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ANEXOS
Comprobante de pago de la tasa de presentacion de la soficitud.

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona
juridica.

Poderes, si fuere el caso. Adjunto copia simpie ver expediente No. C6-018.29
Dacumento de cesion del inventor al solicitante 0 a su causante. ’Dec,\o.rac\‘a“ {Za q\a Q>
del Pcte

Declaraciones.

Copta de ia solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

dibujos).

Copia del examen prefiminar internacional efectuado por fa Autoridad Internacional de Examen

Pretiminar (IPEA).
Traduccion del examen preliminar internacional efectuado por la IPEA.
De ser el ¢aso, copia del contratoe de acceso.

De ser el caso, documento que acredite la licencia o autorizaciéon de uso de conocimientos

tradicionales de las comunidades indigenas.

De ser el caso, certificade de depdsito del material biolégico.

Arte final 12 x 12.

De ser el caso, informacidn sobre otras solicitudes de patente o titulos obtenidos en el extranjero
por el mismo titular o su causante, relacionadas parcial o totalmente con la invencion de esta
solicitud.

De ser el ¢caso, modificaciones efectuadas a la solicitud internacional.

[x]
[x]
[ ]
]
(]
E Traduccion de la solicitud internacional al castellano. {(Resumen, descripcion, reivindicaciones,
]
]
]
]
]
]
]
]
]

Otros. Busqueda Internacional

FIGURA CARACTERISTICA:

4 . R

Q)

@ Solicito la concesién de la patente,

NOMBRE: _CARLOS R. OLARTE FIRM
C.C. 79.782.747 Btd T.P. 74.295

Instrucciones para el diligenciamiente del presente formulario, ver reverso de esta pagina.
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Gran Bretana
Nacionalidad: Britanico

Robert GLEAVE,
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Gran Bretana

_. Nacionalidad: Britanico

Stefan SENGER,
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Gran Bretafia

Nacionalidad: Alemana

Daryl, Simon WALTER,
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. Gran Bretafia
‘ Nacionalidad: Britanico
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rfaQUcciﬁn oficial del Inylés por Marlén Weira Castro, resolucidn 2117 del
Ministerio de Justicia de Colombia

APUSTILLA EW PODER DE REPRESENTAEION i

" GLAXO GROUP LIMITED

PODER DE REPRESEWTACION
Bilinglie inglés- espaiiol ovtorgadu en Brentford, Middlesex, lnglaterra el 13 de
agosto de 2003 y Ffirmade por Peter Johin Giddinygs, Apoderade

v Fuaciunneio

auvlurizado.

Certificado de Notario De Pinna en espufiol firmado por James Kerr Milligan

APUSTILLA
(Convencidn de Ta Haya del 5 de octubre de 1301}
1. Pais: Reino Unide de Gran Bretaia e Irlanda del Morte

- Este documento Piblicu

2. ha sido Firmado por James Werr Milligan
3. Uuien ejerce funciones-de Notariv publico
4. Lleva el sello del Hotario publico

CERTIFICABO
5. En Londres
G. E1 14 ayosto 2003

Por el Secretariv de Estade Principal de su Muajestod para Asunlos

exteriures y de la Mancowunidad

y. Ho, G229474 _
Y. - Gran Sello Je la Oficina de Asuntos exteriores y de la Mancomunidad
i0. Firma legible de J. GarbLrah- Por el Secretario de Estade

51 el documenio se usa en un pais que nw pertenece a la Convencidn Je ta Hava dud
5 de octubre de 1861 debe pasar por la seccion consular de Ta Mision gue
representa el pais.

£5 Craduccian fiel del inglés, ven cupia aruhivu{para confrontacion. Doyuta 21 agoste-03,

B Do Biva !

T
1\{ S ‘\i} 1.
RAGHEETL MEIRA 2200
Niacgeior o Tntgrpeuse ot
Iglds - Espainol + el

Nesolugidn Mo 2117 dal 7
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Yo, el lufrascrito JAMES KERR MILLIGAN, Notario Pablice de la Ciadad de

FLoudres, Taglaterra, por I Autoridad Rend debidisnente adiilido ¥ jurnmentady,
CERTIVFICO:

QULE es auléntica la fivma suscrita al pie del adjunto Yoder, por ser del puio y futan
del Sehor Don FETER JOUN GLIDINGS, cuya identidad we consta, Apaderado-le
ln Sociedad  iuglesa dénmnin;ldﬂ “GLANO GROUY  LIMITED?, Soviedad
legalnente constituida y existenle de scuerdo con Jas leyes de Lnglaterra, e ingerita

en la Oficina de Registro de Suciedades bajo el ndmero 300979, con domiciliv secil

en Glaxo Wellcome House, Bevkeley Avenue, Greenford, Middlesex UBG ONIN,

Inglaterra;

QU el citade Seior Don PETER JOLN GIDDINGS cstd debiday sulicieniemente
awtorizady para [rnar docwnentos de esta clase en nombre y representaciton de
dicha Soviedad en virtud de un Poder oforgado por la veferida Sociedad fechody 3 de

julie de ZU0Z.

Y QUIE Jus objetos para los cuales se otorgd dichv Poder se encuentran dentro de Jos
ubjetos ¢ actividades de I citada Sociedad, de acuerdo con I leeribwra Constitutiva

v lus listatutos Sociales, lus cuales he terudu a la vista,

PAKA QUE CONSTE donde y como convenga y fuere necesavio expidu ol
ywegente Certilicado gque Grmo vy sallo en dicha Ciudad de Londrees, ol din de hoy
! 1

i\
cee de vgoste del anw dos mil tres. g
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APQSTILLE
(Hagne Canventivn of 3 Qutoter 1961 7 Comveatiu de La 1aye du 5 eelobne [96G1)

UNITED XINGDOR OF GREAT BIUFTAIN AND NOITIEIRN TRILLAND
1 Country: United Kinpdoo of Great Brilain and Nnthorn hieland
Poys: Roynume-Uni de Gronde-Lrelagne et 4" Tilamibe du Mord
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2, as besn signed by

a d1d sipnd pa

Inmes Werr Millipen
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Power of Attorpey

The vudersigued,

doiciled in

by mcans of these presents bercby grants 0 Carlos
. Qlacte, 3. Lan Raislreck and Ana
Naria Feicvd tall and sulficiom Power of
Allouney Lo file, prosceulte, obtain, deleud and

‘j ciloree any and all vl the company’s Palents,
. ' Utility Mudyls and ludustrial Itesigns in (he
Republic of Colomibia, o which end it cropuwers
them o fake wll steps necessary before any
adminisuative or judicial authority of ey cluss for
the objects stated, (o lile petitions, uppeals, replics
and oppositious, pay laxes and aunuitics, request
testimonics, receive docunents and securitics,
abaadon applivatious and cullect relimds. Suflivient
poser is hercly pranted to teesive wilications un
behall of the Company, to conler puwers oo those
who are o represcut the cumpany judicially and
. extirpudivially, 10 answer in coml in the matter of all
. claims and deruands that way be presented in
' conpicelivn with the objeets stated, giving thean
t hkewise puwer o substitute these presents and
tevoke such substitutions.

Sigu.uuu'efl*'inna: . <A

i

Podey

l susurilo,

Glazo Group Limited

dotniciliadoy cu

Glaxo Wellcome House, Borkeley Avenue, Greenford, Middlesex UBG ONN, GU

por mediv del presente otorga a Carles T
Qlarte, &, Jin Raisbeeloy Ana fdarvia
Fricri poder especial, amiplio y suficients pa
presentar, tramilar, ubtency, deleuder y hacer
yespetar todas ¥ cualyniers Je Potentes, Madelus
de Utilidand y Riscilus lndustrindes Jde la
comnpaitia en la Repiblica de Colombia, o cuve
clecto lus Taculla para Jdar Wodues los pasos
necesarios ante cuslyvier autovidad administinliva
o judicial de cualguicr jorargufie para cumplis co
y encomegnduido, clevar sulicitudes, apelaciones,
respuestia y vpusiciones, pagar smpuestos ¥
apualidadves, solicitar testimonios, recilir
documentos y valoves, degistir y percitiis,
concede poder Lagtaute para (ecibir netiBviciones
auumbre de fa compaliily, olurgar poderes 2
quicnes vayn o representar a la conypaiifa judicial
y extrajudicialimente, yespouder en juicio a todas
las reclamacioues v dermandas gue pov nofive de
lv encomendado se presentaren, dimdoles
asiinismy fuculind para sustituir ¢l presente v
revocar dichas sustituciones.

|

W
i i+

l.’c—;molul GUJI_:QT

Dateflecha: 13 August 2003

j 1S as ,]\llornc:y and Authorised Official

City, Countyy/Crudad, Puis: Brentlord, Middlesex, England



PCT/EP2007/56675

| Box No. VILI(ili) DECLARATION: ENT]']'LEN[EN‘I" TO CLAIM PRIORITY
‘The declaration must conform to the standardized wording provided for in Section 213; see Notes to Boxes Nos. VI, VIII(i)

to (v) (in general) and the specific Notes to Box No. VI1I(iii) and 51biv,1(a)(iii)

Declaration as to the applicant's entitlement, as at the intematicaal filing date, to claim the priority of the earlicr opplication
specified below, where the applicant is not the applicant who filed the earlicr application or where the applicant’s name has
changed since the filing of the carlier application (Rules 4.17(iii) and 515és.1(a)iii)):

in relation to international application No. PCT/EP2007/056675

GLAXO GROUP LIMITED is entitled to claim priority of carlier application No. 0613473.8,
0622825.8, 0705263.2 and 0711439.0 filed in the United Kingdom by virtue of the following:

(i)  transfer of entitlement from inventors Laura J CHAMBERS, Robert GLEAVE, Stefan
SENGER and Daryl Simon WALTER to GlaxoSmithKline Services Unlimited by way of

croployment contract
(i)  an assignment from GlaxoSmithKline Services Unlimited to Glaxo Group Limited dated

05 September 2007

O This declaration is continued on the following sheet, "Cemntinuation of Box No. VIII(iii)".

Form PCT/R0O/101 (declaration sheet (iii)) (March 2001; reprint January 2003) Sec Notes to the roquest form




PCT/EP2007/056675

Box No. Vili(d) DECLARATION: ENTITLEMENT TO APPLY FOR AND BE GRANTED A FATENT
The declaration must conform to the standardized wording provided for in Section 212; see Notes to Boxes!Nos. VI, VIL(D)
to (v) (in general and the specific Notes to Box No. VII(ii). If this Box is not used, this sheet should not be included in the

request.

Declaration 23 to the applicant's entitlement, gs at the internationel filing date, to apply for and be granted arpatent (Rules
4.17(ii) and 51bis.1(a)ii)}), in a case where the declaration under Rule 4.1 7(iv) is not appropriate: .

in relation to international application No. PCT/EP2007/056675
GLAXO GROUP LIMITED is entitled to apply for and be granted a patent by virtue of the following:

Q) transfer of entitlement from inventors Laura J- CHAMBERS, Robert GLEAVE, Stefan
SENGER and Daryl Simon WALTER to GlaxoSmithKline Services Unlimited by way of
employment contract ,

(if)  an assignment from GlaxoSmithKline Services Unlimited to Glaxo Group Limited dated
05 September 2007 '

[J This declaration is cantinued on the following shect, "Continuation of Box No. VIII(ia)",

Form PCT/RO/101 (declaration sheet (if)) (March 200!; reprint January 2003) See Notes to the request form
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f12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCY)

(191 Worid Intellectual Property Organization
International Bureau

(43) International Pablication Dale
10 January 2008 (10.01.2008)

0 0 TS G B

(10) International Publication Number

WO 2008/003697 A1l

(51} Internntiongi Patent Classiltcation:
a7 207728 {2006.017 AGIK 31R02 (2006.G1)
CN70 01706 {2006.013 AGIP 25728 (2006.01}
AGIR 344015 {2006.01) AGTP 29/00 (2006.01)

y {nternational Apphication Number:
PCT/EP2007/056075

) International Filing Date: 3 Juiy 2007 (03.07.2007)

) Yiling Langunge: English

26) Publiesmion Vanguage: English

1304 Priocity Data:
06134738
(6228258
0705263.2
07112390

;B
GR
GB
GB

G July 2006 (06,07.2006)

15 November 2006 (15.11.2006)

19 March 2007 (19.03.2007)

13 June 2007 (13.06.2007)

(71 Apphicunt {or all designaied States except US): GLAXO

GROUP LIMITED {OB/GB); Glaxo Welleome House,
Berkeley Avenue, Greenford Middicsex UB6 ONN {GB).

{72)
(T5)

Inventors; and

Inventors/Applicunts (for U8 only):  CHAMBERS,
Laur, ) | GBIGB) GlaxeSmithKline, New Frontiers Sci-
cnce Park South, Third Avenue, Harlow Essex CM19 SAW
(GiB). GLEAVE, Robent |GB/GBI: GlaxoSmithKline,
New Froptiers Science Park South, Thind Avenne, Harlow
Tigsex CMI9 SAW (GBY. SENGER, Stefan [DE/GB);
GlaroSinithKling. Guanels Wood Road, Sievenage Hent-
furdshire SG1 2NY {GBY. WALTER, Doryl, Simon
LGRAGB): GlunoSmithKline, New Frontiers Science Park
Sonth. Third Avenue. Harlow BEssex CM 19 SAW (GB).

{(74) Agents: RILLSON, Sian, Catherine et al;. Glaxo-
SmithKfline, Corporate intellcctual Property (CN925.1),
980 Grewt Wast Road, Brentford Middlesex TWR 9GS
(G

(81} Dc\nguatcd -Slates

kind o 'na:wmzll

{unless otherwise indicwed. for every
rotection available): AL, AG, AL, AN,
UL AZ, BA, BR.BG, 3H, BR,BW, BY. BZ, CA, CH.
LCO, CR,CU, CZ DE, DK, DM, DO, DZ, BCEE, EG,
S H (ﬂ} GD, GH, GH, GM, GT, 1N, HR, HU, 1D, 1.,
IN, 1S, KI'E&GKMK\IKI’K_RKIIAICIK
LR, LS. LT. LU, LY, MA, MD. ME, MG, MK, MN. MW,
MX, ,MY M7, NA. NG, Ni, NO, NZ, OM, PG, PH, PL,
_PT, RO, RS, RU, 8C, 8D, 8E, §G, SK, SL, 3M, SV, 8Y,

T), T™M, TN, IR, I'T, TZ, UA, UG, US, UZ, VC, VN ZA
M, ZW,
(84) Designuted Stales (unless otherwise indicated. for every
kind of regional protection availablej: ARIPO {BW, Gll,
GM, KE, LS, MW, MY, NA, SD, SL, §7, TZ, UG, ZM,
ZW, Curasian (AM, AZ, BY, KG. KZ, MD, RU, TL TM).
European (A1, BI3, BG. CH, CY, CZ/, DE, DK, EE. ES, FL,
FR, GB, GR, HU, [E, IS 1T, ET, LU, LV, MC, MT, NL, PL,
T, RO, 8§, 81, SK. IR}, QAPL (BY, B, C¥, CG, Cl, CM,
GA. GN. GQ, GW, ML, MR, NE, SN.TD, TG
Declarations under Rule 4.17:
—  as 1o applivant’s entidement 1o apply for and be granied o
parent {Rule 4.17(ii}}
as 12 the applicant’s entitlenent 1o claim the priariry of the
earlier application (Rele 4.17(iii)}
of inventorship (Rule 4.17{iv)}
Published:
— with internarional search repon

For twa-letter cades and other abbreviaions. refer t the "Guid-
ance Notes on Codes and Abbreviations” appearing o the begin-
ning of rach regular issue of the PCT Gazene.

(34) Title:  SUBSTITUTED N-PHENYLMETHYL.
AND THEIR METHODS OF USE

)

S-OXO-PROLINE-2-AMIDES AS P2X7-RECEPTOR ANTAGONISTS

(57) Abstract: The present invention relaies o novel
oxo-prolinamide derivatives of formula (1 which modulate
P2X7 receptor tunction and are cupable of untogonizing
the citects of ATP at the P2X7 seceptor und the use of such
compounds or pharmaceuatical compositions thereaf in the
treatment of disorders muediated by the P2X7T receptar, tor
examnple pain, inflammation and neurodegencration.
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WO 2008/003697 PCT/EP2007/056678

SUBSTITUTED N-PHENYLMETHYL -5-0XO-PROLINE-2-AMIDES AS P2X7-RECEPTOR
ANTAGONISTS AND THEIR METHQODS OF USE

The present invention relates to heterocyclic amide derivatives which modutate P2X7
receptor function and are capable of antagonizing the effects of ATP at the P2X7
receptor (P2X7 receptor antagonists), to processes for their preparation; to
pharmaceutical compositions containing them; and to the use of such compounds in
therapy.

The P2X7 receptor is a ligand-gated ion-channel which is expressed in cells of the
hematopoietic lineage, e.g. macrophages, microglia, mast cells, and lymphocytes (T
and B) (see, for example, Collo, et al. Neuropharmacology, Vol.36, pp1277-1283
{1997)}, and is activated by extracellular nucleotides, particularty adenosine
iriphosphate (ATP). Activation of P2X7 receptors has been implicated in giant cell
formation, degranulation, cytolytic cell death, CD62L shedding, regulation of cell
proliferation, and release of proinflammatory cytokines such as interleukin 1 beta (IL-
1B) (e.g. Ferrari, et al, J. Immunol., Vol.176, pp3877-3883 (2006)) and turmour
necrosis factor alpha (TNFa) (e.g. Hide, et al. Journal of Neurochemistry, Vol.75,
pp965-972 (2000)). P2X7 receptors are also focated on antigen presenting cells,
keratinocytes, parotid cells, hepatocytes, erythrocytes, erythroleukaemic cells,
monocytes, fibroblasts, bone marrow cells, neurones, and renal mesangial cells.
Furthermore, the P2X7 receptor is expressed by presynaptic terminals in the central
and peripheral nervous systems and has been shown to mediate glutamate release
in ghial cells (Anderson, C. et al. Drug. Dev. Res., Vol.50, page 92 (2000)).

The locaiisation of the P2X7 receptor to key cells of the immune system, coupled
with its ability 1o release important inflammatory mediators from these cells suggests
a potential role of P2X7 receptor antagonists in the treatment of a wide range of
diseases including pain and neurodegenerative disorders. Recent preclinical in vivo
studies have directly implicated the P2X7 receptor in both inﬂammatory' and
neuropathic pain (DelfAntonio et al., Neurosci. Lett, Vol.327, pp87-90 (2002),.
Chessell, IP., et al., Pain, Voi.114, pp386-396 (2005), Honore et al., J. Pharmacol.
Exp. Ther., Vol.319, p1376-1385 (2008)) while there is in vitro evidence that P2X7
receptors mediate microglial cell induced death of cortical neurons (Skaper, S.D., ef
al., Glia, Vol.54, p234-242 (2006)). In addition, up-regulation of the P2X7 receptor
has been observed around f-amyloid plaques in a transgenic mouse model of
Alzheimer's disease (Parvathenani, L. et al. J. Biol. Chem., Vol.278(15), pp13309-
13317 (2003)).
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PCT/EP2007/056675

The present invention provides compounds which modulate P2X7 receptor function
and are capable of antagonizing the effects of ATP at the P2X7 receptor (P2X7
receplor antagonists). In a first aspect, a compound of formula (1), or a
pharmaceutically acceptable salt thereof, is provided:

wherein;

R' represents C,s alkyl, C,s alkeny!, C,g alkynyl, C,e cycloalkyl, Caig
cycloalkyimethyl- or pyridinylmethyl-, any of which is optionally substituted with 1, 2
or 3 halogen atoms; or unsubstituted phenyl or benzyl;

R? and R® independently represent hydrogen, halogen, Cis alkyl, arylmethyl-, Cze
alkenyl, C..; alkynyl or Cys cycloalkylmethyl-; and any of said C,, alkyl, arylmethyl-,
Cag alkenyl, C,4 alkynyl or Cs¢ cycloalkylmethyl- is optionally substituted with 1, 2 or
3 halogen atoms;

R® R® and R® independently represent hydrogen, flucrine or methyl; and

R’, R® R?, R' and R" independently represent hydrogen, halogen, cyano, C, alkyl,
C,.s alkenyl, Cog alkynyl, Cas cycloalkyl or phenyl, and any of said C,s alkyl, C.s
alkenyl, C.5 alkynyl, Cs¢ cycloalkyl or phenyl is optionally substituted with 1, 2 or 3
halogen atoms; or R' and R'' together with the carbon atoms to which they are
attached form a benzene ring which is optionally substituted with 1, 2 or 3 halogen
atoms;

with the.proviso that when R’ and R'" are both selected from hydrogen or fluorine, at
least one of R®, R® and R'® is a halogen atom, or R®, R? and R are selected from the
group consisting of hydrogen and CF, and one, but not more than one, of R%, R® and
R'is CF,.

In one embodiment, a compound of formulfa (1), or a pharmaceutically acceptable sait
thereof. is provided:
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(1)

wherein:

R' represents C.s alkyl, C,s alkenyl, C;s alkynyl, Cass cycloalkyl or Cag
cycloalkylmethyl, any of which may be optionally substituted with 1, 2 or 3 halogen
atoms, or unsubstituted phenyl! or benzyl,

R? and R? independently represent hydrogen, halogen, Cig alkyl, arylmethyl, C,s
alkenyl, C..s alkynyl or Cag cycloalkyimethyl; and any of said C,.¢ alkyl, arylmethyl, C..
g alkenyl, C,¢ alkynyl or Ca.¢ cycloatkyimethyl may be optionally substituted with 1, 2
or 3 halogen atoms,

R* R®and R® independently represent hydrogen or fluorine; and

R’, R%, R®, R" and R" independently fepresent hydrogen, halogen, cyano, C, alkyl,
Ca alkenyl, C,q alkynyl, Cys cycloalkyl, or phenyl; and any of said C,5 alkyl, Czs
alkenyl, C,4 alkynyl, Cs5 cycloalkyl or phenyl may be optionally substituted with 1, 2
or 3 halogen atoms;

with the proviso that when R’ and R"" independently represent hydrogen or fiucrine, |
at least one of R?, R® and R' is a halogen atom.

in one embodiment, a compound of formula (i), or a pharmaceutically acceptable salt
thereof, is provided:

(1)

wherein:

R' represents C,s aikyl, C,s alkenyl, C,s alkynyl, Cig cycloalkyl, Cis
cycloalkylmethy!- or pyridinylmethyl-, any of which is optionally substituted with 1, 2
or 3 halogen atoms; or unsubstituted pheny! or benzyl;

R? and R? independently represent hydrogen, halogen, C,,4 alkyl, arylmethyl-, C,4
alkenyl. Cos alkynyl or Ca.g cycloalkylmethyl-; and any of said C,4 alkyl, aryimethyl-,
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C.g alkenyl, Cop alkynyl or C3 4 cycloalkylimethyl- is optionally substituted with 1, 2 or C)

3 halogen atoms;

R, R%and R? independently represent hydrogen, flucrine or methyl; and

R, R®, R®, R* and R'* independently represent hydrogen, halogen, cyano, C, alkyl,
Cas alkenyl, C,¢ alkynyl, Css cycloalkyl or phenyl, and any of said C,s alkyl, Cz.e
alkeny!, Cas alkynyl, Cy5 cycloalky! or phenyl is optionally substituted with 1, 2 or 3
halogen atoms; or R' and R'' together with the carbon atoms to which they are
atlached form a benzene ring which is optionally substituted with 1, 2 or 3 halogen
atoms;

with the proviso that when R’ and R'" are both selected from hydrogen or fluorine, at
least one of R®, R® and R is a halogen atom, or not mare than one of R®, R® and R**
is a CF3 group.

As used herein, the term “alkyl” (when used as a group or as part of a group) refers
to a straight or branched hydrocarbon chain containing the specified number of
carbon atoms. For example, C,4 alkyl means a straight or branched hydrocarbon
chain containing at least 1 and at most 6 carbon atoms. Examples of alkyl include,
but are not limited to; methyt (Me), ethyl (Et), n-propyl, i-propyl, n-hexyl and i-hexyi.

As used herein, the term “alkenyl” refers to a straight or branched hydrocarbon chain
containing the specified number of carbon atoms wherein at least one carbon-carbon
bond is a double bond. Examples of alkeny! include, but are not limited to ethenyl,
propenyl, n-buteny!, i-butenyl, n-bentenyl and i-pentenyl.

As used herein, the term “alkynyl” refers to a straight or branched hydrocarbon chain
containing the specified number of carbon atoms wherein at least one carbon-carbon
bond is a triple bond. Examples of alkyny! include, but are not limited to ethynyl,
propynyl, butynyl, i-pentynyl, n-pentynyl, i-hexynyl and n-hexynyi.

The term ‘cycloalkyl’ unless otherwise staled means a closed 3 to 6 membered non-
aromatic ring, for example cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.

The term ‘aryl’ as used herein refers to a Cg.40 monocyclic or bicyclic hydrocarbon
ring wherein at least one ring is aromatic. Exampies of such groups include phenyl

and naphthyl,

The term ‘halogen’ is used herein to describe, unless otherwise stated, a group
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selected from flucrine, chiorine, bromine or iodine.

In certain embodiments of the invention, R represents C, alkyi, C,s atkenyl, Cas
alkyny!, C;. cycloalkyl or pyridinyimethyl-, any of which is optionally substituted with
1. 2 or 3 halogen atoms; or unsubstituted phenyl or benzyl. In one embodiment, R’
represents unsubstituted C,q alkyt, C,s alkenyl, C,g alkynyl, Csg cycloalkyl,
pyridinylmethyl-, phenyl or benzyl. In another embodiment, R' represents
unsubstituted C,4 alkyl, Ci5 cycloalkyl, pyridinyimethyl-, phenyl or benzyl. In yet
another embodiment, R' represents methyl or ethyl.

In certain embodiments of the invention, R* and R® independently represent
hydrogen, halogen, C,s alkyl, benzyl, C,s alkenyl, C,g alkynyl or Cis
cycloalkylmethyl-: and any of said Cyq alkyl, benzyl, C,4 alkenyl, C.s alkynyl or Cse
cycloalkylmethyl- may be optionally substituted with 1, 2 or 3 halogen atoms.

In one embodiment, R? and R’ independently represent hydrogen or halogen;
unsubstituted C,salkyl, benzyl, C,4alkenyl, C; alkyny! or Cag cycloalkylmethyt-.

In another embodiment, R? and R® independently represent hydrogen, fluorine or
methy!. In a further embodiment, R? and R® both represent hydrogen.

In one embodiment of the invention, R* and R® independently represent hydrogen or
methyl. In another embodiment, R® represents hydrogen or methyl. In a further
embodiment, R*, R® and R® ali represent hydrogen,

in another embodiment of the invention, R’, R® R® R and R' independently
represent hydrogen, halogen, cyano, trifluoromethyl or unsubstituted C,4 alkyl; or R™
and R'' together with the carbon atoms to which they are attached form an
unsubstituted benzene ring. In a further embodiment, R’, R%, R®, R™ and R"
éndebendently represent hydrogen, halogen, cyano, methyl or trifluoromethyl, or R'
and R'' together with the carbon atoms to which they are attached form an
unsubstituted benzene ring. In yet another embodiment, R’, R®, R?, R" and R
independently represent hydrogen, chiorine, fluorine, bromine, methyl or
trifluoromethyl.

In one embodiment of the invention, there is provided a compound of formula (1), or a
pharmaceutically acceptable salt thereof, wherein:

\%
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R’ represents unsubstituted C, alkyl, C,4 alkenyl, Css cycloalkyl, pyridinylmethy-,
phenyl or benzyl, V\
R? and R’ both represent hydrogen;

R®, R® and R® independently represent hydrogen or methyt; and

R", R%, R®, R" and R"' independently represent hydrogen, chiorine, fluorine, bromine,
methy! or trifluoromethyl;

with the proviso that when R” and R'* are both selected from hydrogen or fluorine, at
least one of R®, R¥ and R'° is a halogen atom, or R, R® and R'° are selected from the
group consisting of hydrogen and CF5 and one, but not more than one, of R?, R® and

R"is CF;.

Particular compounds according to the invention include the compounds of Examples
1-136 as shown below, or a pharmaceutically acceptable sait thereof.

Antagonists of P2X7 may be useful in preventing, treating. or ameliorating a variety
of pain states (e.g. neuropathic pain, chronic inflammatory pain, and visceral pain),
inflammation and neurodegeneration, in particular Alzheimer's disease. P2X7
antagonists may also constitute useful therapeutic agents in the management of
rheumatoid arthritis and inflammatory bowel disease.

Compounds of the present invention which modulate P2X7 receptor function and are
capable of antagonizing the effects of ATP at the P2X7 receptor (P2X7 receptor
antagonists) may be competitive antagonists, inverse agonists, negative allosteric
moduiators or indirect modulators of receptor function.

Certain compounds of formula (1) may in some circumstances form acid addition salts
thereof. It will be appreciated that for use in medicine compounds of formula (1) may
be used as salls, in which case the salts should be pharmaceutically acceptable.
Pharmaceutically acceptable salts include those described by Berge, Bighley and
Monkhouse , J. Pharm. Sci., 1977, 66, 1-19. Basic compounds of formula (I) may
form salts with pharmaceutically acceptable acids including inorganic and organic
acids. Such acids include acetic, benzenesulfonic, benzoic, camphorsulfonic, citric,
ethanesulfonic, fumaric, gluconic, glutamic, hydrobromic¢, hydrochioric, isethionic,
lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic,
phosphoric, succinic, sulfuric, tartaric, p-toluenesulfonic acid, and the like.

Exampies of pharmaceutically acceptable salts include those formed from maleic,




10

15

20

30

WO 2008/003697 PCT/EP2007/056675 %

fumaric,  benzoic, ascorbic, pamoic, succinic,  hydrochloric,  sulfuric,
bismethylenesalicylic, methanesulionic, ethanedisulfonic, propionic, tartaric, salicylic,
citric, gluconic, aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic,
benzenesulfonic, cyclohexylsulfamic, phosphoric and nitric acids.

The compounds of formula (1) may be prepared in crystalline or non-crystalline form,
and, if crystalliine, may optionally be sclvated, e.g. as the hydrate. This invention
includes within its scope stoichiometric solvates (e.g. hydrates) as well as
compounds containing variable amounts of solvent (e.g. water).

Compounds of formuta (I} are capable of existing in stereoisomeric forms (e.g.
diastereomers and enantiomers) and the invention extends to each of these
stereoisomeric forms and to mixtures thereof including racemates. The different
stereoisomeric forms may be separated one from the other by the usual methods, or
any given isomer may be obtained by stereospecific or asymmetric synthesis. in
examples where the stereochemica! composition of the final product has been
determined by chiral HPLC (more specifically by methods (A), (B), (C) or (D) as set
out in the Examples), the corresponding stereospecific name and structure have
been assigned to the final product where the enantiomeric excess of said product is
greater than 70%. Assignment of absolute stereochemistry is based on the known
chirality of the starting material. In examples where the composition of the final
product has not been characterised by chiral HPLC, the stereochemistry of the final
product has not been indicated. However, the chirality of the main component of the
product mixture will be expected to reflect that of the starting material and the
enatiomeric excess will depend on the synthelic method used and is likely to be
similar to that measured for an analogous exampte (where such an example exists).
Thus compounds shown in one chiral form are expected to be able to be prepared in
the alternative chiral form using the appropriate starting material. Alternatively, if
racemic starting materials are used, it would be expected that a racemic product
would be produced and the single enatiomers could be separated by the usual
methods. The invention aisc extends to any tautomeric forms and mixtures thereof.

The subject invention also includes isotopically-labeled compounds, which are
identical to those recited in formula (1) and following. but for the fact that one or more
atoms are replaced by an atom having an atomic mass or mass number different
from the atomic mass or mass number most commonly found in nature. Examples of
isotopes that can be incorporated into compounds of the invention include isotopes of
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hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, iodine, and chlorine,
such as 3H, 11C, 14C, 18F, 1231 and 125|.

Compounds of the present invention and pharmaceutically acceptable saits of said
compounds that contain the aforementioned isotopes and/or other isotopes of other
atoms are within the scope of the presen-t invention. {sotopicaliy-labeled compounds
of the present invention, for example those into which radioactive isotopes such as
3H, 14C are incorporated, are useful in drug and/or substrate tissue distribution
assays. Tritiated, i.e., 3H, and carbon-14, i.e., 14C, isotopes are particularly preferred
for their ease of preparation and detectability. 11C and 8F isotopes are particularly
useful in PET (positron emission tomography), and 1251 isotopes are particularly
useful in SPECT (single photon emission computerized tomography). PET and
SPECT are useful in brain imaging. Further, substitution with heavier isotopes such
as deuterium, ie., 2H, can afford certain therapeutic advantages resulting from
greater metabolic stability, for example increased in vivo half-life or reduced dosage
requiremenis and, hence, may be preferred in some circumstances. lsotopically
labeled compounds of formula {l) and following of this invention can generaily be
prepared by carrying out the procedures disclosed in the Schemes and/or in the
Examples below, by substituting a readily availabls isotopically labeled reagent for a

non-isotopically labeled reagent.

Additionalty, the compounds of formula {l) may be administered as prodrugs. As
used herein, a "prodrug” of a compound of formula (1) is a functional derivative of the
compound which, upon administration to a patient, eventually liberates the compound
of formula (1) in vivo. Administration of a compound of formula (1) as a prodrug may
enable the skilled artisan to do one or more of the following: (a) modify the onset of
the compound in vivo; (b) modify the duration of action of the compound in vivo; (¢)
modify the transportation or distribution of the compound in vivo; (d) modify the
solubility of the compound in vivo; and (e) overcome or overcome a side effect or
other difficulty encountered with the compound. Typical functional derivatives used
lo prepare prodrugs include modifications of the compound that are chemically or
enzymatically cleaved in vivo. Such modifications are well known to those skilled in
the art.

A
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Preparation of compounds
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Compounds of formula (1), wherein the variables are as defined above, and salts and
solvates thereof may be prepared by the methodology descriped hereinafter,
constituting a further aspect of this invention.

A process according to the invention for preparing a compound of formuta (1) which
comprises:

(a) Coupling of a carboxylic acid of formula (2) (or an activated derivative thereof)
with an amine of formula (3) (see Scheme 1), wherein R, R?, R®, R*, R%, R®, R’, R®,
R?, R' and R" are as defined above. Compounds (2) and (3) are ‘optionally
protected,

(b) The reaction of a dicarbonyl compound of formula (4), an isocyanide of formula
(5) and an amine of formula (6) in a suitable solvent such as methanol and at a2
suitable temperature such as 100°C (see Scheme 2), wherein R', R?, R®, R*, R®, R,
R® R® R' and R'' are as defined above and R® = H or methyl. Compounds (4), (5)
and (6) are optionally protected. Processes of this type have been described
previously in the chemical literature (e.g. H.Tye, and M.Whittaker, Org.8iomol.Chem.,
2004, 2, 813-815; G. C. 8. Harriman WO 9900362 At);

(c) Deprotecting a compound of formula (1) which is protected. Examples of
protecting groups and the means for their removal can be found in T W. Greene and
P.G.M. Wuts 'Protective Groups in Organic Synthesis’ (J.Wiley and Sons, 3“ Ed.
1999); or

(d) Interconversion of compounds of formuta (1) to other compounds of formula (1),
Examples of conventional interconversion procedures include epimerisation,

PCT/EP2007/056675 @
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oxidation, reduction, alkylation, aromatic substitution, nucleophilic substitution, amide [\/

coupling and ester hydrolysis.

Scheme 1.

The coupling of an acid of formula (2) and an amine of formula {(3) typically
comprises the use of activating agents, such as N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide  hydrochloride or  polymer-supported  carbodiimide,  1-
hydroxybenzotriazole (HOBT) or 1-hydroxy-7-azabenzotriazole (HOAt), and
optionally a suitable base such as a tertiary alkylamine {e.g. diisopropylethylamine,
N-ethyl morpholine, triethyltamine) or pyridine, in a suitable solvent such as DMF
and/or dichloromethane and at a suitable temperature e.g. between 0°C and room
temperature. Alternatively the coupling of (2) and (3) may be accomplished by
treatment with O-(7-azabenzotriazol-1-yl)-N,N,N' ,N'-tetramethyluronium-
hexafluorophosphate  and a suitable tertiary alkylamine such as
diisopropylethylamine in a suitable solvent such as dimethylformamide at a suitable
temperature such as room temperature. Alternatively, the compound of formula (2)
may be employed as an activated derivative {e.g. acid chloride, mixed anhydride,
active ester (e.g. O-acyl-isourea)), and under such circumstances process (a)
typically comprises treatment of said activated derivative with an amine (Ogliaruso,
M.A; Wolfe, J.F. in The Chemistry of Functlional Groups (Ed. Patai, S.) Suppl.B: The
Chemistry of Acid Derivatives, Pt. 1 (John Wiley and Sons, 1979), pp442-8;
Beckwith, A.L.J. in The Chemistry of Functional Groups (Ed. Patai, S.} Suppl.B: The
Chemistry of Amides (Ed. Zabricky, J.}(John Wiley and Sons, 1970), pp 73 ff).

Scheme 2.
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Representative methods for the preparation of compounds of formula (2) are shown
in Schemes 3-9 below:

Scheme 3
(@) ' 3 R*
e R
HCL H,N | R F: R®
Hy op' HN op' R oP'
RN == R —= gL =
R qe Step D) g Step (i) L R0 Step (i)
R
2
oP Q OP2 fo) (9

(7) (8)

wherein R’, R%, R?, R and R® are as defined above, R® = H or F, and P' and P?
represent suitable protecting groups such as C;.¢ alkyl or P'and P*=H.

Analogous processes o those described below for the transformations outlined in
scheme 3 have been described previously in the chemical literature (e.g. G. Verardo,
P. Geatti, E. Po!, and A.G. Giumanini, Can.J.Chem,, 80; 779-788 (2002); T. Godet,
et.al., Organic Letters, {2004), 6(19), 3281-3284)

Step (i) typically comprises initial treatment of (7) with a base such as sodium
hydroxide in a suitable solvent such as methanol at a suitable temperature such as
0°C followed by reductive alkylation which typically comprises subsequent treatment
with an aldehyde or ketone and an acid, such as acetic acid, and then addition of a
reducing agent such as sodium borohydride at a suitable temperature such as
between 0°C and room temperature.

I
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Step (ii) may occur spontaneously, in which case (9) is isolated directly from theé\,‘
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reaction of (7} as described in step (i) above, but more typically compound (8) is
heated at a suitable temperature, such as 110°C, in a suitable solvent, such as
toluene, to afford compound (9) .

Deprotection step (iii) typically comprises a standard procedure for conversion of a
carboxylic ester to an acid, such as use of an appropriate hydroxide salt (e.g. sodium
hydroxide) in an appropriate solvent such as methanot at a suitable temperature such
as between 0°C and rcom temperature.

Scheme 4

(10) (AR}

wherein R', R%, R®, R* and R® are as defined above, R®= H or F, L' is a suitable
group such as halogen (e.g. chlorine or bromine) or a boronic acid or boronic ester
and P3represents a suitable protecting groups such as Cgalkyl.

Analogous processes to those described below for the transformations outlined in
scheme 4 have been described previously in the chemical literature (e.g. T. ltoh,
et.al., Tetrahedron., 59 (2003), 3527-3536; T. Simandan and M.B. Smith, Synthetic
Communications, 26(9), 1827-1838 (1996)).

Step (i) typicailly comprises treatment of (10) with a2 base such as sodium hydride and
an alkylating agent such as an alkyl halide in a suitable solvent such as
tetrahydrofuran at a suitable temperature such as between 0°C and room
temperature or alternatively it may comprise treatment of (10) with an aryl halide or
aryl or atkenyl boronic acid (or ester) in a suitable solvent such as toluene in the
presence of a suitable catalyst such as a mixture of
tris{(dibenzylideneacetone)dipalladium(0) and  Xantphos™ (9,9-dimethyt-4,5-
bis(diphenylphosphino)xanthene) and a suitable base such as cesium carbonate at a
suitable temperature such as 120°C. |

12
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Deprotection (i) typically comprises a standard procedure for conversion of a
carboxylic ester to an acid, such as use of an appropriate hydroxide salt (e.g. sodium
hydroxide) in an appropriate solvent such as methanol at a suitable temperature such
as between 0°C and room temperature; or use of an appropriate acid {e.g.
trifluoroacetic acid) in an appropriate solvent such as dichloromethane at a suitable
temperature such as between 0°C and room temperature.

Scheme 5

{(12)
wherein R, R%, R®, R* and R® are as defined above and R¥= H or F,
Analogous processes to those described below for the transformation outlined in
scheme § have been described previously in the chemical literature (e.g. S. Aok,
et.al., Tetrahedron, 60 (2004) 7053-7059)
Step (i) typically comprises heating (12} in an autoclave or sealad tube in a suitable
solvent, such as water, and at a suitable temperature such as from 100-140°C with or
without microwave irradiation.
Scheme 6
4
HOR s H R’
R H 4 21
QUL g W
0 N~ =8 Step (i) R Step (i)
HRo b O
(13} (14)

See Scheme 3 OH

- . R op* SeEeer

Step (i) 0P ~n7 Le Step(vy 07 N ge
HRo
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wherein R', R* and R® are as defined above, R represents a group as defined above |,
other than hydrogen or halogen, R®= Hor F, L' is a suitable leaving group such as
halogen (e.g. chiorine or bromine), and P* and P° represent suitable protecting
groups such as C, g alkyl and C,alkoxycarbonyl respectively.

Analogous processes 10 lhose described below for the transformations outlined in
scheme 6 have been described previously in the chemical literature (e.g. A. Bassoli,
etal., Eur. J. Org. Chem., 2005, 2518-2525).

Step (i) typically comprises protection of (13) by standard protocols such as
treatment with an alkoxycarbonyl anhydride, such as di-tertbutyl dicarbonate, and a
base such as triethylamine and a catalyst such as 4-dimethylaminopyridine in a
suitable solvent such as dichloromethane at a suitable temperature such as room

temperature.

Step (i) typically comprises Ueatment of (14) with a base such as lithium
bis(trimethyisilyl)amide and an alkylating agent such as an alkyl halide in a suitable
solvent such as tetrahydrofuran at a suitable temperature such as between -78°C

and room temperature.

Step (iii) typically comprises deprotection of {15) by standard protocols such as, for
the case when P° is a tertbutoxy carbonyl group, treatment with hydrogen chioride in
a suita‘b!e salvent such as dioxane and at a suitable temperature such as room
lemperature.

Step (iv) typically comprises the process described above for the steps shown in
Scheme 4.

Scheme 7

14
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wherein R', R R® R* and R® are as defined above and R®= H or F. P, P®and P’
represent suitable protecting groups, for example P® can be a C.. alkoxycarbonyl
and P® and P” can be C,¢ alkyl (P* and P” need not be the same). L'is a suitable
leaving group such as halogen {e.g. chlorine or bromine).

tn

Step (i) typically comprises treatment of (17) with a suitable base, such as potassium
hexamethyldisilazide, and an alkylating agent such as an alky'l halide in a suitable
solvent such as tetrahydrofuran at a suitable temperature such as between -78°C
ang room lemperature.
10

Step (i) typically comprises a standard procedure for conversion of a carboxylic ester
to an acid, such as treatment with a suitable acid (e.g. trifluoroacetic acid) in an
appropriate solvent such as dichloromethane at a suitable temperature such as room

temperature.

Scheme 8

10
Tt R (21) N op*
OP —— oP R

P

Step (i} Step (i) R
(19} (20)

N
Step (iii) Step (v) F‘i‘ - 0

See Scheme 4
(24) (2

(23)

20 wherein R', R%, R® R* and R® are as defined above and R®= H or F. P®, P®and P¥
represent suitable protecting groups such as C, . alkyl in the cases of P® and P? (P
and P® need not be the same) and a group derived from a suitable acyclic or cyclic
ketone in the case of P'°.

15
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Analogous processes to those described below for the transformations outlined in
steps (f)-{iii) of scheme 8 have been described previously in the chemical literature
(e.g. J. Wehbe, et.al., Tetrahedron: Asymmstry.,14 { 2003), 1123-1126).

Step (i) typically comprises treatment of (19) with a suitable ketone, such as
(1R,2R 5R)-2-hydroxypinan-3-one, and a lewis acid such as boron trifluoride etherate
in a suitable solvent such as tofuene at a suitable temperature such as 110°C.

Step (ii) typically comprises treatment of (20) with a Grignard reagent, such as methyl
magnesium bromide, and a base, such as 1,8-diazabicyclo[5.4.0}undec-7-ene,
followed by treatment with an unsaturated ester (21), such as ethyl crotonate in a
suitable solvent such as tetrahydrofuran at a suitable temperature such as -30°C.

Step (iii) typically comprises a standard pracedure for conversion of an imine to an
amine, such as treatment with a suitable acid (e.g. 15% aqueous citric acid) in an
appropriate solvent such as tetrahydrofuran at a suitable temperature such as room
temperature.

Step (iv) typically comprises heating (23) in a suitable solvent, such as toluene, at a
suitable temperature such as between room temperature and 120°C.

Step (v) typically comprises the process described above for the steps shown in

Scheme 4.
Scheme 9
4 4
H R R5 R RS
IS‘\/ 2 RML H op" RE-L' R op"
Step (l) 0 l\il‘ R Step (i) O !«‘.l1 R®
{(26) {27}
R R g R® R
R? R R? R®
Rt P OH OH
0 N L} — o 6
S!ep (i) F‘Q‘ R® Slep w) f‘Q' R Step (v) ?;' R0
(26) (29) )
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wherein R', R?, R®and R® are as defined above, R? and R® each represent a group
as defined above other than halogen, L' and L? are suitable leaving groups such as
halogen (e.g. chlorine or bromine), and P'' represents a suitable protecting group
such as trityl.

Step (i) typically comprises treatment of (25) with a base such as sodium hydride and
an alkylating agent such as an alkyl halide in a suitable solvent such as
dimethylformamide at a suitable temperature such as between G°C and room
temperature. '

Step (i) typically comprises treatment of (26) with a base such as lithium
diisopropylamide and an alkylating agent such as an alky! halide in a suitable solvent
such as tetrahydrofuran at a suitable temperature such as between -78°C and room
temperature.

Step (iii) typically comprises treatment of (27) with a base such as lithium
diisopropylamide and an alkylating agent such as an alkyl halide in a suitable solvent
such as tetrahydrofuran at a suitable temperature such as between -78°C and room

temperature.

Step (iv) typically comprises a standard procedure for deprotecting an alcohel. For
example, when P'' is a trityl group, treatment of (28) with a suitable acid such as
Amberlyst 15® in a suitable solvent such as methanol and at a suitable temperature
such as room temperature,

Step (v} typically comprises a standard protocol for oxidation of an alcohol to the
corresponding carboxylic acid such as treatment of the alcohol (29) with an oxidising
agent such as a combination of sodium chlorite, TEMPO (2,2,6,6-tetramethyl-1-
piperidinyloxy free radical) and bleach (sodium hypochlorite solution) in a suitable
solvent such as a mixture of agueous sodium phosphate moncbasic buffer solution
and acetonitrite at a suitable temperature such as 40°C.

Step (ii) or step (iii) can be omitted as required to prepare compounds where R? = H
or R? = H respectively.
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Compounds of the general formulae (3), (4), (8), (6), (7), (10), (12), (13), (17), (19},
(21} and (25) are typically either available from commercial sources or can be
prepared by a person skilled in the ant using methods described in the chemical
literature (or using analogous methods). '

Where relevant, pharmaceutically acceptable salts may be prepared conventionally
by reaction with the appropriate acid or acid derivative.

Clinical Indications

It is believed that as compounds of the present invention modulate P2X7 receptor
function and are capable of antagonizing the effects of ATP at the P2X7 receptor
they may be useful in the treatment of pain, including acute pain, chronic pain,
chronic articular pain, musculoskeletal pain, neuropathic pain, inflammatory pain,
visceral pain, pain associated with cancer, pain associated with migraine, tension
headache and ciuster headaches, pain associated with functional bowel disorders,
lower back and neck pain, pain associated with sprains and strains, sympatheticaily
maintained pain; myosilis, pain associated with influenza or other viral infections
such as the common cold, pain associated with rheumatic fever, pain associated with
myocardial ischemia, post operative pain, cancer chemoctherapy, headache,
toothache and dysmenorrhea.

Chronic articular pain conditions include rheumatoid arthritis, osteoarthritis,
rheumatoid spondylitis, gouty arthritis and juvenile arthritis.

Pain associated with functional bowel disorders includes non-ulcer dyspepsia, non-
cardiac chest pain and irritable bowel syndrome.

Neuropathic pain syndromes include: diabetic neuropathy, sciatica, non-specific
lower back pain, lrigeminal neuralgia, multiple sclerosis pain, fibromyalgia, HIV-
related neuropathy, post-herpetic neuralgia, trigeminal neuralgia, and pain resulting
from physical trauma, amputation, phantom limb syndrome, spinal surgery, cancer,
toxins or chronic inflammatory conditions. In addition, neuropathic pain conditions
include pain associated with normally non-painful sensations such as “"pins and
needles” (paraesthesias and dysesthesias), increased sensitivity to touch
(hyperesthesia), painful sensation following innocuous stimulation (dynamic, static,
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thermal or cold aflodynia), increased sensitivity to noxious stimuli (thermat, cold,
mechanical hyperalgesia), continuing pain sensation after removal of the stimulation
(hyperpathia} or an absence of or deficit in selective sensory pathways (hypoalgesia).

Other conditions which could potentially be treated by compouhds of the present
invention include fever, inflammation, immunological diseases, abnormal platelet
function diseases (e.g. occlusive vascular diseases), Impotence or erectile
dysfunction; bone disease characterised by abnormal bone metabolism or resorbtion,;
hemodynamic side effects of non-steroidal a'nti-inflammatory drugs (NSAID's) and
cyclooxygenase-2 (COX-2) inhibitors, cardiovascular diseases, neurodegenerative
diseases and neurodegeneration, neurodegeneration following trauma, tinnitus,
dependence on a dependence-inducing agent such as opiods (e.g. morphine), CNS
depressants (e.g. ethanol), psychoétimulants {e.g. cocaine) and nicotine,
complications of Type | diabetes, kidney dysfunction, liver dysfunction (e.g. hepatitis,
cirrhosis), gastrointestinal dysfunction (e.g. diarrhoea), colon cancer, overactive
bladder and urge incontinence. Depression and alcoholism could potentially also be
treated by compounds of the present invention.

Inflammation and the inflammatory conditions associated with said inflammation
include skin conditions (e.g. sunburn, burns, eczema, dermatitis, allergic dermatitis,
psoriasis), meningitis, ophthalmic diseases such as glaucoma, retinitis, retinopathies,
uveitis and of acute injury to the eye tissue (e.g. conjunctivitis}, inflammatory lung
disorders (e.g. asthma, bronchitis, emphysema, allergic rhinitis, respiratory distress
syndrome, pigeon fancier's disease, farmer's lung, chronic obstructive pulmonary
disease (COPD), airways hyperresponsiveness); gastrointestinal tract disorders (e.g.
aphthous ulcer, Crohn's disease, atopic gastritis, gastritis varialoforme, ulcerative
colitis, coeliac disease, regional ileitis, irritable bowe! syndrome, inflammatory bowel
disease, gastrointestinal reflux disease); organ transplantation and other conditions
with an inflammatory component such as vascular disease, migraine, periarteritis
nodosa, thyroiditis, aplastic anaemia, Hodgkin's disease, sclerodoma, myaesthenia
gravis, muitiple sclerosis, sorcoidosis, nephrotic syndrome, Bechet's syndrome,
gingivitis, myocardial ischemia, pyrexia, systemic lupus erythematosus, polymyositis,
tendinitis, bursitis, and Sjogren’s syndrome.

Immunological diseases include autoimmune diseases, immunological deficiency
diseases or organ transplantation.
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Bone diseases characterised by abnormal bone metabolism or resorbtion include
osteoporosis  (especially  postmenopausal  osteoporosis),  hyper-calcemia,
hyperparathyroidism, Paget's bone diseases, osteolysis, hypercalcemia of
malignancy with or without bone metastases, rheumatcid arthritis, periodontitis,
osteoarthritis, ostealgia, osteopenia, cancer cacchexia, calculosis, lithiasis (especially
urolithiasis), solid carcinoma, gbut and ankytosing spondylitis, tendinitis and bursitis.

Cardiovascular diséases include hypertension orf myocardiac ischemia;
atherosclerosis; functional or organic venous insufficiency; varicose therapy;
haemorrhoids; and shock states associated with a marked drop in arterial pressure
(e.g. seplic shock).

Neurodegenerative diseases include dementia, particularly degenerative dementia
(including senile dementia, dementia with Lewy bodies, Alzheimer’'s disease, Pick's
disease, Hunlingdon’s chorea, Parkinson’s disease and Creutzfeldt-Jakob disease,
Amyotrophic Lateral Sclerosis (ALS) and motor neuron disease); vascular dementia
(inclbding multi-infarct dementia); as well as dementia associated with intracranial
space occhpying lesions, trauma; infections and related conditions (including HiV
mfection, meningitis and shingles); metabolism; toxins; anoxia and vitamin deficiency;
and mild cognilive impairment associated with ageing, particularly Age Associated
Memory Impairment.

The compounds of formula (1) may alsc be useful for neuroprotection and in the
treatment of neurodegeneration following trauma such as stroke, cardiac arrest,
pulmonary bypass, traumatic brain injury, spinal cord injury or the like.

The compounds of the present invention may also be useful in the treatment of
malignant cell growth and/or metastasis, and myoblastic leukaemia.

Complications of Type 1 diabetes include diabetic microangiopathy, diabetic
retinopathy, diabetic nephropathy, macutar degeneration, glaucoma, nephrotic

syndrome, aplastic anaemia, uveitis, Kawasaki disease and sarcoidosis.

Kidney dysfunction includes nephritis, glomerulonephritis, particularly mesangial
proliferative glomerulonephritis and nephritic syndrome.

it 1s to be understood that reference to treatment includes both treatment of

20



WO 2008/003697 PCT/EP2007/056673 K/V

established symptoms and prophylactic treatment, unless explicitly stated otherwise.

According to a further aspect of the invention, we therefore provide a compound of
formula (1) or a phammaceutically acceptable sait thereof for use in human or
S veterinary medicine.

According to another aspect of the invention, we provide a compound of formula (1)
or a pharmaceutically acceptable salt thereof for use in the treatment of a condition
which is mediated by P2X7 receptors.

According to a further aspect of the invention, we provide a method of treating a
human or animal subject suffering from a condition which is mediated by P2X7
receptors which comprises administering to said subject an effective amount of a
compound of formula (I) or a pharmaceutically acceptable salt thereof.

15 ‘
According to a further aspect of the invention we provide a method of treating a
human or animal subject suffering from pain, inflammation or a neurcdegenerative
disease, which method comprises administering to said subject an effective amount
of a compound of formula (i) or a pharmaceutically acceptable salt thereof.

20
According to a yel further aspect of the invention we provide a method of treating a
human or animal subject suffering from inflammatory pain, neuropathic pain or
visceral pain which method comprises administering to said subject an effective
amount of a compound of formula (1) or a pharmaceutically acceptable salt thereof.

25
According lo a further aspect of the invention we provide a method of treating a
subject, for example a human subject, suffering from Alzheimer's disease which
method comprises administering to said subject an effective amount of a compound
of formula (1} or a pharmaceuticaliy acceptable salt thereof.

According to another aspect of the invention, we provide the use of a compound of
formula () or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for the treatment of a condition which is mediated by the action of P2X7
receptors, '

[9%)
tn

According to another aspect of the invention we provide the use of a compound of
formula (1) or a pharmaceutically acceptable sail thereof for the manufacture of a
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medicament for the treatment or prevention of pain, inflammation or a

neurodegenerative disease.

Accdrding to another aspect of the invention we provide the use of a compound of
formula (1) or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for the treatment or prevention of inflammatory pain, neuropathic pain or

viscera) pain.

In one aspect of the invention we provide the use of a compound of formula (1) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment or prevention of Alzheimer's disease.

in order to use a compound of formula (1) or a pharmaceutically acceptable sait
thereof for the treatment of humans and other mammals it is normally formulated in
accordance with standard pharmaceutical practice as a pharmaceutical composition.
Therefore in another aspect of the invention there is provided a pharmaceutical
composition comprising a compound of formula (1), or a pharmaceutically acceptable
salt thereof, adapted for use in human or veterinary medicine.

In order to use the compounds of formula (1) in therapy, they will normaily be
formulated into a pharmaceutical composition in accordance with standard
pharmaceutical praclice. The present invention also provides a pharmaceutical
composition, which comprises a compound of formula (1), or a pharmaceutically
acceptable salt thereof, and optionally a pharmaceutically acceptable carrier.

A pharmaceutical composition of the invention, which may be prepared by admixture,
suitably at ambient temperature and atmospheric pressure, is usually adapted for
oral, parenteral or rectal administration and, as such, may be in the form of tablets,
capsules, orai liquid preparations, powders, granules, lozenges, reconstitutable
powders, injectable or infusable solutions or suspensions or suppositories. Orally
administrable compositions are generally preferred.

Tablets and capsules for oral administration may be in unit dose form, and may
contain conventional excipients, such as binding agents, fillers, tabletting lubricants,
disintegrants and acceptable wetting agents. The tablets may be coated according
to methods well known in normal phamaceutical practice.
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Oral liquid preparations may be in the form of, for example, aqueous or oily
suspension, solutions, emulsions, syrups or elixirs, or may be in the form of a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may include edible oils),
preservatives, and, if desired, conventional flavourings or colourants.

For parenteral administration, fluid unit dosage forms are prepared utilising a
compound of the invention or pharmaceutically acceptable salt thereof and a sterile
vehicle. The compound, depending on the vehicle and concentration used, can be
either suspended or dissolved in the vehicle. In preparing solutions, the compound
can be dissolved for injection and filter sterilised before filling into a suitable vial or
ampoule and sealing. Advantageously, adjuvants such as a local anaesthetic,
preservatives and buffering agents are dissolved in the vehicle. To enhance the
stability, the composition can be frozen after filling into the vial and the water
removed under vacuum. Parenteral suspensions are prepared in substantially the
same manner, excep! that the compound is suspended in the vehicle instead of
being dissolved, and sterilization cannot be accomplished by filtration. The
compound can be sterilised by exposure to ethylene oxide before suspension in a
sterile vehicle. Advantageously, a surfactant or wetting agent is included in the
composition to facilitate uniform distribution of the compound.

The composition may contain from 0.1% to 99% by weight, preferably from 10 to
60% by weight, of the active material, depending on the method of administration.

The dose of the compound used in the treatment of the aforementioned disorders will
vary in the usuat way with the seriousness of the disorders, the weight of the sufferer,
and other similar factors. However, as a general guide suitable unit doses may be
0.05 to 1000 mg, more suitably 0.05 to 200 mg, for example 20 to 40 mg; and such
unit doses will preferably be administered once a day, although administration more
than once a day may be required; and such therapy may extend for a number of
weeks or months.

Al publications, including but not limited to patents and patent applications, cited in this
specification are herein incorporated by reference as if each individua! publication were
specifically and individually indicated to be incorporated by reference herein as though
fully set forth,
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The following Descriptions and Examples illustrate the preparation of compounds of
the invention but are not intended to be limiting.

3 Examples:

The general methods (a)-(d), along with the synthetic methods outlined in Schemes 1
-9 above, for the preparation of compounds of the present invention are further

ilustrated by the following examples.

0
Example 1 N-[(2-chloro-4-fluorophenyl)methyl}-5-oxo-1-(phenyimethyl)-prolinamide
(E1)
F
o H
' X 0 o]
15 7

5-Oxo-1-(phenyimethyi)-proline (0.176 g, 0.80 mmol, prepared as described below)
was dissolved in dichloromethane (3 mi) and to this was added 1-
hydroxybenzotriazole (0.119 g, 0.88 mmot), triethylamine (0.113 mi, 0.81 mmol), [(2-

20 chloro-4-flucrophenyl)methyllamine  (0.134 g, 0.84 mmol) and N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.169 g, 0.88 mmol} under
an atmosphere of argon. The mixture was stirred at room temperature overnight.
The mixture was diluted with dichloromethane and washed sequentially with 2M
aqueous hydrogen chioride and‘ saturated aquecus sodium hydrogen carbonate.

25 The organic layer was filtered through a phase separator and then evaporated to give
the crude product. The crude material was purified by mass-directed automated
HPLC to give pure N-[(2-chloro-4-fluorophenyl)methyi)-5-0xo-1-(phenylmethyl)-
prolinamide (0.112 g) as a white solid. LC/MS [M+H]" = 361.2, retention time = 2.55
minutes.

The 5-oxo-1-(pheny'methyl)-proline used in the above procedure was prepared as

follows:
(i) Dimethyl L-glutamate hydrochloride {(0.500 g, 2.37 mmo!) was dissolved in
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methanol (10 ml) and cooled to 0°C. The mixture was then treated with sodium
hydroxide (0.099 g, 2.49 mmol) followed by acetic acid (0.136 mi, 2.37 mmol) and
benzaldehyde (0.361 ml, 3.55 mmol). After stirring for 10 minutes at 0°C, sodium
borohydride (0.088 g, 2.37 mmol) was added and the mixture was left to warm to
room temperature and stirred overnight. The mixture was again cooled to 0°C and
treated with a further quantity of sodium borohydride (0.044 g, 1.18 mmol). The
mixture was again left to warm to room temperature and stirred overnight.
Evaporation of the methanol gave a residue which was taken up in ethyl acetate and
fitered. The filtrate was then washed with saturated aqueous sodium hydrogen
carbonate, filtered through a phase separator (with- stirring) and evaporated to give a
clear oil (0.56 g). The oil was dissolved in methanol and heated in a sealed tube in a
microwave reactor at 120°C for 10 minutes and then for 15 minutes at 140°C (LC/MS
indicated that this heating phase had not altered the composition of the mixture
significantly). The solvent was evaporated and the residue purified by flash-silica
column chromatography, eluting with a 15-20% gradient of ethyl acetate in hexane,
to give pure methyl 5-oxo-1-(phenylmethyl)-prolinate (0.212 g) as a clear oil.

LC/MS [M+H]" = 234, retention time = 2.15 minutes.

(i) Methyl 5-oxo-1-(phenylmethyi)-prolinate (0.212 g, 0.91 mmol) was dissolved in
water (3 ml) and methanol (0.5 ml) and treated with 2M aqueous sodium hydroxide
(0.682 ml, 1.36 mmol). The mixture was stirred overnight at room temperature and
then washed with dichloromethane. The aqueous layer was evaporated and the
residue treated with an excess of 1M hydrogen chioride in ether (~5 mi). The mixture
was evaporated once more and the residue was triturated with dichloromethane.
The solid material was discarded and the combined dichloromethane fractions were
evaporated to give 5-oxo-1-(phenyimethyl)-proline (0.182 g) as a yellow il which
was used without further purification.

LC/MS [M+H]" = 220, retention time = 1.72 minutes.

Example 2 N-[(2-chloro-4-fluorophenyl)methyl}-1-(1-methylethyt)-5-oxo-prolinamide

(E2)
F
o%“\g
PR AR

1-(1-Methylethyl)-5-oxo-proline (0.060 g, 0.35 mmol, prepared as described below)
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was dissolved in dichloromethane (3 ml} and dimethylformamide (1 ml) and to this
was added  1-hydroxybenzotriazole (0.052 g, 0.39 mmol),  ((2-chloro4-
fluorophenyl)methyllamine (0.061 g, 0.39 mmol) and N-(3-dimethylaminopropyl)-N"-
ethyicarbodiimide hydrochloride (0.074 g, 0.3 mmo!) under an atmosphere of argon.
The mixture was stirred at room temperature overnight. The mixture was diluted with
dichloromethane and washed sequentially with 2M aqueous hydrogen chloride and
saturated aqueous sodium hydrogen carbonate. The organic layer was filtered
through a phase separator and then evaporated to give the crude product. The
crude material was purified by mass-directed automated HPLC to give pure N-[(2-
chloro-4-fluorophenyl)methyl]-1-(1-methylethyl)-5-oxo-prolinamide  (0.032 g) as a2
while solid. LC/MS [M+H]" = 313.1, retention time = 2.26 minutes.

The 1-(1-methylethyt)-5-oxo-proline used in the above procedure was prepared as
follows:

(i) Dimethyl L-glutamate hydrochloride (0.500 g, 2.37 mmol) was dissclved in
methanol (4 mi) and tetrahydrofuran (8 mi)and the mixture was then treateg with
crushed sodium hydroxide (0.099 g, 2.49 mmol) for 10 minutes. At thié stage acetic
acid (0.136 mil, 2.37 mmol) and acetone (0.261 ml, 3.55 mmol) were added together
to the mixture as a solution in tetrahydrofuran (1 ml). After stirring for 10 minutes the
mixture was cooted to 0°C and treated with sodium borohydride pellets (0.088 g, 2.37
mmol). The mixture was then left to warm to room temperature and stirred overnight.
Evaporation of the methanot gave a residue which was taken up in ethyl acetate and
fitered. The filtrate was then washed with saturated agueous sodium hydrogen
carbonate, filtered through a phase separator (with stirring) and evaporated to give a
clear oil (0.217 g). The oil was purified.by flash-silica column chromatography to give
pure dimethyl N-(1-methytethyl}-glutamate (0.200 g).

(i) Dimethyl N-(1-methylethyl)-glutamate (0.200 g) was dissolved in- methano! and
heated in a sealed tube in a microwave reactor at 140°C for 20 minutes. Thin-layer
chromatography indicated that the staning material remained intact so the solvent
was evaporated and replaced with toluene. The mixture was heated at reflux
temperature for ~3 hrs and then evaporated to give methyl 1-(1-methyiethyl)-5-oxo-
prolinate (0.152 g} as a light yellow oil which was used in the subsequent step
without further purification.

(i) Methy! 1-(i-methylethyl)-5-oxo-prolinate (0.152 g, 0.82 mmol) was dissolved in
water (3 mi) and methanol (0.5 ml) and treated with 2M aqueous sodium hydroxide
(0.682 ml, 1.36 mmol). The mixture was stirred for ~4 hrs at room temperature and
then washed with dichloromethane. The aqueous layer was evaporated and the
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residue treated with an excess of 1M hydrogen chloride in ether (~5 ml). The mixture
was evaporated once more and the residue was triturated with dichloromethane.
The solid material was discarded and the combined dichloromethane fractions were
evaporated to give 1-(1-methylethyl)-5-oxo-proline (0.060 g) as a yellow oil which
crystallized on standing.

Example 3 N-{(2-chloro-4-fluorophenyl)methyi}-1-ethyl-5-oxo-prolinamide (E3)

Methy! 1-ethyi-5-oxo-prolinate (0.135 g, 0.78 mmol, prepared as described below)
was dissolved in methanol (4 ml) and treated with 2M aqueous sodium hydroxide
(0.592 mi, 1.18 mmol). The mixture was stirred for ~4 hrs at room température and
then evaporated to give a residue which was then treated with an excess of 1M
hydrogen chloride in ether (~5 ml) for 10 minutes. The mixture was evaporated once
more and the residue was dissolved in dichloromethane (4 ml) and
dimethylformarnide (2 m!) and filtered to remove solids. The resulting solution was
transferred to a reaction tube and 1-hydroxybenzotriazole (0.117 g, 0.87 mmoi), [(2-
chloro-4-flucrophenyl)methyllamine (0138 g, 087 mmol) and N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochleride (0.167 g, 0.87 mmol) were
then added. The mixture was flushed with argon and then stimed at room
temperature over the weekend. The mixture was then diluted with dichloromethane
and washed sequentially with 2M aqueous hydrogen chloride and saturated aqueous
sodium hydrogen carbonate. The organic layer was filtered through a phase
separator and then evaporated to give the crude product. The crude material was
purified by mass-directed automated HPLC to give pure N-{(2-chloro-4-
fluorophenyl)methyl)-1-ethyl-5-oxo-prolinamide  (0.086 g) as a white solid. LC/MS
[M+H]" = 288.1, retention time = 2,13 minutes.

Enantiomeric excess = 100.0%, as determined by chiral chromatography method B,
indicative of N-[{2-chloro-4-fluorophenyl)methyl}-1-ethyi-5-oxo-L-prolinamide

retention time = 8.05 minutes

The methyl 1-ethyl-5-oxo-prolinate used in the above procedure was prepared as

follows:
(i) Dimethyl L-glutamate hydrochloride (0.500 g, 2.37 mmo!) was dissolved in
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methanol (4 ml) and tetrahydrofuran (8 ml)and the mixture was then treated with
crushed sodium hydroxide (0.099 g, 2.49 mmol) for 10 minutes. At this stage acetic
acid (0.136 ml, 2.37 mmol} and acetaldehyde (0.199 mi, 3.55 mmol) were added
together to the mixture as a solution in tetrahydrofuran (1 ml). After stirring for 10
minutes the mixture was cooled to 0°C and treated with sodium borohydride pellets
(0.088 g, 2.37 mmol). The mixture was then left to warm to room temperature. Once
the mixture had reached room temperature it was diluted with ethyl acetate (30 mi)
and washed with saturated aqueous sodium hydrogen carbonate, filtered through a
phase separator {with stirring) and evaporated to give an oily residue. The oil was
dissolved in toluene and heated at reflux for 4 hrs. To ensure complete reaction the
mixture was then heated overnight at reflux. The sclvent was then evaporated and
the resulting residue was purified by flash-silica column chromatagraphy, eluting with
a gradient of 30-50% ethyl acetate in hexane, to give crude methyl 1-ethyl-5-oxo-
prolihate (0.135 g) as a clear oil which was used without further purification.

Examples 4-8

In @ manner analogous to that described for Example 3 above the compounds
labulated below {Table 1) were prepared by substituting the appropriate aldehyde (or
ketone) for the acetaldehyde used in the above procedure. All of the aldehydes and
ketones used to make the compounds shown in Table 1 are available from
commercial sources or can be prepared using routes described previously in the
chemical literature.

Table 1
Retention
Example _

Chemical name [M+H])" time

no.
(mins)
F
H
cl
E4 ‘/ ° 313.1 2.30
N-{(2-chioro-4-fluorophenyt)methyl}-5-oxo-1-
propyl-prolinamide
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[ Retention
Example _ . .
Chemical name [M+H] time
no.
(mins)
F
H
ol
ES \H © 327.1 2.46
N-{(2-chloro-4-fluorophenyt)methyi}-1-(2-
methylpropyl)-5-oxo-prolinamide
F
’C‘\w“vg
o
E6 é ° 339.1 2.47
N-{(2-chtoro-4-fluorophenylmethyl}-1-
cyclopenly1-5-oxo-prolinamlde
E7 é 325 2.37
N-{(2-chloro-4-fluorophenyt)methyl}-1-
cyclobutyl-5-oxoprolinamide
= ' F
0 H
%‘h‘]\‘{u X
E8 AL © c 327 2.43
N-[{2-chloro-4-fluarophenyl)methyl]-1-(1-
methylpropyi)-5-oxopralinamide

Example 9 N-[(2-chioro-4-fluorophenyl)methyl}-5-oxo-1-phenyl-prolinamide (E9)

5-oxo-1-phenyl-proline (0.047 g, 0.23 mmol, prepared as described below) was
dissoived in dichioromethane (~2 mi) and dimethylformamide (1 mt) and to this was
added 1-hydroxybenzotriazole (0.034 g, 0.25 mmol),
fluorophenyl)methyl]amine (0.040 g, 0.25 mmol), N-ethyl morphotine (0.032 ml, 0.25

29
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mmol) and N-(3-dimethylaminopropy!)-N'-ethylcarbodiimide hydrochioride (0.048 g,
0.25 mmol). The mixture was stirred at room temperature for 4.5 hrs. The mixture
was diluted with more dichloromethane and washed sequentially with 2M aqueous
hydrogen chloride and saturated agqueous sodium hydrogen carbonate. The organic
layer was filtered through a phase separator and then evaporated to give the crude
product. The crude material was purified by mass-directed automated HPLC to give
pure N-[(2-chioro-4-fluorophenyl)methyl]-5-oxo-1-phenyl-prolinamide (0.032 g) as a
white solid. LC/MS [M+H]" = 347.1, retention time = 2.51 minutes.

The 5-0xo-1-phenyl-proline used in the above procedure was prepared as follows:

(i) Methy! 5-oxo-L-prolinate (0.204 mi, 1.75 mmol) was dissolved in toluene (5 ml)
and lreated with tris(dibenzylideneacetone)dipaltadium (O)' (0.024 g, 0.03 mmol),
bromobenzene (0.184 ml, 1.75 mmol), cesium carbonate (0.795 g, 2.45 mmoi) and
Xantphos™ (0.040 g, 0.07 mmol). The resulting mixture was heated at 120°C for
~-18 hrs and then afiowed to cool to room temperature. The mixture was dijuted with
ethyl acetate and washed sequentially with 2M aqueous hydrogen chloride, saturated
aqueous sodium hydrogen carbonate, and brine.  Filtration through a phase
separator followed by evaporation gave a yellow/brown oil (~ 0.200 g). The crude
material was purified by mass-directed automated HPLC to give pure methyl 5-oxo-1-
phenylprolinate (0.054 g) as an oil which crystallised on standing. LC/MS [M+H]" =
220, retention time = 2.03 minutes.

(i) Methyl 5-oxo-1-phenylprolinate (0.054 g, 0.25 mmol) was combined with 2M
aqueous sodium hydroxide (0.160 ml, 0.32 mmol) in methanol (1 mt) and stirred
overnight at room temperature. The solvent was then evaporated and the residue
taken up in ethyt acetate and washed with 2M aqueous hydrogen chioride. The
aqueous layer was separated and washed twice more with ethy! acetate and then the
combined ethyl acetate iayers were dried using a phase separator and evaporated to
give 5-oxo-1-phenyt-proline (0.047 g) as a clear oil.

Example 10 N-[(2.4-dichlorophenyl)methyl]-1-methyl-5-oxo-prolinamide (E10)

o Cl

1-Methyl-5-oxo-proline (0.057 g, 0.4 mmol, prepared as described below) was
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dissolved in anhydrous dichloromethane (6 mi) and to this was added 1-
hydroxybenzotriazole (0.060 g, 0.4 mmol), [(2,4-dichioro-phenyl)methyllamine (0.0585
m!, 0.4 mmol), diisopropylamine (0.140 mi, 0.8 mmol) and O-(7-azabenzotriazol-1-yi)-
N.N.N',N'-tetramethyluronium hexafluorophosphate (0.152 g, 0.4 mmoi). The
mixture was stirred at room temperature {20°C) under argon for 3 hrs and then
overnight. The mixture was diluted with more dichloromethane (25 ml) and washed
sequentially with 2M aqueous hydrogen chloride (20 ml), saturated aqueous sodium
hydrogen carbonate (20 ml}, 10% aqueous sodium carbonate (20 ml) and brine (20
mi). The organic layer was filtered through a hydrophobic frit and then evaporated to
give the crude product. The crude material was dissclved in a mixture of
dimethylsuiphoxide (0.9 ml) and acetonitrile (0.9 m!) and then purified by mass-
directed automated HPLC to give pure N-{(2,4-dichlorophenyl)methyl])-1-methyi-5-
oxo-prolinamide  (0.085 g) as a white solid. LC/MS [M+H]® = 301, retention time =
2.16 minutes. |

The 1-methyl-5-oxo-proline used in the above procedure was prepared as follows:

(i) N-methyl-L-glutamic acid (0.500 g, 3.1 mmol) was dissolved in water (1 m!) and
healed in a sealed tube at 140°C for 30 minutes in a microwave reactor. The water
was then evaporated and the residue triturated with ether to give, after drying, 1-
methyl-5-oxo-proline (0.298 g) as a white solid.

N-[{(2,4-dichlorophenyl)methyl]-1-methyl-5-oxo-prolinamide can also be prepared as
described below:

1-Methyl-5-oxo-proline (36.79g, 0.257moles, prepared as described above) was
suspended in DCM (dichloromethane) (500mi). EEDQ (2-Ethoxy-1-ethoxycarbonyl-
1.2-dihydroquinoline, 66.7g, 0.27moles, 1.05eq) was added in one porticn. All
material seemed to dissolve to give an opaque mixture and the temperature dropped
from 21°C to 10°C. This was stirred for 20 minutes under argon and then a solution
of 2.4-dichlorobenzylamine (36ml, 0.27moles, 1.05eq) in DCM {100ml) was added
dropwise over a period of 40 minutes. During addition, a white precipitate formed in
the dropping funnel. The mixture bubbled gently and an ice/water bath was used to
maintain the temperature between 15-20°C. Upon complete addition of amine, the
dropping funnel was rinsed with further DCM (50mi) to rinse all the precipitate into
the reaction mixture. The mixture was then aliowed to warm to room temperature
and stirred for approx. 18 hours. Saturated aqueous sodium hydrogen carbonate
(200ml) was added to the mixture and stirred for 5 minutes. The organic layer was
then separated and washed with 2N HCI (3 x 250ml). During the acid washes,
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crystals started to form in the organic layer, so this was diluted with further DCM
(200m!). The organic layer was dried by passing through a hydrophobic frit and then
concenfrated under vacuum to give 65g of pink solids. The solids had formed large
lumps so the crude material was ground up in a pestle and mortar. These were then
triturated with diethyl ether (400mi) and the sofids filtered off and washed with further
Et,0 (2 x 200mi). Drying then gave 52.969g of pale pink solids. This material was
combined with 2 further batches, prepared in the same way, {(141.42g total) and then
suspended in ethanol (430ml) and water (715ml) and gradually warmed to 65°C
(temperature of solution). The mixture gave an almost clear solution (deep pink),
except for a very fine solid suspension. After heating at 65°C for 20minutes, the flask
was removed from the heat and allowed to warm to room temperature overnight.
After this time, white needles had precipitated from solution. The mixture was cooled
in an ice bath for 20 minutes to ensure all solids had precipitated. The white sotids
were then filtered off from the pink solution and washed with portions of 3:5
E1OH/H,0 (2 x 400ml), which had been cooled in an-ice bath. The solids were dried
in a vacuum oven (40°C) for a total of 5 days to give pure N-[(24-
dichioropheny!)methylj-1-methyl-5-oxo-proiinamide (125.37 g) as colourless crystals.

LC/MS [M+H]" = 301, retention time = 2.34 minutes.

'H NMR (CDCl3, 500MHz) 8 2.01 (m, 1H), 2.34 (m, 1H), 2.37 (m, 1H), 2.46 (m, 1H),
2.80 (s, 3H), 3.98 (dd, 1H, J=9.1, 4.2 Hz), 4.49 (dd, 1H, J = 14,9, 5.9 Hz), 4.55 (dd,
1M, J = 14.8, 6.1 Hz), 6.56 (broad t, 1H, J = 5.7 Hz), 7.24 (dd, 1H, J = 8.2, 2.1 Hz),
7.33(d, 1H, J = 8.2 Hz), 7.40 (d, 1H, J = 2.1 Hz); *C NMR § 175.2, 171.3, 134.5,
134.3, 133.7, 131.5, 129.6, 127.5, 63.8, 41.2, 29.4, 29.2, 23 4.

Enantiomeric excess = 99.5%, as determined by chiral chromatography method A,
indicative of N-{{2-chloro-3-(trifluoromethy!)phenylmethy!}- 1-methyi-5-oxo-L -
prolinamide

retention time = 9.89 minutes ‘

[alp =-2.1° {c=1, MeOH), Temperature = 29.3°C, wavelength = 589nm

melting point = 144.0-144.8°C '

Example 11 N-{(2-chloro-4-fluorophenyl}methyl]-1-methyl-5-oxc-prolinamide (E11)

F
ﬂnﬂ
/ G

o]
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1-Methyl-5-oxo-protine (0.050 g, 0.35 mmol, prepared as described below) was \g\
dissolved in anhydrous dichloromethane (~7 mi) and to this was added 1-
hydroxybenzotriazote (0.047 g, 0.42 mmol), [(2-chioro-4-fluorophenylimethyl]lamine
(0.056 ml, 0.42 mmol), N-ethyl morpholine (0.166 mi, 1.04 mmol) and N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochtoride (0.067 g, 0.42 mmol). The
mixiure was stirred at room temperature overnight. A further aliquot of [(2-chloro-4-
flucrophenylymethyllamine (0.100 mi, 0.8 mmol) was added to the mixture and
stirring continued for a while tonger but HPLC indicated that no further product was
forming. The mixture was washed sequentially with 2M aqueous hydrogen chloride
(5 mi) and saturated agueous sodium hydrogen carbonate (5 ml). The organic layer
was collected and evaporated to give the crude product. The crude maten’al was
purified by mass-directed automated HPLC to give pure N-{(2-chloro-4-
flucrophenyl)methyl]-1-methyl-5-oxo-prolinamide (0.015 g) as a white solid. LC/MS
[M+H]” = 285, retention time = 2.04 minutes.

The 1-methyl-5-oxo-proline used in the above procedure was prepared as follows:

(i) (L)-pyroglutamic acid methyl ester {1 g, 6.99 mmol) was dissolved/mixed with
tetranhydrofuran (10 mi) and cooled to 0°C using an ice-bath. Sodium hydride (0.201
g of a 60% suspension in cil, 8.38 mmol} was added to the mixture. After bubbling
stopped, methyl iodide (0.522 ml, 8.38 mmol) was added and the mixture was
allowed to warm to room temperature and then stirred for 1hr. The solvent was
evaporated and water was added (1 ml). The aqueous layer was then extracted with
dichloromethane. Evaporation of the dichloromethane gave crude methyl 1-methyl-
S-oxo-protinate (0.308 g) which was used in the next step without further purification.

(i) Methyl 1-methyl-5-oxo-profinate (0.308 g, 1.96 mmol) was dissoived in methanol
(~10 mi) and to this was added a solution of sodium hydroxide (0.157 g, 3.92 mmol)
in water (~10 mi). The mixture was heated at reflux for 3 hrs, then cooled and
evaporated to ieave a minimal amount of water. This was acidified to pH 1 using 2M
aqueous hydrogen chioride. The aqueous layer was washed with dichloromethane
and then separated and evaporated to give 1-methyl-5-oxo-proline as a white solig
{(0.300 g}.

Example 12 1-Ethyl-5-0x0-N-[(2,3,4-trifluorophenytimethyl)-protinamide (E12)
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1-Ethyt-5-oxo-proiine  (0.050 g, 0.32 mmol) was dissoived in anhydrous
dichloromethane (~7 mt) and dimethylformamide (1 mil) and to this was added 1-
hydroxybenzotriazole (0.052 g, 0.38 mmol), [(2,3,4-liftuorophenyl)methyilamine
{0.103 g, 0.64 mmol), N-ethyl morpholine {0.15t ml, 0.95 mmol) and N-(3-
diméthylaminopropyf)-N"ethyrcarbodiimide hydrochloride (0.073 g, 0.38 mmol). The
mixture was shaken at room temperature over the weekend. A further aliquot of
((2.3.4-trifluorophenyl)methyljamine {0.051 g, 0.32 mmo!) was added to the mixture
and stirring continued for a while longer untit HPLC indicated that no further product
was forming. The mixture was diluted with 2M aqueous hydrogen chloride (5 mi) and
then fittered through a phase seperator. The organic layer was then washed with
saturated aqueous sodium hydrogen carbonate and again filtered through a phase
separator. Th'e organic layer was then evaporated to give the crude product. The
crude material was purified by mass-directed automated HPLC to give pure 1-ethyl-
5-0x0-N-{(2,3 4-trifluoropheny!)methyl}-prolinamide (0.032 g).

LC/MS [M+H]" = 301, retention time = 2.03 minutes.

The 1-ethyl-5-oxo-proline used in the above procedure was prepared as follows
(Methad A):

(i} Dimethyt L-glutamate hydrochioride (5.0 g, 23.7 mmol) was dissolved in methanol
(100 m!) and the mixture was then treated with ground sodium hydroxide (1.0 g, 24.9
mmot} under argon at room temperature. After 5 minutes, acetaldehyde (1.99 mi,
355 mmol) was added and stirring continued for 10 minutes. The mixture was
cooled to 0°C and treated with sodium borohydride granules (0.701 g, 18.95 mmolt).
Stirring was continued for 1 hr at 0°C and then the methanol was evaporated off and
the residue was taken up in ethyl acetale and filtered. The filtrate was then washed
with brine and the brine washing was extracted with ethy! acetate. The combined
ethyl acetate fractions were filtered through a hydrophobic frit and evaporated to give
a clear oil (3.2 g). The oil was dissolved in toluene (30 mil) and heated at reflux
overnight. The toluene was then evaporated fo give a light orange residue which
was purified by flash-silica column chrematography, eluting with a gradient of 20-60%
ethy! acetate in hexane, to give partially pure methyl 1-ethyl-5-0xo-prolinate (1.9 g)
as a clear oil. This was used in the next step without further purification.

(i) Methy! 1-ethyl-5-oxo-prolinate (1.91 g, 11.17 mmol) was dissolved in methanot
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(25 ml) and treated with 2M aquecus sodium hydroxide (7.3 mt, 14.52 mmol}. The
mixture was stirred for 4 hrs at room temperature and then washed with
dichloromethane. The aqueous layer was evaporated and the residue treated with
an excess of 1M hydrogen chloride in ether (~5 ml). The mixture was evaporated
once more and the residue was triturated with dichloromethane. The solid material
was discarded and the combined dichloromethane fractions were evaporated to give
a clear oil which crystallized on standing. Trituration with hexane and ether and
drying gave pure 1-ethyl-5-oxo-proline (0.271 g) as a whits solid.

Alternatively, 1-éthy!-5~oxo-proline may be prepared as folows (Method B):

(i) 1,1-dimethylethyl 5-oxo-L-prolinate (2.7 g, 12 mmot, prepared as described in
Synth.Comm., 2005, 35(8), 1129) was added to a suspension of sodium hydride
(0.428 g (60% suspension in oit), 10.7 mmol) in tetrahydrofuran (6 ml) and the
mixture was slirred at room temperature for 5 minutes. Ethyl iodide (1.67 g, 10.7
mmol) was then added and the mixture was heated at 40°C for 2 hrs. A further
quantity of sodium hydride (0.24 g) was added and stirring continued overnight at
rcom temperature. An additional quantity of ethyl iodide (0.86 ml) was added to the
mixture at this stage and the mixture was left to stand at room temperature over the
weekend. Water (-;10 ml) was added to the mixture and this was stirred for 15
minutes. The tetrahydrofuran was evaporated and the remaining aqueous layer was
exiracted with dichloromethane (2 x 50 mi) and a 3:1 mixture of chloroform and
isopropanol (50 ml). The combined organic layers were filtered through .a
hydrophobic frit and evaporated to give a yellow oil. Toluene was added to the
mixture and then evaporated to a yeltow oil once more. This material was purified by
automated sitica flash-column chromatography (Biotage SP4), eluting with a 15-
100% gradient of ethyl acetate in hexane, to give pure 1,1-dimethylethyl 1-ethyl-5-
oxo-prolinate.

(i) 1.1-Dimethylethyl  1-ethyi-5-oxo-profinate (0.965 g) was dissolved in
dichloromethane (~5 ml) and treated with triflucroacetic acid (1 mi). The mixture was
stirred at room temperature for 1.5 hrs and then evaporated. The resulting material
was mostly starting material so a further amount of trifluoroacetic acid (1 mi) and
dichloromethane (~5 ml) was added and the mixture stirred at room temperature for
36 hrs. The mixture was evaporated and then toluene was added to the residue and
this was in turn also evaporated. After repeating this process once more, crude 1-
ethyl-5-oxo-proline was obtained as a dark yellow oil which was used without
additional purification.
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Alternatively, 1-ethyl-5-oxo-proline may be prepared as follows (Method C):

(i) 1-(1,1-Dimethylethyl) 5-methyl-L-glutamate hydrochloride (5.0 g, 19.7t mmol)
was dissolved in a mixture of methanol (30 ml) and tetrahydrofuran (60 mi) and the
mixture was then treated with crushed, powdered sodium hydroxide (0.828 g, 20.69
mmel) under argon at room temperature. After stirring for 10 minutes, acetaldehyde
{1.11 mi, 18.71 mmol} and acetic acid (1.13 mi, 19.71 mmol) were added and stirring
continued for 10-15 minutes. The mixture was cooled to 0°C in an ice-bath and
treated with sodium borohydride pellets (0.746 g, 19.71 mmoi). Stiming was
continued for ~1 hr at 0°C under argon. The mixture was allowed to warm to room
temperature to give a thick suspension. Fine white solids were filtered off and then
the methanol was evaporated off and the residue was taken up in dichloromethane
(~50 ml) and washed with saturated aqueous sodium hydrogen carbonate (~25 mi).
The organic layer was separated using a phase separator and then the aqueous
layer was back extracted with more dichlocromethane (2 x 20 mi). The combined
organic tayers were evaporated to give a colourless oil (~4 g). The ol (3g, assume
14.8 mmol) was dissolved in toluene (30 ml) and heated at reflux for ~16 hrs
overnight to give an orange solution. The toluene was then evaporated to give an
orange oil (2.6 g). This was combined with a further batch of oil (0.850 g) which was
obtained in the same manner and then purified by automated flash-silica column
chromatography (Biotage SP4), eluting with a gradient of 20-80% ethy} acetate in
hexane, to give pure 1,1-dimethylethyl 1-ethyl-5-oxoprolinate (2.14 g).

(i) 1,1-Dimethylethyl  1-ethyl-5-oxoprolinate (0.933 g) was dissolved in
dichloromethane (~5 mt) and treated with trifluoroacetic acid {1 ml). The mixture was
stirred for 3 hrs at room temperature and then evaporated. The residue was taken
up in toluene and evaporated once more. This gave partially pure (>95%) 1-ethyi-5-
oxo-proline as an orangelyetiow oil (0.914 g) which was used without further
purification.

Examples 13-36

In @ manner analogous to that described for Example 12 above the compounds
tabulated below (Table 2) were prepared by substituting the appropriate amine (or
salt thereof) for the {(2,3 4-trifluorophenyl)methyllamine used in the above procedure.
All of the amines used to make the compounds shown in Tabie 2 are available from
commercial sources or can be prepared using routes described previously in the
chemical literature or by methods analogous to those. The 1-ethyl-5-oxo-proline
used in the reaction was prepared, in each case, by the method indicated. Where
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determined (by chiral HPLC), the enantiomeric excess (e.e.) of the isomer shown is
also listed along with its stereospecific name, the chiral separation method used in-
parantheses and the corresponding retention time {r.t.) in that method.

Table 2
Method
used to
Retention
Example . . prepare
Chemical name (M+H] time
no. . 1-athyl-5- e.e.
(mins)
oX0-
proling
H
o]
ﬂ‘/N\Q
E13 - Br 327 2.04 A

N-[(2-bromaphenyl)methyl)-1-
ethyl-5-oxg-prolinamide

F
’ H
o Np
N
YT
E14 299 2.03 A
N-{(2-chloro-6-

fluorophenylmethyl}-1-ethyl-

5-oxo-prolinamide

"SYYeN

E15 ~ 0 281 2.13 A
N-[(3-chiorophenyl)methyl]-1-
ethyl-5-oxo-prolinamide

E16 281 2.07 A
N-[(4-chiorophenyl)methyl}-1-
ethyi-s-oxo-prolinamldeC'
Og(wj\rn\/Q/ - 96.9%
E17 ) ° - 315 2.39 A )
N-[(2,4- N-{(2,4-
dichlorophenyl)methyi}-1- dichloropheny!)
ethyl-5-oxo-profinamide methyi}-1-ethyt.
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1
Method
) used to
Retention
Example . . prepare
Chemical name [M+H] time
no. . 1-ethyt-5- e.e.
{mins)
0x0-
proline
E 5-oxo0-L-
! prolinamide
|
} r.t.=8.78mins
3

o H
/ o CF,
E18 315 229 B

1-Ethyi-5-oxo-N-{[2-
(trifluoromethyl)phenyllmathyl}

. -prolinamide
Z ’ ¢
O H
j(Nj\ﬂ/N X
8
€19 295 2.37 B

N-{(4-chlorg-2-
methylphenylimethyil- 1-ethyi-

‘5-oxo—prolinamide

o ﬁ\n
‘A

=20 N-[(2-chloro-3,6- 317 2.15 B

difiuorophenytimethyi)-1-ethyl-

o = vt e S it et ot o ) ot e e

5-oxo-prolinamide

3

E21 281 2.10 B
N-{(2-chlorophenyi)methyl)-1-
ethyl-5-oxo-prolinamide
c .

O%n\ﬁm 82.8%

E22 ° 315 | 236 B ©
N-{(3.4- N-[(3,4-
dichlorophenyl)methyl}-1- dichlorophenyl)
{ ~ ethyl-5-oxo0-prolinamide methyl]-1-ethyl- |
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Method
used to
Retention
Exampte ' . prepare
Chemical name {M+H] time
no. 1-ethyl-5- e.e.
{mins)
oxo-
profine
S-oxo0-L-
prolinamide
r.t.=5.37mins
F
o H
{DYN\Q/
Ao CF,
E23 333 233 B
1-Ethyl-N-([4-fluoro-2-
(trifivoromethy!)phenyilmathyl)
-5-axo-prolinamide
H
0
%N\g
6
24 275 224 B
E N-[(2.4-
dimethylphenyt)methyi)-1-
ethyl-5-oxe-prolinamide
. n°’ 79.0%
o
Y
£25 ’ 205 | 228 B -{(2-chlaro-6-
N-{(2-chtoro-6- ’ methylphenyl)
methyiphenyl)methyl]-1-ethyl- methyi}-1-ethyl-
5-oxo-prolinamide §5-0%0-L-
profinamide
r1.=6.81mins |
X)
04\,\\/{\1
)” I .
0 F
E26 313 2.31 8
N-[(2-chioro-8-fluoro-3-
methyiphenylimethyl}-1-ethyl-
S-gxo-prolinamide ]
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Method
used to
Retention
Chemicat name {M+H] time
ho. 1-ethyl-5- e.e.
{mins)
oxo-
_profine
i
o H
:(Nj\,r"’\m
Joo e
g2z N-[(6-chioro-2-fluoro-3- 313 2.20 8
methylphenyljmethyt]-1-ethyl-
5-0x0-prolinamide -
H
s &
315 2.29 C
£28 N(2,3-
dichtorophenyl)methyi}-1-
ethyl-5-oxoprolinamide
“1
A
A o]
2, c
E29 N-{(3-chioro-2- 295 30
methylphenyl)methyl]- 1-ethyl-
5-oxoprolinamide .
]
2 I
A6 &
1 .
£30 N-[(2.6- 315 2.19 C
! dichtorophenylimethyl]-1-
b ethyl-5-oxoprolinamide
! F
i
o={_ E\/@
)NW CF,
o}
EAN 333 235 Cc
1-Ethyt-N-{[4-fluoro-3-
(trituoromethyl)phenytjmaethyl}
-5-oxoprolinamide
c
H
= K
E32 :j:)\(“ cf, | 349 2.49 c 99.1
2 )
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N-f(2-chloro-3,4-
diftuorophenyl)methyl]- 1-ethyl-

5-0xopralinamide

Method
used to
Retention
Example . prepare
Chemical name (M+H]) time
no. 1-ethyl-5- e.e.
{mins)
0X0-
proline
N-{[4-chloro-3- N-{[4-chloro-3-
(trifluoromethyl}phenyi]methy(} {trifuoromethyl)
-1-ethyl-S-oxoprolinamide phenyllmethyl}-
1-ethyl-5-0xo0-
L-prolinamide
1.1.=5.44mins
B
o
e
J U
E33 4 .
N-{{4-bromo-2- 343 2.24 ©
fluorophenyt)methyi]-1-ethyl-
5-oxoprolinamide
~ ]
o H
‘(Nj»\l(N x
A
E34 )
1-Ethyl-N-{(2- 261 2.00 Cc
methylphenyl)methyl)-5-
oxoprolinamide
100.0
0
{J\,\YH\/@CF’ Q
oo a N-{{2-chioro-3-
‘B35 4 ] :
N-{[2-chloro-3- 349 245 Cc (trifluoromethyl)
(trifivoromethyl)phenyljmsthyl} phenyijmethyl}-
-1-ethy!-5-oxoprolinamide 1-ethy!-5-oxo-
L-prolinamide
r.t.=5.51mins
F
o:({ql”/n\)i;@
/ 0 Ci
£36 317 222 C
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The [(2-chloro-3,4-difluorophenyl)methyl]lamine hydrochloride required for the
synthesis of N-[(2-chloro-3,4-difluorophenyl)methyl]-1-ethyl-5-oxoprolinamide
(Example 36) was prepared in the following manner :

5 (i) A solution of N,NN'.N-tetramethylethylenediamine (39.6 ml, 264 mmo!) in
tetrahydrofuran (170 ml) was cooled under argon to -70°C before the addition of sec-
butyl lithium (205 ml, 288 mmol). To the mixture 3,4-difluorobenzoic acid (19 g, 120
mmol) was then added as a solution in tetrahydrofuran (80 ml) over a period of 40
minutes ensuring that the temperature of the mixture did not rise above -60°C. The

10 mixture was then stirred at a temperature of -68°C to -70°C for 1 hr before adding a
solution of hexachloroethane (100 g, 422 mmoil) in tetrahydrofuran (170 ml) over a .
period of 35 minutes whilst keeping the temperature of the mixture below -60°C. The
mixture was stirred at a temperature of -65°C to -70°C for 2 hrs. The mixture was
allowed to warm to -10°C and then water (500 mi) was added to quench the reaction.

15 The mixture was diluted with diethyl ether {250 m!) and the two resulting layers were
separated. The aqueous layer was acidified to pH1 using concentrated agueous
hydrogen chloride and then extracted with 2 x 500 m! aliquots of diethyl ether. The
combined organic extracts were passed through a hydrophobic frit and reduced in
vacuo to give é yellow solid. This was recrystallised from ethyl acetate to give two

20 crops (8.35 g and 4.47 g) of pure 2-chloro-3,4-difluorobenzoic acid.
(i} 2-Chloro-3.4-difluorobenzoic acid (2 g, 10.4 mmo!) was treated with thionyl
chioride {3.04 ml) and the mixture was heated to 80°C for 80 minutes. The mixture
was then cooled and reduced in vacuo. The residue was dissolved in anhydrous 1,4-
dioxane (10 mi!) and the mixture was then cooled in an ice-water bath. 0.88

25 Ammonia (aqueous, 25 ml) was added dropwise to the mixture which was
subsequently allowed to warm to 22°C over a period of 2 hrs. This process was
repeated using 10.8 g of 2-chloro-3,4-difluorobenzoic acid, 8.2 mi of thionyl chloride,
and 45 ml of 0.88 ammonia and then both mixtures were combined and partitioned
between ethyl acetate (150 ml) and water (100 ml). Thé aqueous layer was

30  separated and extracted with 2 x 150 ml aliquots of ethyl acetate. The combined
drganic extracts were then washed with saturated aqueous. sodium hydrogen
carbonate (100¢ ml), dried using a hydrophobic frit, and reduced in vacuo to give 2-
chloro-3,4-difluorobenzamide (11.86 g) as a white solid.
LC/MS [M+H]™ = 192/194, retention time = 1.69 minutes.

35 (i)} 2-Chloro-3,4-difluorobenzamide (11.85 g. 62 mmol) was dissolved in
tetrahydrofuran (200 ml) and treated with 1M borane tetrahydrofuran (247 ml, 247
mmol). The mixture was heated to 70°C and stirred for 18 hrs. The mixture was
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then cooled in an ice-water bath and concentrated aqueous hydrogen chloride (150
mi) was added dropwise. Heating, with stiming, at 70°C was then resumed for a
further 2 hrs. The mixture was then al'owed to cool and the solvent was evaporated
in vacuo. The residue was partitioned between ethyl acetate (200 ml) and 2N
aqueous hydrogen chloride (200 ml). The agueous layer was separated and the pH
was adjusted to 8-9 by dropwise addition of 5N aqueous sodium hydroxide. The
resulting cloudy suspension was extracted with ethyl acetate (4 x 200 ml) and the
combined organic extracts were then passed through a hydrophobic frit and reduced
in volume to ~200 ml. The mixture was then acidified by the addition of 1M ethereal
hydrogen chtoride (100 ml) resulting in formation of a precipitate. The solvent was
evaporated in vacuo to give a white solid. The solid was recrystallised from
methylated spiit (60 ml) to give three crops of pure [(2-chloro-3.4-
difluorophenyl)methyllamine hydrochloride (combined mass = 4.46 g) as a white
solid.

Example 37 N-[{2-chloro-4-fluorophenyl)methyt]-1-ethyl-5-oxo-4-(phenylmethyl)-
prolinamide {(E37)

Crude 1-ethyl-s-oxo-4-(phenylmethyl)-proline (0.052 g, 0.09 mmol, prepared as
described below) was suspended in a mixture of dichloromethane (0.5 ml) and
dimethylformamide (0.5 ml) and to this. was added N-ethyl morpholine (0.034 mil,
0.27 mmol) causing most of the material to dissolve. 1-Hydroxybenzotriazole (0.016
9. 0.12 mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(0.022 g, 0.12 mmol) were then added and the mixture was stirred for 10 minutes
before adding [(2-chloro-4-fluorophenyl)methyllamine (0.019 g, 0.12 mmol). The
mixture was then left to stand at room temperature overnight. Saturated aqueous
sodium hydrogen carbonate (~2 ml) was added to the mixture and stirred for 10
minutes. The organic layer was isclated by filtering through a phase separator ang
then washed with 2M aqueous hydrogen chloride. The organic layer was separated
again and evaporated to give a yellow oil which was purified by mass-directed
automated HPLC to give pure N-[(2-chloro-4-fluorophenyl)methyl]-1-ethyl-5-0x0-4-
(phenylmethyl)-prolinamide  (0.004 g) as a colourless oil. LC/MS [M+H]" = 389,
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retention time = 2.90 minutes.

The 1-ethyl-5-ox0-4-(phenylmethyl)-proline used in the above procedure was
prepared as follows (Method A):

(i) Methyl (S)-(+)-2-pyrrolidinone-5-carboxylate (0.85 g, 5.94 mmol) was dissolved in
dichlorcmethane (5 ml) and treated with triethylamine (0.869 mi, 6.24 mmol) and 4-
dimethylaminopyridine (0.010 g). To this was added di-tertbutyl dicarbonate (1.36 g,
6.24. mmol) and the resulting orange solution was left to stir overnight. The mixiure
turned bluefgrey and evaporation of the solvent gave a grayish oil (1.4 g). This was
purified by automated flash-silica column chromatography (Biotage SP4), eluting with
a 0-60% gradient of ethyl acetate in hexane, to give 1-(1,1-dimethylethyl) 2-methyi-5-
oxo-1,2-pyrrolidinedicarboxylate (1.37 g) as colourless oil which crystallized on
standing.

(ity 1-(1,1-Dimethylethyl) 2-methyl-5-ox0-1,2-pyrrolidinedicarboxylate (0.324 g, 1.33
mmol) was dissolved in tetrahydrofuran (3 ml) and the mixture was cooled to -78°C,
using an acetone/cardice bath, under an atmosphere of argon. A 1M solution of
lithium bis(trimethylsilyl)amide in tetrahydrofuran (1.4 ml, 1.40 mmol) was added
dropwise and stirred under argon for 1 hour. To this was then added benzyl bromide
(0.174 ml, 1.46 mmol) and the mixture was stirred at -78°C for a further 2.5 hrs. The
mixture was then allowed 1o warm to room temperature and quenched by the
addition of saturated aqueous ammonium chloride (~5 mi) and then left to stand
overnight at room temperature. The organic layer was separated and the aqueous
layer was diluted with mere water (5 ml) and extracted with ethyl acetate (3 x 10 ml).
The combined organic layers were dried over anhydrous sodium sulphate and then
fitered and concentrated to give a yellow oil (0.700 g). This was purified by
automated flash-silica column chromatography (Biotage SP4), eluting with a 0-35%
gradient of ethyl acetate in hexane, to give 1-(1,1-dimethylethyl) 2-methyl-5-0xo-4-
{phenylmethyl)-1,2-pyrrolidinedicarboxylate as a white solid (0.418 q) after
evaporation of solvent,

(iii) 1-(1,1-Dimethylethytl) 2-methyl-5-oxo-4-(phenylmethyl)-1,2-
pyrrolidinedicarboxylate (0.415 g, 1.24 mmol) was dissolved in 4M hydrogen chloride
in dioxane (2 ml) and stired at room temperature for 2 hrs. The solvent was
evaporated to give a colourless oil which crystallized on standing to give methyl-5-
oxo-4-(phenylmethyl)-prolinate as a creamy/white solid. (0.205 g). This was used
without further purification in the next step. ‘ “

(iv) Methyl-5-oxo-4-(phenylmethyl)-prolinate (0.205 g, 0.88 mmol) was dissolved in
tetrahydrofuran (2.5 ml) and treated with ethyl iodide (0.077 m!, 0.97 mmol). The
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mixture was then cooled to 0°C and treated with sodium hydride (0.037 g of a 60%
suspension in oil, 0.92 mmol). After stirring at 0°C for 10-15 minutes the solution
was warmed to room temperature and stirred for a further 3.5 hrs. The mixture was
then treated with saturated aqueous$ ammonium chloride solution (~2 ml) and
subsequently diluted with dichloromethane (5 ml). The organic layer was separated
by filtering through a hydrophobic frit (washing the aqueous with further aliquots of
dichloromethane (2 x 5 ml)). Evaporation of the .combined organic phases gave a
brown oil (~ 0.100 g). This was purified by automated flash-silica column
chromatography, eluting with a 0-100% gradient of ethyl acetate in hexane, to give

partially purified (~90% pure) methyl 1-ethy!-5-ox0-4-(phenylmethyl)-prolinate (0.024

g) as a yellow oil which was used in the subsequent step without further purification.
(v) Methyl 1-ethyl-5-oxo-4-(phenylmethyl)-prolinate (0.024 g, 0.09 mmol) was
dissolved in methanol (0.5 ml) and cooled to 0°C in an ice-bath. 2M aqueous sodium
hydroxide (0.137 mi, 0.27 mmol) was added to the mixture and stirring continued at
0°C for 3 hrs. The solvent was evaporated and the residue was acidified by
treatment with 2M aqueous hydrogen chloride (~ 0.2 ml) to give a cloudy solution,
Evaporation then gave crude 1-ethyi-5-oxo-4-{phenylmethy!}-proline {0.052 g) as a
mixture of white solids and yellow oily residues. This was used without further
purification.

Alternatively 1-ethyl-5-oxo-4-(phenylmethyl}-proline could a!so be prepared in the
following manner (Method B):

{i) (S)-(+)-L-5-trityloxymethyi-2-pyrrofidinone {1.88 g, 20 mmol) was dissolved in
dimethylformamide (9 ml) at 0°C and treated with sodium hydride (60% suspension
in oil, 0.220 g, 5.5 mmol). The mixture was stirred at 0°C for 30 mins and then
ireated with ethy! iodide (0.444 ml, 5.5 mmol). The mixture was allowed to warm to
room temperaiure and then stirred overnight. The mixture was then partitioned
between ethyl acetate and saturated aqueous ammonium chloride and extracted with
ethyl acetate (x3). The combined organic extracts were washed sequentially with
water, 50% aqueous sodium chloride solution (x2), and saturated aqueous sodium
chloride solution, and then dried over sodium sulphate. Concentration gave a beige
solid which was purified by automated flash silica-gel column chromatography
(Biotage SP4), eluting with a 0-100% gradient of ethyl acetate in hexane, to give pure
1-ethyl-5-{[(triphenylmethyl)oxy]methyl}-2-pyrrolidinone (1.78 g).

(it} A 2M solution of lithium diisopropylamine in tetrahydrofuran (1.050 ml, 2.1 mmoi)
was added, at -78°C, to a solution of 1-ethyl-5-{[(triphenylmethyl)oxy)methyi}-2-
pyrrolidinone (0.771 g, 2 mmol) In tetrahydrofuran (10 ml) and the resulting mixture
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was stirred for 1 hr al -78°C. Banzyl bromide (0.262 mi, 2.2 mmol) was then added

and after stirring for a further 1 hr at -78°C the mixture was allowed to warm {o room
temperature overnight.  The mixture was quenched with saturated agueous

ammonium chloride and then exiracled with elhyl acetate (x3). The combined
CJI'Q-':III'IEC exiracts were then washed with water and then with saturated aqueous
sodium chloride solution (x2), dried owver anhydroué magnesium sulphate, and
cancantrated o a crude oil (1.27 g). The crude sclid was purified by automated flash

silica-gel column chromatography (Biotage SP4), eluting with & 0-100% gradient of

ethyl acetate in hexane, to give the‘ desired product (i.e. 1-ethyl-3-(phenylmethyl}-5-
{I{triphenyimethylioxylmethy)-2-pyrrofidinone {0.561 g)) which was used in the next
slep, as well as unreacted starting material and the dialkylation product, 1-ethyl-3,3-
bis({phenylmethyi}-5-{[(iriphenylmethyloy]methyl}-2-pyrrolidinone (0.053 g).

(i} 1-Ethyl-3-{phenylmethyl)-5-{{triphenylimethyljoxy]methyl}-2-pyrrolidinone  (0.961
g. 1.1 mmoly was stirred for 24 hrs at room temperature in a mixture of acetonitrile
(21 mi) and formic acid {3 ml). The reaction was not complete at this stage so the
solvant was avaporated and replaced with formic acid {10 ml) and stirring was
continued for 3 hrs. Reaclion was still not complete so the mixture was concentrated
in vacuo (azeotroping with methanol to remove all of the formic acid) and then
dissalved in methanol {20 ml). Amberlyst 15® was then added to the mixture and

stirring was continued at room temperature ovaernight. The resin was filtered off;

washing with mare methancl, and the filirate was concentrated to a gum (0.625 g).
The gurm was purified by automated flash silica-gel column chromatograghy (Biotage
SP4}, eluting with & 0-100% gradient of sthyl ac:eléte_in' hexane, to give 1-ethyl-5-
{hydroxymethyl)-3-{phenylmathyl}-2-pyrrolidinone (0.170 g) which was used in the
nexi step.

{iv) 1-Efhyl-3-{hydroxymethyl)-3-{phenylmethyl)-2-pymolidinone (0.748 g, 3.21 mmol)
was dissolved in acetonilrle {5 mi) and a 1M agueous sodium phosphate monobasic

buffer solution {3.69 ml, 3.69 mmaol), a few crystats of TEMPQ (2,2,6,6-tetramethyl-1-

piperidinyloxy free radicat), and sodium chlorite (0.580 g, .41 mmol) were added
and the mixture was warmed o 40°C.  Approximately 1 drop of bleach {sodium
hypochlorite solution, available chiorine =12%) was then added to the mixure and
stirring continued at 40°C for 3 hrs. The mixture was then paured onto ice-water
containing 1% wiw sodium sulphite and the resulting mixture was adjusted to pH2
using 5N agueous hydrogen chioride and then extracted with ethyl acetate {x3). The
combined ofganic extracts were washed with saturated aqueous sodidm chloride and
then dried over magnesium sulphate and concentrated ta give 1-gthyl-5-ox0-4-
(plenylmethylipraline {0.807 g) as a solid which was used. without additional
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purification.

Example 38 = N-[{2-chlorc-4-flucrophenylimethyl]-1-(2-methyl-2-prapen-1-yl}-3-

oxoprolinamide (E38}

~ Crude 1-{2-methyl-2-propen-1-yl)-5-oxoproline (~0.075 g, ~0.41 mmel, prepared as

- described below) was dissolved in dichloromethane (5 mi) and to this was added 1-
Hydroxybenzotriazole (0.061 g, 0.45 mmol), [{2-chloro-d-flucrophenyl)methyllamine
(0.068 g, 043 mmoll. and N-{3-dimethylaminopropy!)-N"-ethylcarbodiimide
hydrochloride (0.087 g, 0.45 mmol). The mixture was then stimed at room
temperalure for 24 hrs. The mixture was diluted with more dichloromethanse then
‘washed sequentially with 2M aqueous hydrogen chloride and saturated agueous
sadium hjrdrn;gen carbonale. The drganic layer was filtered through a phase
sepera-tor and evaporaled to give a brown residue which was purified by mass-
directed automated HPLC to give pure MN-[(2-chloro-4-fluorophenylimethyl]-1-(2-
methyl-2-propen-1-yli-5-oxoproinamide (0.018 g) as a white solid. LC/MS [M+H]" =
325.1, retention time = 2,40 minutes.

The 1-(2-methyl-2-propen-1-yl)-S-oxopraline uséd in the above procedure ‘was
prepared as follows:

{iy Methanot {55 nd} was cocled to -10°C {using a cardice/carbon tetrachloride bath)
with stirring and then thionyl chloride was added dropwise over 45 minutes. (0)-
glutamic acid (10 g, 67.96 mmolwas then added in three portions aver ~5 minutes
and then the reaction was stirred for 3 hrs whilst warming fo 21°C. The solvents
were evaporated in vacuo to give & clear oil (15 g) which was disscived in 8 mixtura
of waler (150 ml) and dioxane {150 ml). To this sodium carbonate (46 g, 340 mmol
WaSs theﬂ‘ slowly added witir stirring. Benzyl chloroformate (9.64 ml, 68 mmol) was
then added and stirring continued overnight. The mixture was cauticusly treated with
2N aqueous hydrogen chlorids (250 ml) and then extracted with sthy! acetate {2 x
250 ml). The combined organic fractions were washed with brine and then dried and
evaporaled to give a clear ol (18.7 g). This was dissolved in dichloromethane
{400ml) and treated with concentrated sulphuric acid (1 ml). A large excess of
iscbutylene was then condensed into the mixiure and then stirred ovemight at 21°¢C,
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Saturated agqueous sodium hydrogen carbonate {(~ 400 ml) was then added carefully
to the mixture and then the organic phase was separated, washed with brine, dried

and evaporated in vacuo to give a clear ol (21.9 gk This was purified by silica gel

column chromatography, eiuting with a 3:1 mixture of cyclohexans and ethyl acetate,
to give pure 1-{1,1-dimethylethyl) 5-methyl N-{[{phenylmethylioxylcarbonyliglutamate
{487 g). '
{iy To a solution of potassium hexamethy!disilazide (10 ml of a 0.6M solution in
taluene, & mmol) in tetrahydrofuran (25 ml) at -70°C, was added dropwise a solution
of 1-({1;1-dimethylethyl) 5-methyl ¥-{[{phenylmethyloxy)carbonylgiutamate {1.05 g, 3
mmgly in tétréhydrofuran ('10 mil} over ~5 minutes. The mixture was stirred at -70°C
far 1 he and then treated with methally| iodide (2.18 g, 12 mmal) in tetrahydrofuran
10 mi). Sdirfing was continued at at -78°C for 2 hes and then warmed to 21°C. After
Stirrihg for a further 1 hr the mixturé was poured inte 1N aqueous hydrogen chloride
and extracted with ethyl acetate (2 x 50 ml). The combined arganics ware washed
with brine, dried, and evaporated in vacuo, io give a yeliow oit {1,032 g). This was
- purified by silica column chromatography, é!uting wih a 4.1 mixture of eyclohexans.
and ethyl acetate, to give pure 1,1-dimethylethyl 1-{Z-methyl-2-propen-1-yi}-5-
oxoprolinate as a clear ofl (0.322 g _
{iliy 1,1-dimethylathyl 1-{2-methyi-2-propen-1-yl)-S-oxoprolinate (0.089 g, 0.41 mmol)
was dissolved in a rixture of dichloromethane (2 mi) and triflucroacetic acid {2 ml}
and stirred overnight at room temperature. The sclvent was evaporatad (azeotroping
with. taluene to remove traces of triflucroacetic acid) to give crude 1-{2-methyl-2- -
propen-1-yl}-5-oxoproling as a brown oil which was used without further purification.

Example 39 1-Cyclopropyl-N-[(2.4-dichlorophenyl)methyl]-5-oxoprolinamide {E39)

= |
) H
JN_]\H/N .
Z-{k o Cl

To a solulion of {2, 4-dichlorophenyiimethy| isocyanide (0.047 g, 0.25 mmol) and 4-
oxobutanoic acid {15% in water, 0.26 m!, 0.4 mmol) in methanal {(1.75 ml} was added .
cyclopropylamine {0.042 ml, 0.6 mmol). Tha mixture was heated to 100°C for 30
minutes in & microwave reactor. The sclvent was removed i vacuo and the residue
was purified by mass-directed avtomated HPLC to give 1-Cyclopropyl-N-{(2,4-
diEhIurop.henyl}methryl}-ﬁoxoprolinamide (0.072 g) as a white sclid. LG/MS [M+H]" =
326328, retention time = 2.29 minutes.

]
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Example 40 N-{[2-Chloro-3-({trifiuoromethyl)phenyljmethyl}-1-cyclopropyl-5-

oxoprolinamide (E40)
H
A 0 Cl

To a sotution of [2-chloro-3-(trifluoromethyi)phenyllmethy! isocyanide

{0.088 g, 0.4 mmot) and succinic semialdehyde (15% in water, 0.26 ml, 0.4 mmol) in
methanol (1.75 ml) was added cyclopropylamine (0.042 mi, 0.6 mmo!). The mixiure
was heated to 100°C for 30 minutes in a microwave reactor. The solvent was
removed /n vacuo and the residue was purified by mass-directed autemated HPLC to
give  N-{[2-Chloro-3-(trifluoromethyl)phenyllmethyl}- 1-cyclopropyl-5-oxoprolinamide
{0.076 g) as a white solid. LC/MS [M¥H]* = 361/363, retention time = 2.39 minutes.

The [2-chloro-3-(triflucromethyl)phenyllmethyl isocyanide used in the above
procedure was prepared as follows:

(i} A sotution of {[2-chloro-3-(trifluoromethyl)phenylimethyl}amine (1.05 g, 5 mmal) in
anhydrous tetrahydrofuran (10 ml) was added dropwise to a solution of N-formyl
benzotriazole (0.772 g, 5.25 mmol) in anhydrous tetrahydrofuran (10 ml). The
reaction was stirred at 22°C for 18 hrs then reduced in vacuo and the residue
partitioned between dichloromethane (75 ml) and 2N agueous sodium hydroxide (40
ml). The organic layer was separated and extracted with 2N aqueous sodium
hydroxide (40 ml). The organic layer was passed through a hydrophabic frit and
reduced in vacuo to give a white solid. The crude product was purified by automated
flash silica column chromatography (Biotage SP4), eluting with a solvent gradient of
0-10%  sethyl acetate in  dichloromethane, to give  {[2-chloro-3-
(triftuoromethyl)phenyl)lmethylformamide as a white solid.

(i) A solution of {[2-chloro-3-(triflusromethyl)phenylmethyl}formamide (0.67 g, 2.82
mmol} in anhydrous dichloromethane (20 ml) was cooled under argon in an ice-water
bath before the addition of diisopropylamine (1.78 ml, 12.7 mmol) followed by
phosphorus oxychloride (0.393 ml, 4.23 mmol). The reaction was stirred at between
2-5°C for 2 hrs. The mixture was then reduced in vacuo and the residue treated with
saturated aqueous sodium hydrogen carbonate (20 mi) and extracted with
dichloromethane (20 mif). The organic layer was passed through a hydrophobic frit
and the reduced in vacuo to give a yellow solid. Further drying in vacuo gave [2-
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chioro-3-{trifluoromethyliphenyljmethyl isocyanide as an orange gum {0.86 g) which \
was used without further purification.

Example. 41 N-[{2-chioro-4-fluorophenylymethyl]-1-cyclopiopyl-5-oxoprolinamide

5 {E41} :
F

A o &

To & solution of [2-chloro-4-fluoro-phenyl]methyl isoc}?a nide

{0,068 g, 0.4 mmol) and succinic semialdehyde {15% in water, 0.26 ml, 0.4 mmal) in
10 methanol (1.75 mi) was added cyclopropylamine {0.042 ml, 0.6 mmol). The mixture

was heated to 100°C for 30 minutes in a microwave reactor. The solvent was

removed i vacug and the residue was purified by mass-directed automated HPLC to

g.ive.a colourless gum which was triturated with diethyl ether to give N-[(2-chloro<4-

flucropheny!ymethyl]-1-cyclopropyl-8-oxoprolinamide as & pale cream solid (0.058 g).
1S LG/MS [M+HI' = 210, retention time = 2.16 minutes, '

The {2-chloro-d-fluore-phenyllmethyl isocyanide used as the starting material was
prepared in an analogous manner 1o that described for the preparation of [2-chloro-3-
(triftuoromethyl}phenyllmethyl isocyanide in example 40 but using 2-chloro-4-

20 fluorophenyllmethyl}amine in the place of 2-chloro-3-
{triﬂuammethyl}phenyl}methyl}amine. '

Example 42 N—[{2,4-dichlorc:pheny!)melhyl]—1-ethyi—at,4-dimethyl-5-oxoprolinamide
{E42)

o L]

(2,4-Dichlorophenyl)methyl isocyanide (0.075 ¢, 0.4 mmol) and crude 2,2 dimethyl-4-
oxobutancic acid (0.113 g, 0.6 mmol) were dissolved in methanol (2 mi). Ethylamine
salution (2M in water, 0.3 rl, 0.6 mmol) was added and the mixture was heated in 3
" 30 sealed vessel at 100°C for 30 minutes in a microwaye reactor. The mixture was left
' “to stand over the weekend .and then the solvent was remaved in vacuo and the

resutting orange il was purified by mass-directed autoimated HPLC to give a clear
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oty gum which was triturated with diethyl ether to give N-[(2,4-
dichlorophenyl)methyl]-1-ethyl-4 4-dimethyl-5-oxoprolinamide as a white solid (0.024
g). LC/MS [M+H]" = 343, retention time = 2.57 minutes.

The 2,2-dimethyl-4-oxobutanoic acid used as the starting material in the above
procedure was prepared as follows:

(i) 2,2-dimethyl-4-pentenoic acid was dissolved in dichloromethane (25 ml) and
cooled to -78°C in a CO,/acetone bath and oxygen was bubbled through the mixture
for 5 minutes. The ozone generator was switched on and ozone was bubbled
through the mixture for 15 minutes. The flow of ozone was then stopped and the
mixture was flushed with oxygen for 5 minutes and then with argon for 2 minutes.
TLC indicated that the reaction had not progressed significantly so ozone was
bubbled throught the mixture for a further 15 minutes after which time a pale blue
colour persisted and a suspension had formed. The ozone flow was switched off and
the mixture was flushed with oxygen for 5 minutes and then with argon for 10
minutes (until the exhaust gas gave a negative response to wetted starchfiodine
paper). Dimethy! sulphide (1.72 ml, 23.41 mmol) was then added to the mixture and
the mixture was allowed to warm to room temperature. After stirring at room
temperature for 2 hrs the mixture was concentrated to give a colouriess il (1.5 g).
1.4 g of this material was purified by flash silica column chromatography , eluting with
a gradient of 0-50% ethyl acetate in dichloromethane, to give 2,2-dimethyi-4-
oxobutanoic acid as a colourless oil (0.649 g).

Example 43 N-{[2-chloro-3-(trifluoromethyl)phenylmethyl}-1-(1-methylethy!)-5-

oxoprolinamide (E43)
o
<A L,
/l\ o} Cl

1-(1-Methylethyl)-5-oxoproline  (0.100 g, 0.58 mmol) was dissolved in
dichloromethane (20 ml) and to this was added N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (0.111 g, 0.58 mmol), 1-Hydroxybenzotriazole (0.078
g. 0.58 mmol), and N-ethyl morpholine (0.223 ml, 1:75 mmol). Finally {[2-chloro-3-
(trifluoromethyl)phenyllmethyl}amine was added to the mixture and stirring continued
for ~48 hrs. The mixture was then treated with saturated aqueous sodium hydrogen
carbonate (20 ml) and stirred vigorously. The aqueous layer was removed using a
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phase separator and then the solvent was removed from the organic layer using an
argon blow-down unit. The resulling residue was treated with a mixture of water and
ethylacetate (25 ml, 1:1) and the aqueous layer was subsequently discarded. The
organic layer was filtered through a phase separator and evaporated to éive an oil.
This was triturated with diethyl ether to give a solid and this was subsequently
purified by mass-directed automated HPLC to give N-{{2-chloro-3-
(trifluoromethyi)phenyljmethyl}-1-{1-methyiethyl)-5-oxoprolinamide  (0.097 g) as a
while solid. LC/MS [M+H]" = 363, retention time = 2.48 minutes.

The 1-{1-Methylethyl)-5-oxoproline used in the above procedure was prepared in an
analogous manner 1o that described previously for the synthesis of methyl 1-ethyl-5-
oxo-prolinate (see example 3) but using acetone in the place of acetaldehyde and
with the addition of a subsequent ester deprotection step (using standard conditions,
l.e. sodium hydroxide in methanol) being carried out (as opposed to the combined
deprotection and amide coupling described in example 3).

Examples 44-49

In @ manner analogous to that described for Example 43 above the compounds
tabulated below (Table 3) were prepared by substituting the appropriate amine (or
salt thereof) for the {[2-chloro-3-(triflucromethyl)phenyljmethyl}amine used in the
above procedure. Ali of the amines used to make the compounds shown in Table 3
are available from commercial sources or can be prepared using routes described
previously in the chemical literature unless stated otherwise.

Table 3
Example _ .
o Chemical name [M+H]" | Retention time (mins)
no.
o H
@YN\/QCF;
Ao
E44 343 . 248
1-(1-methytethyl)- N{[2-methyl-3-
(triluoromethyl)phenyljmethyl}-5-
oxoprolinamide
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Example .
g Chemical name [M+H]" | Retention time (mins)
no.

a 329 2.35

N-[(2,3-dichloraphenyf)methyl]-1-(1-
methylethyl}-6-oxoprolinamide

E45

£46 1 331 2.26
N-[{2-chloro-3,4-

diffuorophenyl)methyl)-1-(1-
methylethyl)-5-oxoprolinamide

cl
O
:QYnVQ
/1\ 0 ol
N-[(2,4-dichlorophenyl)methyl]-1-(1-
memylethyl)-5-oxoprolinamide

E47 329 24

E48 346.9 241
N-[(2,3-dichloro-4-

fluorophenyl}methyi}-1-(1-
methylethyl)-5-oxa-L-prolinamide

E49 O:/(E\EHJQ\Q

N-[(3-chloro-2-methyiphenyl)mathyi)-
1-(1-methylethyl)-5-oxoprolinamide

309 2.34

The [(2.3-dichloro-4-fluorophenyl)methyllJamine hydrochloride required for the
synthesis of N-[(2,3-dichloro-4-fluorophenyl)methyl]-1-( 1-methylethyl})-5-oxo-L-
prolinamide (example 48) was prepared in the following manner:

(i) Sodium nitrite (0.172 g, 2.5 mmol) was added tc a stirred solution of 2-chloro-6-
fluoro-3-methyl-phenylamine {0.400 g, 2.5 mmol) in water (20 ml) and 37% aqueous
hydrogen chloride (5 ml) at -5°C. The mixture was stirred at -5°C for 5 minutes and
then added in one pot to a solution of copper (l) chloride (0.742 g, 7.5 mmol) in 37%
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aqueous hydrogen chloride {5 ml) whilst maintaining the temperature at -5 to 0°C.
The reaction mixture was heated to 38°C and stirred for 1 hr then the mixture was
cooled and diethyl ether (20 ml) was added. The organic phase was separated and
washed with 1N aqueous hydrogén chloride and then with water. The organic layer
was then dried over sodium sulphate and concentrated in vacuo. The crude residue
was purified by flash silica column chromatography, eluting with petroleum ether, to
give 2,3-dichloro-1-fluoro-4-methylbenzene (0.090 g, 0.5 mmol) as a white solid.

(iiy 2,3-dichloro-1-fluoro-4-methylbenzene (0.090 g, 0.5 mmol) was added to a stirred
mixture of potassium dichromate (0.284 g, 1 mmol) in acstic acid (1 ml). 97%
Sulphuric acid (0.5 ml) was then added slowly to the mixiure which was subsequently
heated at 100°C for 2 hrs. After cooling to room temperature, water and ice were
added and the green solid thus obtained was filtered off and washed with cold water
to afford 2,3-dichloro-4-fluorobenzoic acid (0.056 g, 0.27 mmol) as a white solid.

(i) A solution of 2,3-dichloro-4-flucrobenzoic acid (0.200 g, 0.92 mmol) in
dichloromethane (~4 ml) was treated with 1-hydroxybenzofriazole (0.162 g, 1.2
mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.230 g, 1.2
mmol), and triethylamine (0.56 ml, 4.0 mmol) under argon at room temperature. The
mixture was stirred at room temperature for 40 minutes then treated with ) 32%
aqueous ammonium hydroxide (0.088 ml) and stirred overnight at room temperature.
The mixture was diluted with dichloromethane and washed sequentially with water
and then with saturated aqueous sodium hydrogen carbonate. The organic layer
was separated and dried over sodium sulphate then concentrated to give 2,3-
dichloro-4-fluorobenzamide (0.156 g) as a white solid that was used without further
purification.

(iv) A solution of 2,3-dichloro-4-flucrobenzamide (0.750 g, 3.62 mmol) in dry
tetrahydrofuran (2 ml) was heated to 90°C under nitrogen. A 10M solution of boron
hydride dimethyl sulphide complex in tetrahydrofuran (1.05 ml, 5.43 mmol) was
added to the hot solution and stirring was continued for 4 hrs. The mixture was then
treated with 6N aqueous hydrogen chloride and heating continued for 30 minutes.
The sotvents were evaporated and the crude residue was purified by SCX cartridge
and subsequent flash silica column chromatography eluting with 5% methanol in
dichloromethane, The amine obtained was treated with ethereal hydrogen chloride

to give [(2,3-dichloro-4-fluorophenyl)methyllamine hydrogen chloride (0.360 g)as a
white solid.

Example 50 N-[(2,3-dimethylphenyl)methyl]-1-ethyl-5-oxoprolinamide (E50)
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1-ethyl-5-oxoproline (0.080 g, 0.51 mmol, prepared in an analogous manner to that
deséribed for example 12, method A) was dissolved in dichloromethane (5 ml) and to
this was added N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (0.117
g. 0.61 mmol), N-ethyl morpholine (0.185 mi, 1.53 mmol), and 2,3-dimethyl
benzylamine {0.082 g, 0.61 mmol). The mixture was stirred for ~17 hrs and then left
to stand over the weekend. The mixture was then treated with saturated agqueous
sodium hydrogen carbonate (~3 ml) and stirred vigorously for ~10 minutes. The
organic layer was separated using a hydrophobic frit and the aqueous layer was
extracted with more dichloromethane (~2 mi). The combined organic layers were
concentrated to give a yellow oil (~0.2 g). This was purified further by mass-directed
automated HPLC to give pure N-[(2,3-dimethylphenyl)methyl]-1-ethyl-5-
axoprolinamide (0.072 g) as white solid. LC/MS [M+H]" = 275, retention time = 2.12
minutes,

Example 51 N-{[2-chloro-3-(trifluoromethyl)phenyljmethyl)-1-methyl-5-

oxoprolinamide (E51)
H
o}
ﬂ“\/ ;: ~CF,
/ 0 Cl

1-methyl—5-oxopro!ine (2.27 g, 15.88 mmol, prepared as described below) was
dissolved in dichloromethane (150 ml) and to this was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (3.35 g, 17.47 mmol), and
1-hydroxybenzotriazole (2.36 g, 17.47 mmol). The mixture was stirred for ~10
minutes and then lriethylamine (221 ml, 15.88 mmol) and {[2-chioro-3-
(trifluoromethyl)phenyl)methyl}amine (3.66 mi, 17.47 mmol) were added and the
mixture was left stirring at room temperature ovemight (~17 hrs). A white precipitate
formed during this time. The mixture was then treated with saturated aqueous
sodium hydrogen carbonate (~100 ml) and stired for 10 minutes. The organic layer
was separated using a hydrophobic frit and then 2N aqueous hydrogen chloride was
added and mixed and separated again. The organic layer was concentrated to give
white solids {~2.5 g). The solid was dissolved in ethyl acetate (~200 ml) and washed
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with water (4 x 50 ml) followed by brine (50 m!). The organic layer was then dried by
passing through a phase separator and concentrated to give pure N-{[2-chloro-3-
{trifluoromethyl)phenyllmethyl}-1-methyl-5-oxo-L-prolinamide as a fine white solid
(2.48 g).

LC/MS [M+H]" = 335, retention time = 2.24 minutes.

*H NMR_.(CDCl,, 500MHZz) § 2.02 (m, 1H), 2.35 (m, 1H), 2.39 (m, 1H), 2.47 (m, 1H),
2.81 (s, 3H), 4.00 (dd, 1H, J = 8.9, 4.2 Hz), 4.60 (dd, 1H, J = 15.1, 6.2 Hz), 4.65 (dd,
1H, J = 15.1, 6.2 Hz), 6.56 (broad t, 1H, J = 5.8 Hz), 7.38 (t, 1H, J =‘7.7 Hz), 7.60
(dd, 1H, J = 7.6, 1.0 Hz), 7.68 (dd, 1H, J = 7.9, 1.2 Hz); *°C NMR 3 176.0, 171.5,
137.5, 133.9, 131.7, 1293, 127.4, 127 .0, 122.8,63.8, 41.8, 29.4, 29.2, 23 4,

The 1-methyl-5-oxoproline used as the starting material was prepared in the following
manner;

(i} N-methyl-L-glutamic acid (9.81 g, 60.87 mmo!) was split into two equal batches
and each was suspended in water (15 ml) and heated in a sealed tube at 140°C for
30 minutes in a microwave reactor to give a clear solution. The two batches were
then combined and the water was evaporated and dried under vacuum to give a
white solid. The solid was triturated with ether then filtered and washed with more
ether to give, after drylng, 1-methyl-5-0x0-proline (7.47 g) as a white solid.

N-{{2-chloro-3-(triffluoromethyl)phenyllmethyl}-1-methyl-5-oxoprolinamide may also
be prepared as described below:

1-Methyl-5-oxoproline (49.0 g, 0.342 mol, prepared as described above) was
suspended in DCM (600m!) (internal temperature drops from 20°C to 13.7°C). EECQ
{2-ethoxy-1-ethoxycarbonyl-1,2-dihydrogquinoline, 75.26 g, 0.359 mol, 1.05eq) was
added in one portion and the mixture was stirred at room temperature for 15 minutes.
A solution of 1-[2-chloro-3-(trifluoromethy!)phenyllmethanamine (88.77 g, 0.358 mol,
1.05eq) in DCM (250ml) was then added dropwise to the mixture over 20 minutes
(slight exotherm to 19°C) and any remaining solids were then washed into the
mixture using additional DCM (150 ml). The mixture was then stirred at room
temperature overnight.

Saturated agqueous sodium hydrogen carbonate (300 mi) was added and the mixture
was stirred for 5 minutes at room temperature. The organic layer was separated,
and washed sequentially with water (300 ml), 2N aqueous hydrogen chloride (3 x 300
mi), water (300 ml) and saturated aqueous sodium chloride solution {300 ml). The
organic soluticn was dried over anhydrous sodium sulphate, filtered and evaporated
in vacuo. The resulting solid was then triturated with ether (~500 ml) and the solid
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was collected, washed with ether and dried (30°C, vac oven over the weekend) to
give a colourless solid (91.1 g, 80%). This material was combined with a similar
batch, prepared in an analagous manner, and the combined material (total of 178 g)
was dissolved in ethyl acetate (2.75 1) with heating (gentle reflux, overhead stirring).
The resulting hot clear solution was gently stirred and cooled to room temperature
overnight. The solid was collected, washed with cold ethyl acetate (500 m!) and
dried (50°C in vacuum oven, ~3 days) to give N-{[2-chloro-3-
(trifluoromethyl)phenyljmethyl}-1-methyl-5-oxoprolinamide, as colourless needles
(148.4 g).

LC/MS [M+H]" = 335/337, retention time = 2.26 minutes.

'H NMR (CDCl;, 500MHz) § 1.86 (m, 1H), 2.21 (m, 1H), 2.24 (m, 1H), 2.28 (m, 1H),
264 (s, 3H),4.12(dd, 1H, J=8.3, 3.5 Hz), 447 (d, 2H, /=58 Hz), , 7.58 (t, 1H, J =
7.8 Hz), 7.65 {d¢d, 1H, J = 7.8, 1.0 Hz), 7.80 (dd, 1H, J = 7.8, 1.2 Hz), 8.81 (broad ¢,
1H, J = 5.7 Hz); °C NMR 5 174.4, 171.4, 138.8, 133.1, 129.8, 127.5, 127.1, 126.6,
122.9, 61.6, 40.2, 29.1, 28.0, 22.5.

Enantiomeric excess = 99.1%, as determined by chiral chromatography method A,
indicative of N-{[2-chloro-3-(triflucromethyl)phenyllmethyi}-1-methyl-5-oxo-L-
prolinamide

retention time = 6.99 minutes

{a); = -0.8° (c=1, MeOH), Temperature = 29.3°C, wavelength = 583nm

melting point = 173°C

Example 52 N-[(2,3-dichloro-4-fluorcphenyl)methyl]-1-methyi-5-oxoprolinamide

(E52)
F
oﬂnﬁa

o) ol
1-methyt-5-oxoproline (0.060 g, 0.42 mmol, prepared as described above for
example 51) was dissolved in dichloromethane (5 ml) and to this was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.096 g, 0.5 mmol), 1-
hydroxybenzotriazole (0.068 g, 0.5 mmol), and N-ethyl morpholine (0.160 ml, 1.26
mmol). The mixture was stirred for ~10 minutes and then [(2,3-dichloro-4-
fluorophenyl)methyljamine hydrochloride (0.081 g, 0.42 mmo!, prepared as described
previously for example 48) was added and the mixture was left to stir overnight (~17
hrs) and then over the weekend. The mixture was then treated with saturated
aqueous sodium hydrogen carbonate (~3 ml) and stirred vigorously for 10 minutes.
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The organic layer was separated using a hydrophobic frit , washing the aqueous with
additional dichloromethane (~2 ml). The combined organic fractions were
concentrated to give a cream coloured solid. The solid was partitioned between
ethyl acetate (~20 ml) and water (~10 ml) and the organic layer was then seperated
by passing through a phase separator and concentrated to give pure -[(2,3-dichloro-
4-flugrophenylimethyl]-1-methyl-5-oxoprolinamide as an off-white solid.

LC/MS [M+H]* = 319, retention time = 2.2 minutes.

Examples 53-64

In & manner analogous to that described for Example 52 above the compounds
tabulated below (Table 4) were prepared by substituting the appropriate amine (or
salt thereof) for the [(2,3-dichloro-4-fluorophenyl)methyllamine hydrochloride used in
the above procedure. All of the amines used to make the compounds shown in Table
4 are available from commercial sources or can be prepared using routes described
previously in the chemical literature or using analogous methods.

Table 4
Retention
Example ) .
Chemical name [M+H] time
no,
{mins)
=
O%N\QF
ES3 I é “ 303 2.04
N-[(2-chioro-3,4- -0
difluorophenyl)methyl]-1-methyl-5-
oxoprolinamide
(o]
E54 o 281 2.29
N-[(4-chloro-2-methylphenylimethyl)-
1-methyl-5-oxoprolinamide
F
E55 o{)\\("" S . 319 2.29
| o Fi
N-{[4-flucro-2-
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Example
no.

Chemical name

[M+H]'

Retention
time
(mins)

(trifluoromethyl)phenyllmethyl}-1-
methyl-5-oxoprolinamide

ES6

-
N
OI&)\\( o]

I o]

N-[(2,3-dichlorophenyl)methyl]-1-
methyl-5-oxoprolinamide

301

2.28

ES7

Cl
N
| o
N-[(2,6-dichlorophenyl)methyl]-1-

methyl-5-oxoprolinamide

301

2.15

ES8

N-{(3-chloro-2-methylphenyl)methyl)-

1-methyl-5-oxoprolinamide

281

2.27

ESS

F
N FF
07 N
| ©

N-{[2-fluoro-3-
(triluoromethyl}phenyl)methyl}-1-
methyl-3-oxoprolinamide

319

232

E6O

N\Q @
oi")\\{ F
] o

N-[(3-chioro-2-fluorophenyl)methyi]-

1 -methyl-s-oxOproIinamide

285

2.14

E61

Fatess

N-{(2,4-dichloro-6-
methylphenyl)methyi]- 1-methyi-5-

315

2.3
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Retention

Example

Chemical name IM+H] time
no.

(rrins)

oxoprolinamide

F
F
/ﬁkF
N
N\
v}

1-methyl-N-{[2-methyl-3-
{trifluoromethyl)phenyl)methyl}-5-
oxoprolinamide

'
F
NG
[¢]

N-[(2-bromo-4-flucrophenyl)methyl)-
1-methyl-5-oxoprolinamide

FFF
F
N
N .
o

N-{{3-fluoro-2-
(trifluoromethyl)phenyljmethyl}-1-
methyl-5-oxoprolinamide

E62 31561 2.26

E63 330.9 2.0

E64 318 2.1

The amines required for the synthesis of example 62-64 were prepared according to
the procedures described, respectively, below:

1) {[2-Methy!-3-(trifluoromethyl)phenyilmethyl}amine hydrochloride (Amine used o
prepare Example 62)

Borane tetrahydrofuran (1M, 39.4 mi, 39.4 mmol) was added to a solution of 2-
methyl-3-trifluoromethyl benzamide (2 g, 9.85 mmol) in tetrahydrofuran (75 mi) and
stirred at 70°C for 5 hrs. LCMS showed incomplete reaction so heating at 70°C
under argon was continued overnight and then for a further 5 hrs following this. The
reaction mixture was treated with 2N aqueous hydrogen chloride and stirred at 100°C
for 4 hrs and then left to cool over the weekend. The mixture was reduced to
dryness undervacuum and then partitioned between dichloromethane and 2N
aqueous sodium hydroxide. The organic layer was separated using a hydrophobic

frit and reduced to give a residue which was purified by flash silica column
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chromatography (eluting with 0-5% 2N ammonia/methanol in dichloromethane). The /\<
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solvent was evaporated and the residue taken up in diethyl ether and treated with 1M
ethereal hydrogen chloride. The solid that precipitated was collected by filtration and
this was then triturated with dichloromethane and after filtration 2-Methyl-3-
(trifluoromethyl)phenylimethyl}amine hydrochloride (1.4 g) was obtained as a white
solid. '

LC/MS [M+H]" = 173, retention time = 1.30 minutes.

2) [(2-bromo-4-fluorophenyl)methyllamine hydrochloride {(Amine used to prepare
Example 63)

(i) 2-Bromo-4-fluorobenzyl bromide (5g 18.8 mmol) and potassium phthalimide (4g,
21.6 mmol) were combined in dimethylformamide (200 mi) and stirred at 80°C for 18
hrs overnight. The mixture was reduced under vacuum and the residue was
partitioned between diethyl ether and water. Solids were filtered off and the aqueous
layer was washed with more ether {2 x 50 ml). The ether layers were combined and
dried over sodium sulphate then filtered and evaporated to give an off-white solid
(3.36 g). The solid was triturated with methanol and filtration gave 2-[(2-bromo-4-
fluorophenyl)methyl]-1H-isoindole-1,3(2H)-dione as a solid (2.06 g) which was used
without further purification in the next step.

LC/MS [M+H]" = 334, retention time = 3.30 minutes.

(i) Hydrazine hydrate (0.655 mi, 21 mmol) was added to a suspension of 2-[(2-
bromo-4-fluorophenyl)methyi]-1H-isoindole-1,3(2H)-dione (2 g, 6 mmol) in ethanol
(60 mly and stirred at room temperature overnight. The reaction had not gone lo
completion at this stage so the mixture was heated at 100°C for a total of 2 hrs (the
mixture turned white and cloudy during this time). The mixture was filtered to remove
salids then cooled and filtered again. The solids were washed with cold ethanol and
then the combined ethanol fractions were evaporated to dryness under vacuum. The
resulting residue was partitioned between 2N aqueous hydrogen chloride and
dichloromethane. The organic phase was separated using a hydrophobic frit. The
aqueous layer was washed with more dichloromethane and separated again. The
aqueous layer was then reduced under vacuum to leave a pale yeliow solid (0.876
g). The solid was taken up in saturated aqueous sodium hydrogen carbonate
solution and extracted with dichloromethane. Seperation by hydrophobic frit and
evaporation gave a residue which was dissolved in diethyl ether and treated with
athereal hydrogen chloride. A pale yellow solid precipitated from the mixture,
Evaporation and drying gave [(2—brom6-4-ﬂuorophenyl)methyl]amine hydrochloride
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(0.789 g).
LC/MS [M+H]" = 203, retention time = 1.08 minutes.

3) {[3-fluoro-2-(trifluoromethyl)phenyljmethyl}amine hydrochloride (Amine used to
prepare Exampie 64)

Borane tetrahydrofuran (1M, 19.2 ml, 19.2 mmol) was added dropwise to a solution
of 3-fluoro-2-{trifluoromethyl)benzamide (1 g, 4.8 mmol) in tetrahydrofuran (40 ml)
under argon at room temperature. The mixture was heated at 70°C and then a
further aliquot of borane tetrahydrofuran (10 ml, 10 mmol} was added and heating at
70°C was continued over the weekend. The reaction mixture was cooled to room
temperature and then treated with 2M aqueous hydrogen chloride (15 ml) and stirred
at room tempertaure for 15 minutes. Aqueous sodium hydroxide solution was added
until the pH of the mixture was between 8-9 and then the mixture was extracted with
ethyl acetate (3 x 30 ml). The combined organic ‘ayers were filtered through a
hydrophabic frit and then evaporated under vacuum. The residue was redissolved in
dichloromethane, filtered through a hydrophobic frit and evaporated to give a yellow
cil. The oil was dissolved in 2M aqueous hydrogen chloride. A white precipitate
formed and this was collected by vacuum filtration and then loaded equally onto 4 x
10 g SCX columns. The columns were flushed with methanol and water and then
aqueous ammonia was used to wash off the product. These latter fractions were
reduced under vacuum to give a yellow oil (0.4 g). The oil was dissolved in diethyl
ether and treated with 1M ethereal hydrogen chloride until no more precipitate
formed. The mixture was reduced under vacuum to give  {[3-fluoro-2-
(trifluoromethyl)phenyl)methyl}amine hydrochioride as a white solid.

LC/MS [M+H]" = 193, retention time = 1.15 minutes.

Examples 65-69

The examples tabulated below (Table 5) were prepared in a manner analogous to
that described for Example 12 by substituting the appropriate amine (or salt thereof)
for the [(2,3,4-trifluorophenyl)methyllamine used in the procedure described for
example 12. All of the amines used ito make the compounds shown in Tabie § are
available from commercial sources or can be prepared using routes described
previously in the chemical lterature unless stated otherwise. The 1-ethyl-5-oxo-
proline used to prepare these examples was in turn prepared using method C as
described for example 12 apart from in the case of example 65 where method A was
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Example
no.

Chemical name

[M+H]*

Retention
time
(mins}

E65

N-[(2,3-dichloro-4-
fluorophenyl)methyl)- 1-ethyl-5-
oxoprolinamide

333

2.31

E66

o5

1-8thyi-5-oxo-N-[(2,4,6-
trimethylphenyl)methyl]-prolinamide

288

2.41

E67

D

N-[(2,3-difluoropheny!)methyl]-1-
ethyl-5-oxoprolinamide

283

1.96

E68

N-{(3,5-dichlorophenyl)methyl}-1-
ethyl-5-oxoprolinamide

316

2.39

E6S

N-[(3-chloro-2-fluorophenyl)methyl}-
1-ethyl-5-oxoprolinamide

299

2.22

Example 70 N-[(2-chloro-4-fluorophenyl)methyl]-1-ethyl-5-oxoprofinamide (E70)
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1-ethyl-5-oxoproline (0.100 g, 064 mmol) was dissolved in a mixture of
dichloromethane (3 ml) and dimethylformamide (0.5 ml) and to this was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.147 g, 0.77 mmot), 1-
hydroxybenzotriazole (0.104 g, 0.77 mmol), and N-ethyl morpholine (0.244 ml, 1.92
mmol), The mixture was stirred for 10 minutes and then 2-chloro-4-
fluorobenzylamine was added to the mixture and stirring continued ovemight (~16
hrs) at room temperature. The mixture was then treated with saturated aqueous
sodium hydrogen carbonate (~2 ml) and stirred vigerously for ~10 minutes. The
aqueous layer was removed using a phase separator and extracted with more
dichloromethane (2 x 1 ml). The.combined organic layers were concentrated to give
a yellow oil and this was subsequently purified by mass-directed automated HPLC to
give N-{{2-chloro-4-fluorophenyl)methyl]-1-ethyl-5-ox0-D-prolinamide (0.065 g) as a
white solid. LC/MS [M+H]}" = 299, retention time = 2.16 minutes.

Enantiomeric excess = 80.9%, as determined by chiral chromatography method B,
indicative of N-[(2-chloro-4-fluorophenyl)methyl]-1-ethyl-5-oxo-D-prolinamide
retention time = 5.91 minutes

The 1-ethyl-5-oxoproline used in the above procedure was prepared as described
below:
(i) D-pyroglutamic acid ethyl ester (4.17 g, 26.53 mmol) was dissolved in
tetrahydrofuran (30 ml) and ethyl iodide (2.23 ml, 27.86 mmol) was added to give a
pale yellow solution. This was cooled to 0°C and sodium hydride (60% in ail, 1.11g,
27.86 mmol) was added portionwise. After addition of all the sodium hydride the
mixture was stirred at 0°C for a futher 20 minutes until most of the bubbling had
stopped. The mixture was then warmed to room temperature and stirred overnight
_under argon. The mixture was then treated with saturated aqueous ammonium
chioride solution (~5 ml). The organic layer was separated and the agueous layer
was extracted with more dichloromethane (3 x 20 ml). The combined organic layers
were dried by passing through a phase separator and then concentrated to a
green/brown oil (3.2 g). This was purified by automated flash sifica column
chromalography (Biotage SP4), eluting with a 0-100% gradient of ethyl acetate in
hexane, to give ethyl 1-ethyl-5-oxoprolinate as a yellow oll (1.33 g) which was used in
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the next step without further purification.

(i) Ethyt 1-ethyl-5-oxoprolinate (1.33 g, 7.18 mmol) was dissolved in ethanol (10 mi)
and cooled to 0°C in an ice bath. To this was added 12.5M aqueous sodium
hydroxide solution (1.72 ml, 21.53 mmol) and the mixture was stirred for ~4 hours at
0°C. The ethanol was evaporated under vacuum and the aqueous residue was
acidified with 2N aqueous hydrogen chloride to pH1. The volume of the aqueous
phase was reduced to ~3 m! under vacuum and then extracted with a 3:1 mixture of
chioroform and isopropanol using a phase separator. The combined organic layers
were concentrated to a pale yellow oil which on drying in vacuo crystallized to give 1-
ethyl-5-oxoproline as a white solid (1.12 g).

Examples 71-82

In a manner analogous to that described for Example 70 above the compounds
tabulated below (Table 6) were prepared by substituting the appropriate amine (or
salt thereof) for the 2-chloro-4-fluorobenzylamine used in the above procedure. All of
the amines used to make the compounds shown in Table 6 are available from
commercial sources or can be prepared using routes described previously in the
chemical literature unless stated otherwise. Where determined (by chiral HPLC), the
enantiomeric excess (e.e.) of the isomer shown is also listed along with its
slereospecific name, the chiral separation method used in parantheses and the
corresponding retention time (r.t.) in that method.

Table 6
Retention
Example .
Chemical name [M+H] time
no.
{mins)
e.s.
Ct
_ N 75.6%
T (€)
E71 J oo ¢ 315 2.36

N-[(2,4-dichlorophenyl)methyi]-
1-ethyl-5-0x0-D-prolinamide
r.t.=6.18mins

N-[(2,4-dichlorophenyl)methyl)-
1-ethyl-5-oxeprolinamide

E72 c-f‘(,}\("\/QKi 349 244 76.4%
) ) & F

(A)
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A

Retention
Example N
Chemical name [M+H] time
no. {mins)
ee.
N-{{2-chloro-3- N-{[2-chloro-3-
{trifiuoromethyl)phenyljmethyi)- (trifluoromethyl)phenyljmethyl}-
1-ethyl-5-oxoprolinamide . 1-ethyl-5-0xo0-D-prolinamide
r.t.=4.44mins
¢
o%“\ﬂﬂi 77.3%
E73 e F 349 25 *) '
N-{[4-chloro-3- N-{{4-chloro-3-
(trifluoromethyl}phenyilmethyl}- (trifluoromethyl)phenyljmethyl)-
1-ethyl-5-oxoprolinamide 1-ethyl-5-ox0-D-prolinamide
r.1.=4.45mins
. J\‘N‘ ’MFN\)Q 77.6%
oo c (C)
E74 295 223 N-{(2-chloro-6-
N-{(2-chloro-6- methyiphenyl)methyl}-1-ethyl-
methylphenyl)methyl)-1-ethyl- 5-0x0-D-prolinamide
5-oxoprolinamide r1.5.08mins
c
. %N\Qa 76.3%
E75 P 315 2.38 ©
N-[(3.4-dichlorophenyl)methyl]-
N-1(34-dichiorophenylimethyl]- 1-ethyl-5-0x0-D-prolinamide
1-ethyl-5-oxaprolinamide rt =4.38mins
o%”\/@
E76 S “ 281 2.06
N-[(2-chlorophenylimethyl]-1-
ethyl-3-oxoprolinamide
[+
LA I
E?7 ~ a a 315 2.1
N-{(2,8-dichlorophenyl)methyl}-
1-ethyl-5-oxoprolinamide
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no.

Example

-

Chemical name

[M+H]

Retention
time
{mins}

e.e.

E78

o
N-[(2-chloro-3,4-
difluorophenytimethyl]-1-ethyl-
5-oxoprolinamide

317

213

E79

o
LT
N
Ao
N-{(4-chloro-2-

methylphenyl)methyl]-1-ethyl-
5-oxoprolinamide

295

2.24

E80

PN

N-{(2,3-dichlorophenyf)methyl]-
1-ethyl-5-oxoprolinamide

315

2.23

E81

1-ethyl-N-{{4-flucro-2-
(triftucromethyl)phenyllmethyl}-
S-oxoprolinamide

333

2.25

gg2

£

N-{(3-chloro-2-
fluorophenyl)methyl}- 1-ethyl-5-

oxeprolinamide

299

21

Example 83 N-{{4-fluoro-2-{trifluoromethyl)phenyl}jmethyl}-1-methyl-5-oxoprotinamide

(E83)
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N-{[4-fluoro-2-(trifluoromethyl)phenyl)methyl}- 1-methyl-5-oxoprofinamide was
prepared in @ manner analogous to that described above for the synthesis of N-[(2-
chloro-4-fluorophenyl)methyl}-1-ethyl-5-oxoprolinamide (Example 70) but 1-methyi-5-
oxoproline (prepared as describe below) was substituted for 1-ethyl-5-oxoproline and
{{4-fluoro-2-(triflucromethyl)phenyllmethyl}amine was substituted for 2-chloro-4-
fluorobenzylamine.

LC/MS [M+H]" = 319, retention time = 2.14 minutes.

The 1-methyl-5-oxoproline used in the above procedure was prepared as described
below:

(i) D-pyroglutamic acid ethy! ester (4.0 g, 255 mmol) was dissolved in
tetrahydrofuran (25 ml) and cooled to 0°C . Methyl iodide (1.66 ml, 26.7 mmol) was
added and stirring continued for 10 minutes under argon at 0°C. Sodium hydride
(60% in oil, 1.6 g, 26.7 mmol) was then added portionwise (allocwing each portion to
react). After addilion of ali the sodium hydride the mixture was allowed to warm to
room temperature and stirred ovemnight under argon. The mixture was then treated
with saturated aqueous ammonium chloride solution (~15 ml) and stirred for 4 hrs.
The organic layer was separated and the aqueous layer was extracted with more
dichloromethane. The combined organic layers were dried over magnesium sulphate
and then concentrated to a dark oil. This was purified by flash silica column
chromatography, eluting with a 0-75% gradient of ethyl acetate in hexane, to give
ethyl 1-methyl-5-oxoprolinate as a colourless oil (0.27 g) which was used in the next
step without further purification.

(i) Ethyl 1-methyl-3-oxoprolinate (0.27 g, 1.58 mmol) was disscived in ethanol (5 ml)
and cooled to 0°C in an ice bath. To this was added 2M aqueous sodium hydroxide
solution (3 ml) and the mixture was stirred for ~4 hours at 0°C. The ethanol was
evaporated under vacuum and the aqueous residue was acidified with 2N aqueous
hydrogen chloride to pH1. The volume of the aqueous phase was reduced to ~3 mi
under vacuum and then extracted with a 3:1 mixture of chloroform and isopropanoi
using a phase separator. The combined organic layers were concentrated to give 1-
methy!-5-oxoproline which was used without further purification. ‘
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Furthermore, and also in a manner analogous to that described for Example 70

above the compounds tabulated below (Table 7) were prepared by substituting the

appropriate amine (or salt thereof) for the 2-chloro-4-flucrobenzylamine used in

Example 70. All of the amines used to make the compounds shown in Table 7 are

available from commercial sources or can be prepared using routes described

previously in the chemical literature unless stated otherwise. 1-Methyl-5-oxoproline

(prepared as describe above for example 81) was substituted for the 1-ethyl-5-

oxcproline used in Example 70. Where determined (by chirat HPLC), the -

enantiomeric excess (e.e.) of the isomer shown is also listed along with its

stereospecific name, the chiral separation method used in parantheses and the

corresponding retention time (r.t.) in that method.

Table 7
Retention
Example .
Chemical name [M+H] time
no.
{mins)
e.e.
o}
€84 0 a 301 2.1
N-[(2,3-dichlorophenyl)methyl]-
1-methyl-5-oxoprolinamide
=
oﬂ”"@&” 94.1%
g afr (A)
£85 33 2. . -3-
N-{[2-Chloro-3- 5 27 | N-{[2-chloro-3
(triflucromethyl)phenylimethyl)- “"ﬂmmmemy')phe”y”_mew}'
1-methyl-5-oxoprolinamide 1-methyl-5-ox0-D-prolinamide
r.t.=5.17mins
=]
o]}
E86 © < 301 1.98
N-[(2,6-dichlorophenyl}methyl)-
1-methyl-5-oxoprolinamide
o
€87 ’(;H(N\)Q 281 2.1
I “
0
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10

Example

no.

Chemical name

(M+HT

Retenlion
time
(mins)

e.e.

N-[(3-chloro-2-
methylphenyl)methyl]-1-methyl-
5-oxoprolinamide

E88

Oﬂrn\/QXF
| L F

N+4[2-fluoro-3-
(triflucromethyl)phenyijmethyl}-
1-methyt-5-oxoprolinamide

319

216

E89

)

N-[(5-chloro-2-
methylphenylimethyi]-1-methyl-
5-oxoprolinamide

281

2.1

E90

oﬂn\/@
/ c') I ]

N-{{3-chloro-2-
fluorophenyl)methyl]-1-methyl-
5-oxoprolinamide

285

1.98

Example 91 N-[(2-chloro-4-fluorophenyl)methyl]-5-oxo-1-phenyl-prolinamide (E91)

Oé’?\‘é’“ v<!;.jr

5-oxo-1-phenyl-proline (0.072 g, 0.35 mmol, prepared as described below) was
dissolved in dichloromethane (~2 mi) and dimethylformamide (0.5 ml) and to this was
added N-(3-dimethylaminopropy!)-N'-ethylcarbodiimide hydrochioride (0.081 g, 0.42
mmol), 1-hydroxybenzotriazole (0.057 g, 0.42 mmol), and- N-ethyt morpholine (0.134

mi, 1.05 mmol). The mixture was stirred at room temperature for 30 minutes and
then [(2-chloro-4-fluorophenyl)methyljlamine (0.067 g, 0.42 mmol) was added.
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Stirring was continued overnight at room temperature and then the mixture was
diluvted with more dichloromethane and saturated aqueous sodium hydrogen
carbonate. The aqueous layer was separated and extracted with more
dichloromethane (3 aliquots). The combined organic layers were then washed with
brine before drying over magnesium sulphate. Evaporation of the solvent then gave
a yeilow oil which was purified by mass-directed automated HPLC. Finally trituration
of the material thus obtained with a 1:1 mixture of dichioromethane and diethyl ether
gave, after filtration and drying, pure N-[(2-chloro-4-fluorophenyl)methy}-5-ox0-1-
phenyl-prolinamide (0.031 g) as a white solid. LC/MS [M+H]™ = 347, retention time =
2.46 minutes.

The 5-oxo-1-phenyl-proline used in the above procedure was prepared as follows:

(i) D-pyroglutamic acid ethyl ester (0.200 g, 1.27 mmol) was dissolved in dioxane (5
ml) and treated with tris(dibenzylideneacetone)dipalladium (0) (0.058 g, 0.06 mmo!),
bromobenzene (0.351 ml, 1.53 mmol), cesium carbonate (0.621 g, 1.91 mmol) and
Xantphos™ (0.110 g, 0.19 mmol). The resulting mixture was heated at reflux
overnight and then allowed to coo! to room temperature, The mixture was diluted
with methano! and filtered. The filtrate was evaporated in vacuo and then partitioned
between dichloromethane and saturated aqueous sodium hydrogen carbonate. The
aqueous layer was extracted with more dichloromethane (3 aliquots) and then the
combined organic layers were washed with brine and dried over magnésium
sulphate. Evaporation of the solvent gave a bright yellow residue which was purified
by flash silica column chromatography, eluting with a gradient of 0-50% ethy! acetate
in hexane, to give methyl 5-oxo-1-phenyiprolinate (0.078 g) as a yellow oil. This was
used in the next step without further purification.

(i) Methyl 5-oxo0-1-phenylprolinate (0.078 g, 0.36 mmol) was combined with 2N
aqueous sodium hydroxide (2 mi} in ethanol (2 ml) at 0°C. The mixture was stirred at
between -10°C and 0°C for 5§ hours. The solvent was then evaporated in vacuo and
the residue was acidified to pH1 by the addition of 2M aqueous hydrogen chloride.
To this was added dichloromethane and the mixture was passed through a phase
separator. The aqueous layer was washed with more dichloromethane and then the
combined dichloromethane layers were evaporated to give 5-oxo-1-phenyl-proline
(0.072 g) as a yellow gum which was used without further purification in the next
step.

Example 92 N-{[Z-chloro-3-(trif!uoromethyl)phenyl]methyl}-s-oxo-1-(phenylmethyl)-
prolinamide (E92) '
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5-oxo-1-(phenyimethyl)proline {0.100 g, 0.46 mmol, prepared as described below)
was dissolved in a mixture of dichloromethane (2.5 ml) and dimethylformamide (0.5
ml) and to this were added N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (0.105 g, 0.55 mmol), 1-hydroxybenzotriazole (0.074 g, 0.55 mmol),
and N-ethyl marpholine (0.143 ml, 1.37 mmol). The mixture was stirred for 10
minutes and then {[2-chloro-3-(trifiuoromethyl}phenyljmethyl}amine (0.115 g, 0.55
mmol) was added and the mixture was stirred for 1 hr. Saturated aqueous sodium
hydrogen carbonate (10 ml) was added and the mixture stirred vigerously for 15
minutes. The organic phase was separated with a phase separator and the aqueous
phase was washed with further aliquots of dichloromethane {3 x 10 ml). The organic
fractions were combined and dried over magnesium sulphate. The solvent was then
evaporated and the residue was purified by mass-directed automated HPLC to give
pure N-{{2-chloro-3-(triflucromethyl)phenyl]methyl}-5-ox0-1-(phenylmethyl)-D-
pratinamide

LC/MS [M+H]" = 411, retention time = 2.77 minutes.

Enantiomeric excess = 100.0%, as determined by chiral chroniatography method D,
indicative of N—{[2-ch|oro-3-(trifluoromethyf)phenyt]methyl}-Svoxo-1‘-(phenylmelhyl)-0-
prolinamide

retention time = 10.58 minutes

The 5-oxo-1-(phenylmethyl)proline used in the method described above was
prepared as follows:

D-glutamic acid (1.47 g, 10 mmol) was dissolved in 2N aqueous sodium hydroxide
{10 ml, 20 mmol) and stirred for 15 minutes. The mixture was then treated with a
solution of benzaldehyde (1.1 ml, 10 mmol) in ethanol (3 mil) and stirred at room
temperature for 30 minutes. The mixture was cooled to 0°C and treated with sodium
borohydride (0.030 g). The mixture was allowed to warm to room temperature with
stirring over 4 hrs and then washed with diethyl ether (three times) before acidifying
with concentrated hydrochioric acid to pH2, The resulting precipitate was filtered off
and washed with diethyl ether before slurrying in ethano! and azeotroping three times
with more ethanol. Finally the remaining material was slurried in ethanol (50 ml) and .
heated at reflux for 16 hrs. The mixture was then cooled 1o room temperature and
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evaporated in vacuo. Drying afforded pure 5-oxo-1-(phenyimethyl)proline.

Example 93 N-[(2—ch|oro-4—fluorophen&i)methyl]-s-oxo-1-(phenyimethyl)prolinamide
{E93)

S

N-{(2-chloro-4-fluorophenyl)methyl]-5-ox0-1-(phenyimethyi)prolinamide was prepared
in an analogous manner to that described for the synthesis of N-{[2-éh1oro-3-
(trifluoromethyl)phenyl]methyl)-5-oxo-1-(phenylmethyl)prolinamide  (Example 92)
above but using [(2-chloro-4-fluorophenyl)methyllamine in the place of {[{2-chlore-3-
(trifluoromethyl)phenyl)methyl}amine.

LC/MS [M+H]" = 361, retention time = 2.54 minutes.

Exarmple 94 N-[(2-chloro-4-fluorophenyl)methyl]-1-cyclopentyl-5-oxoprolinamide
{E94)

1-Cyclopentyl-S-oxopreline (0.100 g, 0.51 mmol, prepared as described below) was
dissolved in a mixture of dichloromethane (2.5 ml) and dimethylformamide (0.5 m)
and to this were added N-(3-dimethylaminopropyi)-N'-ethylcarbodiimide
hydrochloride (0.117 g, 0.61 mmol), 1-hydroxybenzotriazole (0.082 g, 0.61 mmol),
and N-ethyl morpholine (0.2 ml, 1.52 mmol). The mixture was stirred for 10 minutes
and-then [{2-chloro-4-flucrophenyl)methyllamine (0.097 g, 0.61 mmol) was added
and the mixture was stirred overnight. Saturated aqueous sodium hydrogen
carbonate (10 ml) was added and the mixture stirred vigorously for 15 minutes. The
organic phase was separated with a phase separator and the aqueous phase was
washed with further aliquots of dichioromethane (3 x 10 ml). The organic fractions
were combined and dried over magnesium sulphate. The solvent was then
evaporated and the residue was purified by mass-directed automated HPLC to give
pure N-[(2-chloro-4-fluorophenyl)methyl]-1-cyclopentyl-5-oxoprolinamide.

LC/MS [M+H]" = 339, retention time = 2.4 minutes.

73




10

15

20

25

30

WO 2008/003697 PCT/EP2007/056675

The 1-Cyclopentyl-5-oxoproline used in the above procedure was prepared as
follows: _

{i} Dimethyl D-glutamate hydrochloride (2.1 g, 10.00 mmol} was dissolved in
methanol (7.5 mi) and tetrahydrofuran (15 mi)and the mixture was then treated with
crushed sodium hydroxide (0.402 g, 10.05 mmol) for 20 minutes under argon. At this
stage acetic acid (0.575 ml, 10.05 mmol) and cyclopentanone (0.889 ml, 10.05
mmol) were added to the mixture. After stirring for 10-15 minutes the mixture was
cooled to 0°C in an ice-bath and treated with sodium borohydride pellets (0.380 g,
10.05 mmot). The mixture was stirred for 3 hrs under argon and allowed to warm to
room temperature. Once the mixture had reached room temperature the methanol
was evaporated off and the residue was diluted with dichloromethane (20 ml) and
washed with saturated aqueous sodium hydrogen carbonate (=25 ml). The organic
layer was separated and the aqueous layer was back-extracted with more
dichloromethane (2 x 20 mi). The combined organic layers were concentrated in
vacuo to give an oil. The oil was dissolved in toluene (10 ml) and heated at reflux
overnight. The solvent was then evaporated and the resulting residue was purified
by flash-silica column chromatography, eluting with a gradient of 0-10% methanol in
dichloromethane, to give crude methyl 1-cyclopentyl-5-oxoprolinate which was used
without further purification in the next step.

(i) Methyl 1-cyclopentyl-5-oxaoprolinate (0.560 g, 2.65 mmol) was dissolved in
ethanol (10 ml) and cooled to 0°C in an ice-bath, 2M aqueous sodium hydroxide (5
mi) was added and the mixture was stirred at ice temperature for 4 hrs. The ethanol
was then evaporated under vacuum and the aqueous residue was acidified to pH1 by
the addition of 2N aqueous hydrogen chloride. The volume of resulting aqueous
mixture was reduced under vacuum tc ~3 ml and this was then extracted with a 3:1
mixture of chloroform and isopropanol respectively using a phase separator. The
aqueous layer was washed with more dichloromethane and then the combined
organic fractions were evaporated to give crude 1-cyciopentyl-5-oxoproline which
was used in subsequent reactions without further purification.

Examples 95-99

In a manner analogous to that described for Example 94 above the compounds
tabulated below (Table 8) were prepared by 5ubstiiuting the appropriate amine (cr
salt thereof) for the [(2-chloro-4-fluorophenyl)methyllamine used in the above
procedure and/or substituting the appropriate aldehyde or ketone for the
cyclopentanone used in the above procedure. All of the amines used to make the
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compounds shown in Table 8 are available from commercial sources or can be

prepared using routes described previously in the chemical literature unless stated

otherwise,

Table 8

Example

no.

Chemical name

(M+H]

Retention
time

(mins)

E95

N-{[2-chloro-3-
{triffluoromethyl)phenyljmethyl)-1-
cyclopentyl-5-oxoprolinamide

389

2.66

ES6

N-{(2-chioro-4-flucrophenyl)methyi]-
1-cyclobutyl-S-oxoprolinamide

325

2.35

E97

pased

N-f(2-chloro-4-fluorophenyl)methyl}-
1-(1-methylethyl)-5-oxoprolinamide

313

2.19

£G8

4

s

N-{{2-chloro-4-fluorophenyl)methyi]-
1-(1-methylpropy')-8-oxoprolinamide

327

2.35

E99

N-{[2-chloro-3-

{trifluoromethyl)phenyl]methyl}-1-(1-
methylpropyl)-5-oxoprolinamide

377

2.6
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Example 100 N-{[2-chloro-3-(trifluoromethyl)phenyllmethy!}-1-(2,2-dimethylpropyl)-5-
oxoprolinamide (E100) -

1-(2,2-dimethylpropyl)-5-oxopreline (0.100 g, 0.5 mmol, prepared as described
below) was dissolved in dichloromethane (§ ml) and to this was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.191 g, 1 mmol), and 1-
hydroxybenzotriazole (0.135 g, 1 mmol). The mixture was stirred for 30 minutes at
room temperature and then {[2-chloro-3-(trifluoromethyl)phenyllmethyl}amine (0.209
g. 1 mmol) was added and the mixture was stired ovemight at room temperature.
The mixture was then washed sequentially with water, 3N aqueous citric acid, and
three more times with water then dried by filtering through a hydromatrix cartridge
(Varian 5 g). The solvent was then evaporated and the residue was purified by
mass-directed automated HPLC to give pure N-{[2-chloro-3-
(triflucromethyi}phenyljmethyl}-1-(2,2-dimethylpropyl)-5-oxoprolinamide.

LC/MS [M+H]" = 391/393, retention time = 2,78 minutes.

The 1-(2,2-dimethylpropyl}-S-oxoproline used in the method described above was
prepared as follows:

L.-glutamic acid (1.47 g, 10 mmol) was dissolved in 2N aqueous sodium hydroxide
(10 mi, 20 mmol) and treated with a solution of trimethylacetaldehyde (1.09 ml, 10
mmol) in ethanol (5 ml) and then stirred at room temperature for 30 minutes. The
mixture was cooled to 0°C and treated with sodium borohydride (0.130 g). The
mixture was allowed to warm to room temperature with stirring over 4 hrs and then
acidified to neutral pH. Concentration /n vacuo was followed by slurrying in ethanol
and azeotroping three times with more ethanol. Finally the remaining material was
suspended in ethanol (50 ml) and heated at reflux for 48 hrs. The mixture was then
cooled to room temperature, salts were filtered off and the solvent was evaporated in
vacuo to give a gum. Trituration with diethyl ether followed by drying afforded pure
solid 1-(2,2-dimethylpropy!)-5-oxoproline (1.1 g).

Example 101 N-{[2-chloro-3-(trifluoromethy!)phenyl]methil)-5-oxo-1-(phenylmethyl)-
prolinamide (E101)
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N-{[2-chloro-3-(triflucromethyl)phenyl]methyl}-5-0xo-1-(phenylmethyl)-D-prolinamide
was prepared in an analogous manner to that described for the synthesis of N-{[2-
chloro-3-(triflucromethyl)phenyllmethyi}-1-(2,2-dimethylpropyl)-5-oxoprolinamide
(example 100) above but using 5-oxo-1-(phenyimethyl)proline in the place of 1-(2,2-
dimethylpropyl)-S-oxoproline,

LC/MS [M+H]" = 411/413, retention time = 2.77 minutes.

Enantiomeric excess = 100.0%, as determined by chiral chromatography method D,
indicative of N-{[2-chloro-3-(trifluoromethyl)phenyllmethyl}-5-0xo-1-(phenyimethyl)-D-
prolinamide

retention time = 8.09 minutes

5-oxo-1-(phenylmethyl)proline was prepared in an analogous manner to that
described above for the synthesis of 1-(2.2-dimethylpropyl')-s-oxoproline (example
100) but using benzaldehyde in the place of trimethylacetaldehyde.

Example 102 N-[(2 4-dichlorophenylimethyl]-1-methyl-5-oxoprolinamide (E102)

Cl

N-[(2,4-dichiorophenyl)methyl]-1-methyl-5-oxoprolinamide was prepared in a manner
analogous to that described above for the synthesis -of N-{[4-flucro-2-
(trifluoromethyl}phenyljmethyl}-1-methyl-5-oxoprolinamide (Example 83) but [(24-
dichlorophenyl)methyllamine was substituted for {[4-fluoro-2-
{trifluoromethyl)phenyl]methyl}amine.

LC/MS [M+H]" = 300.9, retention time = 2.13 minutes.

Enantiomeric excess = 97.8%, as determined by chiral chromatography method A,
indicative of N-[(2,4-dichlorophenyl)methyl]-1-methyl-5-oxc-D-prolinamide

retention time = 6.25 minutes

Example 103 1-ethyl-N-{{2-fluoro-3-(triflucromethyl)phenyljmethyl}-5-oxoprolinamide
(E103)
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1-ethyl-N-{{2-fluoro-3-(trifluoromethyl)phenyi]methyl}-5-oxoprolinamide was prepared
in a manner analagous to that decribed above (see example 70) for N-[(2-chloro-4-
flucrophenyl)methyl]-1-ethyl-5-0x0-D-prolinamide but using 2-fluoro-3-
trifluoromethylbenzylamine in the place of 2-chloro-4-fluorobenzylamine.

LC/MS [M+H]" = 333, retention time = 2.24 minutes.

Examples 104-109

The examples tabulated below (Table 9) were prepared in é manner analogous o
that described for Example 12 by substituting the appropriate amine (or salt thereof)
for the [(2,3.4-trifluorophenyl)methyllamine used in the procedure described for
Examplte 12. All of the amines used to make the compounds shown in Table 9 are
available from commercial sources or can be prepared using routes described
previously in the chemical literature unless stated otherwise. The 1-ethyl-5-oxo-
proline used to prepare these examples was in turn prepared using method C as
described for Example 12.

Table 9
Retention
Example )
Chemical name [M+H]* time
no.
(mins)
o%“
E104 ° I 272 1.63
N-[{2-cyanophenyl)methyl}-1-ethyl-5-
oxoprolinamide
04]\rn
) CF,
o]
E105 il 340 2.11
N-{[2-cyano-3-(irifluoromethyl)phenyl)jmethyl}-
1-ethyi-5-oxoprolinamide
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Retention
Example . . ,
Chemical name {(M+H] time
no. .
(mins)

Lo ¢
N
E106 - 207 247

1-ethyl-N-(1-naphthalenylmethyl)-5-
oxoprolinamide

1-ethyl-5-0x0-N-{[4-
(trifluoromethyl}phenylimethyl}prolinamide

N CF,
=0 F

E108 333 2,39

1-ethy-N-{{2-fluoro-3-

{trifluoromethyi)phenyllmethyl}-5-

E107 315 2.30

oxoprolinamide

Q

1-ethyl-5-oxo-N-{{3-
(trifluoromethyl)phenyljmethyl}prolinamide

E109 315 2.34

The 2-(aminomethyl)-6-(trifluoromethyllbenzonitrile triflucroacetate required for the
synthesis of example 105 was prepared as follows:

(Y {(2-Fluoro-3-(triflucromethyl)phenyllmethyllamine (1.83 g, 10 mmol) was
dissolved in dichloromethane (40 ml) and treated with a solution of bis(1,1-
dimethytethyl) dicarbonate (2.18 g, 10 mmol) in dichloromethane (10 mi). After
stirring at room temperature for 2 hrs the solvent was evaporated to give a pale
yellow solid which was purified by silica-gel column chromatography, eluting with a
1:10-1:5 gradient of ethyl acetate in hexanes, to give pure 1,1-dimethylethyl {[2-
fluoro-3-(trifluoromethyt)phenyllmethyl)carbamate (2 g).

(i) 1.1-Dimethylethyl {[2-fluoro-3-(triflucromethyl)phenyl]lmethyl}carbamate (1.17 g, 4
mmol} was dissolved in dimethylsulphoxide (5 ml) and treated with potassium
cyanide {0.260 g, 4 mmo!). The mixture was then heated at 80°C under argon for 1.5
hrs and then at 120°C overnight (16 hrs). Additional potassium cyanide (0.260 g, 4
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mmol) was then added and heating continued at 120°C for a further 24 hrs. The
mixture was then cooled to room temperature, quenched with water, and diluted with
ethyl acetate. The organic extracts were separated and washed three times with
water and then with éaturated ‘aqueous sodium chloride solution. Drying and
evaporation gave a brown gum which was purified by silica-gel column
chromatography, eluting with a 1:10-1.5 gradient of ethy! acetate in hexanes, to give
partially pure 1,1-dimethylethyl {{2-cyano-3-(trifluoromethyl)phenyljmethyl}carbamate
as a dark solid/semi-solid which was used in the next step without further purification.
LC/MS [M-BOC+H]" = 201, retention time = 1,19 minutes.

(i) 1,1-Dimethylethyt {{2-cyano-3-(trifluoromethyl}phenyl]methyl}carbamate (0.190 g,
0.63 mmol) was dissolved in dichloromethane (4 mi) and tréated with trifluoroacetic
acid (4 ml). The mixiure was stirred at room temperature for 1 hr and then
evaporated. The residue was twice taken up in dichloromethane and evaporated
again to give crude 2-(aminomethy!)-6-(trifluoromethyl)benzonitrile trifluoroacetate
which was used without further purification.

Example 110 1-methyl-N-(1-naphthalenylmethyl)-5-oxoprolinamide (E110)

1-methyl-5-oxoproline (0.050 g, 0.35 mmol, prepared in a manner analogous to that
described above for example 51), N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide
hydrochloride (0.081 g, 0.42 mmol}, 1-hydroxybenzotriazole (0.057 g, 0.42 mmof), N-
ethyl morpholine (0.166 ml, 1.05 mmol) and (1-naphthalenylmethyl)amine were
combined in dichloromethane (~8 ml) and the mixture was stirred for ~20 hrs at room
temperature. The mixture was then washed with 2M aqueous hydrogen chloride (5
mi} and the organic layer was separated using a phase separator. The organic layer
was washed with saturated aqueous sodium hydrogen carbonate, separated as
before, and then evaporated. The residue was purified by mass-directed automated
HPLC to give pure 1-methyl-N-(1-naphthalenylmethyl)-5-oxoprolinamide as a white
solid (0.062 g).

LC/MS [M+H]' = 283, retention time = 2.1 minutes.

Example 111 N-{[2-chloro-4-fiuoro-3-(trifluoromethyl)phenyllmethyl}-1 -methyl-5-
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oxoprolinamide (E111)

1-methyl-5-oxoproline (0.057 g, 0.4 mmol, prepared in a manner analogous to that
described above for example 51) dissolved in dichloromethane (4 mi) and treated
with 2-ethoxy-1-ethoxycarbonyt-1,2-dihydroquinotine (0.104 g, 0.42 mmol). {[2-
Chioro-4-fluoro-3-(triflucromethyl)phenylimethyi}amine hydrochloride (0.105 g, 0.4
mmol, prepared as described below) was then added and the mixture was stirred at
room temperature for 4 hrs. The mixture was treated with saturated aqueous sodium
hydrogen carbonate {10 ml!) and stirred for 5 minutes. The organic phase was
separated using a hydrophobic frit and then washed with 2N agueous hydrogen
chloride (2 x 10 ml). Evapotation of the organic phase then gave pure N-{[2-chlorc-
4-fluoro-3-(triﬂuoromethyl)phenyl]méthyl}-1 -methyl-5-oxoprolinamide (0.106 g).
LC/MS [M+H]" = 353, retention time = 2,49 minutes.

The {[2-Chloro-4-tluoro-3-(triluoromethyl)phenyllmethyl}amine hydrochloride used in
the method described above was prepared as follows:

(i) 1-Chloro-3-fluoro-2-(trifiuvoromethyi)benzene (10 g , 50 mmol) was dissolved in
tetrahydrofuran (100 ml), cooled to -70°C under argon, and treated with a 1.4M
solution of sec-butyl lithium in cyclohexane (37.5 ml, 52.5 mmol). Stirring was
continued for 2 hrs and then trimethylsilyl chioride (6.7 ml, 52.5 mmol) was added
and stirring continued, still at -70°C, for a further 1 hr. The mixture was aliowed to
warm to room temperature and the tetrahydrofuran was then removed in vacuo. The
residue was partitioned between diethyl ether and water énd then the organic layer
was separated and washed with 2N aqueous hydrogen chioride. The organic phase
was separated and concentrated to give the crude product which was purified by
flash silica-gel column chromatography, eluting with hexane, to give pure [4-chloro-2-
fluoro-3-(triflucromethyl)phenyl](trimethyl)silane as a clear oil (10.35 g).

(i} 2,2,6,6-tetramethylpiperidine (3.3 ml, 19.44 mmol) was added slowly to a solution
of n-butyl lithium (2.5M in toluene, 7.7 ml, 19.44 mmol) in tetrahydrofuran (75 ml) at -
75°C under argon and stirred for 15 minutes. A solution of [4-chloro-2-flucro-3-
(trifluoromethyl)phenyl](trimethyl)silane (5 g, 18.5 mmo!) in tetrahydrofuran (10 ml)
was then added dropwise to the mixture, ensuring that the temperature of the mixture
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was kept below -685°C, and stirring was continued for 2 hrs. Excess solid carbon
dioxide, which had previously been washed with tetrahydrofuran at -65°C, was added
in lumps and the mixture was allowed to warm to room temperature over 2 hrs. The
mixture was reduced under vacuum to give a pale yellow solid. This material was
partitioned between water which had been acidified to pH1 (200 ml) and diethyl ether
(200 ml). The organic layer was separated and dried over anhydrous sodium
sulphate. Evaporation gave a pale brown solid which was recrystallised from toluene
to give pure 2-chloro-4-fluoro-3-(triflucromethyl)-5-(trimethylsityl)benzoic acid (3.85 g,
in 3 batches) as white needles.

LC/MS [M-H] = 312, retention time = 3.29 minutes.

(i) A solution of potassium fluoride (0.367 g, 9.55 mmol) in water (15 ml) was added
to a solution of 2-chloro-4-ﬂuoro-3-(trifIubromethyI)-5-(trimethyisiIyl)benzoic acid (1 g,
3.18 mmol) in tetrahydrofuran (50 ml} and the mixture was stirred at 100°C overnight.
An additional afiquot of water (15 ml) and potassium fluoride (0.370 g, 9.62 mmol)
was added and heating at 100°C was continued for a further 4 hrs. The
tetrahydrofuran was evaporated in vacuo and replaced with enough
dimethylfofmamide to dissolve all solids. The mixture was heated overnight at 100°C
but starting material still remained so more potassium fluoride (0.367 g, 9.55 mmol)
was added and heating at 100°C continued for 7 days. At this stage almost all of the
starting material had disappeared so the reaction was evaporated to dryness under
vacuum and taken up in 2N aqueous hydrogen chloride (75 ml) and diethyl ether (50
ml). The aqueous layer was separated and extracted with more diethyl ether (2 x 50
i) and then the combined organic fractions were dried over sodium sulphate and
evaporated to give crude product as a white solid. This was purified by
recrystallisation from toluene to give pure 2-chloro-4-fluoro-3-(trifluoromethyl)benzoic
acid (0.566 g) as a white solid.

(iv) 2-Chloro-4-fluoro-3-(trifluoromethyl)benzoic acid (0.560 g, 2.31 . mmol),
ammonium 1H-1,2 3-benzotriazol-1-olate (0.534 g, 3.47 mmol, prepared as
described below), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochioride
(0.643 g, 3.47 mmol), and N-ethyl morpholine (0.584 ml, 4.62 mmol) were stirred
together in dichloromethane (30 mi) for a total of 3 hrs. Saturated aqueous sodium
hydrogen carbonate (30 ml) was added and the mixture was stirred for 15 minutes.
The organic layer was separated using a hydrophobic frit and then washed with 2N
aqueous hydrogen chloride (2 x 50 ml). Seperation of the organic iayer, again using
a hydrophobic frit, and evaporation in vacuo gave 2-chloro-4-fluoro-3-
(trifluvoromethyl)benzamide (0.493 g} as an off-white solid which was used without
further purification in the subsequent step. '
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The ammonium 1H-1,2,3-benzotriazol-1-olate used in the step described above was
prepared as follows:

Ammonium hydroxide (4.15 m!, 75 mmol) was added slowly to a solution of 1-
hydroxybenzotriazole (10 g, 74 mmol) in tetrahydrofuran (100 mi) at 0°C (ice-bath)
and stirred for 2 hrs. Filtration and washing with tetrahydrofuran gave ammonium
1H-1,2,3-benzotriazol-t-olate (10.57 g) as a white solid.

(v} 2-Chlioro-4-fluoro-3-(trifluoromethyl)benzamide (0.490 g, 2.03 mmol) was treated
with 1M borane in tetrahydrofuran (20.33 ml, 20.33 mmol) and stirred at 60°C
overnight. The mixture was then treated with 2N aqueous hydrogen chloride until
gas evolution ceased and then stirred at 100°C for 2 hrs. The mixture was reduced
in vacuo and the residue was taken up in a minimum of water and washed with
dichloromethane (30 ml). The pH of the aqueous layer was adjusted to pH11 by the
addition of 2N aqueous sodium hydroxide solution -and then extracted with
dichloromethane (2 x 25 ml). The dichloromethane layers were separated using a
hydrophobic frit, combined and evaporated in vacuo to leave a pale yellow oil. A 1M
solution of hydrogen chloride in diethyl ether (3 ml, 3 mmol) was added and the
resulting white solid was filtered off to give pure {[2-Chloro-4-fluoro-3-
(trifluoromethyl)phenyl}methyl}amine hydrochloride (0.210 g) which was used without
further purification.

Example 112 N-{{2-chloro-3-(trifluoromethyl)phenyl]methyl}-1-cyclobutyl-5-

oxoprolinamide (E112)
0
{1{5@%
é o Cl

1-Cyclobutyl-5-oxoproline (0.238 g, 0.82 mmol) was suspended in dichloromethane
(3 ml)> and to this was added N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (0.188 g, 0.98 mmol), 1-Hydroxybenzotriazole (0.132 g, 0.98 mmol),
and N-ethyl morpholine (0.313 ml, 2.46 mmol). The mixture was stirred at room
temperature for 30 minutes and then {[2-chloro-3-
(trifluoromethyl)phenyljmethyl}amine (0.205 g, 0.98 mmol) was added to the mixture
and stirring continued for ~20 hrs at room temperature, The mixture was then diluted
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with more dichtoromethane and treated with saturated aqueous sodium hydrogen
carbonate. The dichloromethane layer was separated and the aqueous layer was
extracted with 3 further aliquots of dichloromethane. The combined organic exiracts
were washed with water and then with brine, dried over anhydrous magnesium
sulphate and evaporated in vacuo to give the crude product. This was further
purified by mass-directed automated HPLC to give pure N-{{2-chloro-3-
(trifluaromethyl}phenyllmethyl}-1-cyclobutyl-5-oxoprolinamide (0.105 g) as a white
solid.

LC/MS [M+H]" = 375, retention time = 2.53 minutes.

The 1-Cyclobutyl-5-oxoproline used in the above procedure was prepared in an
analogous manner to that described previously for the synthesis of methyl 1-ethyl-5-
oxo-prolinate (see example 3) but using cyclobutanone in the place of acetaldehyde
and with the addition of a subsequent ester deprotection step (using standard
conditions, i.e. sodium hydroxide in methanol) being carried out {as opposed to the
combined deprotection and amide coupling described in example 3).

Examples 113-117

In a . manner analogous to that described for Example 112 above the compounds
tabulated below (Table 10) were prepared by substituting the appropriate amine (or
sait thereof) for the {[2-chloro-3-(trifluoromethyl)phenyllmethyl}amine used in the
above procedure. All of the amines used to make the compounds shown in Table 10
are available from commercial sources or can be prepared using routes described
previously in the chemical literature unless stated otherwise,.

Table 10
| Example _ ' . o
Chemical name [M+H]" | Retention time (mins)
no.
0{]\”/“\/@\0
E113 é © 321 2.39
N-{(3-chioro-2-methylphenyl)methyl]-
1-cyclobutyl-5-oxoproiinamide
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Example

no.

Chemical name

[M+H]"

Retention time {mins)

E114

1-cyclobutyl-N-{(2,4-
dichlorophenyljmethyi}-5-
oxoprolinamide

341

2.46

E115

oaé%n J%\TI“

N-[{2-chloro-3.4-
difluorophenyi}methyi]-1-cyclobutyl-
5-oxoprolinamide

343

2.32

E116

Oél!:n \/<;LC‘

1-cyclobutyl-N-[(2,3-
dichlorophenyl)methyi]-5-
oxoprolinamide

341

2.38

E117

O:éljfn JQCF,

1-cyclobutyl-A-{[2-methyl-3-
{trifluoromethyl)phenylimethyl}-5-
oxopraolinamide

3585

2.51

The [(2-chloro-3,4-difluorophenyl)methyllamine hydrochloride required for the
synthesis of N-[(2-chloro-3,4-difluorophenyl)methyl]-1-cyclobutyl-5-oxoprolinamide
{Example 115) was prepared as described above for example 36.

Example 118 N-{{2-chloro-3-(trifluoromethyl)phenyljmethyl}-1-(2,2-dimethylpropyl)-5-
oxoprolinamide (E118)
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N-{[2-chloro-3-(trifluoromethyl)phenyl]methyl}-1-(2,2-dimethylpropyi)-5-
oxoprolinamide was prepared in an analogous manner to that described for example
100 but using 1-(2,2-dimethylpropyl)-5-oxoproline prepared as described below.
LC/MS [M+H]" = 391/393, retention time = 2.76 minutes.

The 1-(2,2-dimethylpropyl)-5-oxoproline used in the method described above was
prepared as foliows:

D-glutamic acid (2.21 g, 15 mmol) was dissolved in 2N aqueous sodium hydroxide
(15 ml, 30 mmol), cooled to 0°C, and treated with a solution of trimethylacetaldehyde
{1.63 ml, 15 mmol} in ethanol (3 ml) and then stirred at room temperature for 45
minutes. The mixture was again cooled to 0°C and treated portion-wise with sodium
borohydride (0.189 g, 5 mmol). The mixture was allowed to warm to room
temperature with stirring over 4 hrs then after washing with diethyl ether it was
acidified to ~pH4 using concentrated hydrochloric acid. The resulting precipitate was
collected by filtration, washed with diethyl ether and then dried in a vacuum oven
overnight. The solid was then suspended in ethanol (50 ml} and the mixture was
heated at reflux for 24 hrs. Concentration and trituration with hexane then afforded
1-(2,2-dimethylpropyl)-5-oxoproline {1.51 g) as a solid which was used without further
purification.

Example 119 N-{[2-chloro-3-(trifluoromethyl)phenylimethyl}-5-oxo-1-(2-
pyridinylmethyl)prolinamide (E119)
Fo F
Jgj
Ci
ODNYN
X Q
L N

5-oxo0-1-(2-pyridinylmethyl)proline (0.220 g, 1 mmol, prepared as described below),
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.384 g, 2 mmol),
and 1-hydroxybenzotriazote (0.308 g, 2 mmol) were stirred together in
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dichloromethane (10 mi) at room temperature for 30 minutes. The mixture was then
treated with {[2-chloro-3-(trifluoromethyl)phenyllmethyl}amine (0.314 g, 1.5 mmol)
and the mixture was stirred overnight at room temperature. The mixture was
concentrated and partitioned between ethyl acetate and saturated aqueous sodium
hydrogen carbonate solution. The aqueous layer was separated and extracted with
ethyl acetate and then the combined ethyl acetate fractions were washed with 3
portions of water and then with saturated aqueous sodium chioride solution. Drying
over sodium sulphate and concentration gave a solid residue which was purified by
mass-directed automated HPLC to give N-{{2-chloro-3-
(trifluoromethyl)phenyllmethyi}-5-0xo-1-(2-pyridinylmethyl)prolinamide (0.263 g) as a
buff-coloured solid.

LC/MS [M+H]' = 412/414, retention time = 2.15 minutes.

The 5-oxo-1-(2-pyridinylmethyl)proline used in the method described above was
prepared as follows:

D-glutamic acid (2.21 g, 15 mmol) was dissolved in 2N aqueous sodium hydroxide
(15 mil, 30 mmol) at 0°C and then trealed with pyridine-2-carboxaldehyde (1.43 mi,
15 mmol). The mixture was stirred at room temperature for 45 minutes and then
cooled to 0°C and treated with sodium borohydride (0.189 g, 5 mmo!). The mixture
was allowed to warm to room temperature with stirring over 4 hrs then after washing
twice with diethyl ether it was acidified to pH5-6. The aqueous layer was
concentrated then azeotroped three times with toluene and then with a 1:1
ethanol:toluene mixture and finally with ethanol. The residue was then taken up in
ethanol (50 ml) and refluxed for 8 hrs. Concentration gave an oil which when dried in
vacuo gave 5-oxo-1-(2-pyridinylmethyl)proline (2.60 g) .as a foam which was used
without any further purification.

Example 120 N-{[2-chloro-3-(trifluoromethyl)phenyl)methyl}-5-oxo-1-(3-
pyriginylmethyl)prolinamide (E120)

S-oxo-1-(3-pyridinylmethyl)proline (0.210 g, 1 mmol, prepared as described below),
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N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.383 g, 2 mmol), -
and 1-hydroxybenzotriazole (0.306 g, 2 mmo!) were stlired together in
dichloromethane (10 ml) at room temperature for 30 minutes. The mixture was then
treated with {[2-chloro-3-(trifluoromethyl)phenylmethyl}amine (0.314 g, 1.5 mmol)
and the mixture was stired overnight at room temperature. The mixture was
concentrated and partitioned between ethyl acetate and saturated aqueous sodium
hydrogen carbonate. The aqueous layer was separated and extracted with more
ethyl acetate and then the combined ethyl acetate fractions were washed
sequentially with 3 portions of water and then with saturated aqueous sodium
chioride solution. Drying over magnesium sulphate and concentration gave a solid
residue which was purified by mass-directed automated HPLC to give pure N-{[2-
chloro-3-(trifluoromethyl)phenyllmethyl}-5-oxo-1-(3-pyridinylmethyl)prolinamide
(0.031 q).

LC/MS [M+H]" = 412/414, retention time = 1.83 minutes.

The 5-cx0-1-(3-pyridinylmethyl)proline used in the method described above was
prepared as follows:

D-glutamic acid (2.21 g, 15 mmol) was dissolved in 2N aqueous sodium hydroxide
(15 mt, 30 mmol) at 0°C and then treated with pyridine-3-carboxaldehyde (1.41 m!,
15 mmol) in ethanol (3 ml). The mixture was stirred at room temperature for 30
minutes and then cocled to 0°C and treated portion-wise with sodium borohydride
(0.189 g, 5 mmol). The mixture was allowed to warm to room temperature with
stirring over 4 hrs then after washing with diethyt ether it was acidified to pH5-6 using
concentrated hydrochloric acid. The resulting precipitate was collacted by filtration,
washed with diethyl ether, and dried in vacuo. This material was then taken up in
ethanol (50 ml) and refluxed overnight. Fine solids were removed by filtration and
then concentration gave S-oxo-1-(3-pyridinylmethyl)proline (2.04 g) as a white solid
which was used without any further purification.

Example 121 N-[(2,4-dichlorophenyl)methyl]-5-oxo-1-(3-pyridinylmethyl)prolinamide
(E121)
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N-{(2.4-dichlorophenyl)methyl}-5-oxo-1-(3-pyridinylmethyl)prolinamide was prepared
~in a manner analogous to that described above for the synthesis of N-{{2-chloro-3-

(trifluoromethyl)phenyl]methyl}-5-ox0-1-(3-pyridinylmethyl)prolinamide  (E120)  but
using  [(2,4-dichlorophenyl)methyilamine in the place of {[2-chloro-3-
(trifluoromethyl)phenyl]jmethyl}amine.

LC/MS [M+H]" = 378/380/382, retention time = 1.70 minutes.

Example 122 1-cyclopropyl-N-[(2,4-dichlorophenyl)methyl]-2-methyl-5-

oxoprolinamide (E122)
cl
:(Njﬁf/N\/Q/

AT L

To a solution of (2.4-dichlorophenyl)methyl isocyanide (0.047 g, 0.25 mmol) and
levulinic acid (0.041 ml, 0.4 mmol) in methanol (2 ml) was added cyclopropylamine
(0.042 ml, 0.6 mmol). The mixture was heated to 100°C for 30 minutes in a

- microwave reactor. The solvent was removed in vacuo and the residue was purified
by  mass-directed automated HPLC to give  1-cyclopropyl-N-[(2,4-

dichlorophenyl)methyl}-2-methyl-5-oxoprolinamide (0.054 g) as a white solid.
LC/MS [M+H]" = 341/343, retention time = 2.57 minutes.

Examples 123-126

In 3 manner analogous to that described for Example 122 above the compounds
tabulated below (Table 11) were prepared by substituting the appropriate amine for
the cyclopropylamine used in the above procedure. All of the amines used to make
the compounds shown in Table 11 are available from commercial sources or can be
prepared using routes described previously in the chemical literature,.

Table 11
Example , .
o Chemical name [M+H]" | Retention time (mins)
Ci
@grnvg
E123 A8 & 329 2.49
N-[(2,4-dichlorophenyl)methyl]-1-
ethyl-2-methyl-5-oxoprolinamide
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Example o
P Chemical name {M+H]" | Retention time (mins)

Cl
N
|
&)

o]
E124 é 355/357 2.78
1-cyclobutyl-N-[(2,4-
dichlorophenylimethyl]-2-methyl-5-

no.

oxoprolinamide

Cl

E125 343/345 2.64

N-[(2,4-dichlorophenyl)methyl]-2-
methyl-1-(1-methylethyl)-5-
oxoprotinamide

Cl
H
! (o] o]

N-{(2,4-dichlorophenyl)methyl]-1,2-
dimethyl-5-oxoprolinamide

E126 315 2.39

Example 127 N-{(2,4-dichiorophenylimethyl}-1,3,3-trimethyl-5-oxoprolinamide {E12T)

To a solution of (2,4-dichlorophenyl}methy! isocyanide (0.094 g 0.5 mmol) and 3,3-
dimethyl-4-oxobutanoic acid (0.085 mg, 0.5 mmol, prepared as described below) in
methanol {2 ml) was added methylamine (0.080 ml, 33% solution in ethanol). The
mixiure was heated to 100°C for 30 minutes in a microwave reacter. The solvent
was removed in vacuo and the residue was purified by mass-directed automated
HPLC to give a colourless gum which was triturated with diethyl ether to give N-[(2,4-
dichlorophenyl)methyl}-1,3,3-trimethyl-S-oxoprolinamide (0.043 g) as a sticky white
solid.

LC/MS [M+H])" = 329/331, retention time = 2.42 minutes.
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The 3,3-dimethyl-4-oxobutanoic acid used in the procedure described above was
prepared as follows: - | |

3,3-dimethyl-4-pentenoic acid (1.3 g, 10.14 mmol} was dissolved in dichloromethane
(25 mi) énd cooled to -78°C in & Cszacetnna bath. Oiygen was bubbled through

the mixture for § minutes followed by ozone for 25 minutes (giving a blue solutien).

Oxygen was bubiled through the mixture for & further 5 minutes followed by argon
for 10 minutes. Dimethylsulphide (2.23 ml, 30.4 mmol) was then added to the
mixiure and the mixture was removed from the cooling bath and stimed for 2.5 hrs.
The resulting -colouress solution was reduced in vacdo to give 3.3-dimethyi-d4-
uxobu’tanuié acid as a colourless crllﬂhiéh was used without further purification.

Example 128 N—{[Z-chturo-E-(tr'iﬂLu::mmethyl]phen‘;‘.fI}ma_thyIH,3,3-trimathyl-5~.

oxoprolinamide (E128)

N—{[Z—chll:rm~3-{tr‘iffuammethyl)phenyl]methyl}-1,3,3-trimeth_yl-S-OKOpmlinamide was
prepared in @ manner analogous to that described above for the synthesis of N-[(2,4-
diphlorophenfr-)meihyi]d 3, 3-trimethyl-5-oxoprolinamide {(E127) but using [2-chloro-3-
(trifluoromgthy‘l}phenyl]methyl. isocyanide (prepared as deéscribed in example 40) in
the place of {2,4-dichlorophenylimethyl isocyanide. -

LCIMS [M+H]® = 363/385, retention time = 2.498 minutes.

Example 124 N-{[2-chloro-3-(triflucromethyl)phenyllmethyl}-1,3-dimathyl-5-
oxoprolinamide (E129) '

Zi T
o0
ey

1,3-Uimethyl-5-oxoproline {0.620 g, 3.6 mmol, prepared as described below) N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.822 g, 4.3 mmoll, 1-
Hydroxybenzotriazole (0.581 g, 4.3 mmal}, N-athy! n'n::rr,nlflé:mliné.l {1.4 ml, 10.8 mmet},

gnd {I2-chiore-3-{trifluoromethyl)phenyllmethyllamine (0.828 g, 3.96 mmol} were - -
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combined in a mixture of dichloromethane (10 mi) and dimethyiformamide (5 ml) and
stirred under argon overnight. The mixture was then washed sequentially with water
(50 mt), 0.5 N aqueous hydrogen chloride (50 ml), water (50 ml)}, saturated aqueous
sodium hydrogen carbonate (50 ml) and water (50 ml). The dichloromethane layer
was passed through a hydrophaobic frit and evaporated in vacuo to give the crude
product. This was further purified by mass-directed automated HPLC (10 x 0.100 g
injections) to give pure N-{[2-chloro-3-(triflucromethyl)phenyilmethyi}-1,3-dimethyl-5-
oxoprolinamide (0.613 q).

LC/MS [M+H]" = 348, retention time = 2.31, 2.38 minutes (two diastereocisomers).

The 1,3-dimethyl-5-oxoproline used in the above procedure was prepared as follows:
(i} (R.R.R)-2-hydroxypinen-3-one (10.9 g, 64.8 mmol) and glycine-t-butyt ester (13 g,
97.2 mmol) in anhydrous toluene (200 ml) was treated with boron trifluoride-diethy
etherate (0.460 g, 3.24 mmol) and then heated, under argon, for 8 hrs at reflux. The
mixture was then cooled to room temperature and stimed overnight. Fiitration
through a sinter followed by evaporation gave a yellow gum which was purified by
automated flash silica-gel column chromatography {using a Biotage SP4), eluting
with a mixture of 25% ethyl acetate in hexane, to give some pure 1,1-dimethylethyl
N-[(1R.2R,5R)-2-hydroxy-2,6,6-trimethylbicyclo{3.1.1]hept-3-ylidene]glycinate  (3.68
g) and some mixed fractions. The impure material was further purified, again using
automated flash silica-gel column chromatography (Biotage SP4), but eluting with a
gradient of 0-25% ethyl acetate in hexane (0-15% over 10 column volumes and 15-
25% over § column volumes), to give a further crop of pure 1,1-dimethylethyl N-
[(1R.2R,5R)-2-hydroxy-2,6,6-trimethylbicyclo[3.1.1]hept-3-ylidene]glycinate (1.73 g).
The two batches of pure 1,1-dimethylethyl N-[(1R,2R,5R)-2-hydroxy-2,6,6-
trimethylbicyclo[3.1.1]hept-3-ylidene]glycinate were combined (5.41 g) and this
material was used in the next step.

(Note: The glycine-t-butyl ester used above could also be replaced with glycine-t-
butyl ester hydrochloride and a molar equivalent of potassium carbonate)

(i) A solution of 1,1-dimethylethyl  N-[(1R 2R 5R)-2-hydroxy-2,6,6-
trimethylbicyclo[3.1.1]hept-3-ylidene]glycinate (11.05 g, 39.3 mmol) in anhydrous
tetrahydrofuran (100 ml) was cooled to -30°C and treated with a 3M solution of
methy!magnesiﬁm bromide in diethyl ether (17.1 mi, 51.1 mmol). 1,8-
Diazabicyclo[5.4.0}undec-7-ene (7.78 g, 51.1 mmol) was then added and the mixture
was stirred for an additional 20 minutes at -30°C. The mixture was then treated with
ethyl crotonate and sliming continued for 1 hr. The mixture was quenched by
addition of saturated aqueous ammonium chloride solution (35 ml) and then
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extracted with ethyl acetate {3 x 100 ml). The combined organic extracts were dried
over sodium suiphate, filtered and evaperated to give a yellow oil. This materlal was
purified by automated flash silica—gel column' chromatography '(usir‘gg a Biotage SP4),
eluting with a gradient of 0-20% {ovér 5 column \.rnlu'rﬁes]'then 20-35% {over 14
column volumes) ethyl acetate in hexang, to give 1-(1,1-dimethylethyl) S-ethyl -
[(’iF.’,EE,SR}I—E-hydruxy‘-E,E,E-trimethﬁ bicyclof3.1.1]hept-3:ylidens]-3-methyiglutamate
{4 Z g) which was used in the next step.

(i) A 10% aqueous sclution of citric acid {11 ml, 5.6 mmoly was added to a solution
of 1<{1,1-dimethylethyl) 5-ethyl N-{{1R.2R 5R)-2-hydroxy-2,5,6-

‘ ftrimelhylbl‘cydu[&‘l.1]hept-a-ylidene]-s-methylglutamate (Eg)' in tetrahydrofuran (10

ml) and the mixture was stitred at room temperature for 4/days. The mixture was the
evaporated and the residue suspended in water {50 ml)} and washed with digthyl
ether (100 ml). The agueocus phase was then adjusted to pH~7 using aguecus
sodium hydrogen carbonate solution and then extracted with giethyl ether (3 x 100
ml). The organic fractions were combined, dried over sodium suiphate, filtered and
evaporated to give 1-{1,1-dimethylsthyl) S-ethyl 3-methylglutamate (1.1 g) as a
yellow oil which was used in the next step without further purification, ‘
(v 1-{1,1-Dimethylethyl} S-ethyl 3-methylgivtamate {1.1 g, 4.5 mmol} was left to
stand, attached to a high vacuum line, overnight and then over a weekend. Starting
matenial was still evident at this stage so toluene (30 ml} was added and the resulting

mixture was heated at 110°C ovemnight.  Evaparation' gave 1,1-dimethylethyl 3- -

methyl-5-oxoprolinate {0.79 g) which was used in the next step without further
purification. | |

(v) 1,1-gimethylethyl 3-methyl-5-oxoprolinate (0.79 g, 3.96 mmol} was dissolved In
tetrahydrofuran (8 ml) and treated with methyt iodide {0.27 ml, 4.36 mmol). The
mixture was then cooled to 0°C and treated portian-wise with sodium hydride (80% in
oill, 0170 g, 4.38 mmel). The mixture ceased bubbling after 30 minutes at 0°C and
was then allowed to warm to room temperature and stirred overnight. The mixture
was quenbhed by addition of saturated aﬁueou_s ammonigm chloride soluticn (10 ml)’
and the organic layer was separated and put aside. The aqueous layer was
extracted wilh dichloromethane (3 x 20 ml) and the combined extracts were dried
using a hydrophabic frit.  All of the crganic fractions {including that put aside earlicr}
were combined and evaporated to give crude 1,1-dimethylethyl 1,3-dimethyl-8-
oxoprolinate (0.770 ¢} as g vellow gum which waé used without further purification.
(vi)  1,1-Dimethylethyl 1,3-dimethyl-5-oxoprolinate . (0.770 g, 3.62 mmal) was

suspanded in dichleromethane {& ml} and treated with triflioroacetic acid (0.4 mil, 5.4 |

mmol). The mixture was sticred for 5 hes and then evaporated.  Azeotroping the
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resulling residue with toluene then gave unreacted starting material (0.600 g). This
was again taken up in dichloromethane (2 ml) and treated with trifluoroacetic acid (2
ml} once more. After stirring for 2 hrs the- mixture was evaporated and the residue
again azeotroped with toluene (10 mli) to give crude 1,3-dimethyl-5-oxoproline (0.760

g) which was used without any additional purification.

Example 130 N-[(2-chloro-4-fluorophenyl)methyl]-1-ethyl-4,4-dimethyl-5-
oxoprolinamide (E130)

1-ethyl-4,4-dimethyl-5-oxoproline (0.130 g, 0.702 mmol, prepared as described
betow), 1-Hydroxybenzotriazole (0.161 g, 1053 mmol), and N-(3-
dimethylaminopropyt)-N'-ethylcarbodiimide hydrochloride (0.202 g, 1.053 mmol)
were dissolved in dichloromethane (5 ml} and stirred for 15 minutes at room
temperature. [(2-chloro-4-fluorophenyl)methyl]amine (0.134 g, 0.842 mmol) and
diisopropylethylamine (0.184 mi, 1.053 mmol) were then added to the mixture and
stirring continued overnight at room temperature. The mixture was then concentrated
in vacuo and the residue partitioned between ethyl acetate and water and extracted
wilh ethyl acetate. The combined organic layers were washed sequentially with 3N
citric acid, water, saturated aqueous sodium carbonate, water (x3), and then brine
and dried over anhydrous socdium sulfate. Concentration gave a crude solid which
was subsequently purified by mass-directed automated HPLC to give N-[(2-chloro-4-
fluorophenylymethyl)-1-ethyl-4,4-dimethyl-5-oxoprolinamide (0.146 g) as a solid.
LC/MS [M+H]" = 327/329, retention time = 2.35 minutes.

The 1-ethyl-4,4-dimethyl-5-oxoproline used in the above procedure was prepared as
described below:

(i} (S)-(+)-L-5-trityloxymethyl-2-pyrrolidinone (7.51 g, 20 mmol) was dissolved in
dimethylformamide (25 ml) at 0°C and treated portion wise with sodium hydride (60%
suspension in oil, 0.880 g, 22 mmol). The mixture was stirred at 0°C for 1 hr and
then treated with ethyl iodide (1.78 ml, 22 mmol). The mixture was allowed to warm
to room temperature and then slirred overnight. The mixture was then poured onto
ice and extracted with ethyl acetate (x3). The combined organic extracts were
washed sequentially with water, 50% aqueous sodium chloride solution (3x), and
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saturated aqueous sogdium chioride solution, and then dried over sodium sulphate.

Concentration gave a crude sclid which was purified by autornated flash silica-gel

colurnn chromatography (Biotage _SF4}, eluting with a 0-100% gradient of et’hyl

acetate in hexane, to give pure 1-sthyl-5-{{{tiphenyimethylioxylmethyl}-2-

pyrrofidinane {7.09 g). '

{iil To a ZM solution of lithium diisopropylamide in tetrahydrofuran {1.912 ml, 3.82

mmaoly  at  -7B°C  was added, drop-wise, a solution of 1-sthyl-&-

{[{riphenylmathyoxylmethyl}-2-pyrrolidinone {1.34 g, 3.48 mmol} in tetrahydrofuran

{*0 mi) and the resulting mixture was stirred for 1 hr &t -78°C. lodomethane (0.239
ml, 3.82 mmal} was then added and after stirring for @ further 1 hr at -78°C the
mixture was allowed o warm 1o room temperature over 3 hrs. The mixture was then

re-codled to -78°C and treated, drop-wise, with a further aliquot of a 2M solution of

lithiurm diiscpropylamide In tetrahydrofuran {1.912 ml, 3.82 mmol). After stirring for
an additional 1 hr at -78°C the mixture was again treated with iodomethane (0.239

ml, 3.82 mmol) and then the mixture was allowed to warm to raom temperature znd

stired overnight, The mixlure was guenched with salurated agueous ammonium

chloride and then extracted with ethyl acetats (2x). The combined organic extracts

were then washed with water {3x) ‘and then with saturated aqueous sodium chigride

solution, dried over anhydrous sodium sulphate, and concentrated to a crude oily

solid {1.7 g} The crude solid was purified by autormated flash silica-gel column

chromatography {Biotage S5P4), efuting with a 0-100% gradient of ethy! acetate in

hexane, to give pure product  fractions (ie. 1-ethyl-3,3-dimethyl-5-

{[[tr|phenyimethyl}uxy]methyl} 2- pyrmlldlnone {G.%S"i g)} as well as pure

monoalkyated material  (i.e. 1-ethyl-3-methyl-5-{itrichenyimethyloxy]methyl}-2-
pyrrelidinone (0.524 g)) and & mixture of these two (0.240 g). The desired product
was sel aside while the 1-ethyl-3-methyl-5-{{{triphenylmethyljoxy]methyl}-2-
pyrrolidinone and the mixed material were combined and dissolved in tetrahydrafuran
{20 ml}. This solution was then added drop wise to a 20M solution of lithium
diisopropylamide in tetrahydrofuran (1.812 ml, 3.82 mmoly at -78°C and stiring at this
temperature was continued for 1 hr. lodomethane (0.238 mi, 3.82 mmol) was then
added to the mixture and the mixture was aliowad 1o warm to room temperature over
4 hrs. Workup as described above gave an additional batch of 1-ethyl-3,3-dimethyl-
S-{litriphenylmethyljoxy]lmethyl}-Z-pyrrolidinone {0,846 g) as an ol which was
combined with the material set aside earlier (total mass = 1.08 g) and ysed in the
next step w;thnut furthEr purification,

(i} Amberlyst 15@ {5.56 g, 26.1 mmol) was washed three times with methano! and
then a  solution of  1-ethyl-3,3-dimethyl-5-{[{tfiphenylmathy!}oxy]methyl)-2-
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pyrrolidinone {1.08 g, 2.61 mmal) in methanol {50 ml} was added. The mixture was
left to stand for 4 days at room teémperature and then the resin was removed by
filtration {washing with methanal). The -:;c-mhiﬁed methanol f{ractions were
concentrated {o give a crude oil (1.62 g} which was purified by automated flash silica-
gel column chromatography (Bictage 3P4), eluling with a 0-100% gradient of ethyl
acetate in hexane, 1o give pure 1-ethylS-(hydroxymethyl)-3,3-dimethyl-2-
pyrrolidinene (0.376 g) as an oil that solidified on standinhg.

tiv)  1-Ethyl-5-{hydroxymethyl)-3,3-dimethyl-2-pyrrolidinone  {0.366 g, 2.1 mmol},
sodium chlorite (0.387 g, 43 mmol}, and a 1M aquecus sodium phosphate
monobasic buffer solufion {2.46 rﬁl, 2.48 mmol) wefe-dpmbinéd in acetonitrile (3 ml
and heated to 40°C, A few crystals of TEMPO (2,2,6.8-tetramethyl-1-pipearidinyloxy
free radical) and approximately 1 drop of bleach (sodium hypochlorite solution,
available chloring >12%) were then added to the mixture and stirring continued at
40°C for 4 hrs. The mixture was then poured onto ice containing 1% wiw sodium
sulphile and the resulting mixture was extracted with elhyl acetate (x3), The
combined organic extracts were Washédi with saturated aqueous sodium chioride and
then dried over magnesium sulphate and concentrated to give 1-ethyl-4.4-dimethy-5-
axoproling (0}392 g) as a white solid which was used without additional purification,
LC/MS [M+H]" = 186.

Exampie 131 A-{[2-chloro-3-{trifluaromethyl)phenyi]metiyl}-1-ethyl-4, 4-dimethyl-5-
oxoprolinamide (E131)

N-{[2-Chioro-3-(trifluoromethyljphenyllmethyl}-1-ethy)-4,4-d imefhyl-ﬁ-oiop rolinamide

" was prepared in 8 manner analogous to that described above for the synthesis of A-

[(2-ch|om-4-ﬂuorophenyl]melhyl]-1-e‘thyl-4,4-dfrnethyl-5-nmpmlinamide (E130) but
using {{2-chlero-3-(frifluaromethyljphenyllmethytlamine in the place of [{2-chloro-4-
flugrophenymethyljamine,

LTS IM+H]" = 3771379, retention time = 2.63 minutes.

Example 132 N-[(2-chloro-3,4-diflucrophenylmethy(]-1-ethyl-4,4-dimethyl-5-
oxopralinamide {E132)
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N-[{2-chlora-3,4-difluorophenylimethyli-1-ethyl-4,4-dimethyl-5-oxoprolinamide  was
prepared In a manner anafogous to that described above for the synthesis of N-[(2-
chlora-4-flucrophenylimethyl]-1-ethyl-4 4-gimethyl-S-oxéprelinamide {E130) but using
[{2-chloro-3,4-difluorophenyi}methyl]lamine hydrochloride (prepared as described
above for Example 36j in the place of [{E-C:hloro--'-i-ﬂuufqphenyl}m&thyl}amine.

LCHAS [M+H]" = 345/347, retention time = 2.43 minutes.

Examplg 133 N-[{2-chloro-4-fluorophenylimethyl]-1-ethyl-5-0x0-4,4-

bis{phenyimethy|iprolinamide {E133)
Fh
Ph

N-[(2-chloro-4-fluaropheny|jmethil]-1-ethyl-5-oxo-4,4-bis{phenylmethyljprolinamide
was prepared in @ manner analogous to that described above for the synthesis of N-
[{2-chloro-4-fluoraphenylimetiyl]-1-ethyl-4.4-dimethyl-5-oxoprolinamide  (E430) but
Ljsing 1-ethyl-3-ox0-4,4-bis{phenyimethyl)profine in the place of 1-ethyl-4,4-dimethyl-
S-oxoproling. 1-Ethyi-5-ox0-4,4-bis{phenylmathyljproline was prepared in a manner
analagous to that described for 1-ethyl-4,4-dimethyl-5-oxoproline in example 130
gbove but using 1-ethyl-3,3-bis{phenyimethyl}-5-{[{triphenyimethyl)oxy]methyl}-2-
pyrrolidinone (isolated as & side-product in method B, Example 37) in place of 1-
ethyi-3.3-dimethyl-5-{[{triphenylmethyljoxyjmethyl}-2-pyrrolidinone.

LC/MS [M+H]™ = 479/481, retention fime = 3.32 minutes,

Example 134 N-{I2-chloro-3-(triflucromethyl)phenyljmethy(}-1-sthyl-5-cxo-4-
{phenymethyl}prolinamide (E134) '
FH
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N-{{2-chloro-3-(trifluoromethy! jphenyllmethyl}-1-ethyl-5-0xo-4-
(phenylmethyliprolinamide was prepared in @ manner analagous to that described
above for the synthesis of A-(2:chioro-4-flucrophenylimethyl)-1-ethyl-5-oxomd-
(phenylmethyl)-prolinamide (E3T), but using {{2-chloro-3-
triflucromethylipheny]methyljamine  in the  place  of  [{2-chloro-4-
fluorephenylymethyl]amine. Method B, as described in Example 37, was used to
prepare the 1-athyl-5-ox0-4-(phenylmeathyl J-proline.

LC/MS [M+H]" = 4397441, retention time = 2.99 minutes.

Example 135 N-{[2-Cyana-3-{trifluaromethylphenyllmethyl}- 1-methyl-5-

oxoprolinamide (E133)

o N
© &
N
N-{[2-Cyano-3-{triflucromethyl)phenyl] methyl}-1-methyl-5-oxoprolinamide was

prepared in a manner analogous to that described above for the synthesis of N-{[2-
c:,ranuua-[trifluorcmethyl}phenyl]méthyl}-1-athyl~5—nxoprolinamida (E105) but using 1-
methyl-5-oxo-proling in place of 1-ethyl-5-0xe-proline.

LGS [M+H]" = 328, retention time = 2.02 minutes.

Exarmple 136  AN-{Z-biphenylylmethyl)-1-ethyl-5-oxoprolinamide {E136)

N-(2-biphenylylmethyl)-1-ethyl-5-oxoprolinamide  was prepared in a manner
analogous  to that described above for the synthesis of  M-[(2.3-
dimethylphenylimethyl]-1 —ethf,rl—ﬁ--::-m prolinamide (ES0} but usfing (2-
biphenylylmethyljamine in place of 2, 3-¢imethyl benzylamine.

LCMS [M+H] = 323, retention time = 2.38 minutes,

Microwave Reactor
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Where indicaied in the above examples, the microwave reactor used was a Biotage
Initiator™. Reactions were carried out using normal power output unless specified

otherwise,
Mass-directed automated HPLC

Where indicated in the above examples, purification by mass-directed automated >
HPLC was carried out using the following apparatus and-conditions:

Hardware

Waters 2525 Binary Gradient Module
Waters 515 Makeup Pump

Waters Pump Control Madule J
Waters 2767 Inject Collect

- Waters Columin Fluidics Manager

Waters 2968 Photodiode Array Cetector
Walers 2O Mass Spectrometer

Gilson 202 fraction collector

Gilsen Aspec waste collegtor

Software
Waters MassLynx version 4 5P2

Column

The columng used are Walers Atlantls, the dimensions of which are 18mm x 100mm
(small scale) and 30mm x 100mm {large scale). The stationary phase pariicle size is -
Sum.

Solvents

A 1 Aqueous solvent = Water + 0.1% Formic Acid

B : Organic solvent = Acetonitrile + 0.1% Formic Acid
Make up solvent = Methanol | Water 80:20

Needig rinse solvent = Methano!

Methods
There are five methods used depending on the analytical retentlon time of the
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compound of interest. They have a 13.5-minute runtime, which comprises a 10-
minute gradient followed by a 3.5 minute column flush and re-equilibration step.

_ Laige/Small Scale 1.0-1.5=5-30% B

Laige/Small Scale 1.5-2.2 = 15-55% B
LargefSmall Scale 2.2-2.8 = 30-85% B
Larga/Small Scale 2.9-3.8 = 50-89% O
Large/Small Scale 3.6-5.0 = 80-99% B {in § minutes followed by 7.5 minutes flush

and re-equilibration)

Flow rate )
All of the abiove methods have a flow rate of either 20misimin (Small Scale) or

40mls/min {Large Scale},

Chiral HPLC
Apparatus and conditions used to characterize enantiomeric purity of eslected

samples was as follows;

Method (A)

Instrument: Agilent 1100 Series Liguid Chromatogram

Column: Chiralpak AD (250mm x 4.6rmm; 10um particle size)
Mobile phase: Heplane:absolute ethano! (70:30) viv pump-mixed
Flow rate: 1ml/min '
Temperature: Ambient

LY. Wavelength: 215nm

Method (B) _

Instrument: Agilent 1100 Series Liquid Chromatogram

Colurnn; Chiralpak AD {250mm x 4.6mm; 10um particle size)
Mobile phase: Heptans:absolute ethénol (50:50% viv pump-mixed
Flow rate: Tm¥/min

Temperature: Ambient

LY Wavelength: 215nm

Methpcj () . ,
Instrument: Agilent 1100 Series Liquid Chromatogram
Column: Chiralpak AD (250mm x 4.6mm; 16um particle size)
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Mcbile phase: Heptane:absolute ethanol (80:20) viv pump-mixed

Flow rate: 1mlfmin
Temperature; Ambient
UV, Wavelength: 215nm

Method (D)

Instrument: Agilent 1100 Series Liquid Chromatagram
Golumn: Chiralpak AS (250mm x 4 6mm; 10um pariicle size)
Mobile phasg: Heptane absolute ethanal (8020} viv pump-mixed

Flow rate: tmifmin
Temperature; Ambient
U. V. Wavelsngth: 215nm

Llguid Chromatoqraphy f Mass Spectrometry

PCT/EPZOTIGS6675

Analysis of the above Examples by Liquid Chromatography / Mass Spectrometry

{LC/MS) was carried out using the following apparatus and conditions:

Hardware

Agilent 1100 Gradignt Pump
Agilent 1100 Autosampier
Agilent 1100 DAD Datector
Agilent 1100 begasser

Agilent 1100 Oven

Agilent 1100 Controller

Waters ZQ Mass Spectrometer
Sedere Sedex BS

Software
Waters Masslynx version 4.0 SP2

Column

The column used is a Walers Atlantis, the dimensions of which are 4.6mm x S0mm.

The stationary phase particle size is 3um,

Solvents

131




o

15

WO 2A0GI6YT

A Agueous solvent = Water + 0.05% Formic Acid
B : Qrganic solvent = Acetonitrile + 0.05% Formic Acid

Melhod

The generic method used has 2 5 minute runtime.

Time / min | %B
4 3
0.1 3
4 ETH
43 97
39 '

5.0

The above method has a flow rate of 3ml/mins.
The injection volume for the generic method is Sul,
The column temperatura is 30deg.

The U¥ detection range is from 220 to 330nm.

Pharmacolegical data

PCT/EPIMNTASHETS

Compourids of the invention may be tested for in wifro biological activity at the P2xX7

receptor in accordance with the following studies:

Ethidium Accumulation Assay

Studies were performed using NaCl assay buffer of the following composition fin
mid): 140mM NaCl, HEPES 10, A-methyl-D-glucamine 5, KCI 5.5, D-glucose 10,
CaCl, 0.5 {pH 7.4). HEK293 cells, expressing human recombinant P2X7 receptors,

were growr in poly-L-lysine pretreated 96 well plates for 18-24 h, (The cloning of tha.

human P2XT receptor is described in US 5,133,434), Tha cells were washed twice

with 350u| of assay buffer before addition of 50u! of test compound. The cells were

then incubated al room temperature (19-21°C) for 30 min before addition of ATP and

ethidium {100uM final assay concentraticn). The ATP concentration was chosen to

be close to the ECy, for the receptor type and was tmM for studies on the Human .

P2X7 receptor. Incubations were continued for 8 or 16 min and were terminated by

addition of 251 of 1.3M sSucrose cohtaining SmM of the PZX7 receptor antagonist
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reactive black 5§ (Aldrich). Cellular accumulation of ethidium was determined by
measuring fluorescence (exciiation waveiength of 530nm and emission wavelength
of 820nm) from below the plate wm% a Canberra Packard Fluorccount {Pangbourne,
UK} ora Fle;;;statinn.ll {Molecyfar Devices) Antagonist plCs, values for blocking ATP.
regpanses were determined using iterative curve fitting techniques.

Fluorescent Imaging Plate Reader (FLIPR) Ca Assay

Studies were performed using NaCl assay buffer of the foilowing composition (in mi)
for human P2X7: 137 NaCl; 20 HEPES; 5.37 KCi; 4.17 NaHCQ, 1 CaCly; 0.5
MaS0.. and 1g/L of D-glucose (pH 7.4).

HEK283 cells, expressing human recombinant P2X7 receptors. were grown in poly-
L-lysine pretreated 284 well plates for 42-48h. (The cloning of the human P2X7
receptor is described in US 6,133,434}, The cells were washed three times with 80l
of assay buffer, loaded for 1h at 37°C with 2uM Fluod (Teflabs), washed three times
again, and left with 30yt buffer before the addition of 10 ul of 4x concentrated test
compaund. The cells were then incubated at room temperature for 30 mins before
addition (online, by FLIPR384 or FLIPR3 instrument {Molecular Devices)} of
Benzoylnenzoyl-ATP {BzATP} 60utd final assay concentration. The BzATP
concentration was chosen to be close to the ECy, for the receptor type. Incubations
and reading were continued for 90sec, and intracelfular calcium increase was
determined by measuring flucrescence (excitation wavelength of 488nm and
emission wavelength of 516nm) from below the plate, with FLIPR CCD camera.
Antagonist plCs vaiues for blocking BzATP responses were determined using
iterative curve fitting technigues.

The compeunds of Examples 1-136 were tested in the FLIPR Ga Assay andfor the
Ethidium Accumuiation Assay for human P2X7 receptor antagonist activity and found
to have plC5Q values > 4.7 in the FLIPR Ca Assay and'fdr pICS0 values = 5.5 in the
Ethidium Accumulation Assay.

In Viva data
Rat model of neuropathic pain

By placing loosely . conslrictive figatures around the common sciatic nerve, a
penpheral mononeuropathy can be produced, which thereby provides a rat moda] of
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neuropathic pain, Bennet et ai., Pain, Vol .33, pp87-107 {1988}, Adult male Random
Hooded rats {180-200g) from Charles River, UK were anaesthetised with isofiurane
(3%}. The sciatic nerve in the left leg was exposed at mid thigh level and 4 looss
ligatures of Chromic 4.0 gut tied around the nerve as described by Bennet f af.,
Pain, ‘Uol.'SS, ppB7-107 (1988). The wound was closed and secured with staples.
Sham rats underwent the same procedure but loose ligatures were not applied. The
presence of machanical (tactils) allodynia was assessed using manual application of
Von Frey hair monofilaments. Monofilaments were applied in ascending order to the
plantar region of the hind paw {range: 1.4g-26q). Each hair was applied for approx. 3-
5 seconds Lintil a paw withdrawal ré'spcr‘:se was observed. After confirmation with

reapplication of lower andior vhigher‘hairs. the lowest hair to ine a paw withdrawal

was recorded as the threshold response (g). When stable allodynia was eslzblished
rats were dosed orally 26-33 days post surgery with compound twice daily for 8 days
with allodynia measurements recorded at least three times during the dosing period.
N-[(2,4-dichrmrophenyl)methyl]-1-mgthyl-s-nx&pmnnamiﬂe {E10} and N-{[2-chloro-3-

(wifluoromethyliphenylmethyl}-1-methyl-5-cxoprofinamide  (E51) significantly

reversed CCl-induced mechanical allodynia compared to vehicle response.

Rat model of joint pain

By measuring hypersensitivily post intra-articular injection of FCA info the knee, the
affectiveness of a potential analgesic in reversing FCA-induced hypersensitivity can
be assessed in a joint pain mode! of chronic inflammatory pain. Aduli mele Random
Hooded rats (150-180g) from Charles River, UK wére briefly anaesthetised with
isofturane (3%). Rats were then injected with 150 4l of Freund's complels adjuvant
{FCA) into the lefi knee joint {intra-articularly, i.art). The ability o bear weight on each
hindlimb {weight bearing, g} was measured prior to and following surgery using a
Dual Channél Weight Averager (Lintén Instruments). When a stable difference in
weight bearing was established between the injected and conlralateral paws, rats
were typically dosed orally {normali‘y 13-17 days post sﬁrgerﬂ with compoulnd twice
daily for 5 days with weight bearing rmeasurements recorded daily. N-[(2.4-
dichiorophenylimathyij-1-methyl-5-oxo-prolinamide  {E10)  and N-{[2-chloro-3-
(trifluaromethyl)phenyilmethyl}-1-methyl-S-oxoprolinamide (E51) significantly
reversed FCA (lL.art)-induced difference in weight bearing compared to vehicle
response and produced EDS0's <Z20mglkg obtsined from Area Under the Curve
(AUC) calculations.

Rat modei of acute inflammatory paln
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A useful animal model for acute inflammatory pain is the Freund's Complete Adjuvant \
(FCA)-induced inflammation model. A similar model using carrageenan rather than
FCA is described by Clayton et al. in Br. J. Pharmacol. 1897; 120, 219P. Adult male
Random Hooded rats (180-220g) from Charles River, UK received an intrapiantar
(i.pl) injection of 100 ¢ of FCA into the plantar surface of the left hind paw. The ability
to bear weight on each hindiimb (weight bearing g) was measured prior to and 24
hours after the FCA injection using a Dual Channel Weight Averager (Linton’
Instruments). After the post-FCA reading, rats were typically dosed orally with
compound after which weight bearing measurements were recorded. N-[(2.4-
dichlorophenyl)methyl]-1-methyl-5-oxo-prolinamide  (E10) and  N-{[2-chloro-3-
(trifiuoromethyl)phenyljmethyl}-1-methyl-5-oxoprolinamide (E51) significantly
reversed FCA (i.p!)-induced difference in weight bearing compared to vehicle
response and produced ED50’s <20mg/kg obtained from dose response curves.
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Claims
1. A compound of formula (), or a pharmaceutically acceptable salt thereof:
R’
R
R
RIO
)
wherein;

R' represents C,q alkyl, Cys alkenyl, C,g alkynyl, Cis cycloalkyl, Cig
cycloalkylmethyl- or pyridinylmethyl-, any of which is optionally substituted with 1, 2
or 3 halogen atoms; or unsubstituted phenyl or benzyl;

R? and R® independently represent hydrogen, halogen, Ci.s alkyl, arylmethyl-, C,5
alkenyl, C. alkynyl or Css cycloalkylmethyl-; and any of said C,¢ alkyl, aryimethyl-,
C.s alkenyl, C.¢ alkynyl or Cy4 cyctoalkylmethyl- is optionally substituted with 1, 2 or
3 halogen atoms;

R* R® and R¥independently represent hydrogen, fluorine or methyl;, and

R’, R®, R, R* and R'* independently represent hydrogen, halogen, cyano, Cy.salky,
C.q alkenyl, C,4 alkynyl, Cs¢ cycloalkyl or phenyl, and any of said C,4 alky!, C;s
alkenyl, Co alkynyl, Cy5 cycloalkyl or phenyl is opticnally substituted with 1, 2 or 3
halogen atoms; or R' and R'' together with the carbon atoms to which they are
attached form a benzene ring which is optionally substituted with 1, 2 or 3 halogen
atoms;

with the proviso that when R’ and R"' are both selected from hydrogen or fluorine, at
least one of R®, R? and R' is a halogen atom, or R®, R and R are selected from the
group consisting of hydrogen and CF; and one, but not more than one, of R®, R? and
R'is CF;.

2. A compound of formula (1), or a pharmaceutically acceptable salt thereof:

R?
RB
RQ
R10
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wherein;

R' represents C,g alkyl, C,s alkenyl, C,¢ alkynyl, Cis cycloalkyl, Cis
cycloalkylmethyl- or pyridinylmethyl-, any of which is optionally substituted with 1, 2
or 3 halogen atoms; or unsubstituted pheny! or benzyl,

R? and R? independently represent hydrogen, halogen, C,, alkyl, arylmethyl-, C,4
alkenyl, C,. alkynyl or Cs¢ cycloalkylmethyl-; and any of said C,4 alkyl, arylmethyl-,
C..q alkenyl, C,.¢ alkynyl or Cy cycloalkylimethyl- is optionally substituted with 1, 2 or
3 halogen atoms,

R*, R® and R® independently represent hydrogen, fluorine or methyl; and

R’, R®, R%, R" and R"' independently represent hydrogen, halogen, cyano, C,.s alkyl,
C..s atkenyl, Cqs alkynyl, Csq4 cycloalky! or phenyl, and any of said C,4 alkyl, Cys
alkenyl, C,g alkynyl, Cs.¢ cycloalkyl or phenyl is optionally substituted with 1, 2 or 3
halogen atoms; or R and R'' together with the carbon atoms to which they are
attached form a benzene ring which is optionally substituted with 1, 2 or 3 halogen
atoms;

with the proviso that when R’ and R'! are both selected from hydrogen or flucrine, at
least one of R®, R® and R" is a halogen atom, or not more than one of R®, R? and R'®
is a CF; group.

3. A compound of formula (1), or a pharmaceutically acceptable salt thereof:
R?
R®
R®
R

(l)

wherein:

R' represents Cis akyl, C,s alkenyl, C,s alkynyl, Cis Cycloalkyl or Cae
cycloalkylmethyl, any of which may be optionally substituted with 1, 2 or 3 halogen
atoms, or unsubstituted phenyl or benzyi,

R? and R® independently represent hydrogen, halogen, Cyg alkyl, aryimethyl, Cyq
alkenyt, Co.s alkynyl or Cs.4 cycloalkylmethyl; and any of said C,.s alkyl, arylmethyl, C,.
s alkenyl, C..¢ alkyny! or Ca5 cycloalkylmethyl may be optionaily substituted with 1, 2
or 3 halogen atoms;

R*, R® and R® independently represent hydrogen or fluorine; and
R, R®, R®, R™ and R"' independently represent hydrogen, halogen, cyano, C, alkyl,
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C.s alkenyl, Cyp atkynyl, Css cycloalkyl, or phenyl, and any of said C,g alkyl, C.s
alkenyl, C» alkynyl, Cs5 cycloalkyl or phenyl may be optionally substituted with 1, 2
or 3 halogen atoms;

with the proviso that when R’ and R’ independently represent hydrogen or fluorine,
at least one of R®, R® and R’ is a halogen atom.

4. A compound of formula (I} as defined in claim 1, wherein R' represents
unsubstituted C, alkyl, C.s alkenyl, C.¢ alkynyl, Csq cycloalkyl, pyridinylmethyl-,
phenyl or benzyl.

5. A compound of formula (I) as defined in ¢laims 1 or 4, wherein R? and R®
independently represent hydrogen, fluorine or methyl. '

6. A compound of formula () as defined in any one of claims 1, 4 or 5, wherein
R*, R® and R® independently represent hydrogen or methyl.

7. A compound of formula () as defined in any one of claims 1, 4, 5 or 6,
wherein R, R®, R®, R" and R'' independently represent hydrogen, halogen, cyano,
trifluoromethyl, unsubstituted Cysalkyl; or R'® and R'' together with the carbon atoms

1o which they are attached form an unsubstituted benzene ring.

8. A compound of formula (1) as defined in claim 1, which is a compound of
Example 1-136, or a pharmaceutically acceptable salt thereof.

9. A compound of formula (l) as defined in claim 1, which is N-{[2-chloro-3-
(trifluoromethyl)phenyl)methyl}- 1-methyl-5-oxoprolinamide.

10. A pharmaceutical composition which comprises a compound of formula (1) as

defined in any preceding claim and a pharmaceutically acceptable carrier or
excipient.

11. A compound, or pharmaceutically acceptable salt thereof, as defined in any
one of ¢laims 1 to 9 for use in therapy.

12. A method of treating a human or animal subject suffering from pain,
inflammation or a neurodegenerative disease, which method comprises

administering to said subject an effective amount of a compound of formula (1) as
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Nuevos antagonistas de receptores y sus métodos de uso

La presente invencion se refiere a derivados de amida heterociclicos que
modutan la funcion del receptor P2X7 y son capaces de aptagonizar los efectos de
ATP en el receptor P2X7 (antagonistas de los receptores P2X7); a procedimientos
para su preparacion; a composiciones farmaceéuticas que los contienen; y al uso de
dichos compuestos en la terapia.

El receptor P2X7 es un canal idnico de apertura regulada por ligando que se
expresa en celulas de linaje hematopayético, p. ej. macrofagos, células microgiiales,
mastocitos y linfocitos (T y B) (véase, por gjemplo, Collo, et al. Neuropharmacology.
Vol 36, pp1277-1283 (1997)), y es activado por nucledtidos extracelulares,
particularmente adenosina trifosfato (ATP). La activacion de los receptores P2X7 ha
estado implicada en la formacion de células gigantes, desgranulacion, muerte celular
citolitica, propagacion de CDB62L. regulacién de proliferacion celular y liberacién de
citocinas proinflamatorias tales como interleucina 1 beta (IL-1B8) (p. ej. Ferrari, et al., J.
Immunol., Vol.176, pp3877-3883 (2006)) y factor de necrosis tumoral alfa (TNFa) {p.
gj. Hide, el al. Journal of Neurochemistry, Vol.75, pp965-972 {2000)). Los receptores
P2X7 también se localizan en células que presentan antigenos, queratinocitos, células
parétidas, hepatocitos, eritrocitos, células eritroleucémicas, monocitos, fibroblastos,
células de meédula dsea, neuronas y células mesangiales renales. Ademas, el receptor
P2X7 se expresa por lerminales presinapticas en los sistemas nerviosos central y
periférico y se ha demostrado que media Ia liberacién de glutamato en células gliales
{Anderson, C. et al. Drug. Dev. Res., Vol.50, pagina 92 (2000)).

La localizacion del receptor P2X7 a células claves del sistema inmunitario,
acoplada con su capacidad de liberar mediadores inflamatorios importantes de estas
células, sugiere una funcion potencial de los antagonistas de los receptores P2X7 en
el tratamiento de una amplia gama de enfermedades que incluyen dolor y trastornos
neurodegenerativos. Estudios preclinicos in vivo recientes han implicado directamente
al receptor P2X7 tanto en el dolor inﬂamétorio como en el neuropatico {Dell'Antonio et
al, Neurosci. Lett., Vol.327, pp87-90 {2002),. Chessell, IP., et al., Pain, Vol.114,
pp386-396 (2005), Honore et al, J. Pharmacol. Exp. Ther., Vol.319, p1376-1385
(2006)) mientras que hay datos in vitro que sugieren que los receptores P2X7 median
la muerte inducida por las células microgliales de neuronas corticales (Skaper, S.D., ot
al., Glia, Vol.84, p234-242 (2006)). Ademas, el aumento del receptor P2X7 se ha
observado alrededor de placas B-amiloides en un modelo de ratén transgénico de
enfermedad de Alzheimer (Parvathenani, L. et al. J. Biol. Chem., Vol.278(15},
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pp13309-13317 (2003)).

La presente invencion provee compuestos que medulan la funcién de los
receptores P2X7 y son capaces de antagonizar los efectos de ATP en el receptor
P2X7 (antagonistas de los receptores P2X7). En un primer aspecto, se provee un
compuesto de férmula (1}, o su sal farmacéuticamente aceptable:

donde;
R' representa alquilo Cis alquenilo C,s alquinilo C,e cicloalquilo - Cys,
cicloalquilmetiic C,;; o piridinilmetilo, cualquiera de los cuales puede estar
opcionalmente sustituido con 1, 2 & 3 atomos de haldégeno; o fenilo ¢ bencilo no
sustituido;
R? y R® independientemente representan hidrégeno, haldgeno, alquilo ¢1.e. ariimetilo-,
alquenilo Cs.5, alquinilo Cy4 o cicloalquiimetilo Cs.g-; ¥ cualquiera de dichos alquilo C,.4,
arilmetilo-, alquenilo C.s. alquinilo Cus 0 cicloalquilmetilp Ci esta opcionalmente
sustituido con 1, 2 6 3 dtomos de haldgeno;
R*, R® y R® independientemente representan hidrégeno, fluor o metilo; y
R’, R%, R%, R" y R'' independientemente representan hidrégeno, haldgeno. ciano,
alquilo Cy6, alquenilo C.g, alquinilo Cag, cicloalquilo Csy o fenilo, y cualquiera de
dichos alquilo Cig. alquenilo C.s, alquinilo Cue, cicloalquilo Cie 0 fenilo esta
opcionalmente sustituido con 1, 2 0 3 dtomos de halégeno; o R' y R*™ junto con los
atomos de carbono a los que estan unidos, forman un anillo benceno que esta
opcionalmente sustituido con 1, 2 6 3 atomos de halogeno;
con !a salvedad que cuando R’ y R'" se seleccicnan ambos de hidrégeno o flior, por
lo menos uno de R®, R®y R es un atomo de halégeno, o R®, R? y R™ se seleccionan
del grupo que consiste en hidrégeno y CF, y uno, pero no mas de uno, de R®, R®y R'C
es CF,,

En una realizacién, se provee un compuesto de férmula (1), o su sat
farmacéuticamente aceptable:
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donde:

R' representa alquilo C.e alquenilo C,s alquinilo Cae, cicloalquilo Cag ©

N

cicloalquilmetilo C., cualquiera de los cuales puede estar opcionalmente sustituido
con 1, 2 6 3 dtomos de haldgeno, o fenilo o bencilo no sustituido,
R? y R® independientemente representan hidrégeno, halogeno, alquilo C,., arilmetilo,
alquenilo C,4, alquinilo C,5 © cicloalquilmetilo Ca; v cualquiera de dichos alquilo Cy.,
arilmetilo, alquenilo C,s, alquinilo Cys o cicloalquilmetilo Cyg estd opcionalmente
10 sustituido con 1, 2 6 3 atomos de halogeno;

R, R® y R¥ independientemente representan hidrégeno o flior; y

R", R®, R®, R"™ y R" independientemente representan hidrogeno, halégeno, ciano,

alquilo C,4, alquenilo C,g, alquinilo Cag, cicloalguilo Cis o fenilo: y cualquiera de

dichos alquilo C;s, alquenilo C,g alquinilo C,s o cicloalquilo Csgo fenilo esta
I3 opcionalmente sustituido con 1, 2 6 3 atomos de halégeno:
con la salvedad que cuando R’ y R'' independientemente representan hidrégeno o
fidor, por lo menos uno de R®, R*y R'® es un atomo de haldgeno.

En una realizacion, se provee un compuesto de formula (1), o su sal

farmaceéuticamente aceptable:

20 R
("

donde:
R' representa alquilo C,s alquenilo Cas, alquinilo  C,5, cicloalquilo Cs.,
cicloaiquilmetilo Cy¢ o piridinilmetilo, cualquiera de los cuales puede eslar

13 opcionalmente sustituido con 1, 2 6 3 atomos de halégeno; o fenilo o bencifo no

susfiituido;
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R? y R® independientemente representan hidrogeno, halogeno, alquilo Cys, arilmetilo-,
alquenilo C,.e. alquinilo C,¢ 0 cicloalquilmetilo Ca¢-; ¥ cualquiera de dichos alquilo Cy.g,
arilmetilo-, alguenile C,s, alquinilo C,e 0 cicloalquilmetilo C;¢ esta opcionalmente
sustituido con 1, 2 ¢ 3 atomos de halbgeno;

R*, R®y R? independientemente representan hidrégeno, fldor o metilo; y

R, R®, R¥ Ry R" independientemente representan hidrdgeno, halogeno, ciano,
alquilo Cy, alquenilo Cae, alquinilo C,s, cicloalguilo Cis 0 fenilo, y cualquiera de
dichos alguilo C,s. alquenilo C,g, alquinilo C,s, cicloalquilo Cig 0 fenilo esta
opcionalmente sustituido con 1, 2 6 3 atomos de halogeno: o R y R'', junto con los
atomos de carbono a los que estan unidos, forman un anillo benceno que esta
opcionalmente sustituido con 1, 2 6 3 atomos de halégeno;

con la salvedad que cuando R’ y R" se seleccionan ambos a partir de hidrogeno o
fllor, por lo menos uno de R®, R® y R'® es un atomo de halégeno, o no méas de uno de
R® R%y R'® es un grupo CF;.

&l término “alquilo”, como se usa en este documento {cuando se usa como un
grupo o como parte de un grupo) se refiere a una cadena hidrocarbonada lineal o
ramificada que contiene el nimerc indicado de atomos de carbono. Por ejemplo,
alguilo Cy.¢ quiere decir una cadena hidrocarbonada lineal o ramificada que contiene al
menos 1 y a lo sumo 6 atomos de carbono. Los ejemplos de alquilo incluyen, pero sin
limitacion; metito (Me), etilo (Et). n-propilo, i-propilo, n-hexilo e i-hexilo.

Como se usa en este documento, el término “alquenilo” se refiere a cadenas
hidrocarbonadas lineales o ramificadas que contienen el nimero indicado de atomos
de carbono donde al menos un enlace carbono-carbono es un doble enlace. Los
ejemplos de alquenilo incluyen, aunque sin limitarse a ello, etenilo, propenilo, n-
butenilo, i-butenilo, n-pentenilo e i-pentenilo.

Como se usa en este documento, el término “alquinilo” se refiere a una cadena
hidrocarbonada linea! o ramificada que contiene el numero indicada de &tomos de
carbono, donde al menos un enlace carbono-carbono es un triple enlace. Los ejemplos
de alquinilo incluyen, aunqgue sin limitarse a ello, etinilo, propinilo, butinilo, i-pentinio, n-
pentinilo, i-hexinilo y n-hexinilo.

El término ‘cicloalquilo’, a menos que se indique lo contrario, significa un anillo
cerrado no aromatico de 3 a 6 miembros, por ejemplo ciclopropilo, ciclobutilo,
ciclopentilo o cictohexilo.

El término ‘arilo’, tal como se utiliza en este documento, se refiere a un anillo
hidrocarbonado monociclico o biciclico Cei, en donde al menos un anillo es
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aromatico. Los ejermplos de dichos grupos incluyen fenilo y nafiito.

Ell término 'haldgens’ se ufiliza aqui para describir, salvo gue se indique 1o
contraria, un grupo selescionade de fldor, clorg, bromo o yodo, '

En determinadas realizacicnes de la invencion, R' representa alquilo i,
alguentio Cag, alguinile Cag, cicloaiguilo Cyg, o piridiniimetilo, cualguiera de los cuales
esla opeionalmente sustifuido con 1, 2 & 3 &tomos de haldgeno, o fenito o bengilo no
susiituido; En una realizacion de la invencién, R representa alouilo C,.. no sustituido,
glguenilo Cyg, alquinile Cas, cicloalguilo Cag, piridinilmetiio, fenilo o bencile. En otra
realizacion, R' representa alguile C,., no sustiti.lido, cicloalquilo Cas, piridiniimetils,
fenilo a kencilo. Inciugo =n gfra realizacion, R representa metilo o etilo.

En determinadas realizaciones de la invencion, R® v R* independientemente
representan hidrogeno, haldgens alquilo C.e, bencilo, alguenilo Caz, alguinilo Cog o
cicloalgudmetilc Css ¥ cualguiera de diches alguile S5 bencilo, alguenile C,.,
alguinila C:= o gicloalquilmetilo Ca.: esta opcionalmente sestituida con 1, 2 4 3 d3tomos
de haldgenao,

En una realizacidon, R* y R* independiertemente representan hidrogeno o
halogeng; alquiln C.s no sustituide, bencilo, alguenilh Cas, alquinio Cos o
cicloaiguilmetilo Cr.p,

En otra realizacion, R* y R° independientemente representan hidrageno, fidor o
metila. En otra reafizacien, tanto B2 coma R? representan hidrogena,

En una realizacién de la invencién, R* y R independiantemente representan
hidrogeno o metilo. En otra realizacion, R* representa hidrégeno o metilo, En otra
realizacion, R*, R® y R® representan todos hidrogeno.

En otre realizacion de la invencian, R7, R®, R®, R'" y R'! independientemente
represettan hidrogenc, haldgena, ciano, trifluerometilo © alguilo Cyie no sustituido; o
R y R", junts con los atomos de carbono a los que estan unides, forman un anillo
bencens no sustituide. En otra realizacidn, R’ R, RS, R" y R" independientemente
representan hidrogeno, haldgene, ciano, metile o rifluorometilo; o R™ y R'', junto con
los atomos de carbong a los que estan unidos, forman un anilly henceno no sustituids.
Incluse en otra realizacion, R7, R?, R% R'™ y R'" independientemente representan
hidragene, ¢loro, fldor, bromo, metilo o rifluorometilo.

En una realizacidn de la invencidn, s provee un compuesto de formula {1), o su
sal farmacéuficaments acaptable, en dendeg:

R' representa alquilo C,., no sustituido, alguenilo Gp., cicloalguile Cos,
piridmiimetilo, fenife o bencilo.
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R? y R® representan ambos hidrogeno;

R, R y R® independientemente representan hidrégeno o metilo; y

RY, R®, R, R'® y R" independientemente representan hidrégeno, cloro, fldor,
bromo, metilo o trifluorometilo;

con la salvedad que cuando R’ y R'' se seleccionan ambos de hidrogeno o
fluor, por lo menos uno de R%, R® y R' es un atomo de haldgeno, o R?, R® y R'® se
seleccionan del grupo que consiste en hidrégeno y CF, y uno, pero no mas de uno, de
R* R*y R'®es CF,.

Los compuestos panticulares de acuerdo con la invencion incluyen los Ejemplos
1 - -136 que se muesiran a continuacién, 0 una de sus sales farmacéuticamente
aceptables.

Los antagonistas de P2X7 pueden ser Utiles para prevenir, tratar o aliviar una
diversidad de estados de dolor (p. €j. dolor neuropatico, dolor inflamatorio cronico vy
dolor visceral), inflamacion y neurodegeneracion, en particular la enfermedad de
Alzheimer. Los antagonistas de P2X7 pueden también canstituir agentes terapéuticos
dtiles en el manejo de la artritis reumatoidea y la enfermedad inflamatoria de los
intestinos.

Los compuestos de la presente invencién que modulan la funcion de los
receptores P2X7 y son capaces de antagonizar los efectos de ATP en el receptor
P2X7 {antagonistas de los receptores P2X7) pueden ser antagonistas competitivos,
agonistas inversos, moduladores alostéricos negativos o moduladores indirectos de la
funcion del recepior.

Determinados compuestos de formula () pueden, en algunas circunstancias,
formar sus sales de adicion de acidos. Se apreciara que para uso en los compuestos
medicinales de formula () se pueden utilizar como sales, en cuyo caso las sales deben
ser farmacéuticamente aceptables. Las sales farmacéuticamente aceptables incluyen
las descritas por Berge, Bighley y Monkhouse, J. Pharm. Sci., 1977, 66, 1-19. Los
compuestos basicos de formuta (1) pueden formar sales con acidos farmacéuticamente
aceptables, incluyendo acidos inorgénicos y organicos. Tales acidos incluyen el acido
acetico, bencenosulfonico, benzoico, canforsulfonico, citrico, etanosulfénico, fumarico,
glucénico, glutamico, bromhidrico, clorhidrico, isetibnico, lactico, maleico, malico.
mandélico, metanosulfonico, mucico, nitrico, pamoico, pantoténico, fosfarico.
succinico, sulfirica, tartarico, p-toluenosulfonico y similares.

Los ejemplos de sales farmacéuticamente aceptables incluyen las formadas a

partir de acidos: maleico. fumarico, henzoico, ascérbico, pamocico, succinico,

N
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clorhidrico,  sulfarico,  bismetilensalicilico, metanosulfénico,  etanodisulfonico,
propidnico, tartarico, salicilico, citrico, glucénico, aspartico, estearico, palmitico,
itaconico, glicélico, p-amingbenzoico, glutamico, bencenosulidnico, ciclohexilsulfamico,
fosforico y nitrico. ‘

Los compuestos de formula () pueden prepararse en forma cristalina 0 no
cristalina, y, si es en forma cristalina, opcionalmente pueden solvatarse, por ejemplo
como el hidrato. Esta invencion incluye dentro de su alcance solvatos estequiomeétricos
{por ejemplo, hidratos) asi como compuestos que centienen cantidades variables de
disolvente {por ejemplo, agua).

Los compuestos de formula (1) pueden existir en formas estereoisémeras (p.gj.,
diastereémeros y enantidmeros) y la invencion se extiende a cada una de estas
formas estereoisOmeras y a sus mezclas, incluidos los racematos. Las diferentes
formas esterecisdmeras se pueden separar entre si por los métodos habituales, 0
puede obtenerse cualquier isdbmero dado por sintesis estereoespecifica o asimétrica,
En fos ejemplos donde la composicién estereoquimica del producto final ha sido
determinada por HPLC quiral (mas especificamente por los métodos (A), (B), (C) o (D)
como se define en los Ejemplos), € nombre estereoespecifico y la estructura
correspondientes han sido asignados al producto final donde el exceso enantidbmero
de dicho producto es mayor que 70%. La asignacidn de estereoquimica absoluta se
basa en la quiralidad conocida del material de partida. En los ejemplos en los que la
composicion del producto final no se ha caracterizado por HPLC quiral, la
estereoquimica del producto final no se ha indicado. No obstante, se esperara que la
quiralidad del componente principal de la mezcla de productos refieje aguella del
material de partida, y el exceso enantidmero dependera del método de sintesis
empleado y probablemente sera similar a aquella medida para un ejemplo analogo (si
existe dicho ejemplo). Por lo tanto, se espera que los compuestos que se muestran en
una forma quiral puedan prepararse en la forma quira! alternativa usando el material
de partida adecuado. Alternativamente, si se usan materiales de partida racémicos, se
esperaria que se produjera un producto racémico, y los enantibmeros simples podrian
separarse por los metodos usuales. La invencién también-se extiende a cualesquier
formas tautémeras y sus mezclas.

La invencion objeto incluye también compuestos marcados isotdpicamente que
son idénticos a los enumerados en la formuia (1) y siguientes, excepto por el hecho de
que uno o mas atomos estan reemplazados por un atomo que tiene una masa atémica
o numero de masa diferente de la masa atomica o numero de masa que se encuentra
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mas comunmente en la naturaleza. Los ejempics de isolopos que pueden incorporarse
en compuestos de la invencién incluyen isétopos de hidrégeno, carbono, nitrégeno,
oxigeno, {osforo, fluor, yodo y cloro, tales como 3H, 11C, 14C, 18F, 123l y 1251

Dentro del alcance de la presente invencion se encuentran compuestos de la
presente invencion y sales farmacéuticamente aceptables de dichos compuestos que
contienen los isdtopos mencionados anteriormente y/u otros isétopos de otros alomos.
Los compuestos marcados con isdtopos de la presente invencion, por ejemplo
aquellos en los que se incorporan isdtopos radicactivos tales como 3H o 14C, son
utiles en ensayos de distribucion de farmacos y/o sustratos en tejidos. Se prefieren
particularmente los isdtopos tritio, es decir 3H, y carbono-14, es decir, 14C, por su
facilidad de preparacion y detectabilidad. Los isdtopos de 11C y 8F son
particularmente utiles en PET (tomografia de emision de positrones), y los isotopos
1251 son particularmente utiles en SPECT (tomografia computerizada de emision de
un solo fotén). PET y SPECT son utiles en la composicion de imégenes cerebrales.
Ademas, la sustitucion con isétopos mas pesados tales como deuterio, es decir, 2H,
puede proporcionar algunas ventajas terapéuticas que resultan de la mayor estabilidad
metabolica, por ejemplo, mayor semivida in vivo o menores requisitos de dosificacion,
y por io tanto en algunos casos pueden ser preferidos. En general, los compuestos
marcados con isdbtopos de férmula (1} y siguientes de esta invencidon pueden
prepararse realizando los procedimientos descritos en los Esquemas y/o en los
Ejemplos presentados mas adelante, sustituyendo un reactivo no marcado con
isotopos por un reactivo marcado con isotopos faciimente adquirible.

Ademas, los compuestos de formula (1) pueden administrarse como
profarmacos. Tal como se emplea en la presente memoria, un "profarmaco” de un
compuesto de férmula () es un derivado funcional del compuesto que, al ser
administrado a un paciente, eventualmente libera el compuesto de férmula (1) in vivo.
La administracion de un compuesto de formula (1) en forma de un profarmaco puede
permitir al experto en la técnica una o varias de las siguienies cosas: {a) modificar el
comienzo de fa accién del compuesto in vivo; (b) modificar la duracion de ia accion del
compuesto in vivo; (c) modificar el transporte o distribucién del compuesto in vivo; {d)
modificar la solubilidad del compuesto /n vivo; y (e) superar un efecto secundario u otra
dificultad encontrada con el compuesto. Los derivados funcionales tipicos empleados
para preparar profarmacos incluyen madificaciones del compuesto que son escindidas
quimicamente o enziméaticamente in vivo. Dichas modificaciones son conocidas por los
expertos en la técnica.
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Preparacion de compuestos

(h
Los eompuastos de formula {1}, donde lag variables son tal como se definia

precedantements, y sus sales y solvatos, se pueden preparar por la metodalogia
descrita & continuacion, gue constituye otro aspecto de |a presente invencién.

{In procesg de acuerdo Con la@ invencion para preparar un compuesto de
farmula {1} que comprende;
{a) Acoplar un acido carboxilico de farmula {2} (o su derivado activado)} con una amina
de formula {3) (véase Esguema 1), donde R', R%, R%, R*, R% R® R, R® ¥ R¥y RV
san tal como se definid anteriormente. Los compuestos (2} v (3) estan opcionalmente
prolegidos;
{b) L= reaccién de un compuesto dicarbonilo de férmula (4}, un isocianure de farmula
51 ¥ una amina de fdrmula {6) en un digolvente adecuado tal comao metano! ¥ 2 una
temperatura adecuada tal como 100°C (véase Esquema 2), donde RY, R?, R® RY Rﬂ
R™, RB* R* R*™ y R'" son tal come se definié anteriormente, y R® = H o metilo. Los
compuestos (4], (5) y (6) estan opcionalmente prategidos. Los procedimientos de este
tipo se describieron previaments en la bibliografia guimica (p. &j. H.Tye y M Whittaker,
Qrg. Blomol Chem., 2004, 2, 813-815, G. C. B, Harriman WO 9900362 A1),
(c) Clesproleger un compugsto de farmula (1Y gue esté protegido. Los ejemplos de
grupos protectores vy los madios para eliminarlos se pueden hallar en TW. Grezsne v
PG Wuats 'Protective Groups in Qrganic Synthesis' {J.Wiley and Scng, 3% Ed. 1999}
]
{d) Interconversion de Ios compuestos de fdrmula (1) en otros compuestes de farmula
(I}, Lus ejemploa de procedimientos de inferconversion convencionales incluyen
gpimerizacion, axidacidn, reduccidn, alquilacidn, sustitucion aromdatica, sustitucian
nucleddila, acoplamiento de amidas e hidrolisis de éster.

Esquema 1:
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(2) "
El acoplamiento de un acido de férmula (2) y una amina de férmula (3)

tipicamente comprende el uso de agentes de activacion, como hidroctoruro de N-(3-
dimetilaminopropil)-N'-etilcarbodiimida o carbodiimida soportada por polimero, 1-
hidroxibenzotriazol (HOBT) o 1-hidroxi-7-azabenzotriazol (HOAL), y opcionalmente una
base adecuada tal como una alquilamina terciaria (p. ej. diisopropiletilamina, N-etil
morfalina, trietilamina) o piridina, en un disolvente adecuado tal como DMF y/o
diclorometanc y a una temperatura adecuada, p. gj. entre 0°C y temperatura ambiente.
Alternativamente, el acoplamiento de {(2) v (3) se puede lograr por tratamiento con
hexafluorofosfato de Q-(7-azabenzotriazol-1-il)-N,N,N',N'-tetrametiluronic y una
alquilamina terciaria adecuada tal como diisopropiletilamina en un disolvente adecuado
tal como dimelilformamida a una temperatura adecuada tal como temperatura
ambiente. Alternativamente, el compuesto de formula (2) se puede emplear como un
derivado activado (p. ej. cloruro de acido, anhidrido mixto, éster activo (p. ej. O-acil-
isourea)), y bajo dichas circunstancias, el procedimiento (a) tipicamente comprende
tratamiento de dicho derivade activado con una amina (Ogliaruso, M.A.; Wolfe, J.F. en
The Chemustry of Functional Groups (Ed. Patai, S.} Suppl.8: The Chemistry of Acid
Derivatives, Pt. 1 (John Wiley and Sons, 1979), pp442-8; Beckwith, A. L. J. en The
Chemistry of Functional Groups (Ed. Patai, S, ) Suppl. B: The Chemistry of Amides
(Ed. Zabricky, J.)(John Wiley and Sons, 1970), pp 73 ff).
Esquema 2.
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Los métodos reprasentativos para la preparacion de lgs compuestos de tdrmula

{2} se muestran en los Esguemas 3-% a continuacidn:

Esquema 3

. 4 7

HCI HM /JL R' HSO H: iy op H:‘i—i‘(ﬂ‘"‘
R, j/q—" \Lw ’{"L‘m -\( 0% My B Y
Rl I \R_- E1apa l] Egapa (i} Lo Etapa[un %

oD DF"’" ) @)

) )
donde R', R R®, R® y R® son tal como se definié anteriormente, R*=Ho F, y P'¥ p*
representan grupos pritectorss adecuados tales como alquilo Cog 0P y PP = H.

Los procedimigntos analogos a aquellos descritos a continuacidn para las
transformaciones sefialadas en ¢l esquema 3 han sido previaments descritos en la
bibliografia quimica (p. e G. Verardo, P. Geatti E. Pol, y A.G. Giumanini,
Can.J Chem., B8O 773-788 {ZDOé}; T. Gudst, etal, Organic Lelters, (2004), 6(19),
3281-3284)

La etapa (i) tipicamente comprende et tratamiento inicial de (7 con una base
tal como hidréxido de sodio en un disclvente adecuado tat comn metanol a ung
emperatura adecuada tal como 0°C seguida de alquilacion reductora que tipicaments
comprende el tratamiento subsiguiente con un aldheide o cetona v un acido, tal comc:-
acide acetico, y luego la adicion de un agante de réduccion tal como borohidruro de
sodio & uha temperatura adecuada entre 0°C y temperatura ambients,

La etapa (i) puede ocCurrir espontaneamesnte, en cuyo case (0} se aisla
directamente de [a reaccion de {7) como se describid anteriormente en la etapa (i),
pero mas tipicameante ¢ compuesto (8) se calienta & una temperatura adecuada, como
110°C, en un disalvente adecuado, coma toluens, para producir et compuesta (8)

La etaps de desproteccidn (i tipicamenté comprende un procedimiento
Conﬁencional para conversion de un éster carboxilico en un acido, camoe el uso de una
sal de hidraxido adecuada (p. e). hidroxido de sodio} en un disolvente adecuado tal

como metanal 8 una temperatura adecuada entre 0°C v temperatura ambiente.

Esqguema 4
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donde R', R%, R®, R*y R® son como se definié anteriormente, R® = H o F, L' es un
grupo adecuado tal como halégeno (p. ej. cloro o bromo) o un acido bbrico o éster
borico, y P* representa grupos protectores adecuados tales como alquilo Ca..

Los procedimientos analogos a aquellos descritos a continuacion para las
transformaciones sefaladas en el esquema 4 se han descrito previamente en la
bibliografia quimica (p. ej. T. ltch, et.al., Tetrahedron., 59 (2003), 3527-3536; T.
Simandan y M.B. Smith, Synthetic Communications, 26(9), 1827-1838 (1996)).

La etapa (i} tipicamente comprende el tratamiento de (10) con una base tal
como hidruro de sodio y un agente alquilante como un haluro de alquilo en un
disolvente adecuado tal como tetrahidrofurano a una temperatura adecuada entre 0°C
y temperatura ambiente o, alternativamente, puede comprender tratamiento de (10)
con un haluro de arilo o arilo o acido (o éster) alguenil borico en un disolvente
adecuado tal como tolueno en presencia de un catalizador adecuado tal como una
mezcla de tris(dibencilidenacetona)dipaladio(0) y Xantphos™ (9,9-dimetil-4,5-
bis(difeniffosfino)xanteno) y una base adecuada tal como carbonato de cesio a una
temperatura adecuada como 120°C.

La desproteccién (i) tipicamente comprende un procedimiento convencional
para conversion de un éster carboxilico en un &cido, como el uso de una sal de
hidrdxido adecuada (p. ej. hidroxido de sodio) en un disolvente adecuado tal como
metanol a una temperatura adecuada entre 0°C y temperatura ambiente; o el uso de
un Acido adecuado (p. ej. acido trifluoroacético} en un disolvente adecuado tal como
diclorometanc a una temperatura adecuada entre 0°C y temperatura ambiente.

Esquema §
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donde R', R%, R?, R*y R® son como se definié anteriomente y R® = Ho F.

Los procedimientos analogos a aquellos descritos a continuacién para las
transformaciones sefialadas en el esquema 5 se han descrito previamente en la
bibliografia quimica (p. j. S. Aoki, et al., Tetrahedron, 60 (2004) 7053-7059)

La etapa (i) tipicamente comprende calentar (12) en un autoclave o tubo
sellado en un disolvente adecuado, como agua, y a una temperatura adecuada entre
100-14Q°C con o sin irradiacién de microondas.

Esquema b
r* 1R e
y R’ 2 1 R R op*
H ; op* Rt X
07y Y Eiepal) Bopa) O 1, R
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03 (15)
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HoRY e R 7*
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donde R', R* y R® son como se definid anteriormente, R? representa un grupo como se
definié anteriormente distinto de hidrégeno o halogeno, R° = H o F, L' es un grupo
saliente adecuado tal como halégeno (p. €. cloro o bromo), y P*” p® representan
grupos protectores adecuados tales como alguilo C.s y alcoxicarbonilo C;s
respectivamente.

Los procedimientos andlogos a aquellos descritos a continuacion para las
transformaciones sefaladas en el esquema 6 se han descrito previamente en la
bibliografia quimica (p. ej. A. Bassoli, et.al.,, Eur. J. Org. Chem., 2005, 2518-2525)

La etapa (i) tipicamente comprende la proteccion de (13) por protocolos
convencionales tales como tratamiento con un anhidrido de alcoxicarbonilo, como
dicarbonato de di-tercbutilo, y una base tal como trietilamina y un catalizador tal como
4-dimetilaminopiridina en un disolvente adecuado tal como diclorometano a una
temperatura adecuada tal como temperatura ambiente.

La etapa (i) tipicamente comprende el tratamiento de (14) con una hase tal
como bis{trimetilsilifamida de litio y un agente alquilante tal como un haluro de alquilo
en un disotvente adecuado como tetrahidrofurano a una temperatura adecuada entre -
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78°C y temperatura ambiente.

La etapa (iii) t{ipicamente comprende la desproteécién de {15) por protocolos
convencionales tales como, para el caso en que P° sea un grupo carbonilo tercbutoxi,
tratamiento con cloruro de hidrégeno en un disolvente adecuado tal como dioxano y a
una temperatura adecuada como temperatura ambiente.

La etapa (iv) tipicamente comprende el procedimiento anteriormente descrito

para las etapas gue se muestran en el Esquema 4.

Esquema 7
5
P 3 rR*
" 5 R 5
HN _-R R
) 1 i OF" R & op? nzi‘i( OH
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donde R', R?, R*, R* y R® san como se defini¢ anteriomente y R®=H o F. P®, Péy P’
representan grupos protectores adecuados, por ejemplo P® puede ser un
alcoxicarbonilo C,5,y P°y P” pueden ser alquilo C,.5 (P® y P’ no necesitan ser iguales).
L' es un grupo saliente adecuado tal como halégeno (p. e]. cloro o bromo).

La etapa (i) tipicamente comprende el fratamiento de {17) con una base
adecuada, tal como hexametildisilazida de potasio y un agente alquilante tal como un
haluro de alquilo en un disolvente adecuado como tetrahidrofurano a una temperatura
adecuada entre -78°C y temperatura ambiente.

La etapa (ii) tipicamente comprende un procedimiento convencional para la
conversion de un éster carboxilico en un acido, como tratamiento con un acido
adecuado {p. ej. acido trifluoroacético) en un disolvente adecuado tal como
diclorometano a una temperatura adecuada tal como temperatura ambiente.

Esquema 8
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(24) Véase esquema 4

(23)

donde R', R%. R®, R* y RY son tal como se definié anteriormente y R = H o F. P*, P®y
P representan grupos protectores adecuados tales como alquilo C, en los casos de
Py P? (P? y P® no necesitan ser iguales) y un grupo derivado de una cetona aciclica o
ciclica adecuada en el caso de P'°.

Los procedimientos andlogos a aquellos descritos a continuacién para las
transformaciones sefnaladas en el esquema 8 se han descrito previamente en la
bibliografia quimica (p. ej. J. Wehbe, et.ai., Tetrahedron: Asymmetry., 14 { 2003), 1123-
1128).

La etapa (i) tipicamente comprende el tratamiento de {(19) con una cetona
adecuada, como (1R,2R.5R)-2-hidroxipinan-3-ona, y un acido de Lewis tal como
eterato de trifluocro de boro en un disolvente adecuado tal como tolueno a una
temperatura adecuada como 110°C.

La etapa (ii) tipicamente comprende el tratamiento de (20) con un reactivo de
Grignard, como bromura de metiimagnesio, y una base, como 18-
diazabiciclo[5.4.0Jundec-7-eno, seguido de tratamiento con un éster insaturado (21),
como etil crotonato en un disolvente adecuado como tetrahidrofurano a una
temperatura adecuada como -30°C.

La etapa (i) tipicamente comprende un procedimiento convencional para la
conversion de una inina a una amina, como tratamiento con un écido adecuado (p. ej.
acido citrico al 15%) en un disclvente adecuado tal como tetrahidrofuranc a una
temperatura adecuada tal como temperatura ambiente.
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La etapa (iv) tipicamente comprende calentar (23) en un disolvente adecuado,
como tolueno, a una temperatura adecuada entre temperatura ambiente y 120°C.
La etapa (v) tipicamente comprende el procedimiento anteriormente descrito

para las etapas que se muestran en el Esquema 4.

Esquema 9
L
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donde R', R* | R*y R® son tal como se definié anteriormente, R? y R* representan cada
uno un grupo como se definié anteriormente distinto de halogeno, L' y L? son grupos
salientes adecuados tales como haldgeno (p. ej. cloro o bromo), y P representa un
grupo protector adecuado tal como tritilo.

La etapa (i) tipicamente comprende el tratamiento de {25) con una base tal
como hidruro de sodio y un agente alquilante tal cormo un haluro de alquilo en un
disolvente adecuado como dimetifformamida a una temperatura adecuada entre 0°C y
temperatura ambiente.

La etapa (ii) tipicamente comprende el tratamiento de (26) con una base tal
como diisopropilamida de litio y un agente alquilante tal como un haluro de alquilo en
un disolvente adecuado como tetrahidrofurano a una temperatura adecuada entre -
78°C y temperatura ambiente.

La etapa (iii) tipicamente comprende el tratamiento de (27) con uné base tal
como diisopropilamida de litio y un agente alquilante tal como un haluro de alquilo en
un disolvente adecuado como tetrahidrofurano a una temperatura adecuada entre -
78°C y temperatura ambiente.

La etapa (iv) tipicamente comprende un procedimiento convencional para
desproteccion de un alcohol. Por ejemplo, cuando P'" es un grupo tritilo, el tratamiento
de (28) con un acido adecuado tal como Amberlyst 15® en un disolvente adecuado tal
como metanol y a una temperatura adecuada tal como temperatura ambiente.
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La etapa (v) tipicamente comprende un protocolo convencional para oxidacion
de un alcoho! al acido carboxilico correspondiente, como tratamiento del alcohol (29)
con un agente de oxidacion tal como una combinacién de clorito sodico, TEMPO
{radical libre 2,2,6,6-tetrametil-1-piperidiniloxi) y blanqueador (disoluciéon de hipoclorito
de sodio) en un disolvente adecuado tal como una mezcla de disolucion tampon
acuosa moncbasica de sodio y acetonitrilo a una temperatura adecuada tal como
40°C.

La etapa (i) o la etapa (iii) se puede omitir segun se requiera para preparar los
compuestos en los que R? = H 0 R® = H respectivamente.

Los compuestos de las formulas generales (3), (4), (5), (6), (7), (10), (12), (13),
(17), (19), (21} y (25) tipicamente son comercializados por fuentes comerciales o
pueden ser preparados por una persona experta en la técnica usando los metodos
descritos en la bibliografia quimica (o usando métodos analogos).

Cuando sea relevante, las sales fammacéuticamente aceptables podran
prepararse convencionalmente por reaccidn con el acido o derivado de acido
apropiado.

Indicaciones clinicas

Se cree que como los compuestos de la presente invencién modulan la funcion
de los receptores P2X7 y son capaces de antagonizar los efectos de ATP en el
receptor P2X7, pueden ser Utiles en el tratamiento del dolor, que incluye dolor agudo,
dolor crénico, dolor articular crénico, dolor musculo-esquelético, dolor neuropatico,
dolor inflamatorio, dolor visceral, dolor asociado con cancer, dolor asociado con
migrana, cefalea de tension y cefaleas histaminicas, dolor asociado con trastornos de
la funcidn intestinal, dolor de cuello y espalda, dolor asociado con esguinces y
distensiones. sindrome simpatico reflejo; miositis, dolor asociado con la gripe o con
otras infecciones viricas tales como el resfriado comun, dolor asociado con fiebre
reumatica, dolor asociado con isquemia de miocardio, dolor postoperatorio, dolor por
guimioterapia para combatir el cancer, cefaleas, dolor de muelas y dismenorrea.

Las afecciones de dolor articular cronico incluyen artritis reumatoidea, artrosis,
espondilitis reumatoidea, artritis gotosa vy artritis juvenil.

El dolor asociado con trastornos funcionales del intestino incluye dispepsia sin
ulcera, dolor toracico no cardiaco y sindrome del intestino irritable.

Los sindromes de dolor neuropético incluyen: neurcpatia diabética, ciatica,
lumbalgia inespecifica, neuralgia trigeminal, dolor por esclerosis multiple, fibromialgia,

neuropatia relacionada con el VIH, neuralgia post-herpética, neuralgia trigeminal y
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dolor producido por traumatismo fisica, amputacién, sindrome del miembro fantasma, \
cirugia espinal, cancer, toxina o cuadros inflamatorios cronicos. Ademas, los cuadros

de dolor neuropatico incluyen el dolor asociado con sensaciones noimalmente no
dolorosas tales como "hormiguec” (parestesias y disestesias), una mayor sensibilidad

al tacto (hiperestesia), sensacion dolorosa después de un estimulo inocuo (alodinia
dinamica, estatica, térmica o al frio), mayor sensibilidad a estimulos nocivos
{hiperalgesia térmica, al frio © mecanica), sensaciéon de dolor continuada después de

la eliminacidn del estimulo (hiperpatia), 0 una ausencia o déficit en la vias sensoriales
selectivas (hipoalgesia).

Otros cuadros que podrian ser potencialmente tratados con los compuestos de
la presente invencion incluyen fiebre, inflamacion, enfemmedades inmunolégicas,
enfermedades del funcionamiento plaquetaric anormal (p. e). enfermedades
vasculares oclusivas}), impotencia o disfuncidn eréclil; enfermedad 6sea caracterizada
por melabolismo o resorcidén dsea anocrmales; efectos colaterales hemodinamicos de
farmacos antinflamatorios no esteroideos (AINE) e inhibidores de cicloxigenasa 2
(COX-2). enfermedades cardiovasculares; enfermedades neurodegenerativas vy
neurodegeneracion, neurodegeneracion que sigue a un traumatismo, acufenos,
dependencia de un agente inductor de dependencia tal como los opioides (p. e].
morfina). depresores del SNC (p. ej. etanol), psicoestimulantes (p. ej. cocaina) y
nicotina: complicaciones de la diabetes tipo I, disfuncion renal, disfuncién hepatica (p.
ej. hepatitis, cirrosis), disfuncién gastrointestinal (p. ej. diarrea), cancer de colon, vejiga
hiperactiva e incontinencia urinaria. La depresion y el alcohclismo podrian
potencialmente tratarse con los compuestos de la presente invencion.

La inflamacion y los cuadros inflamatorigs asociados con dicha inflamacion
incluyen afecciones de la piel (p. ej. quemaduras solares, quemaduras, eccema,
dermatitis, dermatitis alérgica, psoriasis), meningitis, enfermedades oftalmicas tales
como glaucoma, retinitis, retinopatlias, uveitis y de lesiones agudas en el tejido ocular
(p. & conjuntivitis), trastornos pulmonares inflamatorios (p. ej. asma, bronquitis,
enfisema, rinitis alérgica. sindrome de dificultad respiratorio aguda, neumopatia de los
avicultores, enfermedad pulmonar obstructiva cronica (EPOC), hiperreactividad de las
vias respiratorias); trastornos de! tracto gastrointestinal (por ejemplo, ulcera aftosa,
enfermedad de Crohn, gastritis atopica, gastritis varialoforme. colitis ulcerosa,
enfermedad celiaca, ileitis regional, sindrome del intestino irritable. enfermedad
inflamatoria del intestino, enfermedad de reflujo gastrointestinal); trasplante de érganos

y otras afecciones con un componente inflamatorio, tales como enfermedad vascular,
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migrafa, panarteritis nudosa, tiroiditis, anemia aplasica, enfermedad de Hodgkin,
escleradoma, miastenia grave, esclerosis multiple, sorcoidosis, sindrome nefrotico,
sindrome de Bechet, gingivitis, isquemia de miocardio, pirexia, lupus eritematoso
sistémico, polimiositis, tendinitis, bursitis y sindrome de Sjogren.

Las enfermedades inmunolégicas incluyen enfermedades autoinmunitarias,
enfermedades de deficiencia inmunolbgica o trasplante de érganos.

Las enfermedades éseas caracterizadas por metabolismo o resorcion 6sea
anormal incluyen ostecporosis (especialmente osteoporosis posmenopausia),
hipercalcemia, hiperparatiroidismo, enfermedades ¢Oseas de Paget, ostedlisis,
hipercalcemia de tumores malignos con o sin metastasis dsea, artritis reumatoidea,
periadoncitis, artrosis, ostealgia, osteopenia, caquexia asociada al cancer, calculosis,
litiasis (especialmente wurolitiasis), carcinoma soélido, gota y espondiloartritis
anquilosante, {endinitis y bursitis.

Las enfermedades cardiovasculares incluyen hipertension o isquemia de
miocardio; aterosclerosis; insuficiencia venosa funcional u organica; tratamiento
varicoso; hemorroides y conmociones asociadas con un descenso acusado de la
presion arterial (por ). choque septicémico).

Las enfermedades neurodegenerativas incluyen demencia, particularmente
demencia degenerativa (que incluye demencia senil. demencia con cuerpos de Lewy,
enfermedad de Alzheimer, enfermedad de Pick, corea de Huntingdon, enfermedad de
Parkinson y enfermedad de Creutzfeldt-Jakob, esclerosis lateral amiotrofica (ALS) v
enfermedad de las neuronas motrices); demencia vascular {incluyendo demencia
multi-infarto); ast como demencia asociada con lesiones que ocupan el espacio
intracraneal; traumatismo, infecciones y afecciones relacionadas (que incluyen
infeccion del VIH, meningitis y zoster), metabolismo; toxinas; anoxia y deficiencia de
vitaminas; y lesién cognitiva leve asociada con el envejecimiento, particularmente
peérdida de memoria asociada con el envejecimiento.

Los compuestos de formula (I) también pueden ser (tiles en la neuroprateccion
y en el tratamiento de la neurodegeneracion después de un traumatismo tal como
apoplejia, paro cardiaco, bypass pulmonar, lesién traumatica cerebral, lesion de la
medula espinal o similares.

Los compuestos de la presente invencién también pueden ser utiles en el
tratamiento del desarrolio de celulas malignas y/o metastasis, y leucemia mioblasica.

Las complicaciones de la diabetes tipo 1 incluyen microangiopatia diabética,
retinopatia diabética, nefropatia diabética, degeneracion macular, glaucoma, sindrome
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nefrético, anemia aplasica, uveitis, enfermedad de Kawasaki y sarcoidosis.

La disfuncion  renal incluye nefritis, glomerulonefritis,  particularmente
glamerulonefritis proliferativa mesangial y sindrome nefritico.

Se tiene que entender que |a referencia al tratamignte incluye tanto tratamiento
de sintomas establecidos como tratamiento profildctice, a menos que se indigue
explicitamente de atro modo.

De acuerdo con un aspecic adicional de |2 invencidn, los autores de la
invencidn. propgreionan un compuesta de farmula (1) o una de sus sales
famnacéuticamente aceptables para usar en meditina humana g veterinaria.

De acuerdo con otra aspectn de la invencidn, s& provee un compuesto de
formula (I} o un derivado farmacéuticamente aceptable del mismo para uso en el
ratamiento de ung afeccion mediada por los receptares F2X7.

- De acuerdo con ofre aspecto de 13 invencion, se provee un meélodo de
tratarmiento de un individue Fumano o animal que padece una afeccién mediada por
los receptores P2X7, que comprende administrar a dicho individuo una cantidad eficaz
de un compuesto de formula (I} o su sal famacéuticamente aceptable, '

De acuerde con otro aspects de la invencidn, se provee un método de
tratamiento de un_individuo humano o animal que padece dolor, inflamacién o
enfermedad neuradegenerativa, donde & métodoe comprende administrac a8 dicho
individue una cantidad eficaz de un compuesto de férmula () o su sal
farmacéiticamente aceptable.

De acuerdo con otro aspecto de la invencién, se provee un método de
tratamientc de un individuo humane o animal que padece dolor inflamatorio, dolor
neuropatico o dolor visceral, donde el método comprende adminisirar a dicho individuo
una cantidad eficaz de un compuesto de formula (1) o su sal famMmacéuticaments
acaptable,

De acuerdo con ofro aspecto de la invencién, se provee un metodo de
tratamiento, por ejemplo de un individuo humano que padece fa enfermedad de
A.rzheimer! donde el metodo comprende administrar a dicho individuo ona cantidad
eficaz dé un compuestio de formula (1} 0 su sal farmacéuticamente aceptable.

De acuerdo con otro aspecte de la invencidn, se provee el uso de un
compuesto de formula (1) o su sal farmaceuticamente aceptable para la fabricacion de
un medicamento para e tratemiento de una afeccion gue esta mediada por 1a ageion
de o5 recepiores P2X7.

De zcuerdo con otro aspecto de la invencién, se provee el uso de un




L)

20

[\v)
Lol

[
vh

21

compuesto de férmula (I) o su sal farmacéuticamente aceptable para la fabricacion de
un medicamento para el tralamiento o fa prevencion de dolor, inflamacion o una
enfermedad neurodegenerativa.

De acuerdo con otro aspecto de la invencidn, se provee el uso de un
compuesto de férmula () o su sal farmacéuticamente aceptable para la fabricacion de
un medicamenio para el tratamiento o ia prevencién del dolor inflamatorio, dolor
neuropatico o dolor visceral,

En un aspecto de la invencién, se provee el uso de un compuesto de formula
(1} o su sal farmacéuticamente aceptable en fa fabricacidn de un medicamento para el
tratamiento o la prevencion de la enfermedad de Alzheimer.

Con el fin de usar un compuesto de Formula (I} o una de sus sales
farmacéuticamente aceptables para el tratamiento de seres humanos y otros
mamiferos, éste normalmente se formuta conforme a la practica farmacéutica
convencional en la forma de una composicion farmacéutica. Por lo tanto, en otro
aspecto de la invencién se proporciona una composicion farmacéutica que comprende
un compuesto de férmula (1) o su sal farmacéuticamente aceptable adaptada para su
uso en medicina humana o veterinaria.

Para utilizar tos compuestos de férmula (I) en terapia, normalmente se
formularan en una composicion farmacéutica de acuerdo con las practicas
farmaceéuticas clasicas. La presente invencion proporciona ademas una composicion
farmacéutica, que comprende un compuesto de férmula (I} 0 una de sus sales
farmacéuticamente aceptable, y opcionalmente un vehicule farmacéuticamente
acepiable.

Una composicion farmacéutica de la invencién, que se puede preparar por
mezcla, de forma adecuada a temperatura ambiente y a presion atmosférica,
normalmente se adapta para administracion oral, parenteral o rectal y, para ello.
pueden estar en forma de comprimidos, capsulas, preparaciones liquidas orales.
polvos, granulos, pastillas para chupar, polvos reconstituibles, disoluciones o
suspensiones inyectables o infundibles o supositorios. Se prefieren generaimente ias
composiciones adminisirables aralmente.

Los comprimidos y capsulas para administracion oral pueden estar en una
forma de dosificacion individual, y pueden contener excipientes convencionales, tales
como agentes aglutinantes, cargas, lubricantes para la formacion de comprimidos,
disgregantes y agentes humectantes aceptables. Los comprimidos se pueden recubrir
segun metodos bien conocidos en la practica farmacéutica normal.
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Las preparaciones liquidas orales pueden estar, por ejemplo, en forma de
suspensiones, disoluciones, emulsiones, jarabes o elixires acuosos u oleosos, o
pueden estar en forma de un producte seco para reconstituirlo con agua u otro
vehiculo adecuado antes de su uso. Dichos preparados liquidos pueden contener
aditivos convencionales tales como agentes de suspensién, agentes emulsionantes,
vehiculos no acucsos (que pueden ser incluso aceites comestibles), conservantes, v,
si se desea, aromatizantes y colorantes convencionales.

Para administracién parenteral, se preparan formas de dosificacién unitaria
fluidas utitizando un compuesto de la invencién o una de sus sales farmacéuticamente
aceptabies y un vehiculo estéril. El compuesto, dependiendo del vehiculo y Ia
concentracion usados, puede estar suspendido o disuelto en el vehiculo. En la
preparacién de disoluciones, el compuesto puede disolverse para inyeccion y
esterilizarse por filtracion antes de cargarlo en un vial 0 ampolla adecuado y sellarlo.
Ventajosamente, en el vehiculo se disuelven adyuvantes tales como un anestésico
local, conservantes y agentes tamponantes. Para potenciar la estabilidad, la
composicién puede congelarse después de cargarse en el vial y el agua puede
separarse al vacio. Las suspensiones parenterales se preparan esencialmente de la
misma manera, excepto que el compuesto se suspende en el vehiculo en lugar de
disolverse, y la esterilizacidn no puede efectuarse por filtracion. El compuesto se
puede esterilizar por exposicion a 6xido de etileno antes de suspenderlo en un
vehiculo estéril. De forma ventajosa, se incluye un tensioactivo o0 agente humectante
en la composicion para facilitar la distribucidn uniforme del compuesto.

La composicion puede contener de 0,1% a 99% en peso, preferiblemente de 10
a 60% en peso, del material activo, dependiendo del método de administracion.

La dosis del compuesto usada en el tratamiento de los trastornos mencionados
anteriormente variara de manera usual con la gravedad de los trastornos, el peso del
que los sufre, y otros factores similares. Sin embargo, como regla general, tas dosis
unitarias adecuadas pueden ser de 0,05 a 1000 mg, mas habitualmente de 0,05 a 200
my, por ejemplo de 20 a 40 mg;, vy dichas dosis unitarias se administraran
preferiblemente, upa vez al dia, aunque pueda necesitarse administracion mas de una
vez al dia, y dicha terapia puede prolongarse durante varias semanas o varios meses.

Todas las publicaciones, incluidas las patentes y solicitudes de patentes citadas
en esta memoria descriptiva, se incorporan por referencia como si se hubiera indicado de
forma concreta e individual que cada publicacién individual se incorpora como referencia

en toda su extension.
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Las Descripciones y Ejemplos siguientes ilusiran la preparacion de los
compuestos de la invencion perc-_notienEn como fin limitarla,

Ejemplos; ,

Los metodos generales (@)-{d), junto con los métodos sinteticos senalados en
los Esquemnas 1 -9 arriba, para ia preparacion de los compuestos de la presente
invencion, se llustran adicionalmeante &n los siguientes ejemplos.

Eiemplo 1 N-[(2-cloro-4-fluorofenijmetil]-5-oxo-1-{feniimetil}-pralinamida (E1)

. F
o o
o= w LT
A i
e '\.1 CI CI

Se disolvid 5-gxg-1-{fenilmetil)-prolina {3,176 g, 0,80 mmel, preparada segin
& describe 8 continuacion) en diclorometarnn {3 mil) v a esto se le afadid 1-
hidroxibenzotriazol {0,119 g, 0,58 mmol], lrielilamina (2,113 ml, 0,81 mmal}, {{2-cloro-
a-flugrofenilimetilfaming  (0.134 g, 084 mmoly & hidroclorure  de  N-(3-
dimetila‘minopr‘npil)—N’-eﬁlcarbddiimida (0,169 g, 0,88 mmol) bajo una atmosfera de
argon. Se agitd la mezcla a temperatura ambiente durante una ngche, La mezcla se

diluyo con diclorometano y s2 lavd en secuencias con clicrure de hidrdgeno acuoso 20

¥ tarbonato de hidrdgeno sodico saturado acuoso, La capa organica se filtro a ravés

de un separador de fases y luego se evapord para proveer el producto bruta, E
material bruto se purificd per HPLC automatica difigida a 'hasas para proveer MN-{{2-
cID'ro-df-fluqrnfenil}metil]—5-9x0-1-{fehilmetii}-prr}linamida pura (0,112 g) como un sdlidn
blanco. LC/MS {M+H]" = 381,2, tiempo de retencion = 2 55 minutos.

La S-oxo-1-(fenilmetil}-profina utilizada en &l procedimiente anterior se prepars
de la siguiente manera:
{1} 5e disolvio hidrocloruro de dimetit L-glutamato (0,500 g, 2,37 mmol) en metanol {10
ml} y s& enfric hasta 0°C. La mezcia se tratd luega con hidréxido de sodio (0,099 g,
2,45 mimol} segdida de acido acetico {0,138 ml, 2,37 mmol) y.benzaldehido (0,381 mil,
3,55 mmaly. Después de agitar durante 10 minutos a 0°C. se afiadid borohidruro de |
sodio {0,088 g, 2,37 mmol) y la mezcla se dejd calentar hasta temperatura ambiente v
se agitd durante toda la noche. La mezela se enfrid nuavamente hasta 0°C y se tratd
con uha cantidad adicienal de borohidrure de sodio (0.044 g, 1,18 Anall. La mezcla se
dejo calentar nuevamente a temperatura ambiente, y s& agitd durante |2 noche. La

evaporacion del metanol produjo un residuc que se absorbio en acetalo de stilo v 2
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filtrd. El filtrado se lavd luego con carbonato de hidrégeno sadica saturado acuoso, se
filtrér a través de un separador de fases (sgitando).y s€ evapcrd para producir un aceits
clarg (0,56 g). El aceite se disolvid en metanol y se calentd en un tubo sellada en un
reactor de microondas a 120°C durante 10 minutes v luega durante 1% minutos &
140°C jLa LC/MS indicd que esta fase de calentamientc no habis alterade la
compasision de |la mezcla significativamente). El disolvente se evapord v el residuo se
purifich por cromatografia en columna rapida sobre silice. eluyendo con un gradiente
15-20% e acetato de &filo en hexano, para provesr metil 5-oxo-1-{fenilmetil)-pralinato
puro (0,212 g) come un aceite claro,

LC/MS [M+H]" = 234, tiempo de retencion = 2,15 minutos.

{iiy Se disolvié metil 5-oxo-1-{feniimetil)-prolinato {0.212 g, 0,91 mmel) en agua
{3 mh v metancl {33 mi) y s& tratd con hidroxido sédice acuosa 2M (0,682 mi, 1,38
mmal). La mezcla s& agite durante la noche a temperatura ambiente y luego se lavd
con diclorometano. La capa acuosa se evapord y €/ residus se tratd con un exceso de

cloriro de hidrégeno 1M en éier (-5 ml). La mezsla s& evaperd una vez mas y &l

residuo se triturd con diclorometano. Bl material sélido se desechd y las fracciones de .

diclorometano combinadas se evaporargn para producir S-oxo-1-{fenimetil}-prolina
10,182 g) como un aceite amarille que se utilizd sin purificacion adicional.

LC/MS [M+H]" = 220, tiempo de retencion = 1,72 minutos.

Ejempla 2 N-[{2-cloro-4-flunrofenilimetiil-1-{ 1-metiletil}-5-oxo-prolinamida (E2)

.. .F
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Se disalid 1-(1-metiletl)-5-oxco-prolina (0,060 g, 0,25 mmol, preparads como
se describe a continuacion) en diclorometano (3 ml) y dimetiformamida (1 ml), v a esto
se afiadio 1-hidroxibenzotriazol {0,052 g, 0,39 mmal), [(2-cloro-4-fluorafenibimetiifamina
{0,061 g. .35 mmol} & hidroclorura de W-(3-dimetilaminopropili-N'-etilcarbodiirida
{0,074 g, 0,39 mmol) bajo una atmésfera de argon. Se agitd.la mezala a temperatura
ambiente durante una noche. La mezcla se diluyd con diclorometann v se lave en
secuUencias con cloruro de hidrbgeno acuoso 2M y carbonate de hidrégene sadico
saturaddo acuoso. La capa ordanica se filrg a través de un separadar de fases y lusgo
§e evapord para proveer st producto bruto. EI materal bruto se purificd por HPLC
automatica dirigida 2 masas para proveer N-[{2-cloro-4-fluarafenilimetil]- 1-{ 1-metiletil)-
F-oxp-pralinamida pura (0,032 g) comu un sdlido blanco. LCAMS [M+H]" = 3131,




i

10

[l
L

-2
L

25

tiempo de retencidn = 2,26 minutos.
“La 1-(1-metiletil)-5-oxo-prolina utilizada en el procedimiento anterior se prepart
de la sig-uiemte manera:

(i' Se disolvio hidroclorure de dimetil L-glutamate {0,500 g, 2,37 mmal} en
metanal (4 mly y ietrahidrofurane (8 ml}, ¥ la mezcla se tratd luego con hidrixido de-
sodio triturade (0,089 g, 2,49 mmol) durante 10 minutos. En estz etapa se afadieron
acido acetico (0,136 ml, 237 mmal} y acetona (0,261 ml, 3,55 memel) juntos 3 la
mezgfa coma una disolucidn en tetrahidrofurans {1 ml). Después de agitar duranta 10 -
minutus, la mezcta se enfrid hasta 0°C y se tratd cdn pelets de borohidrure de sodio
{0,028 g, 2,37 mmol]. Le mezcla se dejd calentar nuevamente a temperatura ambiente
y s agito durante |a noche. La evaporacion del metarol produjo un residlo que se
absorbid en acetato de etilo y se filtrd. El filtrado se lavd luege con carbonato de
hidrdgeno sédico saturado acuosn, seg fillrd & través de un separador de fases
{agitande) ¥ se evapord para producir un aceite claro (0,217 g). El aceite se purified
por cromatogralia en columna rapida de silice para proveer dimetil N-{1-metiletil)-

.gluiarﬁatﬂ puro {0,200 g}

i) Se disolvid dimetil A-(1-metitetili-glutamato (0,200 q) en metanol v se
calentd en ¢n tubo sellado en un reactor de microondas a 140°C durante 20 minutos.
La cromatografia en capa fina indicd que el material de partida permanecia intacto, de
modo qua el disolvente se evapord y reemplazé con tolueno. La mezcla se calentd a3
temperatura de refiujo durante ~3 horas y luego se evapord para producir metil 1-{1-
metiletil}-S-oxo-prolinate (0,152 g) como un aceite amarilio ligero que se wtilizd en la
etapa subsiguiente sin mas purificacion. ' ' -

(i) e disclvie metil 1-(1-metiletil}-5-cxo-prolinato ((,152 g, 0,82 mmol] en agua
[3 ml} v metanal (0.5 ml} y se tratd con hidrdxido de sodio acunso 2M (Q.G82 mi, 1,358
mmol}. La mezela se agitd durante ~4 h a temperatura ambiente y luego se lavd can
diclorometans. La capa acucsa se evapord y &l residun se tratd con un excesa de
cloruro de hidrégene 1W en éter {(~5 ml). La mezola se evaperd una vez mas vy el
residun se triturd con diclorometanc. £l material sdlido se desecha v Ias fracciones de
diclorometano combinadas se evaporaron para producir 1-{1-metiletil}-5-oxo-prolina
{0,060 g) como un aceite amarillo que se cristalizé en reposo,

Ejemplo 3 N-[{2-cloro-4-fluorofenilimetil]- 1-gtil-5-oxo-prolinamida {E3)
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Se disolvio metil-1-etil-3-oxo-prolinato {2,135 ¢, 0.79 mmol, preparado como se
describe a continuacidng en metanct (4 ml} v se trato con hidrixide de sodio acunso
2h {0592 miI, 118 .mrncl). La mezcla s agitd durante ~4 horas a temperatura
ambiente y luggo s& evapord para provesr un résiduo que se tratd luegs con un
exceso de clorure de hidrdgenc 1M en eter (-5 mil) durante 10 minutos. La mezcla se
evapord una vez mas v el residuo se disolvio en diclorometane (4 ml) v
dimetilformamida (2 ml) y se filiro para eliminar solidos. La disclucion resultanie se
transfirid a un tubo de reaccidn v se afiadieron luego 1-hidroxibenzotriazol (0,117 g,
0,87 mmal} [{2—clnrn—4‘—ﬂucrufenil]metil]amina {0,138 o, 0,87 mmol] e hidrocloruro de

N-(3-dimetilaminepropil)-N'-elilcarbadiimida (0,167 g, 0.87 mmol). La mezcla se lavé
con argdn ¥ luego se agitd a temperatura ambiente durante un fin de semana. La
mezcla se diluyd luege con diclorometano ¥ se& lavd en secuencias con cloruro de
hidrogeno acuoso 2M vy carbonato de hidrdégeno sodico saturado scuoso. La capa
organica se filtrd a traves de un separador de fases y luego se evapord para proveer el
producto” bruta. £l material bruto ‘se purificd por HPLC automatica dirigida 2 masas
para proveer N-[(2-cloro-d-fluorofeniljmetil}- t-etil-5-oxo-prolinamida pura (0,086 g)
como un sélido blanco, LCAMS [M+H]" = 2981, tiempo de retencicn = 2,13 minutos.

Exceso enantiomérico = 100,0%, segin lo determinada por cromatografia
quiral, meétado B, indicativo de N-(2-cloro-4-fluorofeniljmetil]- 1-atil-5-oxo-L-prolinamida

tiempo de retencion = 8,05 minutios

El medil 1-etil-5-oxa-prolinate utilizads en el procedimiento anterior se preparé
de la siguiente manera: .

(i) 5e disolvic hidrocloriro de dimetil L-glutamato (0,500 g, 2,37 mmal) en
metanol {4 ml) y tetrahidrofurana {8 mi), y la mezcla se tratd luego can hidréxido de
socho triturado (0,099 g, 2,49 mmel} durante 10 minutos. En esta etapa se afadieron
acido acetico (0,136 ml, 2,37 mmol) y acetaldehide (0,199 mi, 3,55 mmel) juntos a la
mezcla como Una disolucion en tetrahidrofuranc {1 ml). Después de agitar durante 10
minules, la mezcla se enfrio hasta 0°C y se trate con pelets de borohidruro de sodia -
(0,088 g, 2,37 mmal}. La mezcla se dejo luego calentar hasta temperatura ambiente.
Una vez que la mezcla habla alcanzado temperatura ambiente, se diluyd con aretato
de etilo (30 ml} y se lavd con carbonato de hidrégeno sadico seturado acuosa, se filtra
o fraveés de un separador de fases (agitando) vy se avapord para producir un residuo
weoso. bl aceile se disovio en tolueno y se calenté & reflujo durante 4 h. Para

asequrar la reaccian complela, lz2 mezcla se calentd lueqo durante toda 13 noche 5
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reflujo. El disolvente se evapord luego y el residuo resultante se purificé por \

cromatografia en columna rapida sobre silice, eluyendo con un gradiente de 30-50%

acetato de etilo en hexano, para proveer metil 1-etil-5-oxo-prolinato bruto (0,135 g)

como un aceite claro que se utilizd sin mas purificacion.

Ejemplos 4-8
En un modo analogo a aquel descrito para el Ejemplo 3 anterior, los

compuestos tabulados a continuacion (Tabla 1) se prepararon sustituyendo el

acetaldehido usado en e! procedimiento anterior por el aldehido (o cetona) adecuado.

Todos los aldehidos y cetonas utilizados para elaberar los compuestos que se

muestran en la Tabla 1 son comercializados por fuentes comerciales o se pueden

preparar usando las rutas previamente descritas en la bibliografia quimica.

Tabla 1
) Tiempo de
Eji”;p'o Nombre quimico [M+H)* retencion -
: {min)
DA F b
- e
oL A K LT
E4 [/' ° < 313.1 2.30
N-[(2-cloro-4-fluarofenil)metil)-5-oxo-1-
propil-prolinamida
. F
P -
o= ]n\fj
ES \I/ c ¢ 327.1 2,46
N-{(2-cloro-4-fluorofenil)metil]-1-(2- |
metiloropil}-5-oxo-prolinamida
. P F
o{ j\/g\\j
do
E6 [l--*\ 0 o 339,1 2,47
-
N-[(2-cloro-4-fluorofenil)metil}-1-
ciclopentil-5-0xo-prolinamida
. /,4"-]/’:
= H I
Oﬁ‘]\\W,N»\’/L‘ET
E7 <> o « 325 2,37

N-{(2-cloro-4-fluorofenilymetil)-1-
ciclobutil-5-oxoprolinamida
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N-[{2-cloro-4-fluorofenilimetif]-1-(1-
! matilprapil)-S-oxoprelinamida

Ejiemplo 8 N-{{2-clorp-4-uorofenitymetil]-5-oxo-1-fenil-prolinamida (E9}
Sl

U::{ 1 19 /Q/W

N ,.N‘.,_‘( =
N

AN

Se disolid 5-oxo-1-fenil-prolina (0,047 ¢, 0,23 mmol, preparada como se

. describe 2 continuacian) an diclarometanc {~2 mi y dimetilformamida (1 ml), ¥y 2 eso

s& le  afadieron  1-hidroxibenzotriazol (0,024 ¢ 025 mmol),  [(2-clore-4-
flugrofenilymetilfamina (0,040 g, 0,25 mmal), MN-gtil morfoling {0,032 ml, 0,25 mmaol} g
hidraclerurg de N-{3-dimetiiaminopropil)-N'-etilcarbodiimida (0,048 g, 0.256 mmol}. L=
mezclka se agitd a temperatura ambiente durante 4.5 h. La mezcla se diluyd con mas

diclorometano y se Javd en secuencias con cloturd de hidrigeno acuesc 2M y

carbonato de hidrégeno sodico saturado acuoso. La capa organica se filtré a traves de
un separador de fases y luego se evapord para proveer el producto bruto. El material

bruto se purifich por HPLC automatica dirigida a masas para proveer M-[(2-clprg-4-
fluorofanilimetil]-5-ox0- 1-oxo-prolinamida pura {0,032 g como un sdlido blanca, LCMS
IM+H]™ = 3471, tiempo de retencion = 2,51 minutos.

La 5-oxo-t-fenil-prolina wtilizada en el procedimienta anterior se prepard de la
siguiente manera;

(i} Se disolvid metil 5-oxo-L-prolinato (0,204 ml, 1,75 mmad} en tolueno (5 mi y
se tratd con tris(dibencilidenacetona)dipaladia (0) (0,024 g..D,GE mmaol), bromabenceang
(0,184 ml, 1,75 mmol), carbonato de cesio (0,795 0. 2,45 mmeol)y y Xantphos™ (0,040
g, 3.07 mmol). La mezcla resultante se calentd a 120°C durante ~18 h vy luego se dejo
enfriar hasta temperatura ambiente. La mezcla se diluyd con acetato da &tilo v se lave
£n secuencias san cloruro de hidrdgens acuoso 2M y carbonato de hidrmgene sidico
saturado acuosa y satmuera, La fillvacion a través de un separador de fases, seguida
de evaporacion, produjo uh aceite amarillo/marran {~ 0,200 g). El materia! bruto se
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purifico por HPLC automatica dirigida a masas para proveer metil 5-oxc-1-fenilprolinato
puro {0,054 g} como un aceite que se cristalizé en reposo.LC/MS [M+H]}™ = 220, tiempo
de retencidn = 2,03 minutos.

{ii) Se combind metit 5-oxo-1-fenilprolinato (0,054 g, 0,25 mmol) con hidréxido
sadico acuoso 2M (0,160 ml, 0,32 mmol) en metanol {1 ml) y se agitd durante la noche
a temperatura ambiente. El disolvente se evapord luego y el residuo se absorbid en
acetato de etifo y se lavé con cloruro de hidrégeno acuoso 2M. La capa acuosa se
separd y se lavd dos veces mas con acetato de etilo y luego las capas combinadas de
acetato de etilo se secaron usando un separador de fases y se evaporaron para
proveer 5-oxo-t-fenil-prolina (0,047 g) como un aceite claro.

Eiemplo 10 N-[(2,4-diclorofenilymetil}-1-metil-5-oxo-prolinamida (E10)

Cl
=
|
o ,\f\/gf

Cl

Se disolvié 1-metil-5-oxo-prolina (0,057 g, 0,4 mmol, preparada como se
describe a conlinuacion) en diclorometano anhidro (6 mh), y a esto se le afiadieron 1-
hidroxibenzotriazol {0,060 g, 0.4 mmol), [(2,4-diclorc-fenil)metiljlamina (0,055 ml, 0.4
mmol), diisopropilamina (0,140 mi, 0,8 mmol) y hexafisorofosfato de O-(7-
azabenzotriazol-1-il)-N,N,N’ N'-tetrametiluronio (0,152 g, 0,4 mmol). Se agité la mezcla
a temperatura ambiente (20°C) en argén durante 3 horas y después durante una
noche. La mezcla se diluydo con mas diciorometano (25 ml) y se lavd en secuencias
con cloruro de hidrogeno acuoso 2M (20 ml), carbonato de hidrogeno sodico acuoso
(20 ml), carbonato de sodio al 10% (20 ml) y salmuera (20 ml). La capa organica se
filtro a traves de una frita hidréfoba y luego se evaporo para proveer el producto bruto,
El material bruto se disolvio en una mezcla de dimetilsulféxido (0,9 ml) v acetonitrilo
(0,9 ml) y luego se purificd por HPLC automatica dirigida a masas para proveer N-
[{2,4-diclarofenil)metil)- 1-metil-5-oxo-prolinamida pura (0.085 g) como un sélido blanco.
LC/MS [M+H]' = 301, tiempo de retencién = 2,16 minutos.

La 1-metil-5-oxo-5-prolina utilizada en el procedimiento anterior se preparé de
la siguiente manera:

(i) Se disolvio acido N-metil-L-glutamico (0,500 g. 3.1 mmot) en agua (1 mi) y
se calentd en un tubo sellado a2 140°C por 30 minutos en un reactor de microondas. Et
agua luego se evapord y el residuo se trituré con éter para proveer, después de!
secado, t-metil-5-oxo-prolina (0,298 g) como un sélido blanco.

W



10

A4

-t
A

La N-[{2.4-diclorofenil)metil)-1-metil-5-oxo-prolinamida también se puede
preparar como se describe a continuacion:

Se suspendié 1-metil-5-oxo-prolina (36,79 g, 0,257 moles, preparada como se
describid anteriormente) en DCM (diclorometano) (S00 mi). Se anadié EEDQ (2-Etoxi-
1-etoxicarbonil-1,2-dihidroquinolina, 66,7 g, 0,27 moles, 1,05 eq) en una porcion. Todo
el material parecio disolverse para producir una mezcla opaca y ta temperatura cayo
de 21°C a 10°C. Esto se agitd durante 20 minutos bajo argdn y luego se afadio una
disolucion de 2,4-diclorobencilamina (36 ml, 0,27 moles, 1.05 eq) en DCM (100mi)
gota a gota durante un periodo-de 40 minutos. Durante la adicién, se formé un
precipitado blanco en el embudo de llenado. La mezcla se burbujeé moderadamente y
se usd un bado de hielofagua para mantener la temperatura entre 15-20°C. Tras
completar la adicién de amina, el embudo de llenado se enjuagé con mas DCM (50 ml)
para enjuagar todo el precipitado en la mezcla de reaccion. La mezcla se dejé calentar
hasta temperatura ambiente y se agitdé durante aprox t8 horas. Se ahadié carbonato
de hidrégeno sodico acuoso (200 ml) a la mezcla y se agitd durante 5 minutos. La
capa organica se separd luego y se favd con HCI 2 N (3 x 250 ml). Durante los lavados
acidos, se comenzareon a formar cristales en la capa organica, de modo que esto se
diluyd con mas DCM (200 ml). La capa organica se seco pasando a través de una frita
hidrofoba y luego se concentré al vacio para proveer 65 g de sélidos rosados. Los
solidos habian formados grandes grumos de modo que el material bruto se triturd en
un triturador con mortero. Estos se trituraron luego con éter dietilico (400 ml) y los
solidos se filtraron y lavaron con mas Et,O (2 x 200 ml). El secado produjo luego 52,98
g de solidos rosados palidos. Este material se combind con otras 2 partidas,
preparadas del mismo modo, (141,42 g total) y luego se suspendio en etanol (430 mi)
y agua (715 mi} y se calento gradualmente hasta 65°C (temperatura de disolucién). La
mezcla produjo una disolucidn practicamente transparente (rosada oscura), excepto
por una suspension sdlida muy fina. Después de calentar a 65°C durante 20 minutos,
se elimind el matraz del calor y se dej¢ calentar hasta temperatura ambiente durante
una noche. Después de ese tiempo, se precipitaron agujas blancas de fa disolucion. La
mezcla se enfrid en un bafo de hielo durante 20 minulos para asegurar que se
hubiesen precipitado todos los solidos. Los solidos blancos se filtraron de ia disolucién
rosada y se lavaron con porciones de 3:5 EtOH/H,O (2 x 400ml), que se habian
enfriado en un bafo de hielo. Los sélidos se secaron en un horno de vacio {40°C) por
un total de § dias para proporcionar N-[(2 4-diclorofenil)metil]-1-metil-5-oxo-
prolinamida pura (125,37 g) como cristales incoloros.
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LC/MS {M+H]" = 301, tiempo de retencion = 2,34 minutos.

'H RMN (CDCl3, 500MHz) § 2,01 (m, 1H), 2,34 (m, 1H}, 2,37 (m, 1H), 2,46 (m,
1H), 2,80 (s, 3H), 3,99 (dd, 1H, J = 9.1, 4,2 Hz), 4 49 (dd, 1H, J = 14,9, 59 Hz), 4,55
(dd, 1H, J = 14,8, 6,1 Hz), 6,56 (t ancho, 1H, J = 5,7 Hz), 7,24 (dd, 1H, J= 8,2, 2,1 Hz).
7,33 (d, 1H, J = 8,2 Hz), 7,40 (d. 1H, J = 2,1 Hz}; °C RMN & 175,9, 171,3, 1345,
134,3,133,7.131,5, 1296, 127 5,638, 41,2, 294, 292, 23 4.

Excesc enantiomérico = 99,5%, segun lo determinado por cromatografia quiral,
métode A, indicativo de  N-{{2-cloro-3-{trifluorometil)feniljmetil}- 1 -metil-5-oxo-L-
prolinamida

tiempo de retencion = 9,89 minutos

[alp =-2,1° (c=1, MeOH), Temperatura = 29,3°C, longitud de onda = 589nm

punto de fusion = 144,0-144,8°C

Ejemplo 11 N-[(2-cloro-4-fluorofenilymetil]-1-metil-5-oxo-prolinamida (E11)

F
e a
g el

Se disolvié 1-metil-5-oxo-prolina (0,050 g, 0,35 mmol. preparada como se
describe a continuacion) en diclorometano anhidro (~7 ml), v a esto se le afadieron 1-
hidroxibenzotriazot (0,047 g, 0,42 mmoi), {(2-cloro-4-fluorofenitymetillamina (0,056 ml,
0.42 mmol}, N-etii morfolina (0,166 ml, 1,04 mmol) e hidrocloruro de N-(3-
dimetilaminopropil)-N'-etilcarbodiimida (0,067 g, 0,42 mmol). Se agité la mezcla a
temperatura ambiente durante una noche. Se afiadié otra parte alicuota de [(2-cloro-4-
fluorofenilymetillamina (0,100 mt, 0.8 mmol) a la mezcla y se siguid agitando un
momento mas. pero la HPLC indicé que no se estaba formando mas producto. La
mezcla se avd en secuencias con cloruro de hidrégeno acuoso 2M (5 ml) y carbonato
de hidrogeno sodico saturado acuoso (5 ml). La capa organica se recogié y evaporo
para dar el producto en bruto. El material bruto se purificé por HPLC automatica
dirigida a masas para proveer N-[(2-cloro-4-fluorofenil)metilj-1-metil-5-0xo-prolinamida
pura (0.015 g) como un solido blanco. LC/MS [M+H]" = 285, tiempo de retencion =
2,04 minutos.

La 1-metil-5-oxo-5-prolina utilizada en el procedimiento anterior se prepard de
la siguiente manera;

{1} Se disolvid/mezcld éster metilico del acido (L)-piroglutamico (1 g, 6,99 mmat)
con tetrahidrofurano (10 mi) y se enfrié hasta 0°C usando un baio de hielo. Se afiadio
hidruro de sodio (0,201 g de una suspension al 60% en aceite, 8.38 mmol} a la mezcla,
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Después de dejar de burbujear, se afiadié yoduro de metilo (0,522 ml, 8,38 mmol) y la
mezcla se dejé calentar a temperatura ambiente y se agité durante 1 h. Se evapord el
disolvente y se aradid agua (1 ml). La capa acuosa se extrajo luego con
diclorometano, La evaporacion del diclorometano produjo metil 1-metil-5-oxo-prolinato
(0.308 g) bruto que se usb en la etapa siguiente sin mas purificacién.

(11} Se disolvié metil 1-metil-5-oxo-prolinato (0,308 g, 1,96 mmol) en metanol
(~10 ml) y a esto se le anadié una disolucién de hidréxido sédico (0,157 g, 3,82 mmol)
en agua (~10 ml). La mezcia se calentd a reflujo durante 3 horas, luego se enfrid y
evapord para dejar una cantidad minima de agua. Esto se acidificéd hasta pH 1 usando
cloruro de hidrogeno acuoso 2M, La capa acuosa se lavd con diclorometano y luego
se separd para dar 1-metil-5-oxo-prolina (0,300 g) como un sdlido blanco.

e
Y

Ejemplo 12 1-efil-5-0x0-N-[(2,3,4-trifluorofenil)ymetil}-prolinamida (E12)

,/\r”
| IjVJ%J‘F
— o) F

Se disolvid 1-etil-5-oxo-prolina (0,050 g, 0,32 mmol) en diclorometanc anhidro
(~7 ml) y dimetiformamida (1 ml), y a esto se le anadié 1-hidroxibenzotriazol (0,052 g,
0,38 mmo'), {(2.3.4-trifluorofenilymetillamina (0,103 g, 0,64 mmo!), N-etii morclina
(0,151 mi. 0,95 mmol} e hidrocloruro de N-(3-dimetilaminopropil)-N'-etitcarbodiimida
(0,073 g. 0,38 mmol). La mezcla se agité a temperatura ambiente durante un fin de
semana.Se afadio otra parte alicuota de [(2,3,4-trifluorofiuorofenil)metiljamina (0,051
ml, 0,32 mmol) a la mezcla y se siguid agitando un momento mas hasta que la HPLC
indicé que no se estaba formando mas producto. La mezcla se diluyé cen clorure de
hidrégeno acuoso 2M (5 ml) y luego se filtrd a través de un separador de fases. La
capa organica se favd luego con carbonato de hidrogeno saturado acuoso y otra vez
se filtré a fravés de un separador de fases. La capa organica se evapord luego para
dar el producto en bruto. El material bruto se purificé por HPLC automatica dirigida a
masas para proveer 1-etil-5-oxo-N-[{2.3 4-trifluorofenil)metil)-prolinamida pura {0,032
9)-

LC/MS [M+H]" = 301, tiempo de retencién = 2,03 minutos.

La 1-etil-5-oxo-prolina utilizada en el procedimiento anterior se prepard de la
siguiente manera (Método A):

(i) Se disolvi hidroclaruro de dimetil L-glutamato (5,0 g, 23,7 mmol) en metanol
(100 ml) y la mezcla se trato luego con hidroxido sodico molido (1.0 g, 24,9 mmol) bajo
argon a temperatura ambiente. Después de 5 minutos, se afadid acetaldehido (1,99



10

LN

()
W

o
(vl

33

mi, 35,5 mmol) y se siguié agitando durante 10 minutos. La mezcla se enfri6 hasta 0°C
y se traté con grénulos de borohidruro de sodio (0,701 g, 18,95 mmol). Se siguid
agitando durante 1 h a 0°C y luego se evaporé el metanol y el residuo se absorbio en
acetato de etilo y se filtro. El filtrado se lavo con salmuera y el lavado con saimuera se
extrajo con acetato de etilo. Las fracciones de acetato de etilo combinadas se filtraron
a través de una frita hidrofoba y se evaporaron para producir un aceite ¢laro (3,2 g). El
aceite se disolvid en tolueno (30 ml) y se calentd a reflujo durante una noche. E!
tolueno luego se evapord para proveer un residuo anaranjado liviano que se purifico
por ciromatografia en columna rapida sobre silice, eluyendo con un gradiente de 20-
60% acetato de etilo en hexano, para proveer metil 1-etil-5-oxo-prolinato parcialmente
bruto (1,9 g) como un aceite claro. Esto se utilizé en la siguiente etapa sin mayor
purificacion.

(ii) Se disolvid metil 1-etil-5-oxo-prolinato (1,91 g, 11,17 mmol) en metanol (25
mi) y se tratd con hidréxido de sodio acuoso 2M (7,3 ml, 14,52 mmol). La mezcla se
agitd durante 4 h a temperatura ambiente y luego se lavd con diclorometano. La capa
acuosa se evaporo y €l residuo se tratd con un exceso de cloruro de hidrogeno 1M en
eter (~5 mi), La mezcia se evaporé una vez mas y el residuo se triturd con
diciorometano. El material solido se desechd y las fracciones de diclorometano
combinadas se evaporaron para dar un aceite claro que se cristalizo en reposo. La
trituracion con hexano y éter, y el secado produjeron 1-etil-5-oxo-protina pura (0,271 g)
como un solido blanco.

Alternativamente, se puede preparar 1-etil-5-oxo-prolina de |a siguiente manera
{Método B):

(i) Se aidiadi6 1,1-dimetitetit 5-oxo-L-prolinato (2,7 g, 12 mmol, preparado como
se describe en Synth.Comm., 2005, 35(8), 1129) a una suspension de hidruro de sodio
(0,428 g (suspensién al 60% en aceite), 10,7 mmo!) en tetrahidrofurano (6 ml) y la
mezcla se agitd a temperatura ambiente durante 5 minutos. Se anadié luego yoduro de
elilo (1.67 g. 10,7 mmol} y la mezcla se calentd a 40°C durante 2 horas. Se anadid otra
canlidad de hidruro de sodic (0,24 g) y se siguid agitando durante una noche a
temperatura ambiente. Se afladié una cantidad adicional de yodura de etilo (0,86 ml) a
la mezcla en esta etapa, y la mezcla se dejo reposar a temperatura ambiente durante
un fin de semana. Se afadid agua (~10 mi) a la mezcla y se agité durante 15 minutos.
El tetrahidrofurano se evapord y la capa acuosa restante se extrajo con diclorometaro
{2 x 50 ml) y una mezcla 3:1 de cloroformo e isopropanol (50 ml). Las capas organicas
combinadas se filtraron a través de una frita hidréfoba y se evaporaron para proveer
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un aceite amarillo. Se afiadid toluenc a la mezcla y luego se evaporé para proveer un
aceite amarillo una vez mas. Este material se purificé por cromatografia automatica en
columna rapida sobre silice (Biotage SP4), eluyendo con un gradiente de 15-100% de
acetato de etilo en hexano, para dar 1,1-dimetiletil 1-etil-5-oxo-prolinato puro.

(i) Se disolvio 1,1-dimetiletil 1-etil-5-oxo-prolinato (0,965 g) en diclorometano
(~5 mil) y se tratd con acido triflucroacético (1 ml). La mezcla se agitd a temperatura
ambiente durante 1,5 h y después se evaporo. El material resultante era en su mayor
parte material de partida, de modo que se anadié una cantidad adicional de acido
triftucroacético (1 ml) y diclorometano (~5 ml), y la mezcla se agitd a temperatura
ambienie durante 36 horas. La mezcla se evapord y luego se afiadio tolueno al
residuo, y éste a su vez también se evapord. Después de repetir este procedimiento
una vez mas, se obtuvo 1-etil-5-oxo-prolina bruta como un aceite amarillo oscura que
se utilizo sin purificacion adicional.

Alternativamente, se puede preparar 1-etil-5-0x0-profina de la siguiente manera
(Método C):

{iy Se disolvid hidroclorure de 1-(1,1-dimetiletil) 5-metil-L-glutamato (5,0 g,
19,71 mmol) en una mezcla de metanol (30 ml) y tetrahidrofurano (60 ml), y la mezcla
se raté luego con hidréxido de sodio triturado en polvo (0,828 g, 20,69 mmol) en argdn
a temperatura ambiente. Después de agilar durante 10 minutos, se anadieron
acetaldehido (1,11 ml, 19,71 mmol) y &cido acético (1,13 ml, 19,71 mmol) y se
continué Iz agitacion durante 10-15 minutos, La mezcla se enfrid nuevamente hasta
0°C en un bafo de hielo y se tratd con pelets de borohidruro de sodio (0,746 g, 19,71
mmol). Se siguid agitando durante ~1 h a 0°C en argén. La mezcla se dejo calentar
hasta temperatura ambiente para producir una suspension espesa. Se filtraron sélidos
blancos finos y luego se evapord el metanol y el residuo se absorbié en diclorometano
(~50 ml) y se lavé con carbonato de hidrégeno sodico saturado acuoso (25 ml). La
capa organica se separd usando un separador de fases y luego 'a capa acuosa se
retroextrajo con mas diclorometano (2 x 20 mi). Las capas organicas combinadas se
evaporaron para dar un aceite incoloro (~4 g). El aceite (3 g, aproximadamente 14.8
immol) se disolvio en tolueno (30 ml) y se calentd a reflujo por ~16 horas durante una
noche para dar una disolucion anaranjada. El tolueno luego se evaporé hasta producir
un aceite anaranjado (2,6 g). Esto se combing con otra partida de aceite (0,850 g) que
se obluvo del mismo modo y luego se punficd por cromatografia automatica en
columna rapida sobre silice (Biotage SP4), eluyendo con un gradiente de 20-80%
acetato de etilo en hexano, para proveer 1,1-dimetiletil 1-etil-5-oxoprolinato puro (2,14
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(i) Se disolvid 1,1-dimetiletil 1-etil-5-oxoprolinato (0,933 g) en diclorometano
(~5 mi) y se tratd con acido triflugroacético (1 ml). La mezcla se agild durante 3 h a
temperatura ambiente y luego se evapord. El residuo se absorbid en tolueno y se
evapord una vez méas. Esto proporcioné 1-etil-5-oxo-pralina parcialmente pura (>85%)
como un aceite anaranjado/amarillo (0,914 g) que se utilizé sin mas purificacion.

Eiemplos 13-36

En un modo andlcgo a aquel descrito para el Ejemplo 12 anterior, los

compuestos tabulados a continuacion (Tabla 2) se prepararon sustituyendo la [(2,3 4-
trifluorofenil)metillamina usada en el procedimiento amerior por la amina apropiada (o
su sal). Todas las aminas utilizadas para elaborar 10s compuestos que se muestran en
la Tabla 2 son comercializados por fuentes comerciales o se pueden preparar usando
las rutas previamente descritas en la bibliografia quimica o métodos analogos a éstas.
La 1-etil-5-oxo-prolina empleada en la reaccion se prepard, en cada caso, por el
método indicado. Cuando se determina (por HPLC quiral), ! exceso enantiomero
(e.e.) del isdomero que se muestra también se menciona con su nombre
estereoespecifico, el método de separacidn quiral utilizado entre paréntesis y €l tiempo
de retencién (r.t.) correspondiente en ese método.

Tabla 2
------- Método
Tiempo ut;l)l;:a: ©
E' . +
n:)emplo Nombre quimico [M+H] rete(::acibn preparar ee.
. I 1-etil-5-
{min}
oxo-
prolina

N—[(Z bromofenil)metil]- 1-etil-
5-0x0- prohnamlda

Hw f\‘

N

299 2,03 A

\
l
l
\
\
!
Ay L
E13 } 327 2,04 A
|
|
|
{
I
\
i
l

N-[(2-c!oro-s-ﬂuorofenrl)mem]-
__1-etil-5-oxo-prolinamida
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El hidrocloruro de {(2-cloro-3.4-diflucrofenil)metillamina requerido para la
sintesis de N-[(2-cloro-3.4-difluorofenilymetil]-1-etil-5-oxoprolinamida (Ejemplo 36) se
preparo de la siguierte manera:

(i) Se enfrid una disolucian de N.N N’ N'-tetrametiletilendiamina (39,6 ml, 264
mmol) en tetrahidrofurano (170 mf) en argén hasta -70°C antes de {a adicion de sec-
butil titio (205 mi, 288 mmol). A la mezcla se le afadio luego acido 3,4-difluorobenzoico
(19 g, 120 mmol) como una disolucién en tetrahidrofurano (80 ml) en un periodo de 40
minutos, asegurando que la temperatura de la mezcla no se elevara por encima de -
B0°C. La mezcla se agit¢ luego a una temperatura de -88°C hasta -70°C durante 1 h
antes de afdadir una disolucion de hexacloroetano (100 g, 422 mmol} en
tetrahidrofurano (170 ml) durante un periodo de 35 minutos mientras se mantuvo la
temperatura de la mezcia por debajo de -60°C. La mezcla se agitdo a una temperatura
de -65°C hasta -70°C durante 2 horas. La mezcla se dejd calentar hasta -10°C y luego
se afiadid agua (500 m!) para enfriar répidamente la reaccion. La mezcla se diluyd con
eter dietilico (250 ml) y se separaron las dos capas resultanles. La capa acuosa se
acidificé hasta pH1 usando clorwo de hidrégeno concentrado acuoso y luego se
extrajo con alfcuotas de 2 x 500 ml de éter dietilico. Los extracios organicos
combinados se pasaron por una frita hidréfoba y se redujeron al vacio para dar un
sdlido amarillo. Esto se recristalizd a partir de acetato de etilo para producir dos
cosechas (8,35 g y 4,47 g) de acido 2-cloro-3,4-difluorobenzoico puro.

(i) Se trat¢ acido 2-cloro-3,4-difluorobenzoico (2 g, 10,4 mmol) con cloruro de
tionito (3,04 mi) y la mezcia se calenté hasta 80°C durante 90 minutos. La mezcla
luego se enfrio y se redujo al vacio. El residuo se disolvio en 1.4-dioxano anhidro (10
mi) ¥ la mezcla después se enfrid en un bafo de hielo-agua. Se afadio amoniaco 0.88

(acuoso, 25 ml) gota a gota a la mezcla que posteriormente se dej6 calentar hasta
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22°C en un periodo de 2 horas. Este procedimiento se repitié usando 10,8 g de acido
2-cloro-3.4-diflucrobenzoico, 8,2 ml de cloruro de tionilo y 45 m! de amoniaco 0,88, y
luego ambas mezclas se combinaron y repartieron entre acetato de etilo (150 ml) y
agua (100 ml). La capa acuosa se separé y extrajo con alicuotas de 2 x 150 ml de
acetato de etilo. Los extractos organicos combinados se lavaron luego con carbonato
de hidrégeno sddico saturado acuoso {100 ml), se secaron usando una frita hidréfoba
y se redujeron al vacio para dar 2-cloro-3 4-diflucrobenzamida (11,86 g) como un
solido blanco.

LC/MS (M+H]" = 192/194, tiempo de retencion = 1,69 minutos.

(i) Se disolvid 2-cloro-3.4-difluorobenzamida (11,85 g, 62 mmol) en
tetrahidrofurano (200 ml) y se traté con borano tetrahidrofurano 1M (247 ml, 247
mmol}. La mezcla se calentd hasta 70°C y se agitéd durante 18 horas. La mezcla se
enfrio luego en un baho de hielo-agua y se afadid gota a gota cloruro de hidrogeno
concentrado acuoso (150 ml). El calentamiento, con agitacion, a 70°C, se retomo
luego por ofras 2 horas. La mezcla se dejo enfriar y el disolvente se evapord at vacio,
€l residuo se repartid entre acetato de etito (200 ml) y cloruro de hidrégeno acuoso 2N
{200 m!). La capa acuosa se separd y el pH se ajustd hasta 8-9 por adicion gota a gota
de hidroxido de sodio acuoso 5N. La suspensién turbia resultante se extrajo con
acetato de etilo (4 x 200 ml) y los extractos organicos combinados se pasaron luego a
través de una frita hidréfoba vy se redujeron en volumen hasta ~200 ml. La mezcla se
acidifico luego por la adicién de cloruro de hidrogeno etéreo 1M (100 ml) produciendo
ta formacion de un precipitado. El disolvente se evapord al vacio para dar un sélido
blanco. El s6iido se recristalizé a partir de alcohol metilado (60 ml) para producir tres
cosechas de hidrocloruro de [(2-cloro-3 4-difluorofenil)metillamina puro (masa
combinada = 4,46 g} como un sdlido blanco.

Ejemplo_37 N-[(2-cloro-4-flucrofenii)metil]-1-etil-5-oxo-4-(fenimetil)-prolinamida
(E37)
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Se suspendid 1-etil-5-oxo-4-(fenilmetil)-prolina bruta (0,052 g, 0,08 mmol,
preparada como se describe a continuacion} en una mezcla de diclorometano (0,5 m))
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y dimetilformamida (0,5 mi) y a esto se le afadid N-etil morfolina (0,034 mi, 0,27 mmol)
causando la disolucién de la mayor parte del material. Se aradieron luego 1-
hidroxibenzotriazol (0,016 g, 0,12 mmol) e hidrocloruro de N-(3-dimetilaminopropil)-N'-
etilcarbodiimida (0,022 g, 0,12 mmol), y ia mezcla se agitd durante 10 minutos antes
de anadir [(2-cloro-4-fluorofenilymetiljlamina (0.019 g, 0,12 mmol}. La mezcla se dejd
luego reposar a temperaiura ambiente duranie una noche. Se afadié carbonato de
hidrogeno sodico acuoso {~2 ml) a la mezcla y se agité durante 10 minutos. La capa
organica se aisld filtrando a través de un separador de fases y luego se lavo con
cloruro de hidrogeno acuoso 2M. La capa organica se separd nuevamente y se
evapord para producir un aceite amarillo que se purifico por HPLC automatica dirigida
a masas para proveer N-[(2-cloro-4-fluorofenil)metil]-1-etil-5-0x0-4-(fenilmetil)-
prolinamida pura (0,004 g) como un aceite incoloro. LC/MS [M+H]" = 389, tiempo de
retencion = 2,90 minutos.

La 1-etil-5-oxo-4-{feniimetil)-prolina utilizada en el procedifniento anterior se
prepard de fa siguiente manera (Método A):

(i) Se disolvid metit (S)-(+)-2-pirrotidinona-5-carboxilato (0,85 g, 5,94 mmol) en
diclorometano (5 ml) y se trald con trietilamina (0.863 ml, 6,24 mmol) y 4-
dimetilaminopiridina (0,010 g). A esto se le afadié di-tercbutilo dicarbonato (1,36 g,
6.24 mmol) y fa disolucidon anaranjada resultante se dejé agitar durante una noche. La
mezcla se tornd azul/gris y la evaporacion del disolvente produjo un aceite grisaceo
(1.4 g). Este se purificé por cromatografia automatica en columna sobre silice (Biotage
SP4), eluyendo con un gradiente 0-60% de acetato de etilo en hexano, para producir
1-(1.1-dimetiletil) 2-metii-5-oxo-1,2-pirrolidinadicarboxilato (1,37 g} como aceite
incoloro que se cristalizo en reposo.

{ii} Se disolvid 1-(1,1-dimetiletil) 2-metil-5-ox0-1,2-pirrolidinadicarboxilato (0,324
g, 1,33 mmol) en tetrahidrofurano (3 ml), y la mezcla se enfrié hasta -78°C, usando un
bafic de acetona/CO2 sdlido, bajo una atmosfera de argon. Se aiadio una disolucion
1M de bis(trimetilsililamida de litio en tetrahidrofurano (1,4 m!, 1,40 mmol) gota a gota
y se agitd en argon durante 1 hora. A esto se le afiadid fuego bromuro de bencilo
(0,174 ml, 1,46 mmol) y 1a mezcla se agité a -78°C durante otras 2,5 horas. La mezcla
se dejo luego calentar hasta temperatura ambiente y se enfrid rapidamente por la
adicién de cloruro de amonio saturado acuoso (~5 mi), y luego se dejd reposar durante
loda la noche a temperatura ambiente. La capa organica se separd y la capa acuosa
se diluyo con mas agua (5 ml) y se extrajo con acetato de etilo {3 x 10 ml). Las capas
organicas combinadas se secaron sobre sulfato de sodio anhidro y luego se filtraron y
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concentraron para proporcionar un aceite amarillo (0,700 g). Este se purificé por

cromatografia automatica en columna sobre silice (Biotage SP4), eluyendo con un

gradiente 0-35% de acetato de etilo en hexano, para producir 1-(1,1-dimetiletil) 2-metil-

5-axo-4-{feniimetil}-1,2-pirrotidinadicarboxilato  ¢omo un sdlido bianco (0,418 g}
3  después de la evaporacion del disolvente.

(iii) Se disolvid 1-(1,1-dimetileti) 2-metil-5-oxo-4-(fenilmetil})-1,2-
pirrolidinadicarboxilato (0,415 g, 1.24 mmo!) en cloruro de hidrogeno 4M en dioxano (2
mi) y se agitd a temperatura ambiente durante 2 horas. El disolvente se evaporo para
producir un aceite incoloro que se cristalizé en repeso para proveer metil-5-0xo-4-

10 (fenilmetil)-prolinato como un soélido cremoso/blanco. (0,205 g). Este se utilizo en la
siguiente etapa sin mayor purificacion.

{iv) Se disolvié metil-5-oxo-4-{fenilmetil)-prolinatc (0,205 g, 0,88 mmol) en
tetrahidrofurano (2,5 ml) y se trato con yoduro de etilo (0,077 mi, 0,97 mmol). La
mezcla se enfrid nuevamente hasta 0°C y se tratd con hidruro de sodio (0,037 g), de

13 una suspensién al 60% en aceite, 0,92 mmol). Después de agitar a 0°C durante 10-15
minutos, la disolucion se calentd hasta temperatura ambiente y se agité durante otras
3.5 horas. La mezcla se tratd luego con disolucidn de cloruro de amonio saturado
acuoso (~2 mi) y posteriormente se dituyé con diclorometano {5 ml}. La capa organica
se separd por filtracion a través de una frita hidrofoba (lavando la capa acuosa con
20 otras alicuctas de diclorometano (2 x 5 ml)). La evaporacidén de las fases organicas
combinadas produjo un aceite marron (~ 0,100 g). Este se purificé por cromatografia
automatica en columna rapida sobre silice, eluyendo con un gradiente de 0-100%
acetato de etilo en hexano, para proveer metil 1-etil-5-oxo-4-{fenilmetit)-prolinato
parcialmente purificado (~90% puro) (0.024 g) como un aceite amarillo que se utilizd

(X%
\*l

en la etapa siguiente sin purificacion adicional.

(v} Se disolvio metil 1-etil-5-oxo-4-(fenilmetil)-prolinato (0,024 g, 0,09 mmol) en
metanol (0,5 ml) y se enfrid hasta 0°C en un barfio de hielo. Se afiadid hidroxido sadico
acuoso 2M (0,137 ml, 0,27 mmol} a la mezcla y se siguid agitando a 0°C durante 3
horas. El disolvente se evapord y el residuo se acidificéd por tratamiento con cloruro de
30 hidrogeno acuoso 2M (~ 0,2 ml) para proveer una disolucién turbia. La evaporacién
produjo 1-etil-5-oxo-4-(fenilmetil)-protina bruta (0,052 g) como una mezcla de sélidos
blancos y residuos oleosos amarillos. Este material se usé sin mayor purificacion.

Alternativamente, podria también prepararse 1-eti-5-0x0-4-(fenilmetil)-prolina
de la siguiente manera (Mé&todo B):

(i} Se disolvio (S)-(+)-L-5-tritiloximetil-2-pirrolidinona (1,88 g, 20 mmol) en

'vd
LA
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dimetilformamida (9 ml) a 0°C y se tratdé con hidruro de sodio (suspension en aceite al
60%, 0,220 g, 5.5 mmol). La mezcla se agité a 0°C durante 30 minutos y después se
tratd con yoduro de etilo (0,444 ml, 55 mmol). La mezcia se dej¢ calentar
nuevamente a temperatura ambiente y se agité durante la noche. La mezcla se dividié
luego entre acetato de etilo y cloruro de amonio saturado acuoso y se extrajo con
acetato de elilo (x3}. Los extractos organicos combinados se lavaron en secuencias
con agua, disolucion acuosa de cloruro de sadio al 50% {(x2) y disolucion saturada
acuosa de cloruro de sodio, y luego se secaron sobre sulfatlo de sodio. La
concentracion proporciond un soélido beis que se purificd por cromatografia automatica
en columna rapida sobre silice (Biotage SP4), eluyendo con un gradiente de 0-100%
de acetato de etilo en hexano, para producir 1-etil-5-{[(trifenilmetii)oxijmetit}-2-
pirrolidinona pura (1,78 g).

(i) Se afadid una disolucidon 2M de diisopropilamina de litio en tetrahidrofurano
(1,050 ml, 2,1 mmol), a -78°C, a una disolucion de 1-etil-5-{[{trifenilmetil)oxilmetil}-2-
pircalidinona (0.771 g, 2 mmaol) en tetrahidrofurano (10 ml), y la mezcla resultante se
agitd durante 1 h a -78°C. Se afadié luego bromuro de bencilo (0,262 ml, 2,2 mmol) y
después de agitar durante una hora mas a -78°C, la mezcla se dejd calentar hasta
temperatura ambienie durante una noche. La mezcla se enfrié rapidamente con
cloruro de amonio saturado acuoso y luego se extrajo con acetato de etilo (x3). Los
extractos orgénicos combinados se lavaron luego con agua y después con disolucion
saturada acucsa de cloruro de sodio (x2), se secaron sobre sulfato de magnesio
anhidro y se concentraron hasta un aceite bruta (1,27 g). El sélido bruto se purificd por
cromatografia automatica en columna rapida sobre gel de silice (Biotage SP4),
eluyendo con un gradiente de 0-100% de acetato de etilo en hexano, para proveer el
producto deseado (es decir, 1-etil-3-(fenilmetil)-5-{[(trifeniimetil)oxilmetil}-2-pirrolidinona
(0,561 g}) que se utilizd en la etapa siguiente, como también materiai de partida sin
reaccionar y el producto de desalquilacion,  1-etil-3,3-bis(fenilmetil)-5-
{{{trifenimetiljoxi]metil)-2-pirralidinona (0.053 g).

(iii) Se agitd 1-etil-3-(fenilmetit)-5-{[(trifenilmetioxilmetil}- 2-pirrolidinona (0,561
g, 1.1 mmol) durante 24 horas a temperatura ambiente en una mezcla de acetonitrilo
(21ml) y acido formico (3 ml). La reaccion no se completd en esta etapa, de modo que
el disolvente se evapord y se reemplazé con acido formico (10 ml) y se siguié agitando
durante 3 horas, La reaccién aun no se completd, de modo que la mezcla se coneentrd
a vaclo (mezclando azeotrgpicamente con metanol para eliminar todo el acido formico)
y iuego se disolvié en metanol (20 ml). Luego se anadid Amberlyst 15® a la mezcla y
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se siguio agitando a temperatura ambiente durante una noche. La resina se separd por
filtracion, se lavé con mas metano!, y el filtrado se concentré hasta una goma (0,625
g). La goma se purificd por cromatografia automatica en columna rapida sobre silice
(Biotage SP4), eluyendo con un gradiente de 0-100% de acetato de etito en hexano,
para producir 1-etil-5-(hidroximetit)-3-{fenilmetil)-2-pirrolidinona (0,170 g) que se utilizo
en la etapa siguiente.

(iv) Se disolvid 1-etil-5-(hidroximetil)-3-(feniimetil)-2-pirrolidinona (0,748 g, 3,21
mmol) en acetonitrilo (5 ml) y se afadieron una disolucion tampon acuosa monaobasica
de fosfato sddico 1M (3,69 mi, 3,69 mmol), algunos cristales de TEMPO (radical libre
2.2 6,6-tetrametil-1-piperidiniloxi} y clorito de sodio (0,580 g, 6,41 mmol), y la mezcla
se calentd hasta 40°C. Se afadi¢ luego a la mezcla aproximadamente 1 gota de
blanqueador (disolucion de hipociorito sodico, cloro disponible >12%) y se siguio
agitando a 40°C por 3 horas. La mezcla se vertié después en hielo-agua que contenia
sulfito de sodio al 1% p/p, y la mezcla resultante se ajustd hasta pH2 usando cloruro
de hidrogeno acuoso SN y luego se extrajo con acetato de etilo {x3), Los extractos
organicos combinados se lavaron con cloruro de sodio saturado acuoso y luego se
secaron sobre sulfato de magnesio y se concentraron para proveer 1-etil-5-0x0-4-
{fenilmetil)profina (0,807 g) como un solido que se wlilizo sin purificacién adicional.

Ejemplo 38 N-[(2-cloro-4-flugrofenil)metil)-1-(2-metil-2-propen-1-il)-5-
oxoprolinamida (E38)
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Se disolvidé 1-(2-metil-2-propen-1-il)-5-oxoprolina bruta (~0,075 g, ~0,41 mmol,
preparada como se describe a continuacién) en diclorometano (5 ml) y a esto se le
anadieron 1-hidroxibenzotriazol (0,061 g, 045 mmaof), {(2-cloro-4-
fluorofenil)metiljamina (0,068 g, 0,43 mmol) e hidrocloruro de N-(3-dimetilaminopropil)-
N’-etilcarbodiimida (0,087 g, 0,45 mmol). La mezcla se agitd luego a temperatura
ambiente durante 24 h. La mezcla se diluyé con mas diclorometano y se lavé en
secuencias con cloruro de hidrogeno acuoso 2M y carbonato de hidrogeno sodico
saturado acuoso. La capa organica se filtrd a través de un separador de fases y se
evapor6 para dar un residuo marrén que se purificé por HPLC automatica dirigida a
masas  para  producir  N-[(2-cloro-4-fluorofenil)metil]- 1-{2-metil-2-propen-1-il)-5-
oxoprolinamida pura (0,018 g) como un sélido blanco. LC/MS [M+H]™ = 325 1, tiempo
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de retencion = 2,40 minutos,

La 1-(2-metil-2-propen-1-il}-5-oxoprolina utilizada en el procedimiento anterior
se prepard de la siguiente manera:

(i) Se enfrid metanol (55 m!) hasta -10°C (usando un bafo de CO2
solidoftetracloruro de carbono) con agitacion y luego se afiadié cloruro de tionilo gota a
gota durante 45 minutos. Se anadi6 luego acido (D)-glutamico (10 g, 67,96 mmol) en
tres porciones durante ~5 minutos y luego la reacciébn se agitd durante 3 horas
mientras se calentaba a 21°C. Los disolventes se evaporaron al vacio para dar un
aceite claro (15 g) gque se disolvié en una mezcla de agua (150 ml} y dioxano {150 mlj.
A esto se le anadid lentamente carbonato de sodio (46 g, 340 mmol) con agitacidn, Se
afiadid luego cloroformato de bencilo (9,64 mi, 68 mmol) y se continud la agitacion
durante a noche. La mezcla se tratd cautelosamente con cloruro de hidrégeno acuoso
2N (250 ml). y luego se extrajo con acetato de etilo (2 x 250 ml). Las fracciones
organicas combinadas se lavaron con salmuera y luego se secaron y evaporaron para
proveer un aceile claro (18,7 g). Este se disolvid en diclorometano (400 mi) y se tratd
con &cido suffarico concentrado (1 ml). Se condensd fuego un gran exceso de
isobutileno en fa mezcla y luego se agité durante una noche a 21°C. Se afadi6 luego
cautelosamente carbonatc de hidrogeno sédico saturado acuoso {(~ 400 mi) a la
mezcla, y la fase organica se separd, se lavo con salmuera, se secd y evapord al vacio
para dar un aceite claro (21,9 g). Este se purificd por cromatografia en columna sobre
gel de silice, eluyendo con una mezcla 3.1 de ciclohexano y acetato de etilo, para
proveer 1-(1,1-dimetiletil) 5-metil N{[{fenilmetil)oxilcarbonil}glutamato puro (4,87 g).

{ii) A una disolucion de hexametildisilazida de potasio (10 ml de una disolucién
0.6M en tolueno, 6 mmol) en tetrahidrofurano (25 ml) a -70°C. se afiadio gota a gota
una disolucion de 1-{1,1-dimetiletil) S-metil N-{[(fenilmetil)oxijcarbonil}glutamato (1.05
g, 3 mmol) en tetrahidrofurano {10 ml) durante ~5 minutgs. La mezcla se agité a -70°C
durante 1 hora y luego se tratd con yoduro de metaliio (2,18 g, 12 mmol) en
tetrahidrofurano (10 mi). Se siguid agitando a -78°C durante 2 horas y luego se calentd
hasta 21°C. Después de agitar por otra hora mas, la mezcla se vertié en cloruro de
hidrogeno acuoso 1IN y se extrajo con acetato de etido (2 x 50 ml). Los extractos
organicos combinados se lavaron con salmuera, se secaron y se evaporaron al vacio
para dar un solido amaritio (1,03 g). Este se purificé por cromatograffa en columna
sobre silice, eluyendo con una mezcla 4.7 de ciclohexano y acetato de etilo, para
proveer | 1-dimetitetil 1-{2-metil-2-propen-1-il)-5-oxoprolinato puro como un aceite claro
(0,322 g).
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(iii) Se disolvié 1,1-dimetiletil 1-(2-metil-2-propen-1-il)-5-oxoprelinato (0.099 g,
0,41 mmol) en una mezcla de diclorometano (2 ml) y acido trifluorcacético (2 ml), y se
agito durante una noche a temperatura ambiente. El disolvente se evapord (mezclando
azeotropicamente con tolueno para remover trazos de acido trifluoroacético) a fin de
dar 1-(2-metil-2-propen-1-il}-5-oxoprofina bruta como un aceite marrén que se usé sin
mas purificacion.

Ejemplo_ 38 |-Ciclopropil-N-[(2,4-diclorofenil)metil]-S-oxoprolinamida (E39)

A una disclucién de (2,4-diclorcfenil)metil isocianuro (0,047 g, 0,25 mmol) y
acido 4-oxobutanoico (15% en agua, 0,26 mi, 0,4 mmol) en metanol (1,75 mi) se le
afadié ciclopropilamina (0,042 mi, 0,8 mmol). La mezcla se calenid en un microondas
a 100°C durante 30 minutos. El disolvente se eliminé al vacio y el residuo se purificd
por HPLC automatica dirigida a masas para dar 1-ciclopropil-N-[(2 4-diclcrofenil)metil}-
5-oxoprolinamida (0,072 g) como un solido blanco. LC/MS {M+H]"™ = 326/328, tiempo
de retencion = 2,29 minuios.

Ejemplo 40 N-{[2-cloro-3-{trifluorometil)feniljmetil}-1-ciclopropil-5-

oxoprotinamida (E40})

d
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A una disolucion de [2-cloro-3-(trifluorometit)feniljmetil isocianuro (0,088 g, 0,4

CF.

3

mmol) y semialdehido succinico (15% en agua, 0,26 ml, 0,4 mmol) en metanol (1,75
mi) se le afiadid ciclopropilamina (0,042 mi, 0,6 mmol). La mezcia se calentd en un
microondas a 100°C durante 30 minutos. E! disolvente se eliminé al vacio y el residuo
se purificé por HPLC automatica dirigida a masas para dar N-{[2-cloro-3-
(triftuorometil)feniljmetit}-1-cictopropit-5-oxoprolinamida (0,076 g) como un sélido
btanco. LC/MS [M+H]" = 361/363, tiempo de retencidn = 2,39 minutos.

El [2-cloro-3-(trifluorometil)fenil)metil isocianuro utilizado en el procedimiento
anterior se prepard de la siguiente manera:

() Se afadid gota a gota una disolucion de {{2-cloro-3-
{trifluorametififenilimetifiamina (1,05 g. 5 mmol) en tetrahidrofurano anhidro (10 mi) a
una disolucion de N-formil benzotriazol (0.772 g, 5,25 mmol) en tetrahidrofurano
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anhidro (10 mi). La reaccion se agitd a 22°C durante 18 horas, luego se redujo al vacio
y el residuo se dividié entre diclorometano (75 mi} e hidréxido de sodio acuoso 2N (40
ml). La capa organica se separd y extrajo con hidroxido de sodio acuoso 2 N (40 ml).
La capa organica se paso a través de una frita hidréfoba y se redujo ai vacio para dar
un salido blanco. E! producto bruto se purificd por cromatografia automatica en
columna rapida sobre silice (Biotage SP4), eluyendo con un gradiente disolvente de O-
10% acetato de etio en diclorometano, para dar  {[2-cioro-3-
(trifluorometilifenil)metilifformamida como un sélido blanco.

{if) Se enfrié una disolucion de {[2-cloro-3-(triffluorometil)fenilimetil}formamida
(0,67 g. 2.82 mmol) en diclorometano anhidro (20 mil} en argén en un bano de hielo-
agua antes de la adicion de diisopropilamina (1,78 mi. 12,7 mmol) seguida de
oxiclorure de tasforo (0,393 ml, 4,23 mmol). La reaccion se agitd entre 2-5°C por 2
horas. La mezcla se redujo luego al vacio y el residuo se fraté con carbonato de
hidrégeno sédico saturado acuoso {20 mi) y se extrajo con diclorometano (20 mi). La
capa organica se pasd a través de una frita hidréfoba y se redujo al vacio para dar un
solido amarillo. E! secado posterior al vacio proporcioné [2-cloro-3-
{trifluorometil)fenillmetii isocianuro como una goma anaranjada (0,66 g) que se usé sin
mas purificacion.

Ejemplo 41 N-[(2-cloro-4-fluorefenil)metil)- 1-ciclopropil-5-oxoprolinamida (E41)
r
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A una disolucion de [2-cloro-4-fluoro-feniljmetit isocianuro (0,068 g, 0,4 mmol) y
semialdehido succinico (15% en agua, 0,26 mi, 0,4 mmol) en metanol (1,75 mi) se le
anadio ciclopropilamina (0,042 mi, 0,6 mmol). La mezcla se calentd en un microondas
a 100°C durante 30 minutos. El disolvente se eliminé a! vacio y el residuo se purifico
por HPLC automatica dirigida a masas para proveer una goma incolora que se triturd
con éter dietilico para dar N-[(2-cloro-4-fluorofenilymetil]-1-ciclopropil-5-oxoprotinamida
como un solido crema palido (0,058 g). LC/MS [M+H]" = 310, tiempo de retencion =
2,18 minutos,

El [2-cloro-4-fluoro-feniljmetil isocianuro utilizado ¢oma el material de partida se
prepasd en un modo anadlogo a aquel descrito para la preparacién de [2-cloro-3-
(trifluorometiffenimetit isacianuro en el ejemplo 40 pero usando 2-cloro-4-
fluorofeniflmetillamina en tugar de 2-cloro-3-(trifluorometit)feniljmetifjamina.
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Eiemplo 42 N-[(2 4-diclorofenil)metil}- t-etil-4,4-dimetil-5-oxoprolinamida (E42)
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Se disotvieron (2,4-diclorofenilymetil isocianuro (0,075 g, 0,4 mmol) y acide 2.2-
dimetil-4-oxobutanoico (0,115 g, 0,6 mmol) en metanol (2 ml). Se afadio disolucion de

"

etilamina (2M en agua, 0.3 ml, 0.6 mmol} y la mezcla se calentd en un recipiente
seltado a 100°C durante 30 minutos en un reactor de microondas. La mezcla se dejd
reposar un fin de semana y luego se elimind el disolvente al vacio, y el aceile
anaranjado resutianie se purificd por HPLC automatica dirigida a masas para producir
una goma oleosa clara que se triturd con éter dietiico para proveer N-[(2.4-
10 diclorofenilimetil]-1-etil-4 4-dimetil-5-oxoprolinamida como un sélido blanco (0,024 g).
LC/MS [M+H]" = 343, tiempo de retencién = 2,57 minutos.

El acido 2.2-dimetil-4-oxobutanoico utilizado como el material de partida en el
procedimiento anterior se prepard de Ia siguiente manera:

(i) Se disolvio acido 2,2-dimetil-4-pentencico en diclorometanc (25 ml) y se
enfrié hasta -78°C en un bafo de CO./acetona, y se burbujed oxigeno a través de la
mezcla durante 5 minutos. Se encendid el generador de 0zono y se burbujed ozono a
través de la mezcta durante 15 minutos. Se detuvo luego el flujo de ozono y la mezcla
se lavo con oxigeno durante 5 minutos y luego con argén durante 2 minutos. La TLC
indico que la reaccion no habia avanzado significativamente, de modo que se burbujed
200 argon a través de la mezcla por otros 15 minutos, después de lo cuat persistid un color
azut palido y se formd una suspensidn. Se apago el flujo de ozono y la mezcla se lave
con oxigeno durante 5 minutos y luego con argon durante 10 minutos (hasta que 1a
salida de gases produjo una respuesta negativa al papel de almidén/yodo
humedecido}. Se aiadié luego sulfuro de dimetilo (1,72 ml, 23,41 mmol} a ia mezcla, y

o]
]

esta se dejo caleptar hasta temperatura ambiente. Después de agitar a temperatura
ambiente durante 2 horas, la mezcla se concentrd para dar un aceite incoloro (1,5 g).
Se purificé 1,4 g de este material por cromatografia en columna rapida sobre silice,
eluyendo con un gradiente de 0-50% acetato de etilo en dictorometanc, para producir
acido 2,2-dimetil-4-oxobutanoico como un aceite incoloro (0,649 a).

30 Eiemplo 43 N-{[2-cloro-3-(triflucrometitifenillmetil}- 1-(1-metitetit)-5-
oxoprolinamida (E43)
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Se disolvid 1-(1-metiletil)-5-oxoprotina (0,100 g, 0,58 mmol) en diclorometano
(20 ml) y a esto se le anadid hidrocloruro de N-(3-dimetilaminopropii}-N'-
etilcarbodiimida (0,111 g, 0,58 mmol), 1-hidroxibenzotriazel (0,078 g, 0,58 mmol) y N-
elil morfolina (0,223 ml, 1,75 mmo!). Finalmente, se afadid {{2-cloro-3-
(trifluorometibfenilimetillamina a la mezcla y se siguid agitando durante ~48 horas. La
mezcla se tratd luego con carbonato de hidrogeno saturado acuoso (20 mf) y se agito
vigorosamente. La capa acuosa se elimind usando un separador de fases y luego se
elimino el disolvente de la capa organica usando una unidad de descarga de argén. El
residuc resuitante se tratd con una mezcla de agua y acetato de etilo (25 ml, 1:1) v la
capa acuosa se desechd posteriormente. La capa organica se filtré a través de un
separador de fases y se evaporé para proveer un aceite. Esto se trituré con éter
dietilico para producir un sélido y éste se purificé posteriormente por HPLC automatica
dirigida & masas para dar N-{{2-cloro-3-{trifluorometil)fenilimetil}-1-(1-metiletil)-5-
oxoprotinamida (0,097 g) como un sdlido bianco. LC/MS [M+H]" = 363, tiempo de
retencion = 2,48 minutos.

La 1-(1-metilelil}-5-oxoprolina empleada en el procedimiento anterior se
prepard en un modo analogo a aquet descrito previamente para la sintesis de metil 1-
etit-5-oxo-prolinato (véase el ejemplo 3) pero usando acetona en lugar de acetaldehido
y con a adicién de una etapa de desproteccion de éster subsiguiente (usando técnicas
convencionales, es decir, hidroxido de sodio en metanol) (en oposicidon a la
desproteccién combinada y el acoplamiento de amida descritos en el ejempio 3).

Ejemplos 44-49

En un modo andlogo a aquel descrito para el Ejemplo 43 anterior, los
compuestos tabulados a continuacion (Tabla 3) se prepararon sustituyendo la {{2-
cloro-3-{irifluorometil)feniljmetiffamina usada en el procedimiento anterior por la amina
apropiada (o su sal). Todas las aminas utilizadas para elaborar los compuestos que se
muestran en la Tabla 3 son comercializadas por fuentes comerciales o se pueden
preparar usando las rutas previamente descritas en la bibliografia quimica, a menos
que se indique lo contrario.

Tabla 3

A
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1-{1 -meuletll)—N-{[Z-metil—G-
(triffuorometilfenil]metil}+5-
oxoprolinamida

L
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N-[(2,3-diclorofenil)metii)-1-(1-
metiletil)-5-oxgprolinamida

P 4 331 2,26

N-[{2-cloro-3,4-difluorotenilymetil}-1-
{1-metileti)-5-oxoprolinamida

| E44 343 2,48

E45 329 2,35

E46
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N- [(2,4 diclorofenilymetil]- 1-(1-
metiletil}-5-oxoprolinamida
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N-[{2,3-dicloro-4-fluorotenil)metil}-1-
{1-metiletil}-5-0x0-L-prolinamida

-~ -
H l

O%}NJWN\)%( Cf

N, © 309 2,34

N-[(3-cloro-2-metilfenitymetil)- 1-(1-
metiletif)-5-oxoprofinamida }

I e

E48 346.9 2,41

E49

U

E! hidrocloruro de [(2.3-dicloro-4-fluorofenil)metillamina requerido para |a
sintesis de N-{(2,3-dicloro-4-fluorofenilmetif]- 1-( 1-metitetil)-5-oxo-L-prolinamida
{ejempto 48) se prepard de fa siguiente manera:

(i} Se anadio nitrito de sadio (0,172 g, 2,5 mmol) a una disolucién agitada de 2-
cloro-6-fluoro-3-metil-fenilamina (0,400 g. 2,5 mmoal) en agua (20 mi) y cloruro de
hidrégeno acuoso al 37% (5 ml} a -5°C. La mezcia se agitd a -5°C durante 5 minutos y
lego se anadié en un recipiente a una disolucion de cloruro de cobre {1) (0,742 g, 7.5
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mmel) en cloruro de hidrégeno acuoso al 37% (5 mi) mientras se mantenia fa
temperatura a -5 hasta 0°C. La mezcla de reaccion se calento hasta 38°C y se agitd
durante una 1 hora, luego la mezcia se enfrio y se anadié éter dietilico (20 mi). La fase
organica se separo, se lavod con cloruro de hidrégeno acuoso 1N y luego con agua. La
capa organica se seco luego sobre sulfato sodico y se concentré al vacio. El residuo
bruto se purificé por cromategrafia en columna rapida sobre silice, eluyendo con éter
de petréleo para producir 2,3-dicloro-1-fluoro-4-metilbenceno (0,090 g, 0.5 mmol}
como un solide blanco.

(i) Se afadid 2,3-dicloro-1-fluoro-4-metilbenceno (0,090 g, 0,5 mmal) a una

- mezcla agitada de dicromato de potasio (0,284 g, 1 mmol) en acido acético (1 ml). Se

anhadio luego tentamente acido sulfurico al 97% (0,5 ml} a la mezcla que se calentd
posteriormente a 100°C por 2 horas. Después de enfriar hasta temperatura ambiente,
se afadieron agua y hielo, y el sélido verde asi obtenido se filtré y lavd con agua fria
para producir acido 2,3-dicloro-4-fluorobenzoico (0,056 g, 0,27 mmol) como un sélido
blanco.

(i) Una disolucion de acido 2,3-dicloro-4-fluorobenzoico (0,200 g, 0.92 mmol)
en dictorometano (~4 mil} se traté con 1-hidroxibenzotriazo! (0,162 g, 1,2 mmol),
hidrocloruro de N-(3-dimetilaminopropil}-N'-etiicarbodiimida (0,230 g, 1.2 mmol) vy
trietitamina (0,56 mi, 4,0 mmol} en argén a temperatura ambiente. La mezcla se agitd a
temperatura ambiente durante 40 minutos, luego se itraté con hidroxido de amonio
acucso at 32% (0,088 ml) y se agit¢ toda una noche a temperatura ambiente. La
mezcla se diluyo con diclorometano y se lavd en secuencias con agua y luego con
carbonato de hidrogeno saturado acuoso. La capa organica se separd y secé sobre
sulfato de sodio, luego se concentrd para proveer 2,3-dictoro-4-fluorobenzamida (0,156
g) como un solido blanco que se utitizo sin mas purificacion.

(iv) Se calentd una disolucién de 2,3-dicloro-4-fluorobenzamida (0,750 g, 3,62
mmol) en tetrahidrofurano seco (2 ml) hasta 80°C en atmoésfera de nitrogeno. Se
afiadid una disolucion 10M de complejo de borohidruro dimetulsulfuro en
tetrahidrofurano (1,06 ml, 5,43 mmol} a la disolucién caliente y se siguid agitando
durante 4 horas. La mezcla se trald luego con cloruro de hidrégeno acuoso 6N y se
siguid calentando durante 30 minutos. Los disolventes se evaporaron y el residuo
bruto se purificd por cartucho SCX y posterior cromatografia en columna rapida sobre
silice, eluyendo con metanol al 5% en diclorometano. La amina obtenida se traté con
cloruro de hidrégeno etéreo para dar [(2,3-dicloro-4-fluorofenilmetiljlamina cloruro de
hidrégeno {0,360 g) como un soélido blanco.
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Ejemplo 5@ N-{(2,3-dimetilfenil)metil]- 1-etil-5-oxaprolinamida (E50)

Se disolvié 1-etil-5-oxoprolina (0,080 g, 0,51 mmol, preparada en un modo
andlogo a aquel descrito para el ejemplo 12, métado A) en diclorometano (5 ml) vy a
esto se le afadieron hidrocloruro de N-(3-dimetitaminopropi)-N’-etilcarbodiimida (0,117
g, 0.61 mmot), N-etil morfolina {0,195 mi, 1,53 mmol) y 2 3-dimetil bencitamina (0,082
g. 0,61 mmot). La mezcla se agitd durante ~17 horas y luego se dej6 reposar durante
un fin de semana. La mezcla se wratd luego con carbonatc de hidrégeno sodico
saturado acuoso (~3 ml) y se agitd vigorosamente durante ~10 minutos. La capa
organica se separd usando una frita hidrdfoba y la capa acuosa se extrajo con mas
diclorometano (~2 ml). Las capas organicas cambinadas se concentraron para dar un
aceite amarillc (~0,2 g). Este se purificé por HPLC aulomatica dirigida a masas para
proveer N-[{2 3-dimetilfenil)metil]- 1-etil-5-oxoprofinamida pura (0,072 g} como un sélido
blanco. LC/MS [M+H]" = 275, tiempo de retencion = 2,12 minutos.

Ejemplo 51  N-{{2-cloro-3-(trifluorometitifenilimetil}- 1-metit-5-oxoprolinamida

(ES1)
g
H !
O%,;Lﬂ N\__/K\[ CF!
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Se disolvid 1-metit-5-oxoprolina (2,27 g, 15,88 mmol, preparada como se
describe a continuacion) en diclorometano {150 mi}, y a esto se le afadieron
hidrocloruro de N-{3-dimetilaminopropil)-N’-etitcarbodiimida (3,35 g. 17.47 mmol) y 1-
hidroxibenzotriazol (2.36 g. 17,47 mmol). La mezcla se agitd durante ~10 minutos y
luego se anhadieron trietilamina (221 mi, 1588 mmal) y {[2-cloro-3-
(trifluorometil)fenifimetifamina (3,66 ml, 17.47 mmol), y la mezcla se dejo agitar a
temperatura ambiente durante una noche (~17 horas). Durante este tiempo se forméo
un precipitadc blanco. La mezcla se trato luego con carbonato de hidrogeno sodico
saturado acuoso (~100 ml) y se agité durante 10 minutos. La capa orgénica se separd
usando una frita hidrdfoba y luego se afiadié cloruro de hidrégeno acuoso 2N y se
mezcld y separd nuevamente. La capa orgdnica se concentro para dar séfidos blancos
(~2,5 g}. El solido resultante se disolvié en acetato de etilo (~200 mi) y se lavd con
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agua (4 x 50 mi) y salmuera (50 mi}. La capa organica se sect luego pasando a traves
de un separador de fases y se concentr6 para proveer N-{[2-cloro-3-
(trifivorometif)feniljmetif}- 1-metif-5-oxo-L-prolinamida pura como un solido blance fino
(2,48 g).

LC/MS [M+H]" = 335, tiempo de retencion = 2,24 minutos.

'H RMN (CDCls, 500MHz) § 2,02 (m, 1H), 2,35 {m, 1H), 2,39 (m. 1H), 2,47 {(m,
1H), 2,81 (s, 3H). 4.00 (dd, 1H, J = 8.9, 4,2 Mz}, 4,60 (dd, 1H, J = 151, 6.2 Hz), 4,65
{dd, 1+, J = 15,1, 6,2 Hz), 6,56 (t ancho, 1H, /=58 Hz), 7,38 (t, 1H, J= 7.7 Hz), 7.60
(da. 1H, J = 7.6, 1,0 Hz), 7,68 (dd, 1H, J = 7,9, 1,2 Hz); "*C RMN & 176,0, 171,5, 137,5,
133,9,131.,7, 1293, 127 .4, 127,0, 1228, 63.8, 41,8, 294, 292, 23 4.

La 1-metil-5-oxoprolina empleada como el material de partida se preparé de la
siguiente manera:

{i) Se dividio acido N-metil-L-glutamico (9,81 g, 60,87 mmol) en dos partidas
iguales y cada una se suspendid en agua (15 mi) y se calent6é en un tubo sellado a
140°C durante 30 minutos en un reactor de microondas para producir una disolucion
clara. Las dos partidas después se combinaron y el agua se evapord y secd al vacio
para proveer un soélido blanco. Et sélido se triturd con éter, luego se filtrd y lavd con
mas éter para producir, después del secado,1-metil-5-oxo-prolina (7,47 g) como un
sGhdo blanco.

N-{[2-cloro-3-(trifluorometil)feniljmetil}-1-metit-5-oxoprolinamida  también se
puede preparar como se describe a continuacion:

Se suspendid 1-metil-5-oxoproiina {49.0 g, 0,342 mol, preparada como se
describi® anteriormente) en DCM (600 mi) (golas de temperatura interna de 20°C a
13,7'C). Se afadi6 EEDQ (2-etoxi-1-etoxicarbonil-1,2-dihidroguinolina, 75,26 g, 0,359
mol, 1,05 eq) en una porcion y la mezcla se agitd a temperatura ambiente durante 15
minutos. Se anadio luego una disalucion de 1-[2-cloro-3-
(trifluorometilfenillmetanamina (88,77 g, 0,359 mol, 1,05 eq) en DCM (250 mi) gota a
gota a 'a mezcla en 20 minutos (exotermo leve hasta 19'C) y los sadlidos restantes se
lavaron luego en ia mezcla usando DCM adicional (150 mi). Se agitd luego la mezcla a
temperatura ambiente durante una noche.

Se afhadid carbonato de hidrégeno sodico saturado acuoso (300 mil) a la
mezcla y se agitd durante 5 minutes. La capa organica se separd y se lavd en
secuencias con disolucion de cloruro de sodio saturado acuoso (300 mi), cloruro de
hidrogeno acuoso 2N (3 x 300 mi), agua (300 mi) y disolucion de cloruro de sadio
saiurado acuoso (300 ml). La disolucién organica se secod sobre sulfato sadice anhidro,
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se filtré y se evaporo al vacio. El sélido resultante se triturd luego con éter (=500 ml) y
se recogié el sofido, se lavo con éter y se secd (30°C. horno de vacio durante un fin de
semana) para producir un sélido incoloro (91,1 g, 80%). Este material se combind con
una partida similar, preparada en un modo analogo, y el material combinado (total de
178 g} se disolvid en acetato de etilo (2,75 1) con calentamiento (reflujo moderado,
agitacion superior). La disolucion caliente y clara resultante se agité moderadamente y
se enfrié hasta temperatura ambiente durante una noche. El sélido se recogid, se lavo
con acetato de etilo frio (500 ml) y se secd (50°C en un horno de vacio, ~3 dias) para
producir N-{[2-cloro-3-(triffuorometil)feniljmetil}- 1-metil-5-oxoprolinamida, como agujas
incoforas (148.4 g).

LC/MS [M+H)" = 335/337, tiempo de retencion = 2,26 minutos.

'H RMN (CDCly, 500MHz) 8 1,86 (m, 1H), 2,21 (m, 1H), 2,24 {m, 1H), 2,28 (m,
1H), 2,64 (s, 3H), 4,12 (dd, 1H, J =83, 3.5 Hz), 4,47 (d. 2H, /=58 Hz), , 7,58 (t, 1H, J
= 7,8 Hz), 7,65 (dd, 1H, J = 7,8, 1,0 Hz), 7,80 (dd, 1H, 4 = 7,8, 1,2 Hz), 8,81 (t ancho,
1H. J = 57 Hz); °C RMN 3 1744, 171,4, 138,8, 133,1, 129,8, 127,5, 1271, 1268,
1229, 61,6, 40,2, 29,1, 28,0, 22.5.

Exceso enantiomérico = 99,1%, segln lo determinado por cromatografia quiral,
método A, indicativo de N-{[2-cloro-3-{trifluorometil)feniljmetil}-1-metii-5-oxo-L-
prolinamida

tiempo de retencidon = 6,99 minutos

{als = -0,8° {c=1, MeQH), Temperatura = 29,3"C, 'ongitud de onda = 589nm

punto de fusion = 173°C

Eiempto 52 N-[(2,3-dicloro-4-fluorofenit)metil]- t-metil-5-oxoprolinamida (E52)

- /;’f\l/F
oz( W
N 'N\-/‘*r'”\cv
! o) ol

Se disolvio 1-metil-5-oxoprolina (0,080 g, 0.42 mmol, preparada como se
describid anteriormente para el ejemplo 51) en diclorometano (5 ml) y a2 esto se le
afiadid hidrocloruro de N-(3-dimetilaminopropil)-N'-etilcarbodiimida (0,096 g, 0.5
mmol), 1-hidroxibenzotriazol (0,068 g, 0.5 mmel) y N-etil morfolina (0,160 mi, 1,26
mmol). La mezcla se agitd durante ~10 minutos vy Iuego se afadio hidrocloruro de
({2.3-dicloro-4-fluorofenitymetillamina (0.081 g, 0,42 mmol. preparado como se
describio previamente para el ejemplo 48). y |2 mezcla se dejo agitar durante una
noche (~17 huras) y luego durante un fin de semana. La mezcla se tratd luego con
carbonato de hidrégeno sodico saturado acuoso (~3 ml) y se agité vigorosamente
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durante 10 minutos. La capa organica se separd usando una frita hidrofoba, lavando la
capa acuosa con mas diclorometano (~2 ml). Las fracciones organicas combinadas se
concentraron para producir un sélido color crema. El sélido se repartio entre acetato de
etilo (~20 m!) y agua (~10 ml), y la capa organica se separo6 luego pasando a través de
un separador de fases y se concentro para proveer -{(2,3-dicloro-4-fluorofenil)metil}-1-
metil-5-oxoprolinamida pura como un s64do blanguecino.

LC/MS [M+H]™ = 319, tiempo de retencion = 2,2 minutos.

Ejemplos 53-64

En un modo analogo a aquel descrito para et Ejemplo 52 anterior, los

compuestos tabulados a continuacion (Tabla 4) se prepararon sustituyendo el
hidrocloruro de  [(2.3-dicloro-4-fluorofenil)metilJamina usado en el procedimiento
anterior por la amina apropiada (o su sai). Todas las aminas utilizadas para elaborar
los compuestos que se muestran en la Tabla 4 son comércializados por fuentes
comerciales o se pueden preparar usando las rutas previamente descritas en la
bibliografia quimica o usando métodos analogos.

Tabla 4

E' 1 i Tlempo
{ E’?:;p'o s Nombre quimico [M+H) | relencson
l 4
- ---ﬁi | (min) !
\ i 2 !

y
: ! /L /\I/N\’,l\/r ] i
| E53 i 303 l |
\ N-{{2-ctoro-3,4- dnﬂuorofeml)mehl] 1- I
! metil-5-oxoprofinamida )

in}

o /j ]
! ' {
j
E ES4 E O,F/\‘( 281 | 229
: I N-[{4- cloro—2 -metifenilymetil)-1-metil- {
! ! S5-oxoprolinamida ! A
| P T i
] i) .y \
i N
! Ofir:/\{ /\'“'F i
! ES55 e 319 2,29 i
} N-{[4-flugro-2- }
} (trifluorometil)fenit)metil}- 1-metil-5- i
b . __oxaprolinamida ]
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1 -metil-N-{{2-metil-3-
(trifluorometitifenifymetil}-5-
oxgprofinamida

E ] Tiempo
i de
! E’in;Plo Nombre quimico MHHD" | erncion
: {min)
f
2
| S |
| E56 O’AT” . S 301 2,28
i
: N-[(2,3-diclorofenil)metil]-1-metil-5- }
| oxoprolinamida \ |
o - A S e
: e/ t
\ o
! / }.. N»../L / ‘ |
Y ‘\‘ \\ & 301 | 215
]
{ N-{{2,6-diclorofenil)metil}- 1-metil-5- E
| axoprolinamida L
.f Js |
: . |
E £58 0&1’“‘\2 281 2.27
{ N-[(3-cloro-2-metifenilmetit)- 1-metil-
] 5-oxoprolinamida J
r .
| =2
: ' N\)“"\/\fr
\ - [o f\"( F
y  EB59 319 2.32
r N-{[2-fluoro-3-
{ (trifluorometil)fenilimetil}-1-metil-5- i \
\ oxoprolinamida N
r 7
\
i 5.
| IgUvaes
| E60 N T F 285 2,14
|
| N-{{3-cloro-2-flucrofenitymetit}-1-
: ‘ metil-s-oxoprolinamida !
{
{ |
| E6t oﬂK ‘\( 315 2,3 |
|
i N-{(2. 4-d|cloro-6 metilfenitymetil}- 1- { |
! metil- 5-oxogrolmamnda ! |
1
| |
: gm |
| E62 3151 | 226 |
\
| |
‘ j




A

L
~J

§ Tlempo i
| Ejemplo o .
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: 0. Nombre quimico (M-+H+] retencrén ‘
| 1 (min) l

|
/ﬁ\/’\
EG3 § 3309 2.0

N-{(2- bromo 4-flugrofenilymetil]-1-
metil- 5-oxoprolinamida

ot

N-{{3-fluoro-2-
(trifucrometilifenilimetil}-1-metil-5-
J oxeprolinamida f

E64 319 2,1

e

%
j
|
P
!
!
|
i
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Las aminas requeridas para las sintesis de los ejemplos 62-64 se prepararon
de acuerdo con los procedimienios descritos, respeclivamente, a continuacién:

1) Hidrocloruro de {{2-metil-3-(trifluorometitiieniljmetiflamina (Amina empleada
para preparar el Ejemplo 62)

Se afiadid borano tetrahidrofurano (1M, 39.4 ml, 39,4 mmol) a una disolucién
de 2-metil-3-trifluorometil benzamida (2 g, 9.85 mmofl) en tetrahidrofurano (75 mi} y se
agitdé a 70°C durante 5 horas. El LCMS demostrd que la reaccion estaba incompleta,
de modo que se siguid calentando a 70°C en argdén durante una noche y después de
esto por otras § horas. La mezcla de reaccidon se tratd con cloruro de hidrégeno
acuoso 2N y se agitd a 100°C durante 4 horas, y luego se dejé enfriar durante un fin
de semana. La mezcla se redujo hasta secarse al vacio y luego se repartid entre
diclorometano e hidréxido de sodio acuoso 2N. La capa organica se separd usando
una frita hidrofoba y se redujo para dar un residuo que se purificd por cromatografia en
columna réapida sobre silice (eluyendo con amoniaco/metanal 2N al 0-5% en
diclorometano). E! disolvente se evaporo luego vy el residuo se absorbié en acetato de
etilo y se tratdo con cloruro de hidrogeno etéreo 1M. El solido que se precipitd se
recogid por filtracion y esto se triturd luego con diclorometano y después de la filtracion
se obtuvo hidrocloruro de 2-Metil-3-(triflucrometilfenilimetil}amina (1.4 g) come un
solido bianco.

LC/MS [M+H]" = 173, tiempo de retencion = 1,30 minutos.

2} Hidsocloruro de [(2-bromo-4-fluorofenilymetillamina (Amina empleada ;Sara
preparar el Ejemplo 63}
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(i) Se combinaron bromuro de 2-bromo-4-fluorobencilo (5 g 18,8 mmol) vy
ftalimida de potasio (4 g, 21,6 mmol) en dimetilformamida (200 ml), y se agité a 80°C
durante 18 horas durante una noche. La mezcla se redujo al vacio y el residuo se
repartio entre éter dietilico y agua. Los solidos se retiraron mediante filtracién y 1a capa
acuosa se lavo con mas éter (2 x 50 ml). Las capas de éter se combinaron y se
secaron sobre suliato de sodio, luego se filtraron y evaporaron para proporcionar un
sélido blanquecino (3,36 g). E! sdlido se triturd con metanal y fa filtracién proparciond
2-{(2-bromo-4-flucrofenil)metil}- 1 H-isoindol-1,3(2H}-diona como un sélido (2,06 g) que
se usd sin mas purificacién en la siguiente etapa.

LC/MS [M+H]" = 334, tiempo de retencion = 3,30 minutos.

(ii} Se ahadié hidrato de hidrazina (0,655 mt, 21 mmol) a una suspension de 2-
{{2-bromo-4-fluorofenilymetil]- 1 H-isoindol-1,3(2H)-diona (2 g, 6§ mmol) en etanol (60 mb),
y se agitd a temperatura ambiente durante una noche. ta reaccidn no se habia
terminado de completar en esla etapa, de modo que ta mezcla se calenté a 100°C por
un total de 2 horas (la mezcla se tornd blanca y turbia durante este tiempo). La mezcla
se fiitré para eliminar los sdlidos y después se enfrio y filtrd nuevamente. Los sélidos
se lavaron con etanal frio y luego las fracciones de etanol combinadas se evaporaron
hasta secarse al vacio. El residuo resultante se dividio entre cloruro de hidrégeno
acuoso 2N y diclorometano. La fase organica se separé usando una frita hidréfoba. La
capa acucsa se lavo con mas diclorometano y se separd nuevamente, La ¢capa acuosa
se redujo luego al vacio para dejar un sélido amarilio palido {0,876 g). Ef sélido se
absorbid en disolucion saturada acuosa de carbonato de hidrogeno y se extrajo con
diclorometano. La separacidn por frita hidroéfoba y evaporacion produjo un residuo que
se disolvio en éter dietilico y se traté con cloruro de hidrégeno etéreo. Se precipitd un
solido amarillo pédiido de la mezcla. La evaporacién y el secado proporcionaron
hidrocloruro de ((2-bromo-4-flrorofenil)metiljamina (0,789 g).

LC/MS (M+H]" = 203, tiempo de retencion = 1,08 minutos.

3) Hidrocloruro de {[3-fluoro-2-(trifluorometil)feniljmetil}amina (Amina empleada
para preparar e! Ejemplo 64)

Se anadié gota a gota borano tetrahidrofurano (1M, 19,2 mi, 18,2 mmol} a una
disolucion de 3-fluoro-2-(triflucrometil)benzamida (1 g, 4.8 mmol) en tetrahidrofurano
{40 ml) en argdn a temperatura ambiente. La mezcla se calenté a 70°C y luego se
afadié otra parte alicuota de borano tetrahidrofurano (10 nl, 10 mimol) y se siguié
calentando a 70°C durante un fin de semana. La mezcla de reaccion se enfrié hasta

temperatura ambiente y luego se irato con cloruro de hidrégeno acuoso (15 ml) y se
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agitd a temperatura ambiente durante 15 minutos. Se anadié disolucion acuosa de
hidroxido sodico hasta que el pH de la mezcla estuvo entre 8-9, y luege la mezcla se
extrajo con acetato de etilo (3 x 30 mi). Las capas organicas combinadas se filtraron a
través de una frita hidrofoba y luego se evaporaron al vacio. El residuo se redisolvié en
diclorometanc. se filtrd a través de una frita hidrofoba y se evaporé para proveer un
aceite amarillo. El aceite se disolvié en clorurc de hidrégenc acuosc 2M. Se formd un
precipitado blanco y éste se recogid por fillracion al vacio y luego se cargo en
columnas SCX equivalentes de 4 x 10 9. Las columnas se lavaron con metanol y agua
y luego se utilizd amoniaco acuoso para eliminar el producto. Estas uitimas fracciones
se redujeron al vacio para dar un aceite amarillo (0,4 g). El aceite se disolvio en éter
dietilico y se tratd con cloruro de hidrégeno etéreo 1M hasta que ya no se formd
ningun precipitado mas. La mezcla se redujo al vacio para proveer hidrocloruro de {[3-
fluoro-2-(trifluorometil)fenilmetillamina como un sdélido blanco.

LC/MS [M+H]" = 193, tiempo de retencion = 1,15 minutos.

Ejemplos 65-69

Los ejemplos tabulados a continuacion (Tabla 5) se prepararen en un modo

andlogo a aquel descrito para el Ejemplo 12, sustituyendo la {(2,3.4-
trifluorofenitymetilamina usada en el procedimiento descrito en el ejemplo 12 por la
amina apropiada (o su sal). Todas las aminas utilizadas para elaborar los compuestos
que se muestran en la Tabla 5 son comercializadas por fuentes comerciales o se
pueden preparar usando las rutas previamente descritas en la bibliografia quimica, a
menos que se indigue lo contrario. La 1-etil-5-oxo-prolina utilizada para preparar estos
ejemplos se prepard a su vez usando el método C como se describié para el ejemplo
12 aparte del caso del ejemplo 65, donde se usd el método A.

Tabla §
v [ Tiempo |
\ H \
| Elemplo Nombre quimico [M+H] | de |
' no. retencion |
L {min) |
{ /’\/F ’-i\
E N-‘Hy/ \/.-" 2 ‘l\ i
: £65 333 2,3 l
: i N-((2, 3-dicloro- 4 ﬂuorofenll)metn]~1- i
i etil-S-oxoprofinamida ] _ |
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|

| ~Y |

‘ 8 \/‘\)
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]

\ P |

{ 1-etil-5-0x0-N-(2,4.6-

| trimetilfenilimetilj-prolinamida |

| N !

! 7 | |

| {’k’r\\/)\\is |

| E67 J ! 283 | 196

} N-(2.3-difluorofenilymetif)-1-etil-5- ‘

| oxoprolinamida J

| [

!

\ 74 %

: {’-ﬂ\ e

| E68 e 315 | 239

b

t A0

| N-{((3,5-diclorofenil)metil}-1-etil-5-

\ oxgprolinamida '

i

; i

: e

| E69 o )\{ 299 2.22

|

f N-[(3- cioro 2-fluorofenil)metil}-1-etil-

! 5-oxoprolinamida ] |

Ejemplo 70 N-{(2-cloro-4-flucrofenilymetil)-1-etil-5-oxoprolinamida (E70)

o:() <8
Ty

Se disolvid 1-etil-5-oxoprolina (0,100 g, 0,64 mmol) en una mezcla de
diclorometano (3 mi) y dimetitformamida (0,5 mi) y a esto se le afadio hidrocloruro de
N-({3-dimetilaminopropil)-N'-etilcarbediimida (0,147 g, 0,77 mmol), 1-hidroxibenzotriazol
{0.104 g, 0,77 mmol) y N-etil morfolina (0,244 ml, 1,92 mmol). La mezcla se agitd
durante 10 minutos y luvego se afadiod 2-cloro-4-fluorobencilamina a la mezcla y se
siguié agitando durante una noche (~16 horas) a temperatura ambiente. La mezgia se
trato luego con carbonato de hidrogeno sodico Saturado acuoso (~2 mi) y se agitd
vigarosamente durante ~10 minutos. La capa acuosa se eliminé usando un separador
de fases y se exitrajo con mas diclorometano (2 x 1 mi). Las capas organicas
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combinadas se concemtraren para producir un aceite amarillo y éste se purificd
posteriormente por HPLC automatica dirigida a masas para dar N-{(2-cloro-4-
fluorofenilymetil}- 1-elil-5-oxo-D-prolinamida (0,085 ¢) como un sélido blanco. LC/MS
(M+H]" = 299, tiempo de retencién = 2,16 minutos.

Exceso enantiomérico = 80,9%, segun lo determinado por cromatografia guiral,
método B, indicativo de N-[(2-cloro-4-fluorofeniiymetil)- 1-etil-5-oxo-D-prolinamida

tiempo de retencion = 591 minutos

La 1-etil-5-oxoprolina utilizada en el procedimiento anterior se prepard como se
describe a continuacion:

(i} Se disolvié &ster etilico del &cido D-piroglutamico (4,17 g, 26,53 mmol} en
tetrahidrofurano {30 mi) y se afadid yodurc de etilo (2,23 mi, 27,86 mmol) para
producir una disolucion amarilla palida. Esta se enfrié hasta 0 °C y se aiadid hidruro
de sodio (60% en aceite, 1,11 g, 27,86 mmol) en porciones. Después de la adicidn de
todo el hidruro de sodio, la mezcla se agité a 0°C por otros 20 minutos hasta que se
habia nterrumpido todo el burbujeo. La mezcia se dejd calentar hasta temperatura
ambiente y se agitd durante la noche en argdn. La mezcla se tratd luego con
disolucion saturada acuosa de cloruro de amonio (~5 ml). La capa orgdnica se separd
y la capa acuosa se extrajo con mas diclorometano (3 x 20 ml). Las capas organicas
combinadas se secaron pasandose a través de un separador de fases y luego se
concentraron hasta obtener un aceite verde/marrén (3,2 g). Esto se purifico por
cromatografia automatica en columna rapida sobre silice (Biotage SP4), eluyendo con
un gradiente de 0-100% de acetato de etilo en hexano, para producir etil 1-etil.5-
oxoprolinato como un aceite amarillo (1,33 g) que se utilizd en la etapa siguiente sin
mas purificacion.

(i) Se disclvio etil 1-etil-5-oxoprotinato (1,33 g, 7,18 mmal) en etanol (10 mi) y
se enfrid hasta 0°C en un bafo de hielo. A esto se le afadid disolucién acuosa de
hidroxido sodico 12,5M (1,72 mi, 21,53 mmo!) y la mezcla se agité durante ~4 horas a
0°C. El etancl se evapord al vacio y el residuc acuoso se acidificd con cloruro de
hidrogeno acuosc 2N hasta pH1. El volumen de la fase acuosa se redujo a ~3 ml a
vacio y luego se extrajo con una mezcla 3:1 de cloroformo e isopropano! usando un
separador de fases. Las capas organicas combinadas se concentraron hasta un aceite
amarillo palido que al secar a vacio se cristalizd para obtener 1-etil-5-oxoprolina como
un sdlido blanco (1,12 g).

Ejemplos 71-82

En un modo andlogo a aquel descrito para e Ejemplo 70 anterior, los
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compuestos tabulados a continuacién (Tabla 6) se prepararon sustituyendo la 2-cloro-

4-fluorcbencilamina usada en el procedimiento anterior por 'a amina apropiada (o su

sal). Todas las aminas utilizadas para elaborar los compuestos que se muestran en la

Tabla 6 son comercializadas por fuentes comerciales 0 se pueden preparar usando las

rutas previamente descritas en la bibliografia quimica, a menos que se indigque lo

contrario. Cuando se determina (por HPLC quirat), el exceso enantiémero (e.e.) del

isdmero que se muestra también se menciona con su nombre esterecespecifico, el

método de separacién quiral utilizado entre parénlesis y el tiempo de retencion (rt.)

correspondiente en ese metodo.

Tabla 6

;' "'_ lr Tiempo
: Ejirgp'o % Nombre quimico (M+H]" retectj"leci(m e
| ! (min) !
" ! 2 G 756 %
\ \ N T (c)
l o—"\N/"“n’ VC\[ N-[(2,4-diclorofenilymetit}- t-etil-
| E71 J o [} 315 2,36 5-oxo-D-prolinamida

- r.t.=6,18 mi
\ | N-[(2,4-diclorofenilmetil]-1- 18 min
{_ etil-5-oxoprolinamida
t — 2 f 76.4 %

P nl A F A
{ CEaNS e N-{{2-cloro-3-
t £72 A0 o F 349 2.44 (trifluorometihfenillmeti}- 1-etit-
| AHzcloro-3- T easamn
t {triflugrometil)feniilmetif}- 1-etil- o

. 5-oxoprolinamida
E’“ i . 3 G 77'(,: %
S F )

: 0.-\"‘/ T = <, N-{{4-cloro-3-
i E73 PR F 349 2.5 (triﬂuorometif)fenil']meti_l}-1-etil-
| oo s ot e
} (triftuarometififenitimedtil}- 1-etii- o
Voo ! 5-oxoprolinamida
" i ,.,ﬁ < /\ﬂ 776 %
| I . (c)

oo M 2 .
: 7 } 0N h/ V&/ N-[(2-cloro-6-metilfeniymetil}-
;o E74 Ao o 295 2,23 1-etil-5-0x0-D-prolinamida
} — .
) N-[(2-cloro-6-metilfenilymetil)- r-£:=5,08 min
: 1-elil-5-0xoprolinamida
: \ﬂc' 76,3 %

LN (©
I 0N Y o | NH{(3,4-diclorofenilimetit)- 1-etil-
| Ao 315 2,38 5-ox0-D-prolinamida
i N-{(3 a-diclorofenimetil}-1- r1:=4,38 min
o ___ctil-5-oxoprolinamida
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{ Tiempo

de e.e.

retencién
(min)

Nombre quimico IM+H)"

%

5.
g |
O

E76 o} 1 281 2,06

N-{(2-clorofenilymetil]-1-etil-5-
oxpprolinamida

—_———— T e

N-{{2.6-diclorofenilmetil}-1-
elil-5-oxoprolinamida
F

- N

— b 317 2,13
N-{(2-cloro-3 .4-
difluorafenilmetil}- 1-etil-5-

___bxoprofinamida .

. SRS
| o=t L Y\“/C'

‘_,—' ,,»N..\//\\/.»
1Y, 295 224

-

N-{{4-cloro-2-metilfenil)metil]-
1-etil-5-oxoprolinamida [

. 3(\:!\!»\' o /t%(‘

E78

.
|
I
5
|
t
i
\
|
i
C‘\\’A
‘( ﬂ’f':\w: T’N\/@
E77 ‘ | & 315 2,11
l
l
!
l
|

,,,,,, e

SN SO RN S @P

' i

Ry
A N L
E80 oy 35 | 223

N-[(2,3-diclorofenif)metif}- 1-
etil-5-oxoprotinamida ]

Cr

e e e e e g e e t 4 kb L —————— . o ot o i L | i . e

[
'

1-etit-N-{[4-fluoro-2-
i {triftuorometilyfenil)metif}-5-
oxoprolinamida

E81 225

!

..__! ,/1
0:('."'&"],“ ~TN N
E82 R H 299 2.1
N-[{3-cloro-2-fluorofenil)metil)-
| 1-etit-5-oxoprolinamida

_J

Elemplo 83  N-{{d-fiuora-2-(trifluoromatil)feniljmetit}- 1-metil-5-oxoprelinamida
(E83)



N

]

I
*h

30

Se prepard N-{[4-fluoro-2-(trifluorometil)fenilmetil}- 1-metil-5-oxoprolinamida en
un modo andlogo a aquel descrito para la sintesis anterior de N-{(2-cloro-4-
fluorofenilymetil)- 1-etil-5-oxoprolinamida (Ejemplo 70) pero se us6 1-metil-5-oxoprolina
(preparada como se describe a continuacion) en lugar de 1-etil-5-oxoprolina, y {{4-
fluoro-2-{trifluorometil}feni])metillamina en lugar de 2-cloro-4-fluorobencilamina.

LC/MS (M+H]" = 319, tiempo de retencidn = 2,14 minutos.

La 1-metil-5-oxoprolina utilizada en el procedimiento anterior se preparé como
se describe a continuacion:

{f) Se disolvio éster etilico del acido D-piroglutamico (4.0 g, 25,5 mmol) en
tetrahidrofurano (25 m!) y se enfrid hasta 0°C. Se anadié yoduro de metilo {1,66 ml,
26,7 mmaol) y se siguié agitando durante 10 minutos bajo argdn a 0°C. Se afadid luego
hidruro de sodio (80% en aceite, 1,6 g, 26,7 mmol) en porciones {permitiendo que
reaccionara cada porcién), Después de anadir todo el hidruro de sodio, la mezcla se
dejo calentar hasta temperatura ambiente y se agité durante una noche en argén. La
mezcla se tratd tuego con disolucion saturada acuosa de cloruro de amonio (~15 ml) y
se agité durante 4 horas. La capa organica se separd y la capa acuosa se extrajo con
mas diclorometano. Las capas organicas combinadas se secaron sobre sulfato de
magnesia y luego se concentraron hasta un aceite oscuro. Esto se purificd por
cromatografia en columna rapida sobre silice, eluyendo con un gradiente 0-75% de
acetato de etilo en hexano, para producir etil 1-metil-5-oxoprolinato como un aceite
incoloro (0,27 g) que se utilizé en la etapa sigufente sin mas purificacion.

(i) Se disolvid etil 1-metil-5-oxoprotinato (0,27 g, 1,58 mmol) en etano! (5 mi) y
se enfrid hasta 0°C en un bano de hielo. A esto se le afadid disolucion acuosa de
hidréxido sédico 2M (3 ml) y la mezcla se agitd durante ~4 horas a 0°C. El etanol se
evapor$ al vacio y el residuo acuoso se acidificd con cloruro de hidrogeno acuoso 2N
hasta pH1. El volumen de la fase acuosa se redujo a ~3 mt a vacio y luego se extrajo
con una mezcla 3:1 de cloroformo e isopropanol usando un-separador de fases. Las
capas organicas combinadas se concentraron para proveer 1-metil-5-oxoprolina que
se usd sin mas purificacidn.

Ejemplos 84-90
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A su vez, y también en un modo analogo a aquel descrito para el Ejemplo 70
anterior, los compuestos tabulados a continuacion (Tabla 7) se prepararon
sustituyendo la 2-cloro-4-fluorobencilamina usada en el Ejempio 70 por fa amina
apropiada (0 su sal).Todas las aminas ulilizadas para elaborar los compuestos que se
muestran en la Tabla 7 son comercializadas por fuentes comerciales o se pueden
preparar usando !as rutas previamenie descritas en la bibliografia quimica, 2 menos
que se indique to contrario, Se sustituyd la 1-etil-5-oxoprolina utilizada en el Ejemplo
70 por 1-Metil-5-oxoprotina (preparada como se describid anteriormenie para el
ejemplo 81). Cuando se determina (por HPLC quiral), el exceso enantibmero (e.e.) del

isomere que se muestra también se menciona con su nombre esterecespecifico, el

método de separacion quiral utilizado entre paréntesis y el tiempo de retencion (r.t.)

correspondiente en ese método.

Tabla 7
:"d—”’ - Tiempo -_-.——-4-—‘—-——.--——4-"-«---»—-—‘
: E)in;plo Nombre quimico [M+H]” rete?ﬁ:idn e.e.
L (min)
!
: (‘—‘L\'ﬁ'ﬂ,N\J\‘r o
} E84 P & 301 21
: N-{(2,3-diclorofenil)metif)-1-
" | metil-5-oxoprolinamida
| { 941 %
i / ’
| o= ) W I (a)
; Y > N-{{2-cloro-3-
, E85 o} a "F 335 2,27 {trifluorometilifeniljmetil}-1-
; . N-{[Z-clgro-S- _ metil-5-0x0-D-prolinamida
i {trifluorometildenillmetil}-1-metil- r.t.=5,17 min
‘% ! 5-oxoprolinamida
81}
} ~ e
¢ ‘ '

= J{’\/”\j:r}
! €86 £l L 301 1,98
: N-[(2 6-diclorofenilymetit]-1-
b melil-S-oxoprolinamida
i S
: 0:4;_..krﬂ\\“,!:1
| £87 i1 N 281 2,11
1 N-{(3-cloro-2-metilfenil)metil]-1-
1 meil-5-oxoprolinamida { I 1
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Ejemplo 91 N-[(2-cloro-4-fluorofenil)metil}-5-oxo-1-fenil-prolinamida (E$1)

— = F
145‘\ 0 Cl

i

Se disotvié 5-oxo-1-fenil-prolina (0,072 g, 0,35 mmol, preparada como se
describe a continuacion) en diclorometano (~2 mi} y dimetilformamida (0,5 ml), y a esto
se le afladieron hidrocloruro de N-(3-dimetilaminopropil)-N'-etilcarbodiimida (0,081 g,
0,42 mmol), 1-hidroxibenzotriazo! (0,057 g, 0,42 mmol) y N-etil morfolina (0,134 mi,
1,05 mmol). La mezcla se agité a temperatura ambiente durante 30 minutos vy luego se
anadio [(2-cloro-4-fluorcfenil)metiflamina (0,067 ¢, 0,42 mmol). Se siguid agitando
durante una noche a temperatura ambiente y la mezcla se diluyd con mas
diclorometano y carbonato de hidrogeno sédico saturado acuoso. La capa acuosa se
separd y se exirajo adicionalmente con mas diclorometano (3 alicuotas), Las capas
organicas combinadas se lavaron luego con salmuera antes de secarse sobre sulfato
de magnesio. La evaporacion del disolvente produjo un aceite amarillo que se purifico
por HPLC automatica dirigida a masas. Finalmente, la trituracion del maleriat asi
obtenido con una mezcia 1:1 de diclorometano y éler dietitico produjo, después de la
fiiracion y et secado, A-[{2-cloro-4-fluorofenii)metil}-5-oxo-1-fenit-prolinamida pura
(0.031 g} como un solido blanco. LC/MS [M+H]™ = 347, tiempo de retencion = 2,46

\ | -; Tiempo
} Ejirgplo E Nombre guimico ! {M+H]* retec;ecidn €.e.
\L | | | (min) {
| i —l
Ry |
| ess | g 39 | 216
| N-{{2-fluoro-3-
| (trifluorometil)feniljmetif}- 1-metil-
! 5-oxoprohnamcda |
"
| i = # 1
o= I }
\ Es9 | Ll S 2,4
!
| ‘ N-{(5-clorg-2- mehlfem#)mem] 1-
lr_ \ metil-5-oxoprolinamida
| QJH v@L
| E£90 285 1,98
! N-{(3-cloro-2- ﬂuorofen|l)met|l]-1-
L metil-5-oxoprolinamida




I

10

[ %
Al

67

minutos.

La 5-oxo-1-fenil-prolina utilizada en el procedimiento anterior se prepar0 de 1a
siguiente manera:

(iY Se disolvidy éster etilico del acido D-piroglutamico (0,200 g, 1.27 mmol) en
dioxano (5 ml) y se tratd con tris(dibencilidenacetona)dipaiadio (0) (0,058 g, 0,06
mmol), bromobenceno (0,351 mi, 1,53 mmol), carbonato de cesic (0,621 g, 1,91 mmol)
y Xantphos™ (0,110 g, 0,19 mmwol). La mezcla se calentd a reflujo durante una noche
y se dejo enfriar hasta temperatura ambiente. La mezcla se diluyd con metanol y se
filtrs. El filtrado se evapord al vacio y se repartié entre diclorometane y carbonato de
hidrégeno sodico saturado acuoso. La capa acuosa se extrajo con mas diclorometano
(3 alicuotas) y luego las capas organicas combinadas se lavaron con salmuera y se
secaron sohre sulfalo de magnesio. La evaporacion del disolvente produjo un residuo
amarillo brillante que se purificé por cromatograffa en columna rapida sobre sitice,
eluyendo con un gradiente 0-50% de acetato de etilo en hexano, para producir metil 5-
oxo-1-fenilprelinato (0,078 g) como un aceite amarillo. Esto se utilizé en fa siguiente
etapa sin mayor purificacion.

(i) Se combing metil 5-oxo-1-fenilprofinato (0.078 g, 0,36 mmol) con hidroxido
de sodio acuoso 2N (2 ml) en etanol {2 ml) a 0°C. La mezcla se agitd entre -10°C y 0°C
durante S horas. El disolvente se evaport fuego al vaclo y el residuo se acidificd hasta
pH1 por adicion de cloruro de hidrogeno acuoso 2M. A esto se le afadio diclorometano
y la mezcla se pas¢ a través de un separader de fases. La capa acuosa se lavd con
mas diclorometano y luego las capas de diclorometano combinadas se evaporaron
para producir 5-oxo-1-feni-prolina (0,072 g) como una goma amarilla que se usoé sin
purificacion adicional en la etapa siguiente.

Ejemplo 92 N-{[2-cloro-3-(trifluorometil)fenifimetil}-5-oxo-1-(fenilmetil)-
prolinamida (E92)

oL

.
. o i F
X \5‘-‘\
O -\

Se disolvio 5-oxo-1-(fenilmetil)prolina (0,700 g. 0,46 mmol, preparada com se
describe a continuacion) en una mezcla de diclorometano (2.5 ml) y dimetilformamida

No—F
{

{0.5 ml), v a esto se le afadieron hidrocloruro de N-(3-dimetilaminopropil)-N'-
etilcarbodiimida (8.105 g, 0,55 mmoet), 1-hidroxibenzotriazol (0,074 g, 0,55 mmol) y N-
etit moddotina (0,743 ml, 1,37 mmol). La mezcla se agitd durante 10 minutos y luego se
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afadio {[2-cloro-3-(trifluorometiiifeniilmetiljamina (0,115 g, 0,55 mmol), y ta mezcla se
agitd durante 1 h. Se anadid carbonato de hidrogeno sadico acuoso (10 mi) y la
mezcla se agito vigorcsamente durante 15 minutos. La fase organica se separd con un
separador de fases y la capa acuosa se lavo con mas alicuotas de diclorometanc (3 x
10 ml). Se reunieron las fracciones organicas y se secaron sobre sulfato de magnesio.
El disolvente se evapord luego vy el residuo se purificd por HPLC automatica dirigida a
masas para proveer N-{{2-cloro-3-{trifluorometit)ieniljmetit}-5-oxo-1-(fenilmetil)-D-
prolinamida pura

LC/MS [M+H]" = 411, tiempo de retencion = 2,77 minutos.

Exceso enantiomérico = 100,0%. segun to determinado por cromatografia
quiral, métode D, indicativo de N-{[2-cloro-3-(trifluorometil)fenilimetil}-5-oxo-1-
{fenilmetil)-D-prolinamida

tiempo de retencidon = 10,58 minutos

La 5-oxo-1-(feniimetil)-prolina utilizada en el procedimiento anterior se preparo
de ia siguiente manera;

Se disolvioé acido D-glutamico (1,47 g, 10 mmot) en hidroxido de sodio acuoso
2N (10 ml, 20 mmol) y se agitd durante 15 minutos. La mezcla se tratd luego con una
disolucion de benzaldehido (1,1 m!, 10 mmof) en etanol (3 ml) y se agité a temperatura
ambiente durante 30 minutos. La mezcla se enfrio hasta 0°C vy se traté con borohidruro
de sodio {0.030 g). La mezcla se dejo calentar hasta temperatura ambiente agitando
durante 4 horas y luego se lavé con éter dietilico (tres veces) antes de acidificar con
acido clorhidrico concentrado hasta pH2. El precipitado resuttante se separd por
filtracion y se lavd con éler dietilico antes de suspender en etanol y mezclar
azeotropicamente tres veces con mas etancl. Finalmente, el resto del matertal se
suspendio en etanol (50 ml) y se calentd a reflujo durante 16 horas. La mezcla se
enfrio luego hasta temperatura ambiente y se evaporé al vacio. El secado proporciond
5-oxo-1-(feni'metil)protina pura.

Ejempto 93 N-{(2-cloro-4-fluoroienilmetil]-5-oxo- 1-{fenilmetil)prolinamida (E93)

o 24‘ Ci\\.’::::\ﬁ_'_‘ F

NT ! ‘JN\/'“\/_.’
o

Se prepard N-[{2-clorg-d-fluorafenilimetil}-5-oxo-1-(fenilmetil)protinamida en un
modo analoge a aquel descrito para la  sintesis de  N-{{2-cloro-3-

(tiifuorometilifenitimetil}-5-oxo- 1-(fenilmetil)protinamida (Ejemplo 92) anterior, pero
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usando [(2-cloro-4-flucrofenil)metiljamina en lugar de {(2-clora-3-

{trifiucrometil)feniljmetillamina.

LC/MS [M+H]” = 361, tiempo de retencion = 2,54 minutos.
Eiemplo 94 N-{(2-cloro-4-fluorofenilymetil]-1-ciclopentil-5-oxoprolinamida (E94)

O:.'{/\'.‘ [of}

s I F
f—‘/‘ ’J\éf N\’J\\J
NS

Se disolvio 1-ciclopenti-5-oxaprolina (0,100 g, 0,51 mmol, preparada camo se
describio anteriormente) en una mezcia de diclorometano (2,5 ml) y dimetilformamida
(0,5 ml), y a esto se le anadid6 hidrocioruro de N-(3-dimetilaminopropil)-N'-
etilcarbodiimida (0,117 g. 0,61 mmol}, 1-hidroxibenzotriazof (0,082 g, 0,61 mmol) y N-
etil morfolina (0.2 ml, 1,52 mmot). La mezcla se agité durante 1¢ minutos y fuego se
afadio [(2-cloro-4-fluorofenilmetillamina (0,097 g, 0,61 mmol), y la mezcla se agitd
durante toda la noche. Se afadio carbonato de hidrogeno sédico acueso (10 mi) v la
mezcia se agitd vigorosamente durante 15 minutos. La fase organica se separo con un
separador de fases y la capa acuosa se lavd con mas aticuotas de diclorometanc (3 x
10 m!). Se reunieron Jas fracciones organicas y se secaron sobre sulfato de magnesio.
El disolvente se evaport luego vy el residuo se purificd por HPLC automdtica dirigida a
masas para proveer N-[(2-cloro-4-fluorcfeni)metil]-1-ciclopentit-5-oxoprolinamida pura,

LC/MS [M+H]™ = 339, tiempo de retencion = 2 4 minutos.

La 1-ciclopentil-5-oxoprolina utifizada en el procedimienta anterior se preparéd
como se describe a continuacion.

(i) Se disolvid hidrocloruro de dimetd D-glutamato (2,1 g, 10,00 mmol) en
metanol (7.5 ml) y tetrahidrofurano (15 ml}, vy la mezcla se tratd con hidréxido de sodio
triturado {0,402 g, 10,05 mmol) durante 20 minutos en argén. En esta etapa se
afnadieron acido acélico (0,575 ml, 10,05 mmol) y ciclopentanona (0,889 ml, 10,05
mmaol} a la mezcla. Después de agitar durante 10 -15 minutos, la mezcla se enfrio
hasta 0°C en un bafio de hielo y se tratd con pelets de borohidruro de sodio (0,380 g,
10,05 mmot). La mezcla se agité en una atmoésfera de argén durante 3 horas y se dejd
calentar hasia lemperatura ambiente. Una vez que la mezcla habia alcanzado
temperatura ambiente, se evaporo el metanol y ¢l residuo se diluyd con diclorometano
{20 s} y se 1avd con carbonato de hidrégeno sédico saturade acuoso (25 mi), La capa
organica se separd y la capa acuosa se retroextrajo con mas diclorometano (2 x 20
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mi). Las capas organicas combinadas se concentraron al vacio para producir un
aceite. E) aceite se disolvié en tolueno (10 ml) y se calentd a reflujo durante una
noche. E! disolvente se evapord luego y el residuo resultante se purifico por
cromatografia en columna rapida sobre silice, eluyendo con un gradiente de 0-10%
metanol en diclorometano, para proveer metil 1-ciclopentil-5-oxoprolinate bruto que se
utilizé sin mas purificacion en la etapa siguiente.

(ii} Se disolvid metil 1-ciclopentil-5-oxoprolinato (0,560 g, 2,65 mmal) en etanol
(10 ml) y se enfrid hasta 0°C en un baio de hieto. Se afiadio hidréxido sddico acuoso
2M (5 mi) y la mezcla se agitd a la temperatura del hielo durante 4 horas. El etanol se
evapord luego atl vacio y el residuo acuoso se acidificé hasta pH? por la adicion de
cloruro de hidrogeno acuoso 2N. El volumen de la mezcla acuosa resuliante se redujo
a ~3 m! a vacio y luego se extrajo con ura mezcla 3:1 de cloroformo e isapropanot
respectivamente, usando un separador de fases. La capa acuosa se lavo con mas
diclorometano y luego las fracciones organicas combinadas se evaporaron para
producir 1-ciclopentil-5-oxoprolina bruta que se usé sin purificacion adicional en las
reacciones subsiguientes.

Eiemptos 95-99

En un modo analogo a aquel descrito para el Ejemplo 94 anterior, los

compuestos labulados a continuacion (Tabla 8) se prepararon sustituyendo la [(2-
cloro-4-fluorofenitymetillamina utilizada en el procedimiento anterior por la amina
apropiada (o su sal) y/o sustiluyendo la ciclopentanona utilizada en el procedimiento
anterior por el aldehido o la cetona apropiada. Todas las aminas utilizadas para
elaborar los compuestos que se muestran en la Tabla 8 son comercializadas por
fuentes comerciales o se pueden preparar usando las rutas previamente descritas en
la bibliografia quimica, 2 menos que se indigue lo contrario.

Tabla 8
] ' i 1 Tiempo |
I Ejemplo . N de
: no. Nombre quimico (M+H] , retencion
(I {min)
| A L
| A I |
{ \&- ~F e
| o £ ‘
| E95 [g o 189 | 2,66
| N-{[2-¢cloro-3-
,‘u (triftuorometiNfenilimetii}-1-
L _. Ciclopentil-5-oxoprolinamida | ] L __}
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Tlempo ]
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Ejemplo
retencu.'m
{min)

>
©

i
Nombre gquimico [M+H] i
4

= F
O%DYN\JJ

E96 <j> o & 325

|

2,35

N-[(2-cloro-4-fluorefenilimetit)-1-
ciclobutil-5-oxoprolinamida

— N F
O=<!; "L‘r-N‘\HJﬁ“J'
£97 —'\ Q ct

N-{(2-cloro-4-fluorofenilymetif)-1-(1-
metiletii)-5-oxoprolinamida

- l%\,./‘
O:i’lrf'“\/‘%")

£98 y © ¢ 327
!

313 2.19

R Bt e

2,35

N-{{2-cloro-4-fluorofenilimetil)- 1+( -
metilpropil)-5-oxoprolinamida

3
|

e o e e e

|

E99 377 2.6

N-{[2-cloro-3-
(triftucrometil)fenilfmetil}-1-(1-
metilpropil)-5-oxoprolinamida

[ o o e

Eiemplo 100  N-{[2-cloro-3-(trifluorometil)fenilimetil}- 1-(2.2-dimetilpropil)-5-
oxgprolinamida (E100)

Se disolvid 1-{2,2-dimetilpropil}-5-oxoprolina (0,100 g, 0,5 mmol, preparada
como se describe a continuacién) en diclorometano (5 mf), y a esto se le anadieron
hidroclorure de N-(3-dimetilaminopropil)-N'-etilcarbodiimida (0,191 g, 1 mmol) vy 1-
hidroxibenzotriazol (0,135 g, 1 mmoi). La mezcla se agitd durante 30 minutos a
temperatura ambiente y luego se anadid {[2-cloro-3-(trifluorometil)fenilimetillamina
(0,209 g, 1 mmol) y la mezcia se agito durante una noche a temperatura ambiente. La
mezcla se lavd luego en secuencias con agua, acido citrico acuoso 3N vy tres veces
mas con agua, y luego se secd filtrando a través de un cartucha de hidromatiiz (Varian
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5 g). El disolvente se evapord luego y el residuo se purificé por HPLC automatica
dirigida a masas para proveer N-{[2-cloro-3-(trifluorometil)fenil]metif}-1-(2,2-
dimetilpropil)-5-oxoprolinamida pura.

LC/MS [M+H]" = 391/393, tiempo de retencién = 2,78 minutos.

La 1-(2,2-dimetilpropil)-5-oxoprolina utilizada en el procedimiento anterior se
prepard de la siguiente manera:

Se disolvio acido L-glutamico {1.47 g, 10 mmol) en hidréxide de sedio acuoso
2N (10 ml, 20 mmol} y se traté con una disolucién de trimetilacetaldehido (1,09 mi, 10
mmpol) en etanol {5 mi) y luego se agild a temperaiura ambiente durante 30 minutos.
La mezcla se enfrid hasta 0°C y se tratd con borohidruro de sodio (0,130 g). La mezcla
se dejb calentar hasta temperatura ambiente agitando durante 4 horas y luego se
acidifico hasta pH neutro. A la concentracion al vacio le siguio la suspension en etano!
y ia mezcla azeotropica tres veces con mas etancl. Finalmente, el material restante se
suspendié en etanol (50 ml) y se calentd a reflujo durante 48 horas. La mezcla se
enfrid luego hasta temperatura ambiente, se filtraron las sales y el disolvente se
evaporo al vacio para producir una goma. La trituracién con éter dietilico, seguida de
secado, produjo la 1-(2,2-dimetilpropil)-5-oxoprotina (1,1 g) sélida pura.

Eiemplo 101 N-{[2-cloro-3-(trifluorometit)fenillmetil}-5-oxo-1-(fenilmetil)-
prolinamida (E101)

FuF
F
.
Iwed
0¥ N i e R
P
<Ry
)

Se prepard N-{{2-cloro-3-(trifiuorometil}feniljmeti}-5-oxo- 1-(fenilmetil)-D-
prolinamida en un modo analogo a aguel descrito para la sintesis de N-{[2-cloro-3-
(triftuorometil}feniljmetil}-1-(2,2-dimetilprapil})-5-oxoprotinamida (ejemplo 100) anterior,
pero usando 5-oxo-1-(feniimetil)prolina en lugar de 1-(2,2-dimetilpropii}-5-oxoprolina.

LC/MS [M+H]" = 411/413, tiempo de retencidn = 2,77 minutos.

Exceso enantiomérico = 100,0%, segun lo determinado por cromatografia
quiral, metodo D, indicativo de N-{[2-cloro-3-(trifluorometil)fenifimetil}-5-oxo-1-
{fenilmetil)-D-prolinamida

tiempo de retencién = 8,09 minutos

Se prepard 5-oxo-1-(fenilmetil)prolina en un modo andiogo a aquel descrito
para la sintesis de 1-(2,2-dimetilpropif)-5-oxoprolina (ejemplc 100) pero usando
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benzaldehido en lugar de trimetilacetaldehido.
Eiemplo 102 N-{(2,4-diclorofenilymetii}- 1-metil-5-oxoprolinamida (E102)
C

Se prepard N-[(24-diclorofenilymetil}-1-metil-5-oxoprolinamida en un modo
analogo a aquel descrito anteriormente para la sintesis de N-{{4-flucro-2-
{triftuorometil¥fenilimetil}-1-meti-5-oxoprolinamida (Ejemplo 83) pero se sustituyd {[4-
fluoro-2-{trifluorometil)fenilimetil}amina con [(2,4-diclorofenil)metiljamina.

LC/MS [M+H]" = 300,9, tiempo de retencion = 2,13 minutos.

Exceso enantiomérico = 97,8%, segun o determinado por cromatografia quiral,
metodo A, indicativo de N-{(2,4-diclorofenil)metii}-1-metil-5-oxo-D-prolinamida

liempo de retencion = 6,25 minutos

Ejemplo 103  1-etil-N-{[2-fluore-3-(trifluorometilifeni)metil}-5-oxoprolinamida

(E103)
7
Oz(j R \’W\
N CF,
A o F

Se prepard 1-etil-N-{[2-fluoro-3-(triflucrometil)fenillmetil}-5-oxoprolinamida en
un modo analogo a aquel descrito anteriormente (véase ejemplo 70) para N-[(2-cloro-
4-fluorofenitimetit]-1-etil-5-oxo-D-prolinamida pero usando 2-fluoro-3-
trifluorometilbencilamina en lugar de 2-cloro-4-flugrobencilamina.

LC/MS [M+H)™ = 333, tiempo de retencién = 2,24 minutos.

Ejemplos 104-109

Los ejemplos tabulados a continuacién (Tabla 9) se prepararon en un modo

analogo a aquel descrito para el Ejemplo 12, sustituyendo la [(2.3,4-
irifluorofenilymetilfamina usada en el procedimiento descrito para el ejemplo 12 por la
amina apropiada (o su sal).Todas las aminas utilizadas para elaborar los compuestos
que se muestran en la Tabla 9 son comercializadas por fuentes comerciales o se
pueden preparar usando las rutas previamente descritas en la bibliografia guimica, a
menos que se indique 10 contrario. La 1-etil-5-0xo-prolina empleada para preparar
estos ejemplos se preparé a su vez usando el método C descrito para el Ejemplo 12.
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Tabla 9
! B i Tiempo |
Ejemplo - . de
| 0. Nombre quimico [M+H] retencion
%____.. (min)
=
°=<J]YN \’\n !
E104 48 ” 272 1.63
|
\ N-[(2-ciancfenimetil]-1-etil-5- oxogroflnamlda N
)
o=<N"1T"N\/\’-‘)\CF]
| E105 -8 i 340 2,11
M
‘ N-{{2-ciano-3-(triluorometihfenil]metil}-1-etil-

5-oxoprelinamida

l
!
(
|
|
I
E106 i - ,’Y'\V’,\/i 297

T!

i

|

217
1-etil-N-(1- naftalemlmetr}Ls oxoprolmamlda L
o~ CF;
a® \zr A
E107 J 315 2,30

1-etil-5-ox0-N-{[4-
-—-*—-—-—-*-L __ (trfluorometil}fenilimetiprolinamida i

Oﬂ“\/@\c&
E108 IR [ 333 2,39

1-etil-N-{[2-Auaro- 3-(trifluorometil}feniljmetil}-

5-oxoprolinamida
NSRS AU —

E109 | OJH \/L/\

! 1-etil-5-oxo-N-{[3-
l___ o @rifluorometii)fenilimetil}prolinamida

e e ot o n ot e o — et s e

e e e e e e

{ 315 2.34

El 2-(aminometil)-6-(trifluorometil)benzonitril trifluoroacetato requerido para la
sintesis del ejempio 105 se prepard de la siguiente manera.

(i} Se disolvio {[2-fluoro-3-(trifluorometil)fenitimetil}amina (1,93 g, 10 mmol) en
diclorometano (40 ml) y se tratd con una disolucién de bis(1,1-dimetiletil) dicarbonato
(2,18 g, 10 mmol) en diclorometano (10 ml). Después de agitar a temperatura
ambiente durante 2 horas, el disolvente se evaporo para proveer un sdlido amarilo
palido que se purificd por cromatografia en columna sobre gel de silice, eluyendo con
un gradiente 1:10-1:5 de acetato de etilo en hexanos, para obtener 1,1-dimetiletil {[2-



tn

16

h

o
ih

75

fluoro-3-(trifluorometil)feniljmetil}carbamato puro (2 g).

(i) Se disolvio 1,1-dimetiletil {{2-fluoro-3-(trifluorometit)fenilimetiljcarbamato
(1,17 g, 4 mmoi) en dimetilsuiféxido (5 ml) y se traté con cianuro de potasio (0,260 g, 4
mmol). La mezcta se calenté luego hasta temperatura ambiente a 80°C bajo argéon
durante 1,5 horas y después durante una noche a 120°C (16 horas). Se afadio luego
cianuro de potasio adicional (0,260 g. 4 mmol) y se siguid caientando a 120°C durante
otras 24 horas. La mezcla después se enirid hasta temperatura ambiente, se enfrio
rapidamente con agua y se diluyd con acetato de etilo. Los extractos organicos se
separaron y lavaron tres veces con agua y luego con disolucion saturada acuosa de
cloruro de sodio. El secado y la evaporacion produjeron una goma marrén que se
purificd por cromatografia en columna sobre gel de silice, eluyendo con un gradiente
1:10-1:5 de acetato de etilo en hexanos, para proveer 1,1-dimetiletil {[2-ciano-3-
(tnfluorometilifenilimetillcarbamato  parcialmente puro como un sélido/semisélido
oscuro que se usd en la siguiente etapa sin mas purificacidn.

LC/MS [M+H1" = 201, tiempo de retencion = 1,19 minutos.

(i) Se disolvid 1. 1-dimetiletil {{2-ciano-3-(trifluorometit)feniljmetil}carbamato
{0,190 g. 0,63 mmol) en diclorometano (4 ml) y se tratd con acido trifluoroacético (4
mi). La mezcla se agitd a temperatura ambiente durante 1 hora y luego se evapord. El
residuo se absorbit dos veces en diclorometano y se evaperdé nuevamente para
proveer triflucroacetato de 2-(amiriomet]l)—6-(trifluorometil)benzonitmo. que se ulilizo
sin mas purificacion.

Ejemplo 110 1-metil-N-(1-naftalenilmetit)-5-oxoprolinamida (E110)
o=<’\ L)' %

Se combinaron 1-metil-5-oxoprolina (0,050 g, 0,35 mmol, preparada en un
modo analogo a aquel descrito anteriormente para el ejemplo 51), hidrocloruro de N-
{3-dimetilaminopropil)-N'-etitcarbodiimida (0,081 g, 0,42 mmol), 1-hidroxibenzotriazo
(0,057 g. 0,42 mmol), N-etil morfalina (0,166 mi, 1,65 mmol) y (1-naftalenilmetil)amina
en diclorometano (~8 ml), y la mezcla se agitd durante ~20 horas a temperatura
ambiente. La mezcla se lavo luego con cloruro de hidrogeno acuoso 2M (5 mi) y (a
capa organica se separd usando un separador de fases. La capa organica se lavo con
carbonato de hidrégeno sodico, se separd como antes y fuego se evaporo. Et residuo
se purifico por HPLC automatica dirigida a masas para pioveer 1-metil-N-(1-
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naftatenilmetil)-5-oxoprolinamida pura (0,062 g) como un sélido blanco.
LC/MS [M+H]" = 283, tiempo de retencion = 2,1 minutos.
E{emplo 114 N-{[2-ctoro-4-fiuoro-3-(trifluorometiifenifjmetil}- 1-metil-5-

Se disolvid 1-metil-5-oxoprofina (0,057 g, 0,4 mmol, preparada en un modo

oxoprolinamida (E111)

anatogo a aquel descrito anteriormente para el ejemplo 51) en diciorometano {4 ml) y
se tratd con 2-etoxi-1-etoxicarbonil-1,2-dihidroquinolina (0,104 g, 0,42 mmol). Se
anadié luego hidrocloruro de {[2-cloro-4-fluoro-3-(triflucrometitifenilimetitlamina (0,105
g. 0.4 mmol, preparado como se describe a continuacion), y la mezcla se agitd a
temperatura ambiente durante 4 horas, La mezcla se tratd con carbonato de hidrégeno
sodico saturado acuoso (10 mi) y se agitd durante 5 minutos. La fase organica se
separd usando una frita hidréfoba y luego se lavd con cloruro de hidrégeno acuoso 2N
{2 x 10 mi). La evaporacién de ta fase organica produjo entonces N-{[2-cloro-4-fluoro-
3-{trifluorometilfeniljmetil}- 1-metil-5-oxoprolinamida pura (0,106 g).

LC/MS (M+H]" = 353, tiempo de retencidn = 2,49 minutos.

Et hidrocloruro de {[2-cloro-4-fluoro-3-(trifiucrometil)fenilimetiljamina utilizado
en el método descrito anteriormente se preparod de la siguiente manera:

(i Se disolvid 1-cloro-3-flucro-2-{triflucrometil)benceno (10 g . 50 mmol) en
tetrahidrofuranc {100 ml), se enfrié hasta -70°C en argdn y se tratd con una disolucion
1,4M de sec-butil-litio en ciclohexano (37,5 mi, 52,5 mmol). Se sigui6 agitando durante
2 horas y luego se afadié cloruro de trimetitsililo (6,7 mi, 52,5 ménot) y se siguid
agitando, incluso a -70°C, por ofra hora mas. La mezcla se dej¢ calentar hasta
temperatura ambiente y se quitd el tetrahidrofurano al vacio. Et residuo se repantio
entre éter dietilico y agua, y luego la capa organica se separd y se lavo con cloruro de
hidrégeno acuoso 2N. La fase organica se separd y concentrd para proveer el
producto bruto que se purificé por cromatografia en columna rapida sobre ge! de silice,
eluyendo con hexano, para proveer [4-cloro-2-fluoro-3-
{triflvorometil)fenil){trimetil)sitano puro como un aceite claro (10,35 g).

(i) Se afiadi6 lentamente 2,2,6,6-tetrametilpiperidina (3,3 mi, 19,44 mmol) a
una disalucion de n-butil-litio (2.5M en toluenoc, 7,7 ml, 19,44 mme!) en tetrahidrofurano

(75 ml) a -75°C en argon y se agitd durante 15 minutos. Se anadi¢ luego gota a gota
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una disolucion de [4-cloro-2-fluoro-3-(triftuorometilifenil)(trimetit)silanc (5 g, 18,5 mmol)
en tetrahidrofurano (10 mi) a la mezcla, asegurando que la temperalura de la mezcla
se mantuviese debajo de -65°C, y se siguid agitando duranie 2 horas. El didxido de
carbono solido en exceso, que habia sido previamente lavado con tetrahidrofurano a -
65°C. se anadié en granulos y la mezcla se dejo calentar hasta temperatura ambiente
durante 2 horas. La mezcla se redujo al vacic para proveer un solido amariijo palido.
Este material se repartid entre agua, que se habia acidificado hasta pH1 (200 ml), y
eter dietilico (200 ml). La capa organica se separd y se secod sobre sulfato sédico
anhidro. La evaporacion produjo un sélido marrén palido que se recristalizd a partir de
tolueno para proveer acido 2-cloro-4-flucro-3-(triflucrometil)-5-(trimetilsilitibenzoico
puro (3,85 g, en 3 partidas) como agujas blancas.

LC/MS [M-H] "312, ttempo de retencion = 3,29 minutos.

(iiy Una disolucién de fluoruro de potasio (0.367 g, 9,55 mmot) en agua (15 mi)
se ahadid a una disolucion de 4&cido 2-cloro-4-fluoro-3-(trifluorometit}-5-
(trimetilsifillbenzoico (1 g, 3,18 mmol) en tetrahidrofurano (50 mi) y la mezcla se agitd a
100°C durante una noche. Se anadié una parte alicuota adicionai de agua (15 ml) y
fluoruro de potasio (0,370 g, 9.62 mmal) y se siguid calentando a 100°C por otras 4
horas. El tetrahidrofurano se evaporo al vaclo y se reemplazé con suficiente
dimetilformamida para disolver todos los s6lidos. La mezcla se calentd durante una
noche a 100°C pero el material partida todavia permanecié, de modo que se afadio
mas fluorure de potasio (0,367 g, 9,55 mmol) y se sigui6 calentando a 100°C durante 7
dias. En esta etapa, practicamente todo el material de partida habia desaparecido, de
modo que la reaccion se evapord hasta secarse ai vacio y se absorbid en cloruro de
hidrogeno acuoso 2N (75 ml) y éter dietilico (50 ml). La capa acuosa se separé y
extrajo con mas éter dietilico (2 x 50 m) y luego las fracciones organicas combinadas
se secaron sobre sulfato de sodio y se evaporaron para obtener el producto Bruto
como un sélido blanco. Este se purifico por recristatizacion a partir de tolueno para
obtener et acido 2-cioro-4-fluoro-3-(trifiuorometifibenzoico puro (0,566 g) como un
sodlide blanco.

(v) Se agitaron juntos &cido 2-cloro-4-fluoro-3-(trifluorometilibenzoico (0,560 g.
2,31 mmol), amonio 1H-1,2,3-benzotriazol-1-olato (0,534 g, 3.47 mmol, preparado
como se describe a continuacion), hidroclorure de  N-(3-dimetitaminopropil)-N'-
etilcarbodiimida (0,643 g, 3,47 mmol), y N-etil morfolina (0.594 mt, 4,62 mmol) en
diclorometano (30 mil) por un fotal de 3 horas. Se anadié carbonato de hidrégeno

sadico saturado acuoso (30 ml) y la mezcla se agité durante 15 minutos. La capa
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organica se separé usando una frita hidrofoba y luego se lavé con cloruro de
hidrogeno acuoso 2N (2 x 50 ml). La separacién de la capa organica, nuevamente
usando una frita hidrofoba, y la evaporacion al vacio produjeron 2-cloro-4-fiuoro-3-
(trifluorometiibenzamida (0,493 g) como un sélido blanquecino que se utilizd sin
purificacion adicional en la etapa subsiguiente.

E} amonio 1H-1,2,3-benzotriazol-1-ofaio empleado en la etapa anteriormente
descrita se prepard de la siguiente manera:

Se anadié lentamente hidroxido de amonio (4,15 ml, 756 mmol) a una disolucion
de 1-hidroxibenzotriazol (10 g, 74 mmol) en tetrahidrofurano (100 mi) a 0°C (bafo de
hielo) y se agitdé durante 2 horas. La filtracion y el lavado con tetrahidrofurano
produjeron amonio 1H-1,2,3-benzotriazol-1-olato (10,57 g) como un sélido blanco.

(v) Se tratd 2-cloro-4-fluoro-3-(triflucrometil)benzamida (0,490 g, 2.03 mmol)
con borano 1M en tetrahidrofurano (20,33 ml, 20,33 mmol) y se agité a 60°C durante
una noche. La mezcla se tratd luego con cloruro de hidrogeno acuoso 2N hasta que
ceso la evolucion de gas a 100°C durante 2 horas. La mezcla se redujo al vacio y el
residuo se absorbid en un minimo de agua y se favo con diclorometano (30 mi), El pH
de la capa acuosa se ajustd hasta pH11 por adicion de disolucion acucsa de hidréxido
de sodio 2N. y luego se extrajo con diclorometano (2 x 25 m!). Las capas de
diclorometano se separaron usandoe una frita hidrofoba, se combinaren y evaporaron al
vacio para dejar un aceite amarilio patido. Se aitadié una disolucidn 1M de cloruro de
hidrogeno en eter dietilico (3 ml, 3 mmol) y el sdlido blanco resuitante se filtrd para
obiener hidrocloruro de {[2-cloro-4-fluoro-3-(triflucrometit)fenil)metillamina puro {0,210
g) que se usd sin mas purificacién.

Ejemplo 112 N-{{2-cloro-3-(trifiuorometiliieniljmetil}- 1-ciclobutit-5-

oxoprolinamida (E112) :
o=< H
?J,H/ N\/Q\CFs
O 0 ci

Py

Se suspendid 1-ciclobutil-5-oxoprolina (0,238 g, 0,82 mmol) en diclorometano
(3 ml) y a esto se le anadieron hidrocloruro de N-(3-dimetilaminopropil)-N'-
etilcarbodiimida (0,188 g. 0.98 mmal), 1-hidroxibenzotriazol (0,132 g, 0,98 mmol) y N-
etit morfolina (0,313 ml, 2,46 mmo!). La mezcia se agitd durante 30 minutos a
temperatura ambiente y Juego se anadio ({[2-cloro-3-(trifluorometit)fenilmetiamina
{0,205 g. 0,98 mmot) a ta mezcla y se siguié agitando a temperatura ambiente ~20
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horas. La mezcla se diluyd luego con mas diclorometano y se tratd con carbonato de
hidrégeno sédico saturado acuoso. La capa de diclorometano se separd y la capa
acuosa se extrajo-con 3 alicuotas mas de diclorometano. Los extractos organicos
combinados se lavaron con agua y luego con salmuera, se secaron sobre sulfato de
magnesio y se evaporaron al vacio para obtener el producto bruto. Esto se purificé
adicionalmente por HPLC automatica dirigida a masas para proveer N-{{Z-cloro-3-
(trifluorometif)feniljmetif}- 1-ciclobutil-5-oxoprolinamida pura (0,105 g) como un sélido
blanco. '

LC/MS [M+H]" = 375, tiempo de retencion = 2,53 minutos.

La 1-ciciobutit-5-oxoprolina utilizada en el procedimiento anterior se preparo en
un modo analogo a aquel descrito previamente para la sintesis de metil 1-etil-5-0xo-
prolinato (véase el ejemplo 3} pero usando cicicbutanona en lugar de acetaldehido y
con la adicion de una elapa de desproteccion de éster subsiguiente (usando
condiciones convencionales, es decir, hidroxido de sodio en metanol) (en oposicién a
ta desproteccién y acoplamiento de amida combinadas gue se describen en et efemplo
3).

Ejemplos 113:-117

En un modo analoge a aque! descrito para et Ejemplo 112 anterior, los
compuestos tabulados a continuacién (Tabla 10) se prepararon sustituyendo la {[2-
claro-3-(trifluorometitifenil)metiljamina usada en el procedimiento anterior por la amina
apropiada (o su sal). Todas las aminas utilizadas para elaborar los compuestos que se
muestran en fa Tabla 10 son comercializadas por fuentes comerciales o se pueden
preparar usando las rutas previamente descritas en la bibliografia quimica, a menos
que se indique lo contrario.

Tabta 10
l——E'jgnTﬁo Nombre quimico K (M H Tiempo de retencion |
L no. | {min)
| ! —< 7
\

o e

! ! N * \/ ci
| E113 321 2,39
B S
| ’ N-{(3-cloro-2-metilfenilmetil}-1-
! ciclobutil-5-oxoprotinamida )




80

Ejemplo
no.

Tiempo de retencién |

(min) _

-
E114 | é 8 ¢ 341 2,46

1-ciclobutil-N-[(2,4-diclorofenilymetil]-
s-oxogrolinamida

0=<“]\Wﬁ\/LN/
é 343 2,32

N-{{2-cloro-3 4-difluorofenitymetil)-1-
ciclobutil-5-oxaprolinamida

é ct 341 2,38

, 1-ciciobutil-N-[(2,3-diclorofenilymetil)-
5-oxoprolinamida

p
H i
O=<- J\(N\L\r\/ \'CF:
H
O © 355 2,51

1-ciclobutil-N-{[2-metil- 3-
{trifluorometif)feniljmetil}-5-
oxoprolinamida

Nombre quimico (M+H]"

e —

E115

E116

|

m
—
N
~J

b e e e e e e
o .
)
. -z E .- _2 z
[]

. [ o= :
' zT

{

7N
o

o e et e

E! hidrocloruro de [(2-cloro-3 4-diflucrofenilmetiljamina requerido para ta
sintesis de N-[(2-cloro-3.4-difluorofenit)metil)- 1-ciclobutil-5-oxoprofinamida {Ejempio

115) se preparb como se describié anteriormente para et ejemplo 36.

3 Eiemplo 118  N-{{2-cloro-3-(trifluorometif)feniljmetil}- 1-(2,2-dimetilpropil)-5-
oxoprolinamida (E118)

[

£,

“\fij
] ! {
Ofr \N"A \!\(’N\_’"\f{
e

Se preparo N-{[2-cloro-3-(trifiuorometil}feniljmetil}-1-(2,2-ditnetiiprapil)-5-
oxoprolinamida en un modo analego a aquel descrito para el ejemplo 100, pero

‘n

10 usando la 1-(2,2-dimetilprapil)-5-oxoprolina  preparada como se describe a
continuacion.
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LC/MS [M+H]" = 391/393, tiempo de retencion = 2,76 minutos.

La 1-(22-dimetilpropil)-5-oxopraolina utilizada en el procedimiento anterior se
prepard de la siguiente manera:

Se disolvié acido D-glutamico (2,21 g, 15 mmol) en hidroxido de sodio acuoso
2N {15 ml, 30 mmol), se enfric hasta 0°C y se traté con una disolucién de
trimetilacetaldehido (1.63 ml, 15 mmol) en etancl (3 mi), y luego se agitd a temperatura
ambiente durante 45 minutos. La mezcla se enfrid nuevamente hasta 0°C y se tratd
con porciones de borohidruro de sodio (0,189 g, 5 mmaol). La mezcia se dejo calentar
hasla temperatura ambiente agitando durante 4 horas y luego se lavd con éter dietilico
hasta ~pH4 usando acido clorhidrico concentrado. El precipitado resultante se recogio
por filtracion, se lavd can éter dietilico y luego se secd en un horno de vacio durante
una noche. El sélido se suspendié luego en etanct {50 ml) y la mezcla se calento a
reflujo durante 24 horas. La concentracién y trituracidn con hexano produjeron

entonces 1-(2,2-dimetilpropil)-5-oxoprolina (1,51 g) como un sdlido que se usod sin mas

purificacion.
Eiemplo 118 N-{{2-cloro-3-{triflucrometii}fenilmetil}-5-oxo-1-(2-
piridinifmetil)prolinamida {(E119)
Fu F
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Se agitaron juntos 5-oxo-1-(2-piridinilmetil)protina (0.220 g, 1 mmol, preparada
como se describe a continuacién), hidrocloruro de N-(3-dimetilaminopropil)-N'-
etilcarbodiimida (0,384 g, 2 mmol) y 1-hidroxibenzotriazol (0,308 g, 2 mmol) en
diclorometano {10 ml) a temperatura ambiente durante 30 minutos. La mezcla se tratd
con {[2-cloro-3-{trifluorometil)fenil}metillamina (0.314 g, 1,5 mmol) y la mezcia se agité
durante una noche a temperatura ambiente. La mezcla se concentro y se repartio
entre acetato de etilo y disolucion saturada acucsa de carbonato de hidrégeno sodico.
La capa acuosa se separd y se extrajo con acetato de etilo, y luego las fracciones de
acetato de etilo combinadas se lavaron con 3 porciones de agua y luego con
disolucion saturada acuosa de cloruro de sodio. El secado sobre sulfato de sodio y la
concentracion produjeron un residuo sélido que se purificd por HPLC automatica
dirigida @ masas para obtener N-{[2-cloro-3-(triftucrometitifenitjmetil)-5-oxo-1-{2-
piridiniimetil)protinamida (0.263 g) coma un solido de color amariilo.
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LC/MS [M+H]" = 412/414, tiempo de retencidn = 2,15 minutos.

La 5-oxo-1-(2-piridinilmetil)-prolina utilizada en el procedimiento anterior se
prepard de la siguiente manera:

Se disolvid acido D-glutamico (2,21 g. 15 mmol} en hidréxido de sodio acuoso
2N (15 mi, 30 mmol) a 0°C y fuego se traté con piridina-2-carboxaldehido (1.43 ml, 15
mma!). La mezcla se agité a temperatura ambiente durante 45 minutos y luego se
enirid hasta 0°C y se tratdé con borohidruro de sodio (0,189 g, 5 mmot). La mezcla se
dejo calentar hasta temperatura ambiente agitando durante 4 horas y luego se lavo
dos veces con éter dietilico y se acidificO hasta pH6. La capa acuosa se concentro,
luego se mezclé azeotropicamente tres veces con tolueno y luego con una mezcia 1:1
de etanol:toiueno y finaimente con etanol. El residuo se absorbié luege en etanol (50
mb) y se sometid a reflujo durante 8 horas. La concentracién proporciond un aceite que
cuando se secod al vacio produjo 5-oxo-1-(2-piridiniimetil}prolina (2,60 g) como una
espuma gue se utilizd sin ninguna purificacién adicional,

Ejemplo 120 N-{{2-cloro-3-{trifluorometilifenillmetit}-5-oxo-1-(3-

¥ F
F
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o “/HT}N\ x
‘ 0

.N’/

piridiniimetilprolinamida (E120)

o

Se agitaron juntos hidrocloruro de 5-oxo-1-(3-piridiniimetil)prolina (0,210 g, 1
mmol, preparado como se describe a continuacion), hidrocloruro de N-(3-
dimetilaminopropil)-N'-etilcarbodiimida (0,383 g, 2 mmol) y t-hidroxibenzotriazol (0,306
g, 2 mmol) en diclorometano (10 m!) a temperatura ambiente durante 30 minutos. La
mezcla se trato con {[2-cloro-3-{trifluorometil)feniljmetitiamina (0,314 g, 1,5 mmol) y se
agitd durante una noche a temperatura ambiente. La mezcla se concentrd y se repartio
entre acetato de etilo y carbonato de hidrégeno sédico saturado acuoso. La capa
acuosa se separd y se extrajo con mas acetato de etilo, y luego las fracciones de
acetaio de etilo combinadas se lavaron en secuencias con 3 porciones de agua y
fuego con disolucion saturada acuosa de cloruro de sodio. El secado sobre sulfato de
sodio y la concentracion produjeron un residuo sélido que se purificd por HPLC
automatica dirigida a masas para obtener N-{{2-cloro-3-(trifluarometii)fenitjmetil}-5-oxo-
1-(3-piridinilmett)prolinamida (0,031 g).

LC/MS [M+H]™ = 412/414, tiempo de retencién = 1,83 minutos.
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La 5-oxo-1-(3-pirdinilmetiljprolina utilizada en el procedimiento anterior se
prepard de la siguiente manera:

Se disotvid acido D-glutamico (2,21 g, 15 mmol) en hidroxido de sodio acuoso
2N (15 mi, 30 mmol) a 0°C y luego se tratd con piridina-3-carboxaldehido (1,41 mi, 15
mmol) en etanot (3 ml) . La mezcla se agitdé a temperatura ambiente durante 3C
minutos y luego se enfric hasta 0°C y se traté con porciones de borohidruro de sodic
(0.189 g, 5 mmol). La mezcla se dejé calentar hasta temperatura ambiente agitando
durante 4 horas vy, luego de lavar con éter dietilico, se acidifico hasta pH5-6 usando
acido clorhidrico concentrado. El precipitado resultante se recogio por filtracion, se
lavd con éter dietilico y se secd al vacio. Este material se absorbié en etanol (50 mt) y
se maniuvo a reflujo durante una noche. Los soélidos finos se eliminaron por filtracion y
luego la concentracion proporciond 5-oxo-1-(3-piridiniimetil)prolina (2,04 g) come un
solido blanco que se utilizd sin purificacion adicional.

Eiemplo 121 N-[(2 4-diclorofenil)metil]-5-oxo0-1-(3-piridiniimetil}prolinamida

(E121)
C1\4:$- =
0:‘;" :N’ Tr N\/J\J
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Se prepard N-[(2,4-diclorofenil)metil]-5-ox0-1-(3-piridinilmetil)prolinamida en un
modo andlogo a aquel descrito anteriormente para la sintesis de N-{[2-cloro-3-
(trifluorometil)feniljmetil}-5-oxo0-1-(3-piridinitmetil)prolinamida (E120) pero usando [(2.4-
diclorofenil)metillamina en lugar de {[2-cloro-3-(triflucrometil)feni!imetiljamina.

LC/MS [M+H]" = 378/380382, tiempo de retencion = 1,70 minutos.

Eiemplo 122 1-ciclopropil-N-[(2.4-diciorofenil)metil]-2-metil-5-oxoprolinamida
(E122)

|
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A una disolucion de (2.4-diciorofenil)metil isocianuro (0,047 g, 0.25 mmol) y
acido tevulinico (0.041 mi, 0.4 mmol) en metanol (2 mi) se le afadio ciclopropitamina
{0,042 mi, 0,6 mmal). La mezcla se calentd en un microondas a 100°C durante 30
minutos. El disoivente se elimind a vacio y el residuo se purificd por HPLC automaética
dirigida a wmasas para dar 1-ciclopropil-N-[(2 4-diclorofenil)metit]-2-metil-5-
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oxoprolinamida (0,054 g) como un soélido blanco.
LC/MS [M+H]" = 341/343, tiempo de retencion = 2,57 minutos.
Eiempics 123-126

En un modo analogo a aquel descrito para el Ejemplo 122 anterior, los

compuestos labulados a continuacion (Tabla 11) se prepararon sustituyendo la

ciclopropilamina usada en el procedimiento anterior por la amina apropiada. Todas las

aminas utilizadas para elaborar los compuestos que se muestran en la Tabla 11 son

comercializadas por fuentes comerciales 0 se pueden preparar usando las rutas

previamente descritas en la bibliografia quimica, a menos que se indique lo contrario.

Tabla 11
" . T 7 v '-'\
: Ejemplo : Nombre quimico (M+HT" Trempo de retencion
__no.___. (min)
| 3 ) NP
i -
: o%%{/ﬂ\/@
| E123 _’; 4 329 2,49
l N-{(2.4-diclorofenifymetil}- 1-etil-2-
‘L metil-5-oxoprolinamida
PN
o'-=‘<J kn\/g
5 E124 | O’ 5 o 355/357 278
! |
i | 1-ciclobutil-N-(2.4-diclorofenif)metil)-
. | 2-metil-5-oxoprolinamida
( e éj/ct -
H |

| PN

E125 A 5 & 343/345 2,64

N-{(2.4-diclorofenilmetil}-2-metil- 1-

L {1-metlileti))-5-oxoprolinamida
— o~ }
| | Aﬁ%Nﬂ
| !
l E126 ; ! & 315 2,39
} N-{(2,4-diclorofenifymetil}-1,2-dimetii-
I 5-oxoprolinamida ‘ e

Efemplo 127 N-{(Z.4-diclorofenil)mett!]-1 .3,3-trimetil-5-oxoprolinamida (E127)

041

QI
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A una disolucidn de (2 4-diclorofenil)metit isocianuro (0,094 g, 0,5 mmol} y
acido 3,3-dimetil-4-oxobutanocico (0,065 mg, 0,5 mmol, preparada come se describio
anteriormente) en metano! (2 mi) se le afiadio metitamina (0,080 mi, disolucién al 33%
en etanol). La mezcla se calentd en un microondas a 100°C durante 30 minutos. Ef
disolvente se elimind al vacio y el residuo se purificé por HPLC automatica dirigida a
masas para proveer una goma incolora que se trituré con éter dietilico para dar N-
{(2,4-diclorafenitimetii}-1,3,3-trimetil-5-oxoproiinamida como un sélido blanco pegajoso
{0,043 g).

LC/MS [M+H]" = 329/331, tiempo de retencion = 2,42 minutos.

El acido 3,3-dimetit-4-oxobutanoico empleado en el procedimiento anterior se
preparod de la siguieme manera:

Se disovié acido 3,3-dimetil-4-pentencico (1.3 g, 10,14 mmol) en
diclorometano (25 ml) y se enfrid hasta -78°C en un bafo de CO./acetona. Se
burbujed oxigene a través de la mezcla durante 5 minutos seguido por ozeno durante
25 minutos (obteniendo una disolucion azul). Se burbujed oxigeno a través de la
mezcfa durante otros 5 minutos seguido por argdn durante 10 minutos. Luego se
afadio dimetilsulfuro (2,23 mi, 30,4 mmol} a la mezcla, y ésta se elimind del barno de
enfriamiento y se agitd durante 2,5 horas. La disolucion incolora resultante se redujo al
vacio para proveer acido 3,3-dimeti-4-oxobutancico coma un aceile incoloro que se
uso sin mas purificacion.

Ejemplo 128 N-{{2-ctoro-3-(trifluorometil)fenillmetil}- 1.3.3-trimetil-5-

oxoprolinamida (E128)
o ! H
=<,“ ] NVQCF’
1 O C‘

Se preparé N-{{2-cloro-3-(trifluorometil)fenilimetil}-1,3,3-trimetil-5-
oxoproltnamida en un modo andlogo a aque! descrito anteriormente para la sintesis de
N-{(2.4-dictorafenilymetil}-1,3,3-trimetil-5-oxoprolinamida (E127) pero usando {2-cloro-

3-(trifluorometit)fentmetil isocianuro (preparado como se describid en el ejemplo 40)
en lugar de (2,4-diclorofenil)metil isocianuro.

LC/MS [M+H]" = 363/365, tiempo de retencion = 2,49 minutos.

Eiemplo 129 N-{{2-cloro-3-(trifluorometil)feniijmetit}- 1. 3-dimetil-5-
oxopralinamida (E129)
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Se combinaron 1,3-dimetil-5-oxoprolina (0,620 g, 3.6 mmol, preparada como se
describe a continuacién), hidrocloruro de N-(3-dimetilaminopropil)-N'-etilcarbodiimida
{0,822 g, 4,3 mmol), 1-hidroxibenzotriazol (0,581 g, 4,3 mmol}, N-etil morfolina (1,4 ml,
10.8 mmol} y {[2-cloro-3-(trifluorometil)feniljmetillamina (0,828 g, 3,96 mmol} en una
mezcla de diclorometano (10 mil} y dimetilformamida (5 ml), y se agité en argon
durante una noche. La mezcla se lavd luego en secuencias con agua (50 mi), cloruro
de hidrogeno acuoso 0.5 N (50 ml), agua (50 ml), carbonato de hidrégeno sadico
saturado acuoso (50 ml) y agua (50 mf), La capa de diclorometano se paso a travées de
una frita hidréfoba y se evapord al vacio para dar el producto bruto. Esto se purifico
adicionalmente por HPLC automatica dirigida a masas para proveer N-{[2-cloro-3-
{trifluorometil)feniljmetil}-1,3-dimetil-5-oxoprotinamida pura (0,613 g}.

LC/MS (M+H]" = 349, tiempo de retencion = 2,31, 2,38 minutos.

La 1,3-dimetil-5-oxoprolina utilizada en el procedimiente anterior se prepard
como se describe a continuacion:

(i} Se trato (R R.R)-2-hidroxipinen-3-ona (10,9 g, 64,8 mmol) y éster glicina-t-
butilico (13 g, 97,2 mmel) en tolueno anhidro (200 ml) con trifluorure de boro-dieti
eterato (0,460 g, 3,24 mmol) y luego se calentd, en argén, durante 6 horas a reflujo.
Luego se enfrid la mezcla de reaccion hasta temperatura ambiente y se agitd durante
ta noche. La filtracidn a través de un filtro sinterizado, seguida por evaporacion,
proporciond una goma amarilla que se purificé por cromatografia en columna rapida
sobre gel de silice (usando Biotage SP4), eluyendo con una mezcla de acetalo de etilo
al 25% en hexano, para proporcionar algo de 1,1-dimetileth N-[{1R.2R 5R)-2-hidroxi-
2.6 6-trimetilbiciclo[3.1.1]hept-3-ilidenolglicinato puro (3,68 g) y algunas fracciones
mixtas. El material impuro se purificd adicionalmente, nuevamente usando
cromatografia en columna automatica rapida-sobre gel de silice (Biotage SP4), pero
eluyendo con un gradiente de 0-25% acetato de etilo en hexano (0-15% en 10
volumenes de columna 10 y 15-25% en 5 volumenes de columna), para dar otra
cosecha de 1.1-dimetiletil N-[(1R,2R.5R)-2-hidroxi-2,6.6-trimetilbiciclo[3.1.1}hept-3-
iidenolglicinato puro (1,73 g). LL.as das partidas de 1,71-dimetiletil N-[(1R.2R,5R)-2-
hivsoxi-2,8.6-trimetilbiciciof3.1.1]hept-3-ilidenclglicinalo puro se combinaron (5,41 g) y
este material se usd en la etapa siguiente.
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(Nota: El ester glicina-t-butilicc utilizado anteriormente podria también
reemplazarse con hidrocloruro de éster glicina-t-butilico v un equivalente molar de
carbonato de potasio.

(ii} Se enfrio una disolucion de 1,1-dimetiletil N-[(1R,2R ,5R)-2-hidroxi-2,6,6-
trimetilbicicio]3.1.1]hept-3-ilidenolglicinato (11,05 g, 39,3 mmol) en tetrahidrofurano
anhidro (100 mi) hasta -30°C y se tratd con una disolucién 3M de bromuro de
metilmagnesio en éter dietilico (17,1 mi, 51,1 mmol). Se anadi® luego 18-
diazabiciclo][5.4.0Jundec-7-eno (7,78 g, 51,1 mmol} y la mezcla se agité por 20 minutos
mas a -30°C. La mezcta se tratd luego con crolonalo de efilo y se siguid agitando
durante 1 hora. La mezcla se enfrio rapidamente por adicidon de disolucion saturada
acuosa de cloruro de amonio (35 ml) y luego se extrajo con acetaio de etilo (3 x 100
mi). Los exiractos organicos combinados se secaron sobre sulfato de sodio, se filtraron
y se evaporaron para proveer un aceite amarillo. Este material se purifico por
cromatografia automatica en columna rapida sobre gel de silice (usando Biotage S5P4),
eluyendo con un gradiente de 0-20% (en 5 volumenes de columna) luego 20-35% (en
14 volumenes de columna) acetato de etilo en hexano, para dar 1-(1,1-dimetitetit) 5-etil
N-[(1R,2R,5R)-2-hidroxi-2,6,6-trimetilbicicio[3.1.1]hept- 3-ilideno]-3-metilglutamato (4,2
g) que se usod en 1a etapa siguiente.

(iit) Se afadid una disolucion al 10% acuosa de acido citrico (11 mi, 5.6 mmol)
a una disolucion de 1-(1,i-dimetileti) 5-etil  N-{{1R,2R.5R)-2-hidroxi-2.6,6-
trimetilbiciclo[3.1.1]hept-3-ilideno]-3-metilglutamato { 2g) en tetrahidrofurano (10 ml), y
ta mezcla se agitd a temperatura ambiente durante 4 dias. La mezcta se evaporo y el
residuo se suspendid en agua (50 ml) y se lavd con éter dietilico (100 mi). La fase
acuosa se ajusté luego hasta pH~7 usando disolucién acuosa de carbonato de
hidrégeno sodice y luego se extrajo con éter dietilico (3 x 100 mi). Las fracciones
organicas se combinaron, se secaron sobre sulfato de sodio, se filtraron y se
evaporaron para proveer 1-(1,1-dimetiletil) S-etil 3-metilglutamato (1,1 g) como un
aceile amarillo que se utilizd en la etapa siguiente sin mas purificacion.

(iv) Se dejo reposar 1-(1,1-dimetiletil) 5-etil 3-metilgiutamato (1,1 g. 4,5 mmot),
se unio a una linea de alto vacio durante una noche y luego durante un fin de semana.
E! material de partida era aun evidente en-esta etapa, de modo gue se afadio tolueno
(30 mf) y la mezcla resulitante se calentd a 110°C durante una noche. La evaporacidn
proporciond 1,1-dimetiletit 3-metil-5-oxoprolinato (0.79 g) que se usd en fa siguienta
etapa sin mas purificacion.

{v) Se disolvio 1,1-dimetiletil 3-metit-5-oxoprolinato (0,79 g. 3,96 mmol} en
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tetrahidrofurano (8 ml) y se traté con yoduro de metilo (0.27 ml, 4,36 mmol). La mezcla
se enfrié luego hasta 0°C y se tratd con porciones de hidruro de sodio (60% en aceile,
0.170 g,4,36 mmol). La mezcla dejé de burbujear después de 30 minutos a 0 °C y
después se dejd calentar a temperatura ambiente y se agité durante la noche. La
mezcla se enfrid rapidamente por adicion de disolucion saturada acuosa de cloruro de
amonio (10 m!} y la capa organica se separé y aparto. La capa acuosa se extrajo con
OCM (3 x 20 mi) y después los extractos combinados se secaron usando una frita
hidrofoba. Todas las fracciones organicas (incluyendo la parte apartada previamente)
se combinaron y evaporaron para producir 1,1-dimetiletil 1,3-dimetil-5-oxoprolinato
bruto {0,770 g} como una goma amarilla que se usd sin mas purificacion.

(vi) Se suspendio 1 1-dimetiletil 1,3-dimetil-5-oxoprotinato (0,770 g, 3,62 mmol)
en diclorometano (5 mi) y se traté con acido triflucroacético (0,4 ml, 5,4 mmot). La
mezcla se agité durante 5 horas y después se evapord. La mezcla azeotropica del
residuo resultante con tolueno produjo entonces el material de partida sin reaccionar
(0,600 g). Este se absorbid nuevamente en diclorometano (2 mil) y se tratd con acido
trifiuoroacético {2 mf) una vez mas. Despues de agitar durante 2 horas, la mezcia se
evapord vy el residuo se mezcid azectrépicamente de nuevo con toluenc (10 mi) para
dar 1,3-dimetil-5-oxoprolina bruta (0,760 g) que se usé sin purificacién adicional.

Eiemplo 130 N-[{2-cloro-4-fluorofenil)metil)-1-etil-4,4-dimetil-5-oxoprolinamida
(E130)

Se disolvieron t-etil-4,4-dimetil-5-oxoprolina (0,130 g, 0,702 mmol, preparada
como se describe a continuacidn), 1-hidroxibenzotriazol (0,161 g, 1,053 mmot) e
hidroctoruro de N-(3-dimetilaminopropil)-N'-etilcarbodiimida (0,202 g, 1,053 mmal) en
diclorometano (5 mi), y se agitd durante 15 minutos a temperatura ambiente. Se
anadieron luego [(2-cloro-4-fluorofeniljmetiflamina (0,134 g, 0,842 mmol) vy
ditsopropiletilamina (0,184 ml, 1,053 mmol) a la mezcla y se siguié agitando durante
loda la noche a temperatura ambiente. La mezcla se concentrd luego al vacio y el
residuo se reparlio entre acetato de etiio y agua, y se extrajo con acelato de etilo. Las
capas organicas combinadas se lavaron en secuencias con Aacido citrico 3N, agua,
carbonato sodica saturado acuoso, agua (x3) y luego salmuera, y se secaron sobre
suifalo de sodio anhidro. La concentracion produjo un sélido bruto que se purificd
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posteriormente por HPLC automdtica dirigida 2 masas para dar N-[(2-cloro-4-
fluorofenitimetil)- 1-etil-4,4-dimetil-5-oxoprofinamida (0,146 g) como un sélido. LC/MS
(M+H]" = 327/329, tiempo de retencidn = 2,35 minutos.

La t-elil-4 4-dimetil-5-oxoprolina utilizada en el procedimiento anterior se
prepard como se describe a continuacion;

(1} Se disolvié {S)-(+)-L-5-tritloximetil-2-pirroiidinona (7.51 g, 20 mmol} en
dimetilformamida (25 ml) a 0°C y se tratd con porciones de borohidruro de sodio
(suspension al 60% en aceite, 0,880 g, 22 mmol). La mezcla se agitd a 0°C durante 1
hora y después se traté con yoduro de etilo (1,78 ml, 22 mmol). La mezcla se dejo
calentar nuevamente a temperatura ambiente y se agilo durante la noche. La mezcla
se vertid luego en hielo y se extrajo con acetato de efilo (x3). Los extractos organicos
combinados se lavaron en secuencias con agua, disolucion acuosa de cloruro de sodio
al 50% (3x) y disolucién saturada acuosa de cloruro de sodio, y luego se secaron
sobre sulfato de sodio. La concentracidn proporcioné un solido bruto que se purificd
por cromatogralia automatica en columna réapida sobre gel de silice (Biotage SP4),
eluyendo con un gradiente de 0-100% de acetato de etilo en hexano, para producir 1-
etil-5-{{(trifenilmetit) oxijmetil}-2-pirrolidinona pura (7,09 g).

(i) Se afiadid una disolucién 2M de diisopropilamina de litic en tetrahidrofurano
(1,912 ml, 3,82 mmol), a -78°C, a una disolucién de 1-etil-5-{f(trifenilmetit)oxilmetil}-2-
pirrolidinona (1,34 g. 3,48 mmol) en tetrahidrofurano (10 ml), y la mezcla resultante se
agitd durante 1 h a -78°C. Se anadi6 luego yodometano (0.239 ml, 3,82 mmol) v,
después de agitar durante una hora mas a -78°C, la mezcla se dejé calentar hasta
temperatura ambiente durante 3 horas. La mezcla se volvié a enfriar hasta -78°C y se
tratd, gota a gota, con otra pane alicuota de una disolucién 2M de diisopropitamida de
litio en tetrahidrofurano (1,912 mt, 3,82 mmol). Después de agitar por una hora méas a -
78°C, la mezcla se tratd nuevamente con yodometano (0,239 mi, 3,82 mmol) y luego la
mezcla se dejé catentar hasta temperatura ambiente y se agitd durante una noche. La
mezcla se enlri rapidamente con cloruro de amonio saturado acucso y luego se
extrajo con acetalo de etilo (2x). Los extractos organicos combinados se lavaron luego
con agua (3x) y después con disolucién saturada acuosa de cloruro de sodio. se
secaron sobre sulfato de sodio anhidro y se concentraron hasta obtener un sélido
oleoso bruto (1.7 g). El sélido bruto se purificd por cromatografia automatica en
columna rapida sobre gel de silice (Biotage SP4), eluyendo con un gradiente de 0-
100% de acetato de etilo en hexano, para proveer las fracciones de producto bruto (es
decir, 1-etit-3,3-dimetii-5-{[(trifenilmetil)oxilmetil}-2-pirrolidinona (0,468 g)) como
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también material monoatquilade bruto (es decir, 1-etil-3-metil-5-{{(trifenilmetiloxilmetil}-
2-pirrolidinona (0,524 g)) y una mezcla de estos dos (0,240 g). €l producto deseado se
aparté mientras se combinaban 1-etil-3-metil-5-{{(trifenilmetif)oxijmetif}-2-pirrolidinona y
el material mixto, y se disolvié en tetrahidrofurano (20 ml). Esta disolucion se afnadié
luego gota a gota a una disolucién 2M de diisopropitamida de litio en tetrahidrofurano
(1,912 mi, 3,82 mmol) a -78°C y se sigui6 agitande a esta temperatura durante 1 h, Se
anadié luego yodometano (0,239 mi, 3,82 mmol) a la mezcla, y ésta se dejo calentar _‘
hasta temperatura ambiente durante 4 horas, El tratamiento segln lo anteriormente’ '
descrito produjo una partida adicional de 1-etil-3,3-dimetil-5-{[(trifeniimetil)oxijmetil}-2-
pirrolidinona (0,846 g) como un aceite que se combiné con el malerial previamente
apartado (masa total = 1,08 g) y se usé en la siguiente etapa sin mas purificacion.

{iii) Se 1avé Amberlyst 15® (5,56 g, 26,1 mmo!) tres veces con metano! y luego
se afadio una disolucion de 1i-etil-3,3-dimetil-5-{[{trifeniimetil)oxi]metii}-2-pirrolidinona
{1,08 g, 2,61 mmol) en metanol (50 ml). La mezcla se dejé en reposo durante 4 dias a
temperatura ambienie y luega se quno la resina por filtracion (lavando con metanol).
Las fracciones de metano! combinadas se concentraron para dar un aceite bruto (1,62
g) que se purificd por cromatografia automatica en columna rapida sobre gel de silice
(Biotage SP4), eluyendo con un gradiente 0-100% de acetato de etilo en hexano, para
obtener 1-etil-5-(hidroximetil)-3,3-dimetil-2-pirrolidinona pura (0.376 g) como un aceite
que se solidific en reposo.

{iv) Se combinaron 1-etil-5-(hidroximetil)- 3, 3-dimetil-2-pirrelidinona (0,366 g, 2.1
mmal), clortto de sodio (0,387 g, 4,3 mmol) y disolucidn acuosa tampon monobasica
de sodic 1M (2,46 mi, 2,46 mmol} en acetonitriic (3 ml), y se calentaron a 40°C. Se
anadieron luego a la mezcla algunos cristales de TEMPO (radical libre 2.,2.6.6-
tetrametil-1-piperidinifoxi}) y aproximadamente 1 gota de blanqueador (disolucion de
hipoclorito de sodio, disponible como clorg >12%) v se siguid agitando a 40°C durante
4 horas. LLa mezcla se vertid después en hielo que contenia sulfito de sodio al 1% p/p,
y la mezcla resuitante se extrajo con acetato de etilo (x3). Los extractos organicos
combinados se lavaron con cloruro de sodio saturado acuoso y luego se secaron
sobre sulfalo de magnesic y se concentraron para proveer 1-gtil-4,4-dimetil-5-
oxoprolina (0,392 g) como un sélido blanco que se ulilizd sin purificacidn adicional. m/iz
[M+H]" = 186.

Ejemplo 131 N—{[2-cloro-3-(triﬂuorometil)fenil]metil}—1-etil-4‘4-dimeti!-5-
oxoprolinamida (E131)
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Se prepard N-{[2-cloro-3-(triflucrometilifeniljmetit}- 1-etil-4,4-dimetil-5-
oxoprolinamida en un modo andlogo a aquel descrito para la sintesis de N-[{2-cloro-4-
fluorofenit)metit]- t-etil-4,4-dimetil-5-oxoprotinamida (E130) pero usando {[2-ctoro-3-
(trifluorometilifent]metiljamina en lugar de [(2-cloro-4-flucrofenit)metiljamina.

LC/MS [M+H]™ = 377/379, tiempo de retencion = 2,63 minutos.

Eiemplo 132 N-{(2-cloro-3 4-difluorofenifymetil}-1-etil-4 4-dimetil-5-

~L F
/-"' o Ci

Se prepard N-{(2-cloro-3,4-difluorofenitymetil]-1-etil-4,4-dimetil-5-oxoprolinamida

oxoprolinamida (E132)

en un medo analogo a aquel descrito anteriormente para la sintests de N-[(2-cloro-4-
fluorofenilymetil]- 1-etil-4 4-dimetil-5-oxoprolinamida (E130) pero usando hidrocloruro de
[(2-cloro-3,4-difluorofenil)metiljlamina {preparado como se describié anteriormente para
el Ejemplo 36) en lugar de [(2-cloro-4-fluorofenilmetillamina.

LCMS M+H]" = 345/347, tiempo de retencion = 2,43 minutos.

Eiemplo 133 N-{(2-cloro-4-flucrofeniljmetil)- 1-etil-5-0x0-4 4-
bis(fenilmetil)prolinamida {(E133)

Ph

B
;NL “Yn“/QE
A 0 ct

Se prepard N-{(2-cloro-4-fluorofenilimetil]-1-etil-5-ox0-4 4-

Ph

bis{ieniimetit)prolinamida en un modo analogo a aquel descrito anteriormente para la
sintesis de N-[(2-cloro-4-fluorofenif)metit]- 1-etit-4 4-dimetil-5-oxoprolinamida  (E130)
pero usando 1-etil-5-oxo-4 4-bis(fenilmetil)prolina en ftugar de 1-etil-4,4-dimetii-5-
oxoprofina. Se prepard 1-etil-5-oxa-4 4-bis{feniimetiliprotina en un modo analogo a
aquet descrito para 1-etil-4 4-dimetii-5-oxoprolina del ejemplo 130 anterior, pero
usando 1-etil-3.3-bis(fenilmetil)-5-{[(trifenilmetil)oxijmetil}-2-pirrolidincna (aisiada como
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producto secundario en el método B, Ejemplo 37) en lugar de 1-eti-3,3-dimetil-5-
{[{trifeniimetil)oxilmetil}-2-pirrolidinona.

LC/MS [M+H]™ = 479/481, tiempo de retencidn = 3,32 minutos.

Ejemplo 134 N-{[2-ctoro-3-{trifluorometilifenilmetii}- 1-etil-5-oxo-4-
{fenilmetil)protinamida (E134)

Ph
s “

= H l

0= 1 N S F
NT “‘3’ ~
] |

A \g/ & FF

Se prepar® N-{[2-cloro-3-(trifluorometit)fenilimetit}- 1-etil-5-oxo-4-

{fenilmetiliprolinamida en un modo andlego a aquel descrito anteriormente para la
sintesis de N-{(2-cloro-4-fluorofenilymetil}-1-etil-5-oxo-4-(fenilmetil)-prolinamida (E37),'
pero usando ({[2-cloro-3-(triflucrometil)ffenilimetilamina en lugar de [(2-cloro-4-
fluorofenitimetiflamina. Se usé el Método B, como se describi¢ en el Ejemplo 37, para
preparar la 1-etil-5-oxo-4-(fenilmetil)-prolina.

LC/MS [M+H]" = 439/441, tiempo de retencion = 2,99 minutos.

Eiemplo 135 N-{[2-ciano-3-(triflucrometil)fenil]metil}-1-metil-5-oxoprolinamida
(E135)
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Se prepard N-{[2-ciano-3-({trifluorometil)feniljmetil}-1-metil-5-oxoprolinamida en
un modo analogo a aquel descrito anteriormente para la sintesis de N-{[2-ciano-3-
(trifluorometil}fenilimetil}-1-etil-5-oxoprolinamida (E105) pero usando 1-metil-5-oxo-
prolina en lugar de 1-etil-5-oxo-prolina.

tC/MS (M+H]" = 326, tiempo de retencion = 2,02 minutos.

Eiemplo_136 N-(2-bifenililmetil)-1-etil-5-oxeprotinamida (E136)

Se prepard N-(2-bifenilitmetil)-1-etit-5-oxoprolinamida en un modo analogo a
aquel descritc anteriormente para la sintesis de N-[(2,3-dimetilfenilymetil)-1-etil-5-
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oxoprolinamida (ES50) pero usando (2-bifeniliimetillamina en lugar de 2.3-dimetil
bencilamina.
LC/MS [M+H]" = 323, tiempo de retencion = 2,38 minutos.

Reactor de microondas

Cuando se indica en los ejemplos anteriores, el reactor de microondas utilizado
fue un Biolage Initiator™. Las reacciones se llevaron a cabo usando potencia eléctrica
normal a menos que se especifique de otro modo.

HPLC automatica dirigida a masas

Cuando se indica en los ejemplos anteriores, la purificacion por HPLC
automatica dirigida a masas se llevé a cabo usando el aparato y las condiciones
siguientes:

Hardware

Moédulo de Gradiente Binario Waters 2525

Bomba de Preparacion Waters 515

Mobdulo de Control de Bomba Waters

Colector de inyeccion Waters 2767

Conductor de Fluidos de la Columna Waters

Detector de Serie de Fotodiodos Waters 2996

Espectrémetro de Masas Waters ZQ

Colector de fracciones Gilson 202

Colector de residuos Gilson Aspec

Software

Waters Massiynx version 4 SP2

Columna:

Las columnas usadas son Waters Atlantis, cuyas dimensiones son 19 mm x
100 mm (escala pequefia}) y 30 mm x 100 mm (escala grande). El tamafo de
particulas de la fase estacionaria es de 5 um.

Disolventes

A: Disolvente acuoso = agua + acido formico al 0,1%

B: Disolvente organico = Acetonitrito + acido formico al 0,1%

Disolvenle de preparacion = Metanol : agua

Disolvente de aclarado de agujas = Metanol

Métodos

Se usan cinco métcdos dependiendo del tiempo de retencidn analitico det
compuesto de interés. Todos tienen un tiempo de ejecucién de 13,5 minutos, gue
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comprende un gradiente de 10 minutos seguido de un lavado abundante de la
columna de 3,5 minutos y una etapa de re-equilibrado.

Escala Grande/Pequena 1,0-1,5 = 5-30% de B

Escala Grande/Pequena 1,5-2,2 = 15-55% de B

Escala Grande/Pequena 2,2-2,9 = 30-85% de B

Escala Grande/Pequena 2,9-3.6 = 50-99% de B

Escala Grande/Pequefia 3,6-5,0 = 80-99% de B (en 6 minutos seguida de
lavado abundante de 7,5 minutos y re-equilibrado)

Caudal

Todos los métodos anteriores tienen un caudal de 20 ml/min (Small Scale) o 40
ml/min {Large Scale)

HPLC quiral

Los aparalos y fas condiciones utilizados para caracterizar la pureza
enantibmera de las muestras seleccionadas fueron los siguientes:

Método a)

Instrumento: Agilent 1100 Serie Liquid Chromatogram

Columna: Chiralpak AD (250mm x 4,6mm; tamano de particula 10um)

Fase movil: Heptano:etano! absoluto (70:30) v/v bomba mixta

Caudat: 1 ml/min

Temperatura: Ambiente

Longitud de onda U.V.: 215 nM

Método (8)

Instrumento: Agilent 1100 Serie Liquid Chromatogram

Columna: Chiralpak AD (250mm x 4.6mm; tamaiio de particula 10um)

Fase movil: Heptano etanal absoluto (50:50) v/v bomba mixta

Caudal: 1 mimin

Temperatura: Ambiente

Longitud de onda U.V.: 215 nM

Método (C})

Instrumento. Agilent 1100 Serie Liquid Chromatogram

Coftumna: Chiralpak AD (250mm x 4,6mm; tamafio de particula 10um)

Fase movil: Heptano:etanol absoluto (80:20) v/v bomba mixta

Caudal: 1 mlfmin

Temperatura: Ambiente

Longitud de onda U.V.: 215 nM
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Metodo (D}

Instrumento: Agilent 1100 Serie Liquid Chromatogram

Cotumna: Chiralpak AS (250mm x 4,6mm; tamaro de particula 10um)
Fase mévil: Heptano:etanol absoluto (80:20) v/iv bomba mixta
Caudal: 1 mlmin

Temperatura: Ambiente

Longitud de onda U.V.: 215 nM

Cromatografia liquida / Espectrometria de masas

£l analisis de los Ejemplos anteriores por Cromatografia Liquida /

Espectrometria de Masas (LC/MS) se ltevd a cabo usando los siguientes aparatos y

condiciones:

Hardware

Bomba de gradiente Agilent 1100
Autoinyector Agitent 1100
Detector Agilent 1100 DAD
Desgasificador Agilent 1100
Estufa Agitent 1100

Controlador Agilent 1100
Espectrometro de Masas Waters ZQ
Sedere Sedex 85

Software

Waters Masslynx version 4.0 SP2
Columna;

La columna usada es una Waters Atlantis, cuyas dimensiones son 4,6 mm x 50

mm. El tamafio de panticulas de la fase estacionaria es de 3 um.

Disolventies

A: Disolvente acuoso = agua + acido formico al 0,05%

B: Disolvente organico = Acetanitrilo + acido férmico al 0,05%
Método

El metodo genérico usado tiene un tiempo de ejecucion de 5 minutos.
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E! método anterior tiene un caudal de 3 mi/min

E! volumen de inyeccién para el método genérico es 5 ul.

La temperatura de la columna es de 30 grados.

El intervalo de deteccion UV es de 220 a 330 nm.

Datos farmacoldgicos

Los compuestos de la invencion se pueden ensayar para actividad biologica i
vitro en el receptor P2X7 de acuerdo con 'os siguientes estudios:

Ensayo de acumulacién de etidio

Los estudios se realizaron usando un tampén de ensayo de NaCl de la
siguiente composicion (en mM); NaCl 140mM, HEPES 10, N-metil-D-glucamina 5, KClI
5,6, D-glucosa 10, CaCt; 0,5 (pH 7,4). Se cultivaron células HEK283, que expresan los
receptores P2X7 humanos recombinantes, en placas de 96 pocillos pre-tratadas con
poii-L-lisina durante 18-24 h. (La clonacion del receptor P2ZX7 humano se describe en
el documento US 6.133.434). Las células se lavaron dos veces con 350ul de tampdn
de ensayo antes de la adicion de 50w del compuesto de ensayo. Las células se
incubaron luego a temperatura ambiente (19-21°C) durante 30 min antes de la adicién
de ATP y etidio {concentracién de ensayo final 100uM). La concentracién de ATP se
selecciond cercana al CEgy para el tipo de receptor y fue 1 mM para los estudios en el
raceptor P2ZX7 humano. Las incubaciones continuaron.durante 8 ¢ 16 min y finalizaron
con la adicién de 25ul de sacarosa 1,3M que contenia SmM del antagonista del
receptor P2X7 receptor reactivo negro 5 (Aldrich). La acumulacion celular de etidio se
determind midiendo la fluorescencia (longitud de onda de excitacién de 530nm y
longitlud de onda de emision de 620nm) de debajo de la placa con un Canberra
Packard Fluorocount (Pangbourne, Reino Unido) ¢ un Flexstation.t (Molecular
Devices). Los valores pClg, antagonistas para bloguear las respuesias ATP se
determinaron usando las técnicas de ajuste de curvas iterativas.
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Ensayo Ca de Lectora de placa de imagenes fluorescentes (FLIPR)

Los estudios se realizaron usandoc un tampoéon de ensayo de NaCl de la
siguiente composicién (en mM) para P2X7 humano: 137 NaCl, 20 HEPES; 5,37 KCI,
4,17 NaHCO4: 1 CaCly; 0,5 MgSO,, vy 1g/L de D-glucosa (pH 7,4).

Se cultivaron célutas HEK293, que expresan los receptores P2X7 humanos
recombinantes, en placas de 384 pocillos pre-tratadas con poli-L-lisina durante 42-48h.
(La clonacién del receptor P2X7 humano se describe en el documento US 6.133.434).
Las células se lavaron tres veces con 80ul de tampdn de ensayo, se cargaron durante
1h a 37°C con 2uM Fluo4 {Tefiabs), se lavaron tres veces de nuevo y se dejaron con
30ul tampon antes de Iz adicidn de 10 wl de 4x del compuesto de ensayo cancentrado.
Las células se incubaron luego a temperatura ambiente durante 30 min antes de la
adicién (en linea, mediante instrumento FLIPR384 o FLIPR3 (Molecular Devices)) de
Benzoilbenzoil-ATP (BzATP), concentracién de ensayo final 60uM. La concentracion
de BzATP se eligid cercana al CEy para el tipo de receptor. Las incubaciones y
lecturas continuaron durante 90 segundos, y el incremento de calcio infracelviar se
determind midiendo la flucrescencia (longitud de onda de excitacion de 488nm vy
longitud de onda de emisién de 516nm) de debajc de la placa, con camara FLIPR
CCD. Los valores pClsy antagonistas para bloquear las respuestas BzATP se
determinaron usando técnicas de ajuste de curvas iterativas.

Los compuestos de los Ejemplos 1-136 se ensayarcn en el ensayo Ca FLIPR
Ca y/o en el Ensayo de Acumulacion de Etidio para la actividad del antagonista de los
receptores P2X7 humanos y se halld que tienen valores pCl50 > 4,7 en el Ensayo Ca
FLIPR y/o valores pCi50 > §,5 en el Ensayo de Acumulacion de Etidio.

Datos in vivo

Modelo de rata de dolor neuropatico

Colocando tigaduras constrictivas flojas alrededor del nervio ciatico comdn, se
puede producir una mononeuropatia periférica, que provee asi un modelo de rata de
dolor neuropatico, Bennet ef al., Pain, Vol.33, pp87-107 (1988). Ratas macho adultas
alealorias Hooded (180-200g) de Charles River, Reino Unido se anestesiaron con
isofturano (3%). El nervio ciatico de la pierna izquierda se expuso en el nivel medio del
muslo y se ataron 4 ligaduras fiojas de catgut Chromic 4.0 alrededor del nervio como lo
describen Bennet et a/., Pain, Vol 33, pp87-107 (1988). Se cerré la herida y ¢e asegurd
con grapas. Las ratas control se sometieron al mismo procedimiento pero no se
aplicaron ligaduras sueltas. La presencia de alodinia mecanica (iacti) se evalud

usando apficacign manual de monofilammentos de pelo Von Frey. Los moncfilamentos
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se aplicaron en orden ascendente a la region plantar de la garra trasera (intervalo:
1.49-26g). Cada pelo se aplicé durante aprox. 3-5 segundos hasta que se observd una
respuesta de retirada de ia pata. Después de la confirmacion con reaplicacién de pelos
inferiores yio superiores, se registrd el pelo mas inferior en dar una retirada de |a pata
como la respuesta umbral {g). Cuando se establecid la alodinia estable, a las ratas se
les administro, 26-33 dias después de la cirugia, el compuesto dos veces al dia
durante 8 dias, y se registraron las mediciones de alodinia por lo menos tres veces
durante el periodo de administracién, N-{(2.4-diciorofenil)metil}-1-metil-5-oxo-
prolinamida (E10) y N-{[2-cloro-3-(lrifluorometil)feniljmetii}-1-metil-5-oxoprolinamida
(E51) revirtieron significativamente la alodinia mecanica inducida por CCt en
comparacién con la respuesta del vehiculo.

Modelo de rata de doior articular

Midiende la hipersensibilidad post inyeccidn intra-articular de FCA a la rodilla,
se puede evaluar la eficacia de un analgésico potencial para revertir la
hipersensibilidad inducida por FCA en un modelo de dolor articular de dolor
inflamatorio crénico. Las ratas macho adultas aleatorias Hooded (150-180g) de
Charles River, Reino Unido se anestesiaron brevemente con isoflurano {3%). Se les
inyecto a tas ratas 150 pi de adyuvante completo de Freund (FCA) en la articulacion de
la rodilla izquierda (intra-articularmente). Se midio fa capacidad de soportar peso en
cada pata trasera (carga de peso, g) antes y después de usar un Promediador de
Peso de Doble Canal (Linton Instruments). Cuando se establecid una diferencia
eslable en la carga de peso entre las patas inyectadas y contraiaterales, se administrd
una dosis oral a las ratas (normalmente 13-17 dias después de ia cirugia) det
compuesto dos veces al dia durante 5 dias con mediciones de carga de peso que se
registraron a diario. N-{(2 4-diclorofenilimetil)-1-metil-5-oxo-prolinamida (E10) y N-{[2-
cloro-3-(trifluorometi)feniflmetii}- 1-metil-5-oxoprolinamida {ES51) revirtieron
significativamente fa diferencia inducida por FCA ({i.art) en la carga de peso. en
comparacion con la respuesta del vehiculo, y produjeron EDS50 <20mg/kg obtenidos a
partir de los calculos det Area Debajo de la Curva (AUC).

Modelo de rata de doior inflamatorio agudo

Un modelo animal dtil para dotor inflamatorioc agudo es et modelo de
inflamacién inducido por Adyuvante Completo de Freund (FCA). Clayton et al.
describen un modefo similar que usa carragenina en lugar de FCA, en Br. J.
Pharmacol. 1997 120, 219P. Las ratas macho adultas aleatorias Hooded {180-220g)
de Charles River, Reino Unido, recibieron una inyeccion intraplantar (i.pl) de 100 pt de
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FCA en la superficie plantar de la pata trasera izquierda. Se midi6 la capacidad de
soportar peso en cada extremidad trasera (carga de peso g) antes y 24 horas después
de la inyeccion de FCA, usando un Promediador de Peso de Doble Cana! {Linton
Instruments). Después de la lectura post-FCA, las ratas se administraron tipicamente
por via oral con el compuesto, después de lo cual se registraron las mediciones de
carga de peso. N-[(2 4-diclorofenil)metil]-1-metil-5-oxa-prolinamida (E10) y N-{{2-cloro-
3-{trifluoromaetil)fenillmetil}-1-metil-5-oxoprolinamida (E51} revirtieron significativamente
la diferencia inducida por FCA {i.pl) en la carga de peso, en comparacion con la
respuesta del vehiculo y produjeron ED50 <20mg/kg obtenidos a partir de las curvas
de dosis y respuesta.
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REIVINDICACIONES )
1. Un compuesto de formuia (1) o una de sus sales farmacéuticamente
aceptables:
R?
RB
R‘H/ Rﬂ
RiD
N (1)
donde:

R' representa alquilo C,s alquenilo C,e alquinilo C,s; cicloalquilo Cis.
cicloalquitmetilo Cis o piridiniimetilo, cualquiera de los cuales puede estar
opcionaihwente suslituido con 1, 2 ¢ 3 Adlomos de haldégeno; o fenilo o bencilo no
11 sustituido:
R? y R® independientemente representan hidrogeno, halégeno, alquilo C,.;, ariimetilo-,
alquenilo Ca.g, alquiniio C, 0 cicloalquilmetilo Ca.s-: y cualquiera de dichos alquilo C, ..
arilmetilo-, alquenilo C,s, alguinilo C.; o cicloalquilmetilo Cis esta opcionalmente
sustituido con 1, 2 6 3 atomos de halégeno,
15 R* R®y R®independientemente representan hidrégeno, fluor o metito: y
R’. R® R? R™ y R" independientemente representan hidrogeno, halégeno, ciano,
alquilo Cys, alguenilo Ca, alquinilo Cus, cicloalquilo Cag 0 fenilo, y cualquiera de
dichos alquilo C,g alquenilo C,g, alquinilo C,e, cicloalquilo Cis o fenilo esta
opcionalmente sustituido con 1, 2 & 3 atomos de halogeno; o R™ y R'" junto con los
20 atomos de carbono a los que estan unidos, forman un anillo benceno que estd
opcicnalmente sustituido con 1, 2 6 3 dtlomos de halbgeno,
con la salvedad que cuando R’ y R'! se seleccionan ambos de hidrdgeno o flior, por
lo menos uno de R®, R¥ y R'® es un atomo de haldgeno, o R®, R® y R" se seleccionan
de! grupo gue consiste en hidrégeno y CF5 y uno, pero no mas de uno, de R* Ry R™
25 es CFa
2. Un compuesto de formula (1) o una de sus sales farmacéuticamente
acepiables:
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R' representa alguito C.s alguenilo Cpe, alquinilo Cae cicloalquilo Cas o[\/
cicloalquilmetilo Ciq, cualquiera de los cuales puede estar opcionalmente sustituido
con 1, 2 6 3 atamos de haldgeno; o fenito o bencilo no sustituide;

R? y R® independientemente representan hidrogeno, haldgeno, alquilo Ci, arilmetilo,
alquenilo C,.s, alquinilo C,5 0 cicloalquilmetilo Csg; y cualquiera de dichos alquilo C .,
ariimetilo, alquenito C.s, alquinilo C.¢ o cicloalquimetilo Csg estd opcionalmente
sustituido con 1, 2 6 3 dtomos de haldgeno;

R* R®y R" independientemente representan hidrégeno o fiior; y

R’. R%, R®, R' y R independientemente representan hidrégeno, haldégeno, ciano,
alguilo C.., alquenilo C,g, alguinilo C,s, cicloalquito Cie 0 fenilo; y cualquiera de
dichos alquitc C,;. alguenilo C,g, alquiniic Cug 0 cicloalquilo Cic0 fenilo esta
opcionaimente sustituido con 1, 2 6 3 dtomos de haldgeno;

con la salvedad que cuando R7 y R'"' independientemente representan hidrégeno o
fluor, por lo menos uno de R?, R®y R™® es un atomo de hatégeno.

4, Un compuesto de formuta (1) segin o definido en la reivindicacién 1, en
el que R' representa alquilo C,.¢ no sustituido, alquenilo C,., alquinilo C,.g. cicloalquilo
Cs.g, piridiniimetilo-, fenilo o bencilo.

5. Un compuesto de férmula (1) segun lo definido en las reivindicaciones 1
6 4. en el que R? y R? independientemente representan hidrogeno, filior 0 metilo.

6. Un compuesto de férmula (1) segun lo definido en una cualquiera de las
reivindicaciones 1, 4 6 5, en el que R, R® y R® independientemente representan
hidrogeno o metilo,

7. Un compuesto de férmuia (1) segun io definido en una cualquiera de las
reivindicaciones 1, 4, 5 6 6, en el que R'. R® R® R"™ y R!" independientemente
representan hidrégeno, halégeno, ciano, triftuorometilo, alquilo Cy; no sustituido; o R'®
y R, junto con los dtomos de carbono a los que estan unidos, forman un anillo
benceno no sustituido.

8. Un compuesto de formula (1) segtn lo definido en la reivindicaciéon 1.
que es un compuesto de los Ejemplos 1-136, o su sal farmacéuticamente aceptable.

9. Un compuesto de férmula (1) segun lo definido en la reivindicacion 1,
que es N-{[2-cloro-3-(triftucrometil)feniljmetit}- 1-metil-5-oxoprofinamida.

10, Una composicion farmacéutica que comprende un compuesto de
formuta (1) segun lo definido en cualquier reivindicacion precedente y un vehiculo o
excipiente farmacéuticamente aceptable.

11. Un compuesto, o su sal farmacéuticamente aceptable, segun !o definido
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en una cualquiera de las reivindicaciones 1 a 9 para su uso en terapia.

12. Un método para tratar a un ser humano o animal que sufre de dolor,
inflamacion o una enfermedad neurodegenerativa, donde el metodo comprende
administrar a dicho sujeto una cantidad eficaz de un compuesto de férmula (1} segun
una cualquiera de las reivindicaciones 12 9.

13, Uso de un compuesto segun lo definido en una cualquiera de las
reivindicaciones 1 a 9 para la elaboracion de un medicamento para el tratamiento del
dolor, fa inflamacion o una enfermedad neurodegenerativa.
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La presente invencion se refiere a nuevos derivados de oxo-prolinamida de

Resumen

férmula (1) que modutan ta funcion del receptor P2X7 y son capaces de antagonizar los

efectos de ATP en el receptor P2X7

()

y al uso de dichos compuestos o sus composiciones farmacéuticas en el tratamiento

de trastornos mediados por el receptor P2X7, por ejemplo dolor, inflamacién y

neurodegeneracion.



PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's oi agent’s file rgference FOR FURTHER see Form PCTASA/220
MEG/PBE2045 ACTION ag well as, whera applicable, item 5 below.
infernational application No. International tiling date (day/month/year) (Earliesl) Prority Date {oay/month/year)
PCT/EP2007/056675 03/G7/2007 06/07/2006
Applicant

SLAKO GRQUP LIMITED

This in@ingtional search report has bean prepared by this International Ssearching Authority and Is transmitted to the applicant
agroiding 10 Article 18. A copy is belng ransmitted to the International Bureau,

Tnis inkernational search report consists of a totat of 3 sheets.
l{is alsc accompanied by a copy of each prior art document cited in this report.

*. Bagsis of the report
a. With regard to the language, the intarnational search was carried out on the basis of:

the iniernaticnal application in the fanguags in which it was filed

a translation of the intarnational application int¢ , which is the language
of a transiation turnished tor the purposes of international search (Rules 12.3{a} and 23. 1(b))

b D With regard tc any nucleotide and/or amino acld sequenco disclosed in the international application, sse Box Ne. |

2. [}E{ Certain claims were found unsearchable (Sese SBox No. {1}

(8

D Unlty of invention 1s lacking (see Box No I}

4. Vit regard 10 the title,
[[] the extis approved as submitied by the applicant
the text has been established by this Authority to read as toliows:

SUBSTITUTED N-PHENYLMETHYL -5-0XO-PROLINE-2-AMIDES AS P2X7-RECEPTOR
ANTAGONWISTS AND THEIR METHODS OF USE.

B, With regard 1 the abstracet,
B the taxt is approved as submitted by the applicant

the text has been gstablished, according to Rule 38.2(b), by this Authorlty as It appears in Box No. IV. The applicant
may, within one month from the date of mailing of this intesnational search repart, submil comments 1o this Authority

6. Withegard to the drawings,
a. the figure of the drawings (¢ be published with the abstract is Figurg No, __
D as suggested by the appiicant
(]  asselscted by this Authority, because the applicant failed to suggest a figure
D as selected by this Authority, because thls figure better charactarizes the invention
£ |_]  none of the figures is to be published with the abstract

Forin PCTASA210 (first sheet) {(Apri} 2005)



INTERNATIONAL SEARCH REPORT

Intormational application No

PCT/EP2007/056675
4. CLASSIFICATION OF SUBJECT MATTER (\ U
INV. C07020;/28 C070401/06  A61K31/4015 A61K31/402  A61P25/28 \\/
A61P29/00

Ascondng 10 Intorn@lional Patent Classification (IPC) or 1o both national classification and IPC

B. FIELDS SEARCHED

tlinimum docunientation saarched (crssiticatlion systam followed by dessilization synbolsy

€070

Loaunemation saarchad ¢thes than minimnn documentation 16 (he exteat that such documents are incleded in the Dolds asarched

{_tectradic data buse cansuliod during the inlernational search {(name of dala Lase and, whete practical, search lerms used)

EPO-Internal, WPI Data, BEILSTEIN Data, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Sategory® | Chalen of document, with indication. wharg appropriate, of tho relevant passages Relavant to daim No,
A WO 99/29661 A (ASTRA PHARMA PROD ([GB]; 1-13
ASTRA AB [SE]; BAXTER ANDREW [GBI;
MCINALLY TH) 17 June 1999 (1999-06-17)
antagonists of P2X7 receptor, see
structure of the compounds of claim 1
A WO 99/29686 A (ASTRA PHARMA PROD [GB]; 1-13
ASTRA AB [SE]; BAXTER ANDREW [GBJ;
CHESHIRE DA) 17 June 1999 (1999-06-17)
antagonists of P2X7 receptor, see
\ structure of the compounds of claim 1
A FR 2 273 533 A (FERLUX SA [FR]) i-13
2 January 1976 (1976-01-02)
j see activity of the compounds of claim 1

D Funor documsnts are {istea in the continuatton of Box C.

Soe patent family anmex,

© Brocks Zatagotias of dlad ddoumonts

*h dueumen defining the genaral siate of tha an which is not
cungdercd (o 8o of particular relevance
Mo varfe docuinent tul publishod on or adior the international
(iling «lato
‘LY gotument which may throw doubts on priarity claim(s) of
whoh is Gilod lo establish the publication date of another
cintion or Other Special reason (as specified)
" dozument retaring 10 an ora) disctosury, use, exhibltion or
SINET Means
‘R dozumunt published prior to the inornaliongy) fiffng gate bul
wilet thun the oriarity datu claimed

G

*T* ster document published afies the intornational ffing date
or privrity date and aot in contlict with the application but
cited lo understand thu principle or theory undorlying the
hwvention

'X* docurnent of parlicutar rolevanca; e claiinad invention
cannot be canisiderat novel o7 cannot be considered 1o
involve an invenlive step when the documeant Is taken wWone

"Y' document of panticular relevanc, the claimed invention
cannot bo considarod to involve an Invontive step when lhe
documgnt is combined with one or more other such docu-
mjl:!s. such combination baing obvious te a person skiffea
in the an,

*&° dncament menbers of the admo palent family

ita of the actual completun of the inlemational search

25 September 2007

Date of malting of tha internalional séarch repont

02/10/2007

NATHO and arsling addioas of ing 1SA
Evrgpoan Patent Otfice, P8, 5618 Patontiaan 2
NI, = 2280 HY RBijswilk
Tel (+31-70} 3402040, Tx, 31 651 apo al,
Fax: (+31-70) 3403016

Authorized officer

TRAEGLER-GOELDEL, M

Fum PCTASM212 sanona shest) {Apr) 2008)




~/
International application No. L 4
INTERNATIONAL SEARCH REPORT PCT/EP2007/056675 ({\_/
U/

Box il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This Imernatlonal Search Ropon has not been established in respect of ceriain claims under Articts 17(2)(a) for the following reasons:

1, K;(:J Ciabing Nos.
- bacaise they relais 1o subject matter not required to be searched by this Authosity, namely:
Although claim 12 is directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effects of the
compound/composition.

2, { l Chaims Nos.:
because they refate 1o pants of the lnternaticnal Application that do not comply with the prascribed raquiremeénts 10 such
&0 extent that no meaningfut International Search can be carried Out, specifically:

b3 ]___,‘ Claims Nos.:
because they are dependsnt ciaims and are not dratted in accordance with the second and third sentences ot Rule 6.4(a}.

Box lli Observations where unity of invention is lacking {Continuation of item 3 of first sheet)

Tris Intgmational Searching Authority found muitipte inventions In this international application, as follows:

hl

N asan reguired additional search tees were tmely paid by the applican, this Intematlonal Search Reporl covers all
—I searchable ciaims.

—
—

— ] As alt searchable claims could be searched without effort justitying an additional fee, this Authority did not invite payment
ol any additionat fae.

N

o

- /7] As only some of the required additional search fees were limely paid by the applicant, this international Search Report
L govers enly those clalms for which leas were paid, specifically claims Nos.:

4. [] No required additional search 1ees were Umely pald by the applicant. Consaquently, this International Search Report is
rgsiricted 1o the invention first mentioned in the cfaims; it is covered by claims Nos.:

Remark on Protest D The additional search fess were accompanied by the appficant's protast,

D No protest accompanied the payment of additional search tees.

Foron PCT/SA/210 (continuation of first sheet (2)) {(January 2004)



INTERNATIONAL SEARCH REPORT

Intormation on patent family members

International application No

PCT/EP2007/056675 AL
_ Patent document Publication Patent family Publication L\J
cited in search repont date member(s) dats f
WO 9929661 A 17-06-1999 AT 224360 1T 15-10-2002
AU 744280 B2 21-02-2002
AU 1791398 A 28-06-1999
BR 9813390 A 03-10-2000
CA 2312420 Al 17-06-1999
CN 1284057 A 14-02-2001
DE 69808130 D1 24-10-2002
DE 63808130 T2 28-05-2003
DK 1036059 T3 02-12-2002
EE 200000378 A 17-12-2001
EP 1036059 Al 20-09-2000
ES 2184352 T3 01-04-2003
HU 0004434 A2 28-05-2001
ID 28003 A 03-05-2001
JP 2001525392 T 11-12-2001
NO 20002786 A 31-07-2000
NZ 504447 A 26-04-2002
PL 340906 Al 12-03-2001
PT 1036059 T 28-02-2003
RU 2214997 C2 27-10-2003
SK 8432000 A3 11-12-2000
TR 200001605 T2 23-10~-2000
us 6201024 Bl 13-03-2001
us 6258838 Bl 10-07-2001
W0 9929686 A 17-06-1999 AU 1791599 A 28-06-1999
BR 9813378 A 10-10-2000
CA 2312357 Al 17-06-1999
CN 1284074 A 14-02-2001
EE 200000321 A 15-08-2001
Ep 1037889 Al 27-09-2000
HU 0100731 A2 29-05-2002
JP 2001525406 T 11-12-2001
NO 20002787 A 01-08-2000
PL 340837 Al 26-02-2001
SK 8442000 A3 18-01-2001
TR 200001544 T2 21-11-2000
FR 2273533 A 02-01-1976  NONE

Toon POTASAS D {Ralan! fgmily amnex) (Apn] 26067




PATENT COOPERATION TREATY

Fronmt the

H"Tl_ RNAT IONAL SEARCHING AUTHORITY

‘ TU

' see form PCTASAR20

PCT

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of maiting

}
% WRITTEN OPINION OF THE
E
|
|
f {daysmonthdear) see form PCTASARZ10 (second sheet)

e s i e e e

Applicant’s or agent's file reference

see form PCTASAR20

FOR FURTHER ACTION
See paragraph 2 below

S S

4

ar e e e et

Intermnatonas apphication No.

PCTEP2007/056675

International filing date (dayfnonthiear)

03.07.2007

Prionity date (cdaydnonthyearj
06.07.2006

,__—.,,
.

A tnp.tmn

GLAXO GROUP LIMITED

- e o T e o e o e ¢t = e e e et T i e e e TP b ¢t At gt o ol + g e o b R ® b i B 4
- L T T T T T A L T L N T A e T e e L e L S L S e e

1n;:r.1auonal Pateny Classification {IPC) or bioth nationa! classification and IPC

V. G070207.28 CO70D40106 A61K314015 A61K31402 AB1P25/28 A61P2900

1. This opinion contains indications relating to the follfowing items;

0O

Box No. If Priority

=

&8O

Box No. | Basis of the opinion

Box No. Vv Lack of unily of invention

i o em mm e i et e e . ——— e 2 o o St i B o o g e e e M S i T i o o o e e o sk o g e

applicability; citations and explanalions supporting such statlement

. O Box No. VI Certain documents cited

14 ox No. VI{  Certain defects in the international application

15 Box No, VIt Certain observations on the international application

e

FURTHER ACTION

will not be 50 considered,

tire applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
Intarnationat Bureau undes Rude 66.1bis{b} that written opinicns of this Intemational Searching Authority

1

[ SR P S P Sy KPR

e e et

fox No. It Non-establishment of opinion with regard to noveity, inventive step and industrial appiicability

Box No. V Reasoned statament under Rule 43bis, 1{a)(i) with regard to novelty, inventive step or indusirial

I 2 demand for international preliminary examination is madae, this opinion will usually be considered to be a

i this opinion is, as provided above, considered to be a wrilten opinion of the IPEA, the applicant is invited to

Qubmu io ihe IPEA a wiitten reply togather, where appropriate, with amendments, belore the axpiration of 3 months
tom the date of mailing of Form PCTASAR20 or bafors the expiration of 22 months from the priorily date,

whonever expires laler.

; Feor iurther opticns, see Form PGCTASAZ220.

' 3, Far further details, see notes to Form PCTASAZ220.

i

1

i

!

! = s

; Name and maahng address of the ISA:
i

: -@) Europsan Paten! Office
. £-80283 Mumich

b

————=  Tel. +49 89 2399 - 0 Tx: 523656 epmu d

Fax: +49 89 2399 - 4463

i

et

{
|
!
|
]
|
|
|
|
|
!
wriiten opinion of the international Preliminary Examining Authority {"IPEA"} excep! that this does not apply where z
i
|
{
{
|
{
{
{
i
i
|
|
|
]
|
{
]
f
{

{ Oate of completion af
| this opinion

‘ see form
. PCTASAZ10

|
1

Authonzed Officer

TRAEGLER-GOELDEL, M
Telephone No. +49 89 2399-8278

Form (PCTASAL37) (Cover Sheet) (April 2605)




WRITTEN OPINION OF THE International appficatjon Mo.
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Box No. ! Basis of the opinion

1. With regard to the language, this gpinion has been established on the basis of.
22 the international application in the language in which it was filed

{1 alranslation of the international application into , which is the language of a translation furnished for the
purposes of international search {Rules 12.3(a) and 23.1 (b})).

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and
necassary to the claimed inventian, this opinion has been established on the basis of:

a. type of material;
1 asequence listing
0 iable(s) related to the sequence listing
b. format of material:
0 on paper
7 in electranic form
¢. time of filingfurnishing:
{1 contained in the international application as filed.
3 filed together with the international application in elactronic form.
O turnished subsequently to this Authority for the purposes of search.

3 L1 In addition, in the case that more than one version or copy of a sequence listing and/r table reiating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

4 Additionat comments.

Form BCTASA! 237 (Apr! 2005)
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WRITTEN OPINION OF THE international applicatio(iq;/

INTERNATIONAL SEARCHING AUTHORITY PCTEP2007/056675
Box No. Ili  Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The questions whether the claimed invention appears 10 be novel, to involve an inventive step {to be non
obvigus), or to be industrially applicable have not been examined in respect of

3 the enlire international application

3 claims Nos. 12

bacause:

£ the said international application, or the said claims Nos. 12 relate {0 the following subject matter which
does nol require an international search {specify):
see separate sheet

{0  the description, claims or drawings (indicate particular elements below) or said claims Nos.  are so unclear
that no meaningful opinion could be formed {specify).

{3 the ctaims, or said claims Nos. are so inadequatsly supported by the description that no meaningful opinion
could be formed {specify}.

D no international ssarch report has been established for the whole appication or for said claims Nos.

i a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the
prescribed time limit:

L) furnish a sequence listing on paper complying with the standard provided for in Annex C of the
Administrative Instructions, and such listing was not availablg to the International Searching
Authorily in a form and manner acceptable to it.

3 furnish a sequence listing in electronic form complying with the standard provided for in Annex C
of the Administrative Instructions, and such listing was not available to the Internaltional Searching
Autheority in a form and manner accepiable to it.

DO pay the required late furnishing fee for the furnishing of a sequence listing in response to an
nvitation under Rules 13ter.1(a) or (b}.

L1 a meaningful opinion cauld not be formed without the (ables related to the sequence listings; the applicant
did not, within the prescribed time limit, furnish such tables in electronic form complying with the technical
requirements provided for in Annex C-bis of the Administrative Instructions, and such tables were nal
available to the International Searching Authority in a form and manner acceptable to it.

[} the tables related to the nucleotide andior amino acid sequence listing, if in elecironic form only, do not
comply with the technical requirements provided far in Annex C-bis of the Administrative instructions.

‘3 See Supplemental Box for further details

Foim PCTASAI 237 (Apiit 2005)



WRITTEN OPINION OF THE International appiicatiou%
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2007056675

Box No. V  Reasoned statement under Ruie 43bis. 1{a)}{i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

t  Statemeint

Movelty (N) Yes: Claims 1-13
No: Claims

Inventive step (1S) Yes. Claims 1-13
No. Claims

industrial applicability (1A) Yes: Claims 11143
No: Claims

2. Citations and explanations

see separate sheet

Box No. Vli Certain detects in the international application

The following defects in the form or contents of the international application have been noted:

see separale sheel

Form PLUTISAS237 (April 2005)




WRITTEN OPINION OF THE International applic;ﬁ]o.

INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2007/056675

reitem il

Claim 12 in its present form are directed to methods for the treatment of the human or
animal body. Under the terms of Rule 7.1 (iv) and Article 34 (4}a)!) PCT the International
Preliminary Examination Authority is not required to carry out an examinations on such
claims.

re jtem V;
1. Priorart

The Preliminary Examination is carried out in the light of the prior art as cited in the
internationa!l Search Report:

D1: WO 99/29661 A (ASTRA PHARMA PROD [GB]; ASTRA AB [SE}; BAXTER
ANDREW [GB]; MCINALLY TH) 17 June 1999 (1999-06-17)

D2: WO 99/29686 A (ASTRA PHARMA PROD [GB]; ASTRA AB [SE]; BAXTER
ANDREW {GB]; CHESHIRE DA) 17 June 1999 (1999-06-17)

D3: FR-A-2 273 533 (FERLUX SA [FR]) 2 January 1976 (1976-01-02)

2. Novelty

The claimed compounds are N-substituted pyrrolidin-2-on-5-N-benzylamides substituted
with specific substituents in the phenyl ring, whereas document D1 discloses substituted
benzoic acid N-adamantyimethylamides, document D2 discloses inter alia N-biaryloxyethy!
pyrrolidin-2-one derivatives and document D3 is concerned with i.a. N-substituted
pyrrolidin-2-on-5-carboxylic acid derivatives. The structural closest examples 15 and 20
(pyrrolidin-2-an-5-N-benzyl-N-tert.butyl amides) disciosed in this document do not fall
under the scope of present claim 1, since the pheny! residue is unsubstituted and the
amide nitrogen bears a tert. butyl group instead of the hydrogen in present claim 1.
Therefore, the subject matter of claims 1 to 13 is considered to fulfil the requirements
according to Art. 33 (2) PCT.

rorm PCT 184237 {Separate Sheet) (Sheet 1) (EPO-April 2005)



WRITTEN OPINION OF THE International apflj ié\ N
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2007/056675

3. Inventive step

Documents D1 and D2 as well as the present application are concerned with compounds
which are antagonists of the P2X7 receptors and as such are useful in the treatment of
pain, inflammation and neurodegenerative disorders. Nevertheless, the compounds of the
present application differ structurally considerably from those according to documents D1
and D2, as set out under item 2, above. Document D3 comprises in general N-substituted
pyrrolidin-2-on-5-N-benzylamides, but the phenyl residue of the benzamide is
unsubstituted, whereas it must be substituted with specific substituents according to
present claim 1. From the compounds as disclosed in document D3, it is known that their
pharmacological activity is different from that of the present compounds: they are
antihyperlipidemics and antihypercholesteremis; il is stated in the description that some of
the compounds also pesses psychosedative, analgetic and cardiovascular activities.
Therefore, the problem underlying the present application is to be seen in the provision of
further antagonists of the P2X7 receptors. As can be seen from the examples and tests
as given in the specification, this probtem has obviously been sotved. The solution of this
problem can be considered to involve an inventive step with respect to the cited document,
since the skilied man, faced with said problem would not have been lead by documents Dt
and D2, neither taken alone nor in combination to modify the known benzoic acid N-
adamantylmethylamide derivatives according to D1 as to resuit with the claimed N-
substituted pyrrolidin-2-on-5-N-benzylamides substituted with specific substituents in the
phenyl ring. Although it is stated in the description of D3 that some of the compounds show
also psycho-sedative, anaigetic and cardiovascular activities, this document would not
have lead the skilled to the claimed compounds, since the main action of the proiin-5-
onamides of D3 is different and second only some compounds show said further effect.
Third there is no hint to be found in document D3 that any N-substituted pyrrolidin-2-on-5-
N-benzylamides (only in general comprised by D3) must furthermore be substituted with
specific substituents in the phenyl ring as defined in present claim 1. Therefore, the
claimed subject matter of claims 1 to 13 may be considered as to fulfil the requirement of
Art. 33 (3) PCT with respect ta the cited prior art.

4. Industrial applicability

Form PCTNSAM237 (Separato Shest} (Shoeet 2) (EPC-Apri) 2005)
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No objection arises concerning claims 1 {0 11 and 13 as far as the claimed compounds
may be used for the production of pharmaceutical products.

reitem VI

According to the PCT International Search and Preliminary Examination Guidetines,
chapter 5.10, the claims must not rely on references to the description. Thus, Claim 8 in its
present form is not admissible, since it contains a reference to the description and should
be reformulated, e.g. comprising all 136 examples by name or structure.

Form POTASAR3T (Separato Sheet) (Sheet 31 (EPC-April 2005)



INTERNATIONAL SEARCH REPORT

Internationa! application No

PCT/EP2007/056675

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO07D207/28  C07D401/06
A61P29/00

A61K31/4015 A61K31/402 A61P25/28

Arcording to Internalional Patani Classifteation (IPC) or Lo both nalional classification and IPC

B. FIELDS SEARCHED

Miniinuin docutngetation searched {classificatlon sysiem followad by clagsiticalion symbata)

€O/

Decumentation searched olher than mintmum dociimentalion (o the exten tha) such documenis are incinded in the Aalds Searched

E1agironic data base consulled during the inlemational sgarch {nama of data base and, whare praclical, ssarch terms used)

EPO-Internal, WPI Data, BEILSTEIN Data, CHEM ABS Data

C. BOCCUMENTS CONSIDERED TO BE RELEVANT

Cartggory® | Chation ¢f documes), vith Indication, where sppropriala, of thn relevant passages

Relavant to claim No,

A WO 99/29661 A (ASTRA' PHARMA PROD [GBJ; . 1-13
ASTRA AB [SE]; BAXTER ANDREW [GB];
MCINALLY TH) 17 June 1999 {1999-06-17)
antagonists of P2X7 receptor, see
structure of the compounds of claim 1
A W0 99/29686 A (ASTRA PHARMA PROD [GB]; 1-13
ASTRA AB [SE]; BAXTER ANDREW [GB];
CHESHIRE DA) 17 June 1999 (1999-06-17)
antagonists of P2X7 receptor, see
structure of the compounds of claim 1
A FR 2 273 533 A (FERLUX SA [FR]) 1-13
2 January 1976 (1976-01-02)

se¢ activity of the compounds of claim ]

|

D Further docurmenis are lisled in tho continuation of Box C.

Sep patent family ahnex.

* Bpacia) calegories of gitgd documents :

‘A" docuinent delining the general state of the an which Is not
congidured 10 be of particular refovance

‘B earfier docwmont but published on or atterthe inlemationat
1lng date

'L docuingnt whish may throw doubts on pilority clafmis) or
~hich is aled 1o eslahfish tha publication date of another
Silatlon or other speciai reasnn (as specified)

'O docemer raterdng to an oral disclosure, use, exhibition or
cther means

1 dagumen) publisted prior Lo tho Intgmational filing date but
larer than the pricsily data caimuod

*T* laler docyment published after the international tiing date
or mionlly date and not tn contiict with the apptication but
cllad o understand the principle of theory undeitylng the
invenlion

*X* document of particular relevance; the clatimed thvontion
cannol ba considared novel or cannol b considered to
involve Bn tnvantivi stop when the document Is 1aken alone

'y documont of particular televanca; the clalmad inveation
cannol be considored to Involve an Invantive step when the
documenl {5 combined with ong ar mose ather such docu—

ments, such compination buing obvlous 1o 8 person skiled
inthe arl.

‘& document momber of the sama patant family

Datu ¢ the atiugl completion of the ktornations! search

25 September 2007

Cale of maibing of the intemaliont search repon

02/10/2007

Nama and maiing audress of ho ISAS
rumpean Patent Otfice, P.B. 5618 Patentlasn 2
L - 22B0 HV Rijswilk
Tel {(+31=70) J40-2040, Tx. 31 651 epo 0,
fax: (+31=70) 310-3016

Auihotlzed ofticer

TRAEGLER-GOELDEL, M

Fonr PCTASAR2Y0 fsgcord chend) {Apri 2005}




international application No. V4 f} / \
INTERNATIONAL SEARCH REPORT PCT/EP2007/056675 (\ \
v'

Box | Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This Inlzmational Search Report has not been established In raspect of cartain claims under Articla 17(2)(a) for the following reasons:

. r‘—]x | Ciaims Nos..
bacause they relate to subject matier not requirad to be searched by this Authority, namely:

Although claim 12 is directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effects of the
compound/composition.

; l Claims Nos.:

becauss thay relate 1o parts of the International Application that do not comply with the presciibed requirements to such
an exiant that ne meaningiul International Search can be carrisd out, specifically:

o]

3 ' ]Ciaims Nps,:

because they are dependent claims and are not draflad In accordance with the secand and third sentances of Rule 6.4(a).

Box li Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This internationgl Searching Authority found multipla Invantions in this international application, as tollows:

-

As all required additional search fees were timaly pald by the applicant, this internatlonal Search Report covers ail
searchabla claims., :

2. l i As al) searchable claims could be searchad without afiort justifying an addlional fee, this-Authority did not invite payment
of any additlonal fes.

w

As anly some of the raquired additional search fees were lmely paid by the applicant, this Interpational Search Report
covers only those claims tor which fess were paid, specifically claims Nog.:

4. Mo raguired adeliionat search feas were tmely patd by the applicant. Conssquently, this Interational Search Report is
restricted to ths invention first mantionad in the claims; itis covared by claims Nos.:
RAemark on Protest D The additional search fses were accompanled by the applicant’s protest.

D No protest accompanied tha paymant of addiional search fees.

Farm PCTNSAZ1D {continuation of first sheet {2)) (January 2004)



INTERNATIONAL SEARCH REPORT

Intormation on patent family mombers

International application No

4

/

PCT/EP2007/056675 N
Patent document Publication Patent family Publication ‘ k
cited in search rapert date member(s) date
WO 9929661 A 17-06-1999 AT 224360 T 15-10-2002
AU 744280 B2 21-02-2002
AU 1791399 A 28-06-1999
BR 9813390 A 03-10-2000
CA 2312420 Al 17-06-1999
CN 1284057 A 14-02-2001
DE 69808130 D1. 24-10-2002
DE 69808130 T2 28-05-2003
DK 1036059 T3 02-12-2002
EE 200000378 A 17-12-2001
EP 1036059 Al 20-09-2000
- ES 2184352 T3 01-04-2003
HU 0004434 A2 28-05-2001
10 28003 A 03-05-2001
JP 2001525392 T 11-12-2001
NO 20002786 A 31-07-2000
NZ 504447 A 26-04-2002
PL 340906 Al 12-03-2001
PT 1036059 T 28-02-2003
RU 2214997 C2 27-10-2003
SK 8432000 A3 11-12-2000
TR 200001605 12 ©23-10-2000
us 6201024 B1 13-03-2001
us 6258838 B1 10-07-2001
U0 9929636 A 17-06-1999 AU 1791599 A 28-06-1999
BR 9813378 A 10-10-2000
CA 2312357 Al 17-06-1999
CN 1284074 A 14-02-2001
EE 200000321 A 15-08-2001
EP 1037889 Al 27~-09-2000
HU 0100731 A2 29-05-2002
JP 2001525406 T 11-12-2001
NO 20002787 A 01-08-2000
PL 340837 Al 26-02-2001
SK 8442000 A3 18-01-2001
TR 200001544 T2 21-11-2000
FR 2273533 A 02-01-1976  NONE

Feam PCTASALIC ipatsr larnly anner) Al 2008)




TR €3

00364- -00000-0000 I .
GIONE ndustria y Cpmercm
recha: 200&01 05 16:14:15 anq”%oz#\ ’;’&'ﬁ‘iﬁ-%fmu I i e
L ARSENTACION " Folios: 238 o SUPER P”\’]T l\flPdi C‘r"‘\
i \ ; .
REQUISITOS MINIMOS PARA ADMISION A TRANHTE o :
PCT Co
N S
i ool ;
PATENTE DE INVENCION i MODEO DE :IUTIL{DAF;J i
o
| o]
¢ Indicacion de que se sclicita la concesion de una patente Loy
& Datos de identificacion del solicitante o de la persona que presenta l.a sollﬁ,atdld e
& Descripcidn de la invencion Lo rd
¢ Dibujos de ser estos pertinentes b S
¢ Comprobante de pago de las tasas establecidas % : o A
| po
COMPLETA [ ] INCOMRBLETA Y |
. i '
Lo
.5 ’;\ \ '
DISENO INDUSTRIAL [ ] o
: b
¢ Indicacion de que se solicita el registro de Disefio Industrial ,‘ !, ; [
¢ Datos de identificacion del solicitante o de Ja persona que.presenta !a 5ol :itued [ ]
¢ Representacion grafica y fotografica del Disefio lnduslrlai 0 muestr*r del | ]
material que incorpora el disefio R
¢ Comprobante de pago de las tasas establecidas { ; 1)
] 1
i
oAl
e
COMPLETA [ ] iNClONP;L ETA [ ]
i i
R
ESQUEMA DE TRAZADO { ] Lod
S
T ! !
¢ indicacion de que se solicita ef registro de un Esquema de Trazado | i S
@ Datos de identificacion del solicitante o de la persona que presenta }'fl so!zc:tud [ ]
4 Representacion gréafica del esquema frazado ‘ . .\ voq 0]
¢ Comprobante de pago de las tasas establecidas ‘ S O
COMPLETA | ] ENCOMPL‘ETA ]

Q;Ioud‘.o. ™M Neo, - /

Firma Responsable j ;
!
l

Cairera 13 Nu. 27-00 %o S.M7y 0
Cenmutador: 3 £2 08 ?‘J f
3

Fecha

Fax: 350 5‘7 {20
E-mail: rnfo’)su. Qov.o0
wWww, Sic, CJU R ets] | .
Bogotd, D.C. ,\,o‘ .Tib'ia

\
|
i
i
1

e e




L=

RS

) o

M

REPUBLICA DE COLOMBIA )
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Folio 240
2020

Bogota D.C.,

Doctor{a}

COLALRTE GARCIA CARLOS REYNALDO
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GLAXO GROUP LIMITED
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Teniendo en cuenta gue la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en la referencia, reune los requisitos de forma establecidos en
la Decisidn 486 de la Comisidn de la Comunidad Andina, el Tratado de Cocperacidén en
Materia de Patentes (PCT), el Reglamento y la Circular Unica de la Superintendencia
de cidustria y Comercio, se envia el extracto de la solicitud a la Oficina de
Comunicaciones para efecto de su publicacidén en la Gaceta de Propiedad Industrial.
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