
(325 mL) a temperatura ambiente durante 2h. La suspensidn resultante se agitd durante 1h
a temperatura ambiente. Se agregaron metanol (50 mL) y agua (5 mL) y la solucidn
resultante se agitd durante 0,5h a temperatura ambiente antes de ajustar el pH a 5 mediante
la adicidn de HCI cone. La suspensién se filtrd y el adlido se lavd con metanol. El filirado
se evapord al vacio. El sélido reznltante se agregd en metanol (S0 mL) y se filtrd para
proporcionar (S)-6-(hidroximetil)morfolin-3-ona (1,3 g) coma un sdlido blanco. Se obtuvo
una segunda partida mediante la adicidn de Ei0Ac (200 mL) al filtrado y mediante la
filtraciém de la solucidn resultante a través una almeohadilla de silice (1 x 10 em). El
solvente se evapord al vacio para proporcionar (S)-6-(hidroximetil)morfolin-3-ona (3,9 g,

Rendimiento total 5,2 g, 82%) como wun sélido blanco.

Se agregd BH; en THF (110 mL, S58 mmol) a una solucién de  (S)-6-
(hidroximetil)morfolin-3-ona (7,50 2, 57,2 mmol) en THF anhidro (100 mL) a 0 °C. Se
dejd que la mezcla de reaccidn alcanzara temperatura ambiente y se calentd a reflujo

durante la noche. La reaccidn se enfrié a temperatura ambiente y se desactivéd con una
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mezcla de agua (S mL) en THF (16 mL) seguidy de amoniaco metandlico 7M (30 mL). La
mezcla de reaccién se calentd a reflujo darante 30 min, ¢ enfrid y los solventes se
eliminaron al vacio. El residuo se disolvié en metanol (15 mL), 3¢ cargd en una columna
Isolute SCX-2 20 3, se lavd con MeOH (100 mL) y se eluyd con amoniaca metandlica. El
solvente se elimind al vacio para proporcionar (S)-morfolin-2-il-metanol (1,67 2, 24%)

comao un liquido marrén.
A una solucion de (S)-lncu'folin-Q-il-metanol (1,63 g, 13,9 mmol) en DCM ('75 111L) se

butildicarbonato (3,04 g, 13,92 mmol) y la mezcla de reaccidon se agitd durante la noche a
temperatura ambiente. La fase acuosa se separd y se extrajo adicionalmente con DCM (2 x
15 mL). Las fases orgdnicas combinadas ze secaron (Na,S0,) y el aolvente se elimind al
vacio. El residuo se purificd mediante cromatografia en columna (fase normal silice,
columna de 20 g Isolute-Si, gradiente de 196 a 10% de MeOH en DCM) y se secd al vacio
para proporcionar terc-butil éster del acido (8)-2-hidroximetil-morfolina-4-carboxilica (2,3

196) como un sélide blanco.

INTERMEDIARIO 9

Terc-hutil éster del acido (R)-2-hidroximetil-morfolina-4-carboxilico
o
[ jAOH
N
o} 0]
Se prepard terc-butil éster del dcido (R)-2-hidroximetil-morfolina-4-carboxilico de manera
similar al procedimiento descrito para el Intermediario S, pero utilizando (R)-3-amino-1,2-

propanadiol en lugar de (S)-3-amino-1,2-propanadiol. E1 compuesto del titulo se obtuvo

como un s6lide blance (10% de rendimiento total, 4 etapas)

INTERMEDIARIO 10
(S)-(4-Metilmorfolin-2-il)-metanol
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Se agregd terc-buiil  éater del acide  (S)-2-hidroximetil-morfolina-4-carboxilico
(Intermediario §; 1,20 g, 5,52 mmeol) en THF (5 mL) una suspensidn de LiAlH, (1,30 g,
34,3 mmol) en THF anhidro (15 mL) a -10 °C y se agité bajo nitrdgeno durante 15 min. El
baiie de enfriamiento se elimind y la mezcla de reaccion s¢ calentd cuidadosamente a
reflujo duranie 4h. La mezcla de reaccidn se inactivé mediante la adiciém cuidadosa de una
mezcla de agua (4 mL) en THF (25 mL) con bailo de enfriamiento de hielo. Se agregd THF
(50 mL) a la mezcla de reaccidn, se agzitd durante 15 min, se filtrd y el sélido se lavé con
THF (50 mL). Loz filtrados combinados se evaporaron al vacio. El residuo se disolvié en
DCM (50 mL), se secaron (M2S(Qy) y el solvente se elimind al vacio para proporcionar

(S)-(d-metilmorfolin-2-il)-metanol (490 mg, 67%) coma un aceite incolora,

INTERMEDIARIO 11

(R)-(4-Metilmorfolin-2-il)-metanol
H

0
Y
N
I
Se prepard (R)-(4-metilmaorfolin-2-il)-metanol de manera similar al procedimiento descrito
para el Intermediario 10, pero atilizando terc-butil éster del dcida (R)-2-hidroximetil-
morfolina-4-carboxilico (Intermediario 9) en lugar de terc-buiil éster del acido (S)-2-

hidroximetil-morfolina-4-carboxilica (Intermediario 8). El compuesto del titulo se obtuvo

coma un aceite incolora (560 mg, 77%).

INTERMEDIARIO 12

4-Nitrofenil éster del dcido 4-(2,4-difluorefenil)-piperazina-1-carboxilico

\©\OJ\N/\ F

A
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Se disolvieron 1-(2,4-difluaro-fenil)-piperazina (3,70 g, 18,9 mmal) y trietilamina (2,8

19,8 mmol) en THF anhidra (30 mL) bajo nitrdgeno y la mezcla de reaccidn z¢ enfrid a

0

. Se agregd por goteo cloroformato de 4-nitrofenilo (3,8 g, 18,9 mmaol), se disolvié en
THF anhidro (25 mL) y la mezcla de reaccidon se agitd a temperatura ambiente durante la
noche. El solvente ze elimind al vacio y el reziduo se triturd con agua y se filtrd. El sdlido
amarillo se recristalizéd de una mezcla de hexano y tolueno (3:7) utilizando carbén para
proporcionar 4-nitrofenil éster del acido 4-(2,4-difluorafenil)-piperazina-1-carboxilico (4,3

g, 63%) coma un s5lido cristalino amarille.

INTERMEDIARIO 13
2-(1,4-Dimetilpiperazin-2-il)etanol

-

A una solucidn de dihidrocloruro de metil-2-piperazinaacetato (500 mg, 2,16 mmal) en
dioano (12 mL) y agua (6,0 mL) a 0 °C se agrezd lentamente una solucién de NaOH (182
2, 4,55 mmol) en agua (0,4 mL) seguido de dicarbonato de di-terc-butile (992 mg, 4,55
mmol). La mezcla de reaccidn se agité a temperatura ambiente durante 4 horas y se
concentrd al vacio. A las zales resultantes se agregd DCM (75 mL) y la suspensidn se agitd
vigorosamente durante 30 minutos. Las sales se filtraron y se lavaron con DCM (50 mL).
El filwado se concentrd al vacio para proporcionar di-terc-butil éster del acido 2-
metozicarbonilmetilpiperazina-1,4-dicarboxilico (662 mg, §5%5) coma un aceite amarillo

claro.

A una solucidon agitada de di-tere-butil éater del acido 2-metoxicarbonilmetilpiperazina-
1 4-dicarbovilico (662 myg, 1,85 mmol) en THF anhidro (10 mL) a 0 °C se agregd
lentamente una solucién 1M de LiAlHg en THFE (5,7 mL, 5,70 mmaol). La mezcla de
reaccion agitada se dejé calentar a temperatura ambiente durante un periodo de 15 minutos

antes de someterse a reflyjo durante 2 horas. Después de este momento la mezcla de

w

reaccidn ze enfrid a 0 °C y se inactivéd cuidadosamente mediante la adicidn por goteo d

L%2)

v

solucién 1,0M acuosa de NaOH hasta que la efervescencia termind. El gel resultante
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diluyd con THF (50 mL) y los sélidos se filtravon. El filrado se concentrd al vacio pag (

propareionar 2-(1,4-dimetilpiperazin-2-il)etanal (191 mg, 65%) como un aceite incolorn.

EJEMPLO 1
4-(4-Metilfenil)piperazina-1-carboxilato de [(3R)-1-metilpiperidin-3-iljmetilo

Una solucion 2M de LiAlHy en THF (14,0 mL, 28,0 mmal) se agregd por goteo a una
solucidn de 3-(hidroximetil)piperidina-1-carboxilato de (R)-tere-butilo (5,00 g, 23,2 mmaol)
en THF (30 mL) bajo argdn a 0 °C. La mezcla de reaccidn se dejd calentar a temperatira
ambiente durante 2 horas y se agitd a temperatura ambiente durante 17 horas. La mezcla de
reaccidn se enfrid a 0 °C y se agregd por goteo una solucidn de NaOH 1M ac. (4,0 mL). Se
agregd agua (2 mL) y la mezcla resultante se agitd a temperatura ambiente durante 2 horas.
El sdlido blanco se elimind por filtracion, El filwado se concentrd al vacio para
proporcionar (R)-(1-metilpiperidin-3-imetanol (3,19g, 106%) coma un aceite incoloro
que se utilizd sin purificacién adicional.

LCMS analitica: pureza ~90% (Sistema C, Ry = 0,46 min), ES™: 130,1 [MH]".

Se suspendid hidruro de sodio (0,70 g, 60% de dispersidn en aceite mineral, 17,5 mmol) en
heptano (10 mL) bajo una atmdsfera de argdén, Se decants el heptano y el recipiente se
cargd con THF (20 mL) y se enfrid a 0 °C. Una solucidén de (R)-(1-metilpiperidin-3-
ihmetanol (0,75 g, 5,83 mmol) en THF (20 mL) se agregd por goteo, seguido de una
solucién de 4-(4-metilfenil)piperazina-1-carboxilaio de 4-niivafenilo (Intermediario 1; 2,19
g, 6,42 mmol) en THF (20 mL). La mezcla de reaccidn se dejd calentar a temperatura
ambiente y s¢ agitéd durante 18 horas. La mezcla de reaccién se enfrid a 0 °C y se desactivd
com la adicidn por goteo de solucidn de NaFCOQs sat ac. y concentrd al vacio, Bl residuo se
disolvid en acetato de etilo (200 mL), se lavé con solucidén de NaHCO; zat ac. (4 x 50 mL),
se secd (MzSOy) y concenird al vacio. El residuo se purificd mediante cromatografia de
faze inversa (gradiente eluyendo con metanol en agua, con 1% Jde 4cido formico en cada

salvente, 0-25%). El residuo resultante se disolvid en DCM (50 mL) y se agitd con sélido
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FoCO5 durante 20 min, se filtrd y concentrd al vacio. El residuo se purificd adicionalmentd
mediante cromatografia de fase normal en columna (eluyenda con DCM, seguido de una
mezcla 90:10 de DCM:MeOH) para proporcionar 4-(4-metilfenil) piperazina-1-carboxilato
de [(3R)-1-metilpiperidin-3-ilJmetila (619 mg, 32%) como un s5lido marrdn palido.

HPLC analitica: pureza 99,9% (Sistema A, Rt = 4,07 min), LCMS analitica: pureza 100%
(Siztema A, Rt = 4,46 min), ES™: 332,5 [MH]"; HRMS calc. para CjoHzoN3On: 331,2260,

se encontréd 331,22785.

EJEMPLO 2
4-(4-Metilfenil)piperazina-1-carboxilato de [(35)-1-metilpiperidin-3-iljmetilo

Se disalvid (S)-(1-metilpiperidin-3-i)metancl (1,50 g, 11,6 mmol; que sze prepard de
conformidad con el Ejemplo 1 pera a patir de 3-(hidroximetil)piperidina-1-carboxilato de
(S)-terc-butilo en DCM (20 mL) y se enfrid a 0 °C. Se agregaron NMM (1,30 mL, 12,2
mmvol) y cloroformato de nitrofenilo (2,46 2, 12,2 mmaol). La mezcla de reaccion se agité a
0 °C durante 2 horas y se agregd una solucién de  dihidroclorure de  4-(4-
metilfenil)piperazina (1,88 g, 7,5 mmol) y DIPEA (3,70 mL, 22,1 mmeol) en DMFEF (40
mkL). La mezcla de reaccidn se agitd a temperatura ambiente durante 2 horas y se concentrd
al vacio. El reziduo se disolvid en EtOAc (300 mL) y se lavéd secuencialmente con solucidn
de NayCOy 1M ac. (§ = 200 mL), se secd (MgS0Oy) y concentrd al vacio, El residuo se
purificd mediante cromatografia de fase nomal en columna (eluyendo con DCM, seguido
de una mezcla 85:15 de DCM:MeOH) seguido de HPLC de fase inversa (Advanced
Chromatography Technologies ACE-122-1030 RP columma de ailice 100 x 30mm, con
Ace 5 CS (Spm), tamafio de poro 1004, 30 mL/min, gradiente de CH:CN en agua, con
0,1%% de TFA en cada solvente, S-38%). El residuo se disalvid en DCM (70 mL) y se agitd
con K;CO3 sdlido durante 20 min, se filivd y concentrd al vacio para proporcionar aceite
amarillo ¢que se recristalizd de heptano/EtQAc para proporcionar  4-(4-metilfenil)
piperazina-1-carboxilato de [(3S)-1-metilpiperidin-3-illmetilo (521 mg, 13,5%) como un

sélido blanco.
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HPLC analiiica: pureza 100% (Sistema A, Rt = 3,88 min); LCMS analitica: pureza 100%%
(Sistema A, Rt = 4,39 min), ES™: 332, [MII] HRMS calc. para CioHzoNz04: 331,2260,

se encontrd 331,2270.

EJEMPLO 3

4-Fenilpiperazina-1-carboxilato de [(25)-1,4-dimetilpiperazin-2-iljmetilo

| o]
AN
SRae

r0

A wna salucidn de 1,4-dimetil-(S)-2-hidroximetil piperazina (Intermediario 3; 1,49 2, 10,3
mmal) en THF (20 mL) a 0 °C se agregd hidiuro de sodio (1,24 3, 60% de dispersion en
aceite mineral, 31,0 mmal). La mezela de reaccidn se agitd durante varioz minutas a 0 °C'y
se agregd 4-fenilpiperazina-1-carboxilato de 4-nitrofenilo (Intermediario 2; 3,72 g, 11,4
mmeol) en THF (20 mL). La mezcla de reaccidn se dejd calentar a temperatura ambiente y
se agitd durante 7 horas. La mezcla de reaccién se enfiid a 0 °C y se desactivé con la
adicién por goteo de solucién sat ac. de NaHCO;. Se eliminé ¢l THF al vacio, la faze
acunsa se extrajo con EtQAc (x3), laz fraseas orgdnicas combinadas se lavaron con
solucidn de NaHCO; sat ac. (x6), se secaron (MgSQy) y concentraron al vacio. El residuo
se suspendid en solucidn de aguaicide férmico[1:1] (20 mL), se fild y el filovado ze
purificd mediante cromatografia de fase inversa en columna (gradiente eluyendo con
metanol en agua, con 1% de dcido fhmico en cada solvente, 0-15%%). El residuc resultante
se dizolvid en DCM (50 mL) y se agitd con KyCOs sdlido durante 20 minutos, se filtrd y
concentrd al vacio para proporcionar 4-fenilpiperazina-1-carboxilato de [(2S)-1,4-
dimetilpiperazin-2-ilJmetilo (1,25 g, 36%) como un sélido amarille claro.

HPLC analitica: pureza 99,8% (Sistema A, Rt = 3,50 min); LCMS analitica: pureza 100°5
(Sistema A, Ry = 3,84 min), ES™: 333,6 [MH]; HRMS calc. para € 3HaeNyO5: 332,2212,

se encontrd 332,2227.

EJEMPLO 4

4-Fenilpiperazina-1-carboxilato de [(2R)-1,4-dimetilpiperazin-2-iljmetilo
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Se suspendid hidruro de sodio (1,14 g, 60% de dispersion en aceite mineral, 28,6 mmol) en
heptano (10 mL) bajo una atmdsfera de argén. Se decantd el heptana y el recipiente se
cargd con THF (20 mL) y se enfrid a 0 °C. Una solucidn de 1,4-dimetil-(R)-2-hidroximetil
piperazina (Intermediario 4; 1,38 g, 9,5 mmol) en THE (20 mL) se agregd por goteo,
seguido de una solucidn de 4-fenilpiperazina-1-carboxilato de 4-nitrofenilo (Intermediario
2; 4,06 2, 12,4 mmal) en THE (20 mL). La mezcla de reaccidn se dejéd calentar a
temperatura ambiente, se agitd durante 16 horas, la mezcla de reaccion se enfrid a 0°C, se
desactiva con la adicidn por goteo de solucidn de NaHCOQ; zat ac. y se concentrd al vacio.
El residua se disolvid en EtOAc (200 mL), se lavd con solucidn de NaHCO- sat ac. (4 ¢ 50
mL), se secd (MzS0Qy) y concentrd al vacio. El residuo se suspendid en solucidn de
agnazacido férmico[1:1] (20 mL), se filwd y el filtrado se purificd mediante cromatografia
de fase inversa en columna (gradiente eluyendo con metanol en agua, con 1°% de dcido
férmico en cada solvente, 0-15%). El residua resuliante se disolvid en DCM (50 mL) y se
agitd con Ko CO- zdlide dwante 20 minutos, se filnd y concenird al vacio para
proporeicnar  4-fenilpiperazina-1-carboxilaty  de  [(2R)-1,4-dimetilpiperazin-2-ilJmetilo
(1,93 g, 61%) como un salide amarillo claro.

HPLC analitica: pureza 100%% (Sistema A, Rt = 3,55 min); LCMS analitica: pureza 10025

Sistema A, Rt = 3,90 min), ES™; 333,5 [MH]"; HRMS calc. para € zHzgN4O5: 33222172,
o

se encontrd 332,2225.
EJEMPLO 5
4-(4-Fluorofenil)piperazina-1-carboxilato de [(25)-1,4-Dimetilpiperazin-2-iljmetilo

N
N
| L
F

Se disolvid cloroformato de 4-niwofenila (5,17 g, 25,7 mmol) en DCM (200 mL) a

o

temperatura ambiente, la mezcla de reaccion se enfrid a 0 °C y se agregaron DIPEA (9,24
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2, 9,38 mL, 53,9 mmol) y 1,4-dimetil-(S)-2-hidroximetil piperazina (Intermediario 3; 3,70
2, 25,7 mmeol). La mezcla de reaccion se agitd a temperatura ambiente durante 2h y se
dividié en tres volimenes ignales. A una porcidn se agregd 1-(4-fluoro-fenil)-piperazina
(1,53 g, 8,5 mmol) y la mezcla se agitd durante 48h. El solvente se elimind al vacio y el
residun se repartio entre EtOAc (500 mL) y solucion de NaOH 1,0M (200 mL). La capa
organica se lavé con solucidn de NaOH 1,0M ac. (5 ¥ 125 mL), salmuera (100 mL), se
secd (MgSQy) y el solvente se elimind al vacio. El residuo se dizolvid en DCM (100 mL) y
se agrega resina de isocianato (3 g), la mezcla de reaccidn se agitd durante 14h, se filtrd y
el solvente se elimind al vacio. El residuo se purificéd mediante ummatugmf' a de fase
inversa en columna (LiChroprep RP-18, 40-63pum, 460 x 26num (100 2), 30 mL/min,
gradiente de 0% a 30% (duranie 75 min) a 100% (durante 13 min) MeOH en agua con %4
de acido fhrmico). El residue se desalinizé utilizando K,CO; en DCM para proparcionar 4-
(4-fluorofenil)piperazina-1-carboilato de [(2S)-1,4-dimetilpiperazin-2-iljmedilo (1,78 g,
60,0%) como un una goma amarilla claro.

HPLC analitica: pureza 99,1% (Sistema A, Rt = 3,69 min); LCMS analitica: pureza 10024

(Sistema A, Rt = 4,10 min), ES™: 351,1 [MH]".

EJEMPLO 6
2-(1,4-Dimetilpiperazin-2-il)etil éster del Acido 4-fenilpiperazina-1-carboxilico

N

Se disolviéd 2-(1,4-dimetilpiperazin-2-il)etancl (703 mg, 4,44 mmol) en THF anhidra (20
mL) y la solucidn agitada se enfrid a 0 °C antes de agregar NaH (60% de dispersidn en
aceite mineral; 550 mg, 13,8 mmol). La suspension se dejd en agitacién durante 10
minutos. Se agregd 4-fenilpiperacina-1-carboxilato de 4-nitrofenilo (Intermediario 2; 1,89
2, 5,77 mmol) a la mezela de reaccidn, que se dejé en agitacion a temperatura ambiente
durante 3 horas. Dezpués de este momento la reaccidn se detuvo mediante el enfriamiento
de la mezcla a 0 °C y desactivando cuidadesamente con solucidn de NaHCO; acuoso

saturada (50 mL). EI THF se eliminé al vacio y ze tranzfirid a un embudo separador donde
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se extrajo el producto organice con EtQAc (3 ¢ 75 mL). Loz extractos orginicos
combinados se recogieron juntos y se lavaron con solucidn de NaHCO: acuoso saturado (3
: 75 mL). La capa organica se secd (MgSQy), se filtrd y concentrd al vacio para
proporcionar una suspensidn amarilla bruta. El residuo bruto se purificd mediante
cromatografia de fase inversa en columna (LiChroprep RP-18, 40-63 pm, 460 x 26 mm
(100g), 30 mL/min, gradiente de 0% a 15% (durante 70 min) a 100%% (durante 5 min)
MeOH en agua con 1% de acido férmico). La desalinizacidn (utilizande K,CO5 en DCM),
el filtrado y la concentracidn al vacio proporciond 2-(1,4-dimetilpiperazin-2-il)etil éster del
acida 4-fenilpiperazina-1-carboxilico (236 mg, 13%6) coma un aceite amarillo oscuro.
HPLC analitica: pureza 1002 (Sistema A, Rr = 3,50 min); LCMS analitica: pureza 100°%
(Sistema A, Rt = 3,92 min), ES™: 347,6 [MH]"; HRMS calc. para CoH3oNy0;: 346,2360,
se encontrd 346,2378.

EJEMPLO 7
4-(2,4-Difluorofenil)piperazina-1-carboxilato de [(2S)-1,4-dimetilpiperazin-2-iljmetilo

N

| O

N "“‘\\O)LN .
()

l

F
Se disalvid cloroformato de 4-niwofenilo (5,17 g, 25,7 mmal) en DCM (200 mL) a
temperaiura ambiente, la mezcla de reaccidon se enfrid a 0 °C y se agregaron DIPEA (0,94
g, 9,38 mL, 53,9 mmol) y 1,4-dimetil-(S)-2-hidroximetil piperazina (Intermediario 3; 3,70
g, 25,7 mmol). La mezela de reaccidn se agitd a temperatura ambiente dwante 2h y se
dividid en tres volumenes iguales. A una porcidn se agregd 1-(2,4-difluoro-fenil)-
piperazina (1,68 2, §,5 mmol) y se agitd durante 4Sh. El solvente se elimind al vacio y el
residua se repartid entre EOAc (500 mL) y solucién de NaOH 1,0M ac. (200 mL). La
capa organica se lavéd con solucidn de NaOH 1,0M ac. (5 x 125 mL), salmuera (100 mL),
se secd (MgSQy) y el solvente se elimind al vacio. El residug s¢ disolvid en DCM (100
mL) y se agregd resina de isocianato (3 g), la mezcla de reaccidn se agitd Jurante 14h, se
filtrd y los eolventes se eliminaron al vacio. El residuo se purificd mediante cromatografia
de faze inversa en columna (LiChroprep RP-18, 40-63pm, 460 x 2émm (100 g), 30

mL/min, gradiente de 0% a 30% (durante 75 min) a 100% (durante 13 min) MeQH en agua
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con 1% de 4cido férmica). El residuo se desalinizd utilizando K;CO3 en DCM para Z
proporcionar 4-(2,4-difluorofenil)piperazina-1-carboxilato de [(25)-1,4-dimetilpiperazin-2-
il]metilo (1,23 g, 39,4%) como un una goma amarilla claro.

HPLC analitica: pureza 100% (Sistema A, Rr = 4,12 min); LCMS analitica: pureza 100%%
(Sistema A, Rr = 4,53 min), ES": 3691 [MH]"; HRMS calc. para Cj;HyusFiNyOo:

368,2024, 3¢ encontrd 368,2038.

EJEMPLO §
Trihidrocloruro de 4-fenilpiperazina-1-carboxilato de [(2S)-4-metilpiperazin-2-

illmetilo

T 3HCI K/N\(>

A una suspension de (S)-(4-metil-piperazin-2-il)-metanol (Intermediacio S; 2,84 g, 21,7
mmol) en una mezcla de HyO (20 mL) y dicxana (40 mL) a 0 °C se agregd salucion 5074
p/p ac. de NaOH (0,96 g, 24,0 mmol). Se agregd dicarbonato de di-terc-butilo (5,01 g, 22,9
mmol) y la mezcla de reaccidn ze agitd a temperatura ambiente durante la noche. Los
solventes s¢ eliminaron al vacio. El residuo se disolvid en THF anhidro (25 mL) y la
solucidn ze enfrid a 0 °C. Se agregd NaH (60% de dispersidn en aceite; 4,05 g, 101 mmol)
y la suspensiém gris se agitd durante 10 mintos antes de agregar 4-nitro-fenil 4-fenil-
piperazina-1-carboxilato (Intermediario 2; 11,2 g, 34,1 mmal). La reaccidn ze agitd a
temperatura ambiente durante ¢l fin de semana. La mezcla de reaccién se enfrid a 0 °C y se
dezactivd con golucidn de NaHCO: sat ac. (20 mL) antes de eliminar ¢l THE al vacio. El
praducto organico se extrajo con EtOAc (3 x 50 mL) y las capas orgénicas combinadas se

lavaron con solucién de MaHCO5 sat ac. (3 x 50 mL), se secaron (MgS0y) y el solvente se
elimind al vacio. Se agregd MeOH la suzpensién bruta. Los sélidos se filtraron y se
lavaron con MeOQOH. El filitado se concenird y se purificd en doz tandas mediante
cromatografia de fase inversa en columna (LiChroprep RP-18, 40-63pm, 460 x 26mm (100
g), 30 mL/min, gradiente de 0% 2 50% (durante 75 min) MeOH en agua con 124 de 4cido
fdrmico). El producta se desalinizd utilizando KyCOs en DCM para proporcionar terc-butil
éater  del  Acido  (S)-4-metil-2-(4-fenil-piperazina-1-carboniloximetil)-piperazina-1-

carboxilico (1,65 g, 18%) como un aceite marrdn.
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A una solacidon de  terc-butil éster del 4dcido  (S)-4-metil-2-(4-fenil-piperazina-1-
carboniloximetil)-piperazina-1-carboxilico (1,65 g, 3,9 mmol) en MeOH (10 mL) se
agrezd HCl 2M en solucidn de Et;O (11,8 mL, 23,6 mmol). La reaccidn ze agitd a
temperatura ambiente durante 3 dias. La mezcla de reaccidm se concentrd al vacio. El
residuo se purificd mediante cromatografia de fase inversa en columna (LiChroprep RP-18,
40-03pum, 460 x 26mm (100 g), 30 mL/min, gradiente de 0% a 15%6 (Jurante 75 min)
MeOH en agna con 0,1% de TFA. El material se purificéd adicionalmente mediante HPLC
de fase inversa (YMC ODS-A 100 x 20mm, 5pm, 25 mL/min, gradiente de 30%; a 100%%
(durante 7 min) y de 100% (3 min) MeOH en 10% de MeOH/agua). El producto puro se
agitd en solucidn de HCI 4M ac. (10 mL) durante 4 horas antes de concentrarse al vacio. El
aceite resultante se lavi con heptano, ze concentrd al vacio y se zecd en un homo de vacio
durante la noche para proporcionar la trisal del hidroclorwe de 4-fenilpiperazina-1-
carboxilato de [(2S)-4-metilpiperazin-2-ilJmeiile (1,63 g, 96%) como un 36lide marrdn
palido.

HPLC analitica: pureza 100% (Sistema A, Rt = 3,27 min); LCMS analitica: pureza 10095
(Sistema A, Ry = 3,71 min), ES™: 319,2 [MH]"; HRMS calc. para C7HzM405: 318,2056,

se encontrd 318,2071.

EJEMPLO 9
4-Bencilpiperazina-1-carboxilato de (1,4-dimetilpiperazin-2-il)metilo
| 0]

N /A\-/ﬂ\ N A
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Se disolvid 1,4-dimetil-2-hidroximetil piperazina (1,00 g, 6,94 mmol) en DCM (50 mL) a
temperatura ambiente y se agregd NMM (0,74 g, 7,29 mmal). La mezcla de reaccidn se
enfriy a 0 °C y se agregd 4-nitvofenilcloroformato (1,4 g, 6,94 mmal). La mezcla de
reaccidn se azitd a temperatura ambiente durante 4h y se dividih en dos voltunenes iguales.
A una porcidn se agregd DIPEA (1,35 g, 104 mmol) y 1-bencil piperazina (0,61 g, 3,47
mmol) y la mezela de reaccidn se agitd durante 4h. Los solventes se eliminaron al vacio y
el residua se repartid entre EtOAc (300 mL) y solucién de NaOH 1,0M ac. (100 mL). La

capa organica s¢ lavd con solucidn de MaOH 1,0M ac. (5 = 100 mL), salmuera (100 mL),
t=2 bl
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se secd (MzS0y) y los solventes se eliminaron al vacio. El residuo se disalvié en DCM
(100 mL) y se agregd resina de isocianato, la mezcla de reaccidn se agitd durante 16h, ze
filtré y los solventes se eliminaron al vacio. El residuo se pwrificd mediante cromatografia
de fase inversa en columna (LiChroprep RP-18, 40-63pum, 460 x 26mm (100 g2), 30
mL/min, gradiente de 0% a 30% (duwrante SS min) MeQOH en agua con 1%¢ de dcido
férmico). El residuo se desalinizd utilizando K;COs en DCM para proporcionar (1,4-
dimetilpiperazin-2-ih)metil 4-bencilpiperazina-1-carboxilato (0,32 2, 26,3%%) como un
aceite amarillo claro.

HPLC analitica: pureza 100% (Sistema A, Rt = 2,94 min); LCMS analitica: pweza 100%%
(Sistema A, Bt = 3,40 min), ES™: 347,2 [MH]"; HRMS calc. para CpoHsoN,O5: 346,369,

se encontrd 346,2382.

EJEMPLO 10

Dihidrocloruro de 4-fenilpiperazina-1-carboxilato de morfolin-2-ilmetilo

o 1
Cro)

(N
N 2Hc \©

Se disolvid terc-butil éster del dcido 2-hidroximetil-morfolina-4-carboxilico (4,13 g, 19,0
mmaol) en THF anhidro (20 mL) y la solucidn se enfrié a 0 °C. Se agregd NaH (00?4 de
dizpersidn en aceite; 2,28 3, 57,0 mmaol) y la 3uspensidn gris se agitd durante 10 minuios
antes de agregar 4-fenilpiperazina-1-carboxilato de 4-nitrofenile (Intermediario 2; 7,462,
228 mumol). La reaccidn se agitd a temperatura ambiente durante el fin de semana. Se

agregd 1,5 equivalentes de NaH (00°%% de dispersidn en aceite) (1,14 g, 28,5 mmol) y la

—

reaccidn se agitd a temperatura ambiente durante la noche. La mezcla de reaccidn ze enfiid

0 °C y e desactivd con solucidén de NaHCO; sat ac. (50 mL) antes de eliminar ¢l THF al

P

vacio. El producto organico se extrajo con EtQAe (3 x 50 mL) y las capas organicas
combinadas ze lavaron con solucidén de NaHCOs sat ac. (3 x 50 mL), se zecaron (MzSQy) y
el solvente se elimind al vacio. El residuo se purificd mediante cromatografia de fase
inversa en columna (LiChroprep RP-18, 40-03pum, 460 x 36mm (200g), 30 mL/min,
gradiente de 0°% a S0% (durante 120 mins) MeOH en agua con 1% de acido firmico) para
proporcionar terc-butil éster del acido 2-(4-fenilpiperazina-1-carboniloximetil)-norfolina-

4-carboxilico (6,67 g, 87% de rendimiento) como un aceite marrdn oscuro.
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A una solucidn de terc-butil éster del &cide 2-(4-fenilpiperazina-1-carboniloximetil)-
meorfolina-4-carboxilico (6,07 g, 16,5 mmol) en MeOH (10 mL) se agregd HCI 2M en
solucidn de Bt (16,5 mL, 32,9 mmol). La solucién marrdn se agité a temperatura
ambiente dvrante la noche. La mezcla de reaccidm 3¢ concentrd al vacio. El reziduo se
purificd mediante cromatografia de fase inversa en columna (LiChroprep RP-18, 40-63um,
460 x 2omm (100 g), 30 mL/min, gradiente de 0% a 15% (durante 75 min) MeOH en agua
con 0,1% de TFA). La muestra pura se agité en una solucién de HC1 4M ac. (20 mL)
durante la noche anies de concenirarse al vacio. El aceite amarillo resultanie se lavéd con
heptano, se concentrd al vacio y se secd en wn horno de vacio durante la noche para
proporcionar la sal del dihidrocloruro de 4-fenilpiperazina-1-carboxilato de morfolin-2-
ilmetilo (4,72 g, 76%) coma un sélido amarillo claro.

HPLC analitica: pureza 99,6% (Sistema A, Rt = 3,57 min); LCMS analitica: pureza 100%%

(Sistema A, Ry = 3,90 min), ES™: 306,5 [I\/II-I]+; HRMS cale. para CgHzN-O5: 305,1739,

se encontrd 305,1749.

EJEMPLO 11

4-fenilpiperazina-1-carboxilato de (2S)-morfolin-2-ilmetilo

o

o -“‘\\\O/U\N/\
J
Se agregd  terc-butil  éster  del  acido  (S)-2-hidroximetil-morfolina-4-carboxilico
(Intermediario 8; 100 mg, 0,46 mmol) a una suspensién de NaH (60% de dispersidin en
aceite; 55,0 mg, 1,38 mmol) en THF anhidro (5 mL) y se agitd bajo nitrdgeno durante 30
min. Se agregaron 4-fenilpiperazina-1-carboxilato de 4-nitvofenilo (Intermediario 2, 150
mz, 0,55 mmal) y THF (2 mL) y la mezela de reaccidn se agitd a temperatura ambiente
durante 4Sh. La mezcla de reaccidn se filird a través celite y el sdlido se lavé con THF (10
mL). Los filtrados se combinaron y el solvente se elimind al vacio. El residuo se purificd
mediante  cromatografia en columna (fase normal silice, columna de Sz Isolute-Si,
gradiente de 10% a 30% de EtOAc en hexano) para proporcionar terc-butil éster del acido
(25)-(4-fenilpiperazina- | -carboniloximetil)-marfolina-4-carboxilico (180 mg, 96%%) como

un aceite incoloro.
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Se disalvid terc-butil Ester del dcido (25)-(4-fenilpiperazina-1-carboniloximetil)-morfolina-
4-carboilico (180 mg, 0,44 mmol) en DCM (2 mL) y se agregd TFA (3 mL, 10%% en
DCM). La mezcla de reaccidm se agité a temperatura ambiente durante la noche, Los
solventes se eliminaron al vacio. Se agregd heptano y el solvente 3¢ eliming al vacio. Se
~

O (500 mg, 3,6 mmol) a una solucién del residuo en DCM (2 mL), se agité

' oy 7
agrego K 2, 2,0

durante 30 min antes de agregar azua (0,3 mL) y se azith durante 1h. La mezela se filtrd, el
filtrado se secd (NazS0y) y los solventes se eliminaron al vacio. El residuo se purificd
mediante cromatografia en columna (fase normal, columma de 53z Isolute-Si, E(QAc en
hexano (1:1) seguida de 1-10% de MeOH en EtQAc). El residuo se secd al vacio para
proporcionar 4-fenilpiperazina-1-carboxilato de (2S)-morfolin-2-ilmetilo (101 mg, 75%6)
como un sélido blanco.

HPLC analiiica: pureza 98,9% (Siztema B, Rt = 6,63 min); LCMS analitica: pureza 10074
(Sistema B, Ry = 6,57 min), ES™: 3067 [MH]+; HRMS cale. para € gHyzsN-O5: 305,1739,

se encontrd 305,1753.

EJEMPLO 12

4-fenilpiperazina-1-carboxilato de 2R)-morfolin-2-ilmetilo
X
OO0
o
N
: &

Se  agregd terc-butil  éster  del  adcido  (R)-2-hidroximetil-morfolina-4-carboxilico
(Intermediario 9; 100 mg, 0,40 mmal) & una suspensién de NaH (00?4 de dispersidn en
aceite; 55,0 myg, 1,38 mmol) en THF anhidro (5§ mL) y se agitd bajo nitrdgens durante 30
min. Se agregd 4-fenilpiperazina-1-carboxilato de 4-nitrofenilo (Intermediatio 2; 180 mg,
0,55 mmol) y la mezcla de reaccién se agitd a temperatura ambiente durante 4Sh. La
mezcla de reaccidn se filtrd a través celite y el sélido se lavd con THF (10 mL). Los
filrados ze combinaron y el solvente se elimind al vacio. El residu se purificd mediante
cromatografia en columna (fase normal, silice, columna de 5g Isolute-Si, gradiente de
10% a 50% de Ei)Ac en hexano) para proporcionar terc-buiil éster del dcido (2R)-(4-
fenilpiperazina-1-carboniloximetil)-morfolina-4-carboxilico (170 mg, 291%) como un

aceite amarillo claro,
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Se disolvid  terc-butil  éster  del  4cido  (2R)-(4-fenilpiperazina-1-carboniloximetil)-
morfolina-4-carboxilico (130 mg, 0,32 mmal) en DCM (2 mL) y se agrezd TFA (3 mL,
109 en DCM). La mezcla de reaccion se agitd a temperatura ambiente durante la noche.
Los solventes se eliminaron al vacio. Se agregd heptano y el solvente se eliminé al vacio.

Se agregd K,CO; (500 mg, 3,6 mmol) a una solucidn del residuo en DCM (2 mL) y se

agitd durante 30 min antes de agregar agua (0,3 mL) y 3¢ agitéd durante 1h. La mezcla se
filtrd, el fOlrado se secd (NazSQy) y los solventes se eliminaron al vacio. El residuo se

purificd mediante cromatografia en columna (fase noymal, columna de 5g Isolute-Si,
EtQAc en hexana (1:1) seguido de 1-10% de MeOH en EtQAc). El residuo se secd al
vacio para proporcionar 4-fenilpiperazina-1-carboxilaio de (2R)-morfolin-2-ilmetile (57
mg, 58%) como un sdlido blanco.

HPLC =amaliiica: pureza 99,8% (Sistema B, R = 6,03 min); LCMS analitica: pureza 10025
(Sistema B, Ry = 6,54 min), ES™: 306,7 [MH]"; HRMS calc. para CgHzN-O-: 305,1739,

se encontrd 305,1753.

EJEMPLO 13

4-Fenilpiperazina-1-carboxilato de (4-metilmorfolin-2-il)metilo
X
[Oj/\o N
Lo
T &

Se dizolvieron 4-fenilpiperazina-1-carboxilate de morfolin-2-ilmetilo (no sal de HCT del
Ejemple 10; 1,00 g, 3,27 mmal) y 37% de formaldehido en agua (1,97 g, 1,82 mL, 65,5
mmol) en MeOH (20 mL) a (temperatwma ambiente seguide de la adicidn de
triacetoxiborohidrure de zodio (2,78 g, 13,1 mmol) en porciones durante S minutos. La
mezcla de reaccidn se agitd durante 2h. La mezcla de reaccidén ze inactivéd mediante la
adicién de soluciém de NayCO- sat. ac. Loz solventes se eliminaron al vacio y la fase
acuosa residual se cargd en un cartucho Isolute HM-N de 20 mL. El producta deseado se
eluyd con DCM (200 mL) y el solvente ze elimind al vacio para proporcionar 4-
fenilpiperarina-1-carbovilato de (4-metilmorfolin-2-iDmetilo (0,93 g, $8,9%) como una

goma incolora.
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HPLC analitica: pureza 99,5% (Sistema A, Ry = 3,64 min); LCMS analitica: pureza 10093
(Sistema A, Ry = 4,01 min), ES™: 320,1 [MII] HRMS cale. para C7HzeN3O5: 319,1896,
se encontrd 319,1899,

EJEMPLO 14

4-Fenilpiperazina-1-carhoxilato de [(2S)-4-metilmorfolin-2-ilmetilo

O™ J\
o N/\
[Tj U@

Se agregd (S)-(4-metil-morfolin-2-il)-metanol (Intermediario 10; 100 mg, 0,76 mmol) una
suspension de NaH (60% de dispersidn en aceite; 90,0 mg, 2,28 mmol,) en THF anhidro (7
mkL) y se agitd bajo nitrégeno durante 30 min. Se agregd 4-fenilpiperazina-1-carboxilato de
4-nitrofenilo (Intermediario 2; 300 mg, 0,92 mmol) y la mezcla de reaccion se agitd a
temperatura ambiente durante 4Sh. La mezcla de reaccidn se filtrd a través de celite y el
s6lido se lavé con THE (10 mL). Los filtrados se combinaron y €l solvente se elimind al
vacio. El residuo se purificd mediante cromatografia en columna (fase normal silice,
columna de 5g Isolute-Si, gradiente de 1-5% de MeOH en DCM) y mediante HPLC de
fase inversa (YMC ©ODS-A 100 » 20 mm, § pm, 25 mL/min, gradiente de 20%% a 100%
(durante 7 min) y 100% (3 min) de MeOH en 10% de MeOH/agua). El producto puro se
recogid en DCM (S mL), se filtrd y se secd al vacio para proporcionar 4-fenilpiperazina-1-
carboxilato de [(28)-4-metilmorfolin-2-il)metilo (50 mg, 20%) como una goma incolora.
HPLC analitica: pureza 99,4%, (Sistema A, Rr = 3,65 min); LCMS analitica: pureza 10075
(Sistema A, Rt = 3,00 min), ES™: 320.3 [TvIII] HRMS cale. para Cj7HzsN3O5: 3191890,

se encontrd 319,1909

EJEMPLO 15

4-Fenilpiperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-iljmetilo

o
o) N/\
ET]A @Nj@
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S¢ agregd (R)-(4-metil-morfolin-2 -11) metanol (Intermediario 11; 100 mg, 0,76 mmol) a

una suspensidn de NaH (60% de dispersion en aceite; 90,0 mg, 2,28 mmol) en THF

anhidro (7 mL) y se agitd bajo nitrégeno durante 30 min. Se agregd 4-fenilpiperazina-1-

carboxilato de 4-nitrofenilo (Intermediario 2; 300 mg

, 0,92 mmal) y la mezcla de reaccidn

re

se agitd a temperatura ambiente Jurante 4Sh. La mezcla de reaccidn se filtnd a través celite

y el 3dlido se lavé con THF (10 mL). Los filtrados se

combinaron y el solvente se elimind

al vacia. El rezidua se purificd mediante cromatografia en columna (fase normal silice,

columna de Sg Isolute-Si, gradiente de 1-5% de MeOH en DCM). Los solventes se

eliminaron  al vacio para proporcionar  4-fenilpiperazina-1-carboxilato  de  [(2R)-4-

metilmorfolin-2-ilJmetilo (175 mg, 72%) como un una goma amarilla claro,

HPLC analitica: pureza 99,8% (Sistema B, Rt = 6,84 min); LCMS analftica: pureza 100%%

(Sistema A, Rt = 3,07 min), ES*: 320,35 [MII] HRMS cale. para CjoHzsN-O5: 319,1894,

e encontrd 319,1895,

EJEMPLO 16

A

4-(4-Fluorofenil)piperazina-1-carboxilato de [(2S)-4-metilmorfolin-2-iljmetilo

o "“\\\Oj\N
J 0
|

‘oL

Se agregd (S)-(4-metil-morfolin-2-il)-metanol (Intermediario 10; 100 mg, 0,76 mmaol) una

suspension de NaH (60% de dispersion en aceite; 90,0 mg, 2,28

$ mmol) en THE anhidro (7

mL) y se agitd bajo nitvdgens durante 30 min. Se agregd 4-nitrofenil éster del acido 4-(4-

fluorofenil)-piperazina-1-carbovilico (Intermediario 6; 314 mg, 0,91 mmol) y la mezcla de

reaccidn se agitd 2 temperatura ambiente Jurante 4Sh. La mezcla de reaccidn se filird a

través celite y el sdlido se lavéd con THEF (10 mL). Las filtrados se combinaron y el

solvente se ¢limind al vacio. Bl residuo se purificd

mediante cromatografia en columna

(fase normal silice, columna de 5 3 Isolute-Si, gradiente de 1-5% de MeOH en DCM) y los

solventes se  eliminaron al vacio para proporcionar  4-(4-fluorofenil)piperazina-1-

carboxilato de [(2S)-4-metilmorfolin-2-illmetiloe (1

claro.

30 mg, 519

o2 -

50) como un s0lida marrdn
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HPLC analitica: pureza 96,0% (Sistema B, Rt = 7,46 min); LCMS analitica: pureza 10044
(Sistema A, Rt = 3,97 min), ES™: 338,6 [MH]"; HRMS cale. para C7HzFN20O5: 337,1802,

AN

se encontrd 337,1814,

EJEMPLO 17

4-(4-Fluorofenil)piperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-iljmetilo
X
epae
o
N
| S8
F

Se agregd (R)-(4-metil-morfolin-2-il)-metancol (Intermediario 11; 100 mg, 0,76 mmaol) a
una suspension de NaH (60% de dispersidn en aceite; 90,0 mg, 2,28 mmol) en THF
anhidro (7 mL) y se agitd bajo nitrdgend durante 30 min. Se agregd 4-nitrofenil éster del
dcido 4-(4-fluorofenil)-piperazina-1-carboxilico (Intermediario 6; 314 mg, 0,91 mmal) y la
mezcla de reaccidn se agitd a temperatura ambiente durante 4Sh. La mezcla de reaccién se
filtrd a través celite y el 3dlido s¢ lavd con THE (10 mL). Los filtrados se combinaron y el
solvente se eliminé al vacio. El residuo se purificd mediante cromatografia en columna
(fase normal silice, columna de 5 g Isolute-Si, gradiente de 1-5°% de MeOH en DCM) y
HPLC de faze mversa (YMC QODS-A 100 ¥ 20 mm, S un, 25 mL/min, gradiente de 20°¢ a
100%, (durante 7 min) y 100% (3 min) MeOH en 10% de MeOH/agua). El producto puro
se recogid en DCM (5§ mLl), se filtd y se secd al vacto para proporcionar 4-(4-
fluorofenil)piperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-iljmetilo (100 mg, 28°%
COMo una goma incolora.

HPLC analitica: pureza 99.7% (Sistema A, Rt = 3,97 min); LCMS analitica: pureza 100%%
(Sistema A, Ry = 3,94 min), ES™: 338,3 [MH]"; HRMS cale. para ©7Hz,FN305: 337,1802,

se encontrd 337,1815.

EJEMPLO 18

4-(2,4-Difluorofenil)piperazina-1-carboxilato de [(2S)-4-metilmorfolin-2-iljmetilo
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Se agregd (8)-(4-metilmorfolin-2-il)-metanol (Intermediario 10; 100 mg, 0,76 mmol) a una
suspensidm de NaH (60% de dispersién en aceite; 90,0 mgz, 2,28 mmol) en THF anhidro (7
mL) y 3¢ agitd bajo nitrdgeno durante 30 min. Se agrezd 4-nitrofenil éster del acido 4-(2,4-
difluorofenil)-piperazina-1-carboxilico (Intermediario 12, 330 mg, 0,91 mmal) y la mezcla
de reaccidn se agitd a temperatura ambiente durante 48h. La mezcla de reaccidn se filtrd a
través celite y el sdlido se lavd con THF (10 mL). Los filtrados se combinaron y el
solvente se elimind al vacio. El residuo se purificé mediante cromatografia en columna
(fase normal silice, columna de § g Isolute-Si, gradiente de 1-5%5 de MeOH en DCM) y las
solventes se eliminaron al vacio para proporcionar 4-(24-difluorofenil)piperazina-1-
carboxilato de [(2S)-4-metilmorfolin-2-il]metila (104 mg, 38°4) como una goma incolora.

HPLC analitica: pureza 99,3% (Sistema B, Ry = 8,55 min); LCMS analitica: pureza 100°%5
(Sistema B, Rt = §,32 min), ES™: 356,7 [MH]"; HRMS calc. para C7Hz:FaNz05: 355,1707,

se encontrd 355,1724,

EJEMPLO 19

4-(2,4-difluorofenil)piperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-iljmetilo

o
(0O
I

BON

Se agregd (R)-(4-metilmorfolin-2-il)-metanol (Intermediario 11; 100 mg, 0,76 mmol) una
suspensidn de Nall (00% de dispersién en aceite; 90,0 mg, 2,28 mmol) en THE anhidro (7
mL) y se agitd bajo nitrdgeno durante 30 min. Se agregd 4-nitrofenil éster del acido 4-(2,4-
diflucrofenil)-piperazina-1-carbovilico (Intermediario 12; 330 mgz, 0,91 mmol) y la mezcla
de reaccidn se agitd a temperatura ambiente durante 4Sh. La mezcla de reaccidn se filtrd a
través celite y el sdlide sz¢ lavéd con THF (10 mL). Los filirados se combinaron y el
solvente ze elimind al vacio. El residno se purificd medianie cromatografia en columna

(fase normal silice, columna de S g Tsolute-Si, gradiente de 1-5% de MeQH en DCM) y los
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golventez se eliminaron al vacio para proporcionar 4-(2,4-difluorofenil)piperazina-1
carboxilato de [(2R)-4-metilmorfolin-2-ilJmetilo (87 mz, 32%) como una goma incolora.
HPLC analitica: pureza 100% (Sistema B, Rt = §,57 min); LCMS analitica: pureza 10095
(Sistema A, Rr = 4,2 min), ES™: 3564 [MII] HRMS cale. para CyH55FN30Os:
355,1707, se encontrd 355,1722,

EJEMPLO 20

Dihidrocloruro de 4-(4-fluorofenil)piperazina-l-carboxilal‘o de morfolin-2-ilmetilo

cpachy

Se dizolvid terc-butil éster del acide 2-hidroximetil-morfolina-4-carboxilico (2,17 g, 10
mmol) en THE anhidro (50 mL) y 1a mezcla de reaccidn se enfrié a 0 °C. Se agregd NaH
(60% de dispersidn en aceite; 0,40 g, 10 mmol) y se agitd durante 10 minutos antes de
agregar  4-nitrofenil  éster  del  acido  4-(4-fluorofenil)-piperazina-1-carboxilico
(Intermediario 6; 3,45 g, 10 mmol). La mezcla de reaccidn se agitéd a temperatura ambiente
durante la noche y se Jdesactivé cuidadosamente mediante la adicién por goteo de una
mezcla de agua (1 mL) / THF (10 mL) antes de eliminar el THF al vacio. El residuo se
suspendis entre NayCOj sat ac. (50 mL) y EtOAc (200 mL). La capa orginica ze lavé con
Nay O sat ac. (5 x 50 mL), se secd MaS0Qy) y se secd al vacio. El residuo se purificd
mediante cromatografia de fase inversa en columna (LiChroprep RP-18, 40-63um, 460 x
2amm (100 g), 30 mL/min, gradiente de 0% a 60% (durante 60 min) MeOH en agua) para
proporcionar ~80% de material puro mediante HPLC. El Intermediario bruto se disalvid en
DCM (100 mL) y TFA (10 mL, sobranie) y se agitd a temperatura ambiente durante la
noche. El solvente se elimind al vacio y el residuo se volvid a purificar mediante
cromatagrafia de fase inversa en colummna (LiChroprep RP-18, 40-03un, 460 < 2onum (100
o), 30 mL/min, gradiente de 0% a 20% (durante 70 min) y se mantuvo a 20%% (Jurante 120
min) de MeOH en agua con 1% de acido férmico. El solvente se eliming al vacio y el

residuo se desalinizéd utilizando K;CO5 en DCM. El residuo se disolvié en DCM y HCI

(2M en Et;Q, 3,2 mL, 6,4 mmol), se secd en un horno de vacio durante la noche para
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proporcionar la sal del dihidrocloruro de 4-(4-Muoraofenil)piperazina-1-carboxilat »\l/«,
marfolin-2-ilmetila (2,30 g, 58%) como una goma incolora.

HPLC analitica: pureza 97,5% (Sisiema A, Rt = 3,90 min); LCMS analitica: pureza 100°4
(Sistema A, Py = 4,27 min), ES™: 324,1 [MH]"; HRMS cale. para C)¢HzFN3O5: 3231645,

35

se encontrd 323,1660.

EJEMPLO 21

4-(4-Iluorofenil)piperazina-1-carboxilato de (2S)-morfolin-2-ilmetilo

o g e
[Nj o U
H 2,

Se agregd terc-butil  éster  del  acido  (S)-2-hidroximetil-morfolina-4-carboxilico
(Intermediaria $; 100 mg, 0,46 mmol) a una suspenzion de NaH (60%% de dizpersidn en
aceite; 55,0 g, 1,38 mmol) en THF anhidro (2 mL) y 3¢ agitd bajo nitrégeno durante 30
min. Se agregd 4-nitrofenil éster del dcido 4-(4-fluorofenil)-piperazina-1-carboxilico
(Intermediario 6; 191 mg, 0,55 mmol) y la mezela de reaccidn se agité a temperatura
ambiente dnante 4Sh. La mezcla de reaccidn ze filtrd a través celite y el sdlido e lavd con
THF (10 mL). Los filtrados se combinaron y el solvente se elimind al vacio. El residuo se
purificd mediante cromatografia en coluwnna (fase normal silice, columna de 5 g de Izolute-
Si, gradiente de 10% a 50% de EtOAc en hexano) para proporcionar terc-butil éster del
acido (25)-[4-(4-fluoro-fenil)-piperazina-1-carboniloximetil]-marfolina-4-carboxilico (200

mg, cuantitativa) como un aceite amarillo claro.

Se dizolvid  terc-butil  éster  del  Acido  (25)-[4-(4-fluoro-fenil)-piperazina-1-
carboniloximetil]-marfolina-4-carboxilico (200 mg, 0,46 mmol) en DCM (2 mL) y se
agregd TFA (3 mL, 10% en DCM). La mezcla de reaccidn se agitd a temperatura ambiente
durante la noche. Los solventes se eliminaron al vacio, Se agrezd heptano y el solvente se
eliminé al vacio. Se agregd K;COs (500 mg, 3,6 mmol) a wna solucidn del residuc en
DCM (2 mL) y =e agitd durante 30 min antes de agregar agua (0,3 mL) y ze agité durante
Th. La mezcla se filird, el filivado se zecd NazS0O,) y los solventes se eliminaron al vaci

El residuo se purificd mediante cromatografia en columna (fase normal, eolumna de 5 g
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Isolute-Si, EtOAc en hexano (1:1) 3 omdu de 1-10%% de MeOH en EtQAce). El residuo se.-
secd al vacio para proporcionar 4-(4-fluorofenil)piperazina-1-carboxilate de (2S)-morfolin-
2-ilmetilo (135 mg, 89%) como un sélide blanco.

HPLC analitica: pureza 98,2% (Sistema B, Rt = 7,23 min); LCMS analitica: pureza 100°%
(Sistema B, Ry = 7,12 min), ES™: 324,7 [MH]"; HRMS calc. para C¢HFN;05: 323,1645,

se encontrd 323,1659.

EJEMPLO 22

4-(4-Fluorofenil)piperazina-1-carboxilato de (2R)-morfolin-2-ilmetilo
0]
[Ojﬁo N/\
N
N
H L
F

Se agregd  terc-butil  éster del 4cide  (R)-2-hidroximetil-morfolina-4-carboxilico
(Intermediario 9; 100 mg, 0,46 mmol) una suspensidon de NaH (60% de dispersién en
aceite; 55,0 mg, 1,38 mmal) en THF anhidro (2 mL) y se agitd bajo nitrdgeno durante 30
min. Se agregd 4-nitrofenil éster del acido 4-(4-Tluorafenil)-piperazina-1-carboxilico
(Intermediario 6; 191 mg, 0,55 mmol) y la mezela de reaccidn se agitd a temperatura
ambiente durante 4Sh. La mezcla de reaccidn se filtrd a través celite y el =dlido se lavé con
THF (10 mL). Los filtrados se combinaron y €l solvente se eliminé al vacio. El residuo ze

purificd mediante cromatografia en columna (fase noimal silice, columna de 5 g Isolute-Si,
gradiente de 10% a 50% de EtQAc en hexana) para proporcionar terc-butil éster del acido
(2R)-[4-(4-fluoro-fenil)-piperazina-1-carboniloximetil]-morfolina-4-carbaxilico (130 mg,

67%) como un aceite incoloro.

Se  disolvid  terc-butil  éster  del  acido  (2R)-[4-(4-fluora-fenil)-piperazina-1-
carboniloximetil}-morfolina-4-carboxilico (120 mg, 0,40 mmol) en DCM (2 mL) y se
agregd TFA (3 mL, 10% en DCM). La mezcla de reaccidn se agitd a temperatura ambiente
durante 1a noche. Los solventes se eliminaron al vacio. Se agregd heptano y loz solventes
se eliminaron al vacio, Se agregd K 00 (500 mg, 3,6 mmol) a una solucién del residuo en

DCM (2 mL) y ze agitd durante 30 min antes de agrezar agua (0,3 mL) y e agitd durante

1h. La mezcla se filtrd, el filtrado se secd (NazSQy) y 103 solventes se eliminaron al vacio.
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El residuo se purificéd mediante cromatografia en columna (fase nommal, columna de S g
Isolute-Si, EtOAC en hexano (1:1) seguido de 1-10% de MeOH en EtQAc). El residuo se
secd al wvacio para proporcionar  4-(4-fluorofenil)piperazina-1-carboxilato  de  (2R)-
morfolin-2-ilmetilo (117 mg, 91%) como un sdlido blanco.

HPLC analitica: pureza 99,3% (Sistema B, Ry = 7,25 min); LCMS analitica: pureza 97,9%%
(Sistemia B, Rt = 7,13 min), ES™: 324,56 [MH]"; HRMS calc. para C¢HzFN3O5: 323,1645,

se encontrd 323,1659,

EJEMPLO 23
Dihidrocloruro de 4-(4-clorofenil)piperazina-1-carboxilato de (4-Metilmorfolin-2-

il)metilo

X0,

Se disolvieron (4-metil-morfolin-2-il)-metanol (1,05 g, 8,0 mmol) y DIPEA (2,79 ml, 16,0
mmol en DCM (80 mL) y 1a mezcla de reaccidn se enfrid a 0 °C y se agregd cloroformato
de p-nitrofenilo (3,23 g, 16,0 mmol). La mezcla de reaccidon se dejé calentar a temperatura
ambiente y se agitd durante 2h. La mezcla de reaccidn se dividid en 4 cargas y se
concentrd al vacio. Una porcidn se disolvid en DMFE (20 mL), se agregd dihidrocloruro de
1-(4-clorafenil)-piperazina (539 mz, 2 mmol) y la mezela de reaccidn resultante se agitd a
temperatura ambiente durante 24h. El solvente se elimind al vacio y el residuo se disolvid
en DCM (30 mL). La capa organica se lavé con solucidn de NaCO- 1,0M (3 x 30 mL), se
secd (MzSQy) y los solventes ze eliminaron al vacio. El residuo ze purificd mediante
cromatografia en columna (fase normal, 20 g, Straia SI-1, wbo giga de silice, 20 mL/min,
gradiente de¢ 0™ a 5% de MeOH en DCM, residuo cargado seco). Los solventes

eliminaren al vacio y el residua se disolvié en DCM (50 mL), se filtrd y se agregd HCI 2M
en B0 (2 mL, 4 mmol). Loa solventes ze eliminaron al vacio y el sélido resultante se secd
en un horno de vacio durante la noche para proporcionar la sal del dihidrocloruro de 4-(4-
clarofenil)piperazina-1-carboxilato de (4-metilmorfolin-2-ihmetilo (0,510 g, 60%) como

un salide blanco.
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HPLC analitica: pureza 100% (Sistema A, Rt = 4,69 min); LCMS analitica: pureza 100%%

(Sistema A, Rt = 5,12 min), ES" 3544 [MII] HRMS cale. para C7HzCINO5:

353,1506, se encontréd 353,1516.

EJEMPLO 24

Dihidroclorure de 4-(4-fluorobencil)piperazina-1-carboxilato de (4-metilmorfolin-2-

(f e

-2HCI

ihmetilo

Se disolvieron (4-metil-morfolin-2-il)-metanol (1,05 2, 8,0 minol) y DIPEA (2,79 ml, 16,0
mmel en DCM (S0 mL), 1a mezela de reaccidm se enfrid a 0 °C y se agrezd cloroformato
de p-nitrofenila (3,23 g, 16,0 numol). La mezcla de reaccion se dejd calentar a temperatura
ambiente y se agité durante 2h. La mezcla de reaccidn se dividié en 4 cargas y se
concentrd al vacio. Una porcidn se disolvid en DMFE (20 mL) y ze agregd 1-(4-fluaro-
bencil)-piperazina (0,39 2, 2 mmal) y la mezcla de reaccidin resultante se agitd a
temperatura ambiente durante 24h. El solvente se elimind al vacio y el residuo se recogid
en DCM (30 mL). La capa orgénica ze lavo con zalucién de Nay,CO5 1,0M (3 = 30 mL), se
secd (MgS0y,) y los solventes se eliminaron al vacio. El residuo se purificd mediante
cromatografia en eolumna (fase normal, 20 g, Strata SI-1, tubo ziga de silice, 20 mL/min,
gradiente de 0% a 5% de McOH en DCM, residuo cargado seco). Los solventes se
eliminaron al vacio y el residuo se disolvid en DCM (50 miL), se filud y ze agregd HCI 2M
en Et;0O (2 mL, 4 mmal). El solvente se elimind al vacio y el residuo se secéd en un horno
de vacio dwante la noche para proporcionar la sal del dihidroclorwro de 4-(4-
fluorobencil)piperazina-1-carboxilato de (4-metilmorfolin-2-ilmetilo (0,373 g, 44%5) como

un sdlido blanco.

HPLC analitica: pureza 99,2% (Sistema A, Rt = 3,13 min); LCMS analitica: pureza 100%%
(Sistema A, Ry = 3,60 min), ES*: 352,5 [MH]".
EJEMPLO 25

4-Fenilpiperazina-1-carboxilato de (4-acetilmorfolin-2-il)metilo
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A una solucidn agitada de dihidrocloruro de 4-fenilpiperazina-1-carboxilato de morfolin-2-

ilmetilo (Ejemplo 10; 0,52 g, 1,40 mmol) en piridina (2,25 mL, 27,7 mmeol) se agregd

lentamente cloruwro de acetila (0 15 mL, 2,10 mmol). La mezcla de reaccion se agitd a

o

temperatura ambiente durante 1h antes de eliminar la piridina al vacio y el residuo
resultante ze diluyd con solucidn de NaHCO; 3at ac. (50 mL). El praducto orginico se
extrajo con EtOAc (3 = S0 mL). Las capas orginicas combinadas se lavaron con solucion
de NaHCOg sat ac. (3 x 50 mL), ze secaron (MzS0Qy) y el zolvente se elimind al vacio. El
residuo se purificd mediante cromatografia en columna (fase normal, 20 g, Strata SI-1,
tuba giga de silice, 20 mL/min, gradiente de 0% a 5% de MeOH en E(QAc). Los solventes
se eliminaron al vacio y se secd en un horno de vacio durante la noche para proporcionar
4-fenilpiperazina-1-carboxilato de (4-acetilmorfolin-2-il)metilo (0,38 g, 78%) como un
aceite marrdn palido.
HPL( analitica: pureza 99,0% (Sistema A, Rt = 4,34 min); LCMS analitica: pureza 100%%
(Sistema A, Ry = 4,60 min), ES™: 348,5 [MH]"; HRMS calc. para CjgHy: Ny, 347,1845,
se encantrd 347,1859.

EJEMPLO 26

4-(4-Fluorofenil)piperazina-1-carboxilato de morfolin-3-ilmetilo
H
[Njﬂ OJ\N/\
° L
F

Se zuspendid NaH (60% en aceite, previamente lavada con hexano; 1,30 2, 31,7 nunol) en
THF anhidro (50 mL) bajo nitrdgeno y la mezcla de reaccidn se enfiid a -10 °C,
agitindose. Una soluciém de terc-butil éster del écido 3-hidroximetil-morfolina-4-
carboxilico (Intermediaria 7; 2,30 g, 10,6 mmol) en THE (50 mL) ze agregd por goteo. La
mezcla de reaccidn se agitd duwrante 20 min a 0 “C. Se agregd 4-nitrofenil Ssier del dcido 4-

(4-fluorofenil)-piperazina-1-carboxilico (Intermediario 6; 4,38 2, 12,7 mmol) y la mezcla

,-L B
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de reaccidn se agitd durante la noche a temperatura ambiente. Se agregd una solucion de M

NaHCOy, sat ac. (10 mL) y los solventes se eliminaron al vacio. El residue se repartid entre
agua y EtQAc y la fase acuosa se exirajo con EtOAc. Los exiractos orgénicos combinados
se lavaron con NaHCOy; sat ac. (3 x 100 mL), se secaron (MgSQy) y el solvente se elimind
al vacio. El residuo se purificd mediante cromatografia ultrarrapida en columna normal
(Apollo ailice, 40-03 pm, A0A) eluyendn con EtDAc/hexano. El material impuro se
purificéd adicionalmenie mediante cromatografia ulirarripida de fase normal utilizando 123
de MeOH en DCM para proporcionar terc-buiil éster del acido 3-[4-(4-fAuorafenil)-

piperazina-1-carbonilovimetil]-morfolina-4-carboxilico (3,05 g, 68%).

Se agitd terc-butil éster Jdel acido 3-[4-(4-fluorofenil)-piperazina-1-carboniloximetil]-
morfolina-4-carboxilico (2,98 g, 7,04 mmol) en DCM (30 mL) a 0 °C, Se agregd por goteo
TFA (6 mL) disuelto en DCM (24 mL). La mezcla de reaccién se agits durante la noche a
temperatura ambiente. El solvente se elimind al vacio y el residua se 1'ép;’11'tiu3 entre DCM
B0 mL) y NaHCOy acuosa (5 g en 30 mL). La capa acuasa se extrajo con DCM (3 x 30
mL), se secd MgSOQy) y el solvente se elimind al vacio para proporcionar 4-(4-
fluarofenil)piperazina-1-carboxilato de morfolin-3-ilmetilo (2,18g, 96%) como un salido
blanco.

HPLC analitica: pweza 98,3% (Sistema A, Rt = 3,88 min); LCMS analitica: pureza 100°%
(Sistema A, Ry = 4,27 min), ES™: 324,0 [MH]"; HRMS calc. para € gHzFN;O-: 3231645,

se encontrd 323,1661.

EJEMPLO 27

4-(4-Fluorofenil)piperazina-1-carboxilato de (3S)-morfolin-3-ilmetilo

N -““\\oj\N
(J 0

V/N\ ~,

=

~N

F
Se suzpendid NaH (60% en aceiie, previamentie lavado con hexano; 2,76 g, 09,0 mmol) en
THF anhidro (100 mL) bajo nitrégens y la mezcla de reaccidn se enfrid a 0 °C, agitindose.
Se agregd por goteo una solucidn de terc-butil éster del acido de (S)-3-hidroximetil-

morfolina-4-carboxilico (5,00 g, 23,0 mmol) en THF (100 mL). La mezcla de reaccion se
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agitd durante 30 minutos a 0 °C. Se agregd 4-nitvofenil éster del acido 4-(4-fluorofenil)-
piperazina-1-carboxilico (Intermediario 6; 10,0 g, 29,0 mmol) y la mezcla de reaccidn se
agitd durante la noche a temperatura ambiente antes de reposar Jurante 24h, La mezcla de

z

¢ agregd nna solucidn acuesa al 10% de NaHCO, (22 mL) y

‘/J

reaccién se enfrid a 5-10 °C.
los solventes se eliminaron al vacio, El residuo se repartié entre EtQAc (700 mL) y
solucidn acuosa al 10% de NaHC O3 (200 mL) / agua (400 mL). La capa de EtQAc se secd
MgS0Qy) y &l solvente se elimind al vacio. El residuo se purificd mediante cromatografia
en columna (fase normal silice, columna de 100 g Isolute-Si, gradiente de EtOAc en
hexana). El residuo se disolvid en DCM y se evapord al vacio y se repitid antes de secarse
al vacio para proporcionar terc-butil éster del acido (3S)-3-[4-(4-fluarafenil)-piperazina-1-
carboniloximetil]-marfolina-4-carboxilico (8,19 2, $4%) como una goma naranja.

Se agitd terc-buiil éster del acide (35)-3-[4-(4-fluorafenil)-piperazina-1-carboniloximetil]-
morfolina-4-carboxilico (8,19 g, 19,3 mmal) en DCM (96 mL) a -5 a 0 °C. Se agregd por
goteo TFA (28,9 mL) disuelio en DCM (67 mL) y el enfriamiento sé mantuvo dwante 30
minuios. La mezcla de reaccidn se agitd durante 20h a temperatura ambiente. La mezcla de
reaccion se diluyd con heptana (200 mL) y se separd una goma roja amarronada. La goma
se secd al vacio y se lavé con heptano (200 mL). El residun se repartid entre DCM (450
mL) y NaHCO; 1,2M acuoso (135 mL). La capa acuosa se extrajo con DCM (2 x 225 mL).

-0

Los extractos DCM combinados se secaron (NapS0Qy) y el aolvente se elimind al vacia para
proporcionar 4-(4-fluorofenil)piperazina- L-carboxilato de (3S)-morfolin-3-ilmetilo (5,833
93%%) como un sélido beige.

HPLC analitica: pureza 99,5% (Sistema A, Rt = 3,860 min); LCMS analitica: pureza 100%%

(Sistema A, Rr = 3,82 min), ES™: 324,7 [MH]"; HRMS cale. para CygHFNyO5: 323,1645,

se encontrd 323,1652,

EJEMPLO 28

4-(4-Fluorofenil)piperazina-1-carboxilato de (3R)-morfolin-3-ilmetilo

SRA®
0 QF
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Se suzpendié MaH (60% en aceite, previamente lavado con hexano; 1,38 g, 34,5 mmaol) en

Z,
THF anhidro (50 mL) bajo nitrdzeno, la mezela de reaccidén se enfrid a -5 °C, agitindoze

se agregd por goteo wna solucidon de terc-buiil éster del &cido (R)-3-hidroximetil-
morfolina-4-carboxilica (2,50 g, 11,5 mmol) en THF (50 mL). La mezela de reaccidn se
agitd durante 30 min a 0 a 3 “C. Se agregd 4-nitrofenil éster del acido 4-(4-fluorofenil)-
piperazina-1-carboxilico (Intermediario 6; 5,01 g, 14,5 mmol) y la mezcla de reaccion ze
agitd durante la noche a temperatura ambiente. La mezcla de reaccidn se enfrid con un
baito de hielo y se agregd una solucidn al 10% ac. de NaHCOs (11 mL). Los solventes se
eliminaron al vacio y el residuo se reparti entre EtOAc (350 mL) y solucién al 1094 ac.de
NaHCO; (100 mL) / agua (200 mL). La capa de EtOAc se secd M3aSQy) y ¢l solvente
elimind al vacio. Bl residuo se purificd mediante cromatografia en columna (fase normal
silice, columna de 70 g [solute-Si, gradiente de EtOAc en hexana). El residuo se dizalvia
en DCM y se evapord al vacio y se repitid wna vez antes de secarse al vacio para
proporcionar  terc-butil  éster del  acido  (3R)-3-[4-(4-fluorafenil)-piperazina-1-
carboniloximetil]-morfolina-4-carboxilica (2,80 g) coma nna goma amarilla palido.

Este procedimiento se repitid en una porcién adicional de terc-butil éster del acido (R)-3-
hidroximetil-morfolina-4-carboxilico (2,50 g, 11,5 mmal). Después de volver a purificar
las fracciones impuras de ambas partidas, se obtuvieron §,17 g (83,9%%) de terc-butil éster
del acido 3R)-3-[4-(4-Muorafenil)-piperazina-1-carboniloximetil]-morfalina-4-

carboxilico.

Se agitd terc-butil Ester del acida (3R)-3-[4-(4-Nuorafenil)-piperazina-1-carboniloximetil]-
marfolina-4-carboxilico (5,07 g, 12,0 mmol) en dioxano seco (35 mL) a temperatura
ambiente y s¢ agregd por goteo HCl en dioxano (4M; 15 mL, 60 mumol). La mezcla de
réaceiom 3¢ agitd durante 24h a temperatura ambienie. Se agregd una porcidn adicional de
HClI en dioxano (4M; 10 mL, 40 mmol) y se agitéd durante la noche. El dioxano se decantd
y la goma residual se lavé con diosano (2 3) y E(z0 (x 2). El residua se repartid entre
DCM (300 mL) y NaHCO- 1,2M acueso y la capa acnosa se extrajo con DCM (2 1 200
mL). Los extractos DCM combinados se secaron (MazS0y) y el solvente se elimind al
vacio. El residun se dizalvid en DCM y se zecd al vacio para proporcionar 4-(4-
fluorofenil)piperazina-1-carboxilato de (3R)-morfolin-3-ilmetilo (3,87 2, cuant.) como un

sélido blanquecino.
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HPLC analitica: pureza 100% (Sistema A, Rt = 3,87 min); LCMS analitica: pureza 100%%

(Sistema A, Ry = 3,82 min), ES™: 3247 [MI—I]+; HRMS cale. para C)gHz:FN-O5: 323 1645,

se encontrd 323,1657.

EJEMPLO 29

4-(4-Flnorofenil)piperazina-1-carboxilato de (4-metilmorfolin-3-il)metilo

0
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Se sugpendis LIAIH, (4,2 g, 110 mmal) en THF anhideo (60 mL) bajo nitrégeno, se enfrid
a =10 °C, agitindose y 3¢ agregd por goteo una solucidén de terc-budil éster del dcido 3-
hidroximetil-morfolina-4-carboxilico (Intermediario 7; 4,1 g, 18,4 mmal) en THF (50 mL).
La mezcla de reaceidn se agitd durante 20 minutas a 0 °C, se calenid a reflujo durante 3hy
se agitd a temperatura ambiente durante la noche. La mezcla de reaceidn se enfrié a -10 °C
y se desactivid mediante la adicidn por goteo de 10% de agua en THF. La mezcla de
reaccidn se diluyd con THF (50 mL), se agitd durante 1h a temperatura ambiente, se filtrd
y. el filtrado se concenird al vacio. El residuo se disolvié en DCM, se secd (MgSQy) vy el
solvente se eliming al vacio para proporcionar (4-metil-morfolin-3-il)-metanal (2,05 g,
5%) como un liquido incoloro.
NaH (60% en aceite, previamente lavada con hexano, 0,91 2, 22,9 mmol) se suspendid en
THF anhidro (25 mL) bajo nitrdgens y se enfrid a 0 °C, agitandose. Se agregd por goteo
una solucidn de (4-metil-morfolin-3-il)-metanol (1,00 g » 2,62 mmol) en THF (25 mL). Se
agregd 4-nitrofenil éster del &cido 4-(4-fluorafenil)-piperazina-1-carboxilico (Intermediario
6; 3,16 2, 9,15 mmol) y la mezcla de reaccidn se agitd durante la noche a temperatura
ambiente. Una solucién saturada acuosa de NaHCO- (10 mL) se agregd y los solventes se
eliminaron al vacio. El residuo se repartié entre agua y EiQAc y la fase acuosa se extrajo
con EtQAc. Los extractos organicos combinados se lavaran con NaHCOs sat ac. (3 x 100
mL), ze secaron (MgS0Qy) y los solventes se eliminaron al vacio. El residuo se purificd
mediante cromatografia ultrarrdpida en columna normal (Apello silice, 40-63 pm, G0A)
eluyendo con 1% de MeOH en DCM para proporcionar 4-(4-fluorofenil)piperazina-1-

carboxilato de (4-metilmorfolin-3-ihmetilo (2,15 g, 83%) como un sdlido blanco.
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HPLC analitica: pureza 100% (Siztema A, Ry = 3,99 min); LCMS analitica: pureza 100%%
(Sistema A, Ry = 4,38 min), ES™: 33%,0 [MH]"; HRMS calc. para C7HuFN305: 3371802,

=0

se encontrd 337,1811.

EJEMPLO 30

4-Fenilpiperazina-1-carboxilato de morfolin-3-ilmetilo
N
)
° O

Se suspendid Nal (60% en aceite, previamente lavado con hexana; 1,23 g, 30,1 mmol) en
THF anhidro (50 mL) bajo nitrégeno y se enfrid a 0 °C, agitindose. Una solucidn de terc-
butil éster del acido 3-hidroximetil-morfolina-4-carboxilico (Intermediario 7; 2,23 2, 10,3
mmeal) en THEF (50 mL) se agregd por goteo. La mezcla de reacciin se agitd durante 20
min a 0 °C. Se agregd 4-fenilpiperazina-1-carboxilato de 4-nitrofenils (Intermediario 2

4,03 2, 12,3 mmal) y la mezela de reaccidn ae agitd durante 48h a temperatura ambiente.
Se agregd una solucidn de NaHC O sat ac. (10 mL) y los solventes ze eliminaron al vacio.
El residuo 32 repartié entre agua y EtOA¢ y la fase acuosa se extrajo con EtOAc (2 = 100
mL). Los extractos organicos combinades se lavaron con NaHCOs sat ac. (3 x 100 mL), se
secaron (MzS0y) y los solventes se eliminaron al vacio. El residuo se purificd mediante
cromatografia oltrarvapida en columna normal (Apollo silice, 40-63 pm, 604) eluyendo
con 1% de MeOH en DCM para proporcionar terc-butil &ster del acido 3-(4-fenil-

piperazina-1-carboniloximetil)-morfolina-4-carboxilico (3,35 g, 80%%).

Se agitd terc-butil éster del acido 3-(4-fenil-piperazina-1-carboniloximetil)-morfalina-4-
carboxilico (3,31 2, §,16 nunol) en DCM (30 mL) a 0 °C. Se agregd por goteo TFA (6 mL)
dizuelto en DCM (24 mL). La mezela de reaccidn se agitd durante la noche a temperatura
ambiente. Laos solvenies se eliminaron al vacio y el residuo se repartid entre DCM (30 mL)
y NaHCO5 ac. (5 g en 30 mL). La capa acuosa 3¢ extrajo con DCM (3 x 30 mL), se secd
(MgzSQy) y los solventes se eliminaron al vacio para proporcionar 4-fenilpiperazina-1-

carboxilato de morfolin-3-ilmetilo (2,55 g, cuant.) coma un sélido blanco.

- o
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HPLC analfiica: pureza 100% (Sistema A, Rt = 3,60 min); LCMS analitica: pureza 100%%
(Sistema A, Ry = 3,97 min), ES™: 306,0 [MH]"; HRMS calc. para CgHzN304: 303,1739, -
se encontrd 305,1741.

EJEMPLO 31

4-(2,4-Difluorofenil)piperazina-1-carboxilato de morfolin-3-ilmetilo

I
ShAS
F:©\F

Se agregd por goteo ferc-butil éster del dcido 3-hidvoximeiil-morfolina-4-carboxilico

(Intennediario 7; 250 mg, 0,76 mmeol) en THF (§ mL) a una suspensién de NaH (60% de

GmL)a0°Cyase agité bajo nitrdgeno durante 35 minutos. Se agregd 4-nitrofenil éster del
dcido 4-(2,4-difluorofenil)-piperazina-1-carboxilico (Intermediario 12; 501 mg, 1,38
mmol) y la mezela de reaccidn se agitd a temperatura ambiente dwrante la noche. La

ezcla de reaccidn se inactivd con la adicién de NaHCO; acuoszo (0,5 mL) a 0 °C y los
solventes se eliminaron al vacio. El residuo se zuspendié entre NagCOs; ac. (20 mL) y
EtQAc (20 mL). La fase acuosa se exirajo con EtOAc (2 x 20 mL). Las capas orginicas
combinadas se lavaron con NagCO-; ac. (20 mL), ze secarom (MgSQy) y el solvente se
elimind al vacio. El residuo se purificd mediante cromatografia en columna (fase normal,
Apolla silice, 1% de MeOH en DICM) y los solventes se eliminaron al vacio para
proporcionar  terc-butil -~ éster  del  acido  3-[4-(2,4-diflucro-fenil)-piperazina-1-

carboniloximetil]-marfolina-4-carboxilico (170 mg, 34%).

Se agregd TFA (1 mL en 5§ mL DCM) a terc-butil éster del &cido 3-[4-(2,4-difluore-fenil)-
piperazina-1-carboniloximetil]-morfolina-4-carboxilico (170 mg, 0,39 mmol) en DCM (5
mL) a 0 °C. La mezcla de reaccidn se dejd calentar a temperatwra ambienie y se agitd
durante Ia noche. El solvente se elimind al vacio y el residuo se suspendid enire NaHC O,
sat ac. (10 mL) y DCM (10 mL). La fase acuosa se exirajo con DCM (2 x 10 mL). Las

capas organicas combinadas se secaron (MgS0y) y el solvenie se eliminé al vacio para
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proparcionar 4-(2,4-difluorafenil)piperazina-1-carboxilato de morfolin-3-ilmetilo (104 mg,
79%) como un aceité incoloro,

HPLC analitica: pureza 98,7% (Sistema B, Ry = §,29 min); LCMS analitica: pureza 100°%
(Sistema B, Ry = §,09 min), ES S* 3424 [MII] HRMS calc. para CjgHz FoN3O5: 341,1551,

se encontrd 341,1561.

EJEMPLO 32

4-(2,4-Difluorofenil)piperazina-1-carboxilato de (4-metilmorfolin-3-il)metilo

| o
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agregd por goteo (4-metil-morfolin-3-il)-metanol (387 mg, 2,95 mumol) en THF (7,5

2
o
o

mL) a una suspensidn de NaH (60% de disperzidn en aceite, previamente lavada con

herxano; 354 mg, 8,

2,85 mmal) en THE anhidro (7,5 mL) a 0 °C y se agitd bajo nitrdégeno
durante 40 minutos. Se agregd 4-nitrofenil éster del dcido 4-(2,4-difluorofenil)-piperazina-
l-carboxilica (Intermediario 125 1,28 g, 3,54 mmol) y la mezcla de reaccidn se agitd a
temperatura ambiente dwrante la noche. La mezcla de reaccidn ze inactivéd con la adicidn
de NaHCO- acuoso (0,5 mL) a 0 °C. La mezela de reaccidn se agitd durante 1h y los
solventes se eliminaron al vacio. El residuo se suspendid entre agua y EiQAc. La fase
acuoza se extrajo con EtOAc (x 3). Las capas orginicas combinadas se lavaron con
MazCO; acuoso, se secaron (MgS0y) y el solvente se elimind al vacia. El residuo se
purificd mediante cromatografia en columna (fase normal, Apollo silice, 196 de MeOH en
DCM) y los solventes se eliminaron al vacic para  proporcionar  4-(2,4-
difluorofenil)piperazina-1-carboxilato  de  (4-metilmorfolin-3-ihmetila (197 mg, 19%%)
como un aceite incoloro,

HPLC analitica: pureza 99,3% (Sistema B, Ry = $,45 min); LCMS analitica: pureza 100%%

(Sistema A, Ry = 4,51 min), ES™: 356,5 [MH]"; HRMS calc. para Cp9HzFoN5Os:
355,1707, se encontrd 355,1724.

EJEMPLO 33

4-(2,4-Difluorofenil)piperazina-1-carboxilato de (2S)-morfolin-2-ilmetilo
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Se agregd terc-butil  éster  del acido  (S)-2-hidrovimetil-morfolina-4-carboxilica
(Intermediarico S; 100 mg, 0,46 mmaol) a una suspensidn de NaH (60% de dispersién en
aceite; 55,0 mg, 1,38 mmol) en THF anhidro (2 mL) y se agitd bajo nitrdgeno durante 30
min. Se agregd 4-nitvofenil éter del acido 4-(2,4-difluorofenil)-piperazina-1-carboxilico
(Intermediario 12; 191 mg, 0,55 mmol) y la mezcla de reaccidn se agitd a temperatura
ambiente Jurante 24h. La mezcla de reaccidn se filird a través celite y el sélido ze lavé con
THF (10 mL). Loz filtradoz se combinaron y el aolvente se elimind al vacio. El residuc ze
purificd mediante cromatografia en columna (faze normal silice, columna de S g Isolute-Si,
gradiente de 10% a 50% de EAOAC en hexano) para proporcionar tevc-butil éster del dcido
(25)-[4-(2,4-diflucro-fenil)-piperazina- 1 -carboniloximetil]-marfolina-4-carboxilico - (210

mg, cuant.) como un aceite.

Se  dizolvid  terc-butil  éster  del  acido  (25)-[4-(2,4-diflucro-fenil)-piperazina-1-

carboniloximetil]-morfolina-4-carboxilico (205 mg, 0,46 mmol) en DCM (2 mL) y se

dwante la noche. Los solventes se eliminaron al vacio. Se agregd heptano y el solvente se
elimind al vacio. Se agregd K;CO; (500 mg, 3,6 mmol) a una solucidn del residuo en
DCM (2 mL) y se agitd durante 1h. La mezcla se filtrd, el filtrado se secd (NaySQy) y los
solventes se eliminaron al vacio. El residuo se purificd mediante cromatografia en columna
(faze normal, § g, Isolute-Si, EtDOAc en hexano (1:1) seguido de 1-10% de MeOH en
EtOAc). El residuo se secd al vacio para proporcionar 4-(2,4-difluorofenil)piperazina-1-
carboxilato de (25)-morfolin-2-ilmetila (104 mg, 69%) coma un sodlide blanco.

HPLC analitica: pureza 99,8% (Sistema B, Fr = 8,40 min); LCMS analitica: pureza 10025
(Sistema B, Py = 8,15 min), ES™: 342,6 [MH]"; HEMS calc. para CgH; FoN3O5: 341,1551,

se encontrd 341,1559.

EJEMPLO 34

4-(2,4-Diflucrofenil)piperazina-1-carboxilato de (2R)-morfolin-2-ilmetilo
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Se agregd terc-butil  éster del acido  (R)-2-hidroximetil-morfolina-4-carboxilico
(Intermediario 9; 100 mg, 0,46 mmol) una suspensidn de NaH (60% de dispersién en
aceite; 55,0 mg, 1,38 mmal) en THF anhidro (2 mL) y se agitd bajo nitrégeno durante 30
min. Se azgregd 4-nitrofenil éster del icido 4-(2,4-diflvorofenil)-piperazina-1-carboxilico
(Intermediario 12; 191 mg, 0,55 mmol) y la mezcla de reaccidn se agitd a temperatura
ambiente durante 24h. La mezcla de reaccidn se filtrd a través celite y el sdlido se lavd con
THF (10 mL). Los filtrados se combinaron y el solvente se elimind al vacio. El residuo s
purificd mediante cromatografia en columna (fase normal silice, columna de 5 g Isolute-Si,
gradiente de 10% a 50% de EtDOAc en hexano) para proporcionar tere-butil éster del dcido
(2R)-[4-2,4-difluora-fenil)-piperazina-1-carboniloximetil|-morfolina-4-carboxilico (176
mg, 86%).

Se disolvié  terc-butil  éster del  &Acide  (2R)-[4-(2,4-difluoro-fenil)-piperazina-1-
carboniloximetil]-morfoling-4-carboxilico (176 mg, 0,40 mmol) en DCM (2 mL) y se
agregd TFA (3 mL, 10% en DCM). La mezcla de reaccidn se agitd a temperatura ambiente
durante la noche. Los solventes se eliminaron al vacio. Se agregd heptano y el solvente se
elimind al vacio. Se agregd K,CO; (500 mz, 3,6 mmol) a una solucién del residua en
DCM (2 mL) y se agitd durante 30 min antes de agregar agua (0,3 mL) y se agitd durante
1h. La mezela ze filtrd, el filtrado se secd (NazSO,) y los solventes se eliminaran al vacio.
El residuo se purificd mediante cromatografia en columna (fase normal, columna de S g
Isolute-Si, EtOAc en hexano (1:1) seguido de 1-10%% de MeDH en EtDQAc). El residuo se
secd al vacio para proporcionar 4-(2,4-difluorofenil)piperazina-1-carboxilato de (2R)-
meorfolin-2-ilmetilo (89 mg, 65%) como un 34lido blanco.

HPLC analitica: pureza 99,8“ (Sistema B, Rt = 8,38 min); LCMS analitica: pureza 100%%
(Sistema B, Rt = §,23 min), ES": 342,6 [MH]"; HRMS cale. para C¢Hz FoN3O5: 341,1551,

se encontrd 341,1561.,

EJEMPLO 35
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4-(4-Fluorofenil)piperazina-1-carboxilato de [(2R)-1,4-dimetilpiperazin-2-iljmetilo
L
[Njﬁo N/\
N bN
|
F

Se zuspendis NaH (60% de dispersion en aceite mineral; 0,45 g, 11,3 mmal) en THF
arthidro (20 mL) bajo nitrégenc y la mezcla de reaccidn se enfrid a 0 °C, agitandose. Tna
solucién de 1,4-dimetil-(R)-2-hidroximetil piperazina (Intermediario 4; 0,50 g, 3,47 mmol)
en THF (20 mL) se agregd por goteo. La mezcla de reaccidn se agzitd durante 10 minutos a
0 °C. Se agregd 4-nitrofenil éster del acido 4-(4-fluorafenil)-piperazina-1-carboxilico
(Intermediario 6; 1,50 2, 4,34 mmeol) y la mezcla de reaccidn se agitd durante la noche a
temperatura ambiente. La mezcla de reaccidn se inactivéd con NaHCO; sat, ac. (40 mL) y el
THF se elimind al vacio. La fase acuosa se exirajo con EtOAc (100 mL). La capa organica
se lavéd con MaHCOs sat. ac. (5 x 100 mL), se zecd (MaS0y) y el zolvente se elimind al
vacio. El residuo se purificd mediante eromatografia de faze inversa en columna
(LiChroprep RP-18, 40-63pum, 460 % 26mm (100 g), 30 mL/min, gradiente de 0%5 a 30%%
(dvrante 75 min) a 100% (durante 13 min) MeOH en agua con 1% de acido férmico). El
residue se desalinizd wtilizando K3COs en DCM para proporcionar 4-(4-fluorofenil)-
piperazina-1-carboxilato de [(CR)-1,4-dimetilpiperazin-2-iljmetila (0,42 g, 35 %%) como
una goma incolora.

HPLC analitica: pureza 100% (Sistema A, Ry = 3,88 min); LCMS analitica: pureza 1009
(Sistema A, Ry = 3,58 min), ES™: 351,2 [MH]"; HRMS calc. para C);HzFN4O5: 350,2118,

se encontrd 350,2125.

METODOS BIOLOGICOS

Modelo animal de obesidad humana (raias con obesidad inducida a iravés de la dicia)

Los modelos de roedores con obesidad son herramientas valiozas para estudiar los factores

subyacentes que contribnyen al inicio y el mantenimiento del estado de abesidad en seres

humanos. El modelo de obesidad inducida a través de la dieta (DIQ) en roedores es
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particularmente apropiado para esta tarea, puesto que las ratas DIO comparien varios
rasgos oon la obesidad humana.

Estos incluyen herencia poligénica, resistencia a la insulina, hiperleptinemia, menor
crecimiente de  la  secrecidn de  hormonas, propensién a  oxidar  carbohidratos
preferentemente antes que grasa y la capacidad de dizminuir ¢l ritmo metabélico cuando se
restringen laz calorias, lo que conduce a la recuperacién del peso después de la restriceidn.
En ratas exogamicas, alimentadas con una dieta energética alta, alrededor de la mitad
desarrolld DIO, mientras que el resto es resistente a la obesidad y no engordd mds que las
ratas de control, alimentadas con racidn (vesiztentes a la dieta, DR). El madelo de abesidad
inducida a través de la dieta (DIO) es de especial interés con respecto a la regulacion de la
homeaostasis energética. Cuando ze alimentan con una dieta moderadamente alta en grasa,
sacaroza y contenido energético (dieta HE), alrededor de la mitad de las ratas aumentara de
peso sustancialmente mas que las otraz (DIO vz DR).

Las ratas predispuestas a desarrollar DIO aumentaran de peso a una velocidad comparable
a la de las ratas alimentadas con una dieta energética baja (racién) y no se volverin obesas
a menos que se les alimente con una dieta HE. Sin embargo, una vez establecidos los
fenotipos DIO y DR en una Jdieta HE, los aumentos de peso y los cambios en la
composicion corporal resultantes persisten, alin cuando se vuelva a alimentar a los
animales con una dieta de racién normal. Los cambios en el peso corporal y la
compoziciin, que ocurren durante el desarrollo y la perpetuacién de los fenotipos DIO y
DR, ze asocian a varias alteraciones en la funcidn cerebral que pueden subyacer a ¢stos

ajustes.

Protocalo DIO

Se siguid el protocolo de obesidad inducida a través de la dieta descrito por Widdowson, P.
S. et al (Diabetes (1997) 46:1782-1785), para seleccionar 1oz animales propensos a la
obesidad.

Se sometieron ratas Wistar macho (~200-250 z al comienzo de la intervencidn dictaria
madificada) a una dieta alta en carbohidvatos (HE) durante 8-10 zemanas. La composicidn
de la dieta ez un 33% (p/v) de racién en polve (RM1) un 33%% (p/v) de leche condensada
(Nestlé), un 7% (p/v) de aztGear impalpable (Tate & Lyle) y un 27%% (p/v) de agua. Se

registran los pesos corporales y después de un periodo de § semanas, se separan los
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animales en doz grupos segin sus pesos. Come en cualquier raza exogimica de animaled

LYo

(roedores, primates) una poblacién se separara naturalmente en dos grupos: individuas

1

propensos a la obesidad (que aumentan mas peso) o individuos resistentes a la obesidad
(que aumentan menos peso). Los animales obesos pesaron hasta 602 mas después de 6
semanas, Se mantuvieron los animales propensos a la obesidad para realizar estudios sobre
el efecto de los compuestos de formula (I) zobre el peso corporal y la absorcidn de
alimento. La figura 1 muestra un ejemplo de separacién de peza corporal entre animales

alimentados con la dieta altamente palatable (alta en carbohidratos).

Experimentas in vivo sobre el efecto Jde los compuestas en gl peso corporal

Los animales propensos a la obesidad se tratan con un compuesto de férmula (I) y se mide
su efecto en sus pesos corporales. Loz compuestos se administran dos veces por dia,
oralmente a 10 mgz/kg, con uwn volumen de dosis de 1 mL/kg o un vehiculo de dosis
equivalente (salino) para comparacion. Laz dosis se administran AM (09:00) y PM (16:00)
y el peso corporal se mide en la mafiana después de la dosificacidén. Generalmente hay 8
animales por grupo. Las figuras 2 a 4 muestran el cambio de pesa corporal (°%) acumulado,
observada en un estudio de 4 dias en ratas DIO para los ejemplos 7, 20 y 30,

respectivamente.

Ensaya de lepting en un sistema no recombinante.

Si bien s¢ encuentra bien caracterizado en un sistema recombinante (por gjempla, células
HEK293 transfectadas con ObRD), donde la leptina provoca un aumento muy marcado de
la fosforilacién STAT3, estos sistemas a menudo han fallado a la hora de proporcionar una
medida preciza de actividad de un compuesto de prucha sobre el receptor de leptina.
Parecerfa que la sobrecxpresion del receptor (asi como la posibilidad de que diferentes
farmacaos actuen en diferentes partes del pasaje de sefial desencadenado por la asociaciéon
de la leptina con su receptor), resulta en la mayoria de los caso en la ausencia de actividad

de los farmacos probados.

La expresidn del receptor de leptina en un sistema no recombinante a menudo és fluctuante

y se debe identificar cuidadosamente un sistema en el cual la estabilidad de la sefial
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permanezca durante los experimentos. Utilizando un zistema asi, 3¢ podvian identificar
miméticos antagonistas del receptor de leptina evaluando su accidn con respecto a la
leptina (ver debaja).

La leptina se produce principalmente en células adipasas, pero en los seres humanos, la
leptina que codifica ARNm también estd presente en la placenta. Aqui, la leptina puede
jugar un papel proliferativo imporiante en la microvasculatura. Se evalud la posibilidad de

utilizar esta hipétesis en una linea celular nativa.
Protocolo JEG-3

En las células JEG-3 (linea celular de coriocarcinoma) la leptina ez capaz de estimular la
proliferacidn hasta 3 veces (Biol. Reprod. (2007) 76: 203-10). La leptina provaca también
un auments en funcién de la concentracién en la incorporacion de [PH]-timidina en las
células JEG-3 (figura 35, efecto maximo a 100 oM (EC;¢ = 2,1 nM)). La radivactividad
incorporada por laz células es un indice de su actividad proliferativa y se mide en cuentas
por minuta (CPM) con un contador de centelleo ligquido para emisiones beta.
Este hallazgo se puede aplicar a pruebas donde un compuesto €3 capaz ya sea de reproducir
el efecto de la leptina en la proliferacién celular (mimético agonista receptor de leptina) (es
decir, un compuesto determinada provocara un aumento en la [3I-I]-timidina incorporada
por las células) o de inhibir el efecio de la leptina (efecto antagonista), impidiendo el

aumerito pravocada por la leptina en la incorporacion de [PH]-timidina.

Este abordaje tiene la ventaja de utilizar un sistema no recombinante y tiene una

reproductibilidad y robustez razonables.
Medicién de penetracion cerebral

Se administra a la especie de prucba (roedores) una dosis en bolo del sustrato que se esid
investigando, generalmente por via intravenosa (IV) u oral (PO). En ciertos momenios
apropiados, sé toman muestras de sangre y se extrae y analiza el plasma resnltante en busca
de la concentracidn de swstrato, y cuando corresponde, de la concentraciém metabdlica. En

momentos similares, se sacrifican animales de otra grupo, se aisla el cerebro y se limpia la

superficie cerebral. Luego se homogenizan las muestras cerebrales, se exiraen y analizan
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en busca de la concentracidon de sustrato y, cuando corresponde, de la concentracion
metabdlica. Alternativamente, se implantan sondas de micradidliziz en una o mas regiones
del cerebra de la especie de prueba y se recogen muestran en momentos apropiados para su
pasterior andlisis. Este método tiene la ventaja de medir solamente la concentracién de
sustrato extracelular. Después se comparan las concentraciones en plasma y en el cerebro y
se calculan las proporciones, ya sea por comparacion de concentraciones medias en
momentas individuales o por caleulo del drea bajo la curva (AUC) de los diagramas de

concentracién —tiempo.
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REIVINDICACIONES

1.  Uncompuesto de formmla (I)

S W i, *
~ 9, { 1-: Y '\‘ "'[ ‘}1’-., o ™
L R
[RZ],‘J}[S‘*]&—I‘I 3 |‘~,¢'.‘.(_' ~H “t r-’l‘::‘:; . R ]c
\R1 [R ]b/ 9
0y

o una sal, solvata, hidrato, isémero geométrico, tautdmera, isdimero dptico o N-dxido

10 farmacéuticamente aceptables del mismo, donde:
_ _ e 1. ~ 1 2 . N . “11. . . - .
X se selecciona de O, S, N(R") y CH(R”), siempre que ¢l anillo que contiene X no
sea 3-pirrolidina;
15 Y es CH,, O o N(RY);
R! se selecciona independientemente de hidrdgeno, alquiloCr.s (no sustituida o
sustituido  opcionalmente  por  uwno o mis  sustitnyentes  seleccionados
independientemente de haldzeno, hidroxi, ciano y alecoxiCig) y aciloCrg (no
20 sustituido o sustituida opcionalmente por uno o mas sustituyentes seleccionados

independientemente de haldgeno, hidroxi y alcoxiC.e);

R?* y R® se seleccionan independientemente de hidrogeno, halégeno, hidroxi,
alquilaCy¢ (no sustitnido o sustituido opcionalmente por uno 0 mas sustituyentes
25 seleccionados independientemente de halégena, hidroxi y aleoxiCig) y aleoxiCig
(no sustituido o sustituido opcionalmente por uno o MAs sustituyentes seleccionados

independientemente de haldgeno, hidroxi y aleoxiCye);

R* ze selecciona independientemente de hidrdgeno, haldgeno, hidroxi, ciano, nitro,

177]

30 CFs, alquiloCy ¢y alcoxiC.e;

R’ es hidragena o alquiloC);
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a, by ¢ 5on cada uno independientemente 1, 2 & 3;
des0,162;
eesl,203;y

fy g son cada uno independientemente 0, 1 4 2.
Un compuesto de conformidad con la reivindicacién 1, donde Y es Q.

Un compuesto de conformidad con la reivindicacion 1 & 2, donde X es O, N(RY) o

CH(R?.

. . . e g . 1
Un compuesto de conformidad con cualquiera de las reivindicaciones 1 a 3, donde R

es hidrédgena, metilo, etilo o acetila.

. . T . 2
Un compuesta de conformidad con cualquiera de las reivindicaciones 1 a 4, donde R

y R®, se seleccionan independientemente de hidrégena, metilo y etilo.

. . C e e . 4
Un compuesta de conformidad con cualquiera de las reivindicaciones 1 a §, donde R

se selecciona independientemente de hidrégena, flaor, cloro, metilo y etila.

Un compuesto de conformidad con cualquiera de las reivindicaciones 1 a 6, donde el

compuesto es de formula (I')

i
1 ) ~, v
J"y'""-. {,]go "“N ('a.l -;f-"’“ e 4
L] L AR
donde
X'y X2 se seleceionan cada wno independientemente de O, N(RY) y C?I-I(Rz), slempre

que al menos uno de X'y X2 sea NRY;

1 p2, p4 e e
R, Ry R son come se define en la reivindicacién 1;
cesl,263;

eesl62;y
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Un compuesto de conformidad con la reivindicacidn 1, que se selecciona de:

o 4-(4-metilfenil)piperazina-1-carboxilato de [(3R)-1-metilpiperidin-3-ilJmetilo;

¢ 4-(4-metilfenil)piperazina-1-carboxilato de [(3S)-1-metilpiperidin-3-ilJmetilo;

o 4-fenilpiperazina-1-carboxilato de [(2S)-1,4-dimetilpiperidin-2-il jmetilo;

o 4-fenilpiperazina-1-carboxilato de [(2R)-1,4-dimetilpiperidin-2-ilJmetila;

o 4-(4-fluarofenil)piperazina-1-carboxilato de [(2S)-1,4-dimetilpiperazin-2-iljmetilo;

o 4-(4-fluorofenil)piperazina-1-carboxilato de [(2R)-1,4-dimetilpiperazin-2-ilJmetilo;

e 2-(1,4-dimetilpiperazin-2-il)etil éster del dcida 4-fenilpiperazina-1-carboxilico;

¢ 4-(2 4-diflucorafenil)piperazina- 1 -carboxilato de [(28)-1,4-dimetilpiperazin-2-
ilmetilo;

o 4-fenilpiperazina-1-carboxilato de [(2S)-4-metilpiperazin-2-iljmetilo;

o 4-bencilpiperazina-1-carboxilato de (1,4-dimetilpiperazin-2-i)metilo;

¢ 4-fenilpiperazina-1-carbaxilato de morfolin-2-ilmetilo;

o 4-fenilpiperazina-1-carboxilato de (28)-morfolin-2-ilmetilo;

¢ 4-fenilpiperazina-1-carboxilato de (QR)-morfolin-2-ilmetilo;

e 4-fenilpiperazina-1-carboxilato de (4-metilmorfolin-2-iDmetilo;

e 4-fenilpiperazina-1-carboxilato de [(2S)-4-metilmorfolin-2-ilJmetilo;

e 4-fenilpiperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-ilJmetilo;

¢ 4-(4-fluorofenil)piperazina-1-carboxilaio de [(2S)-4-meiilmaorfolin-2-ilJmetilo;

o 4-(4-fluorofenil)piperazina-1-carboxilato de [(2R)-4-metilmorfolin-2-ilJmetilo;

. 4-(2,4-diﬂuor0feniljpiperazina-1 -carboxilato de [(2S)-4-metilmorfolin-2-illmetilo;,

¢ 4-(2 4-difluorofenil)piperazina-1-carboxilato de [(2R)-4-metilmaifolin-2-il]metilo;

¢ 4-(4-fluarofenil)piperazina-1-carboxilato de morfolin-2-ilmetilo;

¢ 4-(4-fluorofenil)piperazina-1-carboxilato de (28)-morfolin-2-ilmetilo;

¢ 4-(4-fluorofenil)piperazina-1-carboxilato de QR)-morfolin-2-ilmetilo;

¢ 4-(4-clerofenil)piperazina-1-carboxilata de (4-metilmorfolin-2-il)metilo;

¢ 4-(4-fluorobencil)piperazina-1-carboxilato de (4-metilmorfolin-2-il)metilo;

o 4-fenilpiperazina-1-carbovilato de (4-acetilmorfolin-2-iDmetilo;

¢ 4-(4-fluorofenil)piperazina-1-carboxilaio de morfolin-3-ilmetilo;

o 4-(4-fluarofenil)piperazina-1-carboxilata de (3S)-morfolin-3-ilmetilo;

¢ 4-(4-fluorofenil)piperazina-1-carboxilato de (3R)-morfolin-3-ilmetilo;
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o 4-(4-fluorafenil)piperazina-1-carboxilato de (4-metilmorfolin-3-i)metilo;

e 4-fenilpiperazina-1-carboxilato de morfolin-3-ilmetilo,

* 4-(2 4-difluorofenil)piperazina- 1-carboxilato de maorfolin-3-ilmetila,

¢ 4-(2,4-diflnerofenil)piperazina-1-carboxilato de (4-metilmorfolin-3-il)metilo;
o 4-(2,4-difluorofenil)piperazina-1-carboxilato de (2S)-morfolin-2-ilmetilo; y

e 4-(2,4-diflvarofenil)piperazina-1-carboxilato de 2R)-maorfolin-2-ilmetilo.

Una foimulacién farmacéutica que comprende un compuesto de conformidad con
cualquiera de las reivindicaciones 1 a 8 como ingrediente activo, en combinacién con

un diluyente o vehiculo fammacéuticamente aceptable.

Un compuesto de conformidad con cualquiera de las reivindicaciones 1 a § para

utilizar en terapia.

Un compuesto de conformidad con cualquiera de las reivindicaciones 1 a § para
utilizar en el ratamiento o prevencidn de afecciones o enfermedades asociadas al

aumento de PesoO.

El compuesto de conformidad con la reivindicacion 11, donde la afeccién o
enfermedad es obesidad, diabetes tipo 2, lipodistrofia, resistencia a la insulina,
sindrome  metabdlico, hiperglicemia, hiperinsulinemia, Jislipidemia, ezteatosis
hepatica, hiperfagia, hipertensidn, hipertrigliceridemia, infertilidad, un trastorno

cutineo asociado con el aumento de peso o degeneracidon macular.

Un compuesto de conformidad con cualquiera de las reivindicaciones 1 a 8§ para
utilizar en &l tratamiento o la prevenciéon de la pérdida de peso severa, dismenaorrea,
amenorrea, infertilidad femenina o munodeficiencia, o en el tratamiento de

cicatrizacién de heridas.

Un compuesto de conformidad con cualquiera de las reivindicaciones 1 a 8 para
utilizar en ¢l tratamiento o prevencidon Jde afecciones inflamatorias o enfermedades,
inflamacién de bajo nivel asociada con la obesidad y exceso de leptina en plasma,

ateroesclerosis, macro o micro complicaciones de la diabetes tipa 1 & 2, retinopatia,
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nefropatia, neuropatia autondmica o dafio de vasos sanguineos provocado por

isquemia o ateroescleroris.

Un compuesta de conformidad con cualquiera de las reivindicaciones 1 a § para

utilizar en la inhibicidn de la angingénesis.

El uso de un compuesto de conformidad con cualquiera de las reivindicaciones 1 a S
para la elaboracién de un medicamento para el atamiento o prevencionm de

afecciones o enfermedades asociadas con el aumento de peso.

El uso de conformidad con la reivindicacidon 16, donde la afeccion o enfermedad es
obesidad, diabetes tipo 2, lipodisirofia, resistencia a la insulina, sindrome metabédlico,
hiperglicemia, hiperinaulinemia, dislipidemia, esteatozis hepatica, hiperfagia,
hipertensidn, hipertrigliceridemia, infertilidad, un trastorno cutdneo asociado con el

aumento de peso o degeneracidn macular.

El uso de un compuesta de conformidad con cualquiera de las reivindicaciones 1 a 8
para la elaboraciéon de un medicamento para el tratamiento o la prevencion de la
pérdida de peso  severa, Jdismenorrea, amenorrea, infertilidad femenina o

inmunadeficiencia, o el tratamiento de cicatrizacidn de heridas.

El uso de un compuesta de conformidad con cualquiera de las reivindicaciones 1 a 8
para la elaboracidn de un medicamento para el tratamiento o prevencién de
afecciones inflamatorias o enfermedades, inflamacién de bajo nivel asociada con la
obesidad y excezo de leptina en plasma, ateroesclerosis, macro o micro

complicaciones de la diabetes tipo 1 & 2, retinopatia, nefropatia, neuwropatia

El uso de un compuesta de conformidad con cualquiera de las reivindicaciones 1 a 8
para la elaboracion de un medicaments para utilizar en la inhibicién de la

angiogénesis.
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Un método para el tratamiento o prevencion de afecciones o enfermedades asociadas
con el aumento de peso, que comprende administrar a un mamifers, incluido el ser
humano, que necesite dicho tratamiento, una cantidad efectiva de un compuesto de

conformidad con cualquiera de las reivindicaciones 1 a §

El método de conformidad con la reivindicacidn 21, donde la enfermedad o afeccién
es obesidad, diabetes tipo 2, lipodistrofia, resistencia a la insulina, sindrome
metabélico, hiperglicemia, hiperinsulinemia, dislipidemia, esteatoziz  hepatica,
hiperfagia, hipertensidn, hipertrigliceridemia, infertilidad, un ftrastorno cutdneo

asociado con el aumento de peso o degeneracidn macular.

Un méiado para el tratamiento o prevencion de la pérdida de peso severa,
diamenamrea, amenorrea, infertilidad femenina o inmunodeficiencia, o en ¢l
tratamiento de cicatrizacion de heridas, que comprende administrar a un mamifero,
incluido el ser humane, que necesite dicho tratamiento, una cantidad efectiva de un

compuesto de conformidad con cualquiera de las reivindicaciones 1 a 8.

Un método para el tratamiento o prevencion de afecciones inflamatorias o
enfermedades, inflamacién de bajo nivel asociada con la obesidad y exceso de
leptina en plasma, ateroesclerosis, macro o micre complicaciones de la diabetes tipo
1 & 2, retinopatia, nefropatia, neuropatia autondmica, o dafio de vazos sanguineos
provocado por dzquemia o ateroesclerosis, que comprende administrar a un
mamifero, incluido el ser humano, que necezite dicho tratamiento, una cantidad
efectiva de un compuesto de conformidad con cualquiera de las reivindicaciones 1 a
8.

Un método para la inhibicién de la angiogénesis que comprende administrar a un
mamifero, incluido el ser humano, que necesite dicho tratamiento, una cantidad
efectiva de un compuesto de conformidad con cualquiera de las reivindicaciones 1 a

8.
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Un proceso para la preparacion de un compuesto de la reivindicacién 1, que

comprende:

(a) hacer reaccionar un compuesto de la formula (11):

HN .,
donde R}, R b, ¢, f y g son como se definid
[RS] i en la reivindicacidn 1,
b

(I

con 4-nitrofenil cloroformato o bis-(4-nitrofenil)carbonato en presencia de una base

apropiada (como DIPEA o NEt;) en un solvente apropiada (como DCM o THF), de -

10 a 40 °C, para formar in compuesto de formula (I17):

D;?N ~. ;5\\ 3

R e S W -"{m‘}-.“ e
O ) [ 5
I'a,./ fll . I\ _:H—[R“]c
(1) [R"*]D/‘ S

(b) hacer reaccionar el compuesto de férmula (IT) con un compuesto de farmula

Iv):
{ WOH donde X, R!, R?, a,d y e son como se

R] . e e
[ aN 1 definid en la reivindicacidn 1,

(V)
en prezencia de una base apropiada, (como NaH o NMM), én un solvente apropiado

(como THF @ DCM), de -10 a 40 °C, para abtener un compuesto de férmula (I); y

(¢) opeionalmente, transformar en wna o variaz etapas un compuesto de la formula (1)

en otro compuesto de la farmula (I).
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Un proceso para la preparacidon de un compuesto de la reivindicacidn 1, que

comprende:

(a) hacer reaccionar un compuesto de la férmula (IV):

/ _XH\OH donde X, R', R?, a, d y @ Son Come s
R TN 3 o
R‘ definié en la reivindicaciéon 1,

(v)
con 4-nitrofenil cloroformato o bis-(4-nitvofenil)carbonato en presencia de una base
apropiada (como DIPEA 0 NMM) en un solvente apropiado (como DCM), de -10 a

40 °C, para formar un compuesto de férmula (V):

1o, J T
[Rﬁ}ix—

(b) hacer reaccionar el compuesto de formula (V) con un compuesto de farmula (I1):

HN” ﬂ_ 3 e
R, donde R°,R", b, ¢, f'y g son comio se
[pa]/ el I I

()

definié en la reivindicacién 1,

en presencia de una base apropiada, (como DIPEA), en un solvente apropiado (comso

DCM o DMF), de -10 a 40 °C, para obtener un compuesio de formula (1); y

(¢) opcionalmente, transformar en una o varias etapas un compuesto de la firmula (I)

en otro compuesto de la formula (1).
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La presente invenciin ze refiere a nuevos compuestos de formula (I), a composiciones
farmacénticasz que comprenden estos compuestos, a procesos para su preparacidn y al uso
de estos compuestos como miméticos moduladores del recepior de leptina en la
preparacién de medicamentos para afecciones asociadas con el auments de peso, la

diabetes tipo 2 y las dislipidemias.
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Figura 2

Cambio % de pct acumulado
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**P<0,01, 1 Way ANOVA Dunnett’s (vs respecto de veh)
—g— Vehicula 0,9 %% saline 2 x dia (7)

—8— Ejemplo 7: 10 mg/ke 2 x dia (7)
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Figura 3

Cambio % de pet acumulado
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*P<0),03, **p<0,01, I -Way ANOVA Dunneit’s (vs respecta de veh)
e Vehiculo 0,9 %% salino 2 x /dia (8)

" Ejemplo 20: 10 mg/ke oral 2 x dia (8)
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Figura 4

Cambio % de pct acamulado

Cambio acamulado ew pct (%)

dia
P S, **p<t, 01, 1 -Way ANOVA Dunuett’s (vs respecto de veh)
—8- Vehicula 0,9 %% saline oral 2 x /dia (7)

—* Ejemplo 20: 10 mg/kg oral 2 x/dia (7)
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Indizacion que 32 zolicits un esquem‘a de trazado
Datos de identificacion del solicitants o Je 12 perzona que presenta la solicitud

Reprezentacion grifica de un ezquerna de trazado

ool

Comprabante de pago da las tazas establecidas

Completa D Incompleta D
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Doctor(a)

RAISBECK J. IAN

Apoderada(@) yio Reprasentanta de
ASTRAZENECA AB

REFEREHNCIA Radicacian Mo, 10 02022
Solicitud intzrnacicnal PCT/IEPZOOSMGGRETT
Fecha inicio fase nacional  05/07/2010
Tramite 11
Evento 378
Actuacion 430

Oficio Na. ‘ ﬁ 09 404

Como resullado del evamen de farma, realizads con fundamentd en &l articuly 38 de la Decisidin 428 de la
Comisian de la Comunidad Andina, articuls 27 Jel Tratado de Croperacién en Materia de Patentes (PCT), regla
&1 bis del Reglamenta y Cirewlar Unica de la Suparintendencia ds industria y Comercio, s& e camunica que:

1. La solicitud na conticne la copia del dacuments 2n que consta la cesion del darechs ala patents del inventor al
solicitante @ a su causants, conforme a lo estaklecids por &l articuly 26 literal F) de la Decizidn 426 de la
Cormision de la Comunidad Andina. Cuando se trate de documentos olorgados en el edranjers, @stos debaran
legalizarse de confarmidad con 1y dizpuesto por 1os articulos 266 y 280 dsl Chdigs de Procedimiznts Civil.
Cuands se tralz de las deslaraciones a que hace referencia la Regla 417 i) del Tratada de Cooperacion en
Matzria de Patemtes PCT., &l alcance de las tales declaraciones se detzrminard seqon indiquen claram:ante una
cesion de derschos del inventor al solicitants o su causante, de conformidad con 1o dispussts en el numeral
5£.2.15 del Capituls Quints, Titulo - de la Circular Unica de Supsrintendensia de Industria y Comercic.

En cumplimients de o dizpussto por @l adiculy 39 de la Dacisidn 426, se le requiers para qué chizntro del térming
de dos meses siguisntes a la fecha Jde notificaciin del prezents oficio, complets s raquisitas antsricrmenta
enunciados. En caso de no dar cumplimiznts al presents requerimiente, 1a solicitud s& considerara abandonada y

perderd su prelacion.

Natifiquese &l presente oficio conforma a o dispuesty &n el numeral 8.2, literal &), del capitula quinto del titulo

Hio. A0 22,2001,

primero de a Circular Unid;

AL CARMEINZAC E/:PEDES/DE VERGEL
Dirzctora dec 3 Creaciones ()

i | . 30 . 2m
El aniericr requerimients fue notificada por fijaciin en lista de fecha .
adpal

Al conicstar favor indiquz 34 nidmire d2 Sada Caniry: Carrsra 15 Ho, 27-00 Pisoe 2, &, 7y 10 PEX: 5870000
radicacién qua s& Sncudntia & continuzcion S:de CAN: Av. Cra 50 flo. 26-5% int. 2 Tz1: 5600070
Call Center 6513240. Linca 01200-910165
Web: vanv.sic.aov.co e-mail: info@sic.aov.co
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Dactor(a)

RAISBECK J. IAN

Apuderada(a) yio Reprezentants Jdea
ASTRAZENECA AB

REFEREHNCIA Radicacion He. 10 OE&OZ2
Salizilud internacional FCT/EPZONRMNGEATT
Fecha inicio fase nacional 05/07/2010
Tramite 11
Evento 378
Actuacitn 430

Oficio No. ’E O 9
Tenienda en cusnta que &l capituly reivindicatorio presentado evceds de Cdicz reivindicacioness, eg neoesario que
cancale la tasa establecida por cada reivindicacidn adicional prazentada, de conformidad son by dispussto en la
resclucion de (asas vigente para la fecha de presentacidn de la solicitud, £o pena de qua nd sean tenidaz en

cuenta dentro del presant: tramite administrativo.

En consecuencia, con fundaments en by pravisto por el artizuby 12 del Codige Contancias:s Administrativo, sz =
requisra para que dentro dal tammine de dos (2) meses siguientes a la fechia de nolificacian del presente oficio
atienda & requerimients aqui sefalads. Lo antarior, con @l alzance que para tal afecto establece e articuly 12 de

la misma codificacion, respacta de las reivindicaciones adizianales.

Nalifiquese el presente oficia sonfarme a by dispussto en &l numeral 5.2, literal @), del capitulo quinte dal tituls
primara de la Circular Unica N° 10 de 2901,

ALL-. CAPMENZA CESPEDES DE VERGEL

Directora de Huevas @r

30 sy, 209

El antzrior rzquerimients fue nodificado por fijaciin 2n lista de fecha

adpati
Al contestar favor indique el numero de Sede Cantro: Carrera 13 Ho. 27-00 Pisez 2, 5, 7 y 10 PEM: 5070000
radicacion que s encuiitra a continuacion Seds CAN. Av. Cra 50 tHo. 26-85 int. 2 Tal: 5330070

Call Centsr 6513240. Linca 01800-910165
Wob: wvav.sic.oov.co a-mall Info@sic.aov.co



