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4 PATENTENV!
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| ewwc PATENTES

\NDUSTR|A Y COMERC\O

tacion
022669- -00000-000 ' NUECREACIONE
e%78 FASENAC\ONAU
Fotios: 279

E-mail:

Teléfono:

Nombre:
REPRESENTANTE
O APODERADO
Teléfono:
E-mail:

Direccion: CALLE 94A No. 7A-09

DR. LUIS PATINO LEYVA

610 7420 Fax: 610 0706

. i
info@castellanosyco.com

IDENTIFICACION

c.C. NT [
ce. [ oo []
Cual

Numerc 2.930.616 TPA 2.698

Prioridad

(33) Pais de Origen

(32) Fecha

(31) Namero de Solicitud

uUs

08/08/2006

60/836.158

sixi n~No [

Instrucciones para el diligenciamiento del presente

formulario,

ver reverso de esta pagina.

P102-F06 (2008-06-09).



Anexos

X: {Comprobante de pago de la tasa de presentécién de la solicitud.

|
i
1

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona juridica.
[XTJPoderes, si fuere el caso, junto con ia sustitucion del mismo a mi favor
EDocumento de cesion del inventor al solicitante o a su causar|1te.

:Declaraciones. '

[XJcopia de ta solicitud internacional (Resumen, descripcion, reil/indicaciones, dibujos).

Traduccion de la solicitud internacional al castellano (Resum?n, descripcion, reivindicaciones, dibujos).
|:Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen Preliminar (IPEA).
[_JTraduccion del examen preliminar intemnacional efectuado por la IPEA.

:IDe ser el caso, copia del contrato de acceso. ‘

:IDe ser el caso, documento que acredite la licencia o autonzaf:lon de uso de conocimientos tradicionales de las
comunidades indigenas. !

[_]De ser el caso, certificado de depésito del material biologico.

|__—]Arte final 12x12

De ser el caso, informacion 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.

[___IDe ser el caso, modificaciones efectuadas a la solicitud internacional.
Otros: Tarjeta Propietario, Extracto para la publicacion, Forma PCT/iB/304, Forma PCT/IB/306

°*»

@ FIGURA CARACTERISTICA:

@ Solicito la concesion de la patente, - § MAR. 2009
NOMBRE: Ligis PATINO LEYVA
YAV
FIRMA: Wm

C.C. No. 28367616 Bogota - TPA 2.698 C.S.J.

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina. - MCA/gcb - P20234

P102-F06 (2008-06-09)




CASTELLANOS & COLTDA

ABOGADOS

Calle 94 A No. 7 A-09
Bogota, D.C. - COLOMBIA

10.

ANEXO #
INVENTOR

CHRISTOPHER, F. CLAIBORNE

23 Sparks Street :
Cambridge, MA 02138 .
ESTADOS UNIDOS DE AMERICA!

STEPHEN CRITCHLEY
20 Carter Road
Braintree, MA 02184

ES

ESTADOS UNIDOS DE AMERICA

STEVEN, P. LANGSTON
164 Mill Road
N. Andover, MA 01845

ESTADOS UNIDOS DE AMER|CA‘
EDWARD, J. OLHAVA %
19 Jay Street : .
Cambridge, MA 02139 }
ESTADOS UNIDOS DE AMERICA

STEPHANE PELUSO
97 Josephine Avenue # 2
Somerville, MA 02144
ESTADOS UNIDOS DE AMERICA

GABRIEL, S. WEATHERHEAD
572 Ocean Avenue

Salem, MA 01970

ESTADOS UNIDOS DE AMERICA

STEPAN VYSKOCIL
24 Hovey Street
Watertown, MA 02472
ESTADOS UNIDOS DE AMERICA
IRACHE VISIERS 1
57B Park Street

Arlington, MA 02474
ESTADOS UNIDOS DE AMERICA

HIROTAKE MIZUTANI
31 Rice Street # 2
Cambridge, MA 01240
ESTADOS UNIDOS DE AMERICA

COURTNEY CULLIS
122 Springs Road
Bedford, MA 01730
ESTADOS UNIDOS DE AMERICA

|
i
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FRUM G HOLLMANN RESTREPO ABOGADOS

£.+ .3 G.HOLLMANN RESTREPO
ABOGADOS LTDA

The undersigned LACTing on

PHONE NO.

behalf _of. and _.representng  of gI\T/IIIA_’.LENIUM -
RMACEUTICALS, ™™ INC:)y Bdsimsied—in

mbridge, Magga.&ﬂﬁ—b‘é‘c‘:ts; Estados Unidos, hereby
appoint(s) LUIS PATINO LEYVA andd/or
GUSTAVO HOLLMANN RESTREPO and/or,
domiciled in Bogota D.C., Republic of Colombia » AS OUT
true and legal attorney with the DECESSALY POWETS:
1) To apply to the administrative, judicial and police
authorities of the Republic of Colombia, in any instance
or appeal, for obraining registration of patents, utility
models, mdusrial designs and models, commercial
cnsigns and names, wademarks, slogans, health licenses,
copyrights  and  domain names as well as  their
assignments, extensions, renewals and changes of name:
2) To prepare, apply for, obrtain, execute and register
contracts, licenses, authotizations and tegistrations of
any kind; 3) To intervene as plaindff or defendant, in any
instance or appeal, before any judge, cousr, tribunal,
corporation, public officer or authority in any judicial,
administrative or police action, such as: action dealing
with commercial ensigns and names; oppositions against
trademark registrations; caducity and nulliry acrions;
recovery acdons, acuons arising from obtainment and
working of license agreements; azcdons dealing with
pfair competition; criminal actions; actions claiming
éexnnity for damages, complaints or remarks on all
Port of industrial property matters; the performance of
precautionary measures, and in any other similar action,
.éasu.re or appeal related to intellectual property
TNIATIErSs.
To this effect, I (we) hereby authorize him to file
applications, make descriptions, protests, amendments,
declarations, oppositions, cancellations, appeals and
claims; to ‘Pay taxes, quotas and liens as provided by
lLaw; to waive or abandon granted rights or rights in
process of being granted, to receive all kind of
documents and securities: to issue the respectve releases
and, in general, to take, before said authorities, pertinent
steps to the above mentoned purposes and take all
measures they may deem advisable to protect my (our)
interests, with all other necessary legal faculdes, and I
(we) heteby declare as good and valid whatever the
arrorneys should do to my (out) benefit.
This power comprises the authority to ratify ot confirm
on my (our) behalf any action, as well as the faculty of
receiving, desisting, transactng, compromising,
substituting ~ and revoking  substrutions, taking
no@fications, and appointing judidal or extra-judicial
@ ys.
Sighédin - - onthis 6thdayof Decemlser, 2005
. Cambridge, MA, U.S.A.

- detivadas

|
: ﬁ? 1 6163976 NOU.

15 2085 11:3@8M P1
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G. HOLLMANN RESTREPO
’ ABOGADOS LTDA

Yo (nosorros)

nomibre propio y representacion de,
con domicilio en . nombro(amaos; -
LUIS PATINO LEYVA y/0 GUSTAVO HOLLMANN
RESTREPO, con domicilio en Bogotd ID.C., Repiblica de
Colombia, apoderado verdadero y legal, con poder especiad,
amplio y suficiente:

1) Para recabar de las oficinas y autoridades colombianas
administrativas, judiciales y de policia en cualquier instancia o
recurso, la obtencidén de patentes de invencidn, modelos de
utlidad, dibujos y modelos industriales, registro de rmarcas,
registro  de lemas comerciales, depésitc de nombres v
ensefias comerciales, registros sanitarios, dexechos de AWLOT v
nombres de dominio asi como sus traspasos, prérrogas,
renovaciones y cambios de nombre; 2) Elaborar, wamicar,
solicitar, obtener, realizar, ejecutar y registrar conwratos,
licentias, autarizaciones y registros de cualesquiera clases: 33
Intervenir como demandante o como demandado en
cualduier instancia y recurso y ante cualquier juez, entidad,
corporacidn, funcionario pablico o autoddad ¢n accioncs
judiciales, administrativas y de policia, tales como acciones
de nombre o cnschia comerciales: acciones
reivindicatorias; acciones derivadas de la obrencion o
explotacién de licencias; acciones de compctencia desleal,
demandas penales y civiles; acciones de indemnizacién de
perjuicios, reclamos, u observaciones a cualquier asunto
sobre propiedad intelectual; al cjercicio de medidas cavrelares
y cualesquiera otras acciones, medidas o recursos similares
relacionados con la propiedad intelectal.

A este efecto, lo facultamos para elevar solicitudes, formular
descriipciones_, enmiendas, protesras, declaraciones,
oposiciones, cancelaciones, apelaciones y reclamos; pagar
impuestos, cuotas y gravimenes prescritos por la Lev:
renur‘xciar © desistic 2 derechos concedidos o en curso de
concesion; recibir toda clase de documentos y valores dando
al descargo respectiva, Y en general, para dar ante dichas
autoridades todos los pasos necesatios al efecto indicado v

N -')br:and- SN

tomas todas las medidas que creyeren conducentes al

resgufu:do de mis (nuestros) mtereses, con todas las
facultades necesarias, y por este documento desde ahora
declaro(amos) valido y bueno todo cuanto los apoderados

hicieren en mi (auestro) beneficio.

Hste poder comprende la facultad de ratificar, o confirmar en

mi (duestro) nombre lo actuado, asi como la facultad de
o -, L.
recibir, desistir, ransigir, comprometer, sustituir ¥y revocar

sustituciones, recibir notificaciones y nombrar apodcrados

: judiciz?lcs o cxtrajudiciales.

\ .
Firmado en el de de

Millennium Pharmaceuticals s Inc.

BY: \VQ(/:/V\-/ ]Q. g@,@\w/\_

Ian R. Silverman, Associate General Counsel

¢

|
i
'
t

Esteria Quince del Circals ds Santale
de Bogots. Como Notario Quines Rage
osnsisr que 6sta copia coincide sen
Decamento Original presentads pars
o Autenticacin.

10 FEB. 2009

AI{M ") 1
&LBA/ELSA CORTES RAMOS
ARIA QUIKCE ELCARGADA

IRt




FRCM : G HOLLMANN RESTREPO ABOGADOS PHONE NO. : S7? 1 6163976 NOU. 15 2885 11:31AM F,:,'_}_

R - Y
. CERTIFICACION
CERTIFICATION SOCIEDADES
COMPANIES

El(a) infrasesito(a)_ certifica: que la(s) fmads)
The undersipned Diana €. Gatle certifies: thar the que hntecede(n) y. dice(n) es (son) auténtica(s); que o
preceding  signature(s) reading 3, B. Sijvrma, 15 (are) (los)| signarario(s) desempena(n) actualmente el cargo(s) de
authenugc; thar the signer(s) at present fill(s) the posinon de i que tene(n) facultad para ororgar este
offisxisk b | of Millenivm Pharmaceuticals, Inc., that poder; y que dicha compafiia existe, cumple su objeto social
he (they) g"’t‘:‘fie) empowered to grant this power; and y estd organizada cn conforme a las Leyes de
that said company exists, accomplishes its social object Todos los hechos anterores le constan, por haber
and 1s organized in  Canbe: J% 7 in accordance with -examinado los documentos respectivos ¥ de todo ello da fe.

the Laws of D¢ awnre )
All the foregoing facts are known to me duc to my

having examined the respective documents to which I Firmado en el de de
artest. ) o
Signed in Gaby .‘3(/}@4 on this &th day of Q«(c&n}:\’.f
° Qo™ :

o

migsion Ex

Botaria Quince del Cirenlc do mn

{ €3 Bogots. Como Notario Quines hape

- uml;rn%naoe_sty ﬁopia coincide son }
ento Original pressniado pa

| ou Astenticacion. pare

8LBA FISA CORTES RAMO)
EOTARIA QUINCE ERCARSABA

o8

%




FERCM G HOLLMANN RESTREPO ABOGADOS

CERTIFICATION
COMPANIES

The undersigned Jianqn €. Czerr{/t certifies: thar the
preceding  signarure(s) reading -3, L. Sijvgma 18 (are)
anhendc; thar the sigoer(s) at present fill(s) the positon
ofAisoi s év_\cn/ of Millenium Pharmnaceuticals, Inc., thar
he (they) & ’(‘;.‘xéz) empowered to grant this power; and
that said company exists, accomplishes its social object
and is organized in  (ambsidgt, /W  in accordance with
the Laws of ¢ lawnre

All the foregoing facts are known to me duc to my
having examined the respective documents to which I
attest.

of Yo

DIANA E. GENTILE
Notary Fuyiic :

/Commonwealth of Massachysetts B

My Commigision Expires X

S

PHONE NO.

Signed in Gab .13(/}4'}4 oni this é% day of Q(L&AL)C’

57 1 61633976 NOU. 15 2805 11:31A/M P2

CERTIFICACION
SOCIEDADES

El(a) infrasctitola)_ cerrifica: que la(s) frmmgss
que antccede(n) y. dice(n) ¢s (son) auténticals); que ¢
(los) signarario(s) desempena(n) actualmente el cargo(s) de
de » que tiene(n) facultad para ororgar ésre
poder; y que dicha compaiiia existe, cumple su objeto social
¥ estd organizada cn conforme a las Leyes de
Todos los hechos antedores le constan, por  haber
examinado los documentos respectivos y de todo ello da fe.

Fi;rnado en el de de

zu.:n Quince do! Cireals dg

Botd. Como Notario (uin
snstar que 6oty topia “i.l:'d?.ill'

mento Qtiging!
L Altcnﬂczcibﬁ. preseiitade pare

10 FEB, 2gg

T e ettt t—|
CORYES RAMO3
ARIA Qu_mcz ESCARIARA
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Apostille

(Convention de La Haye du 5 1octobre 1961)

District of Columbia
United States of America

This public document has been signed by

|

|ALBERT L. THEMES

NOTARY PUBLIC IN ]‘AND FOR THE DISTRICT OF COLUMBIA

acting in the capacity of

bears the seal/stamp of

ALBERT L. THEMES, NOTARY PUBLIC IN AND FOR THE

DISTRICT OF COLUMBIA

CERTIFIED

at Washington, D.C.:
. 12 TH

DECEMBER 2005

the day of

by Secretary of the District of Columbia

w 149773

86—P0138

10. Signature

C=terfa Quince de! Cireals ¢s Decdeio b
¢ Dogats. Como Notario Quinece bega
Constar que Esta copia coincide ecn

monte Original prasen
€3 Aotenticacj g. presentado pare

ALDA ELSA CORTES RAMOD
CI0TARIA QUIACE ENCARCESS

raul il id




Traduccién Oficial del Inglés de los sellos, las

autenticaciones y 1la apostilla adjuntas al poder que la

compafiia MGBRENLUMBEED _Qg;k domiciliada en
Cambridge, Massachussets, Estados Unidos de América, otorga a

Luis Patifio Leyva y/o Gustavo Hollmann Restrepo.

[Sello:] DIANA E. GENTILE
Notaria Publica
Estado de Massachusstets

Mi comisidén expira Octubre 27/2006

CERTIFICO MEDIANTE LA PRESENTE QUE
ESTE ES EL DOCUMENTO ORIGINAL

SAMI SWANEK 12.8.05

Suscrito y juramentado! en mi presencia, el
dia de hoy 8 de Diciembre de 2005, un

Notario Publico en y para Washington D.C.

ALBERT L.| THEMES
NOTARIO PUBLICO DISTRITO DE COLUMBIA

Mi comisién expira 6/14/2009

[ p
(Firma y Sello Of ij'tate uine dsl 0

we &sta copis coincide el
m&'m‘h Original pressntado paré

U Fe. 2000

. yy4 1
————————————————— (continta en la 2* pagind SACORTESRAMOR__§:
3 RIA _QUﬁmclr ucalglw
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APOSTILLA

(ConVencién de La Hayva del 5 de Octubre de 1961)

Distrito de Columbia, Estados Unidos de América

s
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THEMES

En su calidad de: NOTARIO BUBLICO EN Y PARA EL
DISTRITO DE COLUMBIA

¥ lleva el sello oficial: DE NOTARIOC PUBLICC EN Y PARA

ET. DTSTRTTO DE COT.UMBTA

i

CERTIFICADC
En: Washington D.C.
El dia: 12 DE DICIEMBRE DE ‘2005
Por: El Secretario del Distrito de Columbia

a
Bajo el No. 149773
Sello: SECRETARIA DISTRITO DE COLUMBIA

Firma: Patricia Elwood~ (Interina)
N . 4 - .

[ ’

i
i
i ;
i .

| /g <
M Moz S,
JOSE MIGUEL MENDEZ

1 "Traduct;ﬁ.rﬁhi- .

le 91t die Hhayel E! ;ﬁgs%’m? g!tgi't!.q:l‘nm

g {]
Rlar que 6sta copis coincids "
T Beswmento Original presentads nn
Avtenticacign,

. " AU Fes. 2009
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|
12) INTERNATIONAL APPLICATION PUBLISHED UND{'ER THE PATENT COOPERATION TREATY (PCT)

(19) Worid Intellectual Property Organization 4 ‘

Intornational Bureau %’ |IIIII||l||||l||I|I|III!I|III||II||I||I||IIHIIIIIIHIIlIIIIIIIIIIIIIINIII IlIIlIIIIIIllIIII

(10) International Publication Number

WO 2008/019124 A1l

Stepan [CZ/US}; 24 Hovey Street, Watertown, MA 02472

(43) International Publication Date
14 February 2008 (14.02.2008)

!
(51) International Patent Classification: .{
|

X

0087019124 A 1IN NI 0K O 00 O

Ocean Avenue, Salem, MA 01970 (US). VYSKOCIL,

|
|

CO7D 213/82 (2006.01) CO07D 473/32 (2006.01) (US). VISIERS, Irache [US/US]; 57B Park Street, Ar-
CO7D 239/48 (2006.01) CO7D 498/04 (2006.01) lington, MA 02474 (US). MIZUTANI, Hiro {JP/US]; 31
CO07D 251/18 (2006.01) AG61K 31/505 (2006.01) Rice Street #2, Cambridge, MA 01240 (US). CULLIS,
CO7D 403/04 (2006.01) AG6IP 35/00 (2006.01) Courtney [US/US}; 122 Springs Road, Bedford, MA
CO7D 403/08 (2006.01) 01730 (US).
(21) International Application Number: ("74) Agents: KLLUNDER, Janice, M. et al.; Millennium Phar-
PCT/US2007/017463 ' maceunticals, Inc., 40 Landsdowne Street, Cambridge, MA
02139 (US).
(22) International Filing Date: 6 August 2007 (06.08.2007) } :
' (81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English [ kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR,BW,BY, BZ, CA, CH,
(26) Publication Language: English . CN, CO, CR, CU, CZ,DE, DK, DM, DO, DZ, EC, EE, EG,
. | ES, HI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, I,
(30) Priority Data: i IN, 1S, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, 1K,
60/836,158 8 August 2006 (08.08.2006) US t LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
: MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
(71) Applicant (for all designared States except US): MIL- . PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
LENNIUM PHARMACEUTICALS, INC. {US/US]; 40 | TJ, ™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
Landsdowbe Street, Cambridge, MA 02139 (US). # M, ZW.
(72) Inventors; and 1(84) Designated States (unless otherwise indicated, for every
(75) Inventors/Applicants (for US only): CLAIBORNE, kind of regional protection available): ARIPO (BW, GH,
Christopher, F. [US/US]; 23 Sparks Street, Cambridge, } GM, KE, LS, MW, MZ, NA, SD, SL, §Z, TZ, UG, ZM,
MA 02138 (US). CRITCHLEY, Stephen [GB/US}; 20 ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Carter Road, Braintree, MA 02184 (US). LANGSTON, . European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, HI,
Steven, P. [GB/US]; 164 Mill Road, N. Andover, MA FR, GB, GR,HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
01845 (US). OLHAVA, Edward, J. [US/US], 19 Jay . PT, RO, SE, 51, SK, TR), OAPL (BF, B], CF, CG, CI, CM,
Street, Cambridge, MA 02139 (US). PELUSO, Stephane GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
[FR/US]; 97 Josephine Avenue #2, Somerville, MA 02144 '
(US). WEATHERHEAD, Gabriel, S. [US/US); 57a | Published:

with international search report

(54) Title: HETEROARYL COMPOUNDS USEFUL AS INH:[BITORS OFE1 ACTIVATING ENZYMES

g} (587) Abstract: This invention relates to compounds that inhibit E1 activating enzymes, pharmaceutical compositions comprising
the compounds, and methods of using the compounds. The compounds are useful for treating disorders, particularly cell prolifer-
ation disorders, including cancers, inflammatory and neurodegenerative disorders; and inflammation associated with infection and
a cachexia. .
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WO 2008/019124 PCT/US2007/017463

HETEROARYL COMPOUNDS USEFUL AS INHIBITORS OF

E1 ACTIVATING ENZYMES
Priority Claim
[001] . This application claims priority from U.S. Provisional Patent Application

Serial No. 60/836,158, filed on August 8, 2006, which is hereby incorporated by reference in
its entirety.

Field of the Invention

(002] This invention relates to compounds, compositions and methods for the
treatment of various disorders, particularly disorders of cell proliferation, including cancers,
and inflammatory disorders. In particular, the invention provides compounds which inhibit
the activity of E1 type activating enzymes.

Ba f venti

[003] - The post-translational modification of proteins by ubiquitin-like molecules
(ubls) is an important regulatory process within cells, playing kéy roles in controlling many
biological processes including cell division, cell signaling and the immune response. Ubls
are small proteins that are covalently attached to a lysine on a target prctein via an
isopeptide linkage with a C-terminal glycine of the ubl. The ubiquitin-likke molecule alters
the molecular surface of the target protein and can affect such properties as protein-protein

interactions, enzymatic activity, stability and cellular localization of the target.

{004] Ubiquitin and other ubls are activated by a specific E1 en:zyme which
catalyzes the formation of an acyl-adenylate intermediate with the C-terminal glycine of the
ubl. The activated ubl molecule is then transferred to the catalytic cysteine residue within
the E1 enzyme through formation of a thioester bond intermediate. The E1-ubl intermediate
and an E2 associate, resulting in a thioester exchange wherein the ubl is transferred to the
active site cysteine of the E2. The ubl is then conjugated to the target protein, either directly
or in conjunction with an E3 ligase, through isopeptide bond formation with the amino

group of a lysine side chain in the target protein.

{005} The biological consequence of ubl modification depends on the target in
question. Ubiquitin is the best characterized of the ubls and a consequence of modification
by ubiquitination is the degradation of poly-ubiquitinated proteins by the 26S proteasome.
Ubiquitin is conjugated to its target proteins through an enzymatic cascade involving its
specific E1 activating enzyme, Ubal (ubiquitin activating enzyme, UAE), a conjugating
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enzyme from the family of E2s, and a ubiquitin lig'ase from either the RING or HECT classes
of E3s. See, Huang et al., Oncogene, 23:1958-71 (20104). Target specificity is controlled by the
particular combination of E2 and E3 protein, with’ >40 E2s and >100 E3s being known at
present. In addition to ubiquitin, there are at leas;t 10 ubiquitin-like proteins, each believed
to be activated by a specific E1 activating enzyme and processed through similar but distinct
downstream conjugation pathways. Other ubls for which E1 activating enzymes have been
identified include Nedd8 (APPBP1-Uba3), ISG15 (UBE1L) and the SUMO family
(Aosl-Uba2). |

{006} The ubl Nedd8 is activated by the heterodimer Nedd8-activating enzyme
(APPBP1-Uba3) (NAE) and is transferred to a sinrgle E2 (Ubc12), ultimately resulting in
ligation to cullin proteins. The function of neddylation is the activation of cullin-based
_ubiquitin ligases involved in the ubiquitination and hence turnover of many cell cycle and
cell signaling proteins, incduding p27 and I-xB. éee Pan et al., Oncogene. 23:1985-97 (2004).
The ubl SUMO is activated by the heterodimer sﬁmo activating enzyme (Aosl-Uba2) (SAE)
and is transferred to a single E2 (Ubc9), followed by coordination with multiple E3 ligases,
ultimately resulting in sumoylation of target pro:teins. Sumo modification can affect the
cellular localization of target proteins and proteins modified by SUMO family members are
involved in nuclear transport, signal transduction and the stress response. See Seeler and
Dejean, Nat Rev Mol Cell Biol. 4:690-9, (2003). Th]le function of sumoylation includes
activation of cell signaling pathways (e.g., cytok}ne WNT, growth factor, and steroid
hormone signaling) involved in transcription regulation; as well as pathways involved in
control of genomic integrity (e.g., DNA rephcatxon, response to DNA damage,
recombination and repair). See Muller et al, Oncogene 23:1998-2006, (2004). There are other
ubls (e.g., ISG15, FAT10, Apg12p) for which the' blologxcal functions are still under

investigation.

[007] A particular pathway of importa}nce which is regulated via E1 activating
enzyme activities is the ubiquitin-proteasome pathway (UPP). As discussed above, the
enzymes UAE and NAE regulate the UPP at two different steps in the ubiquitination
cascade. UAE activates ubxqmtm in the first step of the cascade, while NAE, via achvahon
of NeddS is responsible for the activation of the cullin based ligases, which in turn are
required for the final transfer of ubiquitin to ce!rtam target proteins A functional UPP
pathway is required for normal cell maintenance. The UPP plays a central role in the
turnover of many key regulatory proteins involved in transcription, cell cycle progression

and apoptosis, all of which are important in disease states, including tumor cells. See, e.g.,
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King et al., Science 274: 1652-1659 (1996); Vorhees et al., Clin. Cancer Res., 9: 6316-6325 (2003);
and Adams et al., Nat. Rev. Cancer, 4: 349-360 (2004). Proliferating cells are particularly
sensitive to inhibition of the UPP. See, Drexler, Proc. Natl. Acad. Sci., U5SA 94: 855-860 (1977).
The role of the UPP pathway in oncogenesis has led to the investigation of proteasome
inhibition as a potential anticancer therapy. For example, modulah'on of the UPP pathway
by inhibition of the 26S proteasome by VELCADE" (bortezomib) has proven to be an

effective treatment in certain cancers and is approved for the treatment of multiple myeloma
and mantle cell lymphoma patients who have received at least one pricr therapy. Examples
of proteins whose levels are controlled by cullin-based ubiquitin ligases which are
downstream of NAE and UAE activity include the CDK inhibitor p27**"* and the inhibitor of

NFxB, IxB. See, Podust et al., Proc. Natl. Acad. Sci., 97: 4579-4584 (2000), and Read et al., Mol.
Cell Biol., 20: 2326-2333 (2000). Inhibition of the degradation of p27 is expected to block the
progression of cells through the G1 and S phases of the cell cycle. Interfering with the
degradation of IxB should prevent the nudear localization of NF-kB, transcription of various.
NF-xB-dependent genes associated with the malignant phenotype, and resistance to
standard cytotoxic therapies. Additionally, NF-xB plays a key role in the expression of a
number of pro-inflammatory mediators, implicating a role for such inhibitors in
inflammatory diseases. Furthermore, inhibition of UPP has been implicated as a useful
target for additional therapeutics, such as inflammatory disorders, including, e.g.,
rheumatoid arthritis, asthma, multiple sclerosis, psoriasis and reperfusion injury;
neurodegenerative disorders, including e.g., Parkinson’s disease, Alzheimer’s disease, triplet

‘ repeat disorders; neuropathic pain; ischemic disorders, e.g., stroke, infarction, kidney
disorders; and cachexia. See, e.g., Elliott and Ross, Am. J. Clin. Pathol., 116:637-46 (2001);
Elliott et al., ]. Mol. Med., 81:235-45 (2003); Tarlac and Storey, J. Neurosci. Res. 74: 406-416
(2003); Mori et al., Neuropath. Appl. Neurobiol., 31: 53-61 (2005); Manning, Curr. Pain Headache
Rep., 8: 192-8 (2004); Dawson and Dawson, Science, 302: 819-822 (2003); Kukan, J. Physiol.
Pharmacol., 55: 3-15 (2004); Wojcik and DiNapoli, Stroke, 35:1506-18 (2004); Lazarus et al., Am
] Physiol., 27:E332-41 (1999).

[008] Targeting E1 activating enzymes provides a unique opportunity to interfere
with a variety of biochemical pathways important for maintaining the integrity of cell
division and cell signaling. E1 activating enzymes function at the first step of ubl

“conjugation pathways; thus, inhibition of an E1 activating enzyme will specifically modulate
the downstream biological consequences of the ubl modification. As such, inhibition of

these activating enzymes, and the resultant inhibition of downstream effects of
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ubl-conjugation, represents a method of interfering with the integrity of cell division, cell
signaling, and several aspects of cellular physiolqu which are important for disease
mechanisms. Thus, E1 enzymes such as UAE, NAE, and SAE, as regulators of diverse
cellular functions, are potentially important theral’peutic targets for the identification of novel
approaches to treatment of diseases and disorders.

Description of the Invention l

(009} This invention provides compoun!cls that are effective inhibitors of E1 .
activating enzymes, particularly NAE. The compounds are useful for inhibiting E1 activity
in vitro and in vivo, and are useful for the treatment of disorders of cell proliferation,
particularly cancers, and other disorders assodatged with E1 activity. Compounds of the

invention are of the general formula (I):

()
or a pharmaceutically acceptable salt meLeof, wherein:

Ring A is a 6-membered nitrogen-containing" heteroaryl ring, optionally fused to a 5- or
6-membered aryl, heteroaryl, cycloaliphatic or heterocyclic ring, wherein either or
both rings is optionally substituted and one ring nitrogen atom is optionally
oxidized;

W is -CH,-, -CHF-, -CF,-, -CH(R')-, -CF(R')-,-NH-, -N(R')-, -O-, -S-, or -NHC(O)-;

R'is C, aliphatic or C,  fluoroaliphatic; or R' is a C, . alkylene chain that is attached
to a ring position on Ring A to form a 5-, 6-, or 7-membered fused ring, wherein
the alkylene chain optionally is substituted with C, , aliphatic, C, , fluoroaliphatic,
=0, -CN, or -C(O)N(R"),;

X is -CH,-, -CHF-, -CF,-, -NH-, or -O-;

Y is -O-, -S-, or <CR™)(R)-;

R’ is selected from the group consisting of l%\ydrogem fluoro, -CN, -N,, -OR’, -N(R%),,
-NR'CO,R’, -NR'C(O)R’, -C(O)N(RY),, -C(O)R’, -OC(O)N(R"),, -OC(O)R’, -OCO,R’, or
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a C, aliphatic or C, , fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group consisting of -OR™, -N(R")(R"),
-CO,R™, or -C(O)N(R*)(RY); or R and R° together form a bond;

R’ is selected from the group consisting of hydrogen, fluoro, C, , aliphatic, and C, ,
fluoroaliphatic;

R is selected from the group consisting of hydrogen, fluoro, -CN, -N,, -OR’, -N(R"),,
-NR'COR’, -NR'C(O)R’, -C(O)N(R"),, -C(O)R’, -OC(O)N(R"),, “OC(O)R’, -OCO,R’, or
a C, , aliphatic or C_ fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group consisting of -OR™, -NR*"(R"),
-CO,R", or -C(O)N(R“}R™); or R” and R together form a bond; _

R is selected from the group consisting of hydrogen, fluoro, C,  aliphatic,and C,,
fluoroaliphatic;

R® is hydrogen, or C, , aliphatic; or R, taken together with one R'ard the intervening
carbon atoms, forms a 3- to 6-membered spirocyclic ring; or R’, taken together with
R™ and the intervening carbon atoms, forms a fused cyclopropane ring, which is

optionally substituted with one or two substituents indepéndently selected from
fluoroor C, | aliphatic;

R is hydrogen or C, , aliphatic; or R, taken together with R™ and the intervening carbon
atoms, forms a fused cyclopropane ring, which is optionally sutstituted with one or

two substituents independently selected from fluoro or C_ aliphatic;

eachR'is independently hydrogen, fluoro, C,;‘ aliphatic, or C, , fluoroaliphatic; or two R
taken together form =O; or two R, taken together with the carbon atom to which
they are attached, form a 3- to 6-membered carbocyclic ring; or one R', taken together

with R and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring;

R" is hydrogen, fluoro, -N(R"),, or an optionally substituted C, , aliphatic group; or R™
and R" together form =O or =C(R5)2; or R™ and R, taken togethe:: with the
intervening carbon atoms, form a fused cyclopropane ring, which is optionally
substituted with one or two substituents independently selected from fluoro or

C, ., aliphatic; or R” and R, taken together with the intervening carbon atoms, form a

o3
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fused cyclopropane ring, which is opn'onall,!y substituted with one or two
substituents independently selected from ﬂ]'uoro or C, , aliphatic;

R" is hydrogen, fluoro, or an optionally substituted C, , aliphatic group; or R™ and R"

together form =O or ='C(R5)2;

each R* independently is hydrogen or an optio;nally substituted aliphatic, ary},
heteroaryl, or heterocyclyl group; or two R“ on the same nitrogen atom, taken

togeiher with the nitrogen atom, form an optionally substituted 4- to 8-membered
heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms

independently selected from N, O, and S;

. : | '
R* is hydrogen, C,.alkyl, C,, fluoroalkyl, or C, ,, ar(C, Jalkyl, the aryl portion of which
may be optionally substituted; '

R¥ is hydrogen, C, , alkyl, C, , fluoroalkyl, C, |, ar(C, )alky), the aryl portion of which
may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; or

R™ and RY, taken together with the nitrogen atom to which they are attached, form an

optionally substituted 4- to 8-membered heterocyclyl ring having, in addition to the

nitrogen atom, 0-2 ring heteroatoms inde;!>endently selected from N, O, and S; and

each R’ independently is hydrogen or an opﬁ:onally substituted aliphatic, aryl,
heteroaryl, or heterocycly! group; .

each R independently is hydrogen, C, , alk)Tl, C, . fluoroalkyl, or an optionally

substituted C_,  aryl or C, , ar(C, Jalkyl;]

610

each R® independently is an optionally subst;ituted aliphatic, aryl, or heteroaryl group;
and I
mis1,2, or3.

[010] Compounds of the invention include those described generally above, and
are further defined and illustrated by the detailed description and examples herein.

[011) As used herein, the term “E1,” “E1 enzyme,” or “E1 activating enzyme” refers
to any one of a family of related A’I'P—dependen:t activating enzymes involved in activating

or promoting ubiquitin or ubiquitin-like (collecﬁvely “ubl”) conjugation to target molecules.
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E1 activating enzymes function through an adenylation/thioester intermediate formation to
transfer the appropriate ubl to the respective E2 conjugating enzyme through a
transthiolation reaction. The resulting activated ubl-E2 promotes ultimate conjugation of the
ubl to a target protein. A variety of cellular proteins that play a role in cell signaling, cell
cycle, and protein turnover are substrates for ubl cof\jugaﬁon which is regulated through E1
activating enzymes (efg., NAE, UAE, SAE). Unless otherwise indicated by context, the term
“El enzyme” is meant to refer to any E1l activating énzyme protein, binc‘:luding, without
limitation, nedd8 activating enzyme (NAE (APPBP1/Uba3)), ubiquitin activating enzyme
(UAE (Ubal)), sumo activating enzyme (SAE (Aos1/Uba2)), or ISG15 activating enzyme
(Ubell). Preferably, the term “E1 enzyme” refers to human NAE, SAE or UAE, and more
preferably refers to NAE.

[012] The term “E1 enzyme inhibitor” or “inhibitor of E1 enzyme” is used to signify
a compound having a structure as defined herein, which is capable of interacting with an E1
enzyme and inhibiting its enzymatic activity. Inhibiting E1 enzymatic activity meahs
reducing the ability of an E1 enzyme to activate ubiquitin like (ubl) conjugation to a
substrate peptide or protein (e.g., ubiquitination, neddylétion, sumoylation). In various
embodiments, such reduction of E1 enzyme activity is at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%. In various embodiments, the
concentration of E1 enzyme inhibitor required to reduce an E1 enzymatic activity is less than
about 1 pM, less than about 500 nM, less than about 100 nM, less than about 50 nM, or less
than about 10 nM.

[013] In some embodiments, such inhibition is selective, i.e., the E1 enzyme
inhibitor reduces the ability of one or more E1 enzymes (e.g.. NAE, UAE, or SAE) to promote
ubl conjugation to substrate peptide or protein at a concentration that is lower, preferably at
least 2-fold, 5-fold, 10-fold, 50-fold, or 100-fold lower, than the concentration of the inhibitor
that is required to produce another, unrelated biolbgical effect. In some such embodiments,
the E1 énzyme inhibitor reduces the activity of one E1 enzyme at a concentration that is
lower than the concentration of the inhibitor that is required to reduce enzymatic activity of
a different E1 enzyme. In other embodiments, the E1 enzyme inhibitor also reduces the
enzymatic acﬁvity of another E1 ’emyﬁe, preferably one that is ixﬁplicated in régulation of
pathways involved in cancer (e.g., NAE and UAE).

[014] The term “about” is used herein to mean approximately, in the region of,

roughly, or around. When the term “about” is used in conjunction with a numerical range,

it modifies that range by extending the boundaries above and below the numerical values
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set forth. In general, the term “about” is used herein to modify a numerical value above and

below the stated value by a variance of 10%. ]

(015} The term “aliphatic”, as used herei;Ln, means straight-chain, branched or cyclic
C,-C,, hydrocarbons which are completely saturated or which contain one or more units of
unsaturation, but which are not aromatic. For example, suitable aliphatic groups include
substituted or unsubstituted linear, branched or cyclic alkyl, alkenyl, alkynyl groups and
hybrids thereof, such as cycloalkyl, (cyc]oa]kyl)aljkyL (cycloalkenyl)alkyl or (cycloalkyl)-
alkenyl. In various embodiments, the aliphatic group has one to ten, one to eight, one to six,

one to four, or one, two, or three carbons.

[016i The terms “alkyl”, “alkenyl”, and alkynyl”, used alone or as part of a larger
moiety, refer to a straight and branched chain aliphatic group having from one to twelve

carbon atoms. For purposes of the present invention, the term “alkyl” will be used when the

carbon atom attaching the aliphatic group to the rest of the molecule is a saturated carbon
atom. However, an alkyl group may include unsaturation at other carbon atoms. Thus,
alkyl groups include, without limitation, methylL ethyl, propyl, allyl, propargyl; butyl,
pentyl, and hexyl. The term “alkoxy” refers to a|n -O-alkyl radical.

[(017] For purposes of the present inver‘ition, the term “alkenyl” will be used when
the carbon atom attaching the aliphatic group to the rest of the molecule forms part of a
carbon-carbon double bond. Alkenyl groups include, without limitation, vinyl, 1-propenyl,

1-butenyl, 1-pentenyl, and 1-hexenyl. . ‘

[018] For purposes of the present mver‘ilﬁon, the term “alkynyl” will be used when
the carbon atom attaching the aliphatic group to the rest of the molecule forms part of a

carbon-carbon triple bond. Alkynyl groups include, without limitation, ethynyl, 1-propynyl,

1-butynyl, 1-pentynyl, and 1-hexynyl.

{019] The term "cycloaliphétic", used fialone or as part of a larger moiety, refers to a
saturated or partially ﬁnsamrated cyclic aliphaﬁc ring system having from 3 to about 14
members, wherein the aliphatic ring system is optionally substituted. In some
embodiments, the cycloaliphaticis a monocyc]i’c hydrocarbon having 3-8 or 3-6 ring carbon
atoms. Nonlimiting examples include cycloprc;kpyl, cydobutyi, cyclopentyl, cyclopenteny],
cydohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl, and
cyclooctadienyl. In some embodiments, the cyicloaliphatic is a bridged or fused bicyclic

hydrocarbon having 6-12, 6-10, or 6-8 ring carbon atoms, wherein any individual ring in the

bicyclic ring system has 3-8 members. ‘!

|5



WO 2008/019124 PCT/US2007/017463

{020] In some embodiments, two adjacent substituents on a cycloaliphatic ring,
taken together with the intervening ring atoms, form an optionally substituted fused 5- to
6-membered aromatic or 3- to 8-membered non-aromatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and S. Thus, the term “cycloaliphatic” includes
aliphatic rings that are fused to one or more ary}, heteroaryl, or heterocyclyl rings, where the
radical or point of attachment is on the aliphatic ring.. Nonlimiting examples include
indanyl, 5,6,7 8-tetrahydroquinoxalinyl, decahydronaphthyl, or tetrahydronaphthyl, where
the radical or point of attachment is on the aliphatic ring.

{021]) The terms “haloaliphatic”, “haloalkyl”, “haloalkenyl” and “haloalkoxy” refer
to an aliphatic, alkyl, alkenyl or alkoxy group, as the case may be, which is substituted with
one or more halogen atoms. As used herein, the term “halogen” or “halo” means F, Cl, Br,
orI. The term “fluoroaliphatic” refers to a haloaliphatic wherein the halogen is fluoro.
Nonlimiting examples of fluoroaliphatics include ~-CH,F, -CHF,, -CF,, «<CH,CF,, -CF,CH,,
and -CF,CF,.

(022] The terms “aryl” and “ar-”, used alone or as part of a larger moiety, e.g.,
“aralkyl”, "arAlkoxy”, or “aryloxyalkyl”, refer to a C, to C,, aromatic hydrocarbon,
comprising one to three rings, each of which is optionally substituted. Preferably, the aryl
group is a C,,, aryl group. Aryl groups include, without limitation, phenyl, naphthyl, and
anthracenyl. In some embodiments, two adjacent substituents on an aryl ring, taken
together with the intervening ring atoms, form an optionally substituted fused 5- to
6-membered aromatic or 4- to 8-membered non-aromatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and S. Thus, the term “aryl”, as used herein,
includes groups in which an aromatic ring is fused to one or more heteroaryl, cycloaliphatic,
or heterocyclyl rings, where the radical or point of attachment is on the aromatic ring.
Nohlimit'mg examples of such fused ring systems include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl,
isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
fluorenyl, indanyl, phenanthridiny), tetrahydronaphthyl, indolinyl, phenoxazinyl,
benzodioxanyl, and benzodioxolyl. An aryl group may be mono-, bi-, tri-, or polycyclic;
preferably mono-, bi-, or tricyclic, more preferably mono- or bicyclic. The term “aryl” may

be used interchangeably with the terms “aryl group”, “aryl moiety”, and “aryl ring”.
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(023] An “aralkyl” or “arylalkyl” group .comprises an aryl group covalently
attached to an alkyl group, either of which indeptienden‘tly is optionally substituted.
Preferably, the aralkyl group is C, ,, aryl(C, »alkyl, including, without limitation, benzyl,

phenethyl, and naphthylmethyl. .

{024) The terms “heteroaryl” and “heteroar-“, used alone or as part of a larger
moiety, e.g., heteroaralkyl, or “heteroaralkoxy”, r!efer to groups having 5 to 14 ring atoms,
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 = electrons shared in a cyclic array;
and having, in addition to carbon atoms, from one to four heteroatoms. The term
“heteroatom” refers to nitrogen, oxygen, or sulfur, and includes any oxidized form of
nitrogen or sulfur, and any quaternized form of a basic ni&ogen. Thus, when used in
reference to a ring atom of a heteroary), the term [“nitrogen” includes an oxidized nitrogen
(as in pyridihe N-oxide). Certain nitrogen atomsj

substitutable, as further defined below. Heteroatyl groups include, without limitation,

lof 5-membered heteroaryl groups also are
thienyl, furanyl, pyrroly), imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazoly!, thiadiazolyl, pyridy), pyridazinyl, pyrimidinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, elnd pteridinyl.

[025] In some embodiments, two adjace:nt substituents on a heteroaryl ring, taken
together with the intervening ring atoms, form an optionally substituted fused 5- to
6-membered aromatic or 4- to 8-membered nonJ?romatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and S. Thus, the terms “heteroaryl” and
“heteroar-”, as used herein, also include groups in which a heteroaromatic ring is fused to
one or more aryl, cycloaliphatic, or heterocyclyl rings, where the radical or point of
attachment is on the heteroaromatic ring. Norﬂipﬁﬁng examples include indolyl, isoindolyl,
benzothienyl, benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl,
quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl,
carbazolyl, acridinyl, phenaziny), phenothjazinyl, phenoxazinyl, teﬁahydroquhoﬁnyl,
tetrahydroisoquinolinyl, and pyrido[23-b]-1,4-0xazin-3(4H)-one. A heteroaryl group may

- be mono-, bi-, tri-, or polycydlic, preferably mono-, bi-, or tricyclic, more preferably mono- or

bicyclic. The term “heteroaryl” may be used interchangeably with the terms “heteroaryl
ring”, or “heteroaryl group”, any of which terms include rings that are optionally
substituted. The term “heteroaralkyl” refers to an alkyl group substituted by a heteroaryl,
wherein the alkyl and heteroaryl portions independently are optionally substituted.

{026] As used herein, the terms “aromatic ring” and “aromatic ring system” refer to

an optionally substituted mono-, bi-, or tricyclic grdup having 0-6, preferably 0-4 ring
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heteroatoms, and having 6, 10, or 14 electrons shared in a cydlic array. Thus, the terms

“aromatic ring” and “aromatic ring system” encompass both aryl and heteroaryl groups.

f027] As used herein, the terms “heterocycle”, “heterocyclyl”, “heterocyclic
radical”, and “heterocyclic ring” are used interchangeably and refer to a stable 3- to
7-membered monocydlic, or to a fused 7- to 10-membered or bridged 6- to 10-membered
bicyclic heterocyclic moiety that is either saturated or partially unsaturated, and having, in
addition to carbon atoms, one or more, preferably one to four, heteroatoms, as defined
above. When used in reference to a ring atom of a heterocycle, the term “nitrogen” includes
a substituted nitrogen. As an example, in a heterocyclyl ring having 1-3 heteroatoms
selected from oxygen, sulfur or nitrogen, the nitrogen may be N (as in
3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or 'NR (as in N-substituted pyrrolidinyl).
A heterocyclic ring can be attached to its pendant group at any heteroatom or carbon atom
that results in a stable structure, and any of the ring atoms can be opticnally substituted.
Examples of such saturated or partially unsaturated heterocyclic radicals include, without
limitation, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl,
pyrrolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroguinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl,
morpholinyl, and quinuclidinyl.

[028] In some embodiments, two adjacent substituents on a heterocyclic ring, taken
together with the intervening ring atoms, form an optionally substituted fused 5- to
6-membered aromatic or 3- to 8-membered non-aromatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and S. Thus, the terms “heterocycle”,
“heterocyclyl”, “heterocyclyl ring”, “heterocyclic group”, “heterocyclic moiety”, and
“heterocydlic radical”, are used interchangeably herein, and include groups in which a
heterocyclyl ring is fused to one or more aryl, hetéroaryl, or cycloaliphatic rings, such as
indolinyl, 3H-indolyl, chromanyl, phénanthridinyl, or tetrahydroquinolinyl, where the
radical or point of attachment is on the heterocyclyl ring. A heterocyclyl group may be
mono-, bi-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic, more preferably mono- or
bicyclic. The term “heterocyclylalkyl” refers to an alkyl group substituted by a heterocyclyl,
wherein the alkyl and heterocyclyl portions independenﬂy are optionally substituted. '
[029]) As used herein, the term “partially unsaturated” refers to a ring moiety that
includes at least one double or triple bond between ring atoms. The term “partially

unsaturated” is intendéd to encompass rings having multiple sites of unsaturation, but is not

intended to include aryl or heteroaryl moieties, as herein defined.
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(030} The term “linker group” or “linker” means an organic moiety that connects
two parts of a compound. Linkers typically comfprise an atom such as oxygén or sulfur, a
unit such as -NH-, —Cl-\lz-, -C(O)-, -C(O)NH-, or a "cham of atoms, such as an alkylene chain.
The molecular mass of a linker is typically in the 1range of about 14 to 200, preferably in the
range of 14 to 96 with a length of up to about six atoms. In some embodiments, the linker is
a C, alkylene chain which is optionally substituted. )

[031] The term “alkylene” refers to a bivalent alkyl group. An “alkylene chain” is a
polymethylene group, i.e., (CH,) -, wherein n is;a positive integer, preferably from one to
six, from one to four, from one to three, from one to two, or from two to three. A substituted
alkylene chain is a polymethylene group in whic’h one or more methylene hydrogen atoms is
replaced with a substituent. Suitable substituenfts inctude those described below for a
substituted aliphatic group. An alkylene chain ;Also may be substituted at one or more
positions with an aliphatic group or a subsﬁtuteid aliphatic group.

[032] An alkylene chain also can be op‘tionally interrupted by a functional group.
An alkylene chain is “interrupted” by a functional group when an internal methylene unit is
replaced with the functional group. Examples of suitable “interrupting functional groups”
include -C(R*)=C(R*)-, -C=C-, -O-, -S-, -5(0)-, -S(0),~, -S(O),N(R")-, -N(R’.)—, -NR"YCO-,
-NERC(O)N(R")-, -N(R")CO,-, -C(O)N(R")-, -C(O)-, -C(0)-C(0)-, -CO,-, -OC(0)-, -OC(0)O-,
-OC(O)N(R")-, -C(NR")=N, -C(OR*)=N-, -N(R")-N(R)-, or -N(R)S(O),-. EachR’,
indepetidently, is hydrogen or an optionally suj'bstituted aliphatic, aryl, hetéfoaryl, or
heterocycly! group, or two R” on the same nitrc?)gen atom, taken together with the nitrogen
atom, form a five to eight fnembered aromatic "or non-aromatic ring having, in addition to
the nitrogen atom, zero to two ring heteroatoms selected from N, O, and S. EachR*
independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group.

{033] Examples of C, ; alkylene chains that have been “interrupted” with -O-
include -CH,0OCH,-, -CH,O(CH,),-, -CH,0(CH,),-, -CH,O(CH,),-, -(CH,),0CH,-,

-(CH,),0(CH,),, ~(CH,),0(CH,),-, -(CH,),O0(CH,)-, (CH,);,0(CH,),- , and -(CH,), O(CH,)-.
Other examples of alkylene chains that are “interrupted” with functional groups include .

|

- -CH,GCH;-, -CH,G(CH,),-, CH,G(CH,);-, -CH,G(CH,),-, (CH,),GCH,-, (CH,),G(CH),-,

-(CH,),G(CH,),-, (CH,),G(CH,)-, -(C}iz),c;(crflz),- , and ~(CH,) G(CH,)-, wherein G is one of

the “interrupting” functional groups listed ablove.
t ‘
|
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{034] For purposes of clarity, all bivalent groups described herein, including, e.g.,
the alkylene chain linkers described above and the variables D, E, F,G,Q U, W, Y, v, T, T,
T’, and T are intended to be read from left to right, with a corresponding left-to-right

reading of the formula or structure in which the variable appears. When the bivalent group
is contained within a ring, a left-to-right reading of the variable corresponds to a clockwise

reading of the ring structure in which the variable appears.

{035] One of ordinary skill in the art will recognize that when an alkylene chain
having an interruption is attached to a functional group, certain combinations are not
sufficiently stable for pharmaceutical use. Only stable or chemically feasible compounds are
within the scope of the present invention. A stable or chemically feasible compound is one
in which the chemical structure is not substantially altered when kept at a temperature from
about -80 °C to about +40 °C, preferably from about -20 °C to about +40 °C, in the absence of
moisture or other chemically reactive conditions, for at least a week, or a compound which
maintains its integrity long enough to be useful for therapeutic or prophylactic
administration to a patient.

[036] The term “substituted”, as used herein, means that a hydrogen radical of the
designated moiety is replaced with the radical of a specified substituent, provided that the
substitution results in a stable or chemically feasible compound. The term “substitutable”,
when used in reference to a designated atom, means that attached to the atom is a hydrogen
radical, which can be replaced with the radical of a suitable substituenf.

[037] The phrase “one or more substituents”, as used herein, refers to a number of
substituénts that equals from one to the maximum number of substituents possible based on
the number of available bonding sites, provided that the above conditions of stability and
chemical feasibility are met. Unless otherwise indicated, an optionally substituted group
may have a substituent at each substitutable position of the éoup, and the substituents may
be either the same or different. As used herein, the term “independently selected” means
that the same or different values may be selected for multiple instances of a given variable in

a single compound.

(038]  Anaryl (including the aryl moiety in aralkyl, aralkoxy, aryloxyalkyl and the

like) or heteroaryl (including the heteroaryl moiety in heteroaralkyl anci heteroaralkoxy and
the like) group may contain one or more substituents. Examples of suitable substituents on

the unsaturated carbon atom of an aryl or heteroaryl group include -halo, -NO,, -CN, -R*,
-C(R*)=C(R*),, -C=C-R*, -OR?, -SR®, -S(O)R®, -SO,R°, -SO,N(R"),, -N(R"),, -NR'C(O)R®,

13
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NR'C(O)N(R"),, -NR'CO,R?, -O-CO,R®, -OC(O)Nf(R‘),, -O-C(O)R*, -CO,R*, -C(O)-C(O)R*,
-C(O)R*, -C(O)N(R"),, -C(O)N(R")OR*, -C(O)N(RDC(=NR")-N(R"),, -C(=NR"}-N(R"),,
-C(=NR")-N(R")-OR*, -C(=NR")-OR*, -C(R")=N-OR*, -N(R")-N(R"),, -N(ROR*,
NR")C(=NR)}NR"),, -N(R‘)C(=NR‘)-N(R’}C(Q)R‘, -NR"C(=NR')-R’, -NR'SOR",
-NR'SO,N(R"),, -P(O)(R*),, -P(O)(OR*),, -O-P(O)—é)R’, and -P(O)(NR")-N(R"),, wherein R® is

an optionally substituted aliphatic or aryl group, and R* and R* are as defined above, or two

adjacent substituents, taken together with their irlitervening atoms, form a 5- to 6-membered
unsaturated or partially unsaturated ring having'0-3 ring atoms selected from the group
consisting of N, Q, and S. . '

(039] An aliphatic group or a non-aromatic heterocyclic ring may be substituted
with one or more substituents. Examples of suitable substituents on the saturated carbon of
an aliphatic group or of a non-aromatic heterocy"ch'c ring include, without limitation, those
listed above for the unsaturated carbon of an aryil or heteroaryl group and the following: =O,
=5, =C(R*),, =N-N(R"),, =N-OR*, =N-NHC(O)R*, =N-NHCO,R°, =N-NHSO,R’, or =N-R*,
where = represents a double bond, and each R* and R° is as defined above. One of ordinary
skill in the art will recognize that substituents that afe attached by way of a double bond

1 .
requires replacement of two hydrogen radicals on the substitutable carbon atom. For the

~ purposes of clarity, the term “substituted aliphatic” refers to an aliphatic group having at

least one non-aliphatic substituent. j

(040] Suitable substituents on a substitutable nitrogen atom of a heteroaryl or
heterocydlic ring include -R*, -N(R*),, -C(O)R*, -CO,R®, -C(O)-C(O)R* -C(O)YCH,C(O)R*,
-SO,R?, -SO,N(R*),, -C(=8)N(R"),, <C(=NH)-N(R*),, and -NR*SO,R®; wherein each R* and R®
is as defined above. l

[041] Unless otherwise stated, structutes depicted herein are meant to include
compounds which differ only in the presence o‘f ore or more isotopically enriched atoms.
For example, compounds having the present stlr'ucture except for the replacement of a
hydrogen atom by a deuterium or tritium, or the replacement of a carbon atom by a ¥C- or

"C-enriched carbon are within the scope of the invention.
[042] It also will be apparent to one skilled in the art that certain compounds of this
invention may exist in tautomeric forms, all such tautomeric forms of the compounds being

within the scope of the invention. Unless stereochemical configuration is expressly defined,

structures depicted herein are meant to include all stereochemical forms of the structure; i.e.,
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the R and S configurations for each asymmetric center. Therefore, unless otherwise
indicated, single stereochemical isomers as well as enantiomeric and diastereomeric
mixtures of the present compounds are within the scope of the invention. By way of

example, the compounds of formula (I) wherein R is hydroxy can have R or S configuration

at the carbon atom bearing R’. Both the R and the S stereochemical isorners, as well as all

mixtures thereof, are included within the scope of the invention.

(043} Where stereochemical configuration at a given asymmetric center is defined
by structure, unless stated otherwise, the depicted configuration indicates stereochemistry
relative to other asymmetric centers in the molecule. Where stereochermriical configuration is
defined by chemical name, the designations (rel), (R*), and (§*) indicate relative
stereochemistry, while the designations (+), (), (R), (S), and (abs) indicate absolute
stereochemistry. ' '

[044] In the compounds of formula (I), where relative stereochemistry is defined,
the diastereomeric purity of the compound preferably is at least 80%, more preferably at
least 90%, still more preferably at least 95%, and most preferably at least: 99%. As used
herein, the term “diastereomeric purity” refers to the amount of a compound having the
depicted relative stereochemistry, expressed as a percentage of the total amount of all

diastereomers present.

(045] ~ In some embodiments, stereochemical configurations depicted at asterisked

positions indicate absolute as well as relative stereochemistry. Preferably, the enantiomeric
purity of the compound is at least 80%, more preferably at least 90%, still more preferably at
least 95%, and most preferably at least 99%. As used herein, the term “enantiomeric purity”

refers to the amount of a compound having the depicted absolute stereochemistry,

expressed as a percentage of the total amount of the depicted compound and its enantiomer.

(046} Methods for determining diastereomeric and enantiomeric purity are well-
known in the art. Diastereomeric purity can be determined by any analytical method
capable of quantitatively distinguishing between a compound and its diastereomers.
Examples of suitable analytical methods include, without limitation, nuclear magnetic
resonance spectroscopy (NMR), gas chromatography (GC), and high pelformancé liquid
chromatography (HPLC). Similarly, enantiomeric purity can be determined by any
analytical method capable of quantitatively distinguishing between a compound and its
enantiomer. Examples of suitable analytical methods incdlude, without limitation, GC or
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HPLC, using a chiral column packing material. I:Enantiomers may also be distinguishable by

- NMR if first derivatized with an optically enriched derivatizing agent, e.g., Mosher’s acid.

{047) _ In the compounds of formula (1), X is -CH,-, -CHF-, -CF,-, -NH-, or -O-. In
some embodiments, X is -CH,-, -NH-, or -O-. In certain embodiments, X is -NH- or -O-. In
certain particular embodiments, X is -O-. I

(048] In the compounds of formula (I), Y is -O-, -S-, or -C(R®)(R")-, where R™ and R"
are as described above. In some embodiments, R™ is hydrogen, fluoro, -NH,,

-NH(C, aliphatic), -N(C, , aliphatic),, or C,, aliphatic. In some other embodiments, R™ and
R" together form =O. In other embodiments, R'"‘I and R, taken together with the intervening
carbon atoms, form a fused cyclopropane ring, which is optionally substituted with one or
two substituents independently selected from fluoro or C,, aliphatic; or R” and RY, taken

together with the intervening carbon atoms, forr:n a fused cyclopropane ring, which is
optionally substituted with one or two substituents independently selected from fluoro or

C,. aliphatic. In certain embodiments, Y is -O- or -CH,. In certain particular embodiments,
Y is -CH,. .
[049] In the compounds of formula ()} W is -CH,-, -CHF-, -CF,-, -CH(R)-, -CF(R')-,
-NH-, -N(R'), -O-, -§-, or -NHC(O)-, where R’ 1L C, , aliphatic or C, , fluoroaliphatic, or R’ is
a C, , alkylene chain that is attached to a ring position on Ring A to form a 5-, 6-, or 7-
membered fused ring, wherein the alkylene ch%m optionally is substituted with
C,, aliphatic, C, , fluoroaliphatic, =0, -CN, or -C(O)N(R"),. In some embodiments, W is ~
CH(R')- or -N(R'), and R’ is a C, , alkylene chain that is attached to a ring position on Ring A
to form a 5- or 6-membered fused ring, wherei.\‘lx the alkylene chain optionally is substituted
with C,, aliphatic, C, , fluoroaliphatic, =O, -CN, or -C(O)N(R"),. In some other
embodiments, W is -CH,-, -CHF-, -CF,-, -NH-, -O-, -5-, or -NHC(O)-. In certain
embodiments, W is -O-, -NH-, or -NHC(O)-. 1:!1 certain particular embodiments, W is -NH-.
[050) In the compounds of formula (I;), R’ is selected from the group consisting of
hydrogen, fluoro, -CN, -N,, -OR’, -N(R"),, -NR!CO,R’, -NR‘C(O)R’, -C(O)N(RY,, C(O)R’,
—OC(O)N(R‘),, —OC(O)RS, -OCOIRG, or a C  aliphatic or C, , fluoroaliphatic optionally
substituted with one or two substituents 'mde;">endently selected from the group consisting
of -OR™, -N(R*)(R"), -CO,R™, or -C<O)N<R“)(;R"); or R* and K" together form a bond. In
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some embodiments R’ is selected from the group consisting of hydrogen, fluoro, -CN, N,,
C,, aliphatic, C, , fluoroaliphatic, -OR™, -NH(R"), -N(H)CO,R’, -N(H)C(O)R’, -C(O)NHR",
-C(O)R’, -OC(O)NHR', -OC(O)R’, and -OC(O)OR’. In some embodimerits, R" is selected -
from the group consisting of hydrogen, -OH, -OCH,, C, , aliphatic, C,, fluoroaliphatic, and
fluoro. In certain embodiments, R" is selected from the group consisting, of hydrogen, -OH,
-OCH,, -CH,, and fluoro. In certain particular embodiments, R" is -OH.

[051) In the compounds of formula (I), R' is selected from the group consisting of
hydrogen, fluoro, -CN, -N,,, -OR?, -N(R"),, -NR'CO,R’, -NR'C(O)R’, -C(O)N(R"),, -C(O)R’,
-OC(O)N(R"),, -OC(O)R®, -OCO,R", c;r a C, , aliphatic or C, , fluoroaliphatic optionally
substituted with one or two substituents independently selected from the group consisting
of -OR™, -N(R*)(RY), -CO,R”, or -C(O)N(R™)(R); or K" and R° together form a bond. In
some embodiments, R® is hydrogen, fluoro, -CN, N,, C, , aliphatic, C, , fluoroaliphatic, -OR™,
-NH(RY), -N(H)CO,R’, -N(H)C(O)R’, -C(O)NHR", -C(O)R’, -OC(O)NHR", -OC(O)R’, and
-OC(O)OR’. In certain embodiments, R® is hydrogen, -OH, -OCH,, or fluoro. In certain
particular embodiments, R® is hydrogen or -OH.

{052} In the compounds of formula (), R® and R” are each independently selected
from the group consisting of hydrogen, fluoro, C, , aliphatic, and C, fluoroaliphatic. In
some embodiments, one of R® and Rd is C, , aliphatic and the other is hycirogen. In some
embodiments, R® and R’ are each hydrogen.

{053} In one embodiment, R® and R are each -OH, and R’ and R* are each
hydrogen. In another embodiment, R® is -OH, and each of R®, R, and R® is hydrogen. In
another embodiment, R’ is -OH, R is fluoro or -OCH,, and R” and R” are each hydrogen. In
‘another embodiment, R" is -OH, Ris -CH,, R' is hydrogen or -OH, and is hydrogen. In

another embodiment, R* and R tdgether form a bond, and R’ and R® are each hydrogen.

[054) In the compounds of formula (I), each R independently is hydrogen, fluoro,
C,, aliphatic, or C, , fluoroaliphatic; or two R’, taken together with the carbon atom to which
they are attached, form a 3- to 6-membered cycloaliphatic ring; or one R', taken together
with R’ and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring; or two

R’ together form =O. In some embodiments, R'is not fluoro if X is ~O- or -NH-. In some
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embodiments, each R’ independently is hydrogeﬁ or C, , aliphatic. In some such
enibodiments, each R’ independently is hydrogen or -CH,. In certain embodiments, one R'is
hydrogen or -CH,, and the other R'is hydrogen. In certain particular embodiments, each R’
is hydrogen. _ |

[055]) In the compounds of formula (I), 1!2' is hydrogen or C, , aliphatic; or R’, taken
together with one R’ and the intervening carbon atoms, forms a 3— to 6-membered spirocyclic
ring; or R’, taken together with R™ and the intervening carbon atoms, forms a fused
cyclopropane ring, which is optionally substituted with one or two sixbstituents
independently selected from fluoro or C, | aliphatic. In some embodiments, R’ is hydrogen
or C,, aliphatic. In some such embodiments, R' is hydrogen or -CH,. In certain

(056} In the compounds of formula (I), A;Re' is hydrogen or C_ aliphatic; or RY, taken

embodiments, R is hydrogen.

together with R and the intervening carbon atoms, forms a fused cyclopropane ring, which
is optionally substituted with one or two substituents independently selected from fluoro or
C,, aliphatic. In some embodiments, R” is hydrioger\ or C,, aliphatic. In some such
embodiments, R® is hydrogen or -CH,. In certain embodimenté, R® is hydrogen.

(057]) - In the compounds of formula (I), the variable m is 1, 2, or 3. In some
embodiments, m is 1. ) '
fos8] In the cémpounds of formula (I),; Ring A is a 6-membered nitrogen-

containing heteroaryl ring, optionally fused to a 5- or 6-membered aryl, heteroaryl,
cycloaliphatic or heterocyclic ring, wherein either or both rings are optionally substituted
and one ring nitrogen atom is optionally oxidiied. In some embodiments, Ring A isan
optionally substituted pyridine, pyrimidine, or|1,3,5-triazine ring. In other embodiments,
Ring A is a pyridine or pyrimidine ring that is fused to a 5- or 6-membered aryl, heteroaryl,
cycloaliphatic or heterocyclic ring, wherein either or both rings are optionally substituted.

In some such embodiments, Ring A is fused to an optionally substituted benzene, imidazole,

pyrrole, or oxazole ring.

[059] In some embodiments, the invex;ltion relates to a compound of formula (I) or a
pharmaceutically acceptable salt thereof, characterized by one or more of the following
" features:
(a) X is -O-;
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(b)  Yis-CH,~

(©) W is -NH-;

(d) R'is -OH;

(e) R’ and R? are each independently hydrogen or C, , ;ﬁphlﬁc;
() R’ is hydrogen, fluoro, or -ORS;

(8 R’ and RY are each hydrogen;

(h) eachR'is hydrogen; and

(i) | m ié 1.

{060} In some embodiments, the invention relates to a subgenus of the compounds
of forrnula (I), characterized by formula (I-A) or (I-B):

A! @ R \ @
R! R® Y. w R\ R: Y. "N

o v-\uu s u,,Ho' o e . u..RO'
=8 7 ' =5~ 4
%™ e R® OP pl TP
HyN - Rt RY (I-A) HoN R® RY (I-B)
or a pharmaceutically acceptable salt thereof, wherein Ring A and the variables W, X,
Y, R', R’, R, R%, R", R", R', and m have the values and preferred values described above for

formula (I).

[061] In some embodiments, the invention relates to a subgenus of the compounds
of formula (I), characterized by formula (II), (II-A), or (II-B):

g
pe A Re W‘J\\_E)\R“
2 m R
Ozé—'x R
/ R?
HoN R® R¢

an
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Rg R' Re Y w \E*Rh R' H' ﬁo Y Wk'e/knh
fo) n\u’: . n.,Ho' 0. m'. . uuRe'
o:}‘,—x ] LF o:lé‘x Re R°
H,N R* RY (II-A) ‘ HoN - RP RY (II-B)

or a pharmaceutically acceptable salt therleof, wherein:

|

Eis-N=or -C(R")=; ' .

D is -N= or-C(RM=;

R® is hydrogen, halo, cyano, -C(R)=C(R%,, -C=C-R’, -OR’, -5R®, -S(O)R®, -SO,R’,
-SO,N(RY),, -N(RY,, -NR'C(O)R’, -NR'C(O)N(R"),, -NR)C(=NR'}-N(R),,
-NRYC(=NRY-R, -NR'CO,R’, -N(R‘)sozk‘, -N(RYSO,N(RY),, -O-C(Q)Rs, -OCO,R",
-OC(O)N(RY,, -C(O)R®, -CO,R’, ~C(O)N(l:{‘)2, -C(O)N(RY)-OR’,
-CO)N(R)C(=NR)-N(R"),, -NR)C(=NR)-NR-CO)R’, -C(=NR)-NR"),,
-C(=NR%-OR’, -N(RY)-N(R",, “N(RY-OR’} -C(=NRY-N(RY-OR’, -C(R)=N-OR’, or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl;

each R" independently is hydrogen, halo, -CN-, -OR®, -N(R"),, -SR’, or an optionally
substituted C, , aliphatic group; and

the variables W, X, Y, R®, Rb, RS, Rd, RS, Re', R/ and m have the values and preferred values

’ described above for formula (I). |
(062} In some embodiments, each R" in formulae (II), (II-A), and (II-B)
independently is hydrogen, halo, -CN, -OH, -O-(C, , aliphatic), -NH,, -NH-(C, , aliphatic),
-N(C, , aliphatic),, -SH, -S-(C, , aliphatic), or an optionally substituted C, , aliphatic group. In

certain embodiments, each R" independently is hydrogen, fluoro, -CH,, -CF,, or -OH. In
certain particular embodiments, R'is hydrogen.

{(063] In some embodiments, Ring A 1sr selected from the group consisting of:
RO ' RY R RO . R RY
N "AN SN *\N . N .
P O Y ' Yy
N N N N” “CHy Z WA
H
AL Al Al Ay o Av  and A-vi
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[064] In some embodiments, R® is hydrogen, C, , aliphatic, C, , fluoroaliphatic, halo,
R'"® -R® -T-R®, -T'-R® -VLT-R'¢, -V.T'-R®, -V.R' or -T'-V'-R'¥, where the variables R,
R*®, V', and T" have the values described below. '

(065] T' is a C,, alkylene chain substituted with 0-2 independently selected R*or
R*®, wherein the alkylene chain optionally is interrupted by -C(R})=C(R?-, -C=C-, -O-, -S-,
-5(0)-, -S(0),-, -SON(R')-, -N(RY)-, -NRYC(O)-, NR'C(O)N(RY-, -NR")C(=NR’)-N(R')-,
-NR-C(=NR’)-, -N(RY)CO,, -NR")SO,, -N(RYSO,N(R')-, -OC(O}-, -OC(O)N(R’)-~, -C(O)-,
-CO,-, -C(O)N(RY)-, -C(=NRY)-N(RY-, -C(NRY)=N(R"-, -C(=NR*-O-, or -C(R)=N-O-, and
wherein T' or a portion thereof optionally forms part of a 3-7 membered ring. In some
embodiments, T' is a C, , alkylene chain optionally substituted with one or two groups
independently selected from fluoro, C, , aliphatic, and C, , fluoroaliphatic.

[066] Each R* independently is selécted from the group consisting of —F, -OH,
-O(C,  alkyl), -CN, -N(R*),, <C(O)(C,  alkyl), -CO,H, -CO,(C, , alkyl), -C(O)NH,, and
-C(O)NH(C, , alkyl).

[067) Each R” independently is a C, , aliphatic optionally substituted with R™ or R,
or two substituents R™ on the same carbon atom, taken together with the carbon atom to

which they are attached, form a 3- to 6-membered cycloaliphatic ring.
{068) 'Each R’ independently is an optionally substituted aryl or heteroaryl ring.

 [069) V' is -C(R})=C(R?)-, -C=C-, -O-, -5-, -S(O)-, -S(0),~, -SO,N(R")-, -N(R")-,
-N(R")C(O)-, -NR'C(O)N(R’)-, -N(R')C(=NR}-N(R')-, N(R)C(=NR’)-, -NR)CO,-,
-NRYS0;, “N(RY)SO,N(R’)-, -OC(O)-, -CC(O)N(R’)-, -C(O)-, -CO,-, -C(ON(R?)-,
-C(O)N(R*-O-, -C(O)NR)C(=NR}-N(R’)-, -N(R)C(=NR)-N(R)-C(O)-, -C(=NR}-N(K)-,
C(NRY=N(RY)-, -C(=NRY)-O-, or -C(R)=N-O-. In some embodiments, V" is -N(R)C(O)-,
-NR)CO)N(R-, -N(R"SO,-, NR)SON(R")-, or -N(R)CO;-. In certain such
embodiments, V' is -N(R‘)C(O)- or -N(R‘)C(O)N(R‘)—.l In other embodiments, V' is
-C(R=C(R%), -C=C-, -O-, -$-, or -N(RY-.

[070) Each R'® independently is an optionally substituted aryl, heteroaryl,
heterocyclyl, or cycloaliphatic ring,. |
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(071} Each R¥ independently is -NO,, -CN,|-C(R)=C(R?),, -C=C-K’, -OR’, -SK’,
SO, -SOR’, -SON(RY),, -N(RY),, -NR'C(O)R’, NR'C(O)N(R),, -NR)C(=NR)-NR",,
N(RY)C(=NRY)-R’, -NR'COR®, -NR)SO,R®, -NRYHSO,N(RY,, -O-C(O)R’, -OCOK’,
-OC(O)N(RY,, <C(O)R’, -COR’, -COIN(RY), -C(O)N(R)-OR’, C(OIN(R)C(=NR)-N(RY,,
-N(RY)C(=NR)-N(R)-C(O)R’, -C(=NR’)-N(R"),, q:fNR‘)ORS, NERY)N(RY,, -N(R)-OR’,
-C(=NR")-N(R)-OR’, or -C(R)=N-OR’. ' |

[072] - The invention also relates to a subgefi\us of the compounds of formula (IT),
characterized by formula (III): ‘

(11
ora pharmaceuﬁcally acceptable salt therefi)f, wherein:

Qis-T- or -V'-T'-; |

V'is -NR%-, -O-, or -S-;

R’ is hydrogen or C,,aliphatic;

T is a C, , alkylene chain optionally substituted with one or two groups independently

selected from fluoro, C, aliphatic, and C, ﬂuoroaﬁphatic;

Ring C is a 3- to 8-membered heterocyclyl or cycloaliphatic ring, or a 5- or 6-membered
aryl or heteroaryl ring; and
the variables D, E, W, X, Y, R®, R%, R, R, R, R%, R;', R", and m have the values and preferred
values described above for formulae (I) and (I).

[073] The invention also relates to a sungenus of the compounds of formula (III)
characterized by formula (III-A), (III-B), (ITI-C), or (III-D):
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1
Vl’T1 VI,T
D)\N D//l\N
§ !
R' R RB W’L\E/th Rl R' Fio Y. “'*\E)\Hh
) vc\nn s Ro‘ O‘ m" . _Rg'
o=5- A Re O-’-Ié' qe L
HN R> R (r-A) HoN R® RS (11-B)

h i@
H' R Re v w*\EJ\Rh H' R' R'e Y. w \E)\Rh ‘ .
s\eeer 'y % e’
AT FHTEL »
/ R® b d / R® b d .
H,N R® R (II-C) HoN R®> R (I11-D) .

or a pharmaceutically acceptable salt thereof, wherein all variables are as described
for formula (ITI).

[074) In some embodiments, Ring C is substituted with 0-2 E° and 0-2 R*, where:

each R° independently is halo, -NO,, -CN, -C(R)=C(R’),, -C=C-K’, -OR’, -SK’, S(O)R’,
-SO.R’, -SO,N(R"),, -N(RY),, -NR'C(O)R’, -NR‘C(O)N(R"),, -N(R)C(=NR')-N(R"),,
-N(R)C(=NRY)-R’, -NR'CO,R’, N(RYSO,K’, -N(R)SO,N(R"),, -O-C(O)R’,
-OCO,R®, -OC(O)N(RY),, -C(O)R’, -CO,R’, -C(O)N(R"),, -C(D)N(R')-OR’,
-C(ON(RYC(=NR)-N(R"),, -N(R)C(=NR')-N(R)-C(O)R’, -C(=NR}-N(R"),,
-C(=NRY)-OR’, -C(=NR%-N(R")-OR’, -C(R®)=N-OR’, or an optionally substituted _
aliphatic, or an optionally substituted aryl, heterocyclyl, or heteroaryl group; or ’
two R’ on the same saturated ring carbon atom, taken together with the carbon .
atom, form an optionally substituted 3- to 8-membered spirocyclic cycloaliphatic
or heterocyclyl ring; or two adjacent R°, taken together with the intervening ring

atoms, form an optionally substituted fused 4- to 8-membered aromatic or non-

aromatic ring having 0-3 ring heteroatoms selected from the group consisting of
O, N, and 5;
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!

each R% independently is selected from the g!roup consisting of C, _ aliphatic,
|
C, , fluoroaliphatic, halo, -OR™, -N(R*)(R"), or a C, , aliphatic or
C, ., fluoroaliphatic optionally substitutu:i with -OR”, -NR*)}R"), -CO,R”, or

-C(O)N(R")RY); and !
!

the variables R, RY, and R™ have the values described above for formula (I).

(075) In some such embodiments, Ring cLs a C,, cycloaliphatic, phenyl, pyrrolyl,
imidazolyl, oxazolyl, thiazolyl, isoxazolyl, isothiaz!olyl, pyrazolyl, triaiolyl, tetrazolyl,
oxadiazolyl, thiadiazolyl, pyrrolinyl, imidazolinyl, pyrazolinyl, pyrrolidinyl, imidazolidinyl,
pyrazolidinyl, piperidinyl, morpholinyl, piperazin"yl, pyridyl, pyridazinyl, pyrimidiny},

pyrazinyl, or tetrahydropyrimidinyl ring, any of Which is substituted with 0-2 R® and 0-2 R*.
In certain embodiments, Ring Cisa C, cydoalipljl\atic, phenyl, oxazolyl, or isoxazolyl ring,
any of which is substituted with 0-2 R* and oph‘o%\ally is fused to an optionally substituted
benzene, dioxolane, or dioxane ring. ;

(0761 The invention also relates to a sub{genus of the compounds of formula (II),
i

characterized by formula (IV), (IV-A), or (IV-B): |

D
' S5 §
Rl R' Re v .
‘ReanWini
O:é—x I‘Rc
HN R™ 2o R
2 ! , ' (V)
_[
!
§O) , | V,@
DZN [ | DJ\N
r A Re V. w"‘e)‘n" ; afl R Y. WJ\E*H"
O [} Y10 N Rs‘ O ‘.‘ > Re.
HoN R RY (IV-A) [l HaN R RP RS (IV-B)
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V'is -NR%-, -O-, or -5-;
R’ is hydrogen or C,, aliphatic;
Ring D is an optionally substituted mono- or bicyclic ring system; and

‘the variables D, E, W, X, Y, R*, R”, R, R%, R, R, R, R", and m have the values and
preferred values described above for formula (II).

(077} In some embodiments, Ring D an optionally substituted furanyl, thienyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl,
triazolyl, thiadiazolyl, phenyl, naphthyl, pyranyl, pyridyl, pyridazinyl, pyﬁmidinyl,
pyrazinyl, triazinyl, indolizinyl, indolyl, isoindolyl, indazolyl, benzimidazolyl,
benzthiazolyl, benzothienyl, benzofuranyl, purinyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl, tetrahydrofuranyl,
tetrahydrothieny), pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl,
dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, quinuclidinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, indanyl, phenanthridinyl,
tetrahydronaphthyl, indolinyl, benzodioxanyl, benzodioxolyl, chromanyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cydooctyl, cyclooctenyl, cyclooctadienyl, bicycloheptanyl or bicyclooctanyl. In some
embodiments, Ring D is an optionally substituted cyclopentyl or cyclchexyl. In some
embodiments, Ring D is an optionally substituted indanyl, tetrahydronaphthyl, or
chromanyl. '

[078] ‘Ring D may be unsubstituted or may be substituted on either or both of its
component rings, and the substituents may be the same or different. In particular, each
substitutable saturated ring carbon atom in Ring D is unsubstituted or substituted with =O,

=S, =C(R%),, =N-N(R"),, =N-OR’, =N-NHC(O)R’, =N-NHCO,R’, =N-NHSOR’, =N-K’ or -R".
Each substitutable unsaturated ring carbon atom in Ring D is unsubstituted or substituted
with -R°. Each substitutable ring nitrogen atom in Ring D is unsubstituted or substituted

with -R”. The variables R’ and R have the values described below.

[079] Each R independently is halo, -NO,, -CN, -C(R)=C(R)),. -C=C-R’, -OR’, -SR’,

-S(O)R’, -SO,R’, -SO,N(RY,, -N(R"),, NR'C(O)R’, -NR'C(O)N(RY),, -N(RYC(=NR)-N(RY,,
-N(RYC(=NRH-R’, -NR'CO,R", -N(RYSO,R’, -N(R)SO,N(RY),, -O-C(O)R’, -OCO,R",
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-OC(O)N(R’),, -C(O)R’, -COR’, -CON(RY), -C<0)N',(R‘>0R5, -CON(RIC(=NR)-N(KY),,
N(RY)C(=NRY)-N(R')-CO)R’, -C(=NR)-N(R"),, c<=[’NR‘>oR5, -C(=NR'}-N(R*}-OR’,
-CR%=N-OR’, or an optionally substituted aliphati¢, or an optionally substituted aryl,
heterocyclyl, or heteroaryl group; or two R® on the ?!ame saturated carbon atom, taken
together with the carbon atom to which they are attiached, form an optionally substituted 3-

to 6-membered spirocyclic cycloaliphatic ring. [
| ‘
[080] Each R” independently is -C(O)R®, {(:(O)N(R‘),, -CO,R®, -SO,R’, -SO,N(R",, or

a C, , aliphatic optionally substituted with RorR’
|
[081] In some embodiments, each R” indépendently is selected from the group

consisting of halo, C, ; aliphatic, C, ﬂuoroaliphati’c, -R", -R”, -T-R", and -T>-R*;ortwoR®
on the same saturated carbon atom, takenvtogethe‘r with the carbon atom to which they are
attached, form an optionally substituted 3- to 6—m§émbered spirocyclic cyc]paliphatic ring.

The variables R¥, R®, and T® have the values described below.
f

[082] T is a C,,, alkylene chain optionally substituted with R* or R”.
!
[083] Each R independently is an optionally substituted aryl, heteroaryl, or
héterocyclyl group. ' |
' |
[084] Each R” independently is -NO,, -CN, -C(R)=C(R),, -C=C-R’, -OR’, -SR’,

-S(O)R’, -SO,R’, -SO,N(R"),, -N(R"),, -NR‘C(O)R"'J NR'C(O)N(RY),, -N(R)C(=NR}-N(R%),,
-NRYC(=NRY)-R’, -NR'CO,R’, NRISOR’, N(R')SO,N(R’),, -O-C(O)R’, OCOR’,
-OC(O)N(RY),, -C(O)R’, -CO,R’, -C(O)N(R"),, -C(O)N(R})-OR’, C(O)NRYHC(=NRY-N(R"),,
N(RY)C(=NRY)-N(R)-C(O)R’, -C(=NR")-N(R, [-IC(=NR‘)'-0R”, —C(=NR‘)—N(R‘)—ORS, or
-C(R=N-OR’. |

{085] In some embodiments, Ring D 15‘[ selected from the group consisting of:
! (R%), (R%),
_ “ :
= (R9), N
\ 7 | .
(R%), , (R%), , (R%),
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each R® independently is selected from the group consisting of fluoro, -OR*, -N(R‘x)(R"' )
-COR™, or -C(C)N(R"‘)(R" ). ora C, , aliphatic or C,, fluoroaliphatic optionally
substituted with -OR™, -N(R*)(R"), -CO,R™, or -C(ONR™R");

each R” independently is selected from the group consisting of flioro, -OR™,
-NR*)R"Y), -CO,R™, or -C(O)N(R™)(R?), or a C, , aliphatic or C, , fluoroaliphatic
optionally substituted with -OR > NR™)RY), -CO,R or -C(O)NR*YR™); or two
R” on the same carbon atom together form =O or =C(R™),; provided that R *® is other
than -OR™ or -N(R*)(R"”) when located at a position adjacent to a ring oxygen atom;

sis0,1,2,3, 0r 4;

tis0,1,0r2; and

the variables R”, RY, R have the values described above for formula (1).

‘
h
L

[086] In some embodiments, s is 0, 1, or 2. In some embodiments,sis 0,1, 2, or 3.
In certain embodiments, Ring D is selected from the group consisting of:

5? B R R 5%% 9;

D-iv D-v
5 '5' OCHg . ; % OCH3 OC: H:,
D- ‘i ’, r
{os7] In certain particular embodiments, Ring D is selected from the group

consisting of:
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< N Yoon, OCH, '
D-xxii , D-xxiil , D-xxiv , I')-nv , D-xxvi , D-xxvil ,
CH; HyC [
" ®
v ‘ O | '-
OCH, N A @,
OCH, N |
D-xxvili , D-xxix , D-oxx I Do | D-xxxit , and
|
% ‘
Doxoxxtif | ’

' !
wherein stereochemical designations indicate absolute configurations.
f
The invention also relates to a subgenus of the compounds of formula (IT),
' l
|

[088]

wherein:
R®is -N(R)(R);

!

R’ is hydrogen or C,. aliphatic; [[
R’ is hydrogen, C, , aliphatic, -T-R™ or -T*- ;ﬂ’ ;
T’ is a C, , alkylene chain substituted wa’h 0-2 independently selected R™ or R™;

T'isa C, ¢ alkylene chain substituted with 0-2 independently selected R* or R™;
| ‘

R” is -C(R})=C(R’),, -C=C-R’, -S(O)R", -ssz?, -SO,-N(RY,, -C(R)=N-OR’, -COR’,
-C(0)-C(O)R’, -C(O)R’, -C(O)N(R“)z,’[ -C(=NR%-N(RY),, or -C(=NRY-OR’; and

R™ is halo, -NO,, -CN, -OR’, -SR®, -N(RY),, NR)C(O)R’, -NR)CON(RY,,
-NR)COR’, -O-CO,-R’, -OC(O)N(Ik‘),, -OC(O)R’, -N(R)-N(R"),, -N(ER"S(O),R’,
or -N(R)SO,-N(R"Y,. g
!

|
|
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[089] In some such embodiments, R’ is hydrogen or a C,  aliphatic or
C, fluoroaliphatic optionally substituted with one or two substituents independently
selected from the group consisting of -OR™, -N(R*)(RY), -CO,R™, -C(O)NR*)R").

{090] Another embodiment of the invention relates to a subgenus of the
compounds of formula (I) characterized by formula (V), (V-A), or (V-8): .

(A9
g
N
<A
o
M
(R)n : (R,
(s
g g
L v W \E)\H" atR R v W \E)\R"
0 v’\m . "R R e W
HoN R* RY (V-A) HN Rd RY (V-B)

or a pharmaceutically acceptable salt thereof, wherein:

Ring E is a 5- or 6membered aryl, heteroaryl, cycloaliphatic or heterocydlic ring;
E is -N= or -C[R")=;

eachR" independently is hydrogen, halo, -CN-, -ORS, -N(R‘)z, -SR‘, or an optionally
substituted C, , aliphatic group; |

each R" independently is hydrogen, halo, -NO,, -CN, -OR’, -SK’, -S(O)R’, -SO,R’,
-SO,N(R"),, -N(RY),, “NR'C(O)R’, -NR'C(O)N(R"),, -N(RY)C(=NR*)-N(R"),, -N(R)C(=NR*}-R’,
-NR'CO,R’, -N(RY)SO,R", -N(RYSO,N(R"),, -O-C(O)R’, -OCO,R’, -OC(O)N(R"),, -C(O)R’,
-COR’, CION(R"),, -C(O)N(R)-OR’, -C(O)N(R)C(=NR‘)-N(R"),,
“N(RY)C(=NRY)-N(RY)-C(O)R’, -C(=NR")-N(R",, _C(=NRY-OR’, -N(R}-N(R"),, -N(RY-OF’,
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C(=NRY)-N(R*-OR’, -C(R)=N-OR’, or an optionall

[

|

l

(

)’, substituted aliphatic, aryl, heteroaryl,
or heterocyclyl; [f '
|
|

nis0,1,2, or 3; and

the variables W, X, Y, R*, R®, R, R%, R®, R, R, and m have the values and preferred
values described above for formula (I). [I , '
(091] In some embodiments, R" is an optionally substituted C, , aliphatic, or an
optionally subsﬁm&d 5- or 6-membered aryl, hetelll'oaryl, or heteroaryi ring.
{092] In some embodiments, the inventio;'l relates to a subgenus of the compounds
of formula (V) characterized by formula (VI), (VI—A), or (VI-B):

R
4
0=8-X
/
HN VD)
! ,
[
3 | Q
A8k U [ Rok V)
|
@ | e
R! B Re Y w \E*Hh i R! R' R: Y‘w \E)\Rh
O.:/é’x -Ra Re . [ 0=/§’ Re R°
HeN R> R (vi-a) | HN RY RS (VI-B)

or a pharmaceutically acceptable salt th(‘ereof, wherein:
U is a covalent bond, C, ; alkylene, -O-'II -5, -8(0)-, or -5(0),-;
R™ is halo, C, , aliphatic, or C, , fluoroa[’Liphatic;

Ring F is an optionally substituted mono-, bi-, or tricyclic ring system; and
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Ring E, and the variables E, W, X, Y, R®, R’, RS, R®, R, RY, R, R", and m have the
values and preferred values described above for formula (V). '

{093] In some embodiments, Ring F is selected from the group consisting of
furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazoly), pyrazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, thiadiazoly!, phenyl, naphthyl, pyranyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl, indolizinyl, indoly}, isoindolyl, indazolyl, benzimidazoly},
benzthiazolyl, benzothienyl, benzofuranyl, purinyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl, carbazolyl, fluorenyl,
dibenzofuranyl tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, pyrrolinyl, dihydrobenzofuranyl, dihydrobenzothieny! tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl,
dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, quinuclidinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, indanyl, phenanthridinyl,
tetrahydronaphthyl, indolinyl, benzodioxanyl, benzodioxolyl, chromanyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cydooctyl, cyclooctenyl, cyclooctadienyl, bicycloheptanyl and bicyclooctanyl, any of which
optionally is substituted on any substitutable ring carbon atom and any substitutable ring

nitrogen atom.

[094] In some embodiments, Ring F is selected from the group consisting of thienyl,
oxazolyl, thiazolyl, imidazolyl, pyrazoly}, isoxazolyl, isothiazolyl, phenyl, naphthyl, indolyl,
isoindolyl, benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyl, quinolyl, isoquinolyl,
naphthyridinyl, carbazolyl, fluorenyl, dibenzofuranyl, dihydrobenzofuranyl,
dihydrobenzothienyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, tetrahydronaphthyl,
indolinyl, benzodioxanyl, benzodioxolyl, cyclopentyl, cyclohexyl, any of which optionally is
substituted on any substitutable ring carbon atom and any substitutable ring nitrogen atom.
In particular embodiments, Ring F is an optionally substituted phenyl, naphthyl,
tetrahydronaphthyl, or dihydrobenzofuranyl.

(0951 In some embodiments, each substitutable ring nitrogen atom in Ring F is
unsubstituted or is substituted with R”, and the substitutable ring carbon atoms are

substituted with 0-4 Rm, wherein:

each R independently is selected from the group consisting of C,, aliphatic,
C, ., fluoroaliphatic, halo, -OR™, -N(R*)(R"), an optionally substituted 5- or
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6-membered aromatic ring, or a C, , aliphatic or C, , fluoroaliphatic optionally
! _
substituted with -OR™, -N(R*)(RY), -COR™, or -C(O)NR*)(R");
| .

: |
R” independently is -C(O)R’, -C(O)N(R"), -CO,R’, -SO.R’, -SO,N(R"), or a
C,, aliphatic optionally substituted with R’orR’; and

!

the variables R’, R**, RY, R™, and R” have the values described above for formula (I).

[096)

|

The invention also relates to a subgenus of the compounds of formula (V)

characterized by formula (VII), (VII-A), or (VII-B).
|

.Rl R' Re W

[

o=5-X
7
H,N

HB

R® R

(VII-A)

(VD)
|
! "
Yy
| Tl
l Rt Re W Se?mn
| O. m'. Re'
| ossX ] Ae
, HoN R* RY (VII-B)
f

or a pharmaceutically acceptable salt thereof, wherein:

E is -N= or -C(R")=;

Fis -N(R™)-, -O-, or -5;

G is =N- or =C(R"Y)-;
R™ is hydrogen, -C(O)R’, -C(O)N(R"),, -[’COZR‘, -SO,R®, -SO,N(R"),, or a C, , aliphatic

optionally substituted with R’ or R’;

eachR" 'mdependently is hydrogen, halo, -CN

substituted C, aliphatic group;

!
|
i
!

l

|

|
| 5 ‘ 6
-,-OR’, -N(R‘)z, -SR’, or an optionally

|

|
I

|

f
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each R* independently is hydrogen, halo, -NO,, -CN, -OR’, -SK’, -S(O)R’, -SO,R’,
-SON(RY),, -N(R"),, -NR'C(O)R’, NR'CO)N(R"),, -N(RY)C(=NR')-N(R),, -NRIC(=NR'}-R’,
-NR'CO,R®, -N(RY)SO,R’, -N(RYSO,N(R"),, -O-C(O)R’, -OCO,R’, -OC(D)N(RY),, -C(O)R’,
-COR’, -C(O)N(R"),, -C(O)N(RY)-OR’, -C(ON(R)C(=NR)}-N(R"),
NRY)C(=NRY-NERY-CO)R®, -C(=NRY)-N(RY),, -C(=NRY-OR’, -N[R")-N(R"),, -N(R‘)-OR’,
-C(=NR*»-NRY-OR?, -C(R)=N-OR’, or an optionally substituted aliphatic, aryl, heteroaryl,
or heterocyclyl; and

the variables W, X, Y, R, K, R, RY, R, R", R, R>, R, R, R, R, and m have the values
and preferred values described above for formula (I).

[097] In certain embodiments, the invention relates to a subgenus of the
compounds of formula (VII), characterized by formula (VII-C) or (VII-D):

R F2
o
F -
U U
p e b
R R' Re v W \E)\R" R R' G\ W’\E)\R"
(o) |\uu RO' fe) = F[O'
o=H-x* " RS o=d-x* " R ‘
/ R® b d R® b d
HyN R R (VII-C) H,N R® R (VII-D)

ora pharmacéutically acceptable salt thereof, wherein:

dashed lines indicate single or double bonds;

each R” independently is hydrogen, halo, -OR”, -N(R*)(R"), or a C,. aliphatic or
C,, fluoroaliphatic optionally substituted with -OR™, -N(R*)(R"), -CO,R*, or

-C(O)N(R“)(R"); or both R”, taken together with the intervening ring carbon atomns, form an

optionally substituted fused 5- or 6-membered cycloaliphatic, aryl, heteroaryl, or
heteroéydic ring.

{098] The invention also relates to a subgenus of the compounds of formula (V)
characterized by formula (VIII), (VIII-A), or (VIII-B):
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(vim)
ot (A%,
| |
R' H' H9 Y w \E/th [ R' R' R‘O Y. w \E)\Rh
0' o\u: ) Re’ ] q ,,,‘ Re’
05X e 05X TR
H,N R ae Re HoN e RY
2 L (VII-A) He (VIII-B)

|
or a pharmaceutically acceptable salt ther?of, wherein:

. the variables E, W, X, Y, R, R, ', R, R’, R¥, R, R”, R*, and m have the values and
preferred values described above for formulae (VIH)' (VII-A), and (VII-B).
In some embodiments, R* in form\’ﬂa (VID), (VII-A), (VII-B), (VII), (VIII-A),

[099]
, : |
or (VIII-B) has the formula -U-Ring F, wherein the variable U and Ring F have the values

and preferred values described above for formulla (VD). In some such embodiments, the
variable U is a covalent bond. ‘ [

In a particular embodiment, the ix’wention relates to a subgenixs of the

(01001

compounds of formula (I), characterized by forr{nula (IX-A) or (IX-B):

(R®), !

\ |

e Y S5O

“HN \E) ’

ol /Cllll [

0=5-0 ,“Rc |

TR R | (IX-A)
|
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b RI (IX-B)

or a pharmaceutically acceptable salt thereof, wherein:

the variables D, E, R*, R®, R, R%, R®, R, 5, and ¢ have the values and preferred values
described above for formulae (I)-(IV).

[0101] In some embodiments, the stereochemical configurations depicted at
asterisked positions in any preceding formula indicate relative stereochemistry. In other
embodiments, stereochemical configurations depicted at asterisked positions indicate
absolute stereochemistry. In certain particular embodiments, the invention relates to
compounds of formula (I-A), (II-A), (III-A), (IV-A) (V-A), (VI-A), (VII-A), (VIII-A), or (IX-
A), wherein the stereochemical configurations depicted at asterisked positions indicate
.absolute stereochemistry.

[0102) ~  Subgenus definitions for Ring A and variables W, X, Y, R, R, R, R", R, R’
and R' described for formula () also apply to formulae (I}-(IX). Compounds embodying

any combination of the preferred values for the variables described herein are within the

scope of the present invention.

{0103} Representative examples of compounds of formula (I) are shown in Table 1.
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Table 1: E1 Activating Enzyme Inhibitors
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[0104) The compounds in Table 1 above may also be identified by the following

chemical names:

Chermcal Name

11 {(1R,2R,35,4R)4-{(6-{[(15)-4-fluoro-2 3- dxhydro-lH-mden—l yiJamino}-
pynmdm+yl)amno]-2,3—dlhydroxycyclopentyllmethyl sulfamate

1-2 {(1R2R3S, 4R)-2,3—d1hydr0xy—4~[(6-l[(1R| 25)-2-methoxy-2,3-dihydro-1H-inden-
1-ylJamino}pyrimidin-4-yl)amino]cyclopentyljmethyl sulfamate

1-3 [(1R.2R,3S,4R)-2,3-dihydroxy-4-(9H-p

- sulfamate

urin-6-ylamino)cyclopentyllmethyl

I-4 [{(AR2R,3S 4R)—4~({2—[(cyclohexylmethyl)ammo]pynrmdm—l;-yl]armno)—2,3—

dihydroxycyclopentyl]methyl sulfamate
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1-9

1-10

I-11

1-13

1-14

I-15

I-16

1-17

1-18

1-19

1-20

1-21

1-24

i-25

[(15,25,4R)-4-({6-((15)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-4-yl|Jamino)-
2-hydroxycyclopentyllmethyl sulfamate

{(1R.2R 35,4R)4-[(6-{[(15)-4,7-difluoro-2,3-dihydro-1H-inder-1-yljamino}-
pyrimidin~4-yl)amino]-2 3-dihydroxycyclopentyljmethyl sulfamate
((1R,2R,35,4R)4-{[2-(benzylamino)pyrimidin-4-yl]Jamino}-2,3-
dihydroxycyclopentyl)methyl sulfamate
((1R,2R,35,4R)—4-(I6'[(1R)—2,3—dihydro—1H-inden—l-ylamino]p-yrimidin~4—yl}-
amino)-2,3-dihydroxycyclopentyllmethyl sulfamate

{(1R2R3S 4R)-2,3—d1hydroxy—4—[(8—phenyl-9H—purm 6-yl)amino]cyclopentyl}-
methyl sulfamate
[(1R2R,35,4R)-2,3-dihydroxy-4-({2-[(3-methyl-2,3-dihydro-111-inden-1-yl)-
amino]pyrimidin-4-ylJamino)cyclopentyl]methyl sulfamate

[(15,2R 35,4R)-4-({6-[(15)-2 3-dihydro-1H-inden-1-ylamino]p'/rimidin-4-yl}-
amino)-2,3-dihydroxycyclopentyljmethyl sulfamate
[(1R2R,3S,4R)-2,3-dihydroxy-4-({6-{(15)-1,2,3,4-tetrahydronaphthalen-1-
ylamino]pyrimidin-4-ylJamino)cyclopentyl]methyl sulfamate
{(1R,2R,35,4R)4-[(6~amino-2-methylpyrimidin-4-yl)amino}-2,3-
dihydroxycyclopentyl}imethyl sulfamate

[(1R,2R,3S 4R)-4-(|6-[(cyclohexylmethyl)amino]pyrimidin-4-yl}amino)-2,3-
dihydroxycyclopentyljmethyl sulfamate
{(1R,2R,35,4R)4-[(2-{[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-ylJamino}-
pyrimidin-4-yl)amino}-2 3-dihydroxycyclopentyljmethyl sulfamate
{(1R,2R,35,4R)-2 3-dihydroxy-4-{(pyridin-3-ylcarbonyl)aminc]cyclopentyl}-
methyl sulfamate

{(1R,2R,35,4R)-4-[(6-1[(15)-5,6-difluoro-2 3-dihydro-1H-inden-1-ylJamino}-
pyrimidin-4-yl)amino]-2,3-dihydroxycyclopentyljmethyl sulfamate
[(1R2R,3S,4R)-4-({6-[(15)-2 3-dihydro-1H-inden-1-ylamino}-2-
methylpyrimidin-4-yl}amino)-2,3-dihydroxycyclopentyljmetiyl sulfamate
{(1R,2R,3S,4R)-4-[(6-1[(15)-5-chloro-2,3-dihydro-1H-inden-1-ylJamino}-
pyrimidin-4-yl)amino]-2 3-dihydroxycyclopentyl}methyl sulfamate

[(1R 2R ,35,4R)-4-({2-[benzyl(methyl)amino]pyrimidin-4-yl}amino)-2,3-
dihydroxycyclopentyllmethyl sulfamate

{(1R,2R 35 4R)-4-[(6-{[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-yl}amino}-
pyrimidin-4-yl)amino]-2,3-dihydroxycyclopentyllmethyl sulfamate
[(1R,2R,3S,4R)4-({6-[benzyl(methyl)amino}pyrimidin-4-yl}anino)-2,3-
dLhydroxycyclopentyl]methyl sulfamate

{(1R2R,35 4R)-2 }dxhydroxy—tb[(pyndm-Z-ylcarbonyl)axmno]cyclopentyl]-
methyl sulfamate
{(1R,2R,35,4R)-4-[(6-{[(15)-4-chloro-2,3-dihydro-1H-inden-1-ylJamino}-
pyrimidin-4-yl)amin o]-2,3—dihydroxycydopentyl}methyl sulfamate

[(1R25,4R)-4-({6-[(15)-2,3-dihydro-1H-inden-1 -yla.rruno]pyrmudm-4~yl}arruno)-
2-hydroxycyclopentyljmethyl sulfamate
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1-26 [(lR,ZR,35,4R)—'4—-({4—[(1S)-2,3-dihydro—1H-inden—l-ylamiho]—1,3,5—triazin—2—yl}-
amino)-2,3-dihydroxycyclopentyl]methyl suifamate

1-27 ((1R,2R,3$,4R)-4~{[6—(benzylamin0)pyrimidi:ik—4~yl]aminol-2,3-
dihydroxycyclopentylymethyl sulfamate

128 [(1R,2R,3S, 4R)—2,3~d1hydroxy-4—(momcohnoylammo)cyclopentyl]methyl
sulfamate

1-29 [(1R,2R,3$,4R)-4—((6-[(1S)—2,3-dihydro-1H—inf:len—l-ylamino]pyrimidin-tl»yll-
amino}-2,3-dihydroxycyclopentyl]methyl sulfamate

130 ((1R2R3S, 4R)—4-([&(benzylarmno)—Z—methy’lpyrimidin—d—-yl]amino}-2,3-
dihydroxycyclopentyl)methyl sulfamate

I-31 {(15,25,4R)4-(16-[(15)-2,3-Dihydro-1H-inden-1 -ylamino}pyrimidin-4-yljoxy)-2-
hydroxycyclopentyllmethyl sulfamate

1-32 [(1S,23,4R)-4—({6—[(1S)-2,3-dihydr0—1H-inder['1-1-ylamino]-5-methylpyrimidin~4~
ylloxy)-2-hydroxycyclopentyljmethyl sulfamate C

1-33 [(15,25,45)-4—“6-[(15)-2,3-d1hydro—lH—mden— -ylamino}pyrimidin-4-yljmethyl)-
2-hydroxycyclopentyllmethyl sulfamate

1-34 ((15,25,4R)-4~{[8-(2—d1!orophenyl)—9H—punrf\-6-yl]amino}—2-
hydroxycyclopentyl)methyl sulfamate |

1-35 {(15,2S,4R)4-{(2-{[(1S)-5-chloro-3,3-dimethyl-2,3-dihydro-1H-inden-1-yl}-
aminolpyridin-4-yl)oxy]-2-hydroxycyclopentyljmethyl sulfamate

1-36  {(15,25,4R)-2-hydroxy-4-[(7-methyl- 8-phenyl—7H~punn—6—yl)»

_ aminojcyclopentylmethyl sulfamate

137 ((15,25,4R)-2-hydroxy-4-{[8- (2-phenoxyphe’:nyl) 9H-punn-6—yl]axmno}-

cyclopentyl)methyl sulfamate

1-38  {(15,25,4R)-2-hydroxy-4-{(6-phenyl-7H-pyrrolo|2,3-d}pyrimidin-4-yl)-
amino]cyclopentyljmethyl sulfamate

1-39 {(15,28 4R)-4~[(8—dlbenzo[b,d]furan-4—yl—9H-purm—6—yl)ammo]-2-
hydroxycyclopentyl)methyl sulfamate

140  [(15,25,4R)-2-hydroxy-4-(16-[(1S)-1 2,3,4»te'trahydronaphthalen—1-
ylamino]pyrimidin-4-yljoxy)cyclopentyllmethyl sulfamate

I-41 ((1S,25,4R)-4-{[8-(2,3-dihydro-1,4-benzodioxin-5-yl)- 9H-purm-6—y]]ammol -2-
hydroxycyclopentyl)methyl sulfamate

© 142 [(15,2S,4R)-2-hydroxy-4-({6-{ (1-naphthylmethyl)amino}pyrimidin-4-yl}-

oxy)cyclopentyl]methyl sulfamate |

1-43 {(1S,25,4R)-2-hydroxy-4-{(6- l[(lS,ZS)-Z-mLthyl 2,3—dxhydro—1H—mden—l-le—
armnolpyrumdm-tl»yl)oxy]cycloper\tyl}n?.ethyl sulfamate

145  [(IR2R3S, 4R)4~({4-[(15)-2,3—d1hydro—1H-mden- -ylammo] -6-methyl-1,3,5-
triazin-2- yl]armno)-2,3~d1hydroxycyclopentyl]methyl sulfamate

1-46  ((15,25.4R)-2-hydroxy-4-{methyl[8-(- naphthyl)-9H-purm~6—yl]ammol-
cyclopentyl)methyl sulfamate

1-47 ((lS,2S,4R)-2-hydroxy-4o[(6-{[(1R,ZS)-Z—meﬂ\oxy-Zﬁ—djhydro-lH—mden— -yl}-

amino]pyrimid.’m-4~yl)anﬁno]cyclopenq.ﬂlmethyl sulfamate
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1-48

1-49

. 153

1-54

I-55

1-56

1-58

1-60

I-61

1-62

1-63

I-64

J-65

1-66

1-67

I-68

1-69

1-73

1-74

I-76

{(15,25,4R)-4-[(8- b1phenyl-2—yl-9H—punn—6—yl)ammo]-Z-hydroxycyclopentyll-
methyl sulfamate

((15,25,4R)-2-hy droxy-4-{[8-(1-naphthyl)-9H-purin-6-ylJaminojcyclopentyl)-
methyl sulfamate
((15,2S,4R)-4-{[6-(1(1S,2R)-2-[(dimethylamino)methyl]-2,3-dihydro-1H-inden-1-
yllamino)pyrimidin-4-yljoxy}-2-hydroxycyclopentyl)methyl sulfamate
{(1S,2S,4R)-4-({6-[(15)-2,3-dihydro-1H-inden-1-ylamino]-2-oxc-2,3-
dihydropyrimidin-4-yl}Jamino)-2-hydroxycyclopentylJmethyl sulfamate

{(1R 2R, 3S,4R)-2,3-dihydroxy-4-{(4-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-
1-ylJamino}-1,3,5-triazin-2-yl)aminojcyclopentyljmethyl sulfamate
((1S,25,4R)-4-{[6-chloro-2-(1-naphthyl)-3H-imidazo[4, 5-b]pyridin-7-yl Jamino}-
2-hydroxycyclopentyl)methyl sulfamate
{(1R.3R,4R)-3-({6-[(15)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-4-yl}-
amino)-4-hydroxycyclopentyllmethyl sulfamate
((15,2S,4R)-4-{[8-(3-chlorophenyl)-9H-purin-6-yl Jamino}-2-
hydroxycyclopentyl)methyl sulfamate

(15,25 4R)-4-{[6-(3 4-dihydroisoquinolin-2(1H)-yl)pyrimidin-4-yl Joxy}-2-
hydroxycyclopentyl)methyl sulfamate o
[(15,2S,4R)-2-hydroxy-4-({8-[2-(triftuoromethoxy)phenyl}-9H-purin-6-yl}-
amino)cyclopentyl]methyl sulfamate

{(1S,2S,4R)-2-hy droxy-4-((8-phenyl-9H-purin-6-yl)oxy]cyclopentyljmethyl
sulfamate
[(15,2S,4R)-4-({8-[4-(dimethylamino)-1-naphthyl]-9H-purin-6-yl}Jamino)-2-
hydroxycyclopentyljmethyl sulfamate

{(15,2S,4R)-4-[(6-{[(15)-3 3-dimethy]-2,3-dihydro-1H-inden-1 -yl]ammo)-
pyrimidin-4-yl)amino]-2-hydroxycyclopentyljmethyl sulfamate
((15,2S,4R)-4-{[6-({(15,25)-2-[(dimethylamino)carbonyl}-2,3-dihydro-1H-inden-
1-yl}amino)pyrimidin-4-yljoxy}-2-hydroxycyclopentyl)methyl sulfamate
((15,25,4R)-4-{[8-(2 3-dimethoxyphenyl)-9H-purin-6-ylJamino}-2-
hydroxycyclopentyl)methyl sulfamate
[(15,25,4R)-4-((8-[2-(benzyloxy)phenyl}-9H-purin-6-yl}amino)-2-
hydroxycyclopentyljmethyl sulfamate

{(15,25,4R)-2- hydroxy-4-((8—phenyl—9H-punn—6—yl)anuno]cydopentyl)methyl
sulfamate

((13,25,4R)-4—[(6—l[(1S)-3,3—dimethyl*2,3-dihyd:o-lH—inden-l-y]:]anﬁno}-S—
fluoropyrimidin-4-yl)amino]-2-hydroxycyclopentyljmethy! sulfamate
((15,2S,4R)-4-{[8-(7-chloroquinolin-4-yl)-7H- purin-6-ylloxy}-2-
hydroxycyclopentyl)methyl sulfamate

((15,25,4R)-2—hydroxy—4—l[6—(l-naphthy1}-7H—pyrrolo[2,3—&]pyrimidin—4»yl]—
aminojcyclopentyl)methyl sulfamate

[(1S.3R,4R)-3-({6-[(1S)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-4-yljamino)-
4-hydroxycyclopentyllmethyl sulfamate
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177 {(15,25.4R)-2-hydroxy-4-[(6-1[(15,2R)-1-methoxy-2 3-dihydro-1H-inden-2-y1}-
: oxy]pynnudmA-yl)oxy]cyclopentyl}methyl’ sulfamate
I-79 {(15,2S,4R)-2-hydroxy-4-[(6-{[(1R,2S)- 1-methoxy-2,3—d1hydro-lH—mden—2—y1]-
_ ~oxy}pyrumdm—ti—yl)oxy]cyclopentyl}met_hyl sulfamate

1-80 {(1S,2S,4R)-4-[(9-benzyl-9H-purin-6-yl)oxy]-2-hydroxycyclopentyljmethyl
sulfamate 1 _

I-81 ((15,23,4R)-2-hydroxy-4-[[6—(2—phenylethyl)pyrimidin—tl-yl]amino}cyclopentyl)—
methyl sulfamate

1-82  N-({(15,25,4R)-2-hydroxy-4-[(6-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-
yl]amino)pyrimidin-ll—yl)oxy]cyclopentyll171ethyl)sulfamide

1-83  {(15,25,4R)-4-{(5-fluoro-6-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yl}-
amino}pyrimidin-4-yl)oxy]-2-hydroxycyclopentyl)methyl sulfamate

I-84  |(15,25,4R)-2-hydroxy-4-[(8-quinolin-8-yl-7H-purin-6-yl)amino]cyclopentyl}-
methyl sulfamate *

1-85 {(1R 2R 35S 4R)-4-[(6-{[(1R,2R)-2-(benzyloxy)cyclopentyllamino}pyrimidin-4-yl)-
amino]-2,3-dihydroxycyclopentyljmethyl gulfamate

I-86 ((1R,2RS3S, 4R)-2,3—d1hydroxy-4—|{6—(2-phenylethyl)pyrmudm-4—yl]armno}—
cyclopentyl)methyl sulfamate }

1-87  ((15254R)-2- hydroxy-4—{[8—(l-naphthyl)-9H—punn 6-ylloxy)cyclopentyl)methyl
sulfamate

1-88 |(1S,2S,4R)-4—[(8-benzyl-9H—purin—6—yl)amino}—Z—hydroxycyclopentyl]methyl
sulfarnate ‘

1-89 {(15,2S,4R)- 4—({&[(&dﬂorobemyl)oky]pyrﬁrﬁdin—&ylloxy)-?.-
hydroxycyclopentyl]methyl sulfamate

1-90° {(15,25,4R)-2- hydroxy-4-[(2-phenyl[1,3]oxazolo[s 4—d]pymmdm-7-yl)-
amino]cyclopentylimethyl sulfamate

I-92  [(1R2R,3S,4R)4-[(6-{[(15,2S)-2-(benzyloxy)cyclopentyllamino}pyrimidin-4-yl)-
amino}-2,3-dihydroxycyclopentyljmethyl sulfamate

1-93 ((15,2S,4R)-4-{[8-(2, 6—d1methoxyphenyl)—9H-punn—6—yl]anun0}-2—
hydroxycyclopentyl)methyl sulfamate |

1-94 [(1S,2S,4R)-4-({2—[(1S)-Z,B-dihydro—1H—inden—l-ylamino]pyridin—é—yl}oky)—Z—
hydroxycyclopentyljmethyl sulfamate

1-96 {(15,2S,4R)-2-hydroxy-4-{(6-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yl]-
oxylpyrimidin-4-yl)oxy]cyclopentyljmethyl sulfamate

197 [(15,254R)-2-hydroxy-4-(pyrimidin-4-yloxy)cyclopentyl]methyl sulfamate -

1-98 l(18,25,4R)-2-hydroxy-4~[(6-l[(15,2R)-2—m;ethoxy-2,3—dihydro-1H«inden~1-yl]-
oxylpyrimidin—4~yl)oxy]cyclopentyl}metl‘xyl sulfamate

1-99  ((1S,2S,4R)-2-hydroxy-4-{[8-(3-methoxyphenyl)-9H-purin-6-ylJamino}-
cyclopentyl)methyl sulfamate

I-100  ((1S,2S,4R)- 4-{[8-(2,2-d1methyl-2,3—d1hydro—1-benzofuran—7—yl)-9H—purm 6-yll-

amino}-2-hydroxycyclopentyl)methyl sulfamate

S8
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1-101

1-102

I-103

1-105

1-106

1-107

1-108

1-109

1-110

I-111

1-112

I-113

1-114

I-115

1-117

1-118

1-119

1-120

1-121

1-122

1-123

[(15,2S, 4R)-2-hydroxy-4-((8—[(3—methylpheny])su]fonyl]-9H-purm~6-yll-
oxy)cyclopentyljmethyl sulfamate

_ [(IS,QS,4R)~4~((8-[Hbenzyloxy)phenﬂ]-?]—l—purin—év-yllamino)—2- '

hydroxycyclopentyllmethyl sulfamate

[(15,25,4R)-4-({8-[4-(dimethylamino)-1-naphthy}]-7H-purin-€-yljoxy)-2-
hydroxycyclopentyljmethyl sulfamate

- {(15,2S,4R)-4-[(8-biphenyl-3-yl-9H-purin-6-yl)amino]-2-hydroxycyclopentyl}-

methyl sulfamate

1(AIR,2R 3S,4R)-4-{{6-{(1S)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-4-yl}-
(methyl)amino}-2,3-dihydroxycyclopentyljmethyl sulfamate
((15,2S,4R)-2-hydroxy-4-{[8-(2-methylphenyl)-9H-purin-6-ylJamino}-
cyclopentyl)methyl sulfamate

((IR,2R 35,4R)-2,3-dihydroxy-4-{[6-(phenylethynyl)pyrimidit +-4-ylJamino}-
cyclopentyl)methyl sulfamate
((15,25,4R)-2-hydroxy-4-{[2(1-naphthyl)-3H-imidazo[4,5-b]pyridin- 7-y1]oxy]-
cyclopentyl)methyl sulfamate
(15,25,4R)-2-(hydroxymethyl)-4-{{8-(5,6,7,8-tetrahydronaphthalen-1-yl)-9H-
purin-6-yllaminojcyclopentanol
((15,2S,4R)-4-{[8-(4-chlorophenyi)-9H-purin-6-yl Jamino}-2-
hydroxycyclopentyl)methy! sulfamate
{(15,2S,4R)-2-hydroxy-4-{(8-isoquinolin-4-yl-7H- purin-6-yl)oicy]cyclopentyl}-
methyl sulfarmate
[(1R,2R,35,4R)}-4-({2-{(15)-2,3-dihydro-1H-inden-1-ylamino]-5-fluoropyrimidin-
4-yl}amino)-2,3-dihydroxycyclopentyllmethyl sulfamate
{(15,2S,4R)-2-hydroxy-4-[(6-phenylpyrimidin-4-yl)oxy]cyclopentyljmethyl
sulfamate
{(15,2S,4R)-2-hydroxy-4-[(6-{{(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1-yl}-
amino}pyrimidin-4-yl)oxy]cyclopentyl)methyl sulfamate

((15,25,4R)-4-{[8-(2 3-dihydro-1-benzofuran-7-yl)-7H-purin-6- yl]armno}—Z—
hydroxycyclopentyl)methyl sulfamate
((1R,2R,3$,4R)—2,3-d1hydroxy-4—-{[6—(5,6,7,8—teuéhydronapht}unlen-1-
ylamino)pyrimidin-4-yl]Jamino}cyclopentyl)methy! sulfamate:
((15,25,4R)-2-hydroxy-4-{[6-(1-naphthylmethoxy)pyrimidin-4 -yl]oxy]-
cyclopentyl)methyl sulfamate
((15,2S,4R)-4-([6-(1,3-dihydro-2H-isoindol-2-yl)pyrimidin-4-y l]oxyl-Z-
hydroxycyclopentyl)methyl sulfarmnate :

((15.25,4R)-2-hydroxy-4-{[8-(1 2,3,4r-tetrahydronaphthalen- —yl)-9H-punn—6—yl]-
aminojcyclopentyl)methyl sulfamate

[(15,25,4R)- 2-hydroxy—4—(l8—[2—(tnﬂuoromethyl)phenyl]—9H-punn-6—y]l-
amino)cyclopentyl]methyl sulfamate

{(15,25,4R)-2-hydroxy-4-[methyl(9-methyl-8-phenyl-9H-purin-6-yl)-
amino]cyclopentylimethyl sulfamate
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(15,25, 4R)-4-{(6-{[(15)-3 3-dimethyl-23-dihydro-1H-inden-1-yljamino}-
ynnudm-4-yl)oxy]-2-hydroxycyclopentyl}methyl sulfamate
{(15,25,4R)-2-hydroxy-4-[(4-{ [(1R,2S)-2-meth1oxy-2,3—d1hydro-lH—mden-l-y]]-
amino}-1,3,5-triazin-2-yl)amino]cyclopentyljmethyl sulfamate
((15,2'3,4R)—2-hydroxy-4—{[8—(5,6,7,8—tetrahydronaphthalen-1-yl)—9Hipun'n—6-yl}-
aminojcyclopentyl)methyl sulfamate _
((15,25,4R)-4-([6-(cyclopentylamino)pyrimidin-4-yl]oxy}-2-
hydroxycyclopentyl)methyl sulfamate
{(15,25,4R)-4-{(8-cyclohexyl-9H-purin-6-yl)amino}-2-hydroxycyclopentyl}-
methyl sulfamate
(15,25 4R)-4-{[8-(1-benzyl-1H-pyrazol-4-yl)-7H-purin-6-ylJoxy}-2-
hydroxycyclopentyl)methyl sulfamate
{(15,25 4R)-2-hydroxy-4-{(9-methyl-8-phenyl-9H-purin-6-yl)-
amino]cyclopentyl}methyl sulfamate

{(15,25 4R)-4-[(8-tert-butyl-9H-purin-6-yl)amino}-2-hydroxycyclopentylimethyl
sulfamate

{(1S,2S,4R)-4-[(6-benzylpyrimidin-4-yl)oxy]-2-hydroxycyclopentyljmethyl
sulfamate
(15,25, 4R)-2-hydroxy—4-([8-(2—methoxyphenyl)—9H-purm—€ryl]ammo}-
cyclopentyl)methyl sulfamate
{(15,254R)-4-[(4-1[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-ylJamino}-1,3,5-
triazin -2-yl)amino}-2-hydroxycyclopentylln‘u‘athyl sulfamate
((15,254R)-2- hydroxy-lH{S-[(3—methylphenyl)sulfanyl] -7H-purin-6-yl}-
oxy)cyclopentylimethyl sulfamate
{(15,25,4R)-4-({ 8—[2-(d1methylanuno)phenyl]—9H-purin-(ry1 Jamino)-2-
hydroxycyclopentyllmethyl sulfamate
(lS,25,4R)—4~|[&(2,3—dihydro-1,4-benzodioxi!r1—$-yl)-9H—purin—6-yl]amino)-z-
(hydroxymethyl)cyclopentanol
((1S,25,4R)-2-hydroxy-4-{[8-(4-pyrrolidin-1-yl-1-naphthyl)-7H-purin-6-yl]oxy}-
cyclopentyl)methyl sulfamate
((15,2S,4R)-2-hydroxy-4-{[8-(1H-indol-3-yl)-7H-purin-6-ylJoxy)cyclopentyl)-
methyl sulfamate
((1S,25 4R)-2-hydroxy-4-{[6-(2-naphthylmethoxy)pyrimidin-4-ylJoxy}-
cyclopentyl)methyl sulfamate
{(15,25,4R)-2-hydroxy-4-[(6-{[(1R,25)-2-methoxy-1,2,3,4-tetrahydronaphthalen-
-yl]armnolpyrmudm—tl»yl)oxy]cyclopentyl )methyl sulfamate
118,25 4R)—2—hydroxy—4-[(6—l[(l$,2R) 2-methoxy-1 2,3,4—tetrahydronaphtha1en—
-yl]ammolpymmdmA—yl)oxy]cyclopentyl}methyl sulfamate
{(IR2R3S, 4R)—4-[(2-I[(1S)-2,3—d1hyd10—1H—mden—1-ylammo]carbonyl)pyndm-
4-yl)amino}- 2,3-dﬂ1ydroxycyclopenty]}methyl sulfamate

(1R 2R,35,4R)-4-([2- (2,3—d1hydro—lH-mdol— -ylcarbonyl)pyndm+yl]ammo}-
2,3-dihydroxycyclopentyl)methyl sulfamate
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1-146  ((1S,25,4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-ylamino}-5,6-clihydro-7H-
pyrrolo(2,3-d]pyrimidin-7-yl}-2-hydroxycyclopentyl)methyl sulfamate

1147 l(1S,25,4R)-4—[(4—([(1R)-2,2-diﬂuoro—2,3—dihydro—lH-inden-l--yl]amino}-l,B,S-
triazin-2-yl)amino}-2-hydroxycyclopentyl)methyl sulfamate

1-148  {(15,25,4R)-4-[(6-{[(15,2R)-2,7-dimethoxy-1,2,3 4-tetrahydronaphthalen-1-yl]-
amino}pyrimidin-4-yl)oxy]-2-hydroxycyclopentyljmethyl sulfamate

1-149  {(1S,2S5,4R)~4-{(6-{[(1R,25)-2,7-dimethoxy-1,2,3 4-tetrahydronaphthalen-1-yl]-
amino}pyrimidin-4-yl)oxy}-2-hydroxycyclopentyl}methyl sulfamate

11150 {(1S,2S,4R)-2-hydroxy-4-{(6-{[(1R,2S)-2-methoxy-4,4-dimethy1-1,2,3 4-
tetrahydronaphthalen-1-ylJamino)pyrimidin-4-yl)oxylcyclopentyl}methyl
sulfamate

1-151  ((15,25,4R)-2-hydroxy-4-[(6-{[(15,2R)-2-methoxy-4,4-dimethyl-1,2,3 4-
tetrahydronaphthalen-1-ylJamino}pyrimidin-4-yl)oxy]cyclopentyl)methyl
sulfamate

1-152  ((1S,3S)-3-([8-(1-naphthyl)-9H-purin-6-ylJoxy]cyclopentyl)methyl sulfgmate

1-153  [(15,25,4R)-4-({4-[(15)-2,3-dihydro-1H-inden-1-ylamino}-1,3,5-triazin-2-yl}-
amino)-2-hydroxycyclopentyljmethyl sulfamate

General Synthetic Methodology

[0105]) The compounds of the present invention can be prepared by methods known

to one of ordinary skill in the art and/or by reference to the schemes shown below and the

synthetic examples that follow. Exemplary synthetic routes are set forth in Schemes 1-21

below, and in the Examples.
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Scheme 1: General route for the synthesis of 2- and 6-substituted (klR,ZR,.?SAR)A-
[(pyrimidin-4-yl)aminol-2,3-dihydroxycyclopentyl)methyl sulfamates
| Cl
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HO HN AP Method B o
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[0106] Scheme 1 above shows a general rout:e for preparing compounds of formula

(I-B),wherein W is -NH- and R" is -OH. Those of orbinary skill in the art will recognize that
compounds of formula (I-B) wherein Ring A is other than pyrimidine can be prepared by

the same general route, beginning with appropriate

starting materials analogous to ii.

[0107] As shown in Scheme 1, conversion of i to the compounds of formula iii is

accomplished by coupling with the appropriately substituted pyrimidines at elevated

temperature in protic solvents, such as EtOH or BuOH, using an appropriate base, such as

DIPEA or Et,N in the presence of microwave irradiation (Method A). Selective protection of

the vicinal diol of iii is effected at this stage by treatment with 2,2-dimethoxypropane in the

presence of an organic acid, such as p-TsOH in a solvent, such as MeOH or acetone (Method

B). Displacement of the aryl chloride of formula iv

1s achieved by coupling with the

appropriately substituted nucleophile, such as an amine, alcohol or thiol at elevated

temperature using microwave irradiation in the absence of solvent (Method C). Further

treatment with freshly prepared (:hlorosulfonamicle| vi affords the sulfamates vii (Method

D). Cleavage of the acetal by treatment with a strong acid, such as TFA, in the presence of

water according to Method E yields compounds of
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Scheme2:  Route for the synthesis of 6-substituted [(15,25,AR)-4-[(pyrimidin-4-yl)-
' amino}- 2-mono and 23-dihydroxycyclopentyllmethyl sulfamates
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" o §M)’\ﬁd mmmﬁc
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/\
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Q H NAR"
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(0108] Compounds of formula (I-A) can be prepared by the methods described in

Scheme 2. Methods for the synthesis of the intermediate alkene diol ix are known

(Nucleosides, Nucleotides & Nucleic Acids, 2002, 21, 65-72). Upon treatment with m-CPBA, diol '
ix is converted to epoxy diol x. Subsequent protection of the diol using p-anisaldehyde

dimethyl acetal in the presence of pyridinium p-toluenesulfonate provides epoxide xi. ‘
Opening of the epoxide using a mixture of phthalimide and phthalimide potassium saltin

DMSO at elevated temperature affords alcohol xii. This alcohol is then alkylated by

treatment with chlorophenylthionocarbonate and DMAP in DCM to afford thiocarbonate

xiii (Method F). Deoxygenation at this stage is achieved by treatment with

tris(trimethylsilyl)silane and air in toluene followed by BEt, in toluene to give xiv (Method
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G). Subsequeni deprotection with hydrazine in EtOH at elevated temperature givés amine
xv.(Method H).

{01091 Convérsion of amine xv to compounds of formula xvi is accomplished by
coupling with the appropriately substituted pyrimidines at elevated temperature in protic
solvents, such as EtOH or BuOH, using an appropriaté base, such as Et,N in a sealed tube
(Method I). Again, those of ordinary skill in the art will recognize that compounds of
formula xxi and xxii wherein Ring A is other than pyrimidine can be prepared by the same

general route, using a starting material analogous to ii.

(0110} The treatment of compounds having hxe general formula xvi with an amine,
such as benzylamine, in the absence of solvent at elevated temperatures using microwave
irradiation results in deprotection of the diol, and then repeating the process in the presence
of a base, such as DIPEA or Et,N at elevated temperiatures in a protic solvent, such as EtOH
or BuOH using microwave irradiation affords substétuted pyrimidines xviii (Methods ] and
K). :

[0111) Methods for the synthesis of tert—but)irl chlorosulfonylcarbamate xix are
known (Hirayama et al., Biorg. Med. Chem., 2002, 10, !1509-1523), and this reagent is reacted
selectively with the primary alcohol using a hindered base, such as 2,6-di-tert-butyl-4-
methylpyridine, in a solvent, such as ACN, to afford Boc sulfamates of formula xx (Method
L). Removal of the siloxy group with a protic acid such as TFA (Method M) yields the

compounds of formula xxi.

(0112} Alternatively, compound xii can be directly exposed to the conditions
described in Methods H-M, to afford dihydroxycyclopentyl methyl sulfamates of formula

xxii.
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Scheme 3: General route for the synthesis of 4-amido substituted {(1R,2R,3S,4R)-2,3-
Dihydroxycyclopentylimethyl sulfamates
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. [0113]) Compounds of formula (I-B), wherein W is -NHC(O)- can be prepared by the .
methods shown above in Scheme 3. Methods for the synthesis of bicyclic lactam xxiii are ’

known (Daluge et al., Nucleosides, Nucleotides & Nucleic Acids, 2000, 19, 297-327).
Dihydroxylation using osmium tetroxide in the presence of an organic N-oxide, such as N-
methylmorpholine oxide, in a solvent, such as acetone, gives diol xxiv. Global protection of
both alcohols using benzyl chloride and a base, such as Et,N, and a catalyst, such as DMAP, |
in a solvent, such as DCM, gives compound xxv. The resulting bicyclic lactam is reduced
using NaBH, to afford Boc-protected amine xxvi, which is then deprotected upon treatment
with HCl in the absence of water. The resulting secondary amine hydrochloride xxvii is
treated with an acy) chloride of formula xxviii in the presence of a base, such as Et;N or
DIPEA, in an aprotic solvent, such as DCM to afford amides of formula xxix according to
Method N. The primary alcohol of xxx is then sulfamoylated by treatment with
chlorosulfonamide vi and a base, such as DBU, in a polar aprotic solvent, suchas ACN
(Method O). Global deprotection of both secondary alcohols using ammonia in a polar .
solvent, such as MeOH, yields final sulfamates of formula xxxi (Method P). ’

Scheme 4: Synthesis of 2- and 6-substituted [(1R,2S AR)-4-[(pyrimidin-4-yl)amino]-2-
hydroxycyclopentylimethyl sulfamates
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[0114] Compounds of formula (I-B), whereix§1 W is -NH- and K" and R® are hydrogen
can be prepared by the methods shown above in Schfeme 4. Amino diol 7oom (Ober, M.;
Muller, H.; Pieck, C.; Gierlich, J.; Carell, T. . Am. Chem Soc. 2005, 127, 18143-18149) is treated
with dichloropyrimidines of formula ii accor'ding to Method I to give chloropyrimidines of
formula xxxiii. Further reaction with an appropriatély substituted nucleophile according to
Method C or Method K gives compounds of formula xxxiv. These diols are subsequently

selectively sulfamoylated and deprotected according to Methods L-M as outlined in Scheme
2. | ’

Scheme 5:  Synthesis of [(1R,2R,354R)-4-({4-[(15)-2,3-dihydro-1H-inden-1-ylamino)-
1,3,5-triazin-2-yl}amino)-2,3-dihydroxycyclopentyljmethyl sulfamate
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(0115]) Compounds of formula (I-B), wherein Ring A is a triazine ring, can be

prepared as shown in Scheme 5. Coupling of cyanuric chloride oov with a primary or
secondary amine in a solvent such as THF using a base such as DIPEA at reduced
témperature affords dichloride xxxvi. Displacement of one chloride with amine
hydrochloride »xxvii, followed by selective protection of the vicinal hydroxyl groups using
2,2-dimethoxypropane in the presence of pyridinium p-toluene sulfonate affords alcohol
xxxix. Removal of the remaining aryl chloride using hydrogen in the presence of palladium
on carbon (Method Q), followed by sulfamoylation|using chlorosulfonamide vi gives
sulfamate xli.
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Scheme 6: General route for synthesis of 2- and 6-substituted ((15,25 4R)-4-
{(pyrimidin-4-yl)oxy]-2-hydroxycyclopentyl)methyl sulfamates
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[0116) Compounds of formula (I-A), wherein W is -O- can be prepared as depicted

above in Scheme 6. Methods for the synthesis of diol xlii are known (MacKeith et al., Biorg.
Med. Chem., 1994, 2, 387-394), and this reagent is bis-protected using TBS-Cl and Et,N in the
presence of DMAP at elevated temperatures. Subsequent hydroboration-oxidation using
catecholborane and Wilkinson'’s catalyst followed by NaOH, hydrogen peroxide and finally
sodium sulfite yields cydopentaﬁol xliv. This secondary alcohol is cleprotonated with the
use of sodium hydride, and then reacted with dichloropyrimidines of formula ii at reduced
temperature to afford coupled chloropyrimidines of formula xlv. Displacement of the aryl
chloride is achieved by coupling with the appropriately substituted nucleophile, such as an
amine, alcohol or thiol at elevated temperature using microwave irradiation in a solvent,

- such as BuOH (Method R). Global deprotection of the silyl ethers using a fluoride reagent,
such as TBAF according to Method S gives diols of formula xlvii. Compounds of formula
xlvii are then selectively sulfamoylated and deprotected according to Methods L-M as
outlined in Scheme 2.
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Scheme 7: General route for synthesis of 2- andJ6—substitnted ((2R,3S,4R,5R)-5-
[(pyrimidin-4-yl)amino}-3,4-dihydroxytetrahydrofuran-2-yl)methyl
sulfamates

Teso’\ﬁn_%— HCI Ho’\(_ojN e
oxo oxo

xlvil} 1]

[0117] Compounds of formula (I-B), whereiri\ Wis-NH-and Y = -O- can be
prepared as shown above in Scheme 7. Methods for| the synthesis of methyl carbamate xlviii
‘are known (Nicolaou et al., ]. Am. Chem. Soc., 2004, 126, 6234-6235). Deprotection using an

|

acid, such as HCl in the absence of water affords amino alcohol il. Compound il is then

substituted with the appropriate substituents according to Methods A, then C-E and carried
on to compounds of formula (I-B) according to Scheme 1.
Scheme 8: General route for synthesis of 2- and 6-substituted ((2R,3S,5R)-5-

[(pyrimidin-4-yl)amino]-3-hydroxytétrahydrofuran-z-yl)methyl sulfamates

@ po " v
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1 [} re 11 w
{0118] A general route for the synthesis of compounds of formula (I-B), wherein W

|

is -NH-, Y = -O- and R°is -H is outlined above in Scheme 8. Compounds of formula 1 are
known (Kita, et al., ]. Org. Chem., 1988, 53, 554-561).| Displacement of the aryl chloride using
an appropriately substituted nucleophile according to Method C gives pyrimidines of
formula li. Compound li is then selectively sdfan{oylated and deprotected to give the final
compounds according to Scheme 2 (Methods L-M)
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Scheme 9: General route for synthesis of 2- and 6-substituted ((15,25,4R)-4-
' [(pynmjdm-4-yl)sulfany1]-2-mono and 2,3-dihydroxycyclopentyl)methyl

sulfamates
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* * 2o o “ )
SN d Q:'o > on
"y H Wi
xi
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fo119)] - The synthesis of compounds of formula (I-A), wherein W is -S- and R® is -OH

is described in Scheme 9. The coupling of compounds of formula liv with a nucleophile,
such as an amine takes place in a solvent, such as DMF to afford substituted compounds of
formula 1v (Method T). Subsequent opening of epoxide xi using a base, such as potassium
carbonate in a solvent, such as DMF affords alcohol lvi (Method U). Compound lvi is then
optionally deoxygenated (Methods F-G) and substituted with the appropriate substituents
according to Methods J, then L-M and carried on to compounds of formula (I-A) according
to Scheme 2.

Scheme 10:  General route for synthesis of 2- and 6-substituted ((15,25,45)-4-
[(pyrimidin-4-yl)methyl}-2-mono and 2,3-dihydroxycyclopentyl)methyl

sulfamates
RY
RO '
/('\N Method | IL MenodQ Mathod V e
HyC N
il c;j
H:,C
[0120] Compounds of formula (I-A), wherein W is -CH,- can be prepared as shown

above in Scheme 10. Methyl pyrimidines of formula lvii are coupled with a nucleophile,
such as an amine according to Method I to give 2-chloropyrimidines of formula lviii.
Hydro-dechlorination according to Method Q gives methylpyrimidines of formula 1viii.
Deprotonation of the methyl group of lviii is effected by treatment with a strong base, such
as phenyllithium, and this carbanion is used to open epoxide xi (Method V). Resulting
compounds of formula lix are then optionally deoxygenated (Methods F-G), deprotected
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and selectively sulfamoylated (Methods J, then L-M)|carried on to compounds of formula (I-
A) according to Scheme 2. '

Scheme 11:  General route for synthesis of 2- and 6-substituted ((25,35,55)-5-
[(pyrimidin-4-yl)methyl]-3-mono and 3,4-dihydroxytetrahydrofuran-2-yl)-

methyl sulfamates
Cl e
0 (o)
AcO HO
A Ac H H
ix Ix)
|
[0121] Compounds of formula (I), wherein W is -CH,- and Y =-O- can be prepared

|

above in Scheme 11. Compound Ix is known (Renz, et al., Liebigs Annalen der Chemie, 1986, 6,
957-966). Coupling with an appropriately substitutled nucleophile, such as an amine
according to Method K gives the substituted, fully deprotected triol Ixi. Compounds of
formula lxi are then carried on according to Schemé 2 (Methods L-M).

Scheme 12:  General route for synthesis of 2- and 6-substituted N-[((1R,2R35,4R)-4-
[(pyrimidin-4-yl)amino}-2,3-dihydroxycyclopentyl)methyllsulfamides

C). 1 cl

RL A
N

[ '\N
8 |
HNZ N Mothod W N NP R

BocHN=S-NH, o Boc /

-

R b _
oxo it oxo
v ‘ i
[0122] Compounds of formula (I-B) where"m X = -NH- can be prepared by the

methods outlined in Scheme 12. Methods for the synthesis of tert-butyl (aminosulfonyl)-
carbamate Ixii are known (Masui, et al., Tet. Lett., 2|004, 45, 1853-1 856). Compounds of
formula iv are coupled with this carbamate in the presence of an azodicarboxylate, such as
diisobutyl azodicarboxylate in the presence of tn'pihenylphosphine in a solvent, such as
EtOAc to give Boc-protected compounds of formula Ixiii (Method W). These compounds
are then substituted with the appropriate substituents and globally deprotected to give
compounds of formula (I-B) according to Method;s T and E (Schemes 9 and 1).
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Scheme 13: Route to the synthesis of 2- and 6-substituted 2-{(1R,2R,3S 4R)-4-
[{pyrimidin-4-yl)amino]-2,3-dihydroxycyclopentyl)ethanesulfonamides

Re Ae o L
"o R
By i, X,
A Al nBu) Z Rr HN *
Meathod X i HN' NaBH, -
. HN A" . HN A" o 510 —/\Q
6)8 P! Eog_’a(oﬂh ° dxﬁ 0><b
d :o - .
tevl)
v v bevd

(0123) Compounds of formula (I-B) wherein X = CH, can be prepared by the
methods outlined in Scheme 13. Compounds of formula v are oxidized using an oxidizing
agent, such as Dess-Martin periodinane in a solvent, such as DCM (Method X). Methods for
the synthesis of Ixv are known (Carretero, et al., Tetrahedron., 1987, 43, 5125-5134), and this
compound is deprotonated using n-BuLi in THF and added to aldehyde Ixiv to afford
alkenes of formula Ixvi. Reduction of the double bond using NaBH, in EtOH, followed by

heating of the resulting sulfonate ester with Et,N in DCM using microwave irradiation
yields sulfonic acid Ixviii. Treatment with thionyl chloride at reduced temperature in DCM
in the presence of a catalyst, such as DMF gives sulfonyl chlorides of formula Ixix. Finally,
treatment with ammonia in a solvent, such as 1,4-dioxane in the presznce of DIPEA in DCM

at reduced temperatures yields sulfonamides of formula Ixx.
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Scheme 14:  Route to the synthesis of 2- and 6-substituted 2-((1R,2R3S 4R)4-
[(pyrimidin-4-yl)amino}-2,3-dihydroxycyclopentyl)-1,1-

difluorcethanesulfonamides
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[0124] Compounds of formula (I-B) wherein X = CF, can be prepared by the

methods outlined in Scheme 14. Carboxylic acid ]X‘Xl is decarboxylated using sodium sulfate
in water to give sulfonyl fluoride Ixxii, which is then converted to the corresponding

sulfonamide using ammonia in 1,4-dioxane. Boc—pirotecﬁon of the nitrogen using Boc

|

anhydride in the presence of DMAP and Et,N in DCM yields Boc sulfonamide Ixxiv.
Deprotonation of the CF,H group using a strong base, such as LIHMDS at reduced
temperature in a solvent, such as THF followed by{ treatment with triflates of formula bxvi

(generated by treatment of alcohol bov with triﬂuT)roacetic anhydride and Et,N in DCM)

gives compounds of formula Ixxvii (Method Y). These compounds are then substituted with '

the appropriate substituents and globally deprotected to give compounds of formula (I-B)
according to Methods T and E (Schemes 9 and 1). |
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Scheme 15:  Route to the synthesis of 2- and 6-substituted 2-((1R.2R,35,4R)-4-
[(pyrimidin-4-yl)amino}-2,3-dihydroxycyclopentyl)-1-
_ fluoroethanesulfonamides

Q EtsN 1) n-BuLl, HMPA Q /—Q—O,
0 O g I}
- e 0n et R -
HaC §-CI - s - FH.C §-N
?\,N 9 D o es0,em /
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O nxxix
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~

(0125]) Compounds of formula (I) wherein X = CHF can be prepared by the methods

outlined in Scheme 15. Methanesulfonyl chloride is coupled with bis(2,4-dimethoxybenzyl)-
amine in the presence of Et;N and DMAP in DCM to give sulfonamide boviii. Further
treatment with n-BuLi and HMPA in THF at reduced temperature followed by N-
fluorobenzenesulfonimide gives fluoromethylsulfonamide Ixxix. This compound is then
taken on to compounds of formula (I) by the procedures described in Scheme 14.

Scheme 16: Route to the synthesis of substituted 2 ((15,25,4R)-2-hydroxy-4-(2-phenyl-
3H-imidazo-pyridin-7-ylamino)cyclopentyl)methyl sulfamates

NH, . — -NH NH,
O‘ N, NH  NO; Zn
box OZNfN tood) 180 ° MeCN
AL | "o
bocd

[0126]) Compounds of formula (VII-A) wherein W = NH can be prepared by the
methods outlined in Scheme 16. The sodium salt of oo, which is prepared as in Example
128a-c below, is condensed with a nitro aromatic Ixxxi. Subsequently reduction with Zinc in
acetic acid provides boodi. Oxidative coupling of an appropriate aldehyde such as '
napthaldehyde in the presence of Na,S,0, provides compounds of the general formula
Ixxxiii. Deprotection with acetic acid in water /THF (Tetrahedron Lett. 1993, 29, 6331)
followed by sulfamation with chlorosulfonamide and concomitant deprotection of the

secondary hydroxyl provides compounds of the general formula VII-A.
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Scheme 17:  Representative route to the synthesis of substituted ((15,2S4R)-2-hydroxy-
3-(8-(sulfonyl)-9H-purin-6-yloxy)cyclopentyl)methyl sulfamates
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HO™ HO™ O—-o

(01271 Compounds of formula (VII-A) wherein W = O and R =-50, R® can be

l
prepared by the methods outlined in Scheme 17. The sodium salt of xliv is condensed with

6-chloro-9-(tetrahydro-2H-pyran-2-yl}-9H-purine, which is subsequently iodinated with NIS

in THF to provide compound bowiv. The sodium salt of an ary! thiolate, such as 3-
methylbenzenethiol, is condensed in DMF to provide the intermediate boov which, after

deprotection and sulfamation as previously described, provides compound boxvi. Exposure

|

to oxidative conditions such as Oxone in aqueous methanol provides compounds of general
formula VL. ‘

Scheme 18:  Route to the synthesis of 9-substituted ((15,25,4R)-4-(9H-purin-6-yloxy)-2-
hydroxycyclopentyl)methyl sulfamates
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| | Stameytchionda.
(0128} . Compounds of formula (VII) wherein W = O and R* = aryl and heteroaryl can

be prepared by the methods outlined in Scheme 18. Pd-mediated coupling of intermediates
of the form boxiv with boronic acids provides compounds of form Ixxxvii. Deprotection
followed by sulfamation with a chlorosulfonamiqe or diphenylcarbamoylsulfamoyl chloride
(prepared in a manner similar to U.S. Pat. Appl. Publ. (2005) ,US 2005282797 Al )followed
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by removal of the secohdary siloxy group with a protic acid, such as JHCl, provides
compounds of the general formula VII.

Scheme19:  Synthesis of (S)-N-(2,3-dihydro-1H-inden-1-y1)-6,7-di hydro-5H-pyrrolo[2,3-
dlpyrimidin-4-amine.

N Lo NaBH, %
S e C‘I\/ TrPaner k)jf\

hooxvlll boox
l Phthatimide

PPh;, DIAD

N\HN PraNEt )Ivmz ydrzine HN\ cj@

[0129] (S)-N-(2,3-dihydro-1H-inden—1-yl)indolin—4—amine is synthesized as
illustrated in Scheme 19. Reduction of 2-(4,6-dichloropyrimidin-5-yl)acetaldehyde with

sodium borohydride provides alcohol Ioocviii, which is subsequently condensed with an

N
H

appropriate aminoindane such as (S)-2,3-dihydro-1H-inden-1-amine o provide the
substituted pyrimidine boxix. Displacement under Mitsunobu type conditions with
phthalimide and DIAD, followed by removal of the phthaloyl group with hydrazine,
provides the amine intermediate xc. Cyclization under basic conditions provides the final

compound (S)-N-«2,3-dihydro-1H-inden-1-yl)-6, 7-d1hydro—5H-pyrrolo[2,3—d]pynnudm—4~
amine.

Scheme 20:  Synthesis of substituted ((1S,2S,4R)-2-hydroxy-4-(pyrimidin-4-
ylamino)cyclopentyl)methyl sulfamates.
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(0130} Compounds of formula (VI) wherein W = NH can be prepared by the
methods outlined in Scheme 20. Amine Ixxx is condensed with chlorosubstituted
heterocycles of type xci to provide a product repreéented as xcii. Deprotection of the
primary siloxy group with aqueous acetic acid followed by sulfamation with

chlorosulfonamide or diphenylcarbamoylsulfamoyi chloride provides intermediates of form

xciii. Removal of the primary hydroxyl group w1th‘ a Fluoride source, such as TBAF, or
protic acid, such as HCl provides the final compound of formula VI
Scheme 21:  Route to the synthesis of 2- and 6-substituted 2-((1R,2R,35,4R)-2-

[(pyrumdln—4-yl)ammo]-2,3-dxhydlloxycyclopentyl)-l-
fluoroethanesulfonamides ‘
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[0131] As shown in Scheme 21, conversion of xciv (Ruediger, E; Martel, A;

Meanwell, N; Solomon, C Turmel, B. Tetrahedro? Lett. 2004, 45, 739-742) to the compounds

of formula I-A wherein W = NH is accomplished by palladiurn catalyzed hydrogenation
followed by mesylate formation to give xcv. Hydrogenolysis of the primary benzyl group

followed by displacement of the mésylate using sodium azide in DMF yields xcvi. Exposure

of xcvi to hydrogenation conditions yields the desired amino alcohol xcvii, which can
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subsequéntly be used in coupling reactions with a chloro-substituted heterocycle such as ii.
Displacement of the aryl chloride of formula xcviii is achieved by coupling with the
appropriately subétituted nudeophile, such as an amine, alcohol or thiol at elevated
temperatuie using microwave irradiation in the absence of solVent (see Method C).- Further
treatment with freshly prepared chlorosulfonamide vi followed by cleavage of the TBS-
protecting group using a suitable reagent, such as TBAF, HF pyridine, or HCL. affords the
sulfamates I-A as represented by xcxix.

Uses of Compounds of the Invention

[0132] The compounds of this invention are useful inhibitors of E1 enzyme activity.
In particular, the compounds are designed to be inhibitors of NAE, UAE, and/or SAE.
Inhibitors are meant to include compounds which reduce the promoting effects of E1
enzymes in ubl conjugation to target proteins (e.g., reduction of ubiquitination, neddylation,
sumoylation), reduce intracellular signaling mediated by ubl conjugation, and/or reduce
proteolysis mediated by ubl conjugation (e.g., inhibition of cullin-dependent ubiquitination
and proteolysis (e.g., the ubiquitin-proteasome pathway)). Thus, the <:ompoimds of this
invention may be assayed for their ability to inhibit the E1 enzyme in vitro or in vivo, or in
cells or animal models according to methods provided in further detail herein, or methods
known in the art. The compounds may be assessed for their ability t» bind or mediate E1
enzyme activity directly. Alternatively, the activity of compounds may be assessed through
indirect cellular assays, or assays measuring downstream effects of E'l activation to assess
inhibition of downstream effects of E1 inhibition (e.g., inhibition of cullin- dependent
ubiquitination and proteolysis). For example, activity may be assessed by detection of
ubl-conjugated substrates (e.g., ubl-conjugated E2s, neddylated cullins, ubiquitinated
substrates, sumoylated substrates); detection of downstream protein substrate stabilization
(e.g., stabilization of p27, stabilization of IxB); detection of inhibition of UPP activity;
detection of downstream effects of protein E1 inhibition and substrate stabilization (e.g.,
reporter assays, e.g., NFkB reporter assays, p27 reportér assays). Assays for assessing

activities are described below in the Experimental section and/or are known in the art.

[0133] One embodiment of this invention relates to a composition comprising a
compound of this invention or a pharmaceutically acceptabie salt thereof, and a
pharmaceutically acceptable carrier. It will be appreciated that the compounds of this
invention may be derivatized at functional groups to provide prodrug derivatives which are
capable of conversion back to the parent compounds in vivo. Ekampltzs of such prodrugs

include the physiologically acceptable and metabolically labile ester derivatives, such as
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methoxymethyl esters, methylthiometlwl esters, or }i)ivaloyloxyme thyl esters derived from a
hydroxyl group of the compound or a carbamoyl moiety derived from an amino group of
the compound. Additionally, any physiologically acceptable equivalents of the present
compounds similar to the metabolically labile esters'; or carbamates, which are capable of

producing the parent compounds described herein in vivo, are within the scope of this

invention.

[0134] If pharmaceutically acceptable salts of the compounds of the invention are
utilized in these compositions, the salts preferably A‘re derived from inorganic or organic
acids and bases. For reviews of suitable salts, see, e.g., Berge et al, J. Pharm. Sci. 66:1-19
(1977) and Remington: The Science and Practice of Pharmacy, 20th Ed., ed. A. Gennaro,
Lippincott Williams & Wilkins, 2000. ]

{0135] Nonlimiting examples of suitable ac;id addition salts include the following:
acetate, adipate, alginate, aspartate, benzoate, benzene sulfonate, bisulfate, butyrate, citrate,
camphorate, camphor sulfonate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, lucoheptanoate, glycerc:)phosphate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate,
maleate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, pamoate, pectinate,
persulfate, 3-phenyl-propionate, picrate, pivalate, propionate, succinate, tartrate,
thiocyanate, tosylate and undecanoate. ‘

{0136) Suitable base addition salts include} without limitation, ammonium salts,
alkali metal salts, such as sodium and potassium s‘alts alkaline earth metal salts, such as
calcium and magnesmm salts, salts with organic b’ases, such as dlcyclohexylamme salts,

N-methyl-D-glucamine, and salts with amino acnd‘s such as arginine, lysine, and so forth.

[0137] In certain particular embodiments,|the invention relates to a base addition salt
of a compound of formula I formed by deprotonation of the sulfamate (X = O) moiety, the
sulfamide (X = NH) moiety, or the sulfonamide (X CH,) moiety, as applicable. In some

such embodiments, the invention relates to a sodx’um or potassium salt of a compound of
formula I ‘

(0138] Also, basic nitrogen—contaiﬁ‘mg groups may be quaterhized with such agents
as lower alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, bromides and
iodides; dialkyl sulfates, such as dimethyl, diethyl, dibutyl and diamyl sulfates, long chain

l
halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl

|
5|
|
|



WO 2008/019124 PCT/US2007/017463

halides, such as benzyl and phenethyl bromides and others. Water or oil-soluble or
dispersible products are thereby obtained.

{0139] The pharmaceutical compositions of the invention preferably are in a form
suitable for administration to a recipient subject, preferably a mammal, more preferably a
human. The term “pharmaceutically acceptable carrier” is used herein to refer to a material
that is compatible with the recipient subject, and is suitable for delivering an active agent to
the target site without terminating the activity of the agent. The toxicity or adverse effects, if
any, associated with the carrier preferably are commensurate with a reasonable risk /benefit
ratio for the intended use of the active égent.

[0140] The pharmaceutical compositions of the invention can be manufactured by
methods well known in the art such as conventional granulating, mixing, dissolving,
encapsulating, lyophilizing, or emulsifying processes, among others. Compositions may be
produced in various forms, including granules, precipitates, or particlates, powders,
including freeze dried, rotary dried or spray dried powders, amorphous powders, tablets,
capsules, syrup, suppositories, injections, emulsions, elixirs, suspensions or solutions.
Formulations may optionally contain stabilizers, pH modifiers, surfactants, solubilizing
agents, bioavailability modifiers and combinations of these.

[0141) Pharmaceutically acceptable carriers that may be used in these compositions
include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum
proteins, such as humnan serum albumin, buffer substances such as phosphates or
carbonates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal
silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances,
polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

(0142] According to a preferred embodiment, the compositions of this invention are
formulated for pharmaceutical administration to a mammal, preferably a human being.
Such pharmaceutical compositions of the present invention may be administered orally,
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir. The term “parenteral” as used he;em includes subcutanéous,
intravenous, intraperitoneal, ixih‘amuscular, intra-articular, intra-synovial, intrasternal,
intrathecal, intrahepatic, intralesional and intracranial injection or infusion techniques.

Preferably, the compositions are administered orally, intravenously, or subcutaneously. The
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formulations of the invention may be designed to be‘| short-acting, fast-releasing, or
long-acting. Still further, compounds canbe admini"stered in a local rather than systemic
means, such as administration (e.g., by injection) at al"tumor site.

(0143] Pharmaceutical formulations may bej prepared as liquid suspensions or
solutions using a liquid, such as, but not limited to, an oil, water, an alcohol, and
combinations of these. Solubilizing agents such as cyclodextrins may be included.
Pharmaceutically suitable surfactants, suspending agents, or emulsifying agents, may be
added for oral or parenteral administration. Suspex’lsions may include oils, such as but not
limited to, peanut oil, sesame oil, cottonseed oil, co‘}n oil and olive oil. Suspension
preparation may also contain esters of fatty acids SI".lCh as ethyl oleate, isopropyl myristate,
fatty acid glycerides and acetylated fatty acid glycerides. Suspension formulations may
include alcohols, such as, but not limited to, ethanol, isopropyl alcohol, hexadecyl alcohol,

glycerol and propylene glycol. Ethers, such as but not limited to, poly(ethyleneglycol),

petroleum hydrocarbons such as mineral oil and p!etrolahxm; and water may also be used in

suspension formulations. j

{0144] Sterile injectable forms of the comp\’ositions of this invention may be aqueous
or oleaginous suspension. These suspensions mayj be formulated according to techniques
known in the art using suitable dispersing or wettiing agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension ina
non-toxic parenterally acceptable diluent or solvent, for example as a solution in
1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are
water, Ringer's solution and isotonic sodium dﬂo’;'ide solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or susp!en&ing medium. For this purpose, any
‘bland fixed oil may be employed including syntl"{etic mono- or di-glycerides. Fatty acids,
such as oleic acid and its glyceride derivatives are useful in the preparation of injectables, as
are natural pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as carboxyme’thyl cellulose or similar dispersing agents
which are commonly used in the formulation of]pharrnaceutically acceptable dosage forms
including emulsions and suspenéions. Other cor:nmonly used surfactants, such as Tweéns,
Spans and other emulsifying agents or bioavailefbility enhancers which are commonly used
in the manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may
also be used for the purposes of formulation. Compounds may be formulated for parenteral
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administration by injection such as by bolus injection or continuous infusion. A unit dosage

form for injection may be in ampoules or in multi- dose containers.

[0145] The pharmaceutical compositions of this invention may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules,
tablets, aqueous suspensions or solutions. When aqueous suspensions are required for oral
use, the active ingredient is combined with emulsifying and suspending agents. If desired,
certain sweetening, flavoring or coloring agents may also be added. For oral administration
in a capsule form, useful diluents include lactose and dried cornstarch. In the case of tablets
for oral use, carriers that are commonly used include lactose and com starch. Lubricating
agents, such as magnesium stearate, are also typically added. Coatings may be used for a
variety of purposes; e.g., to mask taste, to affect the site of dissolution or absorption, or to
prolong drug action. Coatings may be applied to a tablet or to granulated particles for use
in a capsule.

{0146} Alternatively, the pharmaceutical compositions of this invention may be
administered in the form of suppositories for rectal administration. These may be prepared
by mixing the agent with a suitable non-irritating excipient which is solid at room . -
temperature but liquid at rectal temperature and therefore will melt in the rectum to release
the drug. Such materials include cocoa butter, beeswax and polyethylene glycols.

[0147] The pharmaceutical compositions of this invention may also be administered
topically, especially when the target of treatment includes areas or organs readily accessible
by topical application, including diseases of the eye, the skin, or the lower intestinal tract.

Suitable topical formulations are readily prepared for each of these areas or organs.

[0148] Topical application for the lower intestinal tract may be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation.
Topically-transdermal patches may also be used. For topical applications, the
pharmaceutical compositions may be formulated in a suitable ointment containing the active
component suspended or dissolved in one or more carriers. Carriers for topical
administration of the compounds of this invenﬁon include, but are not limited to, mineral
oil, liquid petrolatum, white petrolatum, propylene glycol, polyoxyethylene,
polyoxypropylene compound, emulsifying wax and water. Alternatively, the
pharmaceutical compositions may be formulated in a suitablé lotion or cream coritaining the
active components suspended or dissolved in one or more pharmaceutically acceptable

carriers. Suitable carriers include, but are not limited to, mineral oil, sorbitan monostearate,
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polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, beniyi alcohol and

water.

(0149] For ophthalmic use, the phatmaceutijcal compositions may be formulated as

micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in

isotonic, pH adjusted sterile saline, either with our mthout a preservative such as
benzylalkonium chloride. Alternatively, for ophthahmc uses, the pharmaceutical

J
compositions may be formulated in an ointment such as petrolatum.

[0150] The pharmaceutical compositions of this invention may also be administered

" by nasal aerosol or inhalation. Such compositions are prepared according to techniques well

known in the art of pharmaceutical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preserv:atives, absorption promoters to enhance

bioavailability, fluorocarbons, and/or other conver‘\tional solubilizing or dispersing agents.

{0151} The pharmaceutical compositions of this invention are particularly useful in
therapeutic applications relating to disorders as dtlscn’bed herein (e.g., proliferation
disorders, e.g., cancers, inflammatory, neurodegenerative disorders). Preferably, the
composition is formulated for administration to a patient having or at risk of developing or
experiencing a recurrence of the relevant clisorcler!i being treated. The term “patient”, as used

herein, means an animal, preferably a mammal, n"\ore preferably a human. Preferred

- pharmaceutical compositions of the invention are those formulated for oral, intravenous, or

subcutaneous administration. However, any of the above dosage forms containing a
therapeutically effective amount of a compound (JLE the invention are well within the bounds
of routine experimentation and therefore, well wi;thin the scope of the instant invention. In
certain embodiments, the pharmaceutical composition of the invention may further
comprise another therapeutic agent. Preferably, such other therapeutic agent is one
normally administered to patients with the disorder, disease or condition being treated.

{0152] By “therapeutically effective amo;fmt” is meant an amount of compound or
composition sufficient, upon single or mﬁltiple c]iose administration, to cause a detectable
decrease in E1 enzyme activity and /or the sever;ity of the disorder or disease state being
treated. "Therapeutically effective amount” is also intended to include an amount sufficient
to treat a cell, prolong or prevent advancement of the disorder or disease state being treated
(e.g., prevent additional tumor growth of a canch, prevent additional mﬂammatory
response), amehorate, alleviate, relieve, or unpr'ove a subject’s symptoms of the a disorder
beyond that expected in the absence of such treatment. The amount of E1 enzyme inhibitor

required will depend on the particular compound of the composition given, the type of

|
|
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disorder being treated, the route of administration, and the length of time required to treat
the disorder. It should also be understood that a specific dosage ancl treatment regimen for
any particular patient will depend upon a variety of factors, including the activity of the
specific compound employed, the age, body weight, general health, sex, and diet of the
patient, time of administration, rate of excretion, drug combinations, the judgment of the
treating physician, and the severity of the particular disease being treated. In certain aspects
where the inhibitor is administered in combination with another agent, the amount of
additional therépeutic agent present in a composition of this invention typically will be no
more than the amount that would normally be administered in a composition comprising
that therapeutic agent as the only active agent. Preferably, the amount of additional
therapeutic agent will range from about 50% to about 100% of the amount normally present
in a composition comprising that agent as the only therapeutxcally active agent.

(0153] One embodiment of the invention relates to a method of inhibiting or
decreasing E1 enzyme activity in a sample comprising contacting the sample with a
compound of this invention, or composition comprising a compound of the invention. The
sample, as used herein, includes, without limitation, sample comprising puﬁfied or partially
purified E1 enzyme, cultured cells or extracts of cell cultures; biopsied cells or fluid obtained
from a mammal, or extracts thereof; and body fluid (e.g., blood, serurn, saliva, urine, feces,
semen, tears) or extracts thereof. Inhibition of E1 enzyme activity in a sample may be

carried out in vitro or in vivo, in cellulo, or in situ.

[0154]) In another embodiment, the invention provides a method for treating a
patient having a disorder, a symptom of a disorder, at risk of developing, or experiencing a
recurrence of a disorder, comprising administering to the patient a compound or
pharmaceutical composition according to the invention. Treaﬁng can be to cure, heal,
alleviate, relieve, alter, remedy, ameliorate, palliate, improve or affect the disorder, the
symptoms of the disorder or the predisposition toward the disorder. While not wishing to
be bound by theory, treating is believed to cause the inhibition of growth, ablation, or killing
of a cell or tissue in vitro or in vivo, or otherwise reduce capacity of a cell or tissue (e.g., an
aberrant cell, a diseased tissue) to mediate a disorder, e .g., a disorder as described herein
(e.g., a proliferative disorder, e. g., a cancer, mﬂammatory disorder). As used herein,
“inhibiting the growth” or “inhibition of growth” of a cell or tissue (e.g., a proliferative cell,
tumor tissue) refers to slowing, interrupting, arresting or stopping its growth and metastases

and does not necessarily indicate a total elimination of growth.
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{0155] Disease applications include those d;sorders in which inhibition of E1
enzyme activity is detrimental to survival and/or expansion of diseased cells or tissue (e.g.,
cells are sensitive to E1 inhibitiqn; inhibition of E1 .%nctivity disrupts disease mechahisms;
reduction of E1 activity stabilizes protein which are inhibitors of disease mechanisms;
reduction of E1 activity. results in inhibition of prot‘eixﬁ which are activators of disease
mechanisms). Disease applications are also inbend!ed to include any disorder, disease or
condition which requires effective cullin and /or ubiquitination activity, which activity can
be regulated by diminishing E1 enzyme activity (e,-'.g., NAE, UAE activity). »

(0156} For example, methods of the invention are useful in treatment of disorders
involving cellular proliferation, including, but not limited to, disorders which require an
effective cullin- dependent ubiquitination and prc;)teolysis pathway (é.g., the ubiquitin
proteasome pathway) for maintenance and/or progression of the disease state. The
methods of the invention are useful in treatment iof disorders mediated via proteins(e.g.,

WAF/CIP1

NFxB activation, p27°7 activation, p21 activation, p53 activation) which are regulated

. by E1 activity(e.g., NAE activity, UAE activity, S’AE activity). Relevant disorders include

proliferative disorders, most notably cancers anc% inflammatory disorders (e.g., theumatoid
arthritis, inflammatory bowel disease, asthma, chronic obstructive pulmonary disease
(COPD), osteoarthritis, dermatosis (e.g., atopic dermatitis, psoriasis), vascular proliferative
disorders (e.g., atherosclerosis, restenosis) autoirpmune diseases (e.g., multiple sclerosis,
tissue and organ rejection)); as well as inflammation associated with infection (e.g., immune
responses), neurodegenerative disorders (e.g., A’lzheixm:r’s disease, Parkinson’s djseasé,
mot(?r neurone disease, neuropathic pain, triplejt repeat disorders, astrocytoma, and
neurodegeneration as result of alcoholic liver disease), ischemic injury (e.g., stroke), and
cachexia (e.g., accelerated muscle protein breakdown that accompanies various physiological
and pathological states, {e.g., nerve injury, fastif,\g, fever, acidosis, HIV infection, cancer

affliction, and certain endocrinopathies)). |

[0157] The compounds and phannace\“[xtical compositions of the invention are
particularly useful for the treatment of cancer.| As used herein, the term “cancer” refers to a
cellular disorder characterized by uncontrpllecfl or disregulated cell proliferation, decreased
cellular differentiation, inappropriate ability to invade sufroundjng tissue, and /or ability to
establish new growth at ectopic sites. The term “cancer” includes, but is not limited to, solid
tumors and bloodborne tumors. The term “cancer” encompasses diseases of skin, tissues,
organs, bone, cartilage, blood, and vessels. Tt[\e term “cancer” further encompasses primary

and metastatic cancers. |



WO 2008/019124 PCT/US2007/017463

[0158] In some embodiments, the cancer is a solid tumor. Non-limiting examples of
" solid tumors that can be treated by the methods of the invention include pancreatic cancer;
bladder cancer; colorectal cancer; breast cancer, including metastatic breast cancer; prostate
cancer, including androgen-dependent and androgen-independent prostate cancer; renal
cancer, including, e.g., metastatic renal cell carcinoma; hepatocellular cancer; lung cancer,
including, e.g., non-small cell lung cancer (NSCLC), bronchioloalveola:: carcinoma (BAC),
and adenocarcinoma of the lung; ovarian cancer, including, e.g., progressive epithelial or
primary peritoneal cancer; cervical cancer; gastric cancer; esophageal cancer; head and neck
cancer, including, e.g., squamous cell carcinoma of the head and neck; imelanoma;
neufoendocrine cancer, including metastatic neuroendocrine tumors; brain tumors,
including, e.g., glioma, anaplastic oligodendroglioma, adult glioblastoma multiforme, and

- adult anaplastic astrocytoma; bone cancer; and soft tissue sarcoma.

[0159] In some other embodiments, the cancer is a hematologic malignancy.
Non-limiting examples of hematologic malignancy include acute myeloid leukemia (AML);
chronic myelogenous leukemia (CML), including accelerated CML and CML blast phase
(CML-BP); acute lymphablastic leukemia (ALL); chronic lymphocytic leukernia (CLL);
Hodgkin's disease (HD); non-Hodgkin's lymphoma (NHL), including follicular lymphoma
and mantle cell lymphoma; B-cell lymphoma; T-cell lymphoma; multiple myeloma (MM);
Waldenstrom's macroglobulinemia; myelodysplastic syndromes (MDS). including refractory
anemia (RA), refractory anemia with ringed siderblasts (RARS), (refractory anemia with
excess blasts (RAEB), and RAEB in transformation (RAEB-T); and myeloproliferative
syndromes.

[0160] In some embodiments, the compound or composition of the invention is used
to treat a patient having or at risk of developing or experiencing a recurrence in a cancer
selected from the group consisting of colorectal cancer, ovarian cancer, lung cancer, breast
cancer, gastric cancer, prostate cancer, and pancreatic cancer. In certain preferred
embodiments, the cancer is selected from the group consisting of lung céncer, colorectal

cancer, ovarian cancer and hematologic cancers.

[0161] . Depending ‘on the particular disorder or condition to be treated, in some
embodiments, the E1 enzyme inhibitor of the invention is administered in conjunction with
additional therapeutic agent or agents. In some embodiments, the additional therapeutic
agent(s) is one that is normally administered to patients with the disorder or condition being
treated. As used herein, additional therapeutic agents that are nbrmally administered to
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treat a particular disorder or condition are known a‘s “appropriate for the disorder or

condition being treated.” [

[0162] The E1 inhibitor of the invention mary be administered with the other
therapeutic agent in a single dosage form or as a sebarate dosage form. When administered
as a separate dosage form, the other therapeutic ag%ant may be administered prior to, at the
same time as, or following administration of the Blr inhibitor of the invention.

[0163] In some embodiments, the E1 enzyxf[xe inhibitor of the invention is
administered in conjunction with a therapeutic agént selected from the group consisting of
_cytotoxic agents, radiotherapy, and immunotheraﬁy appropriate for treatment of
proliferative disorders and cancer. -Non41imi'ting efxampla of cytotoxic agents suitable for
use in combination with the E1 enzyme inhibitors"of the invention include: anh’metabolites,
including, e.g., capecitibine, gemcitabine, S-fluoro'tu"aci] or 5-fluorouracil/ leucovorin,
fludarabine, cytarabine, mercaptopurine,uﬁbguar“'\ine, pentostatin, and methotrexate;
topoisomerase inhibitors, including, e.g., etoposid’e, teniposide, camptothecin, topotecan,
irinotecan, doxorubicin, and daunorubicin; vinca’alkaloids, including, e.g., vincristine and
vinblastin; taxanes, including, e.g., paclitaxel and "'docetaxel; platinum agents, including, e.g.,
cisplatin, carboplatin, and oxaliplatin; antibiotics) including, e.g., actinomycin D, bleomycin,
mitomycin C, adriamycin, daunorubicin, idarubitin, doxorubicin and pegylated liposomal
doxorubicin; alkylating agents such as melpha]axll, chlorambucdil, busulfan, thiotepa,
ifosfamide, carmustine, lomustine, semustine, étfeptozodn, decarbazine, and
cyclophosphamide; including, e.g., CC-5013 and |CC-4047; protein tyrosine kinase inhibitors,
including, e.g., imatinib mesylate and gefitinib; piroteasome inhibitors, incduding, e.g.,
bortezomib; thalidomide and related analogs; arj’\tibodies, including, e.g., trastuzumab,
rituximab, cetuximab, and bevacizumab; mitoxal‘ntrone; dexamethasone; prednisone; and

temozolomide. , ,

{0164] Other examples of agents the inhibitors of the invention may be combined
with include anti-inflammatory agents such as corticosteroids, TNF blockers, II-1 RA,
azathioprine, cyclophosphamide, and sulfasal'aizi.ne; immunomodulatory and
immunosuppressive agents such as cyclosporirie, tacrolimus, rapamycin, mycophenolate
mofetil, interferons, corticosteroids, cyclophosﬂ)hamide, azathioprine, methotrexate, and
sulfasalazine; antibacterial and antiviral agents’; and agents for Alzheimer’s treatment such

as donepezil, galantamine, memantine and riv{astigmine.

{0165] In order that this invention be more fully understood, the following

preparative and testing examples are set forthl. These examples are for the purpose of

|
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illustration only and are not to be construed as limiting the scope of the invention in any

way.

EXAMPLES
Abbreviations
AA ammonium acetate
AcOH acetic acid
ACN acetonitrile
d days
' DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCM dichloromethane
DEAD ' diethylazodicarboxylate
DIAD diisopropylazodicarboxylate
DIPEA N, N-diisopropylethylamine
DMAP - N,N-dimethyl-4-aminopyridine
DMF dimethylformamide
DMSO dimethylsulfoxide
EtO diethyl ether
EtOAc ethyl acetate
EtOH ethanol '
EtN | triethylamine
FA formic acid
HO water
h . hours
HC) hydrochloric acid
LC/MS liquid chromatography mass spectrum
MeOH methanol
MeOD ' d,-methanol
MgSO, magnesium sulfate
m-CPBA meta-chloroperbenzoic acid
min | minutes
MS mass spectrum
MWI1 : microwave irradiation
Na,CO, sodium carbonate
NaHCO, sodium bicarbonate
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NaOH sodium hydroxide 1
|

NIS N-iodosuccinimide
TBAF tetra~n-butylammoni1"1m fluoride
TEA triethylamine |
p-TsOH para-toluenesulfonic a}cid
rt room temperature |
TFA trifluoroacetic acid (
THF tetrahydrofuran |
|
Analytical LC-MS Methods |

Spectra were obtained on a Hewlett-Packard I-IPlliOO using the following conditions:

FA Standard: Phenominex Luna Spm C18 50 x 4.6/mm column at 2.5 ml/min gradient of
ACN containing 0 to 100 percent 0.1 % Formic Acid in H,O for 3min

AA Standard: Phenominex Luna Sum C18 50 x 4.6 mm column at 2.5 ml /min gradient of
ACN containing 0 to 100 percent 10 mM Ammonium Acetate in H,O for 3min.

FA Waters: Waters Symmetry C18 3.5um 4.6mm )ﬁ 100mm column at Iml/min gradient of
ACN containing 0 to 95 percent 0.1 % Formic Acicli in H,O for 10min :

AA Waters: Waters Symmetry C18 3.5um 4.6mm % 100mm column at 1ml/min gradient of

ACN containing 0 to 75 percent 0.1 % 10 mM Amx['nonium Acetate in methanol for 10min

FA Long: Waters Symmetry C18 3.5um 4.6mm x 100mm column at 1m!/min gradient of
ACN containing 5 to 100 percent 0.1 % Formic Acdid in H,O for 12min

AA Long: Waters Symmetry C18 3.5um 4.6mm x 100mm column at 1ml/min gradient of
ACN containing 5 to 100 percent 10 mM Ammonium Acetate in H,O for 12min

|

- !
Example 1: [(1R,2R,3$,4R)~4—(I6—[(15)—2,3-Dihyidro—1H—mden-loylurﬁno]pyﬁnﬁdin—4—y1]-
amino)-2,3-dihydroxycydOpenryI](methyl sulfamate (Compound I-29)

cyclopentane-1,2-diol |

[0166] A mixture of (1R,2$,3R,5R)—3—amiff\o—5—(hydroxymethyl)cyclopentane-l,z-diol
hydrochloride (200 mg, 1.09 mmol), 4,6-dichloropyrimidine (240. mg, 1.61 mmol) and Et,N
(0380 mL, 2.73 nunol) in EtOH (3.00 mL) was heated to 150 °C for 15 min using MWL The
crude mixture was purifiéd via silica gel chromar‘togiaphy eluting with a gradiént of 0 to 15%
MeOH in DCM to afford the title compound (255 mg, 90%). LC/MS: R, =1.13 min, ES’ 260.
(AA standard). ]

|

|
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tep b: 3aR 4R 6R,6a5)-6-](6-Chloropyrimidin-4-yllaminol-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1.3]dioxol-4-ylimethanol
[0167) A solution of (1R,25,3R 5R)-3-[(6-chloropyrimidin-4-yl)amino}-5-

(hydroxymethyl)cyclopentane-1,2-diol (255 mg, 0.982 mmol), p-tolueriesulfonic acid
monohydrate (187 mg, 0.982 mmol) and 2,2-dimethoxypropane (0.670' mL, 0.545 mmol) in
MeOH (5.00 mL) was stirred overnight. The reaction was quenched via addition of
saturated aqueous NaHCO, solution (10 mL) and MeOH was removed in vacuo. The
aqueous mixture was extracted with DCM (4 x 20 mL) and the combiried organics were
concentrated in vacuo. The crude mixture was purified via silica gel chromatography
eluting with a gradient of 0 to 10% MeOH in DCM to afford the title compound (135 mg,
45.8%). LC/MS: R, = 1.77 min, ES" 300. (AA standard).

Step c: 3aR 4R.6R 6a3)~s44&[(15)-23-mwdmm-mdem1-v]anuno]gm'n_u'dm;x;-gn- ' ]
amino)-2.2-dimethyltetrahydro-3aH-cyclopentald]{13ldioxpl-4-ylJmethanol ‘

fo168] A mixture of {(3aR 4R,6R, 6aS)—6—[(6—c}ﬂoropynnudm—4—vl)armno] -2,2-
dimethyltetrahydro-3aH-cyclopentafd}{1 ,3]d10xol-4~yl]methanol (200 g, 0.667 mmol) and
(S)-(+)-1-aminoindan (0.188 mL, 1.47 mmol) were heated to 180 °C for 3 hin a sealed tube
using MWI. The mixture was dissolved in DCM and the resulting suspension was washed
with H,O followed by saturated ammoniurmn chloride solution. The organic layer was dried
over MgSO,, filtered and concentrated in vacuo. The residue was puriﬁéd via silica gel
chromatography eluting with a gradient of 0 to 10% MeOH in EtOAc to afford the title
compound as an amorphous solid (218 mg, 82.4%). LC/MS: R, = 1.44 min, ES' 397 (AA
standard).

Step d: [(3aR,4R,6R 6a5)-6-({6-[(15)-2,3-Dihydro-1H-inden-1-ylamino lpyrimidin-4-yl}-

aming)-2,2-dimethyltetrahydro-3aH-cyclopentald][1 3ldioxol-4-ylimethyl

sulfamate
{0169) A 2.00 M solution of ¢chlorosulfonamide in ACN was prepared as follows: FA b
(2-30 mL, 61.0 mmol) was added dropwise, with stirring to chlorosulforiyl isocyanate (5.20 .

mL, 59.7 mmol) under an atmosphere of nitrogen at 0 °C. After the addition was complete
and the mixture had solidified, ACN (22.5 mL) was added. The resultir;g solution was left to

stand under a vented source of nitrogen overnight at rt.

(0170} To a solution of [(3aR,4R,6R,6aS)-6-({6-[(15)-2,3-dihydro-1H-inden-1-
ylami.no]pyrimidin-‘l—yl)axm'no)—2,2—dimethyltetrahydro—3aH-cyclopenta[d][],3]dioxol—4—yl]-
methanol (100. mg, 0.252 mmol) and Et,N (0.0527 mL, 0.378 mmol) in DCM (2.50 mL) was
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added dropwise a 2.00 M solution of chlorosulfonax[nide in ACN (0.190 mL, 0380 muno}) at 0
°C and the mixture was stirred for 2 h. The reaction was diluted with DCM, quenched with

H,0 and the organic layer was separated, then concentrated in vacuo. The residue was
purified via silica gel chromatography eluting wnth‘[ a gradient of 0 to 10% MeOH in DCM to
afford the title compound (65.0 mg, 54%). LC/ MS¢ R, = 1.58 min, ES' 476 (AA stan@ard).

idin-4-yl}-

amino)-2 3-dihydroxycyclopentyllmethyl sulfamate (Compound 1-29)
' [
(0171} A solution of [(3aR,4R,6R ,6aS)-6-({6-[(15)-2,3-dihydro-1H-inden-1-
y)amho]pyrin\idin-4~yl}amino)-2,2-dimemyltetraf\ydro-BaH-cydopenta[d][1,3]dioxol—4—yl]-
methyl sulfamate (60.0 mg, 0.126 mmol) was treated with a 9:1 mixture of trifluoroacetic acid

in H,0O (5.00 mL, 58.4 mmol) and the mixture was stirred for 10 min before being

concentrated in vacuo. The crude material was pl[urified via reverse phase C18 preparative

. HPLC eluting with a gradient of 5 to 70% of 0.1% FA/95% ACN/5% H,0 in 0.1% FA/99%

H20/1% ACN over 16 min to afford the title con%lpound (27.0 mg, 49%). "H NMR (400 MHz,
DMSO-d6, 8): 8.13 (5, 1H), 7.98 (s, 1H), 7.4 (5, ZH), 7.28-7.02 (m, SH), 672 (bs, 1H), 553 (s,
1H), 5.41 (s, 1H), 4.63 (d, ] = 5.3 Hz, 1H), 4.09 (dd, ] = 5.1, 9.5 Hz, 1H), 3.97 (dd,] = 7.0,9.5 Hz,
1H), 3.81 (bs, 1H), 3.71-3.60 (m, ZI{.), 3.01-2.87 (m!, 1H), 2.87-2.70 (m, 1H), 2.47-2.37 (m, 1H),
2.30-2.09 (m, 2H), 1.89-172 (m, 1H), 119-1.05 (my 1H) ppm. LC/MS: R, = 113 min, ES' 436

(AA standard). l
!
Example2:  {(1R,2R,35,4R)-4-[(6-{[(15)-3,3-Dimethyl-2,3-dihydro-1H-inden-1-ylJamino}-
pyrirnidin—tl-yl)amino]-2,3—dihyd1roxycyclopentyl)methyl sulfamate
(Compound 1-21) |

!
[0172] To a solution of 3,3—dimethylind“'an~l-one (925 mg, 5.77 mmol) and (R)-(-)-2-
phenylglycinol (893 mg, 6.51 mmol) in toluene|(10.0 mL) was added p-toluenesulfonic acid

monohydrate (62.5 mg, 0.328 mmol). The reaction was heated to reflux under an
atmosphere of nitrogen for 90 min. At this poi[nt, the mixture was cooled and diluted with
toluene (10.0 mL). The mixture was washed V\(ﬁth saturated aqueous NaHCO, solution and

H,O. The organic layer was concentrated in vacuo and the residue was dissolved in THF

(10.0 mL) and cooled to 0 °C. AcOH (1.13 mL,, 19.9 mmol) was added, followed by sodium

borohydride (251 mg, 6.64 mmol) and the reaftion was allowed to warm to 23 °C overnight.

The mixture was partitioned between DCM and saturated aqueous NaHCO, solution. The
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organic layer was concentrated and silica gel chromatography eluting with a gradient of 5 to
35% EtOAc in DCM afforded the title compound (1.49 g, 74%). LC/MS: R, = 1.92 min, ES’
282 (AA standard).

Step .b: (15)-33-Dimethylindan-1-amine

[0173] A solution of (2R)-2-{[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-ylJamino}-2-
phenylethanol (1.44 g, 5.13 mmol) in MeOH (40.0 mL) was added to a stirred solution of lead
tetraacetate (3.75 g, 8.03 mmol) in MeOH (60.0 mL) at 0 °C dropwise over 20 min. After

stirring fof 45 min, the reaction was quenched via addition of a 10% solution of Na,CO, in

H,O (76.0 mL) and the mixture was stirred for 10 min. DCM (200 mL) was then added and

the layers were separated. The aqueous layer was extracted with DCM (50.0 mL). The

combined organic layers were concentrated in vacuo and the residue was dissolved in EtOH

(190. mL) and treated with a 10.4 M aqueous solution of HCI (5.70 mL, 59.3 mmol). The ‘
resulting mixture was then heated to reflux for 16 h. The cooled reaction was concentrated B
in vacuo and partitioned between H,O (150. mL) and Et,0 (50.0 mL). The aqueous layer was '
adjusted to pH 10 via addition of Na,CO, and extracted with Et,0 (3 x 50.0 mL). The

combined organic layers were concentrated in vacuo and silica gel chromatography eluting

with a gradient of 0 to 10% MeOH in DCM to afford the title compound as a pale yellow oil

(420. mg, 51%). '"H NMR (CD,OD, 300 MHz) 5: 7.34-7.14 (m, 4H), 4.45-1.37 (m, 1H), 2.38 (dd,
J=7.1,12.4 Hz, 1H), 1.73 (bs, 2H), 1.60 (dd, ] = 8.7, 12.4 Hz, 1H), 1.39 (s. 3H), 1.19 (s, 3H)

ppm. '

Step c: {(1R,2R,3S 4R}-4-[(6-{[(15)-3 3-Dimethyl-2 3-dihydro-1H-inden-1-yllamino}-
pyrimidin-4-yllamino}-2 3-dihydroxycyclopentylimethyl sulfamate (Compound

L21)
{0174] \ The title compound was prepared following the procedure vdesciibed in
Example 1a-e using (15)-33-dimethylindan-1-amine in step c. 'H NMR (CD,OD, 400 MHz) ”
8:7.95 (s, 1H), 7.28-7.15 (m, 4H), 5.62 (s, 1H), 5.38 (bs, 1H), 4.22-4.12 (m, 2H), 3.92 (bs, 1H), 6

3.88(dd, ] = 5.5, 5.5 Hz, 1H), 3.78 (dd, ] = 5.5, 5.5 Hz, 1H), 2.46-2.27 (m, 3H), 1.84-1.76 (m,
1H), 1.39 (s, 3H), 1.35-1.27 (m, 2H), 1.25 (s, 3H) ppm. LC/MS: R, = 1.42 min, ES" 464 (AA
standard). ‘
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Example3: {(1R2R3S54R)}4-[(6-{[(1 S)-4-Chloro—2j,3-d1hydro-lH—mden~1-yl]ammo]—
pyrimidin-4-yl)amino}- 2,3—dxhydroxycyclopentyl]methyl sulfamate
(Compound I-24) f

(0175) - The title compound was prepared fo[{lowing the procedure described in
Example 2a-c using 4-chloroindan-1-one in step a. [H NMR (CD,OD, 400 MHz) &: 8.01 (s,
1H), 7.26-7.15 (m, 4H), 5.69 (s, 1H), 5.44 (bs, 1H), 417 (dddd, ] =52,9.7,9.7,9.8 Hz, 2H), 3.95
(bs, 1H), 3.88 (t, ] = 5.4 Hz, 1H), 3.79 (t, ] = 5.6 Hz, 1\!H), 3.12-3.04 (m, 1H), 2.88(ddd, /] =8.2,
82,164 Hz, 1H), 2.66-2.56 (m, 1H), 2.43-2.28 (rn, 2!-;1), 1.99-1.88 (m, 1H), 1.38-1.28 (m, 1H)

ppm. LC/MS: R, =1.08 min, ES' 470. (FA standard).
.
Example4: {(1R2R3S,4R)4-[(6-{[(15)-5,6-Difludro-2,3-dihydro-1H-inden-1-ylJamino}--
pyrimi dm—4-yl)ammo]-2,3—dxhydroxycyclopentyl}methyl sulfamate
(Compound 1-17) |

[0176]) The title compound was prepared following the procedure described in

Example 2a-c using 5,6-difluoroindan-1-one in ste!p a. 'HNMR (CD,0D, 400 MHz) &: 7.96 (s,
1H), 7.14-7.02 (m, 3H), 5.62-5.58 (m, 1H), 5.39 (s, lH), 5.28 (bs, 1H), 4.22-4.13 (m, 2H), 3.89
(dd, J =55,5.5Hz, 1H),3.78 (dd, ] =54, 54 Hz, 11—1),30&291 (m, 1H), 2.88-2.77 (m, 1H),
2.64-2.55 (m, 1H), 2.44-2.32 (m, 1H), 1.97-1.86 (m, ]].H), 1.43-1.20 (m, 2H) ppm. LC/MS: R, =

1.02 min, ES" 472 (FA standard). !

' !
Example 5:  {(1R2R,3S,4R)-4-[(6-{[(15)4,7-Difluoro-2,3-dihydro-1H-inden-1-ylJamino}-
pyrumdm-4—yl)axmno]—2,3—dxhydrjoxycyclopentyl)memyl sulfamate
{Compound 1-6) }

(0177} The title compound was prepared follow‘mg the procedure described in
Example 2a-c using 4,7-difluoroindan-1-one in sll;ep a. 'HNMR (CD,0D, 400 MHz) 8: 7.95 (s,
1H), 7.02-6.86 (m, 2H), 5.62-5.50 (m, 2H), 4.23—4.1’2 {m, 2H), 3.92 (bs, 1H), 3.88 (dd, ] = 5.5, 5.5
Hz, 1H),378(dd, ] = 5.5, 5.5 Hz, 1H), 3.16-3.05 (;:rl, 1H), 2.95-2.85 (m, 1H), 2.62-2.50 (m, 1H),

. 2.45-2.28 (m, 2H), 2.11-2.00 (m, 1H), 1.37-1.25 (m, 1H) ppm. LC/MS: R, = 0.94 min, ES" 472

(FA standard). ;

Example6: {(1R,2R,3S 4R)-4~[(6-l[(1S)-4-Fluoro-2,3—d1hydr<>1H-mden- -yllamino}-
pynrmdm-4-yl)anuno]—2,3—d1hydroxycyclopentyllmethyl sulfamate
(Compound I-1) ,

[0178] The title compound was prepare!d following the procedure described in
Example 2a-c using 4-fluoroindan-1-one in step a. 'H NMR (CD,OD, 300 MHz) 8: 8.06 (s,

|
1H), 7.29-7.17 (m, 1H), 7.15-7.06 (m, 1H), 7.03-6.91 (m, 1H), 5.75 (s, 1H), 5.42 (bs, 1H), 4.27-
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4.11 (m, 1H), 4.08-3.89 (m, 2H), 3.89-3.80 (m, 1H), 3.16-3.02 (m, 1H), 2.96-2.80 (m, 1H), 2.73-
2.55 (m, 1H), 2.47-2.27 (m, 2H), 2.06-1.89 (m, 1H), 1.47-1.23 (m, 1H) ppm. LC/MS: R, =094
min, ES” 454 (FA standard).

Example 7:  [(1R,2R,35,4R)-4-({6-[(1R)-2,3-Dihydro-1H-inden-1-ylarnino]pyrimidin-4-yl}-
amino)-2,3-dihydroxycyclopentyljmethyl sulfamate (Compound 1-8)

{0179] The title compound was prepared following the proceciure described in
Example 1a-e using (R)«-)}-1-aminoindan in step c. 'H NMR (CD,0OD; 400 MHz) 8: 7.96 (s,
1H), 7.27-7.12 (m, 4H), 5.66 (s, 1H), 5.30 (bs, 1H), 4.23-4.13 (m, 2H), 3.95 (bs, 1H), 3.90(dd, ] =
5.5, 5.5 Hz, 1H), 3.80 (dd, ] = 5.6, 5.6 Hz, 1H), 3.05-2.94 (m, 1H), 2.92-2.81 (m, 1H), 2.63-2.50
(m, 1H), 2.45-2.28 (m, 2H), 1.96-7.80 (m, 1H), 1.38-1.27 (m, 1H) ppm. LC/MS: R, = 1.07 min,
ES’ 436 (FA standard).

Example 8:  ((1R,2R,35,4R)4-{{6-(Benzylamino)pyrimidin-4-ylJamino}-2,3-
dihydroxycyclopentyl)methyl sulfamate (Compound 1-27)

[0180] The title compound was prepared following the procedure described in
Example 1a-e using benzylamine in step c. 'H NMR‘(CD30D, 300 MH::) 8: 7.92 (s, 1H), 7.35-
7.16 (m, 5H), 5.49 (s, 1H), 4.42 (s, 2H), 421-4.07 (m, 2H), 3.91 (bs, 1H), 3.87 (dd, ] = 5.2, 5.2 Hz,
1H), 3.74 (dd, | = 5.6, 5.6 Hz, 1H), 2.39-2.19 (m, 2H), 1.46-1.11 (m, 1H) ppm. LC/MS: R =1.14
min; ES” 408 (AA standard).

Example 9:  [(1R,2R3S5,4R)-4-({6-|Benzyl(methyl)amino]pyrimidin-4-yl}amino)-2,3-
dihydroxycyclopentyljmethyl sulfamate (Compound I-22)

[0181) The title compound was prepared following the procedure described in

Example 1a-e using N-methylbenzyl amine in step ¢. '"H NMR (CD,0D, 300 MHz) 8: 7.9 (s,

1H), 7.34-7.14 (m, 5H), 5.62 (s, 1H), 4.75 (s, 2H), 4.23-4.09 (m, 2H), 4.01-3.90 (m, 1H), 3.87 (dd,

] =5.5,5.5 Hz, 1H), 3.76 (dd, | = 5.5, 5.5 Hz, 1H), 2.99 (s, 3H), 2.42-2.25 (rn, 2H), 1.35-1.20 (1H)

ppm. LC/MS: R, =127 min, ES 422 (AA standard).

Example 10: {(1R,2R,35,4R)-4-{(6-([(1S)-5-Chloro-2,3-dihydro-1H-inden-1-ylJamino}-
pyrimidin-4-yl)amino}-2,3-dihydroxycyclopentylimethyl sulfamate
(Compound I-19) ‘

[0182] The title compound was prepared following the procedure described in

Example 2a-c using 5-chloroindan-1-one in step a. ’H NMR (CD,OD, 400 MHz) 6: 7.94 (s,

1H), 7.34-7.18 (n, 2H), 7.18-7.12 (m, 1H), 5.62 (s, 1H), 5.30 (bs, 1H), 3.88(dd, ] = 55,55Hz,
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1H), 3.77 (d4, ] = 5.5, 5.5 Hz, 1H), 3.03-294 (m, 1H), 2.92-2.81 (m, 1H), 2.61-2.51 (m, 1H), 2.42-
2.26 (m, 2H), 1.97-1.84 (m, 1H), 1.35-1.22 (m, 1H) ppm. LC/MS: R, =1.44 min, ES 470. (AA
standard).

Example11: {(1R,2R,35,4R)-2,3-Dihydroxy-4-({6-{(15)-1,2,3,4-tetrahydronaphthalen-1-

ylamho]pyrimidin«l-y]]amino)cyclofpentyl]methyl sulfamate (Compound I-

12) ‘

[0183] The title compound was prepared follllowi.ng the procedure described in
Example 1a-e using (S)-(+)-1,2,3,4-tetrahydro-1-napthylamine in step ¢. "H NMR (CD,0OD,
400 MHz) 5: 7.93 (s, 1H), 7.27-7.20 (m, 1H), 7.18-7.06 (m, 3H), 5.59 (s, 1H), 4.99 (bs, 1H), 4.23-
4.11 (m, 2H), 3.92 (bs, 1H), 3.88 (dd, ] = 5.5, 5.5 Hz, 1H), 3.77 (dd, ] = 5.5, 5.5 Hz, 1H), 2.90-
2.70 (m, 2H), 2.43-2.26 (m, 2H), 2.08-1.76 (m, 5H), 1.35-1.22 (m, 1H) ppm. LC/MS: R =1.33
min, ES’ 450. (AA standard).

Example12: {(1R2R35,4R)-2,3-Dihydroxy-4-[(6-{[(1R,25)-2-methoxy-2,3-dihydro-1H-
inden-1-ylJamino}pyrimidin-4-yl)amino]cyclopentyl}methyl sulfamate
(Compound 1-2)

Step a: tert-Butyl [(1R,25)-2-hydroxy-2 ihydro-1H-inden-1-yllcarbamate

[0184] (lR,ZS)—l—Aminoindan—Z—ol 18g 12||.3 mumnol) was dissolved in DCM (70.0
mL) and TEA (3.42mL, 24.5 mmol) was added. Di-tert-butyldicarbonate (2.81 g, 12.9 mmol)
was added and the reaction mixture was stirred for 5 h. The solution was concentrated in
vacuo and purified via silica gel chromatography eluting with a gradient of 0 to 100% EtOAc
in hexanes to afford the title compound (3.12 g, 100%). LC/MS: R, =1.55 min, ES' 250. (AA

~standard).
Step b: tert-Butyl [(1R,25)-2-m -2.3-dihydro-1H-inden-1-yllcarbama
[0185] A mixture of tert-butyl [(1R,25)-2-hydroxy-2,3-dihydro-1H-inden-1-yl}-

carbamate (680. mg, 2.73 mmol), DMF (21.1), barium‘| monoxide (5.02 g, 32.7 mmol), barium
hydroxide (2.80 g, 16.4 mmol) and iodomethane (1.70 mL, 27.3 mmol) was stirred overnight.

LC/MS showed no starting material. The reaction was quenched via addition of a saturated

solution of NaHCO, and was extracted with DCM. The organic layer was washed with H,O
(3x), dried over sodium sulfate and concentrated in vacuo. The residue was purified via
silica gel chromatography eluting with a gradient of 0 to 50% EtOAc in hexanes to afford the

titte compound (178 mg, 25%). LC/MS: R, = 1.24 min, ES’ 264 (AA standard).
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Step ¢: (1R.25)-2-Methoxyindan-1-amine

[0186] © To tert-butyl [(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1-yl]carbamate (253
mg, 0.961 mmol) was added a 4.00 M solution of HC! in 1,4-dioxane (5.00 mL) and the
mixture was stirred for 10 min, after which a white solid crashed out. The suspension was
concentrated in vacuo and co-evaporated with toluene to afford a white solid, which was

dissolved in H,O. The solution was adjusted to pH 10. via addition of Na,CO,. The mixture
was then extracted vﬁth Et,0 (3 x 30 mL) and the organic extracts were concentrated in

vacuo to afford the title compound (150. mg, 99%). LC/MS: R, = 0.85 min, ES’ 164 (AA
standard).

Step d: {( 1R.2R 35.4R)-2,3-Dihydroxy-4-[(6-{[(1R,25)-2-methoxy-Z.3-dihydro-1H-inden-1-
vllamin ojpmdln-évl)ammolgdopenggllmethyl sulfamate (Compound 1-2)

{0187] The title compound was prepared following the procedure described in
Example 2a-c using (1R,25)-2-methoxyindan-1-amine in step a. 'H NMR (CD,0D, 400 MHz)
8:7.97 (s, 1H), 7.28-7.10 (m, 4H), 5.36 (bs, 1H), 4.21-4.10 (m, 3H), 3.93 (bs, 1H), 386 (. ] =5.4
Hz, 1H), 3.77 (t, ] = 5.6 Hz, 1H), 3.32 (s, 3H), 3.12-2.95 (m, 2H), 2.44-2.26 (m, 2H), 1.38-1.25 (m,
1H) ppm. LC/MS: R, = 0.94 min, ES’ 466 (FA standard).

Example 13: [(1R2R,3S 4R)-4~((6-[(Cyclohexylmethyl)ammo]pymmdm-4-yl)ammo)—2,3—
dihydroxycyclopentyllmethyl sulfamate (Compound I-14)

. [o188] The title compound was prepared following the procedure described in
Example 1a-e using cyclohexanemethylamine in step c. 'H NMR (CD,0OD, 400 MHz) &: 8.08
(s, 1H), 5.69 (s, 1H), 4.22-4.13 (m, 2H), 4.00 (bs, 1H), 3.89(dd, ] =5.2,5.2 Hz, 1H), 3.82(dd, ] =
6.2, 6.5 Hz, 1H), 3.18-3.07 (m, 2H), 2.42-2.29 (m, 2H), 1.83-1.53 (i, 7H), 1.44-1.14 (m, 5H),
1.07-0.92 (m, 2H) ppm. LC/MS: R =1.31 min, ES 414 (AA standard).
Example 14: [(1R,2R,35,4R)-2 3-Dihydroxy-4-({12-[(3-methyl-2,3-dihydro-1H-inden-1-y})-
amino]pyrimidin-4-yljJamino)cyclopentylmethyl sulfamate (Compound I-10)
Step a: Methylindan-1-one oxim A
[0189] To a solution of 3-methylindan-1-one (221 mg, 1.51 mmol) and
hydroxylamine hydrochloride (295 mg, 4.25 mmol) in MeOH (4.00 mL) was added a
solution of NaOH (200 mg, 5.00 mmol) in H,O (2.00 mL) and the mixture was stirred at 80 °C
for 2 h. The cooled reaction was concentrated in vacuo to remove most of the MeOH, and

the residue was partitioned between DCM and H,O. The organic layer was concentrated in
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vacuo to afford the title compound as a waxy solid (232 mg, 95%). LC/ MS: R, = 1.51 min,
ES' 162 (AA standard). ’

|
Stepb: __3-Methylindan-1-amine B
[0190)] A mixture of-methylindan-1-one oxime (223 mg, 1.38 mmol) and 10%
palladium on carbon (14.7 mg, 50% water wet) in MeOH (5.00 mL) was stirred under an
atmosphere of hydrogen overnight. The mixture s{vas then filtered through celite, washed
through with MeOH and the combined filtrates wiere concentrated in vacuo to afford the
title cdmpound (195 mg, 96%). '"HNMR (CDCL,, 3:00 MHz) §: 7.39-7.14 (m, 4H), 426 (dd, | =
7.2,9.4 Hz, 1H), 3.13-2.96 (m, 1H), 2.71 (ddd, ] = 6.:9, 6.9,12.5 Hz, 1H), 1.75 (bs, 2H), 1.35(d, ]
= 6.8 Hz, 3H), 1.25(ddd, ] = 9.9,9.9, 117 Hz, 1H) ppm.

Step ¢: 1R S ,4R)-2 3-Dihydroxy-4-({2- 3—l'neth 1-2 3-dihydro-1H-inden-1-yl)-

aminolpyrimidin-4-yllamino)cyclopentyllmethy! sulf m d 11
[0191] The title compound was prepared fc{)llowing the procédure described in

~ Example la-e using 2,4-dichloropyrimidine in stepl a and 3-methylindan-1-amine in step c.

'H NMR (CD,OD, 300 MHz) &: 7.65-7.36 (m, 1H), 7134-7.04 (m, 5H), 6.23-5.99 (m, 1H), 5.62
(bs, 1H), 4.53-4.36 (m, 1H), 4.22-4.09 (m, 2H), 3.943.81 (m, 2H), 3.25-3.08 (m, 1H), 2.94-2.76
(m, 1H), 1.66-1.44 (m, 1H), 1.44-1.20 (m, 6H) ppm. LC/MS: R = 1.19 min, ES’ 450. (AA
standard). | } '

Example 15: {(1R,2R.3S, 4R)~4~[(2-l[(1S)-3,3—Dxmethyl—2,3-d1hydro—1H—mden— -ylJamino}-
pyrmudm—4—yl)a:nmo]—2,3—d1hydroxycyclopenty]}methyl sulfamate
(Compound 1-15)

[0192] The title compound was prepared fo‘:llowing the procedure described in
Example la-e using 2,4-dichloropyrimidine in step a and (15)-3,3-dimethylindan-1-amine in
step c. 'H NMR (CD,0OD, 400 MHZz) &: 8.47 (s, 1H), ?.59 (s, 1H), 7.32-7.17 (m, 4H), 6.06 (bs,
1H), 5.64 (bs, 1H), 4.36 (bs, 1H), 4.21-4.09 (m, 2H), 3/91-3.81 (m, 2H), 2.47 (dd, ] = 7.3, 12.4 Hz,
1H), 2.41-2.23 (m, 2H), 1.91 (bs, 1H), 1.41 (s, 3H), 1.23|6 (s, 3H), 0.99-0.88 (m, 1H) ppin.
LC/MS: R, = 1.24 min, ES’ 464 (AA standard). |

Example 16: [(1R, 2R,3$,4R)-4-({2-[(Cyclohexylmet‘hyl)armno]pyrmudm—4-y1}ammo)-2,3-
dihydroxycyclopentyljmethyl sulfamate (Compound 1-4)

[0193]) The title compound was prepared followmg the procedure described in
Example la-e using 2,4-dichloropyrimidine in step 2 aand cyclohexanemethylamine in step c.
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"H NMR (CD,0D, 400 MHz) &: 7.50 (d, ] = 7.3 Hz, 1H), 6.04 (d, ] = 7.1 Hz, 1H), 4.42 (dd, ] =
7.9,13.8 Hz, 1H), 4.22-1.43 (m, 2H), 3.93-9.85 (m, 2H), 3.68 (s, 1H), 2.48-2.28 (m, 2H), 1.84-1.55
(m, 7H), 1.37-1.13 (m, 5H), 1.07-0.93 (m, 2H) ppm. LC/MS: R, = 1.11 min, ES' 416 (AA
standard).
Example17: [(1R2R,3S4R)}-4-(12-[Benzyl(methyl)amino]pyrimidin-4-yljJamino)-2,3-
dihydroxycyclopentyllmethy! sulfamate (Compound 1-20) v
[0194) The title compound was prepared following the procedure described in
Example 1a-e using 2,4-dichloropyrimidine in step a and N-methylbenzyl amine in step c.
"H NMR (CD,0OD, 400 MHz) &: 7.59 (d, ] = 6.8 Hz, 1H), 7.38-7.25 (m, 5H), 6.14 (d, ] = 6.6 Hz,
1H), 5.03-4.95 (m, 1H), 4.37 (bs, 1H), 4.14 (d, ] = 4.6 Hz, 2H), 3.89-3.85 (m, 2H), 3.68 (s, 2H),
3.15 (s, 3H), 2.86 (s, 1H), 2.35-2.22 (m, 2H);’1.28 (bs, 1H) ppm. LC/M5: R, = 1.16 min, ES’ 424
(AA standard). :

Examplé 18: ((1R.2R3S,4R)-4-{[2-(Benzylamino)pyrimidin-4-yljJamino}-23-
dihydroxycyclopentyl)methyl sulfamate (Compound 1-7)

[0195] The title compound was prepared following the procedure described in
Example 1a-e using 2,4-dichloropyrimidine in step a and benzylamine in step c. '"HNMR
(CD,0D, 400 MHz) 6: 7.58 (d, ] = 5.4 Hz, 1H), 7.36-7.26 (m, 4H), 724-7.18 (m, 1H), 5.90(d, ] =
6.3 Hz, 1H), 4.63-4.47 (m, 2H), 4.26 (bs, 1H), 4.18-4.07 (m, 2H), 3.86 (dd, ] = 5.3, 5.3 Hz, 1H),
3.80 (dd, ] = 5.9, 6.3 Hz, 1H), 2.34-2.19 (m, 2H), 1.31-1.14 (m, 1H) ppm. LC/MS: R, =107
min, ES” 410. (AA stand.ard). |

Example19: [(1R,2R,35,4R)-4-({6-[(15)-2,3-Dihydro-1H-inden-1-ylamino)-2-
methylpyrimidin-4-yl}amino)-2,3-dihydroxycyclopentyllmethyl sulfamate
and {(1R,2R 3S 4R)}-4-[(6-amino-2-methylpyrimidin-4-yl)amino}-2,3-
dihydroxycyclopentylimethyl sulfamate (Compounds I-18 and I-13)

[0196] The title compounds were prepared following the procedure described in

Example la-e using 4,6-dichloro-2-methylpyrimidine in step a and (S)-(+)-1-aminoindan in

step c. Analytical data for [(1R,2R,35,4R)-4-({6-{(15)-2 3-dihydro-1H-inden-1-ylamino}-2-

methylpyrimidin-4-yl}amino)-2,3-dihydroxycyclopentyl)methyl sulfamate (Compound I-

18): 'H NMR (CD,OD, 400 MHz) 8: 7.31-7.14 (m, 4H), 5.54 (s, 1H), 5.29 (bs, 1H), 4.22-4.11 (m,

2H), 3.92 (bs, 1H), 3.90 (dd, ] = 5.2, 5.2 Hz, 1H), 3.78 (dd, ] = 5.7, 5.7 Hz, 1H), 3.06-2.96 (m,

1H), 2.93-2.82 (m, 1H), 2.63-2.52 (m, 1H), 2.40-2.31 (m, 2H), 2.29 (s, 3H), 1.98-1.85 (m, 2H),

1.43-1.24 (m, 2H) ppm. LC/MS: R = 1.29 min, ES" 450. (AA standard). Analytical data
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for{(1R,2R,35,4R)—4-[(6-amino-2—methylpyrimidin—ll‘)‘[rl)anﬁno]-2,3—dihydroxycyclopentyl }-
methyl sulfamate (Compound I-13): 'H NMR (CDaOIi), 400 MHz) &: 7.45 (s, 1H), 5.49 (s, 1H),
4.25-4.11 (m, 2H), 3.95 (bs, 1H), 3.92 (dd, | = 5.3, 5.8 Hz, 1H), 3.78 (dq, ] = 5.8, 5.8 Hz, 1H),
2.69 (s, 1H), 2.44-2.31 (m, 1H), 2.27 (s, 3H), 1.45-1.24 1((m, 1H) ppm. LC/MS: R, = 076 min, ES’

f

Example 20: ((1R,2R,3S, 4R)-4-[[6-(Benzylammo)—2l—methylpynnudm—4-yllam_mo}-2,3—
dmydroxycyclopenty])methyl sulfamahe (Compound 1-30)

[0197] The title compound was prepared foPomg the procedure described in

Example la-e usmg 2 A-dichloropyrimidine in step a and benzylamine in step c. 'H NMR

(CD,0D, 300 MHz) 8: 7.41-7.31 (m, 4H), 7.31-7.22 (m, 1H), 5.55 (s, 1H), 4.52 (s, 2H), 4.21-4.09

(m, 2H), 3.87 (dd, ] = 4.9, 49 Hz, 1H), 3.79 (dd, ] = 5.9, 6.8 Hz, 1H), 2.42 (s, 3H), 2.37-2.21 (m,

2H), 1.41-1.21 (m, 2H) ppm. LC/MS: R, = 1.16 min; ES’ 424 (AA standard).

l

Example 21: {(1R,25 4_R)-4—(l6-[(13)-2,3—D1hydro—1H—mden—l—ylammo]pynrmdm—4-yl}—
ammo)-2—hydroxycyclopentyl]meth{yl sulfamate (Compound I-25)

Step a: 15,2R 4R} 4-[(6-Chloropyrimidin-4-yl}aminol-2-(thydro ethyl)cvclopentanol
I

[0198] To a neat mixture of (15,2R,4R)—4-aﬁtino-2-(hydroxymethyl)cyclopentanol
(3.00 g, 22.9 mmol) and 4,6-dichloropyrimidine (3."70 & 24.8 mmol) was added isopropyl
alcohol (30.0 mL) and Et,N (8.00 mL, 57.4 mmol) and the resulting mixture was heated to 90
°C for 1 h. The mixture was then cooled to 23 °C, ;ﬁltered and concentrated in vacuo. The
residue was purified via silica gel chromatography eluting with a gradient of 5 to 7% MeOH
in DCM, and the compound was recrystallized from EtOAc to afford the title compound as a

white solid (3.30 g, 59%). LC/MS: R, = 0.84 min, Fs 244 (AA standard).

|
Step b: (1S.2R, 4R)—4-(J6—I(1$)—2.3-D1hvdro—lH—mden—l-Ylarrunolpvnrrudm-4—vllarruno) 2-
hydroxymethyl)cyclopentanol I

(0199] A mixture of (lS,2R,4R)—4—[(6—d11c7’ropyrimidin~4—yl)amino]—2—
(hydroxymethyl)cyclopentanol (500. mg, 2.05 minol), 1-butanol (4.00 mL) and (5)-(+)-1-

aminoindan (0.806 mL, 6.16 mmol) was heated tllo 200 °C for 90 min in a sealed tube using

MWI. The mixture was concentrated in vacuo and purified via silica gel chromatography
eluting with a gradient of 5 to 25% MeOH in DCI:IM to afford the title compound as an

amorphous solid (513 mg, 73%). LC/MS: R, = 1.20 min, ES’ 341 (AA standard).
|
!
!
|
!
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Step c: tert-Butyl (chlorosulfonyllcarbama

_[0200] To a stirred solution of chlorosulfonyl isocyanate (3.20 mL, 36.0 mmol) in
benzene (15.0 mL) in a water bath at 23 °C was added tert-butyl alcohol (3.50 mL, 36.2 mmol)
dropwise via syringe under an atmosphere of nitrogen. After 2 h, the mixture was diluted
with hexanes (30.0 mL) and the resulting white precipitate was filtered and washed with
hexanes (3 x 20 mL). The collected solid was dried in a vacuum desiccator under house
vacuum for 10 min to afford the title compound as a white solid (5.08 g, 65%). The product
was stored under nitrogen in a freezer. 'H NMR (300 MHz, CDCL, &): 8.44 (bs, 1H), 1.57 (s,

9H) ppm. LC/MS: R, = 0.939 min, ES” 215 (AA standard). Reference: F. Hirayamaetal.,
Biorg. Med. Chem., 2002, 10, 1509-1523.

Step d: tert-Butyl ({[(1R2S 4R 6-[(15)-2 3-dihydro-1H-inden-1-ylaminolpyrimidin-4-
yllamino)-2-hydroxycyclopentylmethoxylsulfonyl)carbarnate

{0201] A neat mixture of (15,2R,4R)-4-({6-[(15)-23-dihydro-1H-inden-1- ’

ylamino]pyrimidin-4-yl}Jamino)-2-(hydroxymethyl)cyclopentanol (100. mg, 0.294 mmol) and ‘

2,6—di—tert—butyl—4—methylpyridine (181 mg, 0.881 mmol) was dissolved in ACN (5.00 mL)
before tert-butyl (chlorosulfonyl)carbamate (95.0 mg, 0.441 mmol, as prepared in Example
21c) was added. The reactidn was stirred for 2 h before being quenched via addition of
MeOH (2 mL). The resulting mixture was concentrated in vacuo and purified via silica gel
chromatography eluting with a gradient of 10 to 20% MeOH in DCM to afford the title
compound as an amorphous solid (50.0 mg, 33%). LC/MS: R, =1.24 min, ES’ 520. (AA
standard).

Stepe:  [(1R.2S.4R)-4-(16-[(15)-2 3-Dihydro-1H-inden-1-ylamino]pyrimidin-4-yllamino)-2-
hydroxycyclopentyllmethyl sulfamate (Compound 1-25) -

(0202]) To a solution of tert-butyl ({{(1R,25,4R)4-({6-{(15)-2,3-dihydro-1H-inden-1-
ylamino}pyrimidin-4-yl}Jamino)-2-hydroxycyclopentyllmethoxy}sulfonyl)carbamate (50.0
mg, 0.0962 mmol) in DCM (2.00 mL) was added trifluoroacetic acid (0.500 mL, 6.49 mmol),

and the mixture was stirred for 30 min. The mixture was concentrated in vacuo and the

[ A

residue was purified via silica gel chromatography eluting with 10% MeOH in DCM, and
the product was dissolved in MeOH and treated with solid NaHCO,. The suspension was
filtered and the filtrate was purified via silica gel chromatography eluting with 10%
MeOH/DCM to afford the title compound as an amorphous solid (12.0 mg, 30%). 'H NMR
(CD,OD, 400 MHz) §: 7.94 (s, 1H), 7.29-7.12 (m, 4H), 5.53 (s, 1H), 5.32 (bs, 1H), 4.23—4.08 (m,
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4H), 3.06-2.96 (m, 1H), 2.93-2.82 (m, 1H), 2.61-2.50 (m,‘-[ 1H), 2.45-2.34 (m, 1H), 2.26-2.15 (m,
1H), 2.08-1.98 (m, 1H), 1.95-1.78 (m, 2H), 1.37-1.25 (m 2H) ppm. LC/MS: R, =129 min, ES"
420. (AA standard) [[
Example 22: {(1R,2R,35,4R)-2,3-Dihydroxy-4- [(8-ph’enyl-9H-punn-6-yl)armno]cydopentyl)—
methyl sulfamate (Compound 19) |
(0203} The title compound was prepared following the procedure described in
Example 1a-b, then 1d-e using crcruoro-s-phenyl-smf.puﬁne instep a. "H NMR (DMSO-6,
400 MHz) 5: 13.4 (s, 1H), 8.28-8.10 (m, 4H), 7.76-7.64 [I(m, 1H), 7.58-7.40 (m, 7H), 4.89-4.75 (m,
1H), 4.70-4.59 (m, 1H), 4.59-4.50 (m, 1H), 4.154.07 (m, 2H), 4.06-3.99 (m, 1H), 3.91 (bs, 1H),
3 80-3 74 (m, 2H), 3.17 (d, ] = 5.2 Hz, 1H), 234-2 15 (m, 3H), 1.37-1.21 (m, 2H) ppm. LC/MS:
R = 114 min, ES® 421 (AA standard). - [

l
Example 23: {(1R,2R,35, 4R)-2,3-D1hydroxy—4~(QHIpwm-&ylammo)cydopentyI]methyl

sulfamate (Compound I-3)
Step a: [(3&R.4R,6R,6aS)—6-Amino—2,2-djmethylv'tetrahydro-fiaH-cvclopenta[d1[1.31dioxol—
4-yllmethanol l
|
(0204] The title compound was prepared following the procedure described in

Example 1b using (1R,25,3R,5R)—3-amino—5—(hydro;xymethyl)cydopentane-l,2-diol
hydrochloride. "H NMR (CDCL, 300 MHz) &: 4.76 (d, ] = 5.5 Hz, 1H), 420 (d, ] = 48 Hz, 1H),
3.70 (dd, ] = 3.9, 11.3 Hz, 1H), 3.56-3.47 (m, 2H), 3.;05 (bs, 2H), 2.53-2.35 (m, 2H), 1.41 (s, 3H),

1.33-1.21 (m, 5H) ppm. |
f

Stepb: __[(3aR,4R,6R,6aS)-2 2-Dimethyl-6-(9H-purin-6-ylamino)tetrahydro-3aH-
cyclopentald]{1 ,Q]digxol-tt—yl]methang;}
[0205] The title compound was preparedf following the procedure described in

Example 1a using [(3aR,4R,6R,6aS)—6—amino—2,2—<!:limethylhetrahydro—3aH-
: 1
cyclopentald][1,3]dioxol-4-yljmethanol. LC/MS,!: R, = 1.39 min, ES’ 306 (AA standard).

!

S.4R)- ihydrox -purin-6-ylaming lopentyllmethyl
sulfamate (Compound I-3) " _
[0206] A suspension of [(3aR,4R,6R,6aS?‘-2,2-dimethyl—6-(9H'purin-6-

ylamino)tetrahydro-3aH-cyclopenta[d](1,3]dioxol-4-ylJmethanol (288 mg, 0.943 mmol) and
Et,N (0.400 mL, 2.87 mmol) in DCM (5.00 mL) Jvas cooled to 0°C. A 2.00 M solution of

chlorosulfonamxde in ACN (094 mL, 1.88 mrnol as prepared in Example 1d) was added
dropwise, and DMF (1.50 mL) was added to bring the mixture into solution. The solution
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was allowed to warm to 23 °C and was shrred for 5 h before being concentrated in vacuo to
dryness. The crude mixture was treated with a 1.00 M solution of HCl in H,0 (5.00 mL, 5.00
mmol) and stirred for 10 min. The mixture was concentrated to dryness and 'purified via
reverse phase C18 preparative HPLC eluting Wiﬂ\ a gradient of 0 to 40% of 0.1% FA /95%
ACN/5% H,0 in 0.1% FA /99% H20/1% ACN over 16 min to afford the title compound
95.0 mg, 29%). "H NMR (DMSO-46, 400 MHz) &: 12.9 (bs, 1H), 8.25-8.01 (m, 2H), 7.68-7.29
(m, 3H), 5.12-4.30 (m, 3H), 4.10 (dd, ] = 5.8, 9.6 Hz, 1H), 4.01 (dd, ] = 7.0, 9.6 Hz, 1H), 3.85
(dd, ] = 5.6, 5.6, 1H), 3.75 (dd, ] = 5.2, 5.2 Hz, 1H), 2.35-2.13 (m, 2H), 1.33-1.19 (m, 1H) ppm.
LC/MS: R, = 1.02 min, ES’ 345 (AA standard).
Example 24: [(15,25,4R)-4-({6-[(1S5)-2,3-Dihydro-1H-inden-1-ylamino]pyrimidin-4-yl}-
amino)-2-hydroxycyclopentyllmethyl sulfamate (Compound I-5)
Stepa: __ (1R.2R.3S,55)-3-(Hydroxymethyl)-6-oxabicyclo{3.1.0thexar:-2-01

{0207) (15,55)-5-(Hydroxymethyl)cyclopent-2-en-1-ol (3.19 g, 27.9 mmol) was
dissolved in DCM (143 mL) and the solution was cooled to 0 °C. 3-Chloroperbenzoic acid
(7.52g 335 mfnol) was added and the mixture was stirred at 23 °C for 4 h. TLC indicated
complete conversion. Silica gel (20 g) was added, the mixture was concentrated to dryness
and was purified via silica gel chromatography eluting with a gradient of 0 to 100% EtOAc
in DCM to afford the title compound (2.75g, 76%). H NMRl(CDCI.y 300 MHz) 6:4.58(d, ] =
8.1 Hz, 1H), 3.69 (s, 1H), 3.68 (s, 1H), 3.60 (s, 1H), 3.52 (s, 1H), 2.47-2.40 (m, 1H), 2.14 (ddd, J =
15,102, 15.3 Hz, 1H), 2,01 (dd, ] = 1.5, 15.3 Hz, 1H), 1.62 (bs, 2H) ppm. LC/MS: R, =0.37
min, ES’ 131 (AA standard).

S_tgp_b (1aS.1bR. 5a8.6a5)-3-(4-Metho gphenyl)hexahxdr@xxreno[ Slcyclopentall,2-
dl[13]dioxine

[0208] (1R,ZR,3S,SS)—3-(Hydroxymethyl)-6-qxabicyclo[3.l.0]hexan-2—ol (3.65g,21.0
mol) was dissolved in DCM (121 mL) and the solution was cooled to 0 °C. 1-
(Dimethoxymethyl)- @methoxybenzené (10.7 mL, 63.1 mmol) was added followed by
pyridinium p—toluenesulfonate (530. mg, 2.11 mmo]) The mixture was -,hrred at23°C
overnight. TLC indicated complete conversion. The reaction mixture was concentrated in
vacuo and the residue was purified via silica gel chromatography eluting with a gradient of
-0 to 50% EtOAc in hexaﬁes to afford the title compound (4.10 g, 78%). "H NMR (CDCL, 400
MHz) 6:7.44 (d, ] = 8.8 Hz, 2H), 6.89 (d, ] = 8.8 Hz, 2H), 593 (1H, s), 4.58 (d, ] = 8.4 Hz, 1H),
4.05 (s, 1H), 4.03 (s, 1H), 3.80 (s, 3H), 3.71 (d, ] = 2.4 Hz, 1H), 3.51 (d, f = 2.4 Hz, 1H), 2.50-2.48
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- (m, 1H), 1.87 (ddd, ] = 1.6, 8.0, 14.8 Hz, 1H), 1.77 (d, ]rI = 14.8 Hz, 1H) ppm. LC/MS: R, = 1.68
| :
!

min, ES' 249 (AA standard).
: 2- R,75,7aR)-7-Hydroxy-2- 4~methl)x henyl
hexahydrocyclopenta[d ||1,§|dioxin—6-yl|.’—1H—isoindole—1 3(2H)-dione
: f
[0209] To a neat mixture of (1a5,1bR 5a$,6aS)-3~(4-methoxyphenyl)-

‘hexahydrooxireno(4,5)cyclopenta[1,2-d]{1,3]dioxine (600. mg, 2.42 mmol), phthalimide (1.07
g 7-25 mmol) and phthalimide potassium salt (1.34\| g, 7.25 munol) was added DMSO (15.0
mL) and the mixture was stirred at 120 °C for 18 h. | The mixture was concentrated in vacuo,
treated with H,O and extracted with EtOAc. The organic layer was dried over MgSO,,
filtered and concentrated in vacuo. The residue was purified via silica gel chromatography

- eluting with a gradient of 0 to 15% EtOAc in DCMfto afford the title compound as a white

solid (602 mg, 63%). LC/MS: R, = 1.68 min, ES’ 396 (AA standard).

!
4a5,6 aR)-6-(1 3-Dioxo-1 ihydro-2 H-isoindo}-2-y1)-2-(4-

methogyghenyl)hexahydrgydoggntal4; 1[1.3]dioxin-7-yl] O-phenyl thiocarbonate
[0210] To a stirred solution of 2-[(4aS,6R,7'|S,7aR)-7-hydroxy-2-(4~methoxyphenyl)-
hexahydrocyclopenta[d][1,3]dioxin-6-yl]-1H-isoindole-1,3(2H)-dione (1.26 g, 3.19 mmol) in
DCM (150. mL) was added DMAP (1.17 g, 9.54 mimol) and phenyl chlorothionoformate
(0.661 mL, 4.78 mmol) under an atmosphere of a;'gon. After 2 h, the mixture was
concentrated in vacuo and the residue was purified via silica gel chromatography eluting
with a gradient of 0 to 5% EtOAc in DCM to aff()x]'d the title compound as a white
amorphous solid (1.64 g, 97%). LC/MS: R, = 2.21/ min, ES’ 532 (AA standard).

f

. Stepe:  2-[(daS 6R,7aS)-2(4-MethoxyphenyhHexahydrocyclopentaldl[1 3ldioxin-6-yll-1H-
f

isoindole-13(2H)-dione

{0211} To a solution of O—[(4aS,6R,7S,7a}%)—6-(1 3-dioxo-1,3-dihydro-2H-isoindol-2-
yl)—2-(4-methoxyphenyl)hexahydrocyclopenta[d][l 3ldioxin-7-yl} O-phenyl thiocarbonate
(56.9 mg, 0.107 mmol) in toluene (4.00 mL) was added tris(trimethylsilyl)silane (0.0700 mL,
0.227 munol). Air (2.00 mL) was bubbled throug’h the solution and a 1.00 M solution of
triethylborane in hexane (0.0320 mL, 0.0320 mrh{‘ol) was added and the reaction was stirred
for 2 h. More tris(trimethylsilyl)silane (0.0700 rij'\L, 0.227 mmol) and 1.00 M triethylborane in
hexane (0.0300 mL, 0.0300 mmol) were added, dnd the mixture was stirred another 6 h. The

mixture was then concentrated in vacuo and th,e residue was purified via silica gel

l

|
l
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chromatography eluting with a gradient of 0 to 20% EtOAc in DCM to afford the title
compound (16.9 mg, 42%). LC/MS: R, = 2.03 min, ES’ 380. (AA standard).

Step £: (4aS.6R.7aS )~2—t&Mgmomhenyl}hexahggrgxclomntal d][1,3]dioxin-6-amine

[0212] A mixture of 2-[(4aS,6R,7aS)-2-(4-methoxyphenyl)-
hexahydrocyclopenta[d](1 ,3]dioxin-6-yl]-]H-isoindole—‘l A(2H)-dione (390. mg, 1.03 mmol),
EtOH (11.3 mL) and hydrazine (0.0362 mL, 1.13 mmol) was stirred at 90 °C for 18 h. The
resulting mixture was purified via silica gel chromatography eluting with a gradient of 10 to
50% MeOH in DCM. LC/MS: R, =1.08 min, ES’ 250. (AA standard).

Step g: __ 6-Chloro-N-[(4a$ 6R.7aS)-2-4-methoxyphenyl)-
hexahydrocyclopentald][1 3]dioxin-6-yllpyrimidin-4-amine
(0213] A sealed tube containing (4a5,6R,7aS)-2-(4-methoxyphenyl)-

hexahydrocyclopenta[d][1,3)dioxin-6-amine (120. mg, 0.481 mmol), 4,6—did1lbr0pyrimidine
(143 mg, 0.963 mmol), DIPEA (0.0920 mL, 0.528 mmol) and EtOH (30.0 mL) was heated to
110 °C for 20 h. The cooled mixture was concentrated in vacuo and the residue was purified
via silica gel chromatography eluting with a gradient of 0 to 5% MeOH in DCM (120. mg,

69%). LC/MS: R, = 1.74 min, ES’ 362 (AA standard).

Step h: (15,25 4R)-4-[(6-Chloropyrimidin-4-yl)amino]-2-(hydroxymethyl)cyclopentanol

- [0214] . A neat mixture of 6-chloro-N-{(4aS,6R,7aS)-2-(4-methoxyphenyl)-
hexahydrocydopenta[d][1,3]djoxin-6-yl]pyrimidin-4-amine (120. mg, 0.332 mmol) and (S)-
(+)-1-aminoindan (0.170 mL, 1.33 mmol) was heated to 180 °C for 6 h in a sealed tube using
MWI. The reaction was purified via silica gel chromatography eluting with a gradient of 0
to 15% MeOH in DCM to afford the title compound (33.1 mg, 41%). LC/MS: R, = 0.90 min,
ES’ 244 (AA standard).

Step i: (15,25 4R)-4-({6-[(15)-2,3-Dihydro-1H-inden-1-ylamino]pyrimidin-4-yllaming)-2-
hydroxymethyl)cyclopentanol

{0215] A mixture of (1S,ZS,4R)-4-[(6-chloropynnudm-4-yl)ammo]~2-
(hydroxymethyl)cyclopentanol (33.1 mg, 0.136 munol), 6-chloro-N-{(4a$,6R,7aS)-2-(4-
methoxyphenyl)hexahydrocyclopenta[d]{1,3]dioxin-6-yl]pyrimidin-4-amine (81.6 mg, 0.226
mumol), (S)-(+)- 1-aminoindan (0.222 mL, 1.73 mmol) and 1-butanol (1.00 mL) was heated to
180 °C for 6 h in a sealed tube ﬁsing MWI. The reaction was purified via silica gel
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chromatography eluting with a gradient of 0 to 15% MeOH in DCM to afford the title
compound (77.8 mg, 63%). LC/MS: R, =1.29 min, Ef%’ 341 (AA standard).”

.
Step j: [(15,2S AR)-4-(16-[(1S)}-2.3-Dihydro-1H-inden-1-ylaminolpyrimidin-4-yllaming)-2-

hydr clopentyllmethyl sulfamate (Compound I-5
: A ' |
[0216] The title compound was prepared following the procedure described in

Example 21d-e using (15,.‘25,4R)—4—(|6-[(1S)—2,3-dihyc'1ro-1H-inden-1-y1amino]pyrimidin—4—y1]-
amino)-2-(hydroxymethyl)cyclopentanol and THF ).i\ stepd. '"H NMR (CD,0D, 400 MHz) &:
7.94 (s, 1H), 7.38-7.12 (m, 5H), 5.51 (s, 1H), 5.32 (bs, 1H), 4.37-432 (m, 1H), 429 (dd, ] =77,
9.7 He, 1H), 4.27-4.18 (m, 1H), 4.12 (dd, ] = 7.3,9.7 Hz, 1H), 3.05-2.96 (m, 1H), 2.93-2.82 (m,
1H), 2.60-2.51 (m, 1H), 2.51-2.42 (m, 1H), 2.21 (ddd, ] = 1.8, 7.6, 13.9 Hz, 1H), 2.04-1.85 (m,
2H), 1.81 (ddd, ] = 4.9,7.1, 13.8 Hz, 1H), 1.74-1.64 (n,l, 1H), 1.44 (s, 1H) ppm. LC/MS: R, =
1.38 min, ES" 420. (AA standard). ,]
Example 25: {(15,2R,3S, 4R)—4r((&[(15)—2,3—D1hyd:|o—1H-mden- 1-ylamino]pyrimidin-4-yl}-
ammo)-2,3—dxhydroxycyclopentyl]methyl sulfamate (Compound I-11)

{0217] The title compound was prepared fpllowmg the procedure described in

Example 24 steps a-c, followed by steps f-g, and fixfmlly steps i5j. 'H NMR (CD,OD, 300

MHz) 5: 7.94 (s, 1H), 7.30-7.11 (m, 4H), 5.60 (s, 1H), 5.30 (bs, 1H), 4.32 (dd, ] = 7.9, 9.4 Hz,
i

1H), 4.14-3.96 (m, 3H), 3.89 (dd, ] = 3.8, 7.7 Hz, 1H), 3.08-2.95 (m, 1H), 2.67 (ddd, ] = 8.0, 8.0,
15.8 Hz, 1H), 2.62-2.44 (m, 2H), 2.15-2.01 (m, 1H), 1.96-1.81 (m, 1H), 1.70-1.57 (m, 1H) ppm.

" LC/MS: R, = 1.32 min, ES” 436 (AA standard). ;

Example26: [(1R,2R,3S, 4R)-4—(l4-[(15)—2,3—D1hydro—lH—mden- -ylamino}-1,3,5-triazin-2-
yl]ammo)-2 }dlhydroxycydopentyl]methyl sulfamate (Compound 1-26)

{0218] To a solution of cyanuric chloride k631 mg, 3.42 mmol) in THF (2.00 mL) at 0
°C was added (S)-(+)-1-aminoindan (0.385 mL, 3.00 mmol) and DIPEA (0.596 mL, 3.42
mmol) and the mixture was stirred at 0 °C for 2 h! The reaction was then poured into '

H,Oextracted with DCM and the organic layer vl'vas dried over MgSQO,, filtered and

concentrated in vacuo. The residue was purifiec} via silica gel chromatography eluting with

a gradient of 0 to 20% EtOAc in hexanes to afford the title compound as a yellow solid (738

mg, 87%). LC/MS: R = 1.99 min, ES' 281 (FA st;andard).

|

|
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Step b: (1R 25 3R,5R)-3-({4-Chloro-6-[(15)-2,3-dihydro-1H-inden-1-ylamino}-1,3,5-triazin-
2-yllamino)-5-(thydrox thyl lopentane-1,2-diol '

[0219] A mixture of 4,6-dichloro-N-[(15)-2,3-dihydro-1H-inden-1-y1}-1,3 5-triazin-2-
amine (735 mg, 2.61 mmol), (1R,25,3R,5R)—3—anﬁno—5—(hydfoxymethyl)cyclopentane-1,2—diol
hydrochloride (400. mg, 218 mmol), potassium carbonate (602 rhg, 4.36 mmol) and 1,4
dioxane (3.60 mL) in a sealed tube was heated to 150 °C for 20 mins using MWL Silica gel
chromatography eluting with a gradient of 2 to 7% MeOH in DCM afforded the title
compound as a white solid (750. mg, 88%). LC/MS: R, = 1.42 min, ES’ 392 (FA standard).

Step ¢: aR,4R,6R.6aS 4-Chloro-6-[(15)-2.3-dihydro-1H-inden-1-ylamino}-13,5-
 triazin-2-yl}Jamino)-2,2-dimethyltetrahydro-3aH-cyclopentald]{1 3]ldioxol-4-yl}-
methanol

{0220] The title compound was prepared following the procedure described in

Example 1b using (1R ,2S,3R 5R)-3-({4-chloro-6-{(15)-2,3-dihydro-1H-inden-1-ylamino}-1,3,5-
triazin-2-yl}amino)-5-(hydroxymethyl)cyclopentane-1,2-diol. LC/MS: R, = 1.81 min, ES" 432
(FA standard).

Step d: [(3aR.4R 6R 6a5)-6-({14-[(15)-2,3-Dihydro-1H-inden-1-ylamino]-1.3 5-triazin-2-yl}-
aming)-2 2-dimethyltetrahydro-3aH-cyclopental[d][1 3]dioxol-4-yllmethanol

[0221]) To a solution of [(3aR,4R,6R,6aS)—6-({4-Chloroj6-((lS)—2,3—dihydro—lH—inden—
1-ylamino]-1,3,5-triazin-2-yl}amino)-2,2-dimethyltetrahydro-3aH-cyclopenta[d](1 3]dioxol-4-
yllmethanol (182 mg, 0.421 mmol) in EtOH (2.91 mL) was added 10% palladium on carbon
(44.8 mg) and the mixture was placed under an atmosphere of hydrogen for 2d. Filtration
of the mixture through a pad of celite, followed by silica gel chromatography eluting with

5% MeOH in DCM afforded the title compound as a white solid (80.0 mg, 48%). LC/MS: R,

= 1.24 min, ES" 398 (FA standard).

Stepe: __[(1R2R.3S.4R)-4-({4-[(15)-23-Dihydro-1H-inden-1-ylaminol-1,35-triazin-2-yl}-
m 0)-2.3-dihydroxycyclopentyl]lmethyl sulfamate '

(0222]) The title compound was prepared following the procedure described in
Example 1d using [(3aR AR,6R,6a5)-6-({4-[(15)-2,3-Dihydro-1H-inden-1-ylamino}-1,3,5-
triazin-2-yl}amino)-2,2-dimethyltetrahydro-3aH-cyclopentald]{1,3]dioxol-4-ylJmethanol and
pyridine. '"H NMR (CD,0D, 400 MHz) §: 8.16-7.83 (m, 1H), 7.37-7.11 (m, 3H), 5.68-5.45 (m,
1H), 4.39-4.00 (mn, 3H), 3.91-3.77 (in, 1H), 3.06-2.92 (m, 1H), 2.92-2.75 (i, 1H), 2.61-2.48 (m,
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" 1H), 2.40-2.20 (m, 2H), 2.02-1.79 (m, 2H), 1.37-1.17 (m; 1H) ppm. LC/MS: R, = 1.07 min, ES
437 (FA standard). , [f

| ,
Example 27: [(1R,2R 3S,4R)-23-Dihydroxy-4-(isonicotinoylamino)cyclopentyljmethyl
sulfamate (Compound I-28)

[0223] To a solution of tert-butyl (1R,4S)—3—o>'co—2—azabicyclo[2.2.1]hept-5-ene-2—
carboxylate (500. mg, 2.39 mmol) in acetone (20.0 mII..) was added a 4% aqueous solution of
osmium tetroxide in H,O (0.015 mL, 0.00239 mmol).1I To the resulting mixture was added a
10.2 M aqueous solution of N-methylmorpholine N—l"oxide (0.262 mL, 2.67 mmol) dropwise
over I'h. At this point, a 0.240 M solution of aqueous sodium bisulfite (1.00 mL, 0.240 mmol)
was added, the mixture was filtered through celite a;md concentrated in vacuo. The residue

was purified via silica gel chromatography eluting with a gradient of 20 to 70% EtOAc in
DCM to afford the title compound (420. mg, 72%). iLLC/MS R, = 0.94 min, ES’ 244 (FA
standard). ’

0
carboxylate "
[0224]) A solution of fert-bufyl (1R;4S,5R,6$j)-5,6.—dihydroxy-S-oxo—Z—

~ azabicyclo[2.2.1]heptane-2-carboxylate (2.00 g, 8.21.5 mmol), pyridine (5.00 mL, 61.8 mmol),

Et,N (2.29 mL, 16.4 munol) and DMAP (100. mg, 0.'818 mmol) in DCM (5.00 mL) was cooled
to 0 °C and benzoyl chloride (4.77 mL, 41.1 mmol); was added dropwise. The mixture was
allowed to warm to 23 °C and stir for 2 h. The reaction was then diluted with DCM, washed
with saturated aqueous NaHCO, (3x), copper (II) ’sulfate solution (3x) and water (3x). The

organic layer was then dried over sodium sulfate| filtered and concentrated in vacuo. The

residue was purified via silica gel duonxatograpﬂy eluting with a gradient of 5 to 40%
EtOAc in hexanes to afford the title compound (2’ 92 g, 79%). LC/MS: R, = 2.15 min, ES' 452
(FA standard). _ ’

Stepc: (1R2$3R5R¥3—[ (tert—ButoxvcarbonYl)armnoI-Sj hydroxymethy )gydopentane—
. 1.2-diyl dibenzoate |
{0225} To a solution of tert-butyl (1R,4S,_$R,65)-5,6-bis(benzoyloxy)—3—oxo—2—

azabicyclo[2.2.1]heptane-2-carboxylate (2.09 g, 462 mmol) in MeOH (60.0 mL) was added
sodium borohydride (700. mg, 18.5 mmol) at 0 °’C and the reaction was allowed to warm to

|

l
|
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rt. After 1.5 h, the mixture was quenched with 1.00 N HCI solution (20.0 mL), and
concent_ratéd in vacuo. The aqueous layer was extracted with DCM (3 x 50 mL) and the
combined organic layers were washed with H,O (100. mL), dried over MgSO, and
concentrated in vacuo. The residue was purified via silica gel chromatography eluting with
a gradient of 20 to 60% EtOAc in hexanes to afford the title compound (1.50 g, 80%).
LC/MS: R, =1.95 min, ES’ 456 (FA standard).

Step d: (1R,25 3R 5R}-3-Amino-5-(hydroxymethyl)cyclopentane-1.2-diyl dibenzoate
hydrochloride

{0226] (1R,25 3R 5R)-3-{(tert-Butoxycarbonyl)amino]-5-(hydroxymethyl)-
cyclopentane-1,2-diyl dibenzoate (1.42 g, 3.11 mmol) was treated with a 4.00 M solution of
HCl in 1,4-dioxane (17.0 mL, 69.3 mmol) and the reaction was stirrecl for 35 min. The

reaction mixture was concentrated in vacuo and Et,O was added to precipitate the product,

which was washed with Et,O to afford the title compound as a white solid (1.05 g, 90%). C
LC/MS: R, = 1.06 min, ES" 356 (FA standard). .
Step e: 1S5.2R.3R.5R)-3-(Hydro thyl)-5-(isonicotinoylamino)cyclopentane-1,2-diyl

dibenzoate
[0227] A solution of (1R,253R,5R)-3-amino-5-(hydroxymethyl)cyclopentane-1,2-diyl

dibenzoate hydrochloride (150. mg, 0.380 mmol) in DCM (10.0 mL) at 0 °C was treated with
~ Et,N (0.170 mL, 1.22 munol) and stirred for 20 min. Isonicotinoyl chloride (88.0 mg, 0.490
mmol) was then added and the mixture was stirred for 2h. The reaction was treated with
saturated aqueous solution of ammonium chloride (50 mL) and extracted with DCM (2 x 50
mL). The combined organic layers were dried over sodium sulfate, filtered and
concentrated in vacuo. The resulting residue was purified via silica gel chromatography
eluting with a gradient of 0 to 10% MeOH in DCM to afford the title compound (100. mg,
60%). LC/MS: R, = 1.49 min, ES’ 461 (FA standard).

¢

Step f: (15.2R 3R,5R)-3-{[(Aminosulfonyloxy]methyl}-5-
{isonicotinoylamino)cyclopentane-1,2-diyl dibenzoate

(0228] To a solution of (15,2R 3R,5R)-3-(hydroxymethy!)-5-
(isonicotinoylamino)cyclopentane-1,2-diyl dibenzoate (160. mg, 0.350 mmol) in ACN (10.0
mL) at 0 °C was added DBU (0.0600 mL, 0.401 mmol) and the mixture was stirred for 15 min.
A freshly prepared 1.40 M solution of chlorosulfonamide (0.500 mL, 0.700 mmol, as '

prepared in Example 1d) was then added dropwise via syringe and the mixture was stirred
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for 2.5 h at 0 °C before being allowed to warm to rt. 'I;l'he mixture was concentrated in vacuo
and the residue was purified via silica gel chromatbgll'aphy eluting with a gradient of 0 to
10% MeOH in DCM to afford the title compound (50.l mg, 27%). LC/MS: R, = 1.57 min, ES’

540. (FA standard). ' !
!

Step g: 1R S 4R)-2 3-dihydroxy-4- isonicoti;‘lo lamino)cyclopentyllmethyl
sulfamate (Compound 1-28) }‘
[0229] A solution of (IS,ZR,BR,SR)-S'{[(arrﬁn?sulfonyl)oxy] methyl}-5-

(isonicotinoylamino)cyclopentane-1,2-diyl d.ibenzoa"te (61.1 mg, 0.113 mmol) ina 7.00 M
solution of ammonia in MeOH (1.50 mL, 10.5 mmol)‘I was stirred for 2 days. The reaction
mixture was then concentrated in vacuo and punﬁe'd via reverse phase C18 preparatfve
HPLC eluting with a gradient of 5 to 70% of 0.1% F)\/ 95% ACN/5% H,0O in 0.1% FA /99%
HiO/ 1% ACN over 16 min to afford the title compcrund (15.0 mg, 40%). "H NMR (CD,0D,
300 MHz) &: 8.67 (m, 2H), 7.78 (m, 2H), 4.34-4.32 () 1H), 4.19-4.17 (m, 2H), 3.93-3.92 (m, 2H),
2.38-2.31 (m, 1H), 1.76-1.72 (m, 1H), 1.43-1.38 (m, lﬂD ppm. LC/MS: R = 0.76 min, ES' 332
(FA standard). *

Example 28: {(1R,ZR,BSAR)-Z,S—Dihydroxy-4»-[(p):lridin—2—ylcarbonyl)amino]cyclopentyl]-
methyl sulfamate (Compound 1-23) |

[0230] The title compound was prepared folallowing the procedure described in

| Example 27a-¢ using pyridine-2-carbonyl chloridejin step c. 'H NMR (CD,OD, 300 MHz) &:

8.62 (s, 1H), 8.09-8.06 (m, 1H), 7.97-7.94 (m, 1H), 755—7 51 (m, 1H), 4.34-4.32 (m, 1H), 4.19-

418(m 2H), 3.95-3.93 (m, 2H), 2.64 (s, 1H), 238-2'35(m,2H)ppm LC/MS R =1 23mm,

ES’ 332 (FA standard). ' . \l

Example29: {(1R,2R3S, 4R)-2,3—Dihydroxy—4-[(pyn'din-B—ylcarbonyl)amino]cydopentyl}-
methyl sulfamate (Compound I—16)

10231} The title compound was prepared!followmg the procedure described in
Example 27a-e using nicotinoyl chloride in step c. 'HNMR (CD,0D, 300 MHz) 5: 8.97 (s,
1H), 8.67-8.66 (m, 1H), 8.26-8.23 (m,1H), 7.55—7.59 (m, 1H), 4.35-4.11 (m, 3H), 3.95-3.92 (m,

2H), 2.36-2.34 (m, 2H), 1.43-1.38 (mn, 1H) ppm. LC/ MS: R, = 0.83 min, ES’ 332 (FA standard).

(0232} The following additional corhpounds were also prepared.

£s
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Example 30: (15,25 4R)-4-({6-[(15)-2,3-Dihydro-1H-inden-1-ylamino]pyrimidin-4-yljoxy)-
2-hydroxycyclopentyljmethyl sulfamate (Compound I-31)

[0233] - The title compound was prepared in a manner similar to Example 34 using
(8)-2-aminoindane. The title compound was prepared as a 4:1 mixture of desired compound
and (15,25,4R)-4-({6-{(15)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-4-yljoxy)-2-
(hydroxymethyl)cyclopentyl sulfamate. Analytical data for [(15,2S,4R)}-4-({6-{(15)-2,3-
Dihydro-1H-inden-1-ylamino]pyrimidin-4-yl}oxy)-2-hydroxycyclopentyl]methyl sulfamate:
'H NMR (CD,OD, 300 MHz) &: 8.13 (s, 1H), 7.28-7.12 (m, 4H), 5.85 (s, 1H), 5.33-5.31 (m, 1H),
4.42-4.36 (m, 1H), 4.32 (dd, J=75,9.7 Hz, 1H), 415 (dd, ] = 7.2, 9.7 Hz, 1H), 3.06-2.97 (m,
1H), 2.93-2.82 (m, 1H), 2.62-2.47 (m, 2H), 2.32-2.24 (m, 1H), 2.15 (s, 1H), 2.13-1.79 (m, 4H)
>ppm. LC/MS: R, = 1.38 min, ES’ 422 (FA standafd). Analytical data for (15,25,4R)-4-({6-
((1$)-2,3—di]1ydro—lH—indenﬂliylamiﬁo]pyrimidin-‘l—yl}oxy)—z-(hydrc-xymethyl)cyclopentyl
sulfamate: '"H NMR (CD,0D, 300 MHz) 8: 8.13 (s, 1H), 7.28-7.12 (m, 4H), 5.85 (s, 1H), 5.33-
531 (m, 1H), 5.14-5.07 (m, 1H), 4.59 (s, 1H), 3.78(dd, J = 7.1, 11.0 Hz, 1H), 3.61 (dd, ] = 7.0,
11.1 Hz, 1H), 3.06-2.97 (m, 1H), 2.73-2.61 (m, 1H), 2.61-2.47 (m, 2H), 2.32-2.24 (m, 1H), 217 (s,
1H), 2.13-1.80 (m, 3H) ppm. LC/MS: R, = 1.38 min, ES’ 422 (FA standard).

Example 31: [(1S,2$,4R)—4—(l6—[(15)—2,3—dihydro—1H—inden—1-ylamino]-S-methylpyrimidin-
4-yl}oxy)-2-hydroxycyclopentyl]methyl sulfamate (Compound 1-32)

(0234]) The title compound was prepared in a manner similar to Example 34 using
(S)-2-aminoindane and 4,6-dichloro-5-methylpyrimidine. 'H NMR (CD,0D, 300 MHz) 5:

- 8.10 (s, 1H), 7.26-7.07 (i, 4H), 5.74 (£, ] = 7.9 Hz, 1H), 5.59-5.49 (m, 1H), 4.45-4.37 (m, 1H),
4.34(dd, ] =7.5,9.8 Hz, 1H), 4.16 (dd, ] = 7.2, 9.7 Hz, 1H), 3.08-2.94 (m, 1H), 2.93-2.79 (m,
1H), 2.65-2.46 (m, 2H), 2.37-2.23 (m, 1H), 2.18-2.13 (m, 3H), 2.13-1.90 (i, 2H), 1.89 (s, 3H)
ppm. LC/MS: R = 1.55 min, ES’ 435 (FA standard).

Example 32: [(15,28,45)-4-({6—[(1S)-Z,B—dmydro-lH-inden-l-ylamino]pyrimidin-4—yll-
methyl)-2-hydroxycyclopentyljmethyl sulfamate (Compound 1-33)

[0235]) The title compound was prepared according to Example 85. 'H NMR
(CD,OD; 400 MHz) &: 8.34 (s, 1H), 7.27-7.15 (m, 4H), 6.41 (bs, 1H), 5.65-5.48 (m, 1H), 4.30-4.25
(m, 2H), 4.09 (dd, ] = 4.1, 4.1 Hz, 1H), 3.07-3.00 (m, 1H), 2.94-2.85 (m, 1H), 2.72-2.55 (m, 4H),
2.43-2.35 (m, 1H), 1.93-1.85 (m, 2H), 1.75-1.67 (m, 1H), 1.58-1.51 (m, 2H) ppm. LC/MS: R, =
1.38 min, ES’ 419 (AA standard).
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Example 33: ((1S,35)-3-{[8—(1-naphthy])—9H-purin-[é-yl]oxy]cyclopentyl)methyl sulfamate
| .
4
|

(Compound 1-152)
ep a: ro-8-(1-naphthyl)-9H-purine »
[0236) A mixture of 6—d\loro-4,5-diaminopy,,rirnidine (519 mg, 0.00359 mol) and 1-
: , ‘

naphthalenecarboxylic acid (618 mg, 0.00359 mol) in phosphoryl chloride (2.0 mL, 0.021 mol)
was heated at 110 °C under an atmosphere of nitrog!en for 5.5 hours. The reaction was
cooled and the residue was washed several times V\:Iith ether. The residue was dissolved in
CH,Cl, and aqueous NaHCO,. The layers were separated and the aqueous was extracted
with EtOAc (1x) and CH,Cl, (1x). The combined orgaﬁcs were washed. with saturated
aqueous NaHCO,, brine, dried (Na,SO,), filtered, a;nd collected in vacuo to obtain 810 mg
(B0%) of an orange solid. LC/MS: R, = 1.68 min, ES 261 (FA standard).

|

Step b: 6-chloro-8-(1-naphthyl)-9-(tetrah dro-Z:H- an-2-y1}9H-purine

[0237] Toa solution of 6—chloro—8—(1—naph"t!hyl)-9H-purine (810 mg, 0.0029 mol) in
THF (32.4 mL, 0.399 moi) was added pyridinium ;,ﬁ-toluenesulfonate (70 mg, 0.0003 mol) and
dihydropyran (11.0 mL, 0.121 mol) and the mxxtu%e was heated at 60 °C overnight. The
reacﬁon was cooled, quenched by addition of sah:xrated_ aqueous NaHCO, and the mixture
was extracted with EtOAc (3x). The organic layer§ were combined, dried (Na,SO)), filtered
and concentrated. The dark residue was puriﬁed’by flash chromatography (10 to 40%
EtOAc/hexanes) to obtain 534.5 (51%) mg of a light yellow solid. LC/MS: R, = 2.08 min, ES'

365 (FA standard). ’l

tep c: 15,35)-3-(hydro ethyl)cyclo, nta:nl

{0238] To a solution of methyl (15,35)-3-Ihydroxycyclopentanecarboxylate (472.3 mg,
0.003276 mol) in THF (13.2 mL) at 0 °C was addTad LiAlH, (145 mg, 0.00382 mol)
(WARNING: SIGNIFICANT GAS EVOLUTION). The mixture was stirred for 1 hour at 0
°C, then quenched at 0 °C by dropwise addiﬁor;\ of water (145 pL, 0.00805 mol), 15% aqueous
NaOH (145 pL) and water (435 pL). The resulting gray suspension was stirred vigorously
overnight. The résulﬁng off white suspension was filtered through celite and rinsed with
THF and MeOH. The combined organics were concentrated to obtain 454.3 mg (>99%) an

off-yellow solid. The material was carried on without further purification.

I
|
|
!

r
|

110 !

é¢



WO 2008/019124 ' PCT/US2007/017463

Stepd: (1535)-3-({[tert-butyl(dimethylsilylloxylmethylicyclopentanol

[0239] " To a solution of (1S,SS)-}(hydroxymeﬂ\yl)cydopentanol (453.0 mg, 0.003276
mol) and 1H-imidazole (669 mg, 0.00983 mol) in DMF (35.8 mL) under an atmosphere of
nitrogen was added tert-butyldimethylsilyl chloride (494 mg,-0.00328 mol). The mixture was
stirred for 1.25 hours, then tert-butyldimethylsilyl chloride (49 mg, 0.00033 mol) was added.
After an additional hour of stirring, the reaction was quenched with water, extracted with
ethyl acetate (3x), dried with anhydrous Na,SO,, filtered, and concentrated. The residue was
filtered through a plug of silica with 30% EtOAc/hexanes to obtain 234.1 mg (31%) of the

title compound.

tert-butyl(dimethyl)silyllo ylcyclopentylloxyl-8- (1-

naphthyl)-9-(tetrahydro-2H-pyran-2-y1)-9H-purine
(0240} To a solution of (15,35)-3-({[tert-butyl(dimethyl)silylloxy)methyl)-

cycdopentanol (111.0 mg, 0.0004817 mol) (azeotroped with toluene) in DMF (3.6 mL) at 0 °C:
under an atmosphere of nitrogen was added sodium hydride (24.1 mg, 0.000602 mol) . The
mixture was stirred for 15 min. To this cold solution was added a solution of 6-chloro-8-(1-
naphthyl)-9-(tetrahydro-2H-pyran-2-yl}-9H-purine (163 mg, 0.000401 inol) in DMF (1.8 mL).
The flask was rinsed with DMF (1.0 mL)) and this was added to the reaction as well. The
resulting mixture was stirred for 20 h. The reaction mixture was quenched with water and
the mixture was extracted with EtOAc (3x). The combined organic layers were dried over
Na,SO,, filtered and collected in vacuo. The residue was purified by flash chromatography
(10 to 40% EtOAc/hexanes) to obtain 156.9 mg (70%) of the title compound as a white solid.

Step {: ((15:35)-3-1[8-(1-naphthyl)}-9H-purin-6-ylloxylcyclopentylimethanol

[0241} To a stirred solution of 6-{[(15,35)-3-({[tert-butyl(dimethyl)silylJoxy}methyl)-
cyclopentyljoxy]-8-(1-naphthyl)-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (156.9 mg,
0.0002808 mol) in THF (3.8 mL) was added water (3.8 mL) and AcOH (V.6 mL), and the

reaction mixture was stirred for 7 hours. The reaction mixture was quenched by the slow
addition of saturated NaHCOQO,, and the resulting mixture was extracted with EtOAc (3x). |
The combihed organic layeis were washed with brine, dried (Na,SO,), filtéxed and
concentrated. The residue was purified by flash chromatography (0 to 5% MeOH/CH,CL,)

to obtain 85.7 mg (85%) of the title compound as a white solid. LC/MS: R, = 1.51 min, ES”
361 (FA standard).
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Step g: ((15,35)-3-{{8-(1-naphthyl)- 9H—Dunn—6—vlloxylcvdopentv])methvl sulfamate
{Compound [-152) ‘

(0242] To a solution of ((15,35)-3-{[8—(l-naphfthyl)—9H—purin~6-yl]oxy]cydopentyl)—
methanol (66.1 mg, 0.000183 mol) in DMA (8.12 mL) at 0 °C was added chlorosulfonamide
(106 mg, 0.060917 mol) in CH,CN (2.0 mL). The reac;tion was stirred at 0 °C for 10 mins, then
23 °C for 3 hours. The reaction was quenched with water and extracted with EtOAc (3x).
The combined organics were wéshed with water (2)1(), dried (Na,SO), filtered, and
concentrated. The residue was purified by flash chromatography (0 to 6% MeOH/CH,CL)
to obtain 56.3 mg (70%) of the title compound as a white solid. 'H NMR (CD,0OD, 400 MHz)

5: 8.52-8.48 (m, 2H), 8.10-8.07 (m, 1H), 8.01-7.98 (m,! 1H), 7.90-7.87 (m, IH), 7.65-7.57 (m, 3H),
5.89-5.85 (m, 1H), 4.12-4.07 (m, 2H), 2.75-2.66 (m, II]-I), 2.30-2.21 (m, 2H), 2.16-2.01 (m, 2H),
1.93-1.85 (m, 1H), 1.62-1.53 (in, 1H) ppm. LC/MS: ;R. =1.38 min, ES" 442 (FA standard).

l

Example 34: {(lS,2$,4R)—2—hydr0xy-4—[(6—l[(lR,2§)-2—methoxy—2,3—dihydro—lH—inden-l-yl]-
amino}pyrimidin-4-yl)oxy]cyclopentyljmethyl sulfamate (Compound 1-115)
]

Steph: . 4—[[(1R,3$.4S);3—Iltert—butvl(dimethvl)si!lvlloxyl-ti—(lltert—butvl(dimethvl)silyl]oxy[—
methylicyclopentyl]oxy}-6-chloropyrimidine

{0243] To a suspension of sodium hydridi (75.6 mg, 0.00189 mol) in THF (2 mL) at 0
°C under an atmosphere of nitrogen was added (1R,35 45)—3-[[tert~butyl(dunethyl)sxlyl]oxy]-
4-(l[tert-butyl(dunethyl)sxlyl]oxy}methyl)cyclopentanol (060g, 0. 0017 mol) in 1.5mL THF
dropwise at 0 °C. The mixture was stirred at 0 °C’[for 10 min. To this was next added 4,6-
dichloro-pyrimidine (0.225 g, 0.00151 mol) in 2 mL THF at 0 °C. The suspension was stirred
at 0 °C for 2 hrs. The reaction was quenched wiq\ 9 mL saturated aqueous NH,Cl and

extracted with t-BuOMe (3x). The organic layers Wwere combined and washed with brine,
dried over anhydrous MgS04 and then concentr{ated to give 0.804 g of an oil. The residue
was purified by flash chromatography (0 to 10%|l EtOAc/hexanes) to give 0.63 g (80%) of the

titte compound. . !

Step b: 6-{ [(1R.35,45)- 3—{Itert—butvl(dunethvl)sxlvlloxvl—4—( l[tert-but\{l(dunethvl)sdyllom

{0244]) A mixture of 4-{[(1R,35,45)-3-{[tert-butyl(dimethyl)silyljoxy}-4-({[tert-
butyl(dimethyl)silyl] oxy)methyl)cyclopentyl]o>’<y}-6—clﬂoropyrimidine (260.0 mg, 0.0005494
mol), (1R,25)-2-methoxyindan-1-amine (0.359 g, 0.00220 mol) and triethylamine (115 pL,

0.000824 mol) in 1-butanol (0.97 mL, 0.011 mol) was subjected to microwave irradiation (300
I
!
!
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watts, 200 °C) for 30 minutes. The resulting dark brown mixture was filtered and
concentrated. The residue was purified by flash chromatography (0 to 15% EtOAc/hexanes)

to give 0.26 g (79%) of the title compound. LC/MS: R, = 3.42 min, ES" 600 (AA standard).

2-{[tert-butyl(dimethyDsilylloxy}-a-[(6-{[(1R 25)-2-methoxy-23-
dihydro-1H-inden-1-yllamino)pyrimi din-4-yl)oxylcyclopentylimethanol

[0245]) - A solution of 6-{[(1R,35,45)-3-({tert-butyl(dimethyl)silyl]oxy}-4-({[tert-
butyl(dimethyl)silylJoxy}methyl)cyclopentyl]oxy)-N-[(1R,2S)-2-methoxy-2,3-dihydro-1H-
ix\dén—l-yl]pyrirrlidin-4~amix1e (0.32 g, 0.00053 mol) in THF (2.88 mL), water (2.88 mL), and
acetic acid (8.64 mlL) was stirred for 3 days. The reaction was concentrated and azeotroped
“2x with toluene. The residue was purified by flash chromatography (30 to 80%
EtOAc/hexanes) give 0.20 g (77%) of the title compound. LC/ MS: R, = 1.59 min, ES’ 486 (FA
standard). '

tep d: 4R)-2-{[tert-butyl(dimethyDsilylloxy}-4-[(6-{{(1R,25)-2-methoxy-2.3- :
ihydro-1H-inden-1-yllamino imidin-4-ylo clopentylimethyl sulfamate
[0246] The title compound was prepared following the procedure described in

Example 1step d. LC/MS: R =2.16 min, ES’ 565 (FA standard).

Step e: {(15,25 4R)-2-hydroxy-4-[(6-{[(1R,2S )-2-methoxy-2 3-dihydro-1H-inden-1-yl]-

aminolpyrimidin-4-yl)oxylcyclopentylimethyl sulfamate (Compound I1-115)

[0247]) To a solution of {(15,25,4R)-2-{[tert-butyl(dimethyl)silyl Joxy}-4-[(6-{[(1R,25)-2-
methoxy-2,3-dihydro-1H-inden-1-yl]Jamino}pyrimidin-4-yl)oxy]cyclopenty!jmethyl
sulfamate (0.239 g, 0.000423 mol) in pyridine (3.44 mL) and THF (3.44 mL) was added

A pyridine hydrofluoride (0.953 mL, 0.0106 mol) dropwise. After stirring the reaction for 2
hours, an additional amount of pyridine hydrofluoride (0.50 mL, 0.0055 mol) was added.
After 2.75 hours the reaction was quenched by slow dropwise additior of saturated aqueous

NaHCO, and extracted with EtOAc (4x). The combined organic phases were dried (Na,SO,),

filtered and concentrated. The residue was purified by flash chromatography (0 to 10%
MeOH/CH,CL) and then by preparative plate chromatography (EtOAC) to obtain 100 mg
(52%) of the title compound. "H NMR (CD,0D, 400 MHz) &: 8.15 (s, 1H), 7.24-7.15 (m, 4H),
5.98 (s, 1H), 5.34 (bs, 1H), 4.41-4.38 (m, 1H), 4.32 (dd, 1H, J = 7.5, 9.7 Hz), 4.24-4.20 (m, 1H),
4.17 (dd, 1H, ] = 7.3, 9.8 Hz), 3.35 (s, 3H),3.13-3.00 (m, 3H), 2.57-2.48 (m, 1H), 2.31-2.25 (m,
1H) 2.12-1.93 (m, 4H) ppm. LC/MS: R, = 1.33 min, ES" 451 (FA standard).
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Example 35: {(15,2S,4R)-2-hydroxy-4-{(4-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yl]-
‘ amino}-1 ,3,5-triazin-2-yl)amino]cycloll;>entyl]methyl sulfamate (Compound I-

125) t .
. |
Step a: (15,35,45)-3-[(benzyloxy)methyl]-4-{] tert-’bugxl(dimethgl)silyl Joxylcyclopentanol
. . . . |
[o248] A suspension of (1R,4S)-3—[(benzyloxﬁl)methyl]-4_—l[tert—butyl(dimethyl)silyl]-

oxylcyclopent-2-en-1-ol (7.54 g, 0.0225 mol) (Ruedig'er, E; Martel, A; Meanwell, N; Solomon,
C; Turmel, B. Tetmhedron Lett. 2004, 45, 739-742), so!djum carbonate (5.7 g, 0.054 mol) and
10% Pd/C (2 g, 0.002 mol) in EtOAc (90 mL) was stirred under an atmosphere of hydrogen
for three hours. The reaction flask was purged w1tl;\ nitrogen and the mixture was filtered
through celite with EtOAc. The filtrate was concen?:rated to obtain 7.16 g (76%) of the title

compound as a 4:1 mixture of diastereomers (desired:undesired).

Step b: 15.35,45)-3- loxy)methyl]-4-{[tert-butyl{dimethyl)silyl]o. clopentyl
methanesulfonate ’

(0249 To a stirred solution of (15,35,45)-3-{(benzyloxy)methyl}-4-{[tert-
butyl(dimethyl)silyl]oxy}cyclopentanol (2.04 g, 0.00606 mol) in CH,CL, (96 mL) was added
pyridine (2.4 mL, 0.030 mol), DMAP (100 mg, 0.0011[ mol), and methanesulfonyl chloride (700
uL, 0.0091 mol) under an atmosphere of nitrogen , The mixture was stirred 23 °C for 45
minutes, then warmed to 40 °C for 3 howrs. To thé reaction was added DMAP (100 mg,
0.001 mol) and methanesulfony! chloride (700 uL, :0.0091 mol). After stirring for 40 min, the
reaction was cooled then concentrated in vacuo. The residue was purified by flash
d‘uomatography {0 to 15% EtOAc/hexanes) to- obftain 1.39 g (55%) of the title compound as

one diastereomer (separated undesired diastereorIner from step a).

l
Step c: (1(15,2S 4R)-4-azido-2-[(benzyloxy)methyl]cyclopentylloxy)(tert-butyl)-

imethylsilane !
[0250) To a solution of (15,35,45)-3—[(benizyloxy)meﬂxyl]#{[tert-butyl(dimethyl)—
silyl}oxylcyclopentanol (138.9 mg, 0.0004127 mol;) and PPh, (118 mg, 0.000451 mol) in THF
(2.7 mL) at 0°C was slowly added DEAD (71.1 p.{L, 0.000451 mol). The reaction was stirred
for 5 minutes, then diphenylphosphonic azide (27.4 uL, 0.000452 mol) was added dropwise.
The mixture was stirred for one hour. The reaction was partitioned with water and EtOAc.

The layers were separated and the aqueous extr!acted with EtOAc (2x). The combined
organics were washed with brine (1x), dried (N&SO.), filtered, and collected in vacuo. The

residue was purified by flash chromatography (0 to 10% EtOAc/hexanes) to obtain 93.5 mg
1

(63%) of the title compound. !

114 ~



WO 2008/019124 PCT/US2007/017463

Stepd: __(1R.3545)-3-[(benzyloxy)methyll-4-{[tert-butyl(dimethyl)silylloxy}-
: cyclopentanamine : .

- [0251) A suspension of ({(15,25 4R)-4-azido-2-[(benzyloxy)methyl]cyclopentyl}-
oxy)(tert-butyl)dimethylsilane (2.20 g, 0.00608 mol) and 10% Pd/C (0.16 g, 0.00015 mol) in
EtOAc (23.9 mL) was stirred under an atmosphere of hydrogen overnight. The reaction was
purged with nitrogen and the mixture filtered through celite with EtOAc. The filtrate was
concentrated to obtain 2.01 g (98%) of the title compound.

Stepe: 4,6-dichloro-N-[(1R,25)-2-methoxy-2 3-dihydro-1H-inden-1-yl ]-1.3.5-triazin-2-
’ amine
[0252) To a solution of (1R 25)-2-methoxyindan-1-amine (242.8 mg, 0.001488 mol) in

THF (1 mL) was added cyanuric chloride (313 mg, 0.00170 mol) at 0 °C, followed by DIPEA
(300 uL, 0.002 mol) and the reaction was stirred ét 0 °C for 1.5 hours. The reaction was
poured into water and extracted with CH,CL,. The organic layer was dried (Na,SO), filtered
and concentrated.  The residue was purified by flash chromafographj (0t0 15%
EtOAc/hexanes) to obtain 229.1 mg (49%) of the title compound. LC/MS: R, = 2.03 min, ES”
311 (FA standard).

Step f: N-((1R 35 45)-3-[(benzyloxy)methyll-4-|[tert-butyl(dimethyl)silylloxyl-
cyclopentyl)-6-chloro-N'-[(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1-y1]-1,3,5-
triazine-2 iami

[0253] To a solution of (1R 35,4S)-3-[(benzyloxy)methyl]-4-{[tert-butyl(dimethyl)-

silylJoxy)cyclopentanamine (486.5 mg, 0.001450 mol) and triethylamine (0.55 mL, 0.0040

mol) in THF (2.1 mL) was added 4,6-dichloro-N-[(1R,25)-2-methoxy-2,3-dihydro-1H-inden-

1-yl}-1,3 5-triazin-2-amine (410 mg, 0.0013 mol) and the mixture was stirred for 2 hours. The

reaction was concentrated and the residue was purified by flash chromatography (0 to 25%

EtOAc/hexanes) to obtain 250 mg (31%) of the title compound. LC/MS: R, = 2.96 min, ES’

610 (FA standard). '

step g: {(1S8,2S ,4.R)-2-] [tert-butyl(dimethylsilylloxy}-4-[(4-{[(1R.25}-2-methoxy-2.3-
dihydro-1H-inden-1-y lJamino}-1,3 5-triazin-2-yl)amino]cyclopentylimethanol
[0254] A suspension of N-((1R,35,45)-3-[(benzyloxy)methyl]-4-{{tert-butyl(dimethyl)-

silylloxy]cyclopentyl)-6-chloro-N'-[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-y1]-1,3,5-
triazine-2,4-diamine (250 mg, 0.00041 mol) and 10% Pd/C (44 mg, 0.000041 mol) in methanol
(1.61 mL) was stirred under an atmosphere of hydrogen for 2 days. The reaction was
purged with nitrogen and filtered through celite with EtOAc. The filtrate was concentrated
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to obtain a yellow oil. The oil was taken up in CH.ICIJ2 and saturated NaHCO,. The layers
were separated and the aqueous was extracted with I'CH,CI, (1x). The combined organics
were dried over Na,SO,, filtered, and concentrated. sThe residue was purified by flash
chromatography (0 to 10% MeOH/CH,CL) to obtaii;!l 114 mg (57%) of the title compound.
LC/MS: R, = 1.68 min, ES’ 486 (FA standard).

amino}-1 triazin-2-yl ino]cyclopentylimethyl sulfama

[0255) The title compound was prepared following the procedure described in
Example 34 steps d-e. "H NMR (compound exists as a ~1:1 mixture of rotamers by 'H NMR)
(CD,OD, 400 MHz) 5: 8.03 and 7.92 [(d, ] = 4.6 Hz ajlnd s), 1H], 7.25-7.15 (m, 4H), 5.69 and 5.57
[(d. J = 5.1 Hz and m), 1H], 4.67-4.54 (m, 1H), 4.?’1-4.19 (m, 3H), 413-4.06 (m, 1H), 3.37 (s,
3H), 4.13-2.98 (m, 2H), 2.53-2.43 (m, 1H), 2.19-2.14 (m, 1H), 2.06-1.98 (m, 1H), 1.85-1.72 (m,
2H) ppm. LC/MS: R, = 1.07 min, ES" 451 (FA stan%iard).

Example 36: [(15,25,4R)-4-({4-[(1 S)—2,3-dihydro—l‘lH-inden-1-yl amino]-1,3 5-triazin-2-yl}-
amino)-2-hydroxycyclopentylJmethyl sulfamate (Compound 1-153) ‘
[0256] . The title compound was prepa:ed;in a fashion analogous to Example 35. 'H
NMR (compound exists as a ~1:1 mixture of rot;amers by 'H NMR) (CD,0D, 400 MHz) &: -
8.03-8.00 and 7.91 [(m and s), 1H], 7.26-7.14 (m/ 4H), 5.66-5.50 (m, 1H), 4.65-4.57 (m, 1H),
4.33-4.25 (m, 2H), 4.12-4.08 (m, 1H), 3.04-2.99 (rr"[\, 1H), 2.92-2.80 (m, 1H), 2.61-2.44 (m, 2H),

2.22-2.16 (m, 1H), 2.04-1.71 (m, 4H) ppm. LC/MS: R, = 1.07 min, ES’ 421 (FA standard).
|
i
Example 37: [(1S,2$,4R)—2-hydroxy+([6-[(1S)-ll,2,3,4—tetrahydronaphthalen—1-ylamino]~
pyrimidi_n-‘l—yl}oxy)cyclopentylln’\ethyl sulfamate (Compound 1-40)

{0257] ~ The title compound was prepared in a fashion analogous to Example 34, steps
a-c (us‘mg (S)-(+)—1 2,3,4-tetrahydro-1-naphthylaf1”nine in step b) and Example 65, step d to
obtain the title compound. 'H NMR (CD; OD 400 MHz) 6: 8.12 (s, 1H), 7.22-7.08 (m, 4H), 5.77
(s, 1H), 5.30 (bs, 1H), 4.40-4.28 (mn, 2H), 4. 17~4 13 (m, 1H), 2.89-2.71 (m, 2H) 2.54-247 (m, 1H),
2.29-2.21 (m, 1H), 2.10-1.79 (m, 8H) ppm. LC/MS. R, = 6.66 min, ES’ 435 (FA long).

|
!f
|
|
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Example 38: ((1S,2S, 4R)-4~{[6-(1,3-dxhydro—2H—1somdol-2-yl)pyrumdm—4~yl]oxy}-2-
hydroxycyclopentyl)methyl sulfamate (Compound 1-120)

[0258] The title compound was prepared in ; fashion analogous to Example 34, steps
a-c (using isoindoline in step b) and Example 65, step d to obtain the title compound. H
NMR (D6-DMSO, 300 MHz) 8: 8.27 (s, 1H), 7'4'0.729? (m, 4H), 5.81 (s, lH), 5.47 (bs, 1H), 4.81
(d, 1H, ] = 4.4 Hz), 4.74 (bs, 4H), 4.24-4.18 (m, 2H), 4/03-3.97 (m, 1H), 2.38 (bs, 1H), 2.22-2.14
(m, 1H), 2.01-1.77 (m, 3H) ppm. LC/MS: R = 6.40 n"\m ES' 407 (FA long).
Example 39: ((15,25,4R)-4-{[6-(3, 4~d1hydroxsoqum!ohn—2(1H)-yl)pynmd1n+yl]oxy}-2—
hydroxycyclopentyl)methyl sulfamate {Compound I-61)
10259] The title compound was prepared II}’ a fashion analogous to Example 34, steps
a-c (using tetrahydroisoquinoline in step b) and Example 65, step d to obtain the title
compound. "H NMR (CD3OD, 400 MHz) 5: 8.17 (s‘-, 1H), 7.17-7.14 (m, 4H), 5.93 (s, 1H), 4.63
(s, 2H), 4.39-4.30 (m, 2H), 4.18-4.13 (m, 1H), 3.78-3.75 (m, 2H), 3.30 (s, 1H), 2.90-2.87 (m, 2H),
2.54-2.47 (m, 1H), 2.30-2.24 (m, 1H), 2.09-1.91 (m, 3:H) ppm. LC/MS: R = 7.05 min, ES+ 421

(FA long). [
: !

Example 40: [(15,25,4R)-2-hydroxy-4-(pyrimidin-4-yloxy)cyclopentyl]methyl sulfamate
{(Compound 1-97) ]

Step a: 4-{[(IR,3S, 4S¥}Htm-buwl(mmemvl)&lyuggﬂ:ﬂ;ﬂ[&_mm&gnmgﬂlm
methyDcyclopentyllox rimidine ’
[0260] A suspension of 4—{[(1R,35,4S)-3—{[:tert-butyl(dixneﬂ\yl)sily]]oxy}—4—({[t_ert-

butyl(dimethyl)silyl}oxy]methyl)cyclopentyl]oxy»ll-&clﬂoropyrimidine (115.5 mg, 0.0002441
mol), sodium carbonate (62 mg, 0.00058 mol) emdl 10% Pd/C (26 mg, 0.000024 mol) in
methanol (1.1 mL) was stirred under an atmosphere of hydrogen for 2 days. The reaction
was purged with nitrogen and filtered through c’elite with EtOAc. The filtrate was
concentrated and the residue was purified by ﬂaJsh chromatography (0 to 15%
EtOAc/hexanes) to obtain 80 mg (70%) of the title compound.

!

Stepb: __[(15.254R}-2-hydroxy-4-(pyrimidin-4-ylo entyllmethyl sulfamate

(0261} The title compound was prepare’r:.i in a fashion analogous to F.xam}ﬁle 34, step
b and Example 65, step d to obtain the title compound. 'H NMR (CD,OD, 400 MHz) 3: 8.70
(s,1H),840(d,J=6.1 Hz, 1H), 6.83 (dd, ] =1, 6.’1 Hz, 1H), 5.66-5.61 (m, 1H), 4.41-4.38 (m,
1H), 4.33(dd, ] =7.3,9.8 He), 416 (dd, | = 7.2, 9.7 Hz), 2.58-2.48 (m, 1H), 2.36-2.30 (m, 1H),
2.11-2.03 (m, 2H), 2.00-1.94 (m, 1H) ppm. LC/MS: R = 4.08 min, ES+ 290 (FA long).
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Example 41: [(15,25,4R)—4—({6—[(4—d110robenzyl)oxy]pyrimidm—4~yl]oxy)—2-
' - hydroxycyclopentyl]methy! sulfamate (Compound J-89)

Stepa: __4-{[(1R35.45)3-({[fert-butyl{dimethyl)silylloxylmethyD)-4-(11,2.2-
tetramethylpropoxy)cyclopentylloxyl-6-[(4-chlorobenzyl imidi

[0262] To a solution of 4-{[(1R 35,45)-3-{[tert-butyl(dimethyl)silylJoxy}-4-({[tert-
butyl(dimethyl)silylJoxy}methyl)cyclopentyl]oxy)-6-chloropyrimidine (0.205 g, 0.000433
mol) and 4-chlorobenzyl alcohol (6.130 g, 0.000910 mol) in DMF (1 mL) under at atmosphere
of nitrogen was added sodium hydride (36.4 mg, 0.000910 mol) (60% in oil). The reaction

- was stirred for 3.5 hours. The reaction was quenched with water and extracted with EtOAc.
The organic layer was washed with brine, dried (MgSO,), filtered and concentrated. The
residue by f)uriﬁed by flash chromatography (0 to 7% EtOAc/hexanes) to obtain 98 mg
(40%) of the title compound. - - i

Step b: [(15,25 4RY4-({6-] (4-chlorobenzyhoxylpyrimidin-4-ylloxy)-2-
hydr 1 methyl

(0263] The title compound was prepared in a fashion analogous to Example 34, step
b and Example 65, step d (followed by TBAF removal of secondary silyl group) to obtain the
title compound. 'H NMR (CD,OD, 400 MHz) §: 6.82 (s, 1H), 5.88-5.79 (m, 4H), 4.62 (s, 1H),
3.98-3.95 (bs, 1H), 3.81 (s, 2H), 2.84-2.75 (m, 2H), 2.64-2.58 (m, 1H), 1.04-0.91 (m, 1H), 0.79-
0.72 (m, 1H), 0.63-0.37 (m, 3H) ppm. LC/MS: R, = 8.62 min, ES+ 430 (FA long).
Example 42: N-({(lS,2S,4R)—2-hydroxy-4»[(6-([(lR,ZS)-Z-methoxy-Z,S—dihydro-l H-inden-1-
ylJamino}pyrimidin-4-yl)oxy]cyclopentyl)methyl)sulfamide (Compound I-82)
Step a: tert-butyl (aminosulfonyl)({(15.2S,4R)-2-{[tert-butyl(dimethyDsilylloxy}-4-[(6-

HIAR.2S )-2-methoxy-2 3-dihydro-1H-inden-1 -yllaminolpyrimidin-4-yl)-

ox opentylimethyl)carb e

[0264] To a solution of {(15,25,4R)-2-{{tert-butyl(dimethyl)silyljoxy}-4-[(6-{[(1R,2S)-2-
methoxy-2 3-dihydro-1H-inden-1-ylJamino}pyrimidin-4-yl)oxy]cyclopentyl jmethanol (105.3
mg, 0.0002168 mol) , N-Boc-sulfonamide (58.9 mg, 0.000300'mol) and triphenylphosphine
(85.3 mg, 0.000325 mol) in EtOACc (4.15 mL) under an atmosphere of nitrogen was added
diethyl azodicarboxylate (51.9 uL, 0.000330 mol). The mixture was stirred for four hours.
The solvent was removed and the orange residue was purified by flash chromatography (10
to 50% EtOAc/hexanes) to obtain 135.2 mg (94%) of the title compound.
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-'drx—4«6— 25)-2-methoxy-2

-butyl (amin
dm~1’4- No clo lmethyl)carbama

dihydro-1H-inden-1-yljamino

(0265} ~ To a solution of tert-butyl (aminosulfonyl)({(15,25,4R)-2-{[tert-
butyl(dimethyl)silyl]Joxy}-4-[(6-([(1R, 25)—2-methoxy—2,3—dzhydro—lH-mden— -yllJamino}-
pyrmudm-ll—yl)oxy]cyclopentyl]methyl)carbamate (331 .5 mg, 0.0004094 mol) in THF (1.84
mL, 0.0228 mol) and pyridine (1.84 mL) at 0 °C was hdded pyridine hydrofluoride (0.25 mL,
0.0028 mol) dropwise. The mixture was allowed to slowly warm to 23 °C and stirred for 19
hours. To the reaction was added pyridine hydroﬂuonde (0.25 mL, 0.0028 mol) and the

- mixture was stu-red an additional 6 hours. The reac{bon was quenched by the dropwise

addition of saturated aqueous NaHCO,. The mixture was partitioned with additional
saturated aque;)us NaHCO, and EtOAc, separated, ;and the aqueous was extracted with-
EtOAc (2x) and CH,Cl, (2x). The combined organic"s were washed with brine, dried over
Na,SO,, filtered and concentrated. The residue wa:L: purified by flash chromatography (30 to
70% EtOAc/hexanes) to collect 34.5 mg (15%) of the title cdmpomd. LC/MS: R, = 1.64 min,
ES+ 550 (FA standard). ;

arrﬁno}pvrin\idinA—vl)oxv]cvclbpentvl}methvl)sulfamide K

[0266]) To a solution of tert-butyl (armnosulfonyl)({(ls ,25,4R)-2-hydroxy-4-[(6-
{[(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1 -yl]ah\mo}pynnudm-&yl)oxy]cyclopentyl]-
methyl)carbamate (34.5 mg, 0.0000628 mol) in CI*-I?CI2 (1.4 mL) was added trifluoroacetic
acid (0.70 mL, 0.0091 mol) and the mixture was sprred for 15 minutes. The mixture was
diluted with toluene and evaporated to dryness. ! The residue was purified by flash
chromatography (0 to 10% MeOH/CH,CL) to obs‘tain 23.8 mg (84%) of the title compound as
a white residue. 'H NMR (CD30D, 400 MHz) 8:’8.15 (s, 1H), 7.24-7.14 (m, 4H), 5.98 (s, 1H),
5.57 (bs, 1H), 5.29 (bs, 1H), 4.38-4.35 (m, 1H), 4,2;:;%-4.20 (m, 1H), 3.34 (s, 3H), 3.25-3.20 (m,
1H), 3.13-3.00 (m, 3H), 2.42-2.33 (m, 1H), 2.29-2.24 (m, 1H), 2.10-1.94 (m, 3H) ppm. LC/MS:

R, = 1.16 min, ES+ 450 (FA standard). |
o

f
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Example 43: {(1R,2R,3S 4R)—4~(l4—[(13)—2,3'd1hydr6-1H-mden-1-ylclmmo] -6-methyl-1,3,5-
' tnazm-2-yl]anuno)—2,3-d1hydroxycyclopentyl]methyl sulfamate (Compound

1-45)
Step a: - 4-chloro-N-[(15)-2,3-dihydro-1H-inden-1-yl}-6-methyl-1.3 5-triazin-2-amine
(0267} To a solution of 2,4-dichloro-6-methyl-1,3,5-triazine (0.90 g, 0.0055 mol) in

DMF (3.50 mL) and toluene (1.5 mL) at 0 °C was added (S)-(+)-1-aminoindan (0.64 mL,
0.0050 mol) followed by DIPEA (0.991 mL, 0.00569 mol) . The mixture was stirred at 0 °C for
30 min. The reaction was poured into water and extracted with CHLCL,. The organic layer

was dried over MgSO,, filtered and concentrated. The residue was purified by flash
chromatography (0 to 15 % EtOAc/hexanes) to afford 0.69 g (53%) of the title compound.

Step b: N—I 3aS 4R,65,6aR)-6-({[tert-butyl(dimethyl)silylloxy)methy})-2,2-
dimethyltetrahydro-3aH-cyclopenta[d]{1.3]dioxol-4-yl]-N"- 11151-2&; hydro-1H-i
nden-1-yl}-6-methyl-1 gé_-_mazme-2,4-dxarmne

[0268] A mixture of (3aS,4R,6R,6aR)-6-({[tert-butyl(dimethyl)silylJoxy}methyl)-2,2-

- dimethyltetrahydro-3aH-cyclopenta[d}{1,3]dioxol-4-amine (141.8 mg, 0.0004703 mol), 4-
chloro-N-[(lS)-2,3-dihydro—lH-inden-l-yl]-6—methyl-l A/5-triazin-2-amine (127.1 mg,
0.0004876 mol) and potassium carbonate (0.130 g, 0.000940 mol) in 1,4-dioxane (0.77 mL) was
subjected to microwave irradiation (300 watts, 160 °C) for 30 minutes. The mixture was
filtered with CH,CL, and concentrated. The residue was purified by flash chromatography

(10 to 100% EtOAc/hexanes) to obtain 60 mg (24%) of the title compound. LC/MS: R =2.03
min, ES+ 279 (FA standard).

Step c: 3aR,4R,6R,6aS)-6-({4-[(15)-2,3-dihydro-1H-inden-1-ylaminpol-6-methyl-1,3,5-

iazin-2-yl ino)-2.2-di dro-3aH-cyclo ta[d}{1 3]ldioxol-4-yl]-
methanol .
[0269] - Toa solution of N-[(3aS,4R,6S,6aR)-6-({[ tert-butyl(dimethyl)silylJoxy}methyl)-

2,2-dimethyltetrahydro-3aH-cyclopenta[d]{1,3]dioxol-4-y1]-N'-[(15)-2,3-dihydro-1H-inden-1-
yl]-6-methyl-1,3, 5-triazine-2,4-diamine (0.23 g, 0.00044 mol) in THF (1 mL) was added 1.00
M of TBAF in THF (1.31 mL). The reaction was stirred for 30 minutes. The solution was
concentrated and the residue purified by flash chromatography (0 to 4% MeOH/EtOAc) to
afford 210 mg (>99%) of the title compound. LC/MS: R, = 1.24 min, ES+ 412 (FA standard).
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Step d: [(1R 2R 354R)-4-( l4-[(1S)—2,3-d1hvdro-lH—mden-l-vlaxmnol—&methvlol,&S-

triazin-2-yllamino}-2 Q_—dmhxdroxyggclopengl Imethyl sulfamate

[(0270] The title compound was prepared in a fashion analogous to Example 65, step
d. "H NMR (CD,OD, 400 MHz) &: 7.29-7.16 (m, 4H),! 5.65(t, ] =7.5Hz,1H),435(dd, ] =77,
14.9 Hz, 1H), 4.14 (s, 1H), 3.92-3.84 (m, 1H), 3.10-3.0],6 (m, 1H), 2.95-2.84 (m, 1H), 2.63-2.52 (m,

1H), 2.35-2.33 (m, 2H), 2.30 (s, 3H), 2.08-1.90 (m, 1H), 1.39-1.28 (m, 1H).ppm. LC/MS: R =

I
1.13 min, ES+ 451 (FA standard). l

|
Example 44: {(15,2S, 4R)—2-hydroxy—4—[(6—([(1R,25)-2~methoxy-2,3—dxhydro-lH-mden-l-yl]-
: arruno}pyrumdm—4—yl)ammo]cyc]opentyl}methyl sulfamate (Compound 1-47)

methyl)cyclopentyl or imidin-4-amine

271] To a solution of (1R 35,45)-3-([tert-butyl(dimethyl)silylJoxy}-a-({[tert-
butyl(dimethyl)silylJoxy}methyl)cyclopentanamine (0.400 g, 1.11 mmol) in EtOH (3.0 mL)
was added 4,6-dichloro-pyrimidine (0.199 g, 1.33 1}’1mol) and Et,N (0.310 mL, 2.22 mmol).
The reaction was heated to 140°C for1 hin a seak%d tube using microwave irradiation then

concentrated in vacuo. The residue was dissolved in CH,Cl, and purified by flash
v I .
chromatography (CH,CL) to afford the title compf)und (0300 g, 57%).

-[(QR e 1(dime , silylloxyl-
methyl)cyclopentyll-N'-[(1R ZS)°2-methoxv-2,3-d1hvdro-1H-mden-l-vl'l-

pyrimidine-4,6-diamine
' l
[0272) A mixture of N-[(1R3S, 4S)—3-l[tert~butyl(dimethyl)silyl]oxy)-4~({[tert-
butyl(chmethyl)s;lyl]oxy}me&xyl)cydopentyl]é—dﬂoropynrmd.m-tl-amme (0.114 g, 242
mmol), (1R,2S)-2-methoxyindan-1-amine (0.170 g, 1.04 mmol) and Na,CO, (0.10 g, 0.97

- mmol) was heated to 180 °C for 2 h in a sealed tulbe using an oil bath. The reaction was

cooled and filtered. The filtrate was concentrate? in vacuo. The residue was purified by
flash chromatography (50 to 60 % EtOAc/ hexanes) to afford the title compound as a beige
foam (0.066 g, 46%). LC/MS: R, = 2.20 min, ES’ ’.'599 (Formic Acid).

. | .
R.2R . 45)-2-([tert- dimethyl)silylloxy}-4-[(6- - -2

dihydro-1H-inden-1-ylJamino}pyrimi "din-&yl)aminolgyclopentyl}methano

[0273] To a solution of N-[(1R,3S 4S)-3-l[tert-butyl(dxmethyl)sﬂyl}oxy}—4»({[fert-
butyl(dixnethyl)sxlyl]oxy)methy])cyclopentyl]-N' -[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-
1-yl)pyrimidine-4,6-diamine (0.188 g, 0.314 mmol) in THF (1.70 mL) and H,O (1.70 mL) was
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added AcOH (5.08 mL). The solution was stirred overnight then concentrated in vacuo and
purified by flash chromatography (0 to 5 % MeOH/EtOAc) to obtain the title compound
(0.112 g, 74%). LC/MS: R, = 1.46 min, ES’ 485 (Formic Acid).

d: 1R 2R 45)-2-hydroxy-4- 1S 2R)-2-methoxy-2 3-dihydro-1H-inden-1-yl|-
aminolpyrimidin-4-yl)amino]cyclopentylimethyl sulfamate (Compound I-47)

[0274) A solution of {(1R,2R,4S)-2-{[tert-butyl(dimethyl)silyl]oxy}-4-[(6-{[(1S,2R)-2-
methoxy-2,3-dihydro-1H-inden-1-yljJamino}pyrimidin-4-yl)amino]cyclopentyljmethanol
(0.112 g, 0.231 mmol) (azetroped with toluene) and pyridiné {0.0374 mL, 0.462 mmol) in
anhydrous acetonitrile (2.3 mL) was cooled to 0 °C. A‘ 2 N solution of chlorosulfonamide in
acetdnitrile (0.116 mL) was added dropwise and the reaction was stirred for 3 h. Additional
2 N solution of chlorosulfonamide in acetonitrile (0.026 mL) and pyridine (0.0041 g, 0.052
mol) were added and the reaction was stirred for 1 h then quenched with methanol. The
solution was concentrated in vacuo and purified by flash chromatography (0 to 10%

MeOH/DCM) to afford the title compound as a white solid (0.059 g, 57%). '"H NMR -

o®

(CD,OD, 400 MHz, 8): 8.26 (s, 1H); 8.01 (s, 1H); 7.26-7.16 (m, 3H); 5.70 (s, 1H); 5.47-5.33 (bs,
1H); 4.35 (t, J= 4.5 Hz, 1H); 4.31 (d, J= 7.5 Hz, 1H); 4.28 (d, J= 7.5 Hz, 1H); 4.25-4.21 (m, 1H);
4.15-4.11 (dd, J= 7.3 Hz; J= 2.5 Hz, 1H); 3.36 (s, 3H); 3.16-3.00 (m, 2H); 2.54-2.45 (m, 1H); 2.26-
2.19 (m, 1H); 2.10-1.98 (m, 1H); 1.87-1.78 (m, 1H); 1.77-1.69 (m, 1H). LC/MS: R = 1.11 min,
ES' 450 (FA standard).

Example 45: {(15,25,4R)-4-{(6-{[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-yl Jamino}-
pyrimidin-4-yl)oxy}-2-hydroxycyclopentyljmethyl sulfamate (Compound I-
124)

[0275) The title compound was prepared in a fashion analogous to Example 34 steps a-

e using (15)-3,3-dimethylindan-1-amine in step b to obtain the title compound. 'H NMR

(CD,0OD, 400 MHz, 5): 8.14 (s, 1H); 7.28-7.15 (m, 4H); 5.83 (s, 1H); 5.59 (bs, 1H); 5.31 (bs, 1H); ’
- 4.39 (dt, J= 5.0 Hz; J= 2.0 Hz, 1H); 4.32 (dd, J= 7.3 Hz; J= 2.5 Hz, 1H); 4.16 (dd, = 7.3 Hz; ]= 44

2.5 Hz, 1H); 2.57-2.47 (m, 1H); 2.46-2.39 (m, 1H); 2.31-2.24 (m, 1H); 2.12-1.90 (m, 3H); 1.82- ‘

1.75 (m, 1H); 1.39 (s, 3H); 1.25 (s, 3H). LC/MS: R, = 1.51 min, ES" 449 (FA standard). -
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Example 46: |(1525 4R)-4-[(4-{[(15)-3.3-dimethyl- 2,3—d1hydro—lH-mden— -yllamino}-1,3,5-

-2-y1)anuno]-2—hydroxycyclopentyl]methyl sulfamate (Compound I-

) |
{0276] To a solution of (lS)—3,3-dimethylinda"n-1-amine (0.67 g, 4.2 mmol) in THF (3
mL) cooled to 0 °C was added cyanuric chloride (0.874 g, 4.74 mmol) resulting in a white
solid. DIPEA (0.724 mL, 4.16 mmol) was added and the yellow mixture was stirred for 1.5

hours. The reaction was quenched with H O and e!xtracted with DCM (3x). The combined

organic layers were dried (Na,S0,), filtered and coilected in vacuo to give a pale yellow oil.

The residue was purified by flash chrornat,ography: (0 to 25% EtOAc/hexanes) to afford the

title compound (0.771 g, 60%) as a white solid. LC;/ MS: R, = 2.20 min, ES’ 310 (FA standard).
A e

Step b: 1R 35,45)-3-{[tert-butyl(dimethyl 51]! llo tert-butyl(dimethylsilyllo

methvl)cvclopentvll-s—chloro-N’-l(15)—3.3-d1methvl 2,3—d1hvdro-1H-mden-1-vlL
1 triazine-2 4-diamine

|
{0277] To a solution of (lR,35,4S)-3~|[tert-bq'kyl(dimefhyl)silyl]oxy}-4—(l[tert-
butyl(dimethyl)silyl]oxy}methyl)cydopentanamix:le {0.200 g, 0.556 mmol), TEA (0.21 mL,
1.50 mmol) in THF (0.80 mL) was added 4,6-dichloro-N-{(15)-3,3-dimethyl-2,3-dihydro-1H-
inden-l-yl]—l,3,5—hiazi11—2—amine (0.160 g, 0.500 rr;ol). The reaction was stirred for 3.5 h then
concentrated in vacuo. The residue was purified by preparative TLC (10% EtOAc/hexanes)

followed by DCM. The relevant band was cut an:d washed using acetone, filtered, and

" concentrated in vacuo to afford the title compourfid (0.228 g, 71%). LC/MS: R =2.77 min,
1

ES’ 633 (FA standard).

|
|
!
1

Step.c: 1R, 2R 45)-2- tert-bu ldlmeth lsxl lox ~4- 4-chloro-6- 1R}-3 imethyl-
dih than

[0278] . The title compound was prepared followmg the procedure described in
Example 44 step c usmg N-[(1R,3S, 4S)—3—{[tert—butyl(dmtethyl)sxlyl]oxy] -4-({[tert-
butyl(dnmethyl)snlyl]oxylmethyl)cyclopentyl]—67chloro—N’ -{(15)-3,3-dimethyl-2 3-dihydro-
1H-inden-1-y1]-1,3 5-triazine-2,4-diamine. LC/MS: R, = 2.20 min, ES’ 518, 520 (FA standard).

1

Step d: 25,4R)-2-{[tert-Butyl(dimethyl 11 lox -4- [{4- 1S -3 imethyl-2
ihydro-1H-inden-1-yllamino

[0279] To a solution of {(1R,2R,4S)-2—{[ter‘!t-butyl(dirnethyl)silyl]oxy}-4~[(4-chloro-6-
{[a R)—3,3—dimethyl—2,3—dihydro—lH-inden-l-yl]lamino]-l 3 5-triazin-2-yl)amino] cyclopentyl]-

123 !



WO 2008/019124 PCT/US2007/017463

methanol (0.083 g, 0.16 mmol) in EtOH (1.11 mL) was added Pd (10% on carbon) (0.0170 g,
0.0160 mmol) and the rnixture was stirred under an atmosphere of hydrogen for 4 d. The
reaction was purged with nitrogen for 30 minutes then Pc'l(OI-I)z (20% on carbon dry weight)
(0.‘022 g, 0.016 mmol) was added and the mixture was stirred for 4 h under an atmospheré of
hydrogen. Filtration of the mixture through a pad of celite, followecl by flash
chromatography (50-100 % EtOAc/hexanes) afforded the title compound (0.027 g, 35%).
LC/MS: R, = 1.81 min, ES" 484 (FA standard).

" Stepe: l(15,25.4R1~4‘I(4~ﬂ(1S)-3,3-dimethyl-2,3—dihydr&lH—inden—l-vllamino]-l,3.5-
. - friazin-2-yl)amino]-2-hydroxycyclopentyl}methyl sulfamate (Compound [-134)

. [0280)  The title compound was prepared following the procedure described in
Example 44 step d using ((1S,2$,4R)-2-l[tert-butyl(dimethyl)silyl]oxy]%[(4—([(15)—3,3—
dimethyl-2 3-dihydro-1H-inden-1-ylJamino}-1,3,5-triazin-2-yl)amino]cyclopentyl} methanol.
'H NMR (CD,0OD, 400 MHz, 5): 8.17-7.81 (m, 1H); 7.27-7.15 (m, 4H); 5.71-5.57 (m, 1H); 4.65-
4.49 (m, 1H); 4.36-4.23 (m, 2H); 4.20-4.00-(m, 1H); 2.53-2.33 (m, 2H); 2.25-2.10 (m, 1H); 2.06-
1.68 (m, 4H); 1.39 (s, 3H); 1.24 (s, 3H). LC/MS: R, = 1.90 min ES’ 449 (FA standard). :

Example 47: {(1R,2R,35,4R)-2,3-dihydroxy-4-[(4-{[(1R,25)-2-methoxy-2,3-dihydro-1H-
_ .- inden-1-yl]Jamino}-1,3,5-triazin-2-yl)aminojcyclopentyl)methyl sulfamate
(Compound 1-55)

[0281] The title compound was prepared following the procedure described in

- Example 46 (step e) using {(3&R,4R,6R,6a5)-6—[(4-l[(1R,25)-2-metlioxy-i!,S—dihydro-lH-inden-
1-ylJamino}-1,3,5-triazin-2-yl)amino}-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-
4-yl}methanol (prepared as in Example 26). 'H NMR (CD,0OD, 400 MHz, 6): 8.10-7.95 (m,

| 1H); 7.30-7.14 (m, 4H); 5.72-5.56 (m, 1H); 4.36-4.08 (m, 4H); 3.95-3.78 (m, 2H); 3.37 (s, 3H);
3.15-2.93 (m, 2H); 2.42-2.17 (m, 2H); 1.37-1.78 (m, 1H). LC/MS: R, = 1.07 min ES’ 467 (FA
standard). - 7
Example 48: ((1R,2R35,4R)-2,3-dihydroxy-4-{[6-(phenylethynyl)pyrimidin-4-yl}Jamino}-

cyclopentyl)methyl sulfamate (Compound I-108)
Step a; 1R .25 .3R 5R)-3-[(6-chloropyrimidin-4-yl)amino]-5-(hyd roxymethyl}
cyclopentane-1,2-diol

[0282] To a solution of (1R,25,3R,5R)-3-amino-5-(hydroxymethyl)cyclopentane-1,2-
diol*HCI (1.00 g, 5.44 mmol) and 2-amino-4,6-dichloropyrimidine (0.982 g 5.99 mmol) in
isopropyl alcohol (8 mL) was added Et,N (1.90 mL, 13.6 mmol). ’i’hg reaction was heated to
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90 °C for 1 h in an oil bath then cooled, filtered and cf)ncentra_ted in vacuo-. The residue was
dissolved in CH,C}, and purified by flash duomtog'raphy (20 to 50% MeOH/ CH,CL) to

|
afford the title compound as an off-white solid (2.02.'|5 g >99%). LC/MS: R, = 0.81 min ES"
260 (FA standard). ,‘
Step b: (1S,ZR,§R,§B)—3;(hxdroxmetﬁyl)-s-[(&i()j’dopxg‘mjdm-4~¥l)gnﬁng]gygjoggntane-

1,2-diol l

: ’
{0283} To a solution of (1R,2S,3R,5R)-3-[(6-chloropyrimidin-4-yl)amino}-5-

 (hydroxymethyl)cyclopentane-1,2-diol (1.880 g, 7.239 mmol) in hydroiodic acid (23.9 mL)

was added sodium iodide (5.42 g, 36.2 mmol). The puxture heated to 70 °C for 10 min then
concentrated and azeotroped using toluene (3x). The residue was dissolved in acetone and

NaHCO, was added. The suspension was filtered and the filtrate was concentrated in vacuo

to obtain the title compound (24 g, >99%). LC/ MS” R, = 0.76:min ES" 352 (FA standard).

Stepc: __ {(3aR.4R,6R.6a5)-6-[(6-iodopyri m;‘din-4—’gl Jamino]-2,2-dimethyltetrahydro-3aH-
cydlopentald]{1 3ldioxol-4-ylimethanol ! : :

|
[0284]) The title compound was prepared foll{owing the procedure described in

Example 1 step b using (1S,ZRSRﬁR)-&(HydroWthyl)—S—[(G-iodopyrimidin-ll-yl)~

amino]cyclopentane-1,2-diol. LC/MS: R, 1.24 min[ES’ 392 (FA standard).
' |

Step d: N-[(3aS 4R,6R 6aR)-6-(|{tert-butyl(dimethyl)silylloxylmethyl}-2,2-
dimethyltetrahydro-3aH-cyclopentald |‘| 1 3]dioxol-4-yl I-Qi@pgm' midin-4-amine
i

{0285] To a solution of {(3aR,4R,6R,6aS)-6-[(;6-iodopyrirhidin—4—yl)amixm]~2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxoli4-yl}methanol (1.321 g, 3.38 mmol) and
1H-imidazole (0.552 g, 8.10 mmol) in DMF (16.9 n'xL) was added tert-butyldimethylsilyl
chloride (0.534 g, 3.54 mmol) and the reaction wa stirred overnight. The solution was

diluted with H,O and extracted with EtOAc (3x).;

with brine, dried (Na,SO), filtered, and concentr"énted in vacuo. The crude mixture was
purified by flash chromatography (10 to 40% EtOAc/hexanes) to afford the title compound
(1465 g, 86%). LC/MS: R, = 2.47 min ES 506 (FA Standard).

!

Stepe:  N-[(3aS.4R 6R 6aR)-6-([fert-butyl(dimethyl)silylJoxylmethyl-2,2-

The combined organic layers were washed

imethyltetrahydro-3aH- entala dioxol-4-v1]- henyle 1)-
pyrimidin-4-amine ’
|
(0286] To a solution of N-[(3aS,4R ,6R,6aR)-6-({[tert-butyl(dimethyl)silyl]Joxy}methyl)-

2,2-dimethyltetrahydro-3aH-cyclopentald][1,3]dioxol-4-yl}-6-iodopyrimidin-4-amine (0.300
y y Py
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8- 0.594 mmol) in DMF (2.46 mL) was added Cul (0.0113 g, 0.0594 rrunol) and
bis(triphenylphosphine)palladium(lI) chloride (0.0292 g, 0.0415 mmol). The tube was sealed
and flushed with argon. Et,N (0.165 mL, 1.19 mol) was added énd the reaction was stirred
for 1 h. Phenylacetylene (0.216 mL, 1.96 mmol) was added and the reaction was stirred
overnight. The suspension was filtered and the filtrate was concentrated in vacuo. The
crude mixture was purified by flash chromatography (10 to 40% EtOAc/hexanes) to afford
the title compound as a yellow oil (0.238 g, 84%). LC/MS: R, = 2.47 min, ES" 480 (FA
standard). |

Step f: ((3aR4R,6R,6a5)-2,2-dimethyl-6-{[6-(phenylethynylpyripnidi Hamino}-
tetrahydro-3aH-cyclopenta [d]I 1 3]dioxol-4-ylimethanol

{0287] . To a solution of N-[(3a$,4R;6R,6aR)-6-({[tert-butyl(dimethyl)silyl]oxyjmethyl)-
2,2-dimethyltetrahydro-3aH-cyclopenta(d](1,3]dioxol-4-yl1}-6-(phenylethynyl)pyrimidin-4- 7
amine (0.275 g, 0.573 mmol) in THF (2 mL) and pyridine (2 mL) in a teflon vial was added : . -
pyridine hydrofluoride (1.3 mL, 0.014 mol) dropwise. The reaction was stirred for 1.5 h ‘
then quenched using a saturated aqueous Na,CO, solution (15 mL) and EtOAc. The

aqueous layer was extracted with EtOAc (3 x 20 mL). The combined organic layers were

dried (Na,SO), filtered and concentrated in vacuo. The residue was purified by flash

chromatography (0 to 5 % MeOH/EtOAC) to afford the title compound as a yellow solid

(0.172 g, 82%). LC/MS: R, = 1.29 min, ES' 366 (FA standard).

Step g: ((1R.2R 3S5,4R)-2 3-dihydroxy-4-{{6-(phenylethynyl) pyrimidin-4-ylJamino}-
cyclopentylymethyl sulfamate {Compound I1-108)

[0288] The title compound was prepared following the procedure described in

Example 1 steps d-e using ((3aR 4R,6R,6aS)-2,2-dimethyl-6-{[6-(phenylethynyl)pyrimidin-4-
ylJaminojtetrahydro-3aH-cyclopentald}{1,3]dioxol-4-yl)methanol. 'H NMR (CD,0D, 400

MHz, §): 8.36 (s, 1H); 7.80-7.54 (m, 2H); 7.45-7.38 (m, 3H); 6.69 (bs, 1H); 4.33 (bs, 1H); 4.23- ’
4.14 (m, 2H); 3.92-3.88 (m, 1H); 3.86-3.81 (m, 1H); 3.32-3.28 (m, 2H); 2.46-2.30 (m, 2H); 1.39- ‘7{
1.27 (m, 1H). LC/MS: R = 1.09 min, ES" 405 (FA standard).

Example 49: [(15,28,4R)-2—hydroxy-4—({6—[(1-naphﬂ1ylmethyl)amino]pyrimidin—4-yl)-
oxy)cyclopentyljmethyl sulfamate (Compound 142)

[0289]' The title compound was prepared in a fashion analogous to Example 34 steps a-
e using 1-naphthalenemethylamine in step b to obtain the title compound. 'H NMR

(CD,0D, 400 MHz, §): 8.13 (s, 1H); 8.04 (d, J= 9.0 Hz, 1H); 7.87 (4, J= 7.5 Hz, 1H); 7.79 (4, }=
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!
8.0 Hz, 1H); 7.54-7.39 (m, 5H); 5.75 (s, 1H); 531-526(m, 1H); 4.94 (s, 2H); 4.39-4.25 (m, 2H);
4.17-4.06 (m, 1H); 2.52-2.42 (m, 1H); 2.26-2.19 (m, lH) 2.05-1.84 (m, 2H). LC/MS: R =1.59

min, ES* 445 (FA standard). !

|

|
Example 50: [(1S,25,4R)~.'Z—hydroxy-4—({6-[(l-naphmylmethyl)axmno]pymmdm-d—yl}~
oxy)cyclopentyljmethyl sulfamate (C‘ompound 1-119)

Stepa; 4 4 tert-butvl(dimethyl)silyl -butyl(dime: ilylloxyl-
methyl)cyclopentylloxy}-6-(1-naph lnietho imidin
[0290] To a solution of 4—([(1R,3$ 45) }llteﬂ-butyl(dmwﬂ\yl)sﬂyl]oxy}-4-(([tert-

butyl(dimethyl)sﬂyl]oxy]methyl)cyclopentyl]oxy}-?—chloropynuudme (0.200 g, 0.423 mmol)
and 1-naphthalenemethanol (0.140 g, 0.888 mmol) in DMF (1 mL) was added sodium
hydride (0.0355 g, 0.888 mmol) and stirred for 3 h. The mixture was diluted with HOand
extracted with EtOAc. The combined organic !ayergs were washed with brine, dried
(Na,SO), filtered, and concentrated in vacuo. Thelresidue was purified by flash
chromatography (0 to 20% EtOAc/hexanes) to affc’lrd the titte compound (0.139 g, 55%).

Step b: [(15,25 4R)-2-hydroxy-4-({6-](1 -naphth\)dmethvl)ammo]Dvnnudm-4—vll-

oxy)cyclopentylimethyl sulfamate "

(0291) The title compound was prepared following the procedure described in
Example 44 (steps c-d) and Example 48 (step f) using 4-{{(1R 35,45)-3-{[tert-butyl(dimethyl)-
silyl]oxy}-4-({[tert-butyl(dimethyl)silyl] oxy]methy])cyclopentyl]oxy}-&(l—naphthylme thoxy)
pyrimidine. "H NMR (CD,OD, 400 MHz, 8): 8.39 (s,lH) 8.01 (d, J= 8.8 Hz, 1H); 7.88-7.81 (m,
2H); 7.57 (d, J= 7.0 Hz, 1H); 7.53-7.40 (m, 3H); 6.14 (s, 1H); 5.79 (s, 2H); 5.50-5.42 (m, 1H);
4.35-4.31 (m, 1H); 4.30-4.25 (m, 1H); 4.15-4.03 (m, ’m); 2.53-2.42 (m, 1H); 2.30-2.21 (m, 1H);
2.08-1.87 (m, 3H). LC/MS: R, = 1.82 min, ES’ 4464[ (FA standard).

' l
Example 51: ((15,25,4R)-2-hydroxy-4-{[6-(2-phénylethyl)pyrimidin-4-yl]Jamino}-
cyclopentyl)methyl sulfamate (Compound 1-81)

Stepa:  N-[(1R354S)-3-{[tert- imethyDsilylloxyl-4-({[fert-butyl(dimethysilylloxy}-
methylcyclopentyl]}-6-iodopyrimidin-4-amine
: : , ! : -
[0292] The title compound was prepared following the procedure described in

Example 44 step a using 4,6-diiodopyrimidine heating to 150 °C for 300 sec.

AN
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Step b: N-[(1R,35 45)-3-{[tert-butyl(dimethyl}silylloxy}-4-{{[ tert-butyl(dimethyl)silyl Joxy|-
methylicyclopentyl}l-6(phenylethynyl)pyrimidin-4-amine

(0293} The title compound was prepared following the procedure described in
Example 48 step e. LC/MS: R, = 3.56 min, ES" 538 (FA standard).

Stepc:  N- 45)-3-{[tert-butyl(dimethylsilylloxyl-4-({[tert-butyl(dimethyDsilylloxy)-
methyl lopentyl 2-phenylethyl imidin-4-amine
(0294} The title compound was prepared following the procecdure described in

. Example 3d using N-[(1R,3S,45)-3-{[tert-butyl(dimethyl)silylJoxy}-4-({[tert-butyl(dimethyl)-
silylJoxy}methyl)cyclopentyl}-6-(phenylethynyl)pyrimidin-4-amine and Pd(OH), on carbon
(20% dry weight). LC/MS: R, =2.30 min, ES’ 542 (FA standard).

Step d: ((18,25.4R)-2-hygrog-4-l|6—(2—phenylethyl)pmn_udm-4—y Jaminojcyclopentyt)-

methyl sulfamate (Compound 1-81)

(0295] The title compound was prepared following the procedure described in
Example 46 steps ¢ and e and Example 48 step f. '"H NMR (CD,0D, 400 MHz, §): 8.30 (s, 1H);
7.26-7.20 (m, 2H); 7.18-7.13 (m, 3H); 6.18 (s, 1H): 4.35-4.26 (m, 2H); 4.15-4.06 (m, 1H); 2.97-
2.90 (m, 2H); 2.85-2.76 (m, 2H); 2.51-2.41 (m, 1H); 2.24-2.15 (m, 1H); 1.82-1.73 (m, 1H); 1.70-
1.60 (m, lH);'0.94-0.85 (m, 1H). LC/MS: R, = 1.38 min, ES’ 393 (FA standard).
Example 52: ((15,25,4R)-2-hydroxy-4-{[6-(2-naphthylmethoxy)pyrimidin-4-ylJoxy}-
cydopentyl)methyl sulfamate (Compound 1-141)
[0296]) The title compound was prepared following the procedure described in
Example 50 using 2-naphthalenemethanol. '"H NMR (CD,OD, 400 MHz, 5): 8.39 (s, 1H); 7.88
(s, 1H); 7.86-7.81 (m, 3H); 7.52 (dd, J= 8.5 Hz, ]J= 1.76 Hz, 1H); 7.49-7 .44 (m, 2H); 6.19 (s, 1H);
5.53-5.48 (m, 1H); 4.38-4.35 (m, 1H); 4.34-4.29 (m, 1H); 4.17-4.12 (m, 1H); 2.56-2.46 (m, 1H);

2.32-2.26 (m, 1H); 2.09-1.91 (m, 3H). LC/MS: R, = 1.82 min ES’ 446 (FA standard).
Example 53: {(15,25,4R)-2-hydroxy-4-[(6-{[(1R,2S)-2-methoxy-2 3-dihydro-1H-inden-1-yl}-
oxy}pyrimidin-4-yl)oxyjcyclopentyljmethyl sulfamate (Compound 1-96)

1R 25)-1-[(6-chloropyrimidin-4-yl)oxylindan-2-ol and (1R,25)-2-[(6-
chloropyrimidin-4-yloxylindan-1-ol

[0297] The title compounds were prepared following the procedure described in
Example 34 step a using (1R,25)-indane-1,2-diol (0.5 g, 3.00 mmol) (Yanagimachi, K. S;
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Stafford, D; Dexter, A; Sinskey, A; Drew, S; Shephanofpoulos, G. European Journal of
Biochemistry. 2001, 268, 4950-4960) as a 1.2:1 ratio of 2-O-pyrimidine to 1-O-pyrimidine.

|

idine and 4-

d

R.2S)-1-methoxy-2 3-dihydro-1H-inden-2-

chloro-6-{[{1R 2S)1-methoxy-2 ihydro-1H-inden-2-vl imidin
‘ .

[0298] To a flame dried flask containing 4A mrjolecular sieves (0.700 g) cooled under
nitrogen and equipped with a reflux condenser was|added silver(I) oxide (3 g, 10.0 mmol),
(1R,25)-1-[(6~chloropyrimidin~4-yl)oxylindan-2-ol (q.365 g, 1.39 mmol) , and Et,O (10 mL).
Mel (3.08 mL, 49.5 mmol) was pre-purified through/an alumina plug and added to the
mixture. The reaction was heated to 40°C for2h The reaction was diluted with EtO,
filtered through a pad of celite and concentrated in ;vacuo. The residue was purified by flash

chromatography (15 to 30% EtOAc/hexanes) to obt‘iain the title compounds as a 1:1 mixture
(0.540 g, 70%). |

Stepc: 4-{[(1R,35,45)-3-{[tert-butyl(dimethyl il’lox -4- tert-butyl{dimethyl)silyljoxy}-

methylcyclopentyl -6-{{(1R S-Z-metho ihydro-1H-inden-1-vlloxy}-
pyrimidine, and tert-butvl”( 15,25, 4R)-2-[Itert—butv1(dungmy:l)§i Iylloxyl-4-(3-
1R, 25)-1-metho; ihydr lH—md n—2— 1loxviphenox clopentyl]-

.meth i lsﬂane and 1R3S tert-butyl{(dimethyl)silylloxy}-4-
({[tert-butyl(dimethyl}silylloxylmethyl) ‘gxdomng:lloglﬁ“(l&ﬂ(tz- methoxy-
23-dihydro-1H-inden-1-ylloxylpyrimidine, and tert-butyl{{(15,25,4R)-2-{[tert-
butyl(dimethyl) silviloxy}-4-(3-[(1S 2R)}-1-methoxy-23-dih dro-1H-inden-2-yl}-
oxy}phenoxy)cyclopentyllmethoxyldimethylsilane

[0299] To a solution of (lR,35,4S)—3—{[tert-bul,'yl(dimethyl)silyl]oxy)—4—(l[tert-
butyl(dimethyl)silylJoxy}methyl)cyclopentanol (0.334 g, 0.928 mmol) and sodium hydride
(0.0779 g, 1.95 mmol)in DMF (3 mL) was added 4—(’:11]01'0—6-{[(1R,25)—2—methoxy—2,3—dihydro'-
1H-inden-1-yl}joxy}pyrimidine (0.539 g, 1.95 mmo]l). The mixture was stirred for 5 h then

quenched with H,O and extracted with EtOAc (3xl). The combined organic layers were

washed with brine, dried (MgSO,) and concentratlled in vacuo. The residue was purified by
flash chromatography (0 to 30 % EtOAc/ hex_anes)’ to obtain the title compounds (0.124 g,

22%).

imidin-4-yl entylimethyl sulf 15.25.4R)-2-hydrox
R2S 3-dih H-i
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inden-2-yllo imidin-4-yl)o clopentylimethyl sulfamate (Compounds I-
96, 1-79, 1-98, 1-77)
[0300] The title compounds were prepared using the procedure described in Example

51 step d using 4-({(1R,35,45)-3-({tert-butyl(dimethyl)silylJoxy}4-({[fert-butyl(dimethy
l)silyl]oxy}meﬂ\yl)cyclopentyl]oxy]-6-[[(1R,25)-2—methoxy-2,3—dﬁhyc’lro—iH—inden—l-yl]oxyl-
pyrimidine, and tert-butyl{[(15,25 4R)-2-{{tert-butyl(dimethyl)silylJoxy)}-4-(3-{[(1R,25)-1-
methoxy-2,3-dihydro-1H-inden-2-ylJoxy}phenoxy)cyclopentyljmethoxy}dimethylsilane, and
4-{[(1R 35 45)-3-{[tert-butyl(dimethyl)silylJoxy}-4-({ [tert-buty](dimethyl)silyl]oxylmethyl)
cyclopentyljoxy}-6-{[(15,2R)-2-methoxy-2,3-dihydro-1H-inden-1-yljoxylpyrimidine, and tert-
butyl{[(15,25,4R)-2-{[tert-butyl(dimethyl) sxlyl]oxy)-4—(3—{[(IS,ZR)-I—nmﬂioxy~2,3-d1hydro-1H
-mden—Z-yl]oxyIphenoxy)cyclopenty]]methoxy]dxmethylsxlane
Example 54: {(1S2S,4R)-2-hydroxy-4-[(6-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yl}-
oxylpyrimidin-4-yl)oxylcyclopentyljmethyl sulfamate (Compound I-96)
{0301} 'H NMR (CD,0OD, 400 MHz, 3): 8.44 (s, 1H); 7.45 (d, J= 7.3 Hz, 1H); 7.32-7.25 (m,
2H); 7.23-7.17 (m, 1H); 6.53 (d, ]= 5.0 Hz, 1H); 6.12 (s, 1H); 5.52-5.47 (rn, 1H); 4.39-4.36 (m,
1H); 4.354.27 (m, 2H); 4.14 (dd, J= 9.8 Hz, ]= 2.5 Hz, 1H); 3.37 (s, 3H); 3.20-3.06 (m, 2H); 2.56-
2.47 (m, 1H); 2.34-2.25 (m, 1H); 2.11-1.89 (m, 3H). LC/MS: R, = 1.64 min, ES" 452 (FA
standard).

Example 55: {(15,25,4R)-2-hydroxy-4-{(6-{{(1R25)-1-methoxy-2,3-dinydro-1H-inden-2-yl}-
oxy}pyrimidin-4-yl)oxy]cyclopentyl}methyl sulfamate (Compound I-79)

[0302] "H NMR (CD,0D, 400 MHz, 5): 8.40 (s, 1H); 7.40 (d, J= 7.3 Hz, 1H); 7.33-7.23 (m,
3H); 6.13 (s, 1H); 5.78 (q, J= 5.77 Hz, ]= 5.52 Hz, 1H); 5.54-5.47 (m, 1H); 4.94 (d, J= 4.77 Hz,
1H); 4.41-4.36 (m, 1H); 4.35-4.29 (m, 1H); 4.18-4.12 (m, 1H); 3.38 (s, 3H); 3.28-3.23 (m, 1H);
3.20-3.12 (m, 1H); 2.57-2.47 (m, 1H); 2.33-2.25 (m, 1H); 2.10-1.90 (m, 3H). LC/MS: R, = 1.64
min, ES’ 452 (FA standard).

Example 56: {(15,25,4R)—2—hydr0xy—4»[(6—{[(1S,2R)-2-methoxy-2,3-dihydro~lH-inden—1-yl]~
oxy|]pyrimidin-4-yl)oxy]cyclopentyljmethyl sulfamate (Compound 1-98)

[0303] 'H NMR (CD,OD, 400 MHz, 8): 8.44 (s, 1H); 7.45 (d, J= 7.5 Hz, 1H); 7.32-7.25 (m, |

2H); 7.23-7.16 (m, 1H); 6.53 (d, J= 5.0 Hz, 1H); 6.12 (s, 1H); 5.53-5.47 (m, 1H); 4.40-4.35 (m,
1H); 4.3¢-4.27 (m, 2H); 4.15 (dd, J= 7.3 Hz, J= 5.1 Hz, 1H); 3.37 (s, 3H); 3.19-3.06 (m, 2H); 2.56-
2.47 (m, 1H); 2.33-2.25 (m, 1H); 2.10-1.90 (m, 3H). LC/MS: R, = 1.65 min, ES" 452 (FA
standard).
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Example 57: l(lS,2$,4R)—2-hydroxy—4r-[(6-{[(1S,iR)—1!-methoxy-2,3-dihydro-lH—inden-2-yl]-
oxy}pyrimidin-4-yl)oxy]cyclopentyljmethyl sulfamate (Compound 1-77)

[0304] 'H NMR (CD,0D, 400 MHz, 8): 8.40 (s, 1|H); 7.41 (d, J= 7.0 Hz, 1H); 7.33-7.23 (m,
3H); 6.13 (s, 1H); 5.81-5‘.76 (m, 1H); 5.55-5.48 (m, 1H);4.94 (d, J]= 5.0 Hz, 1H); 4.41-4.36 (m,
1H); 432 (dd, J= 9.8 Hz; J= 2.3 Hz, 1H); 4.15 (dd, J= 98 Hz; J= 2.5 Hz, 1H); 3.38 (s, 3H); 3.28 -
3.22 (m, 1H); 3.20-3.12 (m, 1H); 2.57-2.47 (m, 1H); 2.33-2.26 (m, 1H); 2.10-1.93 (m, 3H).
LC/MS: R, = 1.64 min, ES’ 452 (FA Standard). '

: : \
Example 58: {(1S,2S,4R)-2-hydroxy~4-[(6-phenylpyrimidin-4-yl)oxylcyclopentyl }methyl
sulfamate (Compound 1-114)

Stepa: __ 4-{[(1R.35.45)-3-{[tert-butyl(dimethyDsilyl} tert- im

thyl)cyclopentyllox henylpyrimidine
[0305] A flask containing 4-{[(1R,3$,4S)—3—|[teri-buwl(&methyl)silyl]oxy}-&(l[tert-
butyl(dimethyl)silylJoxy}methyl)cyclopentyli]oxy}-6-chloropyrimidine (0.300 g, 0.634 mmol),
phenylboronic acid (0.0696 g, 0.570 mmol), a 2.00 M lsolution of K,CO, in H,0 (0.317 mL),
EtOH (0.0944 mL) and toluene (1.417 mL) was purgéd with argon for 20 minutes.
'fetrakis(triphenylphosp!ﬁne)palladium(ﬂ) (0.0264 g], 0.0229 munol) was added and the
mixture was refluxed overnight. The reaction was cooled and diluted with HO. The

aqueous layer was extracted with CHLCL, (3x). The fombmed organics were washed with

bfine, dried (MgSO,) and concentrated in vacuo. The residue was purified by flash
chromatography (0 to 10% EtOAc/hexanes) to affor,‘d the title compound (0.224 g, 76%).

Step b: 1S -2-hydrox 6-phenylpyrimidin-4-yl)ox clopentylimethyl

sulfamate (Compound 1-114)
[0306] The title compound was prepared as described in Example 46 steps ¢ and e and

Example 48 step f using 4-l[(lR,35,4S)—3—l[tert-butyl:(dimethyl)silylloxy}—tjr(l[tert—

butyl(dimethyl)silyljoxy}methyl)cyclopentyljoxy)-6-phenylpyrimidine. 'H NMR (CD,0OD,
400 MHz, §): 8.73 (s, 1H); 8.03-7.98 (m, 2H); 7.51-7.47 (m, 3H); 7.21 (s, 1H); 5.70-5.65 (m, 1H);
4.44-4.39 (m, 1H); 4.35 (dd, J= 7.5Hz, J= 2.3 Hz, lH)l 4.17 (dd, J= 7.3 Hz, J= 2.5Hz, 1H); 3.30
(g, J=3.3Hz, J= 1.6Hz, 1H); 2.62-2.51 (m, 1H); 2.38-2;.30 (m, 1H); 217-1.96 (m, 3H). LC/MS: R,

= 1.55 min, ES" 366 (FA standard).
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Example 59: ((1S,25,4R)-4—[(6-benzylpyrimidin-4-y1)oxy]—2-hydroxycyclok>entyllmethyl
sulfamate (Compound 1-132)

Stepa: __ 4-benzyl-6-{[(1R.3S5.45)-3-{[tert-butyl(dimethyl)silylJoxy}-4-({{tert-butyl(dimethyl)-
silylloxylmethylcyclopentyl Joxylpyrimidine

[0307] To a solution of 4-{[(1R,35 45)-3-{[tert-buty)(dimethyl)silyl]oxy}-4-({[tert-

butyl(dimethyl)silylJoxy}methyl)cyclopentyljoxy}-6-chloropyrimidine (0.264 g, 0.559 mmuol)

and ferric acetylacetonate (0.0395 g, 0.112 mmol) in THF (9 mL) was added a 1.00 M solution

of benzylmagnesium bromide in THF.(2.52 mL) and the mixture was stirred overnight; The

reaction was quenched using NH,Cl and extracted with EtOAc (3x). The combined organic

layers were dried (Na,SO)), filtered and concentrated in vacuo. The residue was purified by

flash chromatography (0 to 15% EtOAc/hexanes) to afford the title compound as a clear oil.
(0.254 g, 86%).

Stepb; _ {(15,25 4R)4-[(6-benzylpyrimidin-4-yDoxyl-2-hydroxycyclopentylimethyl
sulfamate (Compound 1-132)

(0308) The title compound was prepared as described in Example 46 steps ¢ and e and
Example 48 step f using 4-benzyl-6-{[(1R 35,45)-3-{[tert-butyl(dimethyl)silylJoxy}-4-({[tert-
butyl(dimethyl)silylJoxy)methyl)cyclopentylJoxy}pyrimidine. 'H NMR (CD,0OD, 400 MHz,
8): 8.69 (s, 1H); 7.38-7.22 (m, 6H); 6.41 (s, lH);‘ 5.65-5.58 (m, 1H); 4.52-4.47 (1, 1H); 4.45-4.39

(m, 1H); 4.31-4.25 (m, 1H); 4.03 (s, 2H); 2.63-2.53 (m, 1H); 2.37-2.28 (m, 1H); 2.16-1.84 (m, 4H). -

'LC/MS: R, = 1.42 min, ES* 380 (FA standard).

Example 60: ((1R,2R 35 4R)-2,3-dihydroxy-4-{[6-(2-phenylethyl)pyrimidin-4-yl]Jamino}-
cyclopentyl)methyl sulfamate (Compound I-86)

Step a: ((3aR 4R 6R 6a5)-2,2-dimethyl-6-{[6-(2-phenylethyl)pyrimidin-4-yllamino}-

clopenta{d}[1.3]dioxol-4-yl)methanol

{0309] The title compound was prepared following the procedure described in
Example 46 step d using ((3aR,4R,6R,6aS)-2,2-dimethyl-6-{{6-(phenylethynyl) pyrimidin-4-
ylJaminojtetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-ylymethanol.

Step b: {(A1R.2R.3S 4R)-2 3-di hydroxy-4-{[6-(2-phenylethyl})pyrimidin-4-yl]lamino}-
cyclopentyl)methyl sulfamate {Compound I-86)

[0310] The title compound was prepared following the procedure described in _
Example 48 step g using ((3aR,4R,6R,GaS)-2,2—dimethyl-6-{[6—(2-p]henylethyl)pYrimidin—4—yl]-
aminojtetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methanol. 'H NMR (CD,0D, 400 MHz,

132
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: (
8): 8.45 (s, 1H); 7.30-7.16 (m, SH); 6.41 (bs, 1H); 4.41 (bs, 1H); 4.19-4.12 (m, 2H); 3.90-3.85 (i,

1H); 3.83-3.78 (m, 1H); 3.38 (s, 2H); 3.03-2.86 (m, 4H); 2.41-2.29 (m, 2H); 1.37-126 (m, 1H).
LC/MS: R, = 0.99 min, ES’ 409 (FA standard). |

|
Example 61: [(15,3R,4R)-3-({6-[(15)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-4-yl}-
amino)-4-hydroxycyclopentyl]methyl’ sulfamate (Compound 1-76)

Stepa:  (1R.2R4R}-2-amino-4-(hydroxymethyl }_gy;dogenganol

{0311} A solution of (1R,3R 55)-6-oxabicyclo[3.1.0]hex-3-ylmethanol (0.419 g, 3.67
mmol) (Feeya, David. Journal of Organic Chemistry, 1'981, 46, 3512-3519) in ammonium
hydroxide (7.22 mL) was heated to 65 °C overnight. J The solution was concentrated in vacuo
and azeotroped with toluene (3x) to afford the title $ompound as a clear oil (0.473 g, 98%).

I
Step b: 1R,2R 4R)-4-({[tert-butyl(dimethyl)silylloxylmethyl)-2-({6-{(15)}-2 3-dihydro-1H-

inden-1-ylamino]pyrimidin-4-yl lamino)“cvclogentanol

[0312] The title compound was prepared follc’:wing the procedure described in
Example 48 steps c-d using (1R,2R,4R)—2-amino—4-(ll1ydroxymethyl)cyclopentanol.

Step c: 1R.2R 4R)-4-({[tert-butyl(dimethyl)sil I{I xylmethyl)-2-(16-[(15)-2 3-dihydro-1H-
inden-1-ylaminglpyri @'gin-l}—yllgrrﬁno{]ggglgmngl acetate
[0313] To a solution of (1R2R,4R}HI[tert—bv.'xty](dimethyl)silyl]oxy}methyl)-2-({6—
[(lS)—2,3-dihydro-lH—inder\-l-ylamino]pyrimidjn-t;i—yl}amino)cyclopentanol (0.193 g, 0.424
mmol), N,N-dimethylaminopyridine (4.7 mg, 0.03? mumol) and pyridine (0.281 mL, 3.48
mmol) in DCM (2.1 mL) was added acetic anhydride (0.044 mL, 0.46 mmol) and the mixture
stirred overnight. The reaction was diluted with CH,CL, (10 mL) and H,O (20 mL) then
stirred for 10 m. The organic layer was separated and the aqueous layer was extracted with
CH,CL, and combined organics were washed with H,O. The organic layer was dried
(MgS0), filtered and concentrated in vacuo to ob’[t.ain the title compound. LC/MS: R, = 1.74

min, ES" 498 (FA Standard). l
l

Step d: 15 3R4R)-3-(16-[(15)-2 3-dihydro-1H-inden-1-ylamino]pyrimidin-4-yllamino)-4-

hydroxycyclopentylim <re (Compound 1-76)
[0314] The title compound was prepared following the procedure described in
Example 57 step d using (1R,2R,4R)—4—({[tert-but)"l(dimethyl)silyl]oxy}methyl)-2-(16-[(15)-2,3-
dihydro—lH—mden-l-ylamm°]pyﬁnﬁdm-4-yl]an’iino)cycloper\tyl acetate. 'HNMR (CD,OD,

400 MHz, 8): 7.95 (s, 1H); 7.28-7.14 (m, 4H); 5.66:5.61 (m, 1H); 5.30 (bs, 1H); 4.07 (s, 1H); 4.05
i
|
|
|
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(s, 1H); 4.02 (q, J= 5.3Hz, 1H); 3.82 (bs, 1H); 3.05-2.96 (m, 1H); 2.92-2.82 (m, 1H); 2.63-2.52 (m,
2H); 2.41-2.30 (m, 1H); 1.39-1.28 (m, 1H). LC/MS: R, = 0.94 min, ES” 420 (FA standard).

Example 62: [(1R,3R,4R)-3—((6—[(lS)~2,3-dihydro-lH—inden—i-ylamh10]pyrinﬁdh1—4—yi}-
amino)4-hydroxycyclopentyllmethyl sulfamate (Compound I-58)

{0315] The title compound was prepared following the procedure described in
Example 59 steps a-d using (15,25,4R)-2-amino-4-(hydroxymethyl)cyclopentanol. 'H NMR
(CD,0D, 400 MHz, 8): 7.95 (s, 1H); 7.29-7.13 (rin 5H); 5.61 (d, J= 5.0Hz, 1H); 5.30 (bs, 1H); 4.08
(s, TH); 4.06 (s, 1H); 4.01 (q, J= 6.3Hz, 1H); 3.82 (bs, 1H); 3.04-2.95 (m, 1H); 2.92-2.83 (m, 1H);
2.61-2.46 (m, 2H); 2.25-2.17 (m, 1H); 2.06-1.96 (m, 1H); 1.93-1.82 (m, 1H); 1.80-1.70 (m, 1H);
1.49-1.40 (m, 1H). LC/MS:'R, = 0.94 min, ES’ 420 (FA standard). '
Example 63:  {(1R,2R,3S,4R)-4-[{6-[(15)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-4-y1}-

(methyl)amino}-2,3-dihydroxycyclopentyljmethyl sulfamate (Compound I-
106)

Step a; N-[{3a5,4R,6R 6aR)-6-({[tert-butyl(dimethyD)silylloxylmethyl)-2,2-
dimethyltetrahydro-3aH-cyclopentaldi{1 .3 ldxoxol-4~yl -6-chloro-N-

methylpyrimidin-4-amine

[0316] To a mixed solution of N-{(3aS 4R, 6R,6aR)-6-({[tert-butyl(dimethyl)silyljoxy}-
methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d}{1,3]dioxol-4-yl]-6-chloropyrimidin-4- -
amine (405 mg, 0.98 mmol) in THF (10.0 mL) and DMF (2.50 mL) was added sodium
hydride (47.0 mg, 1.17 mmol) under an atmosphere of Afgon, and the mixture was stirred
for 15 minutes. Methyl iodide (0.08 mL, 1.27-mmol) was added to the mixture,-and the -
resulting mixture was stirred for 1 h. After quenching by addition of brine (20.0 mL), the
mixture was extracted with ethyl acetate (3 x 40.0 mL). The organic layers were combined,
dried over MgSO, filtered, and evaporated under vacuum. The residue was purified via
silica gel column chromatography eluting with a gradient of 5 to 15 % ethyl acetate in DCM
to afford the title compound (381 mg, 91 %) as a colorless oil. LC / MS: R = 2.55 min, ES'
428.3 (AA standard).

Step b: {(3aR 4R ,6R . 6a5)-6-[(6-chloropyrimidin-4-y1)( methylhamino -2.2-
dimethyltetrahydro-3aH-cyclopentald][1 3]dioxol-4-yl}methanol

{0317]) To a stirred solution of N-[(3aS,4R,6R,6aR)-6-({[tert-butyl(dimethyl)silyljoxy}-
methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d]{1,3]dioxol-4-yl}-6-chloro-N-
methylpyrimidin-4-amine (400 mg, 0.93 mmol) in THF (10.0 mL) was added 1M solution of
tetra-n-butylammonium fluoride in THF (1.00 mL, 1.00 mmol), and the mixture was stirred

134
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!
for 2 h. After quenching by addition of brine (20.0 mI:l), the resulting mixture was extracted
with ethyl acetate (3 x 40.0 mL). The organic layers w;ere combined, dried over MgSO,,

filtered, and evaporated under vacuum. The residue was purified via silica gel column

chromatography elutihg with a gradient of 40 to 1007!% ethyl acetate in DCM to afford the

- title compound (261 mg, 89 %) as a colorless oil. LC / MS: R =124 min, ES' 3142 (AA -

standard). ;

l
Step c: {(3aR.4R 6R 6a5)-6-[16-[(15)-2 3-dihydro-1H-inden-1-ylamino]pyrimi idin-4-yl}-

(methyl)amino}-2,2-dimethyltetrahydro-3 aH-cyclopentald][1.3 ]dioxol-4-yl}-

methanol -
: ' |
[0318]) {(3aR 4R,6R 6aS)-6-{(6-chloropyrimidin-4-yl)(methyl)amino}-2,2-

dimethyltetrahydro-SaH-cyclopenta[d][l,3]dioxol—4’ryllmethanol (130 mg, 0.41 mmol) was
weighed into a microwave reaction tube and dissolved in 1-butanol (1.50 mL). To this
solution was added N,N-diisopropylethylamine (O.’22 xﬁL, 1.24 mmol) and (S)-(+)-1-
aminoindan (0.16 mL, 1.24 mmol) and the mixture [was heatéd in a sealed tube under
microwave irradiation at 200 °C for 4 h. The reaction mixture was concentrated under
vacuum, and the residue was purified via silica ge‘-ll column chromatography eluting with a
gradient of 2 to 5 % methanol in DCM to afford the title compound (40.5 mg, 24 %) as a
colorless oil. LC / MS: R = 1.49 min, ES" 411.5 (A;q standard).
f

Step d; __{{3aR.4R 6R,6aS)-6-{{6-{(15)-2 3-dihydro-1H-inden-1-ylaminolpyrimidin-4-yl}-

imn;d:\zl);minol&l—dimethyltetrahvdt;'o-e»aH—cvdooentaldlll.31dioxol-4-yl}methyl

' I
(0319] The title compound was prepared following the procedure described in

Example 1step d. LC / MS: R, = 1.68 min, ES' 49p.3 (AA standard).

: |
Step e: {(1R 2R 3S,4R)-4-[{6-](15)-2,3-dihydro-1H-inden-1-ylaminolpyrimidin-4-yl}
(methyl)aminol-2 3-dihydroxycyclopentylimethyl sulfamate (Compound 1-106)
. | v
[0320] To a stirred solution of {(3aR ,4R,6R,6aS)-6-[{6-[(15)-2,3-dihydro-1H-inden-1-yl-

amino]pyr'unidin-4~yl}(methyl)amino]—2,2-dime}thyltetrahydro-3aH-cyclopenta[d] [1,3]dioxol-
4-yllmethyl sulfamate (12.0 mg, 0.02 mmol) in &ethanol (3.00 mL) was added 1.00 M

hydrochloric acid (0.10 mL), and the mixture w;as stirred for 8 h. After quenching by

addition of saturated NaHCO, solution, the resulting mixture was evaporated under
vacuum. The residue was purified via silica ge}I column chromatography eluting with a

gradient of 5 to 10 % methanol in DCM to affotd the title compound (7.80 mg, 71 %). 'H-
r
NMR (400MHz, CD,0D) 6 : 8.01 (s, 1H), 7.27-7.13 (m, 4H), 5.67 (s, 1H), 5.42-5.34 (m, 1H),
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4.88-4.75 (m, 1H), 4.17 (d, 2H, J= 5.6 Hz), 4.04 (dd, 1H, |= 8.8, 6.1 Hz),3.88 (dd, 1H, ]=5.8, 4.1

Hz), 3.05-2.96 (m, 1H), 2.89 (s, 3H), 2.93-2.83 (m, 1H), 2.62-2.52 (m, 1H), 2.34-2.24 (m, 1H),

2.01 (dt, 1H, d= 13.0, 8.3 Hz), 1.94-1.83 (m, 1H), 1.44 (ddd, 1H,J=13.0,10.8,9.1). LC / MS: R,
-=5.79 min, ES" 450.2 (AA Waters).

Example 64: [(1R,2R,35,4R)-4-((2—[=(1S)-2,3-dihydro—lH-ihden-l—ylamino]-S-ﬂuoropyrimi

din-4-yl}amino)-2,3-dihydroxycyclopentyljmethyl sulfamate (Compound I-
113) -

Step a: __(1R.2S 3R 5R)-3-[(2-chloro-5-fluoropyrimidin-4-yNaminol}-5-(hydroxymethyl)-

[0321} ~ The title compound was prepared following the procedure described in
Example 1 using 2,4-dichloro-5-fluoropyrimidine in step a. LC / MS : R = 0.89 min, ES’ 278.0
(FA standard). ' ‘

Step b: {(3aR. 4R 6R . 6a5)-6-{( 2-chloro-5-fluoropyrimidin-4-yl)amino}-2.2-
dimethyltetrahydro-3aH-cydopenta[d][1.3]1dioxol-4-ylimethanol

[0322j The title compound was prepared following the procedure described in
Example 1 using (1R,25,3R 5R)-3-{(2-chloro-5-fluoropyrimidin-4-yl)amino}-5-
(hydroxymethyl)cyclopentane-1,2-diol in step b. LC / MS : R = 1.42 min, ES’ 318.1(FA
standard). '

Step c: [(3aR.4R,6R 6aS )—6—1 {2-[(15)-2 3-dihydro-1H-inden-1-ylamirio I-Qflgoropm' imidin-
4-yllamino}-2.2-di methyltetrahydro-3aH-cyclopenta[d](1.3]dioxol-4-yllmethanol

[0323] The title compound was prepared following the procedure described in
Example 1 using {(3aR,4R,6R,6aS)-6-[(2-chloro-5-fluoropyrimidin-4-yl)amino]-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-yljmethanol in step c. LC / MS: R =1.20
min, ES’ 415.6 (FA stand#rd).

Step d: [(1R,2R,35,4R)-4-(12-[(15)-2,3-dihydro-1H-inden-1-ylamino]-5-flucropyrimidin-4-
yllamino)-2,3-dihydroxycyclopentyljmethyl sulfamate (Compound I-113)

(0324) The title compound was prepared following the procedure described in
Example 65 step d. (63.5 mg, 62 %) "H-NMR (400MHz, CD,0D) & : 8.25 (bs, 1H), 7.65 (d, 1H,
J=4.6 Hz), 7.29-7.13 (m, 4H), 5.43 (t, 1H, J= 7.3 Hz), 4.44-4.37 (m, 1H), 4.17 (dd, 1H, J= 9.8, 5.1
Hz), 4.13 (dd, 1H, J= 9.8, 5.3 Hz), 3.93-3.86 (m, 2H), 3.01 (ddd, 1H, J= 16.0, 8.8, 3.5 Hz), 2.87
(dt, 1H, J= 16.0, 8.0 Hz), 2.62-2.53 (m, 1H), 2.35-2.24 (m, 2H), 1.98-1.87 (m, 1H), 1.40-1.27 (m,
1H). LC / MS: R = 4.21min, ES’ 454.2 (FA long).
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Example 65: {(15,25AR)}-4-[(5-fluoro-6-{[(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1-yl]-
ammo]pyn:rudm-4~yl)oxy]-2-hydrox>lcyclopentyl}methyl sulfamate
I

{Compound 1-83)
Stepa:  4-{[(1R.35.45)-3-{ [tert-butvl(dunethvl)sxlylloxy}_ﬁ_—j {{tert-butyl(dimethyl)silyljoxyl-
methyl )ggclogg_ngxl|9__)ggl;(ﬁ_hloro-s-ﬂugngI pyrimidine
[0325) To a stirred suspensnon of sodium hydride (37.4 mg, 0.93 mmol) in THF (5.00

mL) was added a solution of (1R,3$ 45)—3—{[tert—butyl(dxmethyl)sﬂyl]oxyH-({[tert-
butyl(dimethyl)silyljoxy}methyl)cyclopentanol (285 mg, 0.79 mmol) in THF (2.50 mL)- at0°C
under an atrhosphere of Argon, and the mixture wals stirred for 15 minutes. To this cooled
suspension was added a solution of 4,&dichloro—5—fluoropyrimidme (120 mg, 0.72 mmol) in
THF (2.50 mL) at 0 °C, and the resulting mixture was stirred for 19 h at 23 °C. After

quenching by addition of saturated NH,Cl solutiorT’ (50.6 mL), the mixture was extracted

with ethyl acetate (3 x 70.0 mL). The organic layers? were combinéd, dried over MgSO,,
filtered, and evaporated under vacuum. The residue was purified via silica gel column
chromatography eluting with a gradient of 5to 7 % ethyl acetate in hexanes to afford the
title compound (295 mg, 79 %). "H-NMR (400MH2‘, CDCL,) 8 : 8.32 (s, 1H), 5.67-5.61 (m, 1H),
4.41-4.37 (m, 1H), 3.73 (dd, 1H, J= 9.8, 7.1 Hz), 3.59 (dd, 1H, J= 9.8, 6.6 Hz), 2.33-2.25 (m, 1H),

2.10-1.96 (m, 2H), 1.90 (ddd, 1H, J=138,7.7,1.8 H"z), 1.55 (s, 18H), 0.89 (s, 6H), 0.88 (s, 6H).
I
Step b: 6-1[(1R 35.4S)-3-{[tert-butyl(dimethyl)silylloxy}-4-({[tert-butyl duneth 1 sxl Noxyl-
th

{03261 4—l[(lR,35,4S)—3-[[t'ert-butyl(d'imethyll)silyl]oxy}~4~({[tert-butyl(dimethyl)silyl]—
oxy}methy,l)cyclopentyl]oxy}-6—ctﬂoro—5—ffudrop)l'rinﬁdine (260 mg, 0.53 mmol), (1R,25)-2-
methoxyindan-1-amine (364 mg, 2.12 mmol), ancii sodium carbonate (224 mg, 2.12 mmol)
was weighed into a microwave reaction tube. This mixture was heated in a sealed tube -
under microwave irradiation at 180 °C for 2 h. The reaction mixture was diluted with DCM
(100 mL), and the suspension was filtered. The filtraté was washed with saturated NH4Cl
solution .(100 mlL), and the organic layer was dri{Ld over MgS0,. This suspension was
filtered, and evaporated under vacuum. The residue was purified via silica gel column
chromatdgraphy eluting with a gradjent of 0 to 110 % methanol in DCM to afford the title
compound (313 mg, 91 %).
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Stepc: ~ {(15.25 4R)-2-{[tert-butyl(dimethyl)sitylloxy}-4-[(5-fluoro-6-{[(1R,25)-2-methoxy-
23-dihydro-1H-inden-1-ylJamino]pyrimidin-4-yl)oxylcyclopentylimethanol

[0327] The title compound was prepared following the piocedure described in
Example 34 using 6-{[(1R3S, 4S)—3—l[tert—butyl(dimethyl)silyl]oxy}-4-({[tert—butyl(dimethyl)-
silylJoxy}methyl)cyclopentyl]oxy}- 5—ﬂuoro-N-[(1R 25)-2-methoxy-2, 3~d1hydro-lH-mden—1-
yl]pynnudxn—4-anune instepc. LC / MS: & 2.60 min, ES’ 504.5 (FA standard).

Step d: {(15,25 4R}-4-{(5-fluoro-6-{f (1R,2$)-2-meth0)_cy 2,3dihydro-1H-inden-1-ylJamino}-

[0328] To a stirred solution of {(15,25,4R)-2-{[tert-butyl(dimethyl)silyl]oxy)-4-[(5-
fluoro-6-{{(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-ylJamino}pyrimidin-4-y})-
oxylcyclopentyljmethanol (190 mg, 0.36 mmol) in THF (5.40 mL) was added triethylamine
(0.08 mL, 0.54 mmol) and {(diphenylamino)carbonyl]sulfamoyl chloride (186 mg, 0.54 mmol)
at 0 °C under an atmosphere of Argon, and the mixture was stirred for 30 min. The reaction
mixture was added 1.00 M Hydrochloric acid in (5.40 mL) at 23 °C, and the resulting mixture
was stirred for 16 h. The reaction mixture was quenched by additior of saturated NaHCO,
solution (80.0 mL) and extracted with ethyl acetate (3 x 100 mL). The organic layers were
combined, dried over Mg5S0, filtered, and evaporated under vacuum. The residue was
purified via silica gel column chromatography elub’hg with a gradierit of 0 to 10 % methanol
in DCM to afford the title compound (91.0 mg, 51 %). "H-NMR (400MHz, CD,0D) 5: 8.01 (s,
1H), 7.25-7.13 (m, 4H), 5.72 (d, 1H, J= 6.5Hz), 5.65-5.58 (m, 1H), 4.43-4.38 (m, 1H), 4.33 (dd,
1H, |=9.7,7.6 Hz), 422 (dt, 1H, J]=5.0, 2.4 Hz), 4.16 (dd, 1H, ]=9.7, 73 Hz), 3.35 (s, 3H), 3.14
(dd, 1H, J=16.6, 2.4 Hz), 3.02 (dd, 1H, J= 16.6, 5.0 Hz), 2.60-2.49 (m, 1F(), 2.31 (ddd, 1H, d=
14.8, 6.8,23 Hz), 2.12 (ddd, 1H, J= 14.8, 5.0, 4.7), 2.08-1.95 (m, 2H). LC / MS: R = 6.76, ES"-
469.3 (FA long).

Example 66: {(15,2S,4R)-4-{(6-{[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-ylJamino}-5-
fluoropyrimidin-4-yl)amino]-2-hydroxycyclopentyl}methyl sulfamate

(Compound I-71)
Stepa:  N- tert- l(dimethyl)silylloxy}-4-({{tert-butyl{dimethyl)silyl]oxy}-
: methyl)cyclopentyl}-6-chloro-5-fluoropyrimidin-4-amine ‘
(0329]) A solution of 4,6-dichloro-5-fluoropyrimidine (102 mg, 0.51 mmol), (1R,35,4S)-

3-{{tert-butyl(dimethyl)silylJoxy}-4-({[tert-butyl(dimethyl)silyljoxy}meihyl)-
cyclopentanamine (200 mg, 0.56 mumol), and triethylamine (0.16 mL, 1.11 mmol) in ethanol
(2.00 mL) was heated in a sealed tube under microwave irradiation at 140 °C for 1 h. The
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reaction mixture was concentrated under vacuum, and the residue was purified by flash
chromatography (0 to 15 % ethyl acetate /hexanes) t?' afford the title compound (213 mg, 70
%) as a light yellow solid. LC / MS: R = 2.60 min, ES’ 490.5 (AA standard).

!

t H -[AR -bul i i ' -4-({[tert- (dime ilylloxyl}-
methyl ntyl]-N’-[{15)-3.3-dimethyl-2 3-dihydro-1H-inden-1-yl]-
uor imidine-4,6-diamine |
l
(0330} A mixture of N-[(1R,35,45)-3-{{tert-butyl(dimethyl)silyljoxy}-4-({[tert-

bufyl(dimethyl)silyl]oxy]methyl)cyclopentyl]-&chl(f)ro-S-fluoropyrinﬁdin-ll—amine (205 mg,
0.38 mmol), (18)-3,3—dimethylindan-l_-amine (243 mg, 1.51 mmol), and sodium carbonate
(160 mg, 1.51 mumol) was stirred at 180°C for3 h in/an oil bath. The reaction mixture was
diluted with DCM and the suspension was hltemd[I The filtrate was concentrated under
vacuum and the residue was purified by flash chromatography (5 to 10 % ethyl
acetate/hexanes) to afford the title compound (213[’ mg, 70 %) as a colorless amérphous solid.

I
Stepc: {(15,25 4R)-2-{[tert-butyl(dimethylsilyljoxyl-4-[(6-][(15)}-3 3-dimethyi-2,3-
. : - T :

dihydro-1H-inden-1-yl]Jamino}-5-fluoro in-4-yl n n
methanol f‘
[0331] The title compound was prepared following the procedure described in

Example 34 step ¢. LC / MS: R = 2.51 min, ES’ 501.5 (AA standard).

{Compound 1-71) !

{0332] The title compound was prepared f(%llowing the procedure described in
Example 65 step d. (63.5 mg, 62 %). "H-NMR (400MHz, CD,0D)§:7.84(d, 1H, J=1.2 Hz),
7.25-7.15 (m, 4H), 5.68 (dd, 1H, J= 8.8, 7.7 Hz), 4.67 (ddd, 1H, J= 16.3, 8.0, 4.3 Hz), 4.37-4.33
(mn, 1H), 4.31 (dd, 1H, J= 9.8, 7.8 Hz), 4.13 (dd, 1H, J=9.8, 7.1 Hz), 2.58-2.47 (m, 1H), 2.40 (dd,
1H, J=12.3, 7.3 Hz), 2.22 (ddd, 1H, ]= 13.8, 7.8,_1.;8 Hz), 2.04 (ddd, 1H, J= 135, 10.1, 4.5 Hz),
1.91-1.81 (m, 2H), 1.73 (ddd, 1H, J=13.5, 8.7, 4.0 Hz), 1.40 (s, 3H), 1.23 (5, 3H). LC / MS: R, =
7.53min, ES” 466.2 (FA long). (!
| ' |

|
|
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Example 67: ((1R,2R,35,4R)-2 3-dihydroxy-4-{[6-(5,6,7 8-tetrahydronaphthalen-1-ylamino)-
pyrimidin-4-yl]Jamino}cyclopentyl)methyl sulfamate (Compound 1-118)

Step a: 15,2R 3R,5R)-3-(hydroxymethyl)-5-{[6-(5.6,7 8-tetrahydronaphthalen-1-
ylamino )pyrimidin-4-yllaminolcyclopentane-1,2-diol

[0333] The title compound was prepared following the proceclure described in
Example 1 steps a and ¢ using 5,6,7,8-tetrahydro-1-naphthylamine in step c. LC / MS: R=
1.29 min, ES" 371.3 (AA standard).

Step b: ___ ((3aR4R,6R.6aS)-2 2-dimethyl-6-1{6-(5,6,7,8-tetrahydronaphthalen-1-

ylamino)pyrimidin-4-yllaminoltetrahydro-3aH-cyclopentaldl[1 3ldioxol-4-yl)-
methanol . .

{0334} To a stirred solution of (15,2R 3R 5R)-3-thydroxymethyl)-5-{{6-(5,6,7 8-
tetrahydronaphthalen-1-ylamino)pyrimidin-4-ylJaminojcyclopentane-1,2-diol (70.0 mg, 0.19
mmol) in acetone (5.00 mL) was added 2,2-dimethoxypropane (0.21 miL, 1.70 mmol) and ‘

pyridinium p-toluenesulfonate (57.0 mg, 0.23 mmol), and the mixture was stirred for 55 h.

The reaction mixture was quenched by addition of saturated NaHCO, solution (50.0 mL)

and then extracted with ethyl acetate (3 x 50.0 mL). The organic layers were combined,

dried over MgSO,, filtered, and evaporated under vacuum. The residue was purified by

flash chromatography (2 to 10 % Methanol /DCM) to afford the title compound (72.0 mg, 85
%) as a light yellow amorphous solid. LC / MS : R = 1.59min, ES® 411.3 (AA standard).

Stepc:  ((1R.2R.35.4R)-23 dihydroxy-4-1[6(5,6,7 8-tetrahydronaphthalen-1- ,
ylamino)pyrimidin-4-yl]Jaminolcyclopentyl)methyl sulfamate (Compound 1-118)
[0335] The title compound was prepared following the procedure described in

Example 65 step d. *H-NMR (400MHz, CD,OD) 5 : 7.96 (s, 1H), 7.13-7.02 (m, 2H), 6.97 (d,
1H, J= 7.2 Hz), 5.46 (s, 1H), 4.184.08 (m, 2H), 4.02-3.87 (m, 1H), 3.85 (dd, 1H, J= 5.5, 4.0 Hz),
3.73 (dd, 1H, J=5.8, 5.5 Hz), 2.82-2.76 (m, 2H), 2.65-2.59 (m, 2H), 2.37-2.25 (m, 2H), 1.82-1.74
(m, 4H), 1.30-1.20 (m, 1H). LC / MS: R = 5.04 min, ES’ 450.2 (FA long)

Example 68: {(15,2S,4R)-4-[(6-1[(15)-3 3-dimethy]-2,3-dihydro-1H-inden-1-ylJamino}-
pyrimidin-4-yl)amino]-2-hydroxycyclopentyl}jmethyl sulfamate (Compound
I-65)

cyclopentanol :
[0336]) A suspension of (1R,4S)-3-{(benzyloxy)methyl]-4-{[tert-butyl(dimethyl)silyl]-

oxyljcyclopent-2-en-1-ol (1.47 g, 0.00439 mol), sodium carbonate (1.1 g. 0.010 mol) and 10%
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Pd/C (0.3 g, 0.0003 mol) in EtOAc (20 mL, 0.2 mol) was stirred under an atmoéphere of
Hydrogen overnight. The reaction was purged with nitrogen and filtered through celite
with EtOAc. The filtrate was concentrated to obtain 1.45 g (98%) of the title compound as a

5:1 mixture of diastereomers (desired:undesired). II
|

Stepb: (15354513 Joxy)methyl]-4-{[tert-butyl(dimethyDsilyl] oxy} cyclopentyl
[0337]. The title compound was prepared folloLvmg the procedure described in
. Example 35 step b. 1
b .
Stepc: __ (15354S)3-[ftert- i Dsilyllox n
methanesulfonate ;
[0338] A suspension of (15,35,45)-3-{(benzyloxy)methyl]-4-{[tert-butyl(dimethysilyl]-

oxylcyclopentyl methanesulfonate (690 mg, 0.0017 mol) and Palladium hydroxide, 20 wt. %

Pd on carbon (160 mg, 0.00012 mol) in methanol (10 mL, 0.2 mot) was stirred under an
atmosphere of hydrogen for 2 hours. The reaction Iwas. purged with nitrogen and filtered the
mixture through celite with DCM. The filtrate was concentrated to obtain 350 mg (65%).

!

|
Step d: 1S,2S 4R)-4-azid 0-2-{[tert-butyl(di eth 1)silyllo: clopentylimethanol

[0339] To a solution of (15,3S,4S5)- 3—{[tert-butyl(dlmethyl)sx1y1]oxy]-4—(hydroxymethyl)—
cyclopentyl methanesulfonate (0.470 g, 0.00145 mol) in N,N-Dimethylformamide (6 mL, 0.08
mol) was added sodium azide (0.4 g, 0.006 mol) 25I3 °C, and the mixture was heated at 55 °C
for 3 hours. The reaction was cooled to 23 °C, quenched by addition of water and extracted

with EtO (3x), dried (Na,SO), filtered and concef!\trated. The residue was purified by flash

chromatography (10 to 25% ethyl acetate/hexaner-') to obtain 211 mg (53.7%).

|

ep e: i - -butyl(dimethylsilyljox clopentyl)methanol
{

10340} A suspension of ((18,25,4R)—4—azidoll-2-l[tert-butyl(dimethyl)silylloxyl-
cyclopentyl)methanol (0.211 g, 0.000777 mol) and 10% Pd/C (0.047 g, 0.000044 mol) in
EtOAc (6 mL, 0.06 mol) was stirred under an amllosphere of Hydrogen overnight. The
reaction was purged with nitrogen and filtered the mixture through celite with DCM. The
filtrate was concentrated to obtain 167 mg (87.5%) of the title compound.

e
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Step f: {as2s 4R)-2-I[tert~butvl(d1methvl)sxlv1]oxvl-4-[(6—d\loropvnnudm-4-vl)ammol-
cyclopentylljmethangl

[0341] A mixture of ((1S,2S,4R)-4-amino-2-{[tert-butyl(dimethyl)silylloxy}cyclopentyl)-

methanol (0.132 g, 0.000538 mol), pyrimidine, 4,6-dichloro- (0.096 g, ().00064 mol) and

triethylamine (0.1 mL, 0.001 mol) in ethanol (1.5 mL, 0.025 mol) was subjected to microwave
“irradiation (140 °C) for 60 minutes. The resulting dark brown mixture was concentrated.

The residue was purified by flash chromatography (0 to 10% MeOH/DCM) to give 158 mg

(82%).

Step g: 1525 4R 6-1f(1 1-2 ro-1H-inden-1-yl]Jamino imidin-
Mmmmmmmmmmmg@
[0342] The title compound was prepared following the procedure described in

Example 44 (steps b and d) using (15)-3,3-dimethylindan-1-amine. 'H NMR (CD,0D, 400
MHz) &: 8.15 (s, 1H), 7.33-7.21 (m, 4H), 5.66. (s, 1H), 4.39-4.36 (m, 1H), 4.31(dd, = 7.3,9.7 Hz,
1H), 4.13 (dd, ] = 7.4, 9.7 Hz, 1H), 2.53-2.44 (m, 2H), 2.27-2.22 (m, 1H), 2.08-2.01 (m, 1H), 1.91-
1.84 (m, 2H), 1.78-1.72 (m, 1H), 1.41 (s, 3H), 1.27 (s, 3H) ppm. LC/MS: R, = 1.54 min, ES’
448.38 (AA standard).
Example 69: [(15;25,4R)—2—hydtoxy-4-[(6-l[(15,25)—2‘me&1yl-2,3-dihyclro-1H-inden-l-yl]—
amino}pyrimidin4-yl)oxylcyclopentyl)methylsulfamate (Compound 1-43)
[0343] The title compound was prepared following the procedure described in
Example 34 using (15,25)-2-methyl-2,3-dihydro-1H-inden-1-amine (Zhang, Z.; Zhu, G.;
' Jiang, Q; Xiao, D.; Zhang, Z. J. Org. Chem. 1999, 64, 1774) in step b. 'H NMR (400MHz,
CD,0D) 8: 8.13 (s,1H), 7.28-7.14 (m, 4H), 5.88 (s, 1H), 5.56 (bs, 1H), 5.32 (bs, 1H), 4.40-4.30 (m,
2H), 4.18-4.12 (m, 1H), 3.10-3.02 (m, 1H), 2.90-2.78 (m, 1H), 2.68-2.62 (m, 1H), 2.57-2.47 (m,
1H), 2.31-2.23 (m, 1H), 2.11-1.91 (m, 3H), 0.91(d, ] = 7.03Hz, 3H) ppm. LC/MS: R, = 1.65 min,
ES’ 435 (AA standard). |

Example 70: ((IS,ZS 4R)-4-[(4-{[(1R)-2,2-Difluoro-2,3-dihydro-1H-inden-1-ylJamino}-1,3,5-
—2-yl)ammo]-2-hydroxycyclopentyl}methyl sulfamate (Compound -
. 147)

{0344] The title compound was prepared following the procedure in Example 46
steps a-d using (1R)-5-chloro-2,2-difluoroindan-1-amine in step a. The sulfamation was
carried out according to the procedure in Example 65 step d to give the title compound. 'H
NMR (CD,OD 400 MHez) §: 8.05 (d, 0.5H), 7.95 (s, 0.5H), 7.30-7.28 (m, 4B), 6.06-5.89 (m, 1H),
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4.62-4.59 (m, 1H), 4.27-4.24 (m, 2H), 4.14-4.08 (m, lH);i 3.50-3.41 (m, 2H), 2.49 (bs, 1H), 2.22-
2.14 (m, 1H), 2.05-1.97 (m, 1H), 1.87-1.80 (m, 1H), 1.7(1;1.70 (m, 1H) ppm. LC/MS: R, =5.61
min, ES' 457 (FA long). : i
‘ !
Example 71:  {(1S,2S. 4R)-2-hydroxy+[(€r{[(1R,23)—'2-mmoxy~1,2,3,
tetrahydronaphthalen—1-yl]ammo}pyﬁnudm-&yl)oxy]cyclopentyl}methyl
sulfamate (Compounds I-142 and I-143)
{0345] The title compound was prepared asla 1:1 mixture of diastereomers following
the procedures in Example 34. Rel—(lRJS)-Z-metho‘xy-l 2,3 A-tetrahydronaphthalen-1-
amine, generated by adapting the following literature precedent: Marcune, B. F.; Karady, S.;
Reider, P. J.; Miller, R. A.; Biba, M.; DiMichele, L.; R‘Ieamer, R. A. J. Org. Chem. 2003, 68,
8088-8091, was used as a coupling partner in step b. The mixture was then separated by
chiral HPLC (Chiralpak AD 20x250, eluent 85/15/0.1% hex/EtOH/DEA at 20 mL/min).
Analytical data for {(15,2S,4R)-2-hydroxy-4-[(6-{[(1R,2S5)-2-methoxy-1,2,3,4-
tetrahydronaphthalen—l-yl]amino]pyrimidjn-4~yl)c;)xy]cyclopemyl)meﬂ'\yl sulfamate
(Compound 1-142): 'H NMR (CD,OD, 400 MHz) & ‘8 13(d, J = 0.8 Hz, 1H),7.20(d, ] = 73 Hz,
1H), 7.15-7.01 (m, 3H), 5.93 (s, 1H), 5.48 (bs, 1H), 5 34—-5 31 (m, 1H), 4.40-4.37 (m, 1H), 4.32
(dd, ] =7.6,98Hz, 1H),4.15(dd, ] =75,9.6 Hz, 1@, 3.77-3.74 (m, 1H), 3.41 (s, 3H), 3.00-2.92
(m, 1H), 2.78-2.71 (m, 1H), 2.55-2.48 (m, 1H), 2.31-;2.19 (m, 2H), 2.12-1.90 (m, 4H) ppm.
LC/MS: R, = 6.22 min, ES’ 465 (FA long). Analytical data for {(15,2S,4R)-2-hydroxy-4-[(6-
{[(15,2R)-2-methoxy-1 ,2,3,4—-teh‘ahydronaphthale:!1—l -ylJamino}pyrimidin-4-yl)-
oxyleyclopentyljmethyl sulfamate (Compound 1-143): *H NMR (CD,0D, 400 MHz) &: 8.13
(d,J = 0.8 Hz, 1H), 7.19 (d, ] = 7.3 Hz, 1H), 7.157.08 (m, 3H), 5.93 (s, 1H), 5.50 (bs, 1H), 534-
531 (m, 1H), 4.404.37 (m, 1H), 4.32 (dd, ] = 7.2, 9.8 Hz, 1H), 4.16 (dd, ] = 7.3, 9.8 Hz, 1H),
3.77-3.74 (m, 1H), 3.41 (s, 3H), 3.00-2.92 (m, 1H), 2.78-2.71 (m, 1H), 2.55-2.49 (m, 1H), 2.31-
2.19 (m, 2H), 2.12-1.90 (m, 4H) ppm. LC/MS: R"{= 6.09 min, ES" 465 (FA long).

Example 72:  {(1R,2R,354R)4-[(6-{[(AR 2R)-2-(benzyloxy)cyclopentyl]ammo}pyrumdm-ll—
yl)anuno}—2,3—d1hydroxycyclopentyl}methyl sulfamate (Compound I-85)
[0346] ' The titlte compound was prepare;d following the procedure described in
Example 1, steps a-c using (1R,2R)~(+)-2-benzyloxycyclopentylamine and Example 65, step
d. "H-NMR (400MHz, CD,0D) & : 7.90 (s, 1H), 7; 34-7.22 (m, 5H), 5.59 (s,1H), 4.58 (d, 1H, J=
14.5 Hz), 4.55 (d, 1H, J=14.5 Hz), 4.18 (dd, 1H, |= 9.8, 4.8 Hz), 4.13 (dd, 1H, J= 9.8, 5.5 Hz),

4.05-3.96 (m, 1H), 3.95-3.84 (m, 3H), 3.76 (t, 1H,f J= 5.5 Hz), 2.41-2.25 (m, 2H), 2.20-2.10 (m,
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2H), 1.99-1.90 (m, 1H), 1.83-1.68 (m, 3H), 1.56-1.45 (m, 1H), 1.29 (dt, 1H, J=12.5,8.3 Hz). LC /
MS: R, = 5.17 min, ES" 473.2 (FA long)

Example 73:  {(1R2R3S,4R)-4-[(6-{[(15,25)-2-(benzyloxy)cyclopentylJamino}pyrimidin-4-
_yl)amino]-2,3-dihydroxycyclopentyljmethyl sulfamate (Compound 1-92)

(0347] The title compound was prepared following the procedure described in
Example 1, steps a-c using (15,25)-(+)-2-benzyloxycyclopentylamine and Example 65, step d.
"H-NMR (400MHz, CD,0D) § :7.91 (s, 1H), 7.33-7.21 (m, 5H), 5.57 (s, 1H), 4.57 (s, 2H), 4.19
(dd, 1H, J=9.6, 4.7 Hz), 4.14 (dd, 1H, J= 9.6, 5.5 Hz), 4.06-3.90 (m, 2H), 3.90-3.83 (m, 2H), 3.77
(t, 1H, J= 5.5 Hz), 2.45-2.28 (m, 2H), 2.20-2.10 (m, 2H), 2.00-1.88 (m, 1H), 1.82-1.68 (m, 3H),
1.54-1.43 (m, 1H), 1.31 (dt, 1H, J= 12.6, 8.4 Hz). LC / MS: R = 1.16 min, ES’ 4942 (FA
standard).

Example 74: ((1R2R,4S)-4-{[6-({(1R,2R)-2-[(dimethylamino)carbonyl}-2,3-dihydro-1H-
: inden-1-yljJamino)pyrimidin-4-yljoxy}-2-hydroxycyclopentyl)methy! rel-

sulfamate (Compound 1-66)
Step a: tert-butyl rel-(2 R)-2-0x0-2 -tetrahydro-1H-indeno{1,2-blazete-1-
carboxylate
[0348] To a mixed solution of rel-(2aR,7bR)-1,2a,3,7b-tetrahydro-2H-indeno|1,2-blazet-

2-one (1.20 g, 7.54 mxﬁol) and N,N-dimethylaminopyridine (0.20 g, 2.00 mmol) in acetonitrile
(24.0 mL) was added di-tert-butyldicarbonate (3.29 g, 15.1 mmo}) at 0 °C under an
atmosphere of Argon, and the mixture was stirred for 1 h at 23 °C. The reaction mixture was
added DCM (ca.200 mL) and then the organic layer was washed with saturated NaHCO,
solution and brine. After drying over MgSO,, the suspension was filtered and the filtrate
was evaporated under vacuum. The residue was purified by flash chromatography (10 to 30
% ethyl acetate/hexanes) to afford the title compound (1.85 g, 90 %) as a light pink solid. 'H-
NMR (400MHz, CDCL) §:7.58 (d, 1H, J=7.5 Hz), 7.36-7.23 (mn, 3H), 5.34 (d, 1H, J= 5.0 Hz),
3.98 (ddd, 1H, J= 105, 5.0, 2.4 Hz), 3.38 (dd, 1H, J=174, 1.2 Hz), 3.13 (dd, 1H, ]=17.4,105
Hz), 1.52 (s, 9H). g

Step b: tert-butyl rel-{( 1R,2R)-2—| ( dirnetl_lxlarrﬁno)cafbonxll—Z é:dihxclro—lH-indenol—xl }-
cartbamate

[0349] To tert-butyl rel-(2aR,7bR)-2-0x0-2,2a,3,7b-tetrahydro-1H-indeno{1,2-b]azete-1-
carboxylate (200 mg, 0.77 mmol) was added 2.00 M dimethylamine in THF (1.90 mL, 3.80

mmol) in the sealed tube, and the mixture was microwaved at 120 °C for 30 minutes. The
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reaction mixture was concentrated under vacuum, and then the residue was washed with

|
small amount of hexane to give the title compound §226 mg, 91%) as a white solid.

_ f
Stepc: _ rel-(1R,2R)-1-amino-N,N-dimethylindane-2-carboxamide

[0350] To a stirred solution of tert-butyl rel-l‘(lR,2R)—2-[(dimethylamino)mrbonyl]-

- 23-dihydro-1H-inden-1-yljcarbamate (690 h\g, 2.15/mmol) in DCM (25.0 mL) was added

_zinc dibromide (970 mg, 4.31 mmo!) and ethanol (0 I25 mL, 4.31 mmol), and the mixture was
stirred for 18 h. The reaction mixture was quenched by addition of water (20.0 mL) and the
resulting mixture was stirred for 2 h. To this rmxtux;'e was added 1.00 M NaOH (30.0 mL)
and extracted with DCM (3 x 100 mL). The organic layers were combined, dried over
MgSO,, filtered, énd evaporated under vacuum. The residue was purified by flash
chromatography (10 to 30 % Methanol/DCM) to a‘}ford the title compound (438 mg, 95 %) as
a colorless oil. LC / MS : R, = 0.89 min, ES' 205.2 (Aka standard).

t |
Step d: 1R 4S 6-({1(AR 2R)-2-[(dimethylamino)carbonyl}-2 ithydro-1H-inden-1-

llamino)pyrimidin-4-ylloxy}-2-hydro opentyl)m Lsulf
{Compound I-66) | _
[0351] The title compound was prepared :following the procedure described in

Example 34, steps a-c and Example 65, step d. "HNMR (400MHz, CD,0D) & : 8.18 (s, 1H),
7.28-7.16 (m, 4H), 6.14-5.94 (bs, 1H), 5.81-5.71 (bs,flm, 5.31-5.23 (bs, 1H), 4.39-4.35 (m, 1H),
4.31(dd, 1H, J= 9.7, 7.5 Hz), 413 (dd, 1H, J=97, 713 Hz), 3.98 (dd, 1H, J= 15.6, 7.8 Hz), 3.53
(dd, 1H, J=16.1, 7.3 Hz), 3.17 (s, 3H), 3.01 (dd, m! J=16.1, 8.1 Hz), 2.73 (s, 3H), 2.56-2.44 (m,
1H), 2.29-2.20 (m, 1H), 2.04-1.88 (m, 3H). LC / MIS : R =5.70 min, ES" 492.2 (FA long).

Example 75: ((1R,2R,4S)4-{[6-({(1R, 25)—2—[(dxmethylammo)methyl]—ZB—dﬂ\ydro-lH—mden—
-yl)anuno)pyrumdm—4—yl]oxy}—2—hydroxycyclopenty1)methyl rel-sulfamate
(Compound 1-53)

[0352] To a stirred suspension of lithium,tetrahydroaluminate (256 mg, 6.74 mmol) in
THF (20.0 mL) was added a solution of reI-(lR,?_'.R)—l—amino-N,N-dimethylindaneQ-
carboxamide (580 mg, 2.70 mmol) in THF (10.0 [,mL)' at 0 °C under an atmosphere of Argon,
and then the mjixture was stirred for 1 h at 60 °C following by stirring for 14 h at 23 °C. The
reaction mixture was quenched by addition of ;water and 1.00 M NaOH (5.00 mL), and the
resulting mixture was stirred for 2 h. This suspension was filtered through a Celite pad, and
the filtrate was concentrated in vacuo. The resi‘idue was purified by flash chromatography (5

$¢
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to 20 % Methanol/DCM with 1 % NH,OH) to afford the title compound (438 mg, 95 %) as a
light brown oil. |

Step b: {((1R2RASY-4-{{16-([(1R 25)-2-] (diméthy]amino ymethyl}-2,3-dihydro-1H-inden-1-

amino imidin-4-ylloxy}-2-h X thyl rel-sulfamate
{Compound 1-53)
(0353] The title compound was prepared following the procedure described in

Example 34, steps a~c using rel-(1R,25)-2-[(dimethylamino)methyl}indan-1-amine and
Example 65, step d. "H-NMR (400MHz, CD,OD) & : 8.14 (s, 1H), 7.28-7.14 (m, 4H), 5.90-5.78

(bs, 1H), 5.70-5.40 (bs, 1H), 5.38-5.28 (bs, 1H), 4.41-4.36 (m, 1H), 432 (dd, 1H, J= 9.8, 7.5 Hz),

4.15 (dd, 1H, J=9.8,7.3 Hz), 3.09-3.00 (m, 1H), 2.94-2.82 (m, 2H), 2.57-2.46 (m, 1H), 2.37 (br d,

2H, J= 6.2 Hz), 2.30-2.20 (m, 1H), 2.22 (s, 6H), 2.11-1.91 (m, 3H). LC / MS : R, = 4.34 min, ES'

4782 (FAlong). '

Example 76: {(1S5,2S,4R)-4-[(2-([(15)-5-chloro-3,3-dimethyl-2, 3-dihydro-1H-inden-1-yl}

amino}pyridin-4-yl)oxy]- 2-hydroxycyclopentyl}methyl sulfamate
(Compound I-35) -

Step a: 1-(4-chlorophenyl)-3-methylbutan-2-ol

[0354) To a suspension of magnesium (2.98 g, 0.123 mol) in ether (30 mL) was added
iodine (0.165 g, 0.000651 mol). To this was slowly added a solution of 4-chlorobenzyl
bromide (24.60 g 0.1168 hol) in ether (100 mL). Upon addition of approximately 1 mL of

_ solution an exotherm was noted and the mixture reached reflux. The addition of solution

was slowly continued to maintain a gentle reflux (~90 min). On completion of addition, the
reaction was heated for 30 minutes at 45 °C. The reaction was then cooled to 0 °C. |

Isobutyraldehyde (12.7 mL, 0.140 mol) in ether (10 mL) was then added slowly over 2 hours.

On completion of the addition the reaction was allowed to warm to 23 °C and stirred
overnight. The reaction was quenched with ice (~200 g) and acidified with 2M HCl (~100
ml). This was extracted twice with ether and the organic phase was evaporated. The residue

was purified by flash chromatography (0 to 10% MeOH/CH,CL,) to afford the title

compound (9.89 g, 43%).

Step b: 6-chloro-1 J-dimethylindane
{0355]) To a solution of concentrated sulfuric acid (3.00 mL, 0.056 mol) in water (0.28
mL, 0.0156 mol) was added 1-(4-chlorophenyl)-3-methylbutan-2-ol (1.00 33, 0.00503 mol) over

30 minutes. Additional sulfuric acid was added to dissolve the solid. The mixture was

stirred for 2 hours. The mixture was poured onto ice then extracted with ether. The organic
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phase was washed (water), dried (MgSO)), ﬁltemd; e;md concentrated. The residue was

filtered through a plug of silica with CH,CL, to afford the title compound (0.568 g, 63%).
f

- Stepc: Moro—:‘ié—_dimethylindgg -one II
[0356] To a solution of 6—chloro-1 1- d;.methyhndane (6. 00 g, 0.0332 mol) in acetone

(100 mL, 2 mol) was added 1.5 M of magnesium sulfate in water (30 mL) and potassium
permanganate (12.3 g, 0.0780 mol). The reaction was stirred overnight, the resulting deposit
was filtered, and the solution was concentrated to :;a reduced volume. The solution was
extracted with EtOAc (3 x 100 ml) and the organic layer was concentrated. Purification by
flash chrdmatégraphy (10% EtOAc/hexanes). afforded the title compound (4.33 g, 67%) as a
white solid. ‘ [[
Step d: ( 2Rk2—ll [(1S)-Sl-chloro-3,3—dimethvl-2,3-"i:lihvdro—1H—inden-l’—vllaminth-
phenylethanol 1
[0357] To a mixture of 5-chloro—3,3-dimetl;[1ylindan-l—one (4.33 g, 0.0222 mol) and
(R)-(~)-2-phenylglycinol (3.2 g, 0.0234 mol) in toluene (200 mL) was added p-toluenesulfonic
acid monohydrate (241 mg, 0.00127 mol). The reallction was stirred at reflux (140 °C) uhder

an atmosphere of nitrogen overnight, cooled and [diluted with toluene. The mixture was

washed with saturated aqueous NaHCO, and wa;ter and the organic phase was
concentrated. The residue was dissolved in THF|(200 mL) under an atmosphere of nitrogen
and cooled at 0 °C. To this was added acetic aci%i (3.79 mL, 0.0667 mol) and sodium
borohydride (1.26 g, 0.0334 mol). The reaction wias stirred under at atmosphere of nitrogen
overnight. The reaction was partitioned betweerllt CH,CL, and saturated aqueous NaHCO,
solution, separated, and the organic phase was evaporated. The residue was purified by
flash chromatography (20 to 100% EtOAc/ hexa{!nes) to afford the title compound (6.25 g,
90%) as a white solid. [

1 1Ir\ in -1-aminee
[0358] To a solution of lead(IV) acetate ,‘1(9.92 g 0.0212 mol) in methanol (80 mL) at0
°C under an atmosphere of nitrogen was addeci (2R)-2-{[(1S)-5-chloro-3 3-dimethyl-2,3-
dihydro—lH‘inden-l-yl]anﬁnol-2-phenylemanql (4.288 g, 0.01358 mol) as a solution in
methanol (80 mL) dropwise over 10 min. On completion of the addition, the mixture was
warmed to 23 °C and stirred for 90 mins. To t;hxs was added 0.943 M of sodium carbonate in
water (194 mL) and the mixture stirred for 10 min. CH,Cl, (500 mL,) was added and the
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mixture was filtered and washed with CH,CL,. The filtrates were collected, the organic

phase was separated and the aqueous extracted with CH,CL, (25 ml). The combined organics
were evaporated to dryness. The residue was dissolved in ethanol (500 mL) and 10.4 M of
hydrochloric acid in water (15.6 mL) was added. The mixture was heated to reflux (95 °C)
overnight. The mixture was co;)led, evaporated and the residue was treated with ether and
sonicated. The solid was isolated by filtration, washed with ether and dried to yield the title
compound (2.704 g, 86%) as the HCl salt.

f: 4-{[(1R 35,45)-3-{[tert-butyl(dimethyl)silylloxy} -4-({[tert-butyl(dimethyl)silyl}-

meth o pentylloxy}-N-{(15)-5-chloro-3,3-dimethyl-2 3-di hydro-1H-
inden-1-yllpyridin-2-amine _ _
[0359] To a mixture of [1,3-bis(2,6-diisopropylphenyl)imidazolidin-2-ylj(chloro){(2,3-

*){1Z)-1-phenylprop-1-ene-2 3-diyljpalladium(2+) (3.4 mg, 0.0000052 mol) and potassium
tert-butoxide (32.0 mg, 0.000286 mol) under an atmosphere of argon was added 4
{[(1R,35,45)-3-|[tert-butyl(dimethyl)silyljoxy}-4-({[tert-butyl(dimethyl)silyl}oxy)methyl)-
cyclopentyl]oxy}-2-chloropyridine (0.1226 g, 0.0002596 mol) in 1.00 ml DME, followed by
(15)-5-chloro-3,3-dimethylindan-1-amine (0.048 g, 0.00025 mol) in 1 ml DME The mixture
was stirred overnight, and the solution was poured into 50 ml EtOAc, washed with 10 ml
water and concentrated. The residue was purified by preparative plate chromatography
(70% EtOAc/hexanes) to afford the title compound (28.0 mg, 18.0%).

Step g: 15.2S5,4R)-2-{[tert-butyl(dimethyl)silvlloxyl-4- {(2-{[(1S -S-Clﬂorg:aéﬁimémyl-
2 ihydro-1H- inden-1-yl]Jamino idin-4-yl}ox: clopentylimethanol
[0360] The title compound was prepared by a method analogouss to Example 34, step
C. : )
Step h: 15,25 AR)-2-{[tert- 1(dimethyDsilylloxyl-4- [(2-{{(15)-5-chloro-3.3-dimethyl-
"2 ihydro-1H- inden-1-yllamino idin-4-yl}ox clopentyljmethyl
sulfamate
{0361} To a solution of {(15,25,4R)-2-{[tert-butyl(dimethyl)silyl]oxy}-4-[(2-{[(15)-5-

chloro-3,3-dimethyl-2,3-dihydro-1H-inden-1-ylJamino}pyridin-4-yl)oxylcyclopentyl}-
methanol (28.1 mg, 0.0000543 mol) in DMA (1.00 mL) was added chlorosulfonamide (0.0251
g, 0.000217 mol) in 0.50 ml acetonitrile. The mixture was stirred for 30 min then poured into
50 ml EtOAc and 1.00 mi Et,N . The layers were separated and the organic layer was washed
(water) and concentrated. The residue was purified by preparative plate chromatography
(85% EtOAc/hexanes) to afford the title compound (28.7 mg, 89%) as a white solid.
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pyridin-4-vl)oxy]- 2—hydrg>_<1gyclopen§y111[memy1 sulfamate
(0362] A solution of l(lS,2$,4R)—2—([tert—butyl(dimethyl)silyl]oxy}-4~[(2-l[(15)-5-
chloro—3,3-dimethyl-2,3-dihydro-lH-inden-l-yl]anlino}pyﬁdm+yl)oxy]cydopentyl}methyl
sulfamate (0.0287 g, 0.0000481 mol) in 3.0% (V/V) I{-!ICI in ethano! (25.0 ml) was stirred for 4
hrs. The reaction was concentrated and dissolved in 50 ml EtOAc and 1.00 ml triethylamine.

* The solution was washed with water, concentrated, and the residue was isolated by

preparative plate chromatography (5% MeOH/ EtéAc) to afford the title compound (16.5
mg, 71%) as a white solid. "H NMR (CDCL,, 400 M;[Hz) 8:7.92(d, 1H, ] = 5.8Hz), 7.22-7.20 (m,
1H), 7.17-7.14 (m, 2H), 6.16 (dd, 1H,J = 6.0 Hz, ] = I23 Hz) 5.85 (d,llH,I = 2.0 Hz), 5.30 (m,
1H), 4.92 (m, 1H), 4.70 (d, 1H, | = 8.5Hz), 4.50 (dt, }’H, ] =5.0Hz, ] = 1.9Hz), 4.40 (dd, 1H, ] =
7.3 Hz,] = 2.5Hz), 428 (dd, 1H, ] = 7.3Hz, ] = 2.5Hz), 2.60 (bs, 1H), 2.50 (q, 1H, ] = 7.0Hz),
2.31-2.25 (m, 1H), 2.18-2.12 (m, 1H), 1.95-1.87 (m, 1[414),1.79 (m, 1H), 1.25 (s, 6H). LC/MS: R, =

1.81 min, ES+ 482 (AA standard). . [

l
Example 77: ((15,2S 4R)-2-hydroxy—4~{[2-(1-naphthyl)—3H-1xmdazo[4,5—b]pyndm—7—yl]oxy]-

cyclopentyl)methyl sulfamate (Compound 1-109)

tepa:  2-amino-4-chloro-3 nitropyridin ’f
[0363] To a solution of 2-amino-4-chloropyridine (5.00 g, 0.0389 mol) in sulfuric acid

|
(40.8 mL) with stirring at 0 °C was added a solution of nitric acid (2.72 g, 0.0389 mol) and
sulfuric acid (3.89 g, 0.0389 mol). The mixture was stirred (1 hr) then poured into 200 g ice
and 100 ml water. The solid was filtered and collected. The solution was neutralized with

28% NH, in water to pH ~5. The solution was ex;tracted with

EtOAc (3 x 300 ml). The solid also was dissolved in EtOAc and neutralized with 28% NH, in

H,O. The organic layers were combined, conoenl"trated with30g silica gel, and purified by
flash chromatography (20 to 60% EtOAc/hexanes) to afford the title compound (2.40 g, 36%)
as a yellow solid. : [
[
Stepb: _ 4-{[(1R,35,45)-3-([tert-butyl dimeth 1 sitylloxyl-4-({[tert-butyl(dimethyDsilyllo
Iy X - -2- rru .

. f
[0364] To a solution of (1R,3$,4S)-3-{[tert-butyl(dimethyl)silyl]oxy]~4—({[tert-
butyl(dimethyl)silyl]o:::y}methyl)(:y(:lopentémol;I (0.782 g, 0.00217 mol) in THF (30.0 mL) was
added NaH (0.156 g, 0.00650 mol) and the mixture was stirred for 1 h. To this was added 2-
amino-4-chloro-3-nitropyridine (0.376 g, 0.0021‘7 mol) and the mixture was stirred overnight.

l
!

l
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The solution was concentrated and the residue was purified by flash chromatography (25%
EtOAc/hexanes) to afford the title compound (0.381 g, 35%) as a yellow solid.

Stepc: 4-{[( 1R.35,4S)—3—l[tert-butvl(dimethyl)s_ilvl]oxy}gl-(l[tert-butxl_@irhethyngﬁyl]oxvl-
: hylcydl lloxylpyridine-2.3-diami

[0365] To a solution of 4-{[(1R,35,45)-3-{[fert-butyl(dimethyl)silyljoxy)4-({[tert-
butyl(dimethyl)silylJoxy)methyl)cyclopentylJoxy}-3-nitropyridin-2-amine (0.361 g, 0.000725
mol) in CH,Cl, (6.00 mL) and acetic acid (3.00 mL) was added zinc (0.474 g, 0.00725 mol) and

‘the mixture was stirred for 30 min. The suspension was filtered and the filtrate was
concentrated. The residue was dissolved in 50 ml EtOAc and 3 ml Et,N then washed with -
.- water (2 x 10 mL). The organic layer was dried (MgSO,) and concentrated to afford the crude
product (0.297 g, 88%).

Step d: 7-1{(1R 35.45)-3-{[tert-butyldimethylsilylloxy)-4-({ tert-butyl(dimethylsilylloxyl-
methylcycl ntylloxy}-2-(1-naphthyl}-3H-imidazof4 5-blpyridine

{0366] A mixture of 1- naphthalenecarboxaldehyde (115 mg, 0.000738 mol), 4-
{[(1R,35,4S)—3-{[tert-butyl(dimethyl)si]yl]oxy]—4—({[tert-butyl(dimethyl)silyl]oxy]methyl)cyclo
pentyl]oxy}pyridine;2,3-dianﬁne‘(115.1 mg, 0.0002460 mol) and sodium metabisulfite (0.140
g 0.000738 mol) in acetonitrile (2.00 mL) was subject to microwave irradiation at 180 °C for
25 mins. The mixture was filtered and the filtrate was concentrated. The residue was
purified by preparative plate chromatography (25% EtOAc/hexanes) to afford the title
compound (0.101 g, 68%) as a white solid.

Step e: SZS4R-2- tert-butyl(dimethylsilylloxy}-4- {{2-(1-naph y) ﬂ-umdaon,S-

C.

-7-yljox entyl
(03671 The title compound was prepared by a method analogous to Example 34, step
f: -2-hydrox 21~ 1 -imida zo[4 idin-7- -

cyclopentymethyl sulfamate {Compound I-109)

[0368] To a solution of ((15,25,4R)-2-{[tert-butyl(dimethyl)sily}oxy}-4-{[2-1-
nﬁphthyl)-3H-imidazo[4,5—b]byridin-7—yl]oxy}cyclopenfyl)methanol (0.0624 g, 0.000127 mol)
in DMA (2.00 mL) was added chiorosulfonamide (0.0736 g 0.000637 mol) and the mixture
was stirred for 10 min. To this was added 12 M of hydrochloric acid in water (2.00 mL)
dropwise at 0 °C and the mixture was stirred for 10 min. The mixture was added dropwise

to 50 mL of a 2N Na,CO, solution, and was extracted by CH,CL, (3 x 30 rnl). The combined
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organic layers were concentrated and the residue w{as purified by flash chromatography (0
to 10% MeOH/EtOACc) to provide the title compound (14.5 mg, 25%) as a white solid. 'H
NMR (CD,0OD, 400 MHz) §: 8.49 (m, 1H,), 8.28 (m, IIIH) 8.06 (d, 1H, ] = 8.3Hz), 7.97 (m, 1H),
7.87 (dd, 1H,] = 7.0 Hz, ] = 1.0 Hz) 7.63-7.54 (m, 3H), 6.89 (d, 1H, ] = 5.8Hz) 5.40 (bs, 1H),
4.45(dt,1H,J=49Hz,]J =19 Hz),4.35(dd, 1H, ] =I’ 72Hz,J=25Hz),419(dd, 1H,] = 7.2
Hz, ] = 2.5 Hz), 2.62 (m, 1H), 2.44-2.39 (m, 1H), 2.31-2.25 (m, 1H), 2.18-2.14 (m, 2H). LC/MS:

R, = 1.55 min, ES+ 455 (AA standard). II

|
Example 78: ((1S5,25,4R)~4-| [6-chloro-2-(1-naphthyl)-3H-imidazo[4,5-b]pyridin-7-ylJamino}-
2-hydroxycydlopentyl)methyl sulfamate (Compound 1-56)

tep a: 4)-{(1R 35,45)-3-{[tert-butyl(dimethyDsilylloxyl-4-({[tert-butyl(dimethyDsil
methyl ntyl]-5-chloro-3-nitropyridine-2,4-diamine
I
[0369] - A solution of 4,5-dichloro-3-nitropyridin-2-amine (0.0365 g, 0.000175 mol)

(Johansson, H; Lawitz, K; Nikitidis, G; Sjoe, P; Sto{lrm, P. PC'I"Int. Application
W0O2004/016611), (1R,3S,4S)-3-([tert-butyl(dimethiyl)silyl]oxy}-4-({{tert-butyl(dimethyl)silyl}-
oxylmethylcyclopentanamine (0.0947 g, 0.000263 mol) and DIPEA (0.0907 g, 0.000702 mol)
in ethanol (10.0 mL) was refluxed overnight. Thef reaction was concentrated and purified by
flash chromatography (30% EtOAc/hexanes) to ai'fford the title compound (0.0768 g, 82%) as

a yellow solid. I

[
Stepb: - N(4)-[(1R3S, 48)-3-1[tert-butvl(dunethvl)sxIvlloxv}-4~(l[tert-butvl!dxmethyl)sxly]I—
methyl lopentyl]-5-chloro dme—2 4- e

{0370} N@)-[(1R ,3S,4S)—3—{[tert—butyl(dir%ethyl)silyl]oxy}A—({[tert-butyl(dilnethyl)-

* silylJoxy}methyl)cyclopentyl]-5-chloro-3-nitropyridine-2,4-diamine (0.875 g, 0.00165 mol)

and zinc (0.431 g, 0.00659 mol) was added to acetic acid {40.0 mL, 0.704 mol) with stirring for -
10 mins. The mixture was stirred for 10 min ang the solid was filtered off. The filtrate was
concentrated, dissolved in EtOAc (50 mL) washed with water (2 x10). To the organic phase

was added 2 ml Et,N and the mixture was wasl{[\ed with 10 mL water. The organic layer was

concentrated and purified by flash chromatography (30% EtOAc/hexanes) to afford the title
compound (0.746 g, 90%) as a white solid.

dro. e s ate (Compound I-56

f0371] The title compound was preparfed in an analogous fashion to Example 77,
steps d-f. 'H NMR (CD,0D, 400 MHZz) 8: 9.13 (d, 1H, J]=9.9), 8.05-7.92 (m, 4H), 7.65-7.57 (m,
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3H), 5.82 (bs, 1H), 4.41 (dt, 1H, J=5.0Hz, J=1.9Hz), 4.32 (dd, 1H, J=7.3Hz, ]=2.5Hz), 417 (dd,
1H, J=7.3Hz, J=2.5Hz), 3.25 (q, 2H, J=7.8Hz), 2.40-2.28 (m, 2H), 2.05-1.94 (m, 2H). LC/MS: R,
= 1.68 min, ES+ 488 (AA standard).

Example 79:  ((15,25,4R)-4-{[6-(cyclopentylamino)pyrimidin-4-yljo»y}-2- hydroxycyclopen
tyl)methyl sulfamate (Compound I-127)

{0372) The title compound was prepared in a manner analogous to Example 34, step
b using cyclopentanamine and Example 76, steps g-i. '"H NMR (CD,0D, 400 MHz) 5: 8.08 (s,
1H,), 5.74 (s, 1H), 5.31 (bs, 1H), 4.38 (dt, 1H, ] = 5.0 Hz, ] = 1.9 Hz), 4.30 (dd, 1H,J = 72 Hz, ]
= 2.5 Hz), 4.15(dd, 1H, J = 7.2 Hz, ] = 2.5 Hz), 2,51 (m, 1H), 2.34-2.26 (m, 1H), 2.09-1.96 (m,

_ 6H), 1.76 (m, 2H), 1.64 (m, 2H), 1.51 (m, 2H). LC/MS: R, = 1.46 min E3+ 373 (AA standard).

Example 80: [(15,2S,4R)-4-({2-[(15)-2,3-dihydro-1H-inden-1-yl amino]pyridin-4yljoxy)-2-
' hydroxycyclopentyl]lmethyl sulfamate (Compound 1-94)

Step a: __4-{[(1R35.4S)-3-[ftert-butyl(dimethylsilylloxy}-4-(1[tert-butyl(dimethyl)silylloxyl-
methyl entylloxy}-2: oro idine
(0373] To a solution of (1R 35,45)-3-{[tert-butyl(dimethyl)silylJoxy}-4-({[fert-

butyl(dimethyl)silyl]oxylméthyl)cyclopentanol (973.5 mg, 0.002699 mol) in DMF (8.00 mL,
0.103 mol) was added NaH (202 mg, 0.00504 mol) (60% in oil). After stirring the mixture for
10 minutes, 2-chloro-4-nitro-pyridine (400.0 mg, 0.00252 mol) was added and the mixture
was stirred overnight. The reaction was quenched with water and extracted with (3 x 50 ml
EtOACc). The combined organic layers were dried (Na,SO,), filtered ancl concentrated in
vacuo. The residue was purified by flash chromatography (0 to 10% EtOAc/hexanes) to
obtain the title compound (0.9859 g, 83%) as a clear oil.

Step b: 4-{{(1R 35 ,45)-3-[[tert-butyl(dimethyl}silylloxy]-4-({[tert-butyl(dimethyDsilylloxy}-

-me clopentylloxyl}-N- 2 3-dihydro-1H-inden-1-yl |pyridin-2-amine
(0374) To a mixture of [1,3-bis(2,6-diisopropylphenyl)imidazolidin-2-yl](chloro){(2,3-

*)-(1Z)-1-phenylprop-1-ene-2,3-diyl}palladium(2+) (7.8 mg, 0.000012 mol) and potassium
tert-butoxide (73.7 mg, 0.000656 mol)- under an atrhosphete of argon was added 4-
{{(1R.35,45)-3-{[tert-butyl(dimethyl)silyl joxy}-4-({ [tert-butyl(dimethyl)silyl]oxylmethyl)—.
cyclopentyl]oxy}-2-chloropyridine (281.8 mg, 0.0005968 mol) in 1 ml DME. The solution was
stirred for 5 mins, then (S)-(+)-1-aminoindane (0.10 mL, 0.000776 mol) iri 1.0 mi DME was
added dropwise over 15 min. The solution was stirred overnight, then dissolved in 50 mL

EtOAc, washed with water, and concentrated. The residue was purified by flash
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chromatography (30% EtOAc/hexanes) to afford the title compound (0.3219 g, 95%) as a

white solid. [’

i in amino
hxdrm_cm. clopentyllmethyl sulfamate (Fompoung 1-94)
(0375} The title compound was prepared irl a manner analogous to Example 76,
steps g-i. '"HNMR (CDCL,, 400 MHZz) §: 7.75 (d, IH;[, J =6.0 Hz), 7.27-7.13 (m, 3H), 6.16 (dd,
1H,] = 63Hz,J = 2.4 Hz), 5.33 (t, 1H, ] = 7.5 Hz), 4.95 (m, 1H), 4.50 (dt, 1H, ] = 5.1 Hz, ] = 2.0
Hz),4.31(dd, 1H, ] =7.3 Hz, ] = 2.4 Hz), 4.15 (dd, 1’H,] =7.3Hz, ] = 2.4 Hz), 3.03-2.96 (m,
1H), 2.86 (m, 1H), 2.61-2.46 (m, 2H), 2.29-2.23 (m, 1H), 2.10-2.03 (m, 1H), 2.00-1.95 (s, 1H),

1.90-1.80 (m, 1H), 1.15-1.10 (m, 2H). l
I
Example 81: ~ {(15,25 4R)—4~[(6—{ [(1R,25)-2, 7—duneﬂ10xy—l,2,3,4~tetrahydronaphthalen-l-yl]-
: amino}pyrimidin-4-yl)oxy]-2-hydroxycyclopentyl}methyl sulfamate

(Compound 1-149) |
[0376] The title compound was prepared ‘Ls a 1:1 mixture of with the compound in
example 82 according to Example 34, steps a-d, followed by HCl-mediated desilylation.
Rel-(1R,25)-2,7-dimethoxy-1 ,2,3,4-tetrahydronap}}'tmlen‘l—amine, prepared according to the
reference found in Example 71, was used as a cou‘pling partner in step b. The title compound
was then isolated via chiral HPLC (Chiralcel OD 20x250, eluent 88/12/0.2%

: . !
hex/EtOH/DEA at 20 mL/min). 'H NMR (CD,0D, 400 MHz) 5: 8.4 (d, ] = 0.7 Hz, 1H), 7.00

(d.J = 8.3 Hz, 1H), 6.76-6.71 (m, 2H), 5.94 (s, 1H),5.32 (bs, 1H), 4.39 (ddd, ] = 2.2, 5.2, 5.2 Hz,
1H), 4.32 (dd, | = 7.4, 9.8 Hz, 1H), 4.15(dd, ] = 7.3, 9.8 Hz, 1H), 3.73 (ddd, ] = 2.1, 3.8, 6.4 Hz,
" 1H), 3.67 (s, 3H), 3.40 (s, 3H), 2.93-2.80 (m, 2H), 267 (ddd, ] = 56,56, 11.6 Hz, 1H), 2.58-2.46

(m, 1H), 228 (ddd, ] =22, 6.8, 14.8 Hz, 1H), 2.25/2.16 (m, 1H), 2.12-1.87 (m, 4H). LC/MS: R|

= 1.25 min, ES’ 495 (FA standard). ;

Example 82: {(15,23,4R)—4—[(6—{[(15 2R)-2, 7-d1methoxy-l 2.3, 4—tetrahydronaphthalen—l yl}-
amino}pyrimidin-4-yljoxy]- 2-hydroxycyclopentyl}methyl sulfamate
(Compound 1-148) !

(0377) The title compound was p;epareh as a 1:1 mixture of with the compound in

example 81 according to Example 34, steps 'a\-d,r followed by HCI-mediated desilylation. Rel-

(lR,23)-2,7-dimethoxy—l,2,3,4~tetrahydronaphth'\a]en-l-amine, prepared according to the

reference found in Example 71, was used as a c’oupling partner in step b. The title

compound was then isolated via chiral HPLC (;Chiralcel OD 20x250, eluent 88/12/0.2%

hex/EtOH/DEA at 20 mL/min). 'H NMR (CD,0D, 400 MHz) §: 8.14 (d, J = 0.7 Hz, 1H), 7.00
|
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(d,] = 83 Hz, 1H), 6.76-6.71 (m, 2H), 5.94 (s, 1H), 5.32 (bs, 1H), 4.39 (ddd, ] = 2.1, 5.1, 5.1 Hz,
1H), 4.32(dd, ] = 7.5,9.8 Hz, 1H), 4.15 (dd, ] = 7.3,9.8 Hz, 1H), 3.74 (ddd, ] = 2.1,3.9, 6.6 Hz,
1H), 3.67 (s, 3H), 3.40 (s, 3H), 2.95-2.82 (m, 2H), 2.67 (ddd, ] = 5.7, 5.7, 11.5 Hz, 1H), 2.58-2.47
(m, 1H), 2.28 (ddd, ] = 2.2, 6.8, 14.8 Hz, 1H), 2.25-2.16 (m, 1H), 2.12-1.87 (m, 4H). LC/MS: R,
=1.25 min, ES’ 495 (FA standard). -

Example 83: {(15,25AR)-2-hydroxy-4-[(6-{[(15,2R)-2-methoxy-4,4-dimethyl-1,2,3,4-

' tetrahydronaphthalen-1-ylJamino}pyrimidin-4-yl)oxy]jcyclopentyljmethyl

sulfamate (Compound 1-151) A

[0378] The title compound was prepared as a 1:1 mixture of with the compound in
example 84 according to example 34, steps a-d, followed by HCl-mediated desilylation and
then treatment with 1.0 equivalents of potassium hydroxide as a solution in methanol to
afford the corresponding potassium salt. Rel-(1R,2S)-2-methoxy-4,4-dimethyl-1,2,3,4-
tetrahydronaphthalen-1-amine, prepared according to the reference found in Example 71,
was used as a coupling partner in step b. The title compound was then isolated via chiral ' .
HPLC (Chiralpak AD 20x250, eluent 85/15/0.1% hex/EtOH/DEA at 20 mL/min). 'H NMR
(CD,OD, 400 MHz) 6: 8.13 (s, 1H), 7.39-7.34 (m, 1H), 7.25-7.18 (m, 2H), 7.13-7.06 (m, 1H), 5.90
(s, 1H), 5.64 (bs, 1H), 5.24 (bs, 1H), 4.40 (ddd, ] = 1.7, 5.6, 5.6 Hz, 1H), 414 (ddd, ] = 1.3, 8.5,
10.0 Hz, 1H), 4.00 (ddd, ] = 2.0, 6.4, 10.0 Hz, 1H), 3.78 (ddd, ] = 3.0, 4.1, 10.4 Hz, 1H), 3.42 (s,
3H), 2.53-2.38 (m, 1H), 2.26 (dddd, ] = 1.8, 1.8, 6.7, Hz, 1H), 2.12-1.81 (m, 4H), 1.77 (dd, ] =
2.0,13.6 Hz, 1H), 1.43 (s, 3H), 1.31 (s, 3H). LC/MS: R, = 1.61 min, ES’ 493 (FA standard). -

Example 84: {(15,2S, 4R)—2-hydroxy~4—[(é—{[(lR 25)-2-methoxy-4,4-dimethyl-1,2,3,4-
tetrahydronaphthalen-1-yljJamino}pyrimidin-4-yljoxy]cy clopentyl}methyl
sulfamate (Compound 1-150)
{0379] The title compound was prepared as a 1:1 mixture of with the compound in
example 83 according to example 34, steps a-d, followed by HCl-mediated desilylation and
then treatment with 1.0 equivalents of potassium hydroxide as a solution in methanol to . i‘
afford the corresponding potassium salt. Rel-(1R,2S)-2-methoxy-4,4-dimethyl-1,2,3,4- |
tetrahydronaphthalen-1-amine, prepared according to the reference found in Example 71,
was used as a coupling partner in step b. The title compound was then isolated via chiral

HPLC (Chiralpak AD 20x250, eluent 85/15/0.1% hex/EtOH/DEA at 20 mL/min). '"H NMR
(CD,0D, 400 MHz) 6: 8.14 (s, 1H), 7.40-7.35 (m, 1H), 7.26-7.18 (m, 2H), 7.13-7.07 (m, 1H), 5.91

(s, 1H), 5.65 (bs, 1H), 5.25 (bs, 1H), 4.40 (ddd, ] = 1.7, 5.6, 5.6 Hz, 1H), 4.14 (ddd, ] = 1.3, 8.5,
10.0 Hz, 1H), 4.00 (ddd, ] = 1.8, 6.4, 9.9 Hz, 1H), 3.79 (ddd, ] = 3.4, 3.4, 10.4 Hz, 1H), 3.42 (s,
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3H), 2.52-2.38 (m, 1H), 2.32-2.21 (m, 1H), 2.12-1.81 (mli 4H), 1.78 (dd, ] = 2.0, 13.5 Hz, 1H),
1.43 (s, 3H), 1.32 (s, 3H). LC/MS: R, = 1.61 min, ES’ 493 (FA standard).

|

Example 85: [(1S,2$,4S)-4—({6-[(1S)-2,3»-dihydro-1H7'inden-1-ylamino]pyrimidin—4-yl}-
methyl)-2-hydroxycyclopentyl]methyl sulfamate (I-33)

{0380} 2,4-Dichloro-6-methylpyrimidine (2.5["4 g 0.156 mol) was dissolved in ethanol
(100 mL) and N,N-Diisporopylethylamine (4.07 mL, 023 mol) was added followed by (S)-1-
Aminoindan (2.00 mL, 0.156 mol). The solution was heated to reflux for 2 hours, TLC

|

indicated complete conversion. The solvent was rerlnoved in vacuo and the residue was

purified using chromatography onsilica gel using gradient 0 to 50% ethyl acetate in hexane
to afford the title compound (1.95 g, 46%). LC/MS: [I& =1.90 min, ES" 260 (AA standard).

l-_’6—methl i 'di_ne-4—amine

]
{0381} 2-Chloro-N-[(15)-2,3-dihydro-1 H-in'den-l -yl]-6-methylpyrimidine-4-amine

(1.95 g, 7.5 mmol) was dissolved in ethanol (5 mL) 'and 10% Pd/C (0.140 g, 0.13 mmol) was
added. The flask was filled with hydrogen and stirred overnight. At that time, TLC

indicated complete conversion. Palladium was filtered off and the solvent was removed in

vacuo. The residue was purified using chromatog!raphy onsilica gel using gradient 50 to
100% ethyl acetate in hexane to afford the title compound (1.65 g, 93%). LC/MS: R, = 1.51

min, ES” 226 (AA standard).

memyg);z-(g;mgmomheiyl)hexahgcjro_cydopenta{d][l 3]dioxin-7-ol
[0382] N-[(15)-2,3-dihydro-1H-inden-1-yl}-6-methylpyrimidine-4-amine (0.575 g,
2.55 mmol) was dissolved in THF (24 mL) and l.fBM Phenyllithium in di-n-butyl ether (2.98
mL, 5.36 mmol) was added and stirred for 1 hour. The mixture was cooled to 0 °C and a
solution of (1aS,lbR,SaS,6aS)-3—(4-methoxyphen‘ryl)hexahydrooxixen'O[4,5]cyclopenta[l 2-
d][1,3]dioxine (0.634 g, 2.55 mmol) in THF (15 qu) was slowly added. The mixture was
stirred at 0 °C for 45 minutes and 23 °C for 2 hours. At that ime, LCMS indicated ~70%
conversion. The reaction was quenched using sa!\turated ammonium chloride (30 mL),
extracted with ethyl acetate (3 x 20 mL), dried with anhydrous magnesium sulfate, filtered,
and evaporated in vacuo. The residue was puriified using chromatography on silica gel
using gradient 50 to 100% ethyl acetate in hexa%\e to afford the title compound (0.465 g, 38%).
LC/MS: R, =1.77 min, ES’ 474 (AA standard). |

!
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Stepd:  O-{(4a5,65,75,7aR)-6-{[(15)-2,3-Dihydro-1H-inden-1-ylaminol-pyrimidin-4-yl}-

methyl)-2-(4-methoxyphenyl}hex clopen 131dioxin-7-yl henyl.
iocarbonat
[0383]) (4a$,65,75,7aR)-6-{6-[(15)-2,3-Dihydro-1H-inden-1-ylamino]-pyrimidin-4-yl}-

methyl)-2-(4-methoxyphenyl)hexahydrocyclopenta[d][1,3]dioxin-7-ol (0.465 g, 0.98 mmol)
was dissolved in DCM (17 mL) under an atmosphere of argon and 4-(dimethylamino)-
pyridine (0.24 g, 1.96 mmol) was added followed by phenyl chlorothionocarbonate (204 mL,
1.47 mmol). The mixture was stirred for 1 hour. The solvent was concentrated in vacuo and
- the residue was purified via silica gel chromatography eluting with a gradient of 50 to 100%
EtOAc in hexanes on a column pre-treated with 1% TEA in hexanes to afford the title
compound (0.508 g, 84%). LC/MS: R, = 2.38 min, ES’ 610 (AA standard).
Stepe: N-[(15)-2 3-Dihydro-1H-inden-1-y1]-6-{[(4a5,65,7a5)-2-(4-methoxyphenyl)-
hexahydrocyclopentald](1,3ldioxin-6-ylimethyllpyrimidin-4-amine
[0384] 0-[(4aS,6S5,75,7aR)-6-{{(1S)-2,3-Dihydro-1H-inden-1-ylamino]-pyrimidin-4-
yl}methyl)-2-(4-methoxyphenyl)hexahydrocyclopenta[d]{1,3]dioxin-7-yl] O-phenyl

thiocarbonate (0.508 g, 0.83 mmol) was dissolved in toluene (14 mL) under an atmosphere of

nitrogen and tri-n-butyltin hydride (0.448 mL, 1.67 mmol) was added followed by 2,2'-azo-
bis-isobutyronitrile (0.027 mg, 0.17 mmol). The solution was heated to reflux for 1 hour, the
mixture was cooled down, the solvent was concentrated to 30 mL and the residue was
purified via silica gel chromatography eluting with a gradient of 50 to 100% EtOAc in
hexanes to afford the title compound (0.280 g, 73%). LC/MS: R, = 1.94 min, ES’ 458 (AA
standard).

Step f: (15.25,45)-4-(16-[(15)-2,3-Dihydro-1H-inden-1 -vlammolpvrumdm~4—yllmgm¥1) 2-
hydro. ethyl lopentanol

[0385]) N-[(15)-2,3-Dihydro-1H-inden-1-yl}-6-{[(4a$5,65,7aS)-2-(4-methoxyphenyl)-
hexahydrocyclopenta[d](1,3]dioxin-6-yljmethyl}pyrimidin-4-amine (0.280 g, 0.61 mmol) was
dissolved in THF (2 mL), water (2 mL) and AcOH (6 mL, 0.106 mmol) were added. The
mixture was stirred under an atmosphere of argon for 60 h. The mixture was concentrated
under reduced pressure and the residue was purified via silica gel chromatography eluting
with a gradient of 0 to 10% MeOH in DCM to afford the title compound (0.190 g, 91%).
LC/MS: R =1.29 min, ES’ 340 (AA standard).
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Step g: [ns,25,45)4—(16-[(1skz,a-dmydmm-in’den-l- laminolpyrimidin-4-ylimethyl)-2-

hydroxycycopentyllmethyl sulfamate ({[;3;31 .
(0386} The title compound was prepared féllowing the procedure described in
Example 65, step d. "H NMR (CD,0OD, 400 MHz, 8;’): 8.34 (s, IH), 7.27-7.15 (m, 4H), 6.41 (bs,
1H), 5.65-5.48 (m, 1H), 4.30-4.25 (m, 2H), 4.09 (dd, ] 41,41 Hz, 1H),307300(m 1H), 2.94-
2.85 (m, 1H), 2.72-2.55 (m, 4H), 2.43-2.35 (m, 1H), 1.93-1.85 (m, 2H), 1.75-1.67 (m, 1H), 1.58-
1.51 (m, 2H). LC/MS: R, = 1.38 min, ES’ 419 (AA s{tandard).
I

~ Example 86: ((15,25,4R)-4-(4-[(15)-2,3-Dihydro-1H-inden-1-ylamino]-5,6-dihydro-7H-

yrrolo[2,3—d]pynnudm-7—yl]-2-hydroxycyclopentyl)methyl sulfamate
(Compound 1-146) |

Step a: 2-(4,6-d1chlorggmdm—5—yl )ethang [

[0387] (4,6-dichloropyrimidin- S-yl)acetaldehyde (2.96 g, 15.5 mmol) was dissolved
in methanol (60 mL) and cooled at 0 °C. Sodium tetrahydroborate (0.879 g, 23.2 mmol) was
added and the mixture was stirred for 1 hour. TLIIC indicated complete conversion. The
reaction was quenched with water (20 mL), methanol was removed in vacto and the residue
was extracted with ethy! acetate (3 x 30 mL). 'l'hef combined organic extracts were dried with

|

magnesium sulfate, filtered and evaporated. Thei residue was purified using

chromatography on silica gel using gradient 0 to 100% ethyl acetate in methylene chloride to
afford the title compound (1.90 g, 63%). LC/ MS:" R, =0.93 min, ES’ 194 (AA standard).
[ _

fo3ss] 2-(4,6-dichloropyrimidin-5-yl)ethanol (1.90 g, 9.84 mmot) was dissolved in 1-
butanol (97 mL) and N,N-DiisopropylethylamixTe (3.43 mL, 19.7 mmol) and (S)-1-
Aminoindane (1.26 mL, 9.84 mmol) were added. The solution was heated at 130 °C for 3

days. Solvent was removed in vacuo and the residue was purified using chromatography on

silica gel using gradient 0 to 100% ethyl acetate in methylene chloride to afford the title
compound (2.80 g, 98%). LC/MS: R, = 1.63 min, ES’ 290 (AA standard).

isoindole-13(2H)-dione |

. i
{0389]) 2-(4-chloro—6—[(lS)-2,3—dihydro-{1H-inden-l-ylamino]pyrimidin-s-yl)emanol
(2.80 g, 9-66 mmol), phthalimide (1.56 g, 10.6 mmol) and triphenylphosphine (2.79 g, 10.6
mmol) were dissolved in THF (105 mL) and thie solution was cooled at 0 °C. DIAD (2.09 mL,

10.6 mmol) was added dropwise and the mixt;\ue was stirred 23 °C for 1 hour. The solvent

10
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was removed in vacuo and the residue was purified using chromatography on silica gel
using gradient 10 to 50% ethyl acetate in hexane to afford the title compound.(3.50 g, 86%).
LC/MS: R, = 2.12 min, ES" 419 (AA standard).

tep d: 2-aminoethyl hloro-N-[(15)-2 3-dihydro-1H-inden-1-yl]pyrimidin-4-amine
[0390] 2-(2-{4-chloro-6-[(15)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-5-yljethyl)-

1H-isoindole-1,3(2H)-dione (3.50 g, 8.32 mmol) was suspended in ethanol (102 mL) and
hydrazine hydrate (1.62 mL, 33.3 mmol) was added. The mixture was heated to reflux for 1
hour. At that time, LCMS indicated complete conversion. The mixture was cooled to 23 °C,
crystals were filtered off, the residue was evaporated in vacuo and purified using
chromatography on silica gel using .gradjeht 0 to 20% MeOH in methylene chloride to afford
the title compound (1.20 g, 50%)‘. LC/MS: R, =1.29 min, ES’ 289 (AA standard).

amine

ﬁ,»
(0391} - 5-(2-aminoethyl)-6-chloro-N-[(15)-2,3-dihydro-1H-inden-1-yl]pyrimidin-4- ‘
amine (1.00 g, 3.46 mmol) and N,N-diisopropylethylamine (1.21 mL, 6.92 mmol) were
dissolved in 1,4-dioxane (19 mL) and the solution was heated in a pressure tube at 160 °C for
48 hours. At that time, LCMS indicated complete conversion. Solvent was removed in vacuo
and the residue was purified using chromatography on silica gel using gradient 0 to 20%
MeOH in methylene chloride to afford the title compound (0.81 g, 93%). LC/MS: R, = 1.55
min, ES' 253 (AA standard).

Stepf: _ 7-{(1R3S.4S)-3-{[tert-butyl(dimethylsilyllo tert-butyl{dimethyDsilylloxy}-

methyl)cyclopentenyl-IN-[(1S )-2&D1h¥dro- 1H—mden~ -yi}-6.7-dihydro-SH-
pyxrolof2 3-dlpyrimidin-4-amine

[0392} N-{(15)-23-dihydro-1H-inden-1-y1}-6,7-dihydro-5H-pyrrolo[2 3-d]pyrimidin-
4-amine (0.460 mg, 1.82 munol) was dissolved in DMF (20 mL) and NaH! (60%, 0.146 g, 3.65
mumol) was added. The mixture was heated at 60 °C for 5 minutes. (15,35,45)-3-{[tert-
butyl(dimethyl)silyl]oxy}—4-{[tert-butyl(dimethyl)silyl]oxy)méthyl)cydopentenyl ,
methanesulfonate (0.800 g, 1.82 mmol) in DMF (10 mL) was added and the resulﬁng mixture
was heated at 100 °C for 2 hours. The solution was cooled to 23 °C, querniched with saturated
brine (20 mL), extracted with ethyl acetate (3 x 30 mL), dried with magnesium sulfate,

filtered and evaporated in vacuo. The residue was purified using chromatography on silica

gel using gradient 0 to 30% ethyl acetate in hexane to afford the title compound (0.22 g,
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20%). LC/MS: R, = 7.17 min, ES‘ 596 (AA Nonpolar:[Phenominex Luna 5um C18 50 X 4.6
mm column at 2.5 mi/min gradient of ACN contair&ng 50 to 0 % 10 mM Ammonium

f
Acetate in H,O for 3min.) [
| !
Step g: 4R . - i j, 1 AT _ H-pvr
2 rmdm—?- 1 2h dro clopen 1 sulf. Compo 1-146
|
{0393] The title compound was prepared followmg the prooeduxes described in

Example 34, step c and Example 65, step d. H NMR (CD,0D, 400 MHz) &:7.93 (s, 1H), 7.23-
-7.12 (m, 4H), 5.64-5.60 (m, 1H), 4.87-4.83 (m, 1H), 4;34—-4.31 (m, 1H), 429 (dd, ] = 7.6, 9.6 Hz,

- 1H), 413 (dd, ] = 7.2, 9.6 Hz, 1H), 3.58-3.53 (m, ZH)‘; 3.03-2.95 (m, 1H), 2.90-2.77 (m, 3H), 2.59-

2.42 (m, 2H), 2.00-1.97 (m, 2H), 1.91-182 (m, 3H). LC/MS: R, = 4.98 min, ES' 446 (FA long).
I

Example 87: ((1R,2R3S 4R)+{[2—2,3—dxhydro—1H—mdol-l-ylcarbonyl)pyndme-4~yl}ammol-
2,3—dlhydroxycyclopentyl)methylsulfamate (Compound I-145)

{0394] 'H NMR (400MHz, CD,0D) &: 8.20{8.00 {m, 2H), 7.30-6.70 (m, 5H), 4.264.02
(m, 3H), 3.88-3.78 (m, 2H), 3.17-3.11 (m, 2H) 2.50—2[’.30 (m, 2H), 1.40-1.20 (m, 3H), ppm.
LC/MS: R, = 0.95 min, ES* 449 (AA standard). |

[ .
Example 88: {(1R,2R,3S, 4R)-4—((2—{[(1S)-2,3-d1hydro-1H—mden-l-ylanuno]carbonyl)

pyndme+yl)armno]-2,3—dxhydroxycyclopentyl)methylsulfamate (Compound
I-144) ]

. , | .
[0395]) 'H NMR (CD,OD, 300MHZz) &: 8.05 (d, ] = 7.5 Hz,1H), 7.50 (bs, 1H), 7.32-7.16

(m, 4H), 6.97-6.92 (m, 1H), 5.64 (t, ] = 7.54Hz, 1H)t417(d] 5.09Hz, 2H), 4.09-3.80 (m, 3H),
3.15-3.04 (m, 1H), 3.00-2.87 (m, 1H), 266—254(m,;1}-1),245—2 29 (m, 2H), 2.11-1.97 (m, 1H),
1.44-1.34(m, 1H) ppm. LC/MS R =1 SSImn,ES 463 (AA standard). -

. |
Example 89: ((15,25,4R)-4-{[8-(3-chlorophenyl)-9H-purin-6-yl]Jamino}-2-
hydroxycyclopentyl)methyl sulfa'mate (Compound I-60)

Step a: 6-chlor ﬂ&g;gm!ggpmm!d ine ‘
[0396]) A suspension of 5-Amino-4,6-dichloropyrimidine (3 g, 0.02 mol) in ammonia
(25 mL, 7N / MeOH, 0.175 mole) was heated at 1118 °C overmght(under pressure). The

reaction was cooled to 23 °C, filtered and washed with ethanol to obtain 1.92 g (70%).
|

l
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I
|
l
!
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Step b: 6-chloro-8-(3-chlorophenyl)-9H-purine
[0397] To a mixture of 6-Chloro-4,5-diaminopyrimidine (0.70 g, 4.84 mmol) and 3-

chlorobenzoic acid (0.76 g, 4.84 mmol) in the flask was added phosploryl chloride (40.0 mL),
and the resulting mixture was stirred for 16 h at 100 °C. The reaction mixture was
evaporated to remove excess phosphoryl chloride, and the residue was added to water (20
mL). The precipitate was filtered and purified by flash chromatography (0 to 5 %
Methanol/DCM) to afford the title compound (1.28 g, 31 %) as a yellow solid. LC / MS: R =
1.59 min, ES’ 265.0 (FA standard).

Step c: N-[(1R 35.45)-3-{[tert-butyl(dimethyDsilylloxyl-4-({[tert-butyl(di Dsilylloxyl-

methylcyclopentyl]-8-(3-chlorophenyl)-9H-purin-6-amine

{0398] A solution of 6~chloro-8-(3-chlorophenyl)-9H-purine (155 mg, 0.58 mmol),

(1R ,35,45)-3-{[tert-butyl(dimethyl)silyljoxy}-4-({[tert-butyl(dimethyl)silyl]oxy)methyl)- ’
cyclopentanamine (200 mg, 0.56 mmol) (Example 128, steps a-c), and N,N- IS
diisopropylethylamine (0.20 mL, 1.17 munol) in ethanol (2.00 mL) was microwaved at 160 °C .

for 30 minutes. The reaction mixture was concentrated under vacuum, and the residue was
purified by flash chromatography (0 to 5 % Methanol /DCM) to afford the title compound
(275 mg, 76 %) as a light yellow solid.

Step d: ((15,2S,4R)-2-{[tert-butyl(dimethylsilylloxy}-4-{[8-(3-chlorophenyl)}-9H-purin-6-
yllamino)cyclopentyl)methanol

[0399] The title compound was prepared following the procedure described in
Example 34, step c. LC / MS: R,=2.07 min, ES’ 474.2 (AA standard).

Step e: 15,2S 4R 8-(3-chlorgphenyl)-9H-purin-6-yllamino}-2-h ydroxycyclopentyl)-
m 1 t d 1-60
[0400] The title compound was prepared following the procedure described in

Example 65, step d. "H-NMR (400MHz, CD,0D) & : 822 (s, 1H), 8.09 (s, 1H), 8.00-7.94 (m,
1H), 7.54-7.48 (m, 2H), 4.93-4.84 (m, 1H), 4.44-4.40 (m, 1H), 4.35 (dd, 1H, J= 9.7, 7.8 Hz), 4.17
(dd, 1H, J= 9.7, 7.3 Hz), 2.64-2.54 (m, 1H), 2.35 (ddd, 1H, J= 14.0, 7.6, 1.2 Hz), 2.20-2.10 (m,
1H), 1.96 (ddd, 1H, J=14.0, 7.0, 4.8'Hz), 1.86 (ddd, 1H, J= 13.0,82,3.8 Hz). LC / MS: R, = 5.48
min, ES® 439.1 (FA long)
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Example 90: ((15,2S,4R)-4-{[8-(2 6-d1methoxyphenyl)-9H-punn-6—yl]anuno)-2~
hydroxycyclopentyl)methyl sulfamate (Compound 1-93)

' |
- [0401] The title compound was prepared following the procedure described in

Example 89 (steps a-e) using 2,6-dimethoxybenzoic ':acid. IIH*NMR (400MHz, CD,0D) 5 : 8.21
(s, 1H),7.46 (t,1H, ]=8.6 Hz), 6.78 (d, 2H, ]= 8.6 Hz), 4.90-4.79 (m, 1H), 4.43-4.38 (m, 1H),
434 (dd, 1H, J= 9.6, 7.5 Hz), 4.17 (dd, 1H, ]= 9.6, 73!’}'{2), 3.81 (s, 6H), 2.62-2.52 (m, lH), 2.34
(ddd, 1H, J= 14.0,7.5, 1.7 Hz), 2.15 (ddqd, 1H, J= 138 10.3, 89),1 .93 (ddd, 1H, J]=14.0,65,53
Hz), 1.84 (ddd, 1H, J=13.8, 8.6, 3.8 Hz). LC / MS: R‘ 4.30 min, ES’ 465.2 (FA long).

Example 91: {(15,25,4R)-2- hydroxy-4—({8—[2—(tnflL’xoromethyl)phenyl]-9H-purm-6-yl}-
S amino)cyclopentyl]methyl sulfamate (Compound I-122) -

{0402] The title compound was prepared f%)llowing the procedure described in

Example 89 (steps a-¢) using a’,a,a—Triﬂuoro—o—toh_'lic acid. 1H—NN[R (400MHz, CD,0D) & :

8.26 (s, 1H), 7.92 (dd, 1H, j=7.0, 1.9 Hz), 7.82-7.71 ([m, 3H), 4.96-4.85 (m, 1H), 4.43-4.38 (m,

lH),434(dd 1H, J]=9.8,7.4 Hz), 4.16 (dd, 1H, ]-98 7.3 Hz), 2.63-2.52 (m, 1H), 2.34 (ddd,

1H, J=14.0,7.5,1.8 Hz), 2.15(ddd, 1H, ]=13.5, 10.I6, 8.8 Hz), 1.95 (ddd, 1H, J=14.0,7.1, 5.0
Hz), 1.85 (ddd, 1H, J= 13.5, 8.6, 3.8 Hz). LC / MS: fR‘ = 5.17 min, ES’ 473.2 (FA long).

Example 92: ({1528, 4R)-2-hydroxy—4—l[B—(2-phe[noxyphenyl)—9H—punn—6—yl]ammo}-
cyclopentylymethyl sulfamate (Compound 1-37)

{0403] The title compound was prepared’followmg the procedure described in
Example 89 (steps a-e) using 2-phendxybenzoic acid. "H-NMR (400MHz, THF-d8) 5 : 8.40 (br
d, 1H, J= 7.5 Hz), 8.18 (bs, 1H), 7.43-7.34 (m, 3H), 7.25-7.13 (m, 4H), 6.94 (d, 1H, J= 8.3 Hz),
6.87 (br d, 1H, J= 7.5 Hz), 5.17-4.93 (m, 1H), 4.41]'!4.35 (m, 1H), 4.35 (dd, 1H, ]=9.8,7.7 Hz),
4.13 (dd, 1H, J= 9.8, 7.3 Hz), 2.63-2.52 (m, 1H), 2.35-2.25 (m, 1H), 2.20-2.06 (m, 1H), 2.01-1.91

(m, 1H), 1.87 (ddd, 1H, J=13.3, 8.8, 44 Hz). LC / MS: R = 5.83 min, ES® 497.2 (FA !ong).

|
Example 93: ((15,2S 4R)-2—hydroxy—4-{[8-(1-naphthyl)—9H-p1mn-6—yl]ammolcyclopentyl)-
methyl sulfamate (Compound 1-49)
. | .
[0404]) The title compound was prepared following the procedure described in

Example 89 (steps a-e) using l-naphthalenecarl%oxylic acid. '"H-NMR (400MHz, CD,0D) & :
8.70-8.55 (bs, 1H), 8.26 (s, 1H), 8.02 (d, 1H, J= 8.3 Hz), 7.98-7.93 (m, 1H), 7.84 (dd, 1H, ]=7.1,
1.1 Hz), 7.61-7.52 (m, 3H), 5.01-4.80 (m, 1H), 4.41-4.37 (m, 1H), 4.34 (dd, 1H, = 9.5, 7.6 Hz),
4.16 (dd, 1H, J= 9.5, 7.3 Hz), 2.61-2.50 (m, 1H), 2.34 (ddd, 1H, J= 14.0, 7.6, 1.5 Hz), 2.20-2.10
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(m, 1H), 1.94 (ddd, 1H, J=14.0, 7.0, 49 Hz), 1.84 (ddd, 1H, J=13.1,8.3,3.8 Hz). LC / MS: R,
= 5.48 min, ES" 455.1 (FA long).

Example 94: {(15,254R)-4-[(8-dibenzo[bd]furan-4-yl-9H-purin-6-yljamino}-2-
: hydroxycyclopentyljmethyl sulfamate (Compound 1-39)

[0405] The title compound was prepared following the procedure described in
Example 89 (steps a-e) using dibenzofuran-4-carboxylic acid. 'H-NMR (400MHz, CD,0D) § :
8.25 (s, 1H), 8.15-8.07 (m, 2H), 8.04 (d, 1H, J= 7.9 Hz), 7.74 (d, 1H, ]= 8.2 Hz), 7.56-7.50 (m,
1H), 7.46 (t, 1H, J= 7.6 Hz), 7.40 (dd, 1H, J= 7.9, 7.2 Hz), 4.91-4.77 (m, 1H), 4.47-4.43 (m, 1H),
4.38 (dd, 1H, J= 9.8, 7.5 Hz), 4.20(dd, 1H, |= 9.8, 7.2 Hz), 2.67-2.56 (m, 1H), 2.38 (ddd, 1H, J=
14.0,7.8, 1.2 Hz), 2.24-2.13 (m, 1H), 1.99 (ddd, 1H, J= 14.0, 6.7, 5.0 Hz), 1.89 (ddd, 1H, J= 13.0,
8.4,3.7 Hz). LC / MS: R = 5.74 min, ES’ 495.0 (FA long).

Example 95: l(lS,2$AR)~4—{(8-Blphenyl-3-yl-9H-punn-6-yl)ammo]—2—hydroxycydopentyl)-
methyl sulfamate (Compound 1-105)

[0406] The title compound was prepared following the procedure described in
Example 89 (steps a-) using biphenyl-3-carboxylic acid. "H-NMR (400MHz, THF-d8) 5 :
12.38-12.25 (bs, 1H), 10.95-10.80 (bs, 1H), 8.38 (t, 1H, J= 1.8 Hz), 8.17 (s, 1H), 8.05 (d, 1H, J=
7.3 Hz), 7.72-7.68 (m, 3H), 7.55 (t, 1H, J= 7.6 Hz), 7.48-7.43 (m, 2H), 7.35 (1, 1H,]=7.3,1.3 -
Hz), 6.87 (br d, 1H, J= 6.5 Hz), 6.57-6.45 (bs, 2H), 5.15-4.90 (m, 1H), 4.37-4.31 (m, 1H), 4.31
(dd, 1H, J=9.5, 7.8 Hz), 4.09 (dd, 1H, J= 9.5, 7.3 Hz), 3.95-3.85 (bs, 1H), 2.31-2.21 (m, 1H),
2.16-2.04 (m, 1H), 1.94 (ddd, 1H, = 13.1, 8.0, 4.4 Hz), 1.84 (ddd, 1H, J]=13.3, 8..8,‘ 42 Hz). LC/
MS: R = 6.17 min, ES’ 481.0 (FA long).
Example 96: ((1S,2S,4R)-2-hydroxy-4-{[8-(5,6,7 8-tetrahydronaphthalen-1-yl}-9H-purin-6-
yllaminojcyclopentyl)methyl sulfamate (Compound 1-126)
[0407] The title compound was prepared following the procedure described in
Example 89 (steps a-e) using 5,6,7 8-tetrahydro-naphthalene-1-carboxylic acid. "H-NMR
(400MHz, CD,0D) 6 : 8.22 (s, 1H), 7.38-7.32 (m, 1H), 7.25-7.19 (m, 2H), 4.92-4.82 (m, 1H),
4.42-4.38 (m, 1H), 434 (dd, 1H, ]= 9.5, 7.8 Hz), 4.16 (dd, 1H, J= 9.5, 7.3 Hz), 2.93-2.83 (m, 4H),
2.62-2.51 (m, 1H), 2.33 (ddd, 1H, J=13.8, 7.5, 1.8 Hz), 2.15 (ddd, 1H, J]=13.5, 10.3, 8.8 Hz), 1.94
(ddd, 1H, J=13.8, 7.1, 4.8 Hz), 1.88-1.73 (m, 5H). LC / MS: R = 5.22 min, ES” 459.1 (FA long).
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Example 97: ((15,25,4R}2~hydroxy—4—{[8-(1-naphthyl)—9H—purin—6—yl]oxy}cyclopentyl)-
methyl sulfamate (Compound 1-87) |

(0408) The title compound was prepared following the procedures described in
Example 33 (steps a-b, e-f) and Example 65 (step d) using (1R,3S,4S)-3-([tert-butyl(dimethyl)-
si.lyl]oxy}-4-({[tert-butyl(dinwthyl)silyl]oxylmethylgcyclopentanol. 'H-NMR (400MHz,
CD,OD) 6 : 8.53-8.46 (m, 1H), 8.52 (s, 1H), 8.08 (d, ll"H, J= 8.0 Hz), 8.01-7.96 (m, 1H), 7.88 (dd,
1H, ]=7.3,1.2 Hz), 7.65-7.55 (m, 3H), 5.98-5.91 (m, "IH), 4.90-4.85 (m, 1H), 4.48-4.43 (m, 1H),
4.36 (dd, 1H, J= 9.8, 7.5 Hz), 4.20 (dd, 1H, J= 9.8, 7.:{2 Hz), 2.71-2.60 (m, 1H), 2.44 (ddd, 1H, J=
15.0,6.7, 1.9 Hz), 2.27 (ddd, 1H, J= 15.0, 5.0, 4.5 Hz), 220213 (m, 1H). LC / MS:R = 6.48
min, ES" 456.0 (FA long). | |

!
Example 98: ((1S,2$,4R)-4-[(8-biphenyI-Z-y1-9H-]f>urin-6-yl)amino]-2-hydroxycyclopentyl}—
methyl sulfamate (Compound 1-48)

[0409] The title compound was prepared following the procedure described in

Example 89 (steps a-e) using 2-biphenylcarboxyli¢ acid. 'H-NMR (400MHz, CD,0OD) 6 : 8.14
(s, 1H), 7.73 (dd, 1H, J= 7.6, 1.1 Hz), 7.65-7.60 (m, [’1H) 7.57-7.50 ( m, 2H), 7.30-7 24 (m, 3H),
7.22-7.18 (m, 2H), 4.88-4.77 (m, 1H), 4.41-4.36 (m, 1H), 4.33 (dd, 1H, J=9.7,7.5 Hz), 4.15 (dd,
1H, J=9.7,7.5 Hz), 2.60-2.48 (m, 1H), 2.34-2.25 (m, 1H), 2.16-2.04 (m, 1H), 1.94-1.85 (m, 1H),
1.84-1.74 (m, 1H). LC / MS: R = 5.43 min, ES" 48[i.0 (FA long).

Example 99: ((1S,2$,4R)-4-{[8—(2,2—dimethyl-2,3!-dihydro—l-benzofuran—?—yl)—9H-purin-6—

: yl]amino}-2—hydroxycydopentyl)x!nethyl sulfamate (Compound I-100)

[0410] The title compound was prepared following the procedure described in
Example 89 (steps a-e) using 2,2-dimethy1—2,3~di}f1ydro—1—benzofuran—?—carboxylic acid. 'H-
NMR (400MHz, CD,0D) § : 8.30-8.19 (m, .lH), 8.#)6-8.02 and 7.90-7.80 (each bs, total lH),
7.347.28 (m, 1H), 6.9 (t, 1H, J= 6.5 Hz), 4.90-4.80 (m, 1H), 4.45-4.40 (m, 1H), 4.35 (dd, 1H, J=
9.7,7.7 Hz), 418 (dd, 1H, J= 9.7, 7.5 Hz), 3.15 (bs| 2H), 2.64-2.52 (m, 1H), 2.44-2.30 (m, 1H),
2.23-2.10 (m, 1H), 2.01-1.90 (m, 1H), 1.86 (ddd, 1H, J=13.0, 8.2, 3.7 Hz), 1.64 (bs, 3H), 1.61 (s,
3H).LC / MS : R,=5.17 min, ES® 475.3 (FA long;.

Example 100: [(1S,2$,4R)-4—(l8—[4—(dimethylan1irno)-l—naphthyl]—QH-purin—&yl}amino)—2-

hydxoxycycl_opentyl]methyl sulfﬁmate (Compound 1-64)
{0411] The title compound was prepa:e'd following the procedure described in
Example 89 (steps a-e) using 4—dimethylaminor{taphthalene-1-carboxyh'c acid. 'H-NMR
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(400MHz, CD,OD) & : 8.70-8.58 (bs, 1H), 834828 (m, 1H),8.25(s, 1H), 7.77(d,1H, J=79

Hz), 7.60-7.53 (m, 1H), 7.21 (d, 1H, J= 7.9 Hz), 4.98-4.84 (m, 1H), 4.44-4.39 (m, 1H), 435 (dd,

1H, J= 9.8, 7.6 Hz), 4.17 (dd, 1H, J= 9.8, 7.3 Hz), 2.64-2.53 (m, 1H), 2.35 (ddd, 1H, J= 14.0,7.6,

1.6 Hz), 2.22-2.12 (m, 1H), 1.97 (ddd, 1H, J= 14.0, 7.0, 5.0 Hz), 1.87 (ddd, 1H, J=12.5,8.6,3.5

Hz). LC / MS : R = 5.39 min, ES’ 498.0 (FA long).

F.xamble 101: ((15,25AR)-2-hydroxy-4-{[8-(3-methoxyphenyl)-9H- purin-6-ylJamino}-
cyclopentyl)methyl sulfamate (Compound I-99) '

(0412] The title compound was prepared following the procedure described in

Example 89 (steps a-e) using 3-Methoxybenzoic acid. 'H-NMR (400 MHz, MeOD, §): 8.22 (s,

1H), 7.62 (m, 2H), 7.43 (t, J=7.9Hz, 1H), 7.07 (dd, J=2.3Hz, 8.3Hz, 1H), 4.42 (1, J=4.3Hz, 1H),
4.35 (d4, J=7.7Hz, 9.7Hz, 1H), 4.17 (dd, J=7.3Hz, 9.7Hz, 1H), 3.89 (s, 1H), 2.59 (m, 1H), 2.35
(ddd, J=1.1Hz, 7.6Hz, 14.2Hz, 1H), 2.16 (td, 1H, J=9.4Hz, 13.3Hz), 1.96 (ddd, J=5.1Hz,
J=6.9Hz, J=14.0Hz, 1H), 1.86 (ddd, J=3.8Hz, 8.5Hz, 13.1Hz, 1H). LC/MS: R = 1.33 min, ES’
435 (AA standard).

Example 102: ((1S,2$,4R)—4~[(8—benzy]-9H—purin-6—yl)amino]—2-hydrox3rcyclopentyil methyl
sulfamate (Compound I-88)

(0413] The title compound was prepared following the procedure described in
Example 89 (steps a-e) using Benzeneacetic acid. 'H-NMR (400MHz, CD,0OD) 6: 8.17 (s, 1H),
7.35-7.21 (m, 5H), 4.84-4.71 (m, 1H), 4.404.35 (m, 1H), 4.33 (dd, ] = 7.5, 9.8 Hz, 1H), 4.19 (s,
2H), 4.14 (dd, ] = 7.3, 9.8 Hz, 1H), 2.59-2.45 (m, 1H), 2.34-2.23 (m, 1H), 2.17-2.04 (m, 1H), 1.92-
1.82 (m, 1H), 1.82-1.72 (m, 1H) ppm. LC/MS: R, = 3.94 min, ES' 419 (FA Waters).
Example 103: ((15,25,4R)—2—hydroxy—4—[[8-(1,23,4tetrahydronaphthalen-l-yl)—9H-purin—6-
ylJaminojcyclopentyl)methyl sulfamate (Compound 1-121)
[0414] The title compound was prepared following the procedwre described in
Example 89 (steps a-e) using 1,2,3,4-Tetrahydro-1-naphthalenyl hydroperoxide. 'H_ NMR
(400MHz, CD,0D) 6: 8.17 (s, 1H), 7.26-7.03 (m, 3H), 6.93-6.83 (m, 1H), 4.62-4.70 (m, 1H), 4.47-
4.28 (m, 3H), 4.17-4.10 (m, 1H), 3.00-2.79 (m, 2H), 2.57-2.43 (m, 1H), 2.33-2.04 (m, 4H), 1.98-
1.68 (m, 5H) ppm. LC/MS: R = 4.30 min, ES’ 459 (FA Waters).
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Example 108: [(15,25,4R)-4-({8-[2-(dimnethylamino)phenyl]-9H-purin-6-yljamino)-2-
hydroxycyclopentyl]methyl sulfamat%e {Compound I-137)

[0415] The title compound was prepared fo};lowing the procedure described in
Example 89 (steps a-e) using 2-Dimethylaminobenzoic acid. 'H NMR (400MHz, CD,OD) &:
8.23 (s, 1H), 8.06-7.93 (m, 1H), 7.48-7.39 (m, 1H), 7.3;5-7.28 (m, 1H), 7.20-7.12 (m, 1H), 4.45-
4.39 (m, 1H), 4.36 (dd, ] = 7.8, 9.8 Hz, 1H), 4.18 (dd,|/ = 7.3, 9.5 Hz, 1H), 2.68 (s, 6H), 2.63-2.52
(m, 1H), 2.40-2.29 (m, 1H), 2.21-2.09 (m, 1H), 1.99-1'[190 (m, 1H), 1.89-1.80 (m, 1H) ppm.

LC/MS: R, = 3.28 min, ES” 448 (FA Waters). ,
|

Example 105: ((1S,2$,4R)—4—((8—(2,3—dihydro—l,4-bénzodioxin—5-yl)49H-pux'in—6-yl]amino}-2-
hydroxycyclopentyl)methyl sulfam,'ate (Compound 1-41)

[0416] The title compound was prepared following the procedure described in
Example 89 (steps a-e) using 2,3-Dihydro-1,4»benz;.odioxine—5-carboxylic acid. "H NMR
(DMSO-d,, 400MHz) 8: 8.30-7.79 (m, 2H), 7.69-7.61 (m, 1H), 7.06-6.89 (m, 3H), 4.94-4.15 (m,
9H), 2.46-2.40 (m, 1H), 226-1.84 (m, 4H), 1.82-1.67,1 (m, 2H) ppm. LC/MS: R = 3.93 min, ES’

463 (FA Waters). [f

Example 106: [(1S,2$,4R)—4-((é—[2-(benzyloxy)phjenyl]v-S)H-pgrin-&yl}amino)-2-
hydroxycyclopentyl]methyl sulfamate {Compound I-68)

{0417] The title compound was prepared; following the procedure described in

Example 89 (steps a-e) using 2-Benzyloxybenzoi¢ acid. 'H NMR (400MHz, CD,0D) §: 8.38-

8.02 (m, 2H), 7.49-7.07 (m, 8H), 5.63-5.29 (m, 2}{)}, 4.444.39 (m, 1H), 435(dd, ] =7.8,9.8 Hz,

1H), 417 (dd, | = 7.3, 9.8 Hz, 1H), 2.65-2.48 (m, 1H), 2.41-2.28 (m, 1H), 2.22-2.10 (m, 1H), 2.02-

.1.78 (m, 2H) ppm. LC/MS: R, = 4.71 min, ES’ 51{'1 (FA Waters).

Example 107: {(1S,ZS,4R)—4—((8—cyclohexyl—9H-;“>’urin-6-yl)amino]-2-hydroxycyclopentyl]—
methyl sulfamate (Compound I-128)

(0418] The titte compound was prepargejfd following the procedure described in

Example 89 (steps a-e) using Cyclohexanecarboixylic acid. "H NMR (CD,OD, 400 MHz) &:

8.16 (s, 1H), 4.82-4.77 (m, 1H), 4.42-4.39 (m, IH)}, 4.34(dd,J=76,9.7Hz,1H), 416 (dd, ] = .

7.3,9.7 Hz, 1H), 2.89-2.83 (m, 1H), 2.59-2.52 (m/ 1H), 2.35-2.29 (m, 1H), 2.17-2.07 (m, 3H),

1.95-1.75 (m, 5H), 1.67-1.27 (m, 5H) ppm. LC/ }T’/IS: R, = 1.30 min, ES" 411.08 (AA standard).

f
I
I
|
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Example 108: {(15,25 AR)-4-{(8-tert-butyl-9H-purin-6-yl)amino}-2-hydroxycyclopentyl}-
methyl sulfamate (Compound 1-131)

(0419) The title compound was prepared following the procedure described in
Example 89 (steps a-e) using Trifnethylacetic acid. '"HNMR (CD,0D, 400 MHz) §: 8.17 (s,
1H), 4.83-4.76 (m, 1H), 4.42-4.39 (m, 1H), 4.34(dd, ] = 7.5, 9.5 Hz, 1H), 4.16 (dd, ] = 7.3,9.8
Hz, 1H), 2.59-2.53 (m, 1H), 2.35-2.30 (m, 1H), 2.17-2.09 (m, 1H), 1.95-1.88 (m, 1H), 1.85-1.78
(m, 1H), 1.44 (s, 9H) ppm. LC/MS: R, = 1.08 min, ES’ 385.24 (AA standard).

Example 109: ((1S5,25,4R)-4-{[8-(4-chlorophenyl)-9H-purin-6-ylJaminc}-2-
hydroxycyclopentyl)methyl sulfamate (Compound 1-111)

Step a: 6-chloro-8-(4-chlorophenyl)-9H-purine

[(0420] °  To a solution of 6-Chloro-4,5-diaminopyrimidine (1 g, 0.007 mol) (Example

89, stepa) in 1,4-Dioxane (60 mL, 0.8 mol) was added 4-Chlorobenzaldehyde (2.2 g, 0.016 i
mol) and Ferric chloride (2.5 g, 0.015 mol) mixed with 28.6 g silica gel, and the mixture was ,
heated at 100 °C for 20 hours. The reaction was cooled to 23 °C, filtered and washed with .

10% ethanol /ethyl acetate and concentrated. The residue was dissolved in ethyl acetate and
washed with water, brine, and concentrated. The residue was triturated in diethyl ether to
obtain 272 mg (10%). LC/MS: R, = 1.54 min, ES* 265 (AA standard).

Stepb: . ((15,25.4R)-4-| [8-(4-chlorophenyl)-9H-purin-6-ylJamino}-2-hydroxycyclopentyl)-
methyl sulfamate (Compound I-111)

(0421] The title compound was prepared following the procedure described in
Example 89 tsteps c-d) and Example 1, step d. '"H NMR (CD,0D, 400 MHz) 6: 8.22 (s, 1H),
8.03 (d,] = 8.5 Hz, 2H), 7.55 (d, ] = 8.5 Hz, 2H), 4.90-4.85 (m, 1H), 4.43-4.41 (m, 1H), 4.35 (dd,
] =7.6,9.7 Hz, 1H), 4.17 (dd, ] = 7.3, 9.7 Hz, 1H), 2.62-2.56 (m, 1H), 2.37-2.31 (m, 1H), 2.20-
2.12 (m, 1H), 2.00-1.93 (m, 1H), 1.89-1.82 (m, 1H) ppm. LC/MS: R, = 1.35 min, ES' 439.29 (AA
standard).

Example 110: {(1S,2S5,4R)-2-hydroxy-4-[(8-phenyl-9H-purin-6-yl)amino]:yclopentyl)methyl
sulfamate (Compound 1-69)

[04221 The title compound was prepared following' the procedures described m
Example 109 (step A) using benzaldehyde and Example 1 (step a) followed by TBAF
deprotection of the TBS group. 'H NMR (CD,0D, 400 MHz) 6: 8.22 (s, 1K), 8.06-8.04 (m,
2H), 7.56-7.51 (m, 3H), 4.90-4.84 (m, 1H), 4.43-4.41 (m, 1H), 4.38-4.33 (m, 1H), 4.20-4.15 (m,
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1H), 2.62-2.56 (m, 1H), 2.37-2.31 (m, 1H), 2.20-2.11 (n, 1H), 2.00-1.92 (m, 1H), 1.89-1.81 (m,
1H) ppm. LC/MS: R, = 1.24 min, ES" 405 (AA standard).

Example 111: [(15,25 4R)-2- hydroxy—4—({8—[2—(tnfhforomethoxy)phenyl]-9H-punn-6—yl}-
amino)cyclopentyl]methyl sulfamatT (Compound I-62)

(0423] The title compound was prepared fc“)Howmg the procedures described in
Example 109 (step a) and Example 89 (steps c-¢) us?ng 2-(Trifluoromethoxy) benzaldehyde.
"H NMR (400MHz, CD,OD) §: 8.26 (bs, 1H), 8.05-7.95 (m, 1H), 7.69-7.61 (m, 1H), 7.60-7.50
(m, 2H), 4.45-4.39 (m, 1H), 435 (dd, ] = 7.5, 9.8 Hz, 1H), 4.17 (dd, | = 7.3,9.5 Hz, 1H), 2.67-

© 251 (m, 1H), 2.40-2.29 (m, 1H), 2.22-2.10 (m, 1H), 2/07-1.91 (m, 1H), 1.90-1.81 (m, 1H) ppm.

LC/MS: R, =5.71 min, ES" 489 (AA Waters). l

|
Example 112: ((15,25,4R)-2- hydroxy-4~([8—(2~meﬂ\oxyphenyl)—SH—punn—Gyl]anuno]-
cyclopentyl)methyl sulfamate (Compound 1-133)

{0424] The title compound was prepared following the procedure described in
Example 111 using 2-Methoxybenzaldehyde. *H NMR (400MHz, CD,0D) 5: 8.41-8.00 (m,
2H), 7.53-7.44 (m, 1H), 7.24-7.16 (m, 1H), 7.15—7.06!(m, 1H), 4.854.76 (m, 1H), 4.454.40 (m,
1H),4.36(dd, ] = 7.8,9.8 Hz, 1H), 4.18 (dd, ] = 7.3,[95 Hz, 1H), 4.05 (bs, 3H), 2.64-2 51 (m,
1H), 2.41-2.30 (m, 1H), 2.22-2.10 (m, 1H), 2.00-1.79 (m, 2H) ppm. LC/MS: R =3.93 min, ES”
435 (FA Waters). .]

Example 113: ({1525, 4R)-2—hydroxy+l[6-(l-naphthyl)—7H—pyrrolo[2,3—d]pynnudm-4-yl]-
amino]cyclopentyl)methyl sulfamate (Compound I-74)

Step a: 44c}_\loro-6-( 1-naDhthvl)-7-(Dhenvlsulfonvl)-?H-pvrroloI 23-dlpyrimidine

{0425] To a stirred solution of N,N-diisopropylamine (265 pL, 1.89 mmol) in THF
(3.00 mL) was added dropwise 1.60 M n-butyllithium in hexane (1.17 mL) at -78 °C under an
atmosphere of Argon, and the mixture was shrred for 20 minutes at-78 °C. To this mixture
was added dropwise a solution of 4»chloro-?—(phenylsulfonyl)—?H—pyrrol0[2,3-d]Pynrrudme
(500 mg, 1.70 mmol) in THF (5.00 mL), and the rmxture was stirred for1 hat-78 °C. A
solution of zinc chloride (278 mg, 2.04 mmol) in [THF (2.00 mL) was added dropwise, and the
resulting mixture was taken out the cooling batl? and allowed to stir fot 1 h. To a suspension
of tetrakis(triphenylphosphine)palladium(0) (lqO mg, 0.08 mmol) in THF (2.00 mL) was
added 1-iodonaphthalene (0.30 mL, 2.06 rnmol),: and the resulting yellow solution was
immediately added to the reaction mixture. Thé resulting mixture was heated at 80 °C for 1
h. After cooling to 23 °C, the reaction mixture was quenched by the addition of water (70.0
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mL) and the water layer was acidified with 1.00 M hydrochloric acid. The mixture was
extracted with DCM (3 x 100 mL), and the organic layers were combined. The organic layer
was washed with brine, dried over MgSO,, filtered, and evaporated under vacuum. The
residue was purified via silica gel column chromatography eluting with 30% ethyl acetate in
hexanes to afford the title compound (665 mg, 82%). LC / MS : R,= 11.11 min, ES" 420.0 (FA
long).

Step b: 4-chloro-6-(1-naphthy ltfﬂ-gmloﬂ,?»_—dglpm'nﬁgm

{o426] To a stirred solution of 4-chloro-6-(1-naphthyl)-7-(phenylsulfonyl)-7H-
pytrolo[2,3-d]pyrimidine (350 mg, 0.73 mmol) in THF (2.50 mL) was added a solution of
NaOH (205 mg, 5.13 mmol) in methanol (1.19 mL), and the mixture was stirred for 15

minutes. After quenching by addition of saturated NH,Cl solution (80.0 mL), the mixture
was extracted with ethyl acetate (3 x 100 mL). The organic layers were combined, dried over
MgSO,, filtered, and evaporated under vacuum. The residue was dissolved in a small
amount of methanol, and the suspension was filtered through a glass pad filter. The white
solid was dried under high to afford the title compound (i41 mg, 65 %).

Step c: {(15,2S 4R)-2-hydroxy-4-{[6-(1-naphthyl)-7H-pyrrolo[2 3-d]pyrimidin-4-yl]-
. aminojcyclopentyl)methyl sulfamate (Compound I-74)

[0427] The title compound was prepared following the procedure described in
Example 89 (steps c-e). 'H-NMR (400MHz, CD,0OD) & : 8.31-8.25 (m, 1H), 8.16 (s, 1H), 7.96-
7.89 (m, 2H), 7.65 (dd, 1H, J= 7.0, 0.8 Hz), 7.58-7.49 (m, 3H), 6.91 (s, 1H), 4.92-4.80 (m, 1H),

4.45-4.39 (m, 1H), 4.35 (dd, 1H, J= 9.6, 7.5 Hz), 4.18 (dd, 1H, = 9.6, 7.3 Hz), 2.65-2.53 (m, 1H), ‘

2.34 (ddd, 1H, J=13.8, 7.5,1.3 Hz), 2.21-2.11 (m, 1H), 2.00 (ddd, 1H, J= 13.8, 7.0, 5.1 Hz), 1.87
(ddd, 1H, J=13.0,8.6, 4.0 Hz). LC / MS: R = 5.22 min, ES’ 454.1 (FA long). '
Example 114: {(1S5,25,4R)-2-hydroxy-4-{(6-phenyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-

' aminojcyclopentyljmethyl sulfamate (Compound I-38)
[0428] The title compound was prepared following the procedure described in
Example 113. "H NMR (400MHz, CD,OD) 6: 8.10 (s, 1H), 7.78-7.71 (m, 2H), 7.45-7 38 (m,
2H), 7.33-7.26 (m, 1H), 693 (s, 1H), 4.86-4.79 (m, 1H), 4.44-4.39 (m, 1H), 4.35 (dd, ] = 7.5,9.5
Hz, 1H), 4.17 (dd, ] = 7.3, 9.8 Hz, 1H), 2.64-2.52 (m, 1H), 2.36-2.27 (m, 1H), 2.19-2.08 (m, 1H),
2.02-1.93 (m, 1H), 1.88-1.79 (m, 1H) ppm. LC/MS: R = 4.02 min, ES" 404 (FA Waters).
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Example 115: ((15,25,4R)-4-{[8-(7~chloroquinolin-4-yl)-7H-purin-6-ylJoxy)-2-
hydroxycyclopentyl)methyl sulfamate (Compound I-73)

Stepa: __6-{[(1R 35.45)-3-{[tert-butyl(dimethyDsilylloxyl-a-({[tert-butyl(dimethyDsilyi]o

methyl)cyclo - trah - -2- H-purine

[0429] In DMF (4 mL, 0.05 mol) was suspenltded sodium hydride (47 mg, 0.0012 mol)
at 0 °C, to which was added a solution of (1R,38,4S|.")-3-{[tert-butyl(dimethyl)silyl]oxyH—
(l[tert-butyl(dimethyl)silyl]oxylmethyl)cyclopentax[\ol (0.200 g, 0.000554 mol) in 2.5 mL DMF.
The mixture was stirred. at 0 °C for 10 minutes and’ was added a solution of 6-Chloro-9-
(tetrahydropyranyl)purine (0.265 g, 0.00111 mol) (ﬁxample 33, step b) in 4 mL DMF. The
reaction was stirred at 0 °C for 1 h and warmed to;|23 °C overxﬁght. The reaction was

quenched by addition of saturated aqueous Nli‘d, and the mixture was extracted with

: j
ethyl acetate, washed with brine, dried (NaSO), filtered and concentrated. The residue was
purified by flash chromatography (0 to 5% acetom’r/ toluene) to obtain 271 mg (86.8%). . .

|

Stepb: __ 6-[(1R 3 {[tert-butyl(di silyllo {[tert-butyl(dimethylsilyl]o
methyl)cyclopentyl]oxyl-8-iodo-9-(tetrahydro-2H-pyran-2-yl)-9H-purine
|
[0430]) To a solution of 6-{[(1R,35,45)-3-{[tert-butyl(dimethyl)silyl]oxy}-4-({[tert-

butyl(dimethyl)silylJoxy}methyl)cyclopentyl]oxy}-9-(tetrahydro-2H-pyran-2-yl)-9H-purine
(288 mg, 0.000512 mol) in THF (10 mL, 0.1 mol) was added N-Iodosuccinimide (0.576 g,
0.00256 mol), and the mixture was heated at 70 °C overnight. The reaction was cooled,

quenched by addition of saturated aqueous NaHSO, and the mixture was extracted with
DCM (3x), washed with water, brine dried (Na,SO,), filtered and concentrated. The residue

was purified by flash chromatography (0 to 10% I‘EI:OAc: /hexanes) to obtain 271 mg (76.9%).
Reference: Nolsoe, ] M J.; Gundersen, L-L.; Rise, F. Acta Chemica Scandinavica, 1999, 53, 366~
372. ‘

I
Step ¢: 4-[6-{[(1R 3S5,45)-3-{[tert-butyl(dimethyl}silyl]oxy)-4-({[tert-butyl(dimethysilyl]-

methyl Hoxy]-9-(tetrahyd -pyran-2-yl}-9H-purin-8-yl]-7-
chloroquinoline J
i .
[0431] To a solution of 6-[[(1R,35,{1$)—3-{_[tert-butyl(dimethyl)silyl]oxy)-4—({[tert-

butyl(dimethyl)silyl}oxylmethyl)cyclopent)il]ox!y}—8—iodo-9-(tetrahydrd—2H—pyran-2—y1)-9H—
purine (258.4 mg, 0.0003752 mol) in 1 2-Dunetthxyethane (3.0 mL, 0.029 mol) was added 7-

'chloroqumolme—drboromc acid pinacol ester (0. 158 g 0.000546 mol), barium hydroxide

(0228 g, 0.00133 mol), water (0.5 mL, 0.03 mol) | and
Tetrakis(triphenylphosphine)palladium(0) (0.02: g, 0.00002 mol), and the mixture was heated
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at 90 °C overnight. The reaction was cooled, quenched by addition of water and the mixture
was extracted with DCM (3x), washed with water, brine, dried (Na,SO)), filtered and
concentrated. The residue was purified by flash chromatography (0 to 30% EtOAc/hexanes)
to obtain 180 mg (66.2%) mg. Reference: Cammidge, AN.; Crepy, K.V.L. Tetrahedron, 2004,
60, 4377-4386.

tep d: 15,25,4R 7-chloroquinolin-4-yl}-7H-purin-6-yl 2=
hydroxycyclopentyl)methyl sulfamate (Compound 1-73)
{0432] The title compound was prepared following the procedure described in

Example 89 (steps d-e). 'H NMR (CD,OD, 400 MHz) 5: 9.05 (d, ] = 4.5 Hz, 1H), 891 (d, ] =
9.1 Hz, 1H), 857 (s, 1H), 8.15 (d, ] = 2.2 Hz, 1H), 7.92 (d, ] = 4.5 Hz, 1H), 772 (dd, ] =2.1,9.1
Hz, 1H), 6.00-5.95 (m, 1H), 4.48-4.45 (m, 1H), 4.37 (dd, ] =7.6,98Hz,1H), 421 (dd, ] =73,
9.7 Hz, 1H), 2.70-2.63 (m, 1H), 2.49-2.43 (m, 1H), 2.31-2.25 (m, 1H), 2.21-2.17 (m, 2H) ppm.
LC/MS: R, = 6.12 min, ES’ 490.98 (AA long).

Example 116: ((1S,2S,4R)-2-hydroxy-4-{[8-(1H-indol-3-yl)-7H-purin-6-ylJoxy}cyclopentyl)-
methyl sulfamate (Compound 1-140)

[0433] The title compound was prepared following the procedure described in
Example 115 using 1-(Phenylsulfonyl)indole-3-boronic acid pinacol ester. "H NMR (CD,0D,
400 MHz) &: 8.41-8.33 (m, 2H), 8.08-8.03 (m, 1H), 7.48-7.45 (m, 1H), 7.26-7.19 (m, 2H), 5.94-
5.88 (m, 1H), 4.48-4.42 (m, 1H), 4.38 (dd, ] = 7.3, 9.8 Hz, 1H), 4.21 (dd, ] = 7.0, 9.8 Hz, 1H),
2.70-2.63 (m, 1H), 2.46-2.40 (m, 1H), 2.28-2.22 (m, 1H), 2.17-2.140 (m, 2H) ppm. LC/MS: R, =
5.78 min, ES" 445.04 (AA long).
Example 117: [(1S,2$,4R)—4-({8-[4-(dimethylamino)-1-naphthyl]-7H—purin—6-yl'loxy)-2-
hydroxycyclopentyljmethyl sulfamate (Compound 1-103)
(0434] - The title compound was prepared following the procedtire described in
Example 115 using N, N-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)naphthalen-
1-amine. 'H NMR (CD,0OD, 400 MHz) &: 8.55-8.52 (m, 1H), 8.50 (s, 1H), 8.30-8.28 (m, 1H),
7.80-7.77 (m, 1H), 7.55-7.53 (m, 2H), 7.20-7.17 (m, 1H), 5.94-5.92 (m, 1H), 4.46-4.43 (m, 1H),
4.36 (dd, ] =7.5,9.8 Hz, 1H), 4.20 (dd, ] = 7.3, 9.8 Hz, 1H), 2.95 (s, 6H), 2.66-2.60 (m, 1H), 2.46-
2.39 (m, 1H), 2.28-2.22 (m, 1H), 2.17 (m, 2H) ppm. LC/MS: R = 6.75 min, ES’ 499.16 (AA
long).
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Example 118: ((15,25,4R)—+{[8—(1-benzyl-1H—pyrazol-tl—yl)—7H—purin_—6-ylloxy]—2—
hydroxycyclopentyl)methyl sulfam_é\te (Compound 1-129)
(0435} The title compound was prepared f’ollowing the procedure described in

|
Example 115 using 1-Benzylpyrazole-4-boronic acid pinacol ester. 'H NMR (CD,0D, 400

MHz) 6: 8.41 (s, 1H), 8.34 (s, 1H), 8.17 (s, 1H), 7.39—!7.30 (m, 5H), 5.90-5.85 (m, 1H), 5.43 (s,
2H), 4.46-4.43 (m, 1H), 4.36 (dd, ] = 7.6, 9.8 Hz, 1H$, 4.19(dd, ] =7.2,9.8 Hz, 1H), 2.66-2.60
(m, 1H), 2.40-2.37 (m, 1H), 2.26-2.19 (m, 1H), 2.15-&.11 (m, 2H) ppm. LC/MS: R, = 5.72 min,
ES’ 486.13 (AA long). |
Exdmp_le 119: l(1S,2$,4R)-2-hydroxy—4—[(8-isoquix,'[\olin-q»-}}l-7Hopurin—6-yl)oxy]cyclopentyl)-
methyl sulfamate (Compound 1-112) -
[0436) The title compound was p?epared ’following the procedure described in
Example 115 using 4-Isoquinolineboronic acid pinacol ester. 'H NMR (CD,0D, 400 MHz) &:
9.41 (s, 1H), 8.87 (s, 1H), 8.74 (d, ] = 8.6 Hz, 1H), 8!55 (s, 1H), 8.25(d, ] = 8.4 Hz; 1H), 7.94 (m,
1H), 7.82 (m, 1H), 5.98-5.96 (m, 1H), 4.49-4.46 (m, 1H), 4.37 (dd, | = 7.5, 9.8 Hz, 1H), 4.20 (dd,
J=73, 9,‘7 Hz, 1H), 2.70-2.63 (m, 1H), 2.48-2.42 (rx_l, 1H), 2.32-2.26 (m, 1H), 2.20-2.16 (m, 2H)
ppm. LC/MS: R, = 5.15 min, ES’ 457.08 (AA 1ong)'.

Example 120: ((15,2S 4R)-2-hydroxy-4-{[8-(4-pyrrolidin-1-y}-1 -naphthyl)-7H-purin-6-yl}-
oxyjcyclopentyl)methyl sulfamaté (Compound 1-139)

Step a: 1-(4-bromo-1-naphthyl)pyrrolidine

[0437]  To a solution of 1,4—dibromon$phthalene (500 mg, 0.002 mol), Pyrrolidine
(0.18 mL, 0.0021 mol), (R)-(+)—2,2‘-Bis(diphenylphosphino)-1,1'-binaphthyl (0.022 g, 0.000035
mol), Sodium tert-butoxide (0.24 g, 0.0024 mol) in Toluene (5.00 mL, 0.0469 mol) was added
Tris(dibenzylideneacetone)dipalladium(0) (0.008 g, 0.000009 mol), and the mixture was
heated at 70 °C overnight. The reaction was cooled, quenched by addition of water and the
 mixture was extracted with DCM (3x), washed with water, brine, dried (Na,SO,), filtered
and concentr#ted. The residue was purified by fiash chromatography (0 to 25% hexanes
/DCM) to obtain 400 mg (80%). Reference: Iean!, L.; Rouden, J.; Maddaluno, J.; Lasne, M-C.
J. Org. Chem. 2004, 69, 8893-8902. ' ‘ '

Step b: 1-]4-(4,4.5 5-tetramethyl-1 .3,2~dioxabjorolan-2-vn—1—nanhthvllpvrrolidine

(0438] To a solution of 1(4-bromo-1-naphthyl)pyrrolidine (400 mg, 0.001 mol),
bis(pinacolato)diboron (0.40 g, 0.0016 mol), potassium acetate (0.43 g 0.0043 mol) in N,N-
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Dimethylformamide (8 mL, 0.1 mol) was added Tetrakis(triphenylphosphine)palladium(0)
(0.050 g, 0.000043 mol), and the mixture was heated at 100 °C overnight. The reaction was
cooled, quenched by addition of water and the mixture was extracted with diethyl ether,
washed with water, brine, dried (Na,SO,), filtered and concentrated. The residue was
purified by flash chrbmatography (0 t0 25% DCM / hexanes) to obtain 221 mg (50%).
Reference: Miyashita, K.; Sakai, T.; Imanishi, T. Org. Lett. 2003, 5, 2683-2686.

¢ : S -2-hydroxy-4-{[8-(4- olidin-1-yl-1-naphthyl)-7H-purin-6-ylloxy}-
cyclopentylimethyl sulfamate (Compound 1-139)

[0439] The title compound was prepared following the procedure described in
Example 115 using 1-[4-(4,4,5,5-tetramethyl:1,3,2-dioxaborolan-2-yl)-1-naphthyl]pyrrolidine.
_'I-I NMR (CD,OD, 400 MHz) 8: 8.58 (d, ] = 8.1 Hz, 1H), 8.48 (s, li-I), 8.31(d,J =8.0Hz, 1H),
7.75(d,] = 8.4 Hz, 1H), 7.54-7.46 (m, 2H), 7.02 (d, ] = 8.2 Hz, 1H), 5.95-5.92 (m, 1H), 4.47-4.45
(m, 1H), 4.37 (dd, ] = 7.5, 9.8 Hz, 1H), 4.20 (dd, ] = 7.2, 9.8 Hz, 1H), 3.5 (m, 4H), 2.70-2.62 (m,

7 1H), 2.47-2.40 (m, 1H), 2.31-2.24 (mn, 1H), 2.16 (dd, ] = 5.0, 9.0 Hz, 2H), 22.07-2.04 (m, 4H) ppm.
LC/MS: R, = 7.35 min, ES’ 525.26 (AA long). |

Example 121: [(15,25,4R)-2~hydroxy~4-({8—[(}methylphehyl)sulfanyl]-7H-purin-6—yl}-
oxy)cyclopentyl)methyl sulfamate (Compound I-136)
Step a: 6-{[(1R 35 45)-3-{[tert-butyl(dimethyl)silylJoxyl-4-({[tert-butyl(dimethyl)silylJoxy}-

methyl)cyclopentylloxy}-8-{(3-methylphenyl)sulfanyll-9H-purine

{0440) To a solution of 3-methylbenzenethiol (0.55 mL, 0.0046 rnol) in DMF (10 mL,
0.2 mol) was added sodium hydride (0.093 g, 0.0023 mol). The mixture was stirred at room
temperature for 10 minutes and then 6-{[(1R,35,45)-3-{{tert-butyl(dimethyl)silyl]Joxy}-4-
({[tert-butyl(dimethyl)silylJoxy}methyl)cyclopentyl]loxy}-8-iodo-9-(tetrehydro-2H-pyran-2-
y1)-9H-purine (400 mg, 0.0006 mol) (Example 115, steps a-b) was added and the solution was
heated at 150 °C for 8 hours. The reaction was cooled, quenched by addition of water and
the mixture was extracted with ethyl acetate, washed with water, brine, dried (Na,SO)),
filtered and concentrated. The residue was purified by flash chromatography (0 to 30% ethyl
acetate / héxanes) to obtain 296 mg (80%) of the title compound.

Step b: [(15,25,4R)-2-hydroxy-4-({8- (3-methylphenyl)sulfanyl]-7H-purin-6-yl}-
oxy)cyclopentyl]methyl sulfarnate (Compound 1-136)

(0441) The title compound was prepared following the procedure described in
Example 89 (steps d-¢) 'H NMR (CD,0D, 400 MHz) &: 8.39 (s, 1H), 7.40-7.20 (m, 4H), 5.84-
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5.82 (m, 1H), 4.40-4.39 (m, 1H), 4.35-4.30 (m, 1H), 4.17-4.13 (m, 1H), 2.57-2.52 (m, 1H), 2.39-
2.33 (m, 1H), 2.33 (s, 3H), 2.19-2.04 (m, 3H) ppm. LC/MS: R, = 6.35 min, ES’ 452.04 (AA
long).

Example 122: [(15,2S, 4R)—2—hydroxy-4-({&[(3—methylphenyl)sulfonyl]—9H—pu.rm—&-yll~
oxy)cyclopentyl]methyl sulfamate (Compound I-101)
[0442] Toa solution of [(15,25,4R)-2-hydroxy-4-({8-[(3-methylphenyl)sulfanyl}-9H-
purin-6-yljoxy)cyclopentyl]methyl sulfamate (13 mg, 0.000029 mol) in methanol (1.0 mL,
0.025 mol) at 0 °C was added a solution of Oxone@ (0.0354 g, 0.0000576 mol) in water (0.5
mL, 0.03 mol). The reaction was stirred for 4 hours:at 0 °C and then warmed to 23 °C
overnight. The reaction was partitioned with water and ethyl acetate:isopropanol. The layers
were separated and the aqueous extracted with ethyl acetate:isopropanol. The combined
organics were washed with water, brine, dried (Na,SO), filtered, and collected in vacuo. The
residue was purified by flash chromatography (20‘(/0 MeOH/DCM) to obtain 9 mg (60%).

Reference: Ref.: Ramani R. Ranatunge,* et Al,, J. MFd. Chem., 2004, 47, 2180-2193. 'H NMR
(CD,0D, 400 MHz) &: 8.54 (s, 1H), 7.94 (s, 1H), 7.9lj (d,]=75Hz,1H),7.56(d, ] =7.5 Hz,
1H), 7.52(dd, ] = 7.6, 13.3 Hz, 1H), 5.91-5.86 (m, I}iI), 445442 (m,1H),434(dd,]=75,9.8
Hz, 1H), 4.18 (dd, ] = 7.3, 9.6 Hz, 1H), 2.65-2.59 (m, 1H), 2.44 (s, 3H), 2.41-2.35 (m, 1H), 2.24-
2.18 (m, 1H), 2.13-2.09 (m, 2H) ppm. LC/MS: R, = 5.10 min, ES’ 484.11 (AA standard).

. i .
Example 123: {(1 S,2$,4R)~4-[(9-benzyl—9H-purin—6!-yl)oxy]-2-hydroxycyclopentyl]methyl
sulfamate (Compound I-80)

Step a: 5-Amino-4-benzylamino-6-chloropyrimidine

[0443] To a solution of 5-amino-4,6-dichloropyrimidine (8.4 g, 0.051 mol) in 1-

butanol (50.0 mL, 0.547 mol) was added triethylamine (12 mL, 0.084 mol) and benzylamine

v | .
(17 mL, 0.15 mol), and the mixture was heated at 100 °C for 3 hours. The reaction was.cooled

at 0 C, filtered and washed with ethanol. The residue was dissolved in CH,Cl,and washed
with saturated aqueous NaHCO,, and concentrated. The residue was triturated in diethyl
ether to obtain 11.5 g (96%) of a light brown solid.

Step b: 6- T Chloro-9-benzylpurine

[0444] To a solution of 4.0 M of hydrochloric acid in 1,4-dioxane (2.3 mL) in N,N-
dimethylformamide (10.0 mL, 0.129 mol) was added ethyl orthoformate (2.00 mL, 0.0120
mol) and N* -benzyl~6-chloropyrinﬁd.ine-4,5—diarﬁine (500 mg, 0.002 mol). The mixture was
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stirred for 3 days. The reaction was quenched by addition of triethylamine (1.5 mL, 0.011
mol), extracted with ethyl acetate, washed with saturated aqueous sodium bicarbonate,
water, brine, dried (Na,SO,), filtered and concentrated. The residue was purified by flash
chromatography (3 to 5% MeOH/DCM) to obtain 336 g (60%). LC/MS: R, =1.49 mm, ES’
245.08 (AA standard).

Stepc:  ((15,25,4R)-4-[(9-benzyl-9H-purin-¢-ylloxyl-2-hydroxycyclopentylimethyl
sulfamate (Compound 1-80)
[0445] The title compound was prepared following the procedure described in

Example 115 (steps a and d). '"H NMR (CD,0D, 400 MHz) &: 8.51 (s, 1H), 8.32 (s, 1H), 7.34-
7.28 (m, 5H), 5.93-5.88 (m, 1H), 5.49 (s, 2H), 4.46-4.43 (m, 1H), 435 (dd, ] = 7.5, 9.9 Hz, 1H),
4.18(dd, ] =7.1, 9.6 Hz, 1H), 2.66-2.59 (m, 1H), 2.43-2.37 (m, 1H), 2.25-2.18 (m, 1H), 2.14-2.10
(m, 2H) ppm. LC/MS: R, = 6.04 min, ES" 420.11 (AA long).

Example 124: ((15,25,4R)-4-{[8-(2,3-dihydro-1-benzofuran-7-yl)-7H-purin-6-yljJamino}-2-
hydroxycyclopentyl)methyl sulfamate (Compound I-117)

{0446} The title compound was prepared following the proceclure described in
Example 89 using the appropriate carboxylic acid. 'H NMR (CD,0D, 400 MHz) §: 8.29-8.20
(m, 1H), 8.05-7.81 (m, 1H), 7.36 (dd, ] = 0.9, 7.3 Hz, 1H), 7.01 (t, ] = 7.7 Hz, 1H), 4.86-4.78 (m,
3H), 4.44-4.41 (m, 1H), 4.36 (dd, ] =7.7,9.6 Hz, 1H), 4.18 (dd, ] = 7.2, 9.8 Hz, 1H), 3.35-3.31
(m, 2H), 2.63-2.55 (m, 1H), 2.38-2.32 (m, 1H), 2.20-2.12 (m, 1H), 1.99-1.92 (m, 1H), 1.89-1.83
(m, 1H) ppm. LC/MS: R, = 5.75 min, ES™ 447.14 (AA long).

Example 125: {(15,25 4R)-2-hydroxy-4-[(8-quinolin-8-yl- H~punn—6-yl)ammo]cyclopentyl}-
methyl sulfamate (Compound 1-84)

(04471 The title compound was prepared following the proceclure described in
Example 89 using the appropriate carboxylic acid. "H NMR (DMSO- d,, 300 MHz) &: 9.22-
9.12 (m, 1H), 8.93-8.76 (m, 1H), 8.62-8.54 (m, 1H), 8.30-8.09 (m, 2H), 7.86-7.69 (m, 2H), 7.40-
7.39 (m, 1H), 4.81-4.70 (m, 1H), 4.30-4.19 (m, 2H), 4.08-3.98 (m, 1H), 2.48-2.42 (m, 1H), 2.28-
2.20 (m, 1H), 2.13-1.74 (m, 3H) ppm. LC/MS: R, = 6.00 min, ES' 456.04 (AA long).
Example 126: [(15,25,4R)-4-((8-[4-(benzyloxy)phenyl]-7H-purin-6-ylJamino)-2-
hydroxycyclopentyllmethyl sulfamate (Compound 1-102)

[0448] The title compound was prepared following the proceclure described in
Example 89 using the appropriate carboxylic acid. '"H NMR (DMSO- d,, 400 MHz) &: 8.15 (s,
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1H), 8.03 (d, ] = 8.2 Hz, 2H), 7.467.30 (m, 5H), 7.15 (d, ] = 8.8 Hz, 2H), 5.16 (s, 2H), 4.84-4.75
(m, 1H), 4.22-4.16 (m, 2H), 4.00-3.97 (m, 1H), 2.48-2.42 (m, 1H), 2.12-1.69 (m, 4H) ppm.
LC/MS: R, =722 min, ES’ 511.06 (AA long).

Example 127: ((lS,ZS,4R)-4—([8~(2,3-dimethoxyphen;lvl)-QH-purin—6-yl]amino}-2-
hydroxycyclopentyl)methyl splfamat‘é (Compound 1-67)

[0449] The title compound was prepared following the procedure described in
|

Example 89 (steps a-d) using the appropriate carboxylic acid and Example 1 (step d, using
HCl for TBS deprotection). "H NMR (CD,0D, 400 N‘IHz) 5:8.30-8.23 (m, II;I), 7.87-7.61 (m,
1H), 7.25-7.18 (m, 2H), 4.92-4.80 (m, 1H), 4..43—4.40 (r'ﬁ, 1H), 4.38-4.34 (m, 1H), 4.214.16 (m,
1H), 3.90 (d, 6H), 2.63-2.54 (m, 1H), 2.40-2.31 (m, 1H), 2.20-2.12 (m, 1H), 2.00-1.91 (m, 1H),

. 1
1.90-1.83 (m, 1H) ppm. LC/MS: R, = 5.92 min, ES’ 465 (AA long).

Example 128; ((1S,25,4R)-2-hydroxy—4-lmethyl[8—(1[-naphﬂ1yl)-9H—purin-6—yl]amino)-
cyclopentyl)methyl sulfamate (Compound 1-46)

Step a: 15,354 tert-butyl{dimethyl)silyl]ox tert-butyl(dimethyl)silyljoxyl-
methyl)cyclopentyl methanesulfonate [

{0450] To a solution of (15,35,45)—3-—{[tert—bllj.fyl(dimethyl)silyl]oxy}-4~(I[tert-butyl—
(dimethyl)silylJoxy}methyl)cyclopentanol (2.02 g, 000560 mol) in CH,CL, (55.0 mL, 0.858
mol) at 0°C was added triethylamine (1.8 mL, 0.013 mol) and methanesulfonyl chloride
(0.650 mL, 0.00840 mol) under an atmosphere of nitérogen. The mixture was stirred at 0 °C for
30 minutes, and then warmed to 23 °C for 1 hour. 'I:'he reaction was quenched by addition of

saturated aqueous sodiurn bicarbonate, extracted with DCM, dried (Na,SO)), filtered and
concentrated to give 2.66 g (100 %).

Step b: 15,25 AR)-4-azid o-2-{[tert-butyl(dimethyl)silylloxylcyclopentylm tert-
butyDdimethylsilane '
[0451] ~ To asolution of (15,35,43)—3—{[tert-btlxtyl(dimethyl)silylloxy}—4-({[tert—

butyl(dimethyl)silylJoxy)}methyl)cyclopentyl methanesulfonate (2.66 g, 0.00606 mol) in N,N-
Dimethylformamide (20 mL, 0.2 mol) was added sodium azide (1.21 g, 0.0186 mol), and the
mixture was heated at 55 °C for 3 hours. The reaction was cooled to 23 °C, quenched by
addition of water and extracted with Et,O (3x), washed with water, brine, dried (Na,S5O,),

filtered and concentrated. The residue was puriﬁeid by flash chwuomatography (0 to 15% ethyl
acetate /hexane) to obtain 2.13 g (91.1%).
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Stepg: (1R3S.45)-3-{[tert-butyl(dimethyDsilyllo glA—({ltert-bgg( (dimethyl)silylloxyl-
methyl)cyclopentanamine
[0452] A suspension of [((15,25,4R)4-azido-2-{ [tert—butyl(din1ethyl)silyl]oxy]~

cyclopentyl)methoxy](tert-butyl)dimethylsilane (2.13 g, 0.00552 mol) and 10% Pd/C (0.27 g,
0.00026 mol) in EtOAc (45.0 mL, 0.461 mol) was stirred under an atmosphere of hydrogen
overnight. The reaction was purged with nitrogen'and filtered the mixture through celite
with EtOAc. The filtrate was concentrated to obtain 1.83 g (92.1%) of the title compound.

Steg d: Benzyl-{(1R 35,45)-3-{{tert-butyl(dimethyl)silyl]oxyl}-4-({{tert-butyl(dimethyl)-
ilyl methylicyclopentyl]lcarbamate
(0453] - To a solution of (1R,35,45)-3-{[tert- butyl(dunethyl)sxlyl]oxy)-&l—({[tert-

butyl(dxmethyl)sxlyl]oxy}me thyl)cyclopentanamine (0.098 g, 0. 00027 mol) in Methylene
chioride (2.0 mL, 0.031 mol) at 0 °C was added triethylamine (0.076 mL, 0.00054 mol) and
benzyl chloroformate (0.044 mL, 0.00031 mol). The reaction was warnned to 23 °C overnight.

The reaction was quenched by addition of water, and the mixture was extracted with
methylene chloride (3x). The organic layers were washed with brine, dried (Na,SO), filtered

and concentrated. The residue was purified by flash chromatography (0 to 8%
EtOAc/hexanes) to obtain 73 mg (54%).

Stepe: Benzyl-{{1R.35,45)-3-{[tert-butyl(dimethybsilyl]oxy}-4-({ [tert-butyl(dimethyl)-

silylloxylmethyl)cyclopentylImethylcarbamate

[0454] To a solution of benzyl-[(1R,35,4S)-3-{[tert-butyl(dimethyl)silyl]oxy}-4-({[tert-
butyl(dlmethyl)sxlyl]oxy}methyl)cyclopentyl]carbamate (0.073 g, 0.0G015 mol) in N,N-
dimethylformamide (2 mL, 0.02 mol) was added sodium hydride (0.028 g, 0.0012 mol). The
suspension was stirred for 10 minutes and was added methyl iodide (0.023 mL, 0.00037 mol)
(purified on alumina) and the mixture was stirred overnight. The reaction was quenched by

addition of saturated aqueous ammonium chloride and the mixture was extracted with ethyl

acetate, washed with brine, dried (Na,SO,), filtered and concentrated.

tep f: _(1R.35,45)-3- tert-butyl(dimethyl)silyljoxy}-4-({itert-butyl (dimethyl)silylloxy]-
‘methyl)}-N-methylcyclopentanamine

[0455]) A suspension of benzyl-[(lR,BS,4S)-3—|[tert—butyl(dimethyl)silyl]oxy]«l—(I[tert—
butyl(dimethyl)silylloxy)methyl)cyclopentyllmethylcarbamate (0.394 g, 0.000776 mol) and
10% Pd/C (0.04 g, 0.00004 mol) in ethanol (5.0 mL) was stirred under an atmosphere of
hydrogen overnight. The réaction was purged with nitrogen and filtered the mixture
through celite with ethanol. The filtrate was concentrated to obtain 0.290 g (99%).
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Step g: 15,25 4R)-2-hydroxy-4-{methyl[8- l-naI hthyl}-9H-purin-6-yllamino}-
cyclopentylimethyl sulfamate 1Compg;_u_)‘ d 1-46)

[0456] . The title compound was prepared following the procedures described in

Example 89 (steps ¢- d) and Example 1 (step d, usirig HC for TBS deprotection). 'H NMR

(CD;OD, 400 MHz) 5: 8.95 (d, ] = 7.5 Hz, 1H), 8.23 (s, 1H), 8.03 (d, ] = 8.3 Hz, 1H), 7.97-7.92

(m, 2H), 7.63-7.54 (m, 3H), 6.58-6.44 (m, 1H), 4.434:41 (m, 1H), 4.35 (dd, ] = 7.8, 9.7 Hz, 1H),

4.19(dd, ] = 7.5, 9.5 Hz, 1H), 3.38 (s, 3H), 2.68-2.60 (m, 1H), 2.20-1.97 (m, 4H) ppm. LC/MS:

R, = 1.49 min, ES 467.16 (AA standard).

Example 129: ((15,2S, 4R)-2-hydroxy—4—([8—(2-methy]phenyl)-QH-punn—&yl]a:mno}—
cyclopenryl)methyl sulfamate (Compound I-107)

(0457] The title compound was prepared followmg the procedure described in

Example 89 using the appropriate carboxylic acid.
1H), 7.60 (d, ] = 7.7 Hz, 1H), 7.44-7.32 (m, 3H), 4.4374.40 (m, lH), 4.34(dd, ] =7.5,9.8 Hz, 1H),
4.17 (dd, ] = 7.3, 9.8 Hz, 1H), 2.61-2.53 (m, 1H), 2.53E (s, 3H), 2.37-2.31 (m, 1H), 2.20-2.12 {m,
1H), 1.99-1.92 (m, 1H), 1.89-1.82 (m, 1H) ppm. LC/MS: R, = 1.27 min, ES’ 419.20 (AA
standard). ‘

Example 130: {(1 S,2$,4R)-2—hydroxy-4~[methyl(9-methyl-8—phenyl -9H-purin-6-yl)-
amino]cyclopentyljmethyl sulfamate (Compound 1-123)

Step a: 6—Ch]oro—Q;methyl-s-phenyLQH-pm'ine‘

[0458] To a solution of 6-chloro-8-phenyl-7H-purine (0.200 g, 0.000867 mol) -
(Example 109, step a) in DMF (8.0 mL, 0.10 mol) was added sodium hydride (0.025 g, 0.0010
mol). The mixture was stirred for 20 minutes and t!o this wa;s added methyl iodide (0.065
mL, 0.0010 mol) and the mixture was stirred for 2 hours. The reaction was quenched by

addition of saturated aqueous NH‘CI, and the mix!ture was extracted with ethyl acetate,

washed with water, brine, dried (Na,SO,), filtered ‘and concentrated. The residue was
purified by flash chromatography (3 to 10% acetone / toluene) to obtain 145 mg (68%).

Step b: N-[(1R 35,45)-3-{[tert-butyl(dimethyl)silylJoxy|-4-({[ tert-butyl{dimethyl)silyllo

methyl)cyclopentyl]-9-methyl-8-phenyl-9H-purin-6-amine

[0459] The title compound was prepared following the procedure described in
Example 89 (step c). i
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Step c: N-[(1R.35.,45)-3-{[ tert-butyl(dimethyl)silylloxy}-4-({[tert-butyl(dimethyDsilyl Joxyl-
methylicyclopentyl]-N,9-dimethyl-8-phenyl-9H-purin-6-amine

- [0460] To a solution of N-[(1R,35,45)-3-{{tert-buty](dimethyl)silyljoxy}-4-({[tert-
butyl(dimethyl)silyl]oxy}methyl)cyclopentyl]-9-1hethyl—8—phenyk-9H--puxin—6-amine (200 mg,
0.0004 mol) in N,N-dimethylformamide (10 mL, 0.1 mol) was added sodium hydride (0.112
g- 0.00280 mol). The mixture was stirred for 30 minutes and to this was added methyl iodide

'(0.05 mL, 0.0008 mol) and the mixture Was stirred overnight. The reaction was quenched by

- addition of saturated aqueous NH,Cl, and the mixture was extracted with ethyl acetate,

washed with water, brine, dried (Na,SO), filtered and concentrated. The residue was
purified by flash chromatography (0 to 10% MeOH / DCM) to obtair, 200 mg (100%):

stepd: (15,25 4R}-2-hydroxy-4-[methyl(9-methyl-8-phenyl-9H-purin-6-ylJaminol-

cyclopentylimethyl sulfamate (Compound 1-123)
[0461] The title compbund was prepared following the procedure described in
Example 89 (steps d-¢). '"H NMR (Cpr, 400 MHz) 5: 8.24 (s, 1H), 7.84-7.80 (m, 2H), 7.57-
7.52 (m, 3H), 6.44-6.36 (m, 1H), 4.40-4.38 (m, 1H), 4.33 (dd, ] = 7.7, 9.8 Hz, 1H), 4.17 (dd, ] =
7.3,9.8 Hz, 1H), 3.83 (s, 3H), 3.34 (s, 3H), 2.63-2.56 (m, 1H), 2.16-1.92 (m, 4H) ppm. LC/MS:
R, = 1.41 min, ES’ 433 (AA standard).

Example 131: {(15,25 4R)-2-hydroxy-4-[(9-methyl-8-phenyl-9H-purin-6-yl)-
amino]cyclopentyljmethyl sulfamate (Compound I-13)

[0462] The title compound was prepared following the proceriures described in
Example 130 (step a) and Example 89 (steps c-e). "H NMR (CD,0D, 400 MHz) §: 8.28 (s, 1H),
7.82-7.80 (m, 2H), 7.60-7.58 (m, 3H), 4.87-4.86 (m, 1H), 4.42-4.39 (m, 1H), 4.36-4.31 (m, 1H),
4.18-4.14 (m, 1H), 3.85 (s, 3H), 2.59-2.54 (m, 1H), 2.36-2.30 (m, 1H), 2.19-2.11 (m, 1H), 2.00-
1.91 (m, 1H), 1.87-1.80 (m, 1H) ppm. LC/MS: R, = 1.30 min, ES 417 (AA standard).

Example 132: {(1S,2$,4R)-2-hydroxy—4n[(7-methyl-8-phenyl—7H—-purin.—6—yl)-
aminojcyclopentyl)methyl sulfamate (Compound 1-36)

Step a: N—(4,6—did\loropm'g__u‘din—§:¥l)benzamide :
[0463] A mixture of 5-amino-4,6-dichloropyrimidine (1.15 g, 0.00701 mol) and
benzoyl chloride (1.0 mL, 0.0086 mol) was heated at 100 °C overnight. The reaction was

cooled and the residue was triturated with diethyl ether, filtered and collected to obtain 1.6 g
(85%). )
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Step b: N-(4.6-dichloropyrimi dm-S-xl)-N-methy‘ lbenzamide

[0464] To a solution of N-(4,6-dichloropyrimidin-5-yl)benzamide (3.0 g, 0.011 mol) in
tetrahydrofuran (70 mL, 0.9 mol) was added cesiuim carbonate (9.8 g, 0.030 mol). The

suspension was stirred for 5 minutes and to this was added methyl iodide (1.4 mL, 0.022
mol) (purified on aluminum oxide). After stirring for 1 hour, cesium carbonate (5.0 g, 0.015

“mol) and methyl iodide (0.70 mL, 0.011 mol) (purified on alumina) were added. The reaction

was stirred for 2 hours, quenched by addition of saturated aqueous NH,C], and the mixture
was extracted with ethyl acetate, washed with water, brine, dried (Na,S0)), filtered,

concentrated and trituration in diethyl ether to obtain 2.54 g (80%).

Stepgc: N-(4—amino—6—chloronvrimidin-S—yl)-N—methylbenzamide

[0465] To a solution of N+(4,6-dichloropyrimidin-5-yl)-N-methylbenzamide (0.455 g,
0.00161 mol) in 1-butanol (5 mL, 0.05 mol) was added ammonium hydroxide (0.50 mL, 0.013
mol) and the mixture was refluxed for 24 h. To th|e reaction was added ammonium

hydroxide (1.0 mL, 0.026 mol) and the mixture wa]s refluxed for 24 h, cooled, extracted with

a mixture of ethyl acetate:isopropanol, washed with saturated aqueous sodium bicarbonate,

brine, dried (Na,SO,), filtered, concentrated and triturated in diethyl ether to obtain 284 mg
(67.1%).

Step d: 6-Chloro—7-methvl-8—phenvﬁ7H—puriné

[0466]) A suspension of N—(4-amino-6fchlo|ropyrimidin-S-yl)-N—methylbenzanﬁde
(0.285 g, 0.00108 mol) in phosphoryl chloride (8 mIL, 0.08 mol) was heated at 115 °C
overnight. The mixture was cooled, concentrated and triturated in diethyl ether to obtain 224
mg (84.4%) yellow solid. LC/MS: R, = 1.30 min, ES' 245.08 (AA standard).

-
[0467] The title compound was prepared !following the procedure described in

Example 89 (steps c-e). 'H NMR (CD,0D, 400 NHJ‘{Z) 5:832 (s, 1H), 7.77-7.73 (m, 2H), 7.61-
7.57 (m, 3H), 4.98-4.91 (m, 1H), 4.42-4.39 (m, 1H),'4.34 (dd, ] =7.8, 9.5 Hz, 1H), 4.16 (dd, | =

7.3,9.9 Hz, 1H), 4.06 (s, 3H), 2.66-2.59 (m, 1H), 2.37-2.31 (m, 1H), 2.21-2.12 (in, 1H), 2.03-1.96

(m, 1H), 1.92-1.85 (m, 1H) ppm. LC/MS: R, = 1.12 min, ES’ 419.13 (AA standard).
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Example 133: ((152S,4R)-4-{[8-(2-chlorophenyl)-9H-purin-6-yl}amir:.o}-2-
hydroxycyclopentyl)methyl sulfamate (Compound I1-34)

[0468) The title compound was prepared following the procedures described in

~ Example 89 (steps a, c-d), Example 109 (step a), and Example 1 (step d, using TBAF for TBS
group deprotechon) "H NMR (CD,0D, 400 MHz) 8: 8.25 (s, lH) 7.82-7.88 (m,1H),7.61(d,]J
= 8.0 Hz, 1H), 7.55-7.47 (m, 2H), 4.42-4.41 (m, 1H), 4.35 (dd, ] = 7.7,9.6 Hz, 1H), 4.17 (dd, ] =
7.5, 9.6 Hz, 1H), 2.61-2.55 (m, 1H), 2.37-2.32 (m, 1H), 2.20-2.12 (mm, 1H), 1.99-1.92 (m, 1H),
1.89-1.82 (m, 1H) ppm. LC/MS: R, = 4.35 min, ES' 439 (FA long).

Example 134: {(152S 4R)-2-hydroxy-4-[(8-phenyl-9H-purin-6-yl)oxy]cyclopentyljmethyl
sulfamate (Compound I-63)-

Step a: benzyl-6-{[(1R.3S,45)-3-{[fert-butyl{dimethyl)silylloxyl-<-(|[tert-butyl(dimethyl)-
ilylloxylmethyl)cyclopentylloxy]-8-phenyl-9H-puri

(0469) The title compound was prepared following the procedures described in
Example 123 (step a), Example 109 (step a), and Example 115 (step a).

b: 15,25 -2-{{tert-butyl(dimethybsilylloxy}-4-{(8-phenyl-9H-purin-6-yl)-
oxylcyclopentyllmethanol
{0470] A suspension of 9-benzyl-6-{[(1R,35,45)-3-{[tert-butyl(dimethyl)silyljoxy}-4-

({[tert-buty)(dimethyl)silyljoxylmethyl)cyclopentyl]oxy}-8-phenyl-9H-purine (0.161 g,
0.000249 mol), 10% Pd/C (0.04 g, 0.00004 mol) and formic acid (0.1 L, 0.003 mol) in
methanol (11.0 mL, 0.272 mol) was stirred under an atmosphere of nitrogen overnight.
Added formic acid (0.2 mL, 0.005 mol) and 10% Pd /C (0.04 g, 0.00004 mol) to the reaction
and stirred 24 h. Added 10% Pd/C (0.060 g, 0.000056 mol) and formic acid (0.2 mL, 0.005
mol) to the reaction and stirred an additional 24 h. The reaction was jpurged with nitrogen
and filtered the mixture through celite with DCM. The filtrate was concentrated, purified by
flash chromatography (30 to 50% ethyl acetate/hexane) to obtain 30 ing (27%). LC/MS: R, =

2.08 min, ES" 441.18 (AA standard).

Stepc: __ {(15,.25.4R)-2-hydroxy-4-1(8-phenyl-9H-purin-6-yloxylcyclopentylimethyl
sulfamate (Compound 1-63) .
(0471] The title compound was prepared following the procedure described in

Example 89 (step e). 'H NMR (CD,OD, 400 MHz) &: 8.47 (s, 1H), 8.16-8.11 (m, 2H), 7.57-7.54
(m, 3H), 5.94-5.90 (m, 1H), 4.49-4.45 (m, 1H), 4.37 (dd, ] = 7.5, 9.5 Hz, 1H), 4.20 (dd, ] = 7.5,
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9.6 Hz, 1H), 2.70-2.64 (m, 1H), 2.46-2.40 (m, 1H), 2.30-2.24 (m, 1H), 2.18-2.14 (m, 2H) ppm.
LC/MS: R, = 1.15 min, ES* 406.11 (AA standard).

Example 135: ((15,25,4R)-2-hydroxy-4-[(2-phenyl[1,3]oxazolo[5,4-d]pyrimidin-7-y1)-
' amino]cyclopentyljmethyl sulfamate (Compound 1-30)

Simidi
(04721 A mixture of S-amino-4,6-dichloropyrimidine (105 g, 0.00640 mol) and
benzoyl chloride (0.89 mL, 0.0077 mol) was subjected to microwave irradiation (100 °C) for 2
hours. The reaction was cooled and the residue was triturated with diethyl ether, filtered
and collected to obtain 1.15 g (77.5%)>of a yellow solid. LC/MS: R, = 1.84 min, ES* 232.19 -
(AA standard). : |

Step ¢: 15,25 4R)-2-hydroxy-4-[(2-phenyl{1 3]oxazolo[5 A-dlpyrimidin-7-yl)-
) amino]cyclopentylimethyl sulfamate {Compound 1-90)
[0473] The title compound was prepared following the procedures described in

Example 89 (steps c-d) and Example 1 (step d, using TBAF for the TBS group deprotection).
'H NMR (CD,OD, 400 MHz) &: 8.28 (s, 1H), 8.19-8.16 (m, 2H), 7.58-7.53 (m, 3H), 4.89-4.86 (m,
1H), 4.43-4.40 (m, 1H), 4.34 (dd, ] = 7.8, 9.5 Hz, 1H), 4.17 (dd, ] = 7.3, 9.6 Hz, 1H), 2.64-2.55
(m, 1H), 2.35-2.27 (m, 1H), 2.18-2.09 (m, 1H), 2.01-195 (m; 1H), 1.89-1.83 (m, 1H) ppm.
LC/MS: R, = 1.44 min, ES° 406,31 (AA standard). | -

[0474] All protein accession numbers provlided hereiﬁ refer to the Entrez Protein
database maintained by the National Center for Bi‘otedmology Information (NCBI), }

- Bethesda, MD.

Generation of E1 enzymes

{0475) .Following manufacturer instructim}s, baculoviruses were generated with the
Bac-to-Bac Expression System (Invitrogen) for the following proteins: untagged NAEa
(APPBP1; NP_003896.1), N-terminally His-tagged ENAEB (UBE1C; NP_003959..3), untagged
SAEa (SAE1; NP_005491.1), N-terminally His-tagg’ed SAEB (UBA2; NP_005490.1), N-
terminally His-tagged murine UAE (UBE1X; NP_($33483). NAEa/His-NAEf and
SAEa/His-SAEfS complexés were generated by corinfection of 5P cells, which were

harvested after 48 hours. His-mUAE was generated by single infection of Sf9 cells and
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harvested after 72 hours. Expressed proteins were purified by affinity chromatography (Ni-
NTA agarose, Qiagen) using standard buffers.

Generation of E2 enzymes
[0476)  Ubcl2 (UBE2M; NP_003960.1), Ubc9 (UBE2I; NP_003336.1), Ubc2 (UBE2A;
NP_003327.2) were subcloned into pGEX (Pharmacia) and expressec| as N-terminally GST
tagged fusion proteins in E. coli. Expressed proteins were purified bry conventional affinity
chromatography using standard buffers.

ration of T ms
[0477] Nedd8 (NP_006147), Sumo-1 (NP_003343) and Ubiquitin (with optimized
codons) were subcloned into pFLAG-2 (Sigma) and expressed as N-lerminally Flag tagged

fusion proteins in E. coli. Expressed proteins were purified by conventional chromatography
using standard buffers. .

Example 137: E1 Enzyme Assays. ‘
NeddB-Activating Enz NA Assay. |
[0478] The NAE enzymatic reaction totaled 50 puL and contained 50 mM HEPES (pH

7.5), 0.05% BSA, 5 mM MgClL,, 20 uM ATP, 250 uM GSH, 0.01 uM Ubc12-GST, 0.075 uM
Nedd8-Flag and 0.20 nM recombinant human NAE enzyme. The eﬁzymah'c reaction
mixture, with and without compound inhibitor, was incubated at room temperature 24 °C
for 105minutes in a 384-well plate before termination with 25 pL of Stop /Detection buffer
(0.1M HEPES pH 7.5, 0.05% Tween20, 20 mM EDTA, 410 mM K&, 0.53 nM
Europium-Cryptate labeled monoclonal anti-FLAG M2 antibody (CisBio International) and
8.125 pg/mL PHY COLINK goat anti-GST allophycocyanin (XL-APC) antibody (Prozyme)).
After incubation for 1 hour at 24 °C, quantification of the FRET was performed on the
Analyst™ HT 96.384 (Molecular Devices).

(0479) Compounds I-1 to I-153 Were tested in this assay. Cornpounds I-1,1-2, I-3,I-5,
I-6,1-8 to 1-12, I-14, I-15, 1-17 , 118, 1-19, 1-21, 1-24 to 1-27, 1-29, I-32, 1-34, 1-37 to 1-43, 1-45, 1-46,
1-47, 1-49, 1I-55, I-56, 1-60, 1-62 to I-65, 1-67, I-68, 1-69, 1-71, 1-73, 1;74, I-82, 1-83, 1-84, 1-87, 1-88,
I-90, 1-93, 1-99, I-100, 1-101, I-102, I-103m, 1-105 to I-109, I-111, I-112, I-115, I-117, 1-118, I-121,
1122, 1-124, 1-125, 1-126, 1-128 to 1131, 1-133, I-134, 1-136, 1-137, 1-139, [-140, I-142, I-143, 1-146,
1-147, 1-150, 1-151, and 1-153 exhibited IC_, values less than or equal to 500 nM in this assay.
Compounds 1-4, 1-7, 1-16, 1-28, 1-33, 1-35, 1-36, 1-48, 1-53, 1-54, 1-59, 1-66, I-77, 1-79, 1-80, I-81,
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186, 1-92, 1-94, 1-96, 1-98, 1110, I-113, I-114, 1-119, 120, -123, 1127, 1-132, I-138, I-141, 1148, -
149, and 1-152 exhibited IC,, values greater than 500 nM and less than 10 uM in this assay.
Compounds 113, 1-20, 1-22, 123, 130, I-31, 1-58, 161, 1-76, 1-85, 1-89, 197, 1144, and 1-145
exhibited IC,, values greater than 10 uM in this assay.

Sumo-Activating Enzyme (SAE) HTRF Assay.

[0480] The SAE enzymatic reaction was conducted as outlined above for NAE
except that Ubc12-GST and Nedd8-Flag were replaced by 0.01 pM Ubc9-GST and 0.125 pM

Sumo-Flag respectively and the concentration of ATP was 0.5 uM. Recombinant human SAE
(0.11 nM) was the source of enzyme.

Ubiquitin-Activating Enzyme (UAE) HTRF Assay.

o481} The UAE enzymatic reaction was conducted as outlined above for NAE
except that Ubc12-GST and Nedd8-Flag were replaced by 0.005 uM Ubc2-GST and 0.125 pM
Ubiquitin-Flag respectively and the concentration of ATP was 0.1 uM. Recombinant mouse
UAE (0.3 nM) was the source of enzyme.

Example 138: Cellular Assays
Anti-Proliferation Assay (WST)

[0482) Calu-6 (2400/well) or other tumor cells in 80 uL of appropriate cell culture

medium (MEM for Calu6, Invitrogen) supplemented with 10% fetal bovine serum -
(Invitrogen) was seeded in wells of a 96-well celi a’ﬂmre plate and incubated for 24 hours in
a tissue culture incubator. Compound inhibitors were added in 20 pL culture media to the
wells and the plates was incubated for 72 hours at 37 °C. 10% final concentration of WST-1
reagent (Roche) was added to each well and incub%ated for 3.5 hours (for Calué) at 37 °C.
The optical density for each well was read at 450nin using a spectrophotometer (Molecular
Devices). Percent inhibition was calculated using t|he values from a DMSQ control set to
100% viability.

Anti-Proliferation Assay (ATPLite)

[0483] Calu-6 (1500 cells/well) or other tumor cells were seeded in 72 pL of
abpropriate cell culture medium (MEM for Calué, Invitrogen) supplemented with 10% fetal
bovine serum (Invitrogen) in wells of a 384-well Poly-D-Lysine coated cell culture plate.
Compound inhibitors were added in 8 uL. 10%DMSO/PBS to the wells and the plates were
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incubated for 72 hours at 37 °C. Cell culture medium was aspirated, leaving 25 uL in each
well. 25 uL of ATPlite 1step ™ réagent (Perkin Elmer) was added to each well. The
luminescence for each well was read using the LeadSeeker Microplate Reader (Molecular
Devices). Percent inhibition was calculated using the values from a DMSO control set to
100% viability. '

Example 139: In vivo Assays

In vivo Tumor Efficacy Model

.

[o484] . Calué (5 x10° cells), HCT116 (2 x10° cells) or other tumor cells in 100 L.
phosphate buffered saline were aseptically injected into the subcutaneous space in ﬁle right
dorsal flank of female Ncr nude mice (age 5-8 weeks, Charles River) using a 26-gauge
needle. Beginning on day 7 after inoculation, tumors were measured twice weekly using a
vernier caliper. Tumor volumes were calculated using standard proozdures (0.5 x (length x
width®)). When the tumors reached a volume of approximately 200mm’ mice were
randomized into groups and injected intravenously in the tail vein with compound inhibitor
(100 pL) at various doses and schedules. Alternatively, corﬁpound inhibitor may be
delivered to mice by intraperitoneal or subcutaneous injection or oral administration. All

control groups received vehicle alone. Tumor size and body weight was measured twice a

week and the study terminated when the control tumors reached approximately 2000 mm’.
(0485] The patent and scientific literature referred to herein establishes knowledge
that is available to those with skill in the art. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. The issued patents, applications,
and references that are cited herein are hereby incorporated by reference to the same extent
as if each was specifically and individually indicated to be incorporated by reference. In the

case of inconsistencies, the present disclosure, including definitions, will control.

[0486] While a number of embodiments of this invention have been described, it is
apparent that the provided basic examples may be altered to convey other embodiments,
‘which utilize the compounds and methods of this invention. It will thus be appreciated that
the scope of this invention has been represented herein by way of example and is not
intended to be limited by the specific embodiments, rather is defined by the appended
claims.

184

g



/o¢

WO 2008/019124 PCT/US2007/017463

WHAT IS CLAIMED IS:

1. A compound of formula (I):

D
or a pharmaceutically acceptable salt thereof, wherein:

~ Ring A is a 6-membered nitrogen-containing heteroaryl ring, optionally fused to a 5- or
6-membered aryl, heteroaryl, cydoaliphatic"or heterocyclic ring, wherein either or
both rings is optionally substituted and one ring nitrogen atom is optionally
oxidized;

W is -CH,-, -CHF-, -CF-, -CH(R")-, -CF(R")-, -NH-, -NR'), -0, -5-, or -NHC(O)-;

R'is Ci. aliphaﬁc or C, , fluoroaliphatic; or R' is a C,, alkylene chain that is attached
to a ring position on Ring A to form a 5-, 6-, or 7-membered fused ring, wherein
the alkylene chain optionally is substituted with C,, aliphatic, C, , fluoroaliphatic,
=0, -CN, or -C(O)N(R"),; '

X is -CH,-, -CHF-, -CF,, -NH-, or -O;

Y is -O-, -5-, or -C(R™)(R")-;

R’ is selected from the group consisting of hydrogen, fluoro, CN, -N,, -OR’, -N(R%),,
-NR'CO,R®, -NR'C(O)R’, -C(O)N(RY,, COR, -OC(O)N(RY,, -OC(O)R’, -OCOR’, or
a C, , aliphatic or C, , fluoroaliphatic optionally substituted with one or two
substituents independently selected from th“e group consisting of -OR”, -N(R"‘)(R‘y )
-CO,R™, or -C(O)N(R™)(R"); or R* and R together form a bond;

R’ is selected from the group consisting of hydrogen, fluoro, C, , aliphatic,and C, ,

e

fluoroaliphatic;

R is.s_elected from the group consisting of hydrogen, fluoro, -CN, -N,, -OR’, —N(R‘),,
i
-NR'COR’, -NR'C(O)R’, -C(O)N(R"),, -C(O)R’, -OC(O)N(R?),, -OC(O)R’, -OCOR’, or
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a C,, aliphatic or C,, fluoroaliphatic optionally substituted with one or two °
substituents independently selected from the group consisting of -OR™, -N(R™)([R"Y),
-CO,R¥, or -C(O)N(R*)(R®); or R* and R" together form a bond;

R’ is selected from the group consisting of hydrogen, fluoro, C,, aliphatic, and C, ,
| fluoroaliphatic;
R is hydrogen, or C, , aliphatic; or R, taken together with one R’ and the intervening
carbon atoms, forms a 3- to 6-membered spirocyclic ring; or R, taken together with
R" and the intervening carbon atoms, forms a fused cyclopropane ring, which is

" optionally substituted with one or two substituents independently selected from
fluoro or C, , aliphatic; '

R® is hydrogen or C, , aliphatic; or R°, taken together with R™ and the intervening carbon '
atoms, forms a fused cyclopropane ring, which is optionally substituted with one or ‘

two substituents independently selected from fluoro or C,, aliphatic;

eachR'is independently hydrogen, fluoro, C, , aliphatic, or C, , flucroaliphatic; or two R
“taken together form =O; or two R‘, taken together with the carbon atom to which
they are attached, form a 3- to 6-membered carbocyclic ring; or one R, taken together

with R® and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring;

R™ is hydrogen, fluoro, -N(R"),, or an optionally substituted C, , aliphatic group; or R™
and R" together form =O or =C(R%),; or R* and K’ taken together with the
intervening carbon atoms, form a fused cyclopropane ring, which is optionally
substituted with one or two substituents independently selected from fluoro or
C,. aliphatic; or R™ and R%, taken together with the intervening carbon atoms, form a

fused cyclopropane ring, which is optionally substituted with one or two

s

substituents independently selected from fluoro or C, , aliphatic;

R" is hydrogen, fluoro, or an optionally substituted C, , aliphatic group; or R™ and R
together form =0 or =C(R5),;
each R independently is hydrogen or an optionally substituted aliphatic, aryl,

heteroaryl, or heterocyclyl group; or two R’ on the same nitrogen atom, taken
together with the nitrogen atom, form an optionally substituted 4- to 8-membered
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nitrogen atom, 0-2 ring heteroatoms

)

R" is hydrogen, C, , alkyl, C, , fluoroalkyl, or C/,, ar(C, )alky), the aryl portion of which

may be optionally substituted;

R” is hydrogen, C, , alkyl, C, , fluoroalkyl, C, , ar(C, )alkyl, the aryl portion of which

610 §

may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,

heteroary), or heterocyclyl ring; or

R" and RY, taken together with the nitrogen atom to which they are attached, form an
optionally substituted 4- to 8-membered heferocyclyl ring having, in addition to the
nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S; and

|

eachR’ independently is hydrogen or an optionally substituted aliphatic, aryl,

heteroaryl, or heterocyclyl group;
each R™ independently is hydrogen, C, , alkyl, €
substituted C,, aryl or C , ar(C, )alky};

P

fluoroalkyl, or an optionally

~
14

eachR® independently is an optionally substituted aliphatic, aryl, or heteroaryl group;

and

mis1,2,or3.

| , '
2. The compound of claim 1, wherein W is -CH,-, -CHF-, -CF,-, -NH-, -O-, -$-, or

-NHC(O)-.

3. The compound of claim 2, characterized by one or more of the following

features:
(a)

(b)

©

(d)

)

- (H

Xis -O-;
Y is -CH,-;
W is -NH-

R"is -OH;

R” and R" are each independently hydrogen or C, , aliphatic;

R‘ is hydrogen, fluoro, or -OR’;

J,
|
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(8 R and R are each hydrogen;

(h)  eachR'ishydrogen;and |

@) mis1.
4. The compound of claim 2, characterized by formula (I):
R®
Dé‘\lN
R RO, W ’l\\E)\H"
I ar R®
o=,s—-X e Re
HoN R® R¢ an
or a pharmaceutically acceptable salt thereof, wherein: .
-

Dis -N= or -C(R")=; @

E is -N= or -C(RD=;

R® is hydrogen, halo, cyano, -C(R)=C(R"),, -C=C-R’, -OR’, -SR’, -S(O)R’, -SO,K’,
-SO,N(R"),, -N(R"),, -NR'C(O)R’, -NR'C(O)N(R"),, -N(R)C(=NRY-N(R"),,
-NR)C(=NR)-R’, -NR'CO,R’, -N(R)SO,R’, -NR)SO,N(R"),, -O-C(O)R’, -OCO,R’,
-OC(O)N(RY),, -C(O)R®, -CO,R’, -C(O)N(R"),, -C(O)N(R")-OR’,
-C(O)N(R)C(=NR)-N(R"),, -NR)C(=NR}-N(R)-CO)R’, -C(=NR'}-N(R"),,
-C(=NR%-OR?, -N(R%)-N(R"),, -N(RY)-OR’, C(=NR")-N(R"-OR’, -C(R)=N-OR’, or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl; and
each R" independently is hydrogen, halo, -CN-, -OR’, -N(R",, -SR®, or an optionally _
substituted C, , aliphatic group; ' ' g

5. . The compound of claim 4, wherein:

R is hydrogen, C, , aliphatic, C, , fluoroaliphatic, halo, -R”, -R, -T'-R", -T'-R*®,
-VLT'R’®, -V'-T'R*, -V-R"8, or -T"-V'-R*;

T' is a C,  alkylene chain substituted with 0-2 independently selected R* or R”,
wherein the alkylene chain optionally is interrupted by -C(R)=C(R’)-, -C=C-, -O-,
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-5-, -5(0)-, -5(0),-, -SO,N(R®)-, -N(R")-, -N(RYC(0)-, -NR'C(O)N(R")-,
“N(R)C(=NRY-NRY-, -NR')-C=NRY)-, INRYCO,, N(RYSO,-, NRISON(R-
-OC(O)-, -OC(O)N(R’)-, -C(O)-, -CO, -C(ONR')-, C(=NR)-NR"Y-,
-C(NR‘)zN(R‘)-, -C(=NR%-O-, or -C(R‘):lN-O-, and wherein T or a portion
thereof optionally forms part of a 3-7 membered ring;

V'is -C(R)=CR’)-, -C=C-, -0, -5, -5(O)-, -5(0),~, -SO,NR")-, -NR")-, -NR"C(O)-,
-NR'C(O)N(RY)-, -N(R‘)C(-NR‘)-N(R‘)-, 7N(R‘)C(—NR‘)— -N(R‘)CO -, -NRHS0,,
-NRISO,N(R")-, -OC(O)-, -OC(OIN(R")-, -C(O)-, -CO;-, -C(OIN(R'Y-,
-C(ON(R)-O-, -CO)NR")C(=NRY)-N(K)-, -N(R‘>C(=NR‘>N(R‘}C(0»,
-C(=NRY)-N(RY:-, -C(NR)=N(R')-, -C(=NR*)-O-, or -C(R)=N-O-;

each RS independently is an optionally substituted aryl, heteroaryl, heterocyclyl, or
cycloaliphatic ring;

each R* independently is -NO,, -CN, -C(R})=C(R?,, -C=C-R®, -OR’, -SR", -S(O)R",
-SOR’, -SON(RY,, -N(R"),, -NR'C(O)R’, -NR'C(O)N(R"),, -N(R)C(=NR)-NR"),,
-N(R‘)C( =NR")-R’, -NR'COR", -N(R‘)so R, -N(R)SO,N(R"),, -O-C(O)R’,

2 , -C(O)N(R‘),, -C(O)N(R%-OR’,

-C(OIN(RY)C(=NR)-N(R'),, -N(R)C(=NR')-N(RY)-C(O)R’, -C(=NR'}-N(R"),,

-C(=NR%)-OR’, -N(RY-N(R"),, N(RY-OR’, -C(=NRY)-N(RY-OF’, or -C(R)=N-OR’;

| .
each R* independently is selected from the group consisting of ~F, -OH,

O(C,  alkyl), -CN, -N(RY, ~C(OXC, , alkyD, ~COH, -COLC,, alkyl), -C(OINH,
and -C(O)NH(C, , alkyl);

each R® independently is a C, , aliphatic optionally substituted with R* or R, or two
substituents R® on the same carbon atorn, taken together with the carbon atom to

which they are attached, forma 3- to 6—membered cycloaliphatic ring; and

eachR’ independently is an optionally substituted aryl or heteroaryl ring.

6. The compound of claim 5, characteri]zed by formula (III):
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X
DZEN
LS w’k\s’kn"
el R®
O=/S'X - Re
H,N Rd R

(I
or a pharmaceutically acceptable salt thereof, wherein:

Qis-T-or -1

V'is -NR%-, -O-, or -S-;

R’is hydrogen or C,. aliphatic; -

Tisa C,4 alkylene chain optionally substituted with one or two groups independently

selected from fluoro, C,, aliphatic, and C, , fluoroaliphatic; and

Ring C is a 3- to 8-membered heterocycly! or cycloaliphatic ring, or a 5- or 6-membered
aryl or heteroaryl ring, any of which rings is substituted with 0-2 R° and 0-2 R*;

each R” independently is halo, -NO,, -CN, -C(R})=C(R%),, -C=C-R’, -OR’, -SR®, -5(O)R",

~ -SO.R’, -SO,N(R%,, -N(RY,, NR'CO)E’, -NR'C(O)N(RY),, -NRYC(=NR")-N(R"),,
-N(R)C(=NR%-R’, -NR'COR’, N(R)SO,R’, -N(R)SO,N(R?),, -O-C(O)R’,
-OCO,R’, -OC(O)N(RY,, -C(O)R’, -CO,R’, -C(O)N(R‘),, -C(O)N(RY-OR’,
-CON(R)C(=NR)-N(R’),, NR)C(=NR)-N(RY)-C(O)R’, -C(=NR*)-N(R",
-C(=NR%)-OR’, -C(=NR"-N(R*}-OR’, -C(R%=N-OR’, or an optionally substituted
aliphatic, or an optionally substituted aryl, heterocyclyl, or heteroaryl group; or
two R® on the same saturated ring carbon atom, taken together with the carbon
atom, form an optionally substituted 3- to 8-membered spirdcyclic cycloaliphatic
or heterocyclyl ring; or two adjacent R°, taken together with the intervéning ring

atoms, form an optionally substituted fused 4- to 8-membered aromatic or non-

aromatic ﬁng having 0-3 ring heteroatoms selected from tlxe group consisting of
O, N, and S;

190

.

@



(¥

a)

| /0y

WO 2008/019124 PCT/US2007/017463

each R® independently is selected from the group consisting of C, , aliphatic,
\
C, . fluoroaliphatic, halo, -OR™, -N(R*)(R”), or a C, , aliphatic or
C, . fluoroaliphatic optionally substituted with -OR™, -N(R“)(R), -CO,R™, or

-C(O)NR™(R™);

R™is hydrogen, C, , alkyl, C, , fluoroalkyl, or C.,, ar(C, )alkyl, the aryl portion of which
may be optionally substituted;

R is hydrogen, C,.akyl, C,, fluoroalkyl, C, . ar(C, )alkyl, the aryl portion of which
may be optionally substituted, or an optiona‘lly substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; or ‘

R" and RY, taken together with the nitrogen atdm to which they are attached, form an

optionally substituted 4- to 8-membered heterocyclyl ring having, in addition to the
nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S; and

each R™ independently is hydrogen, C, , allc;yl, C, fluoroalkyl, or an optionally
substituted C,.,, aryl or C, , ar(C, )alkyl. |

7. The compound of claim 6, wherein Ring C is a C, , cycloaliphatic, phenyl,
pyrrolyl, imidazolyl, oxazoly}, thiazolyl, isoxézolyl} isothiazolyl, pyrazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolinyl, imildazolinyl, pyrazolinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, piperidinyl, morpholinyl, piperazinyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or tetrahydropyrimidinyl ring, any of which is substituted with 0-2

° 0 !
R and 0-2R". ‘ '

8. The compound of claim 6, wherein Ring C is a C, , cycloaliphatic, phenyl,
oxazolyl, or isoxazolyl ring, any of which is substituted with 0-2 R* and optionally is fused

to an optionally substituted benzene, dioxolane, or dioxane ring.

9. The compound of claim 5, characterized by formula (IV):
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or a pharmaceutically acceptable salt thereof, wherein:
V'is -NR’), -O-, or -S;
R’ is hydrogen or C, ., aliphatic; and

Ring D is an optionally substituted mono- or bicyclic ring system.

10. The compound of claim 9, wherein Ring D selected from the group consisting
of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazoly), thiadiazolyl, phenyl, naphthyl, pyranyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolizinyl, indolyl, isoindolyl, indazoly],
benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyl, purinyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl,
tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl,
piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl,
quinuclidinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, indanyl, phenanthridinyl,
tetrahydronaphthyl, indolinyl, benzodioxanyl, benzodioxolyl, chromanyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cyclooctyl, cyclooctenyl, cyclooctadienyl, bicydoheptanyl and bicyclooctanyl, any of which
groups is optionally substituted. -

11 The compound of claim 10, wherein:

each substitutable saturated ring carbon atom in Ring D is unsubstituted or substituted
with =0, =5, =C(R%),, =N-N(R"),, =N-OR’, =N-NHC(O)R’, =N-NHCO,R",
=N-NHSO,R’, =N-R’ or -R;
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each substitutable unsaturated ring carbon ato;m in Ring D is unsubstituted or
substituted with -R%; ; ’

each substitutable ring nitrogen atom in Ring D is unsubstituted or substituted with -R’;

each R” independently is halo, -NO,, -CN, -C(R’)::C(Rs),, -C=C-R’, -OR’, -SR®, -S(O)R’,
-SO.R’, -SO,N(RY,, -N(RY,, -NR'C(O)R’, -NR'C(O)N(RY,, -NR)C(=NR)-N(R'),,
“NER)IC(=NR)-R’, NR'COR’, -N(R)SO,K’, -N(RISO,N(R"),, -O-C(O)K’, -OCO,R’,
-OC(O)N(RY),, -C(O)R’, -CO,R’, -C(O)N(R‘;),, -C(O)N(RY)-OF’,
CIONERICENRYNGRY, -NEIC(=NRY-NRY-COIR’, -C(-NEYN(RY,
-C(=NR%-OR’, -C(=NR*-N(RY)-OR’, -C(R‘!)=N-OR’, or an optionally substituted
aliphatic, or an optionally substituted aryl, heterocyclyl, or heteroaryl group; or two
R on the same saturated carbon atom, taken together with the carbon atom to which

they are attached, form an optionally substituted 3- to 6-membered spirocyclic
cycloaliphatic ring; and l

each R” independently is -C(O)R’, -C(O)N(R?),, -CO,R’, -SO,R®, -SO,N(R",, or a
C,, aliphatic optionally substituted with 1‘23 orR’.

|

12. The compound of claim 11, wherein:

|

each R’ independently is selected from the group consisting of halo, C, , aliphatic,
C, . fluoroaliphatic, -R'"?, -R?, -T>-R"", andi—’I"-Rz"; or two R? on the same saturated
|

carbon atom, taken together with the carl?dn atom to which they are attached, form

an optionally substituted 3- to 6-membered spirocyclic cycloaliphatic ring;
Tisa C,« alkylene chain substituted with 0-2 independently selected R* or R™;
eachR" independently is an optionally substituted aryl, Heteroaryl, or heterocyclyl

group; and

6

each R” independently is -NO,, -CN, -C(R5:=C(R5),, -C=C-R’, -OR’, SR’ -S(O)R®, -SO.R®, .
-SON(RY),, -N(RY), NR'C(O)R’, -NR'C(O)N(R?),, -N(R)C(=NRY)-N(R",,
-N(RY)C(=NR)-R’, -NR'CO,R’, -N(RYSO,R®, -NR)SO,N(RY,, -O-C(O)R’, -OCO,R’,
-OC(O)N(RY,, -C(O)R®, -CO,R’, -C(O)N(,{R‘)z, -C(O)N(RY)-OR’,

|
|
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-C(O)N(R)C(=NRY)-N(R’),, -N(R')C(=NR)-N(R)-C(O)R’, C(-NR}-N(RY),,
-C(=NRY-OR’, -C(=NR*-N(RY)-OR’, or -C(R)=N-OR’.

13. The compound of claim 12, wherein Ring D is an optionally substituted

indanyl, tetrahydronaphthy}, or chromanyl.

14. The compound of claim 12, wherein:
V'is -NR-;

Ring D is selected from the group consisting of:

. RP), (R%),
.
\ 7

(R, o) . R,

each R® independently is halo, -OR”, -NER*)RY), -COzRS‘, or -C(C))N(R“)(R"), orisa
C, aliphatic or C, , fluoroaliphatic optionally substituted with -OR™, -NR“)}(R"),
-COR™, or -CON(R™)R");

each R” independently is fluoro, -OR™, -N(R“)(R"), -CO,R™, or -C(O)NR"*)(R"), oris a
C,  aliphatic or C, , fluoroaliphatic optionally substituted with -OR™, -N(R*)(R"),
-CO,R™, or -C(O)N(R™)(RY); or two R*? Qr: the same carbon atcm together form =O
or =C(R5’),; provided that when two R™ are attached to the same carbon atom, one
must be selected from the group consisting of fluoro, -COzRS’, C(ONR*RY), ora
C, , aliphatic or C, , fluoroaliphatic optionally substituted with -OR™, -N(R*)®R"),
-COR™, or -C(O)N(R®)RY); and further provided that R is other than -OR™ or
-NR*)(RY) when located at a position adja&nt to a ring oxygen étom;

$is0,1,2,3, or 4, and

tis0,1, or2.

15. The compound of claim 5, wherein:

R® is -NR)(R’);
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Ris hydrogen or C,_ aliphatic;

|
|
|

9b

R’ is hydrogen, C, , aliphatic, -T*-R” or -T*R™;

Tisa C, ; alkylene chain substituted with (:)—2 independently selected R* or R™;
|
T'is a C, , alkylene chain substituted with 0-2 independently selected R or R™;.

R™ is -C(R)=C(R%),, -C=C-R’, -S(O)R’, -so,ﬁ‘, -50,-N(R",, -C(R%)=N-OR’, -CO,R’,
-C(O)-C(O)R’, -C(O)R®, -C(O)N(R",, -C:(=NR‘)-N(R‘)2, or -C(=NR%-OR’; and

R” is halo, -NO,, -CN, -OR’, -SR’, -NR",, -fN(R‘)C(O)R’, NR)YC(ONRY,.

&
-NRY)COR’, -O-CO,-R’, -OC(O)N(RY), -OC(O)R’, N(R'»-N(R"),, -NR)S(O),R’,
or -N(RYS0,-N(R"),. .
', 16. The compound of claim 15, whereixl1 R’ is hydrogen or a C, , aliphatic or
. C, , fluoroaliphatic optionally substituted with one or two substituents independently

|
selected from the group consisting of -OR™, -N(RT)(R"), -CO,R”, -<C(O)NR"}R").

17. The compound of claim 2, characterized by formula (V):

l (Rk)n

4%

: or a pharmaceutically acceptable salt thereof, wherein:

Ring E is a 5- or 6-membered ary], heteroaryl, cycloaliphatic or heterocydlic ring;
E is -N= or -C(R"=; ’ '

each R” independently is hydrogen, halo, -CN-, -OR’, -N(R"),, -SR®, or an optionally

substituted C, , aliphatic group;
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each R" independently is hydrogen, halo, -NO,, -CN, -OR’, -SR®, -S(O)R’, -SO,R",
-SON(RY,, -N(R'),, NR'C(O)R’, -NR'C(O)N(R’),, -NR)C(=NR)-N(R"),,
-NRYC(=NRY)-R’, -NR'CO,R’, -NR)SO,R®, -NR)YSO,N(R"),, -O-C(O)R’, -OCO,R’,
-OC(O)N(RY,, -C(O)R’, -CO,R?, -C(O)N(R?),, -C(O)N(R")-OR’,
-C(O)N(R)C(=NR)-N(R’),, -NR)C(=NR*)-N(R'}-C(O)R’, -C(-NR}-N(R"),,
-C(=NRY-OR’, -N(RY)-N(R"),, -N(RY)-OR’, -C(=NR")-N(R)-OR’, -C(R)=N-OR’, or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl; and

nis0,1,2, or3.

18. The compound of claim 17, characterized by formula (VI):

O

R8k . V)
7 "N
|
R Re W \E’LR" .
o) R® ’
[} m
O:é—x c
/ Ra b HdR
HoN R (VD)

or a pharmaceutically acceptable salt thereof, wherein:

U is a covalent bond, C, , alkylene, -O-, -S-, -5(O)-, or -S(0),;

R™ is halo, C, , aliphatic, or C, , fluoroaliphatic; and

Ring F is an optionally substituted mono-, bi-, or tricydlic ring system.

19. The compound of claim 18, wherein Ring F is an optiorally substituted
phenyl, naphthyl, tetrahydronaphthyl, or dihydrobenzofuranyl.

20. The compohnd of claim 17, characterized by formula (VII):

A}
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(ViD
or a pharmaceutically acceptable salt thereof, wherein:

E is -N= or -C(R")=; |

Fis -N(R™)-, -O-, or -5-; and

G is =N- or =C(R")-; and

R is hydrogen, -C(O)R’, <C(O)N(RY),, -CO,R®,-SO,R’, -SO,N(R"),, or a C_, aliphatic-

optionally substituted with R® or R’.

21. The compound of claim 20, characterized by formula (VII-C) or (VII-D):

R R
Yo Wi

y—F
e | Y
- R' R" W A ‘ R R! R° *

Rh

O‘ v\.l'.
o—,§ o-é'x ae n°
H,N R* b R" (VII-O) HzN R® RY (VII-D)

or a pharmaceutically acceptable salt thereof, wherein:

dashed lines indicate single or double box}ds;

each R” independently is hydrogen, halo,-OR™, -N(R*)(R"), or a C, , aliphatic or

S:

C, fluoroaliphatic optionally substituted with -OR

", -N(R*)(RY), -COR™, or

—C(O)N(R")(R"); or both RY, taken together withlthe intervening ring carbon atoms, form an

optionally substituted fused 5- or 6-membered cycloaliphatic, aryl, heteroaryl, or
heterocyclic ring.
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22. The compound of claim 17, characterized by formula (VII):

(R,
i 75
7 N
|
Rf R’ Re v W \E)\Hh
O Hel .
Q:§—X m Re
/ Re
HzN Rb ’Rd

(Vi

or a pharmaceutically acceptable salt thereof.

23. The compound of claim 2, characterized by formula (IX-A):
(R*)s

N 7 D-(RF),

ot

e
HN \E
O /l.l‘.
O:g‘o ‘g €
/ Re' R
HzN R> R (IX-A)

or a pharmaceutically acceptable salt thereof, wherein stereochemical configurations

at asterisked positions indicate absolute configuration.

24. A pharmaceutical composition, comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

25. The pharmaceutical composition of claim 23, formulated for administration to

a human patient.

26. A method of decreasing an E1 enzyme activity in a sample, comprising

contacting the sample with a compound of claim 1.

27. The method of claim 26, wherein the E1 enzyme is selected from the group
consisting of NAE, UAE, and SAE.

28. The method of claim 27, wherein the E1 enzyme is NAE.
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29. A method for treating cancer in a pa’tient in need thereof, comprising

administering to the patient a compound of claim ‘i

30. The method of claim 29, wherein the cancer is lung cancer, colorecté] cancer,

ovarian cancer, or a hematological cancer. j

31. A method for treating an immune 1Jesponse disorder or vascular cell

proliferation disorder in a patient in need thereof,/comprising administering to the patient a

compound of claim 1. I
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COMPUESTOS DE HETEROARILO UTILES COMO INHIBIDORES DE ENZIMAS DE
ACTIVACION E1

Reivindicacién de prioridad

[001] Esta solicitud reivindica la prioridad de la patente provisional estadounidense No.
60/836,158, presentada el 8 de agosto de 20086, la cual es incorporada en su totalidad a la
presente como referencia. ‘

Campo de la invencion

[002] La invencién se relaciona con los compuestos, composiciones y métodos para el
tratamiento de varios desordenes, particularmente desérdenes de proliferacion de células,
incluyendo distintos tipos de cancer, y trastornos| inflamatorios. En particular, la invencién
provee compuestos que inhiben la actividad de las enzimas de activacién de tipo E1.

Antecedentes de la invencion

[003] La modificacion post-translacional de las proteinas por las moléculas de tipo ubiquitina

(ubls) es un importante proceso regulador dentro de las células, que juega un rol clave en el

control de muchos procesos biolégicos incluyendo la divisién celular, la sefalizacién celular yla
respuesta inmune. Las Ubls son pequefias proteinas que se encuentran unidas de forma
covalente a una lisina en una proteina blanco a través de un enlace de isopéptido con una
glicina C-terminal de la ubl. La molécula de tipo ubiquitina altera la superficie molecular de la
proteina blanco y puede afectar propiedades ta‘les como interacciones proteina-proteina,
actividad enzimatica, estabilidad y localizacién celular del blanco.

[004] La ubiquitina y otras ubls son activadas por una enzima especifica E1 que cataliza la

formacion de un intermediario del acil-adenilato con la glicina C-terminal de la ubl. La molécula -

ubl activada es luego transferida al residuo de cisteina catalitica dentro de la enzima E1 a través
de la formacién de un intermediario de ligadura de tioester. El intermediario de ubl- E1 y
asociado E2, dando como resultado un intercambi? de tioéster en donde la ubl es transferida a
la cisteina de sitio activo del E2. Después se conjuga la ubl a la proteina blanco, ya sea
directamente o en conjuncion con una ligasa E3, a través de la formacion de una ligadura de
isopéptido con el grupo amino de una cadena Iatera‘ de lisina en la proteina blanco. .

[005] La consecuencia biologica de la modificacié‘n de la ubl depende del blanco en cuestion.
La ubiquitina es, de las ubls, la mejor caracterizada y una consecuencia de la modificacion por
medio de ubiquitinacion es la degradacion de las prioteinas poli-ubiquitinadas por el proteasoma
26S. La ubiquitina se conjuga para sus proteinas blanco a través de una cascada enzimatica
que involucra su enzima de activé‘cién especifica E1, Uba1 (enzima de activacién de ubiquitina,
UAE), una enzima que conjuga de la familia de E2s; y una ligasa ubiquitina de cualquiera de las
clases RING o HECT de E3s. Ver, Huang 'et al., Oncogene, 23:1958-71 (2004). La
especificidad del blanco se controla mediante una combinacioén particular de proteina E2 y E3,
con >40 E2s y >100 E3s conocidos hasta el moménto. Ademas de [a ubiquitina, hay al menos
10 proteinas del tipo ubiquitina, cada una de las cuéles, se cree es a‘ctivada por una enzima de
activacion especifica E1 y procesada a través de vias de conjugacion corriente abajo similares

pero distintas. Otras ubls para las cuales las enzimas de activacion E1 han sido identificadas
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incluyen Nedd8 (APPBP1-Uba3), ISG15 (UBE1L) y,la familia SUMO (Aos1-Uba2).

[006] La ubl Nedd8 es activada por la enzima de activacion Nedd8- de heterodimero
(APPBP1-Uba3) (NAE) y es transferida a un L'mico‘i E2 (Ubc12), dando como resultado final la
ligadura a proteinas cullin. La funcién de neddilacién es la activacion de ligasas ubiquitinas
basadas en cullin que estan involucradas en la ubiquitinacion y por lo tanto en el rendimiento de
muchos ciclos de la célula y de las proteinas de s#ﬁalizacién de célula, incluyendo p27 y 1-kB.
Ver Pan et al., Oncogene. 23:1985-97 (2004). ElI SUMO ubl es activado por el la enzima de
activaciéon sumo de heterodimero (Aos1-Uba2) (SA'\E) y es transferido a un unico E2 (Ubc9), y
luego es coordinado con ligasas E3 multiples, danc‘ilo como resultado finalmente la sumoilacion
de proteinas blanco. La modificacion Sumo puede afectar la localizacion celular de proteinas
blanco y de proteinas modificadas por miemk;’;ros de la familia SUMO se encuentran
involucrados en el transporte nuclear, la tansducbién de seﬁal y la respuesta al estrés. Ver
Seeler and Dejean, Nat Rev Mol Cell Biol. 4:690-9, (2003). La funcion de sumoilacién incluye la
activacién de las vias de (por gjemplo, citoquina, WNT, factor de crecimiento, y sefalizacién de
hormonas esteroides) involucradas en la regulaciéon de la transcripcion; al igual que las vias
involucradas en el control de la integridad gendmica (por ejemplo, replicacién de ADN,
respuesta al dafio, recombinacion y reparaciérzm de ADN). Ver Muller et al, Oncogene.
23:1998-2006, (2004). Hay otras ubls (e.g., ISG15, FAT10, Apg12p) para las cuales las
funciones biolégicas siguen siendo investigadas.

[007] Una via particular de importancia que se r;egula a través de la actividad de enzimas de
activacion E1 es la via de la poteasoma-ubiquitina (UPP). Tal como se discutié con anterioridad,
las enzimas UAE y NAE regulan la UPP en| dos etapas diferentes en la cascada de
ubiquitinaciéon. La UAE activa la ubiquitina en la primera etapa de la cascéda, mientras que la
NAE, a través de la activacion Nedd8, es respons‘able por la activacion de las ligasas basadas
en cullin, las cuales a su vez, son requeridas parajla transferencia final de la ubiquitina a ciertas
proteinas blanco. Se requiere una via funcional UPP para el mantenimiento normal de la célula.
La UPP juega un rol central en el rendimiento de muchas proteinas reguladoras clave
involucradas en la transcripcion, el progreso del ;ciclo celular y la apoptosis, todos los cuales
son importantes en los estados de enfermedad, incluyendo las células tumorales. Ver, por
efemplo, King et al., Science 274: 1652-1659 (1996); Vorhees et al., Clin. Cancer Res., 9:
6316-6325 (2003); and Adams et al., Nat. Rev. jCancer, 4: 349-360 (2004). Las células que
proliferan son particularmente sensibles a la inhibicion de UPP. Ver, Drexler, Proc. Natl. Acad.
Sci., USA 94: 855-860 (1977). El rol de la via UPP en la oncogenesis a conducido a la
investigacién de la inhibicién de proteasoma como una potencial terapia contra el cancer. Por
ejemplo, la modulaciéon de la via UPP a través de la inhibicion de la proteasoma 26S por
VELCADE® (bortezomiba) ha probado ser un traF’amiento efectivo en ciertos tipos de cancer y
ha sido aprobado para el tratamiento de pacientes con mieloma muitiple y linfoma de la célula
del manto que han recibido al menos un tratamiento anterior. Ejemplos de proteinas cuyos

niveles son controlados por las ligasa ubiquitina" con base cullin que se encuentran corriente
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abajo con actividad de NAE y UAE incluyen en inhTibidor p27¥"" de CDK y el inhibidor IxB de

NF«B. Ver, Podust et al., Proc. Natl. Acad. Sci., 97: 4579-4584 (2000), and Read et al., Mol..

!
Cell Biol., 20: 2326-2333 (2000). Se espera que la inhibicién de la degradacién de p27 bloquee

el progreso de las células a través de las fases G1 y S del ciclo celular. El interferir con la
degradacion de kB deberia prevenir la Iocalizaciéninuclear de NF-xB, la transcripcién de varios
genes dependientes de NF-xB asociados con el fenotipo maligno, y la resistencia a las terapias
citotoxicas estandar. Adicionalmente, NF-xB juega un rol clave en la expresion de un nimero de
mediadores pro-inflamatorios, implicando un rol piara dichos inhibidores en las enfermedades
inflamatorias. Ademas, la inhibicion de UPP ha: sido implicada como un blanco util para
adicionales enfermedades, tales como desérden’es inflamatorios, incluyendo, por ejemplo,
artritis reumatoidea, asma, esclerosis mdltiple, soriasis y herida por reperfusion; desoérdenes
neurodegenerativos, incluyendo, por ejemplo, Mal <_(ie Parkinson, Mal de Alzheimer, trastorno de
la repeticiéon del triplete; dolor neuropatico; desorq’:ienes de isquemias, por ejemplo, apoplejia,
infarto, desérdenes del rifidn; y caquexia. Ver, le.g., Elliott and Ross, Am. J. Clin. Pathol.,
116:637-46 (2001); Elliott et al., J. Mol. Med., 81:235-45 (2003); Tarlac and Storey, J. Neurosci.
Res. 74: 406-416 (2003); Mori et al., Neuropath. 1}\ppl. Neurobiol., 31: 53-61 (2005); Manning,
Curr. Pain Headache Rep., 8. 192-8 (2004); Dawson and Dawson, Science, 302: 819-822
(2003); Kukan, J. Physiol. Pharmacol., 55. 3-15 (2004); Wojcik and DiNapoli, Stroke,
35:1506-18 (2004); Lazarus et al., Am J Physiol., 2;7:E332-41 (1999).

[008] Poner como blanco enzimas de activacion E1 provee una oportunidad unica de interferir
con una variedad de importantes vias bioquimicas para mantener la integridad de la division
celular y de la sefalizacion celular. Las enzimas de activacion E1 activan en la primera de las
vias de conjugacion de ubl; de esta forma, la inhibicion de una enzima de activacion E1
especificamente modulara las consecuencias biokr’)gicas corriente abajo de la modificacién ubl.
Como tal, la inhibicién de estas enzimas de activ?’cién, y la inhibicion resultante de los efectos
corriente abajo de la conjugacion ubl, representa un método de interferir con la integridad de la
division celular, sefializacion celular, y diversos‘i aspectos de la fisiologia celular que son
importantes para los mecanismos de enfermedad. De esta forma, las enzimas E1 tales como
UAE, NAE, y SAE, como reguladores de diversas 'funciones celulares, son blancos terapéuticos
potencialmente importantes para la idc—:‘ntificaci()n‘| de nuevos enfoques para el tratamiento de
enfermedades y desordenes. '

Descripcion de la invencion .

[009] Esta invencion provee compuestos que ;son inhibidores efectivos de las enzimas de
activacion E1, en particular de NAE. Los compuestos son Utiles para inhibir la actividad de E1 in
vitro e in vivo, y son Utiles para el tratamiento de desérdenes de proliferacion de células, en
particular de los distintos tipos de cancer, y otros jdesérdenes asociados con la actividad de E1.

Los compuestos de la invencion son de la formula general (/):
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H,N R R R )

o una sal farmacéuticamente aceptable de e'stos, en donde:

El anillo A es un anillo heteroarilo con contenid;o de nitrégeno de 6 miembros, fusionado
opcionalmente a un anillo arilo, heteroarilo, cicloalifatico o heterociclico de 5 o 6
miembros, en donde uno o ambos anillos es sustituido opcionalmente y un atomo de
nitrogeno del anillo es oxidado opcionalmen:te;

W is -CHy-, -CHF-, -CF,-, -CH(R")-, -CF(R")-, -NH-, -N(R")-, -O-, -S-, 0 -NHC(O)-;

R' es C,4 alifatico o C.., fluoroalifatico; o R1 es una C,, cadena de alquileno que se
encuentra unida a una composici()r}I anillar en un Anillo A para formar un anillo
fusionado de 5, 6, o 7 miembros, en‘donde la cadena alquileno es opcionalmente
sustituida con Cy. alifatico, C1. fluoroalifatico, =O, -CN, o -C(O)N(R*).;

X es -CH,-, -CHF-, -CF,-, -NH-, 0 -O-;

Y es -O-, -S-, 0 -C(R™(R")-;

R® se selecciona de un grupo que consiste en hidrégeno, fluoro, -CN, -Nj, -OR?, -N(RY,,
-NR*CO,R®, -NR*C(O)R®, -C(O)N(R%),, -C(O)R®, -OC(O)N(R*),, -OC(O)R?, -OCO,R®, o

un Cy4 alifatico o Cq4 fluoroalifatico opcionalmente sustituido con uno o dos

sustituyentes independientemente selecci!onados del grupo que consiste en -OR™
-N(R*)(RY), -CO,R*, 0 -C(O)N(R*™)(R™): or R? y R® conjuntamente forman una ligadura;

R® se selecciona de un grupo que consiste jen hidrogeno, fluoro, C,,4 alifatico, y Ci4
fluoroalifatico; I

R® se selecciona a partir del grupo que consiste s:szn hidrogeno, fluoro, -CN, -N3, -OR®, -N(R*),,
-NR*CO,R®, -NR*C(O)R®, -C(O)N(R*),, -C(O)R®, -OC(O)N(R*),, -OC(O)R®, -OCO,R®, o
un C,4 alifatico o Cq4 fluoroalifatico opcionalmente sustituido con uno o dos
sustituyentes seleccionados independient‘iamente de el grupo que consiste en -OR*,
-N(R*)(RY), -CO,R*, 0 -C(O)N(R*)(R™); o R* y R® conjuntamente forman una ligadura:

R? se selecciona del grupo que consiste en hidrégeno, fluoro, C1.4 alifatico, y C.4 fluoroalifatico;

R® es hidrégeno, o C,, alifatico; o R®, tomados ccfunjuntamente con Rf y los atomos de carbono
intervinientes, forma un anillo espiro c:iclico de 3- a 6-miembros: o R®, tomado
conjuntamente con R™ y los atomos de Jarbono intervinientes, conforman un anillo de
ciclopropano fusionado, Cjue es opcionalrfnente sustituido con uno o dos sustituyentes
seleccionados independientemente de fludgro o C,_4 alifatico;

R® es hidrégeno o C,._, alifatico; o R®, se toman cqnjuntamente con R™y los atomos de carbono
intervinientes, conforman un anillo de c:iclopropano fusionado, el cual es sustituido
opcionalmente con uno o dos sustituyentes independientemente seleccionados de entre

fluoro o C,4 alifatico;
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cada R' es independientemente hidrégeno, fluoro, C,.4 alifatico, o C,.4 fluoro alifatico; o dos Rf
tomados conjuntamente conforman =0O; o dps R', tomados conjuntamente con el atomo
de carbono al cual se encuentran unidosf, forman un anillo carbociclico de 3 a 6
miembros; o un R, tomados conjuntamente con R® y los atomos de carbono
intervinientes, conforman un anillo espirociclico de 3 a 6 miembros;

R™ es hidrégeno, fluoro, -N(R*),, o un grupo alifét%co C,.4 opcionalmente sustituido; o R™ y R"
conjuntamente forman =0 o =C(R5)z; o R™y R® tomados conjuntamente con los 4tomos
de carbono intervinientes, conforman un anillo de ciclopropano fusionado, el cual es
opcionalmente  sustituido con uno I o dos sustituyentes seleccionados
independientemente de fluoro o Cy_4 alifatico; o R™y R®, tomados conjuntamente con los
atomos de carbono intervinientes, conforman un anillo de ciclopropano fusionado, el cual
es sustituido opcionalmente con wuno .o dos sustituyentes independientemente
seleccionados de entre fluoro o C, alifatico;

R" es hidrégeno, fluoro, o un grupo alifatico J C,.4 opcionalmente sustituido; o R™ y R"
conjuntamente forman =O o =C(R°),; l

cada R* independientemente es hidrégeno o un grupo alifatico, arilo, heteroarilo o heterociclico
opcionalmente sustituido; o dos R* enl el mismo atomo de nitrégeno, tomados
conjuntamente con el atomo de nitr(')geno,li con forman un anillo heterociclico de 4 a 8
miembros opcionalmente sustituido, que presenta ademas del atomo de nitrégeno, 0-2
heteroatomos del anillo seleccionados independientemente de N, O, y S;

R* es hidrégeno, C., alquilo, Cy. fluoroalquilo, o ‘Cew ar(Cq.4)alquilo, cuya porcién arilo puede
ser opcionalmente sustltwda

R* es hidrogeno, C,.4 alquilo, C+., fluoroalquilo, Cerm ar(Cq.4)alquilo, cuya porcion arilo puede ser
opcionalmente sustituida; o un anillo arilo, [heteroanlo o eterociclico de 5 o 6 miembros
sustituido opcionalmente; o i

R* y R¥, tomados conjuntamente con el étomo{ de nitrégeno al cual se encuentran unidos,
conforman un anillo heterociclico de 4- a 8-miembros opcionalmente sustituido que
presenta, ademas del atomo de nitrégeno, 0-2 heteroatomos del anillo seleccionados
independientemente de N, O,y S; y l

cada R® independientemente es hidrogeno o un grupo alifatico, arilo, heteroarilo o heterociclico
opcionalmente sustituido; ‘

cada R* independientemente es hidrogeno, C,., a:llquilo, C1.4 fluoroalquilo, o un Ce.qq arilo 0 Ce.1o
ar(C.4)alquilo- opcionalmente sustituido;

cada R® independientemente es un grupo aliféticot, arilo o heteroarilo; y

mes1, 2, 03. j

[010] Los compuestos de la invencion incluyen aquellos descritos en general con anterioridad,

y se encuentran adicionalmente definidos e ilustrados por la descripcion detallada y ejemplos de

la presente. |

[011] Tal como se utiliza en la presente, el término “E1,” “enzima E1,” 0 “ enzima de activacion

E1” se refiere a una de una familia relacionada de enzimas de activacién dependientes de ATP
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relacionadas con la activacion o la promociéon de ubiquitina o conjugaciéon de tipo ubiquitina

(colectivamente “ubl”) a las moléculas blanco. La funcién de las enzimas de activacién E1 a
través de la formacion intermedia de adenilacién/t"ioéster para transferir la ub! apropiada a la
respectiva enzima E2 que conjuga a traves de uﬁa reaccion de transtiolaciéon. La resultante
ubl-E2 activada promueve la conjugacion final de Ia’ ubl a una proteina bianco. Una variedad de
proteinas celulares que juegan un papel clave en la sefializacion celular, ciclo de la célula, y la
produccién de las proteinas, son sustratos para la .’conjugacic’)n ubl la cual es regulada a través
de las células de activacion E1 (por ejemplo., NAE, UAE, SAE). A menos de que sea indicado
de otro modo por el contexto, el término “enzima E1” se refiere a cualquier proteina enzima de
activacion E1, incluyendo, pero sin limitarse a, la enzima de activacidén nedd8 (NAE
(APPBP1/Uba3)), enzima de activacién ubiquitina.} (UAE (Uba1)), enzima de activacién sumo
(SAE (Aos1/Uba2)), o enzima de activaciéon ISG15 (UbellL). Preferentemente, el término
“enzima E1” se refiere a la NAE, SAE o UAE humanas, y mas preferentemente se refiere a
NAE. |

[012] E! término “inhibidor enzima E1” o “inhibidor de enzima E1” se utiliza para designar un
compuesto que presenta una estructura tal como se describe en la presente, que es capaz de
interactuar con una enzima E1 e inhibir su actividad enzimatica. Inhibir la actividad enzimatica
E1 significa reducir la habilidad de una enzima E1 para activar la conjugacién de tipo ubiquitina
(ubl) a un substrato de proteina o péptido| (por ejemplo, ubiquitinacion, neddilacion,
sumoilacién). En varias formas de realizacién, la mencionada reduccion de la actividad de
enzima E1 es al menos alrededor de 50%, al merjios alrededor de 75%, al menos alrededor de
90%, al menos alrededor de 95%, o al menog‘ alrededor de 99%. En varias formas de
realizacion, la concentracion de inhibidor de enzima E1 requerida para reducir la actividad
enzimatica E1es menor de alrededor de 1 pM,[menor de alrededor de 500 nM, menor de
alrededor de 100 nM, menor de alrededor de 50 |:1M o menor de alrededor de 10 nM.

[013] En algunas formas de realizacién, la mencionada inhibicion es selectiva, es decir, que el
inhibidor de enzima E1 reduce la habilidad de una o mas enzimas E1 (por ejemplo, NAE, UAE,
o SAE) para promover la conjugacién ubl en‘i el substrato péptido o proteina en una
concentracion que es menor, preferentemente 2-veces, 5-veces, 10-veces, 50-veces, o
100-veces menor, que la concentracion del inhibidor que se requiere para producir otro efecto
biolégico no relacionado. En dichas formas de rejalizacién, el inhibidor de enzima E1 reduce la
actividad de una enzima E1 en una concentraci:én gue es menor que la que se requiere del
inhibidor para reducir la actividad enzimatica de !una enzima E1 diferente. En otras formas de
realizacion, el inhibidor de enzima E1 también reduce la actividad enzimatica de otra enzima E1,
preferentemente de una que esta implicada en |&‘1 regulacién de vias involucradas en el cancer
(por efemplo, NAE y UAE).
[014] EIl término “alrededor de” se utiliza en la presente para designar: aproximadamente, en la
region de, a grandes rasgos y cerca de. Cuando el término “alrededor de” se utiliza
conjuntamente con un rango numérico, modifical el rango, extendiendo su alcance por arriba y

por debajo de los valores numéricos designados. En general, el término “alrededor de” se
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utiliza en la presente para modificar un valor numérico por sobre y por debajo de el valor
establecido por una variacion del 10%. |

[015] EIl término “alifatico”, tal como se utiliza en Ia}' presente, significa hidrocarburos C,-C4, de
cadena recta, ramificada o ciclica que son complétamente saturados o que contienen una o
mas unidades de no saturacién, pero que no son aromaticos. Por ejemplo, grupos alifaticos
adecuados incluyen grupos alquinilo o alquenilo sustituidos, no sustituidos, lineales, ramificados
o ciclicos y sus hibridos, tales como cicloalquilo, (cicloalquilo)alquilo, (cicloalquenilo)alquilo o
(cicloalquilo)alquenilo. En varias formas de realizerlci()n, el grupo alifatico tiene de uno a diez,
uno a ocho, uno a seis, uno a cuatro, o uno, dos, o tres carbonos.

[016] Los términos “alquilo”, “alquenilo”, y “alquinilo”, utilizados o como parte de una porcidn
mas larga, se refieren a un grupo alifatico de cadena recta y ramificada que presentan de uno a
doce atomos de carbono. A los propédsitos de la presente invencion, el término “alquilo” sera
usado cuando el atomo de carbono que une un g'rupo alifatico al resto de la molécula es un
atomo de carbono saturado. Sin embargo, un gruwpo alquilo puede incluir la no saturacién de
otros atomos de carbono. De esta forma, los grupos alquilo incluyen, sin limitacion, metilo, etilo,
propilo, alilo, propargilo, butilo, pentilo, y hexilo. | El término “alcoxi” se refiere a un radical
-O-alquilo.
[017] A los propédsitos de la presente invencion,|el término “alquenilo” se utilizard cuando el
atomo de carbono que une el grupo alifatico al resto de la molécula forma parte de una ligadura
doble carbono-carbono. Los grupos alquenilos|incluyen, sin limitacién, vinilo, 1-propenilo,

1-butenilo, 1-pentenilo, y 1-hexenilo.

[018] A los propésitos de la presente invencion! el término “alquinilo” se utilizara cuando el
atomo de carbono que une un grupo alifatico al res:to de la molécula forma parte de una ligadura
triple carbono-carbono. Los grupos alquiniio i'ncluyen, sin limitacién, etinilo, 1-propinilo,
1-butinilo, 1-pentinilo, y 1-hexinilo.

[019] EI término “cicloalifatico”, utilizado solo o como parte de una porcién mayor, se refiere a
un sistema de anillo alifatico ciclico parcialmente 'no saturado o saturado que presenta de 3 a
alrededor de 14 miembros, en donde el sistema ﬁfie anillo alifatico es sustituido opcionalmente.
En ciertas formas de realizacion, el cicloalifatico es un hidrocarburo monociclico que presenta
anillos con 3-8 o 3-6 atomos de carbono. Los!ejemplos no limitantes incluyen ciclopropilo,
ciclobutilo, ciclopentilo, ciclopentenilo, ciclohexilo, ciclohexenilo, cicloheptilo, cicloheptenilo,
ciclooctilo, ciclooctenilo, y ciclooctadienilo. En ciertas formas de realizacion, el cicloalifatico es
un hidrocarburo biciclico fusionado o puenteado que presenta anillos con 6-12, 6-10, o 6-8
atomos de carbono, en donde cualquier anillo in:JdividuaI en el sistema de anilio biciclico tiene
3-8 miembros. .

[020] En algunas formas de realizacion, dos sustituyentes adyacentes en un anillo
cicloalifatico, tomados conjuntamente con los atomos del anillo interviniente, forman un anillo
fusionado opcionalmente sustituido aromatico con 5 a 6 miembros o no aromatico con 3 a 8

|

miembros que presenta 0-3 heteroatomos del anillo seleccionados del grupo que consiste en

O, N, y S. De esta forma, el término “cicloalifatico’ incluye anillos alifaticos que son fusionados a .
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uno o mas anillos arilo, heteroarilo, o heterociclico,|en donde el radical o punto de de unién se
encuentra en el anillo alifatico. Lo ejemplos no limitantes incluyen indanilo, 5,6,7,8-tetrahidro-
quinoxalinilo, decahidronaftilo, o tetrahidronaftilo, en donde el radical o punto de unién se

encuentra en el anillo alifatico.

[021] Los términos “haloalifatico”, “haloalquilo”, “haloalquenilo” y “haloalcoxi” se refiere a un

grupo alifatico, alquilo, alquenilo o alcoxi, segun sea el caso, que es sustituido con uno o mas

atomos haldgenos. Tal como se utiliza en la presente, el término “halégeno” o “halo” significa F,
Cl, Br, o I. EIl término “fluoroalifatico” se refiere Ia un haloalifatico en donde el halégeno es
fluoro. Ejemplos no limitantes de fluoroalifaticos incluyen —CH,F, -CHF,, -CF;, -CH,CFj,
-CF,CHg;, y —CF,CF3.

[022] Los términos “arilo” y “ar-*, utilizados por si mismos o como parte de una porcién mayor,
por ejemplo, “aralquilo”, “aralcoxi”, o “ariloxialquilo”,|se refiere a un hidrocarburo aromatico de Cq
a Cy4, que comprende uno a tres anillos, cada uno de los cuales pueden ser opcionalmente
sustituido. Preferentemente, el grupo arilo es un grupo arilo Ce4o. Los grupos arilo incluyen,
pero sin limitarse, fenilo, naftilo, y antracenilol En algunas formas de realizacion, dos
sustituyentes adyacentes en un anillo arilo, tomados conjuntamente con los atomos de anillos
intervinientes, forman un anillo opcionalmente |sustituido fusionado aromatico con 5 a 6
miembros o no aromatico con 4 a 8 miembros : que presenta 0-3 heteroatomos del anillo
seleccionados del grupo que consiste en O, N, y S: De esta forma, el término “arilo”, tal como
se utiliza en la presente, incluye grupos en los cuales un anillo aromatico se fusiona a uno o
mas anillos heteroarilo, cicloalifatico, o heterociclil!o, en donde el radical o punto de union esta
en el anillo aromatico. Ejemplos no limitantes de dichos sistemas de anillo fusionados incluyen
indolilo, isoindolilo, benzotienilo, benzofuranilo, |dibenzofuranilo, indazolilo, benzimidazolilo,
benztiazolilo, quinolilo, isoquinolilo, cinolinilo, ftalazinilo, quinazolinilo, quinoxalinilo, carbazolilo,
acridinilo, fenazinilo, fenotiazinilo, fenoxazinilo, tetrahidroquinolinilo, tetrahidroisoquinolinilo,
fluorenilo, indanilo, fenantridinilo, tetrahidronaftilo, indolinilo, fenoxazinilo, benzodioxanilo, y
benzodioxolilo. Un grupo arilo puede ser mono-, bi-, tri-, o policiclico, preferentemente mono-,

bi-, o triciclico, mas preferentemente mono- o biciclico. El término “arilo” puede utilizarse

n o«

intercambiablemente con los términos “grupo arilo”, “porcion arilo”, y “anillo arilo”.

[023] Un grupo “aralquilo” o “arilalquilo” compren‘de un grupo arilo unido de forma covalente a
un grupo alquilo, cualquiera de los cuales independientemente es sustituido opcionaimente.
Preferentemente, el grupo aralquilo es Cg.1o aril(a_e)alquilo, incluyendo, pero sin limitarse a,
benzilo, fenetilo, y naftiimetilo.
[024] Los términos “heteroaril” y “heteroar-*, utilizados solos o como parte de una porcién
mayor, por ejemplo, heteroaralquilo, o “heteroaralléoxi”, se refiere a grupos que presentande 5 a
14 atomos de anillo, preferentemente 5, 6, 9, o 10/atomos de anillo; que presentan 6, 10, o0 14

electrones compartidos en un orden ciclico; y |que presentan, ademas de los atomos de

carbono, de uno a cuatro heteroatomos. El término “heteroatomo” se refiere a nitrégeno,
oxigeno, o azufre, e incluye cualquier forma oxidada de nitrégeno o azufre, y cualquier forma

|

cuaternizada de un nitrégeno basico. De este modo, cuando es utilizado en relacion a un atomo

)
|
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de anillo de un heteroarilo, el término “nitrégeno” incluye un nitrégeno oxidado (como en 6xido
de piridina N). Ciertos atomos de nitrogeno de gru;pos heteroarilo de 5 miembros también son
sustituibles, tal como se define en mas detalle a continuacion. Los grupos heteroarilos son, sin
limitacién, tienilo, furanilo, pirrolilo, imidazolilo, | pirazolilo, triazolilo, tetrazolilo, oxazolilo,
isoxazolilo, oxadiazolilo, tiazolilo, isotiazolilo, tiadiazolilo, piridilo, piridazinilo, pirimidiniio,
pirazinilo, indolizinilo, purinilo, naftiridinilo, y pteridinilo.

[025] En ciertas formas de realizacion, dos sustitLyentes adyacentes en un anillo heteroarilo,
tomado en forma con los atomos de de los anillos intervinientes, forman un anillo opcionaimente
sustituido fusionado aromatico con 5- a 6-miembros 0 no aromatico con 4- a 8-miembros que
presentan 0-3 heteroatomos de anillos seleccionac:ios del grupo que consiste en O, N, y S. De
esta forma, los términos “heteroarilo” y “heteroar—“,;tal como se utilizan en la presente, también
incluyen grupos en los cuales un anillo heteroaromatico es fusionado a uno o mas anillos arilo,
cicloalifaticos, o heterociclico, en donde el radical|o punto de unién se encuentra en un anillo
heteroaromatico. Ejemplos no limitantes incluyen indolilo, isoindolilo, benzoienilo, benzofuranilo,
dibenzofuranilo, indazolilo, benzimidazolilo, ben’ztiazolilo, quinolilo, isoquinolilo, cinolinilo,
ftalazinilo, quinazolinilo, quinoxalinvilo, 4H—quin6|izini|o, carbazolilo, acridinilo, fenazinilo,
fenotiazinilo, fenoxazinilo, tetrahidroqui!nolinilo, tetrahidroisoquinolinilo, y
pirido[2,3-b]-1,4-0xazin-3(4H)-ona. Un grupo heter'oarilo puede ser mono-, bi-, tri-, 0 policiclico,
preferentemente mono-, bi-, o triciclico, mas preferentemente mono- o biciclico. El término
“heteroarilo” puede ser utilizado intercambiableme‘nte con los términos “anillo de heteroarilo”, o
‘grupo heteroarilo”, cualquiera de cuyos términ:os incluye anillos que son opcionalmente
sustituidos. El término “heteroaralquilo” se refiere a un grupo alquilo sustituido por un
heteroarilo, en donde las porciones de alquilo y heteroarilo independientemente son sustituidas
opcionalmente. ]

[026] Tal como se utiliza en la presente, los términos “anillo aromatico” y “sistema de anillo
aromatico” se refiere a un grupo mono-, bi-, o triciclico opcionalmente sustituido que presenta
0-6, preferentemente 0-4 heteroatomos de, y que bresenta 6, 10, o 14 1r electrones compartidos
en un orden ciclico. De este modo, los térm‘inos “anillo aromatico” y “sistema de anillo
aromatico” abarca ambos, los grupos arilo y hetequariIo.

[027] Tal como se utiliza en la presente, los términos “heterociclo”, “heterociclico”, “radical
heterociclico”, y “anillo heterociclico” son utilizados intercambiablemente y se refieren a un
monociclico con 3 a 7 miembros estables, o una éorcic’m heterociclica biciclica fusionada de 7 a
10 miembros o puenteada de 6 a 10 miembros qde sea saturada o parcialmente no saturada, y
que presenta, adicionalmente a los atomos de carbono, uno o mas, preferentemente uno a
cuatro, heteroatomos, tal como se definen con an;terioridad. Cuando se lo utiliza en referencia a
un atomo de anillo de un heterociclo, el término “nitrégeno” incluye un nitrégeno sustituido.
Como ejemplo, en un anillo heterociclico que pre%enta 1-3 heteroatomos seleccionado de entre
oxigeno, azufre o nitrégeno, el nitrégeno puede ser N (como en 3,4-dihidro-2H-pirrolil), NH
(como en pirrolidinilo), o *"NR (como en pirrodinilo sustituido N). Un anillo heterociclico puede

esta unido a su grupo pendiente a cualquier heteroatomo o atomo de carbono que de como

|
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resultado una estructura estable, y cualquiera de.los atomos del anillo puede ser sustituido
opcionalmente. Ejemplos de tales radicales heterociclicos saturados o parcialmente no
saturados incluyen, pero no se limitan a, tetrahidrofuranilo, tetrahidrotienilo,. pirrolidinilo,
pirrolidonilo, piperidinilo, pirrolinilo, tetrahidroquinolinilo, tetrahidroisoquinolinilo,
decahidroquinolinilo, oxazolidinilo, piperazinilo, dio:xanilo, dioxolanilo, diazepinilo, oxazepinilo,
tiazepinilo, morfolinilo, y quinuclidinilo. :

[028] En ciertas formas de realizacién, dos sustituyentes adyacentes en un anillo heterociclico,
tomados conjuntamente con los atomos de anille intervinientes, forman un anillo fusionado
sustituido opcionalmente aromatico de 5 a 6 mierr|1bros no aromatico de 3 a 8 miembros que
presentan 0-3 heteroatomos del anillo seleccionadcf>s de entre el grupo que consiste en O, N, y
S. De esta forma, los términos “heterociclo”, ‘-“heterociclico”, “anillo heterociclico”, “grupo
heterociclico”, “porcibn  heterociclica”, vy ' “radical heterociclico”, son utilizados
intercambiablemente en la presente, e incluye gru:pos en los cuales el anillo heterociclico esta
fusionado a uno o mas anillos arilo, heteroarilo, o cjicloalifético, tales como indolinilo, 3H-indolilo,
cromanilo, fenantridinilo, o tetrahidroquinolinilo, c"en donde el radical o punto de unidn se
encuentra en el anillo heterociclico. Un grupo iheterociclico puede ser mono-, bi-, tri-, o
policiclico, preferentemente mono-, bi-, o triciclico!, mas preferentemente mono- o biciclico. El
término “heterociclilalquilo” se refiere a un grupc‘:) alquilo sustituido por un heterociclico, en
donde las porciones de alquilo y heterociclico independientemente son opcionalmente
sustituidas.

[029] Tal como se utiliza en la presente, el término “parcialmente no saturado” se refiere a una
porcion del anillo que incluye al menos una ligadura doble o triple entre los atomos del anillo. El
término “parcialmente no saturado” abarca los e:millos que presentan multiples sitios de no
saturacién, pero no incluye las porciones arilo o heteroarilo, tal como se las define en la
presente. {

[030] EI término “grupo de conexién” o “conector” significa una porcidén organica que conecta
dos partes de un compuesto. Los conectores Jsualmente comprenden un atomo tal como
oxigeno o azufre, una unidad tal como -NH-, -CHz‘i-, -C(0)-, -C(O)NH-, o una cadena de atomos,
tal como una cadena alquileno. La masa molecular de un conector es tipicamente en el rango
de aproximadamente 14 a 200, preferentemente ?en el rango de 14 a 96 con una Longitud de
hasta alrededor de seis atomos. En ciertas formas de realizacién, el conector es una cadena de
alquileno C.6 que es opcionaimente sustituida. .

[031] EIl término “alquileno” se refiere a un grup:o alquilo bivalente. Una “cadena de alquileno”

es un grupo de polimetileno, es decir, -(CHz)n-, en donde n es un entero positivo,

preferentemente de uno a seis, de uno a cuatro, |[de uno a tres, de uno a dos, o de dos a tres.

Una cadena alquileno sustituida es un grupo de ipolimetileno en el cual uno o mas atomos de
hidrogeno metileno son reemplazados con un sustituyente. Los sustituyentes adecuados
incluyen aquellos descritos a continuacion parjan un grupo alifatico sustituido. Una cadena
alquileno también puede ser sustituida en una d mas posiciones con un grupo alifatico o un

grupo alifatico sustituido.
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[032] Una cadena alquileno también puede ser|opcionalmente interrumpida por un grupo

funcional. Una cadena alquileno es “interrumpida” por un grupo funcional cuando una unidad

metileno interna es reemplazada con el grupo funcional. Ejemplos de “grupos funcionales que
interrumpen” adecuados incluyen -C(R*)=C(R*)-, -C=C-, -O-, -S-, -S(0)-, -S(0),-, -S(0),N(R")-,
-N(R*)-, -N(R")CO-, -N(R")C(O)N(R")-, —N(R*)COQ-‘, -C(O)N(R")-, -C(0)-, -C(0)-C(0O)-, -CO,-,
-0C(0)-, -OC(0)0O-, -OC(O)N(R")-, -C(NR"=N, -C(OR*)=N-, -N(R")-N(R")-, o -N(R")S(O),-.
Cada R", independientemente, es hidrégeno (L un grupo alifatico, arilo, heteroarilo o
heterociclico opcionalmente sustituido, o dos R* én el mismo atomo de nitrogeno, tomados
conjuntamente con el atomo de nitrégeno, forman Jn anillo aromatico o no aromatico de cinco a
ocho miembros que presenta, ademas del atomo de nitrégeno, cero a dos heteroatomos de
anillo seleccionados de entre N, O, y S. Cada R* independientemente es hidrégeno o un grupo
alifatico, arilo, heteroarilo o heterociclico opcionalmente sustituido.

[033] Ejemplos de cadenas alquileno Cs;¢ que 'han sido “interrumpidas” con -O- incluyen
-CH,OCHgz-, -CHO(CHy),-, -CHO(CHy)s-, -CHyO(CHa)s-, -(CH2);OCH,-, -(CH,);O(CH)-,
-(CH2)2:0(CHy)s-, -(CH2)30(CHy)-, -(CH,)30(CH,),- , v -(CH,),O(CHy)-.  Otros ejemplos de
cadenas alquileno que son ‘“interrumpidas’ con grupos funcionales incluyen -CH,GCH,-,
-CH2G(CHz)2-, ~CH;G(CHy)s-, -CH2G(CHz)4-, -(CH,);GCHy-, -(CH2):G(CHz)z-, -(CH2).G(CHy)s-,
-(CH2)sG(CHy)-, -(CH)sG(CH,),- , ¥ -(CH,)4G(CH,)-, en donde G es uno de un del grupo
funcional de “interrupciéon” enumerados anteriormente.

[034] Para una mayor claridad, todos los grlipos bivalentes descritos en la presente,
incluyendo, por ejemplo, los conectores de la cac‘dena alquileno descritos anteriormente y las
variables D, E, F, G, Q, U, W, Y, V', T', T2 T y|T* deben ser leidos de izquierda a derecha,
con la correspondiente lectura de izquierda a derecha de la féormula o estructura en la cual

aparece la variable. Cuando los grupos bivalente!

s estan contenidos dentro de un anillo, una
lectura de izquierda a derecha de la variable corresponde a una lectura en el sentido de las
agujas del reloj de la estructura del anillo en la cua!i aparece la variable.

[035] Una persona experta en el arte reconoceré gue cuando una cadena alquileno con una
interrupcion esta unida a un grupo funcional, cie:rtas combinaciones no son suficientemente
estables para su uso farmacéutico. Solo los comrﬁuestos estables o posibles quimicamente se
encuentran dentro de la esfera de la presente }invencién. Un compuesto posible o estable
quimicamente es uno en el cual la estructura quimﬁca no es sustancialmente alterada cuando se
la mantiene a temperatura ambiente de alred:edor de -80 °C a alrededor de +40 °C,
preferentemente airededor de -20 °C a alrededor, de +40 °C, en ausencia de humedad u otras
condiciones reactivas quimicamente, por al menos‘l una semana, o un compuesto que mantenga
su integridad durante la suficiente cantidad de tiempo como para ser util para la administracion
terapéutica o profilactica al paciente
[036] EI término “sustituido”, tal como se utiliza en la presente, significa que un radical de
hidrégeno de la porcidn designada se reemplaza con el radical de un sustituyente especifico,

siempre que la sustitucién de como resultado un compuesto estable o posible quimicamente. El
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término “sustituible”, cuando se lo utiliza en referencia a un atomo designado, significa que el
atomo unido es un radical hidrégeno, que puede ser reemplazado con el radical de un
sustituyente adecuado. ‘

[037] La expresién “uno o mas sustituyentes”, tal como se la utiliza en la presente, se refiere a
un numero de sustituyentes que va desde uno a! numero maximo de sustituyentes posibles
sobre la base del numero de sitios de ligadura disponibles, siempre que se cumplan las
condiciones antes mencionadas de estabilidad y posibilidad quimica. A menos que sea indicado
de otro modo, un grupo opcionalmente sustituido buede tener un sustituyente en cada posicién
sustituible del grupo, y los sutituyentes pueden ser iguales o diferentes. Tal como se utiliza en la
presente, el término “seleccionados independientemente” significa que pueden seleccionarse el
mismo o diferentes valores para instancias multiples de una variable dada en un Unico
compuesto. i

[038] Un grupo arilo (incluyendo la porcion arilo en aralquilo, aralcoxi, ariloxialquilo y similares)
o heteroarilo (incluyendo la porcién heteroarilo en heteroaralquilo y heteroaralcoxi y similares)
puede contener uno o mas sutituyentes. Ejemplos’ de sustituyentes adecuados en el atomo de
carbono no saturado de un grupo arilo o heteroarilo incluye -halo, -NO,, -CN, -R*,
-C(R*)=C(R"),, -C=C-R*, -OR*, -SR° -S(O)R°, ‘-SOZR°, -SO,;N(R"),, -N(R")2, -NR*C(O)R*,
-NR'C(O)N(R"),, -NR*CO,R®, -O-CO,R°, -OC(O)N(R"),, -O-C(O)R*, -CO,R*, -C(0)-C(O)R*
-C(O)R*, -C(O)N(R"),, -C(O)N(R"HOR*, -C!(O)N(R*)C(=NR*)-N(R*)z, -C(=NR")-N(R"),,
-C(=NR")-N(R")-OR*, -C(=NR")-OR*, -C(R%)=N-OR*, -N(R")-N(R"),, -N(R")OR*,
-N(R")C(=NR")-N(R"),, -N(R*)C(=NR*)—N(R*)-C}(O)R*, -N(R")C(=NR")-R°, -NR*SO;R®,
-NR*SO,N(R");, -P(0)(R*),, -P(O)(OR*),, -O-P(O)-.bR*, y -P(O)(NR")-N(R"),, en donde R° es un
grupo arilo o alifatico opcionalmente sustituido, y F\"+ y R* son tal como se definen anteriormente,
o dos sustituyentes adyacentes, tomados en forma conjunta con sus atomos intervinientes,
forman un anillo no saturado o parcialmente sat‘Lrado de 5- a 6-miembros que presenta 0-3
atomos de anillo seleccionados del grupo que consiste en N, O, y S.

[039] Un grupo alifatico o un anilio heterociclico :no aromatico pueden ser sustituido con uno o
mas sustituyentes Ejemplos de sustituyentes adecuados del carbono saturado de un grupo
alifatico o de un anillo heterociclico no aroméltico, incluye, pero sin limitarse a, aquellos
enumerados anteriormente para el carbono satLrado de un grupo arilo o heteroarilo y los
siguientes: =0, =S, =C(R*),, =N-N(R"),, =N-OR*, -i-N-NHC(O)R*, =N-NHCO,R?®, =N-NHSO,R®, o
=N-R*, en donde = representa una doble ligadura, y cada R* y R° es tal'como se los definié
anteriormente. La persona con conocimientos del:arte reconocera que los sustituyentes que se
encuentran unidos por medio de una doble ligadura requieren reemplazar dos de los radicales
hidrégeno en el atomo de carbono sustituiblel Para mayor claridad, el término “alifatico
sustituido” se refiere a un grupo alifatico que tiene al menos un sustituyente no alifatico.

[040] Los sustituyentes adecuados en un atomo de nitrbgeno sustituible de un anillo
heteroarilo o heterociclico incluyen -R*, -N(R*), -C(O)R* -CO,R°, -C(0O)-C(O)R*
-C(O)CH,C(O)R*, -SO,4R°, -SO,N(R*),, -C(=S)N(Il:?*)2, -C(=NH)-N(R*),, y -NR*SO;R"; en donde

|
|
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cada R* y R° es de la manera que se definié anteriormente.

[041] A menos que se establezca de otra melnera, las estructuras representadas en la
presente pretenden incluir compuestos que difieren sélo en presencia de uno o mas atomos
enriquecidos de manera isotopica. Por ejemplo, los compuestos que tienen la presente
estructura, excepto por el reemplazo de un atomo de hidrégeno por un deuterio o tritio, o el
reemplazo de un atomo de carbono por un carbono "°C o "C enriquecido, se encuentran dentro
del alcance de la invencion.

[042] También sera evidente para un experto en el arte que ciertos compuestos de la presente
invencion pueden existir en formas tautoméricaé, todas esas formas tautoméricas de los
compuestos se encuentran dentro del alcance |de la invencidon. A menos que se defina
expresamente la configuracién estereoquimica, las estructuras representadas en la presente
pretenden incluir todas las formas estereoquimicas de la estructura, es decir, las
configuraciones Ry S para cada centro asimétrico; Por lo tanto, a menos que se indigue de otra
manera, los isdbmeros estereoquimicos simples, as‘i como también las mezclas enantioméricas y
diastereoméricas de los presentes compuestos: se encuentran dentro del alcance de la
invenciéon. A modo de ejemplo, los compuestos de (la formula (/), en donde R? es hidroxi, pueden
tener configuracion R o S en el atomo de carbono que contiene R®. Ambos isdmeros
estereoquimicos Ry S, asi como también sus me%clas, estan incluidos dentro del alcance de la
invencion.

[043] A menos que se indique de otra manera, c‘Tuando la configuracion estereoquimica en un
centro asimétrico determinado es definida por la estructura, la configuracién representada indica
estereoquimica relativa respecto de otros centfos asimétricos en la molécula. Cuando la
configuracién estereoquimica es definida por el némbre quimico, las designaciones (rel), (R*) y
(S*) indican estereoquimica relativa, mientras qu:e las designaciones (1), (-), (R), (S) y (abs)
indican estereoquimica absoluta. ,

[044] En los compuestos de la formula (1), dond:e se define estereoquimica relativa, la pureza
diastereomeérica del compuesto preferentemente"es al menos 80%, mas preferentemente al
menos 90%, aun mas preferentemente al menos .95%, y con mayor preferencia al menos 99%.
Tal como se usa en la presente, el término “purez|a diastereomérica” se refiere a la cantidad de
un compuesto que tiene la estereoquimica }elativa representada, expresada como un

porcentaje de la cantidad total de todos los diastereémeros presentes.
i
|

en las posiciones marcadas con asterisco indican estereoquimica absoluta asi como también

[045] En algunas formas de realizacion, las configuraciones estereoquimicas representadas
relativa. Preferentemente, la pureza enantioméfica del compuesto es al menos 80%, mas
preferentemente al menos 90%, aun mas preferentemente al menos 95%, y con mayor
preferencia al menos 99%. Tal como se usa en |a presente, el término “pureza enantiomérica”
se refiere a la cantidad de un compuesto que tiene la estereoquimica absoluta representada,
expresada como un porcentaje de la cantidaH total del compuesto representado y sus
enantiomeros.

[046] Los métodos para determinar la pureza diastereomérica y enantiomérica son bien
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conocidos en el arte. La pureza diastereomérich\ se puede determinar mediante cualquier
método analitico capaz de distinguir de manera cuantitativa entre un compuesto y su
diasteredmero. Los ejemplos de métodos analiticos adecuados incluyen, sin limitacion,
espectroscopia de resonancia magnética nuclear (NMR), cromatografia de gas (GC) y
cromatografia liquida de alto rendimiento (HPLC).:De manera similar, la pureza enantiomérica
se puede determinar mediante cualquier métodP analitico capaz de distinguir de manera
cuantitativa entre un compuesto y su enantiomero. Los ejemplos de métodos analiticos
adecuados incluyen, sin limitacién, GC o HPLC, hsando un material de empaquetamiento de
columna quiral. Los enantiomeros también se pueden distinguir mediante NMR si primero son
derivados con un agente de derivacién ()pticamenté enriquecido, por ejemplo, acido de Mosher.
[047] En los compuestos de la formula (), X es -CHy-, -CHF-, -CF»-, -NH-, 0 -O-. En algunas
formas de realizacion, X es -CH,-, -NH-, o -O-. En ciertas formas de realizacién, X es -NH- o
-O-. En ciertas formas de realizacion en particular, ‘X es -O-.

[048] En los compuestos de la formula (f), Y es -O-, -S-, 0 -C(R™)(R")-, donde R™ y R" son de
la manera que se describié anteriormente. En algtimas formas de realizacion, R™ es hidrégeno,
fluoro, -NH,, -NH(C,, alifatico), -N(C,, alifatico),, .0 Cy4 alifatico. En algunas otras formas de
realizacion, R™ y R" juntos forman =O. En otras formas de realizacién, R™ y R®, tomados en
forma conjunta con los atomos de carbono intervinientes, forman un anillo de ciclopropano
fusionado, que es opcionalmente sustituido cdn uno o dos sustituyentes seleccionados
independientemente de fluoro o C,4 alifatico; o R"’“ y R®, tomados en forma conjunta con los
atomos de carbono intervinientes, forman un ‘anillo de ciclopropano fusionado, que es
opcionalmente sustituido con uno o dos sustituy'entes seleccionados independientemente de
fluoro o Cy.4 alifatico. En ciertas formas de realizacion, Y es -O- o -CH,. En ciertas formas de
realizacidén en particular, Y es -CH..

[049] En los compuestos de la formula (), W es l—CHz-, -CHF-, -CF,-, -CH(R")-, -CF(R")-, -NH-,
-N(R")-, -O-, -S-, 0 -NHC(O)-, donde R' es C, alifatico o Cy., fluoroalifatico, o R' es una cadena
de C,, alquileno que esta unida a una posicion gel anillo en el Anillo A para formar un anillo
fusionado de 5, 6, 6 7 miembros, en donde la cadena de alquileno es opcionalmente sustituida
con C,4 alifatico, C44 fluoroalifatico, =O, -CN, o -C:(O)N(R")z. En algunas formas de realizacion,
W es —CH(R")- 0 -N(R"), y R' es una cadena de C, alquileno que esta unida a una posicion
del anillo en el Anillo A para formar un anillo fusionado de 5 6 6 miembros, en donde la cadena
de alquileno es opcionalmente sustituida con {CM alifatico, C,.4 fluoroalifatico, =0, -CN, o
-C(O)N(R*,. En algunas otras formas de realizacién, W es -CH,-, -CHF-, -CF,-, -NH-, -O-, -S-, 0
-NHC(O)-. En ciertas formas de realizacién, W es -O-, -NH-, o -NHC(O)-. En ciertas formas de
|

[050] En los compuestos de la férmula (/), R es seleccionado del grupo que consiste en
hidrégeno, fluoro, -CN, -Nj, -OR® -N(R%), -NR*CO,R° -NR*C(O)R® -C(O)N(R*,, -C(O)R®
-OC(O)N(R*,, -OC(O)R®, -OCO.R% o un C1-4: alifatico o Ci.4 fluoroalifatico opcionalmente
sustituido con uno o dos sustituyentes indepe’ndientemente seleccionados del grupo que
consiste en -OR”, -N(R¥)(R"), -CO,R*, o -C(OIN(R*)(R"); o R® y R® juntos forman una

realizacion en particular, W es -NH-.

[27



e

10

15

20

25

30

40

15

ligadura. En algunas formas de realizacion, R* es seleccionado del grupo que consiste en
hidrogeno, fluoro, -CN, N; C,4 alifatico, Cy.4 fll!.loroalifético, -OR®* -NH(R“), -N(H)COst,
-N(H)C(O)R?, -C(O)NHR?, -C(O)R®, -OC(O)NHR?, -OC(O)R?®, y -OC(O)OR”®. En algunas formas
de realizacion, R® es seleccionado del grupo .que consiste en hidrogeno, -OH, -OCHj,
C,.4 alifatico, C.4 fluoroalifatico, y fluoro. En ciertas formas de realizacién, R? es seleccionado
del grupo que consiste en hidrégeno, -OH, -O“CH3, -CHs, vy fluoro. En ciertas formas de
realizacién en particular, R* es -OH.

[051] En los compuestos de la formula (f), R® es seleccionado del grupo que consiste en
hidrégeno, fluoro, -CN, -N;, -OR® -N(R%),, -NR“?COZR‘s, -NR*C(O)R®, -C(O)N(R*),, -C(O)R®,
_OC(O)N(R%);, -OC(O)R®, -OCO,R®, 0 un Ci. alifatico o Ci. fluoroalifatico opcionalmente
sustituido con uno o dos sustituyentes independientemente seleccionados del grupo que
consiste en -OR%, -N(R*)(R"), -CO,R*™*, o -C(QO)N(R*)(R¥); o R® y R® juntos forman una
ligadura. En algunas formas de realizacién, R® es hidrégeno, fluoro, -CN, N, Ci4 alifatico,
Ci. fluoroalifatico, -OR™, -NH(R*), -N(H)COJR®, -N(H)C(O)R®, -C(O)NHR® -C(O)R®
-OC(O)NHR*, -OC(O)R®, y -OC(O)OR®. En ciertas formas de realizacion, R® es hidrogeno, -OH,
-OCHas, o fluoro. En ciertas formas de realizacién e;n particular, R® es hidrogeno o -OH.

[052] En los compuestos de la formula (J), Rb y R son cada uno independientemente
seleccionados del grupo que consiste en hidrc')genc:), fluoro, C4,4 alifatico, y C,_4 fluoroalifatico. En
algunas formas de realizacién, uno de R® y R es C,, alifatico y el otro es hidrégeno. En
algunas formas de realizacién, R° y R? son cada quo hidrégeno.

[053] En una forma de realizacién, R* y R® son cada uno -OH, y R® y R? son cada uno
hidrégeno. En otra forma de realizacion, R® es -OH, y cada uno de R®, R®, y R? es hidrégeno. En
otra forma de realizaciéon, R® es -OH, R® es fluorogo -OCHs, y R® y R son cada uno hidrégeno.
En otra forma de realizacién, R® es -OH, R® es -Ci!—le,, R® es hidrégeno o -OH, y R? es hidrégeno.
En otra forma de realizacién, R® y R® juntos forman una ligadura, y R® y R? son cada uno
hidrégeno. .

[054] En los compuestos de la formula (I‘) cada R' independientemente es hidrégeno,
fluoro, C,.4 alifatico, o C44 fluoroalifatico; o dos Rf,lf tomados en forma conjunta con el atomo de
carbono al que estan unidos, forman un anillo cicl{oalifético de 3 a 6 miembros; o un R, tomado
en forma conjunta con R® y los atomos de carbono intervinientes, forma un anillo espirociclico
de 3 a 6 miembros; o dos R juntos forman =O. En[algunas formas de realizacién, R" no es fluoro
si X es =O- o —NH-. En algunas formas de realizaciéon, cada Rf independientemente es
hidrégeno o C,4alifatico. En algunas de! esas formas de realizacién, cada Rf
independientemente es hidrégeno o -CHs. En ciertas formas de realizacién, un R' es hidrégeno
o -CHs, y el otro R" es hidrégeno. En ciertas formas de realizacién en particular, cada R' es
hidrégeno. '

[055] En los compuestos de la formula (/), R® es hidrégeno o C,_4 alifatico; o R®, tomado

. , | . . . . T
en forma conjunta con un R"y los atomos de carbono intervinientes, forma un anillo espirociclico

]isionado, que es opcionalmente sustituido con

|
|

de 3 a 6 miembros; o R® tomado en forma conjunta con R™ y los atomos de carbono

intervinientes, forma un anillo de ciclopropano fu
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uno o dos sustituyentes seleccionados independientemente de fluoro o C,, alifatico. En
algunas formas de realizacion, R® es hidrogeno o;C1_4 alifatico. En algunas de esas formas de
realizacion, R® es hidrégeno o -CHs. En ciertas for?was de realizacién, R® es hidrégeno.

[056] En los compuestos de la férmula (), R® es hildrégeno o C44 alifatico; o R®, tomado en forma
conjunta con R™ y los atomos de carbono in_tervinienltes, forma un anillo de ciclopropano fusionado,
que es opcionalmente sustituido con uno o dos sustituyentes seleccionados independientemente de
fluoro o C, alifatico. En algunas formas de realizacion, R es hidrégeno o C,4 alifatico. En algunas
de esas formas de realizacion, R® es hidrégeno o -CHs. En ciertas formas de realizacion, R® es

hidrogeno.

[057] En los compuestos de la formula (/), la variable m es 1, 2, 6 3 En algunas formas de
realizacion, mes 1. i

[058] En los compuestos de la formula (f), el Aqillo A es un anillo heteroarilo de 6 miembros
que contiene nitrégeno, opcionalmente fusionado con un anillo arilo, heteroarilo, cicloalifatico o
heterociclico de 5 6 6 miembros, en donde uno de los dos o ambos anillos son opcionalmente
sustituidos y un atomo de nitrégeno del anillo es dpcionalmente oxidado. En algunas formas de
realizacién, el Anillo A es un anillo de piridina, pirimidina, o 1,3,5-triazina opcionalmente
sustituido. En otras formas de realizacion, el Anillé A es un anillo de piridina o pirimidina que es
fusionado con un anillo arilo, heteroarilo, cicloaliflético o heterociclico de 5 6 6 miembros, en
donde uno de los dos o ambos anillos son opcionalmente sustituidos. En algunas de esas
formas de realizacion, el Anillo A es fusionado con un anillo de benceno, imidazol, pirrol, u
oxazol opcionalmente sustituido.

[059] En algunas formas de realizacién, la invencion se refiere a un compuesto de Ia formula

() o a una sal farmacéuticamente aceptable de éste, caracterizado por una o mas de las

siguientes caracteristicas:
(a) X es -O-;
(b) Y es -CHy-;
() W es -NH-;

(d) R® es -OH;
(e) R"yR%son cadauno independientc'—:-mente hidrégeno o C,., alifatico;
(f) R° es hidrégeno, fluoro, o -OR?;
(@  R°yR® son cada uno hidrégeno;
(h)  cada R'es hidrégeno; y
0 mes 1.
[060] En algunas formas de realizacién, la invencion se refiere a un subgénero de los
compuestos de la férmula (/), caracterizados por la formula (I-A) o (I-B):

Y.
O |\uu * % -,,,Re'
o:§—X " R¢
/ R® b d
H,oN R R (I-A)

(I-B)

[29
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o una sal farmacéuticamente aceptable de érstos, en donde el Anillo A y las variables W,
X, Y, R% R° RS RY R® R® R’ y m tienen los valores y los valores preferidos descritos
anteriormente para la férmula (/).
[061] En algunas formas de realizacién, la invencion se refiere a un subgénero de los

compuestos de la formula (/), caracterizados por la férmula (), (/I-A), o (/I-B):

R9

|
S
Rf R Y. W‘ 'E R
0 R®
i m
=g-X c
° /S R? b dR
H,N RP RY. an
R RY
A A
fR Re /k\E/th RfR Re Y. W/k\E/th
0 %n}‘un - u,,Re o) -* * uuRe'
[1) [1] m
05X B
R u-A) | HN RY RS (11-B)

o una sal farmacéuticamente aceptable de éstos, en donde:
D es -N= 0 -C(R)=; |
E es -N= 0 -C(R")=;
R® es hidrogeno, halo, ciano, -C(R%)=C(R?®),, -C=C'R® -OR®, -SR® -S(O)R®, -SO,R®, -SO,N(R*%,,
-N(R%,, -NR*C(O)R’, -NR*C(O)N(R*, -N(RHC(=NR*-N(R*,, -N(R*)C(=NR%-R?®,
-NR*CO,R®, -N(R“)SOZRS, -N(RY)SO,N(R%),, -O-C(O)R®, -OCO;R®, -OC(O)N(R%),,
-C(O)R®, -CO;R’>, -C(O)N(R*,, -C(O)N(R%-OR®  -C(O)N(RYC(=NR*-N(R*;,
-N(R*)C(=NR*-N(R*-C(O)R?, -C(=NR“‘ -N(R*),, -C(=NR*-OR®, -N(R*)-N(R*),,
-N(R*-OR®, -C(=NR*-N(R*-OR®, -C(R%)=N-OR?®, 0 un grupo alifatico, arilo, heteroarilo o
heterociclico opcionalmente sustituido;

cada R" independientemente es hidrogeno, halo, -CN-, -OR® -N(R%),, -SR® o un grupo

C1.4 alifatico opcionalmente sustituido; y
las variables W, X, Y, R? R° R°, R%, Re,(Re', R'y m tienen los valores y los valores preferidos
descritos anteriormente para la formula (/).
[062] En algunas formas de realizacion, caéa R" en las formulas (i), (llFA), y (/I-B)

independientemente es hidrégeno, halo, -CN, -OH, -O-(C,, alifatico), -NH,, -NH-(C,_4 alifatico),
-N(C,.4 alifatico),, -SH, -S-(C.4 alifatico), o grup;o Cq.4 alifatico opcionalmente sustituido. En

ciertas formas de realizacion, cada R" independientemente es hidrégeno, fluoro, -CHj3, -CF3, 0 -

OH. En ciertas formas de realizacién en particular, R" es hidrogeno.

[063] En algunas formas de realizacion, el Anillo A es seleccionado del grupo que consiste en:
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RO RO RO RO RO RO
) ) L) L | ) N
v A N N7 CH, Z o
H
A-vi

Ad Adii Adiii A-iv , A-v y
[064] En algunas formas de realizacion, R° es hid'régeno, C . alifatico, C fluoroalifatico, halo,
-R', -R®, T'-R' -T.R% -V.T.R' V.T'.R® V'-R' o -T'-V'-R' donde las variables R,
R* V' y T tienen los valores descritos a continuagion.
[065] T' es una cadena de Ci; alquileno su!stituida con 0-2 R*® 6 R® seleccionados
independientemente, en donde la cadena de aiquileno es opcionalmente interrumpida por
-C(R)=C(R%-, -C=C-, -O-, -S-, -S(0)-, -S(0), -SO:N(RY- -NRH-, -NR*C(O)-,
-NR*C(O)N(R%-, -N(RYC(=NR*-N(R*-, -N(R“)—C(=NR4)—, -N(RY)CO,-, -N(RSO,-,
-N(RHSON(RY-, -OC(0)-, -OC(O)N(RH-, -C(O)-, -CO,, -C(O)N(R%-, -C(=NR*-N(R*-,
-C(NRH)=N(R%-, -C(=NR%-O-, 6 -C(R®)=N-O-, y en donde T' o una porcién de éste
opcionalmente forma parte de un anillo de 3-7 miiembros. En algunas formas de realizacién, T
es una cadena de Cq4 alquileno opcionalmente sustituida con uno o dos grupos seleccionados
independientemente de fluoro, C,_4 alifatico, y C,4 fluoroalifatico.
[066] Cada R* independientemente es seleccionado del grupo que consiste en —F, -OH,
-O(C14 alquilo), -CN, -N(R%,, -C(O)(Ci4 alquilo), -CO,H, -CO,(C,4 alquilo), -C(O)NH,, vy
-C(O)NH(C,_4 alquilo).
[067] Cada R*® independientemente es un C.; diifético opcionalmente sustituido con R* o R/,
o dos sustituyentes R* en el mismo atomo de ca!rbono, que tomados en forma conjunta con el
atomo de carbono al que estan unidos, forman un I‘anillo cicloalifatico de 3 a 6 miembros.
[068] Cada R’ independientemente es un anillo arilo o heteroarilo opcionalmente sustituido.
[069] V' es -C(R%=C(R%-, -C=C-, -O-, -S-, -s<$)-, -S(0),-, -SO,N(R%-, -N(R")-, -N(RHC(O)-,
-NR*C(O)N(R%-, -N(RH)C(=NR*-N(R%-, -N(R“)C(=NR4)-, -N(RHCO,-, -N(R*SO,-,
-N(RHSO,N(R*-, -OC(0)-, -OC(O)N(R*-, -C(O)-, -CO,, -C(ON(RY-, -C(O)N(R%-O-,
-C(O)N(RYC(=NRY-N(RY-, -N(RHC(=NR*)-N(RH-C(O)-, -C(=NR*-N(R*)-, -C(NR*=N(R*)-,
-C(=NR%-0-, 6 -C(R®=N-O-. En algunas forrmas de realizacién, V' es -N(RY)C(O)-,
-N(RHC(O)N(RY-, -N(R*)SO,-, -N(RY)SO,N(R%-, jc’> -N(R*CO,-. En ciertas de esas formas de
realizacion, V' es -N(R*C(O)- 6 -N(R“)C(O)N(;R“)-. En otras formas de realizacién, V' es
-C(R%)=C(R®), -C=C-, -O-, -S-, 6 -N(R%-. |
[070] Cada R' independientemente es un anillci) arilo, heteroarilo, heterociclico o cicloalifatico
opcionalmente sustituido.
[071] Cada R* independientemente es -NO,; -CN, —-C(R*=C(R°),, -C=C-R® -OR®° -SR®
-S(O)R®, -SO,R®, -SO,N(R%),, -N(R%,, -NR“C((I))RS, -NR*C(OIN(R*),, -N(RYC(=NR*-N(R%),,
-N(RHC(=NR*-R®, -NR'CO,R®, -N(RY)SO,R®; -N(RY)SO,N(R%), -O-C(O)R°, -OCO;R®
-OC(O)N(R%),, -C(O)R®, -CO,R®, -C(O)N(R),, | -C(O)N(R*-OR® -C(O)N(RHC(=NR*)-N(R%),
-N(RYC(=NR*)-N(R¥)-C(O)R®, -C(=NR*-N(R%,,' -C(=NR*-OR® -N(R*-N(R*., -N(R*-OR’®
-C(=NR*-N(R*-OR?, 6 -C(R°%)=N-OR".

/3l
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[072] La invencién también se refiere a un subg'énero de los compuestos de la férmula (If),

caracterizados por la férmula (/I): ‘

Q
L,
R R W SRy
o-'cs')—X " RCRe
/ R?
H,N RY RY ()

o una sal farmacéuticamente aceptable de éstos, en donde:
5 Qes-T'“o0-V'-T'-:
V' es -N(R%)-, -O-, 0 -S-;

R® es hidrégeno o C. alifatico;

T' es una cadena de Ci4alquileno opcionalmente sustituida con uno o dos grupos
independientemente seleccionados de quor!o, Ci.4 alifético y Cy4 fluoroalifatico;
10  El Anillo C es un anillo heterociclico o cicloalifé“tico de 3 a 8 miembros, o un anillo arilo o
heteroarilo de 5 6 6 miembros; y
las variables D, E, W, X, Y, R® R° R% R R® R® R' R" y m tienen los valores y los valores
preferidos descritos anteriormente para’ las|formulas () y (/).
[073] La invencion también se refiere a un subgénero de los compuestos de ta formula (/)

15  caracterizados por la formula (Ill-A), (llI-B), (llI-C),;0 (IlI-D):

|
X )
D N DN
[
f |
RfR Re v WJ\\E)\R" Rfin Re v WJ\\E/th
0o |}‘nu - Re' o P :'* > Re'
0=§-x" ” R 0=5-X" " R
N - R2 b R ;o Re b b
2 R (-A) HN R* R (I1l-B)
T1® 1@
T
D/*lN Dél\N
R re WS e w el
o RV y—Re 0 G YR
0=5-X c o=g-X" " c
/ R? b dR / R® b dR
H,N R® R (-c) HN R® R (M-D)

0 una sal farmacéuticamente aceptable de éstos, en donde todas las variables son de la

manera que se describen para la formula (/).

20 [074] En algunas formas de realizacion, el Anillo C es sustituido con 0-2 R° y 0-2 R%® donde:
cada R° independientemente es halo, -NO,, -CN,/-C(R®)=C(R?®),, -C=C-R®, -OR?®, -SR®, -S(O)R?,
-SO,R®, -SO,N(R%),, -N(R%),, -NR“C(O; R®, -NR*C(O)N(R%,, -N(RYC(=NR*-N(R%,,
-N(RHC(=NRH-R®, -NR*CO,R®, -N(R)SO,R®, -N(R»)SO,N(R*),, -O-C(O)R® -OCO;R®,
-OC(O)N(R%),, -C(O)R®, -COR®, -C(O)N(R%),, -C(O)N(R%)-OR?®,

/32
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-C(O)N(R*C(=NR*-N(R%),, -N(R4)C(=:NR4)-N(R4)—C(O)R5, -C(=NR*-N(R%z,

-C(=NR*-OR®, -C(=NR*-N(R*-OR®, -C(R®)=N-OR®, o un grupo alifatico opcionalmente

sustituido o un grupo arilo, heterociclico o heteroarilo opcionalmente sustituido; o dos R°

20

en el mismo atomo de carbono del anillo saturado, tomado en forma conjunta con el
atomo de carbono, forman un anillo cicloalifatico o heterociclico espirociclico de 3 a 8
miembros opcionalmente sustituido; o dos|R° adyacentes, tomados en forma conjunta
con los atomos del anillo interviniente, forman un anillo aromatico o no aromatico
fusionado de 4 a 8 miembros opcionalmenite sustituido que tiene 0-3 heteroatomos del
anillo seleccionados del grupo que consisteen O, Ny S;

cada R¥ independientemente es seleccionadoi del grupo que consiste en C,, alifatico,
C1. fluoroalifatico, halo, -OR™, -N(R*)(R"), o un C,4 alifatico o Ci, fluoroalifatico

" opcionalmente sustituido con -OR* -N(R“")E(R“V), -CO,R*; 0 -C(O)N(R™)(R¥): y

las variables R*, R* y R® tienen los valores descritos anteriormente para la formula (/).
y J
|

[075] En algunas de esas formas de realizaciélp, el Anillo C es un anillo Cs4 cicloalifatico,

fenilo, pirrolilo, imidazolilo, oxazolilo, tiazolilo, isoxazolilo, isotiazolilo, pirazolilo, triazolilo,

tetrazolilo, oxadiazolilo, tiadiazolilo, pirroIiniIcP, imidazolinilo, pirazolinilo, pirrolidinilo,
imidazolidinilo, pirazolidinilo, piperidinilo, morfolinilo, piperazinilo, piridilo, piridazinilo, pirimidinilo,
pirazinilo, o tetrahidropirimidinilo, cualquiera de los cuales es sustituido con 0-2 R° y 0-2 R¥. En
ciertas formas de realizacion, el Anillo C es un anillo Cs; cicloalifatico, fenilo, oxazolilo, o
isoxazolilo, cualquiera de los cuales es sustituido con 0-2 R® y opcionalmente es fusionado con
un anillo de benceno, dioxolano, o dioxano opcionalmente sustituido.

[076] La invenciéon también se refiere a un subgénero de los compuestos de la férmula (/),

caracterizados por la formula (IV), (IV-A), o (IV-B):

X
D/|N
R R Y. W‘J\\E)\Rh
nar F
O‘/S‘X . RT
d
HoN R® R (IV)
V1@ V1@
DJ\N Dg\lN
RfR R v W/‘\\E/”\Rh R Rf R® Y VV/|\\E/'\Rh
0 .\.m ¥ A—R® o Selid Re
S . N
/ R? R?
H,N R® RY (IV-A) HN R® R (Iv-B)

o una sal farmacéuticamente aceptable dq éstos, en donde:

V' es -N(R?)-, -O-, 0 -S-;

R® es hidrégeno o C,., alifatico;

El Anillo D es un sistema de anillos mono- o biciclico opcionalmente sustituido; y
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las variables D, E, W, X, Y, R®, R®, R®, R%, R®, R®%, R, R", y m tienen los valores y los valores
preferidos descritos anteriormente para la fc!')rmula .

[077] En algunas formas de realizacion, el Anillo D es un furanilo, tienilo, pirrolilo, oxazolilo,
tiazolilo, imidazolilo, pirazolilo, isoxazolilo, isotiazolilo, oxadiazolilo, triazolilo, tiadiazolilo, fenilo,
naftilo, piranilo, piridilo, piridazinilo, pirimidinilo‘, pirazinilo, triazinilo, indolizinilo, indolilo,
isoindolilo, indazolilo, benzimidazolilo, benztiaZolilo, benzotienilo, benzofuranilo, purinilo,
quinolilo, isoquinolilo, cinolinilo, ftalazinilo, quinaizolinilo, quinoxalinilo, naftiridinilo, pteridinilo,
tetrahidrofuranilo,  tetrahidrotienilo, pirrolidinil?, pirrolidonilo,  piperidinilo,  pirrolinilo,
tetrahidroquinolinilo, tetrahidroisoquinolinilo, decahidroquinolinilo, oxazolidinilo, piperazinilo,
dioxanilo, dioxolanilo, diazepinilo, oxazepinillo, tiazepinilo, morfolinilo, quinuclidinilo,
tetrahidroquinolinilo, tetrahidroisoquinolinilo, indaqilo, fenantridinilo, tetrahidronaftilo, indolinilo,
benzodioxanilo, benzodioxolilo, cromanilo, ciclopropilo, ciclobutilo, ciclopentilo, ciclopentenilo,
ciclohexilo, ciclohexenilo, cicloheptilo, cicloheptenilo, ciclooctilo, ciclooctenilo, ciclooctadienilo,
bicicloheptanilo o biciclooctanilo opcionalmente sustituido. En algunas formas de realizacion, el
Anillo D es un ciclopentilo o ciclohexilo opcionalmente sustituido.' En algunas formas de
realizacion, el Anillo D es un indanilo, tetrahidronafltilo, o cromanilo opcionalmente sustituido.
[078] EI Anillo D puede no ser sustituido o puede ser sustituido en uno o ambos de sus anillos
componentes y los sustituyentes pueden ser iguales o diferentes. En particular, cada atomo de
carbono del aniflo saturado sustituible en el Anillo {D no.es sustituido o es sustituido con =0, =S,
=C(R®),, =N-N(R*),, =N-OR®, =N-NHC(O)R®, =N-NHCO,R®, =N-NHSO,R®, =N-R° 0 -R’. Cada
atomo de carbono del anillo no saturado sustituiblé en el Anillo D no es sustituido o es sustituido
con -RP. Cada atomo de nitrégeno del anillo sustituible en el Anillo D no es sustituido o es
sustituido con -R*. Las variables R? y R* tienen los valores descritos a continuacion.

[079] Cada RP independientemente es halo, -NO,, -CN, -C(R%=C(R®),, -C=C-R®, -OR®, -SR?,
-S(O)R®, -SO,R®, -SO,N(R%,, -N(R*), -NR*C(O)R®, -NR*C(O)N(R*),, -N(RY)C(=NR*)-N(R%),,
‘N(RY)C(=NR%-R®, -NR'CO,R®, -N(RYSO,R®,| -N(R)SO,N(R%), -O-C(O)R®, -OCO,R®,
-OC(O)N(RY,, -C(O)R®, -CO,R® -C(O)N(R*),, |-C(O)N(R*-OR®, -C(O)N(RYC(=NR*)-N(R%,,
-N(R*)C(=NR*-N(R*)-C(O)R?, -C(=NR4)-N(R4)?, -C(=NR*)-OR®, -C(=NR*%-N(R%-OR®,

-C(R%)=N-OR°®, o un grupo alifatico opcionalmentle sustituido o un grupo arilo, heterociclico o

heteroarilo opcionalmente sustituido; o dos RP| en el mismo atomo de carbono saturado,
tomados en forma conjunta con el dtomo de carbono al que estan unidos, forman un anillo
cicloalifatico espirociclico de 3 a 6 miembros opci(%nalmente sustituido.

[080] Cada R* independientemente es -C(O)R® -C(O)N(R*),, -CO,R®, -SO,R®, -SO,N(R?),, o
un C,., alifatico opcionalmente sustituido con R® o.R’.

[081] En algunas formas de realizacion, cada|RP independientemente es seleccionado del
grupo que consiste en halo, C, alifatico, C, fluoroalifatico, -R'?, -R?, -T2-R", y -T%-R®; o dos
RP en el mismo atomo de carbono saturado, tomados en forma conjunta con el atomo de
carbono al que estan unidos, forman un anillo cicloalifatico espirociclico de 3 a 6 miembros

\
opcionalmente sustituido. Las variables R, ‘R*, y T2 tienen los valores descritos a
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continuacion.
[082] T?es una cadena de Cy; alquileno opcionallmente sustituida con R* o R*.

[083] Cada R'™ independientemente es un !grupo arilo, heteroarilo, o heterociclico
opcionalmente sustituido. |
[084] Cada R* independientemente es -NO,, -CN, —C(R%)=C(R®),, -C=C-R° -OR® -SR®°
-S(O)R®, -SO,R®, -SO,N(R%,, -N(R%:., -NR“C(O}Ri -NR*C(O)N(R%),, -N(R*)C(=NR*-N(R*),,
-N(RYHC(=NR*-R®, -NR*CO;R®, -N(RY)SO;R®, | -N(R)SO,N(R*),, -O-C(O)R°, -OCO;R?
-OC(O)N(R%,, -C(O)R®, -CO,R®, -C(O)N(R%, -C(ON(R*-OR® -C(O)N(R*)C(=NR*-N(R),,
-N(RHC(=NR*)-N(R*-C(O)R®, -C(=NR*-N(R*,, | -C(=NR*-OR®, -C(=NR*-N(R%-OR® o
-C(R%=N-OR°®.

[085] En algunas formas de realizacion, el Anillo D es seleccionado del grupo que consiste en:

I (RP) (RP)

4 Z
< Qﬁ/mp» < &(@
VP Y | /O

(R8P), (REP)s ' (R%);

1

cada RP independientemente es seleccionado
-N(R™(RY), -CO,R™ o -C(O)N(R*)(R*
opcionalmente sustituido con -OR™, -N(R**
cada R¥ independientemente es seleccionado
-N(R¥)(RY), -CO,R* o -C(ON(R™)(R*

opcionalmente sustituido con -OR®, -N(R*

del grupo que consiste en fluoro, -OR™
), o un C,,alifatico o Cy,4 fluoroalifatico
(R), -CO,R™, 0 -COIN(R*(RY);

del grupo que consiste en fluoro, -OR™,
), 0 un Cy4alifatico o C4 fluoroalifatico
)RY), -CO,R*, o -C(O)N(R*)(RY); o dos R*®

- en el mismo atomo de carbono juntos forman =O & =C(R™),; siempre que R¥® sea

diferente de -OR™ o -N(R*)(R¥) cuando se encuentre en una posicion adyacente

respecto de un atomo de oxigeno del aniilo;

ses0, 1,2 3, 04
tes0,1,62;y

las variables R, R*, R™ tienen los valores descritos anteriormente para la férmula (/).

[086] En algunas formas de realizacién, ses 0, 1, 6 2. En algunas formas de realizacion, s es

0, 1, 2, 6 3. En ciertas formas de realizacién, el Anilio D es seleccionado del grupo que consiste

en:
B '
CHj % 1
CH %

'1,_.‘ !-.’_'~ 3 J
D-i D-ii D-iii D-iy

cho\§ ; %

" OCHj,3 OCH,4
e D-viii D-ix

D-vii
1 )

Cl
CHsj
CH, N(CHa),
N(CH3)z % Y
D-v D-vi
CH3 H3CO
CHgy
k %

‘lzf- OCH;
‘ OCHg4

D-xii
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D-xiii .
b

O
%
D-xiv y D-xv )

[087] En ciertas formas de realizacién en particullar, el Anillo D es seleccionado del grupo que

|

consiste en:
%CHS % % | N
CH4 S R CH, /—N(CH3),
N e R CHs; - ’—N(CHs)z W 0
D-xvi D-xvii D-xviii D-xiix D-xx D-xxi
|
‘ CHg CH,
% CH, CH,
HsCO" + A B | WY %
3 = OCH,4 BCH, I‘:,Lo\ OCH4 OCH;
i
D-xxii D-xxiii D-xxiv D-xxv D-xxvi D-xxvii
CHg H;CO
CH, [\ /(}
) A
¥ TN O ¥ %
OCH3 z R 'Z‘L
OCH, ) ¢
D-xxviii D-xxix D-xxx i D-xxxi D-xxxii y D-xxxiii .
as indican configuraciones absolutas.

en donde las designaciones estereoquimic

[088] La invencidn también se refiere a un subgénero de los compuestos de la formula (M), en

donde:
R es -N(R®)(R®);
R® es hidrégeno o C. alifatico;
R® es hidrégeno, C,.4 alifatico, -T3-R% o -T*-R®:
T° es una cadena de Ci alquileno susti
seleccionados;
T* es una cadena de C,s alquileno susti
seleccionados;
R% es -C(R%=C(R®%),, -C=C-R° -S(O)R®,
-C(O)-C(O)R?®, -C(O)R®, -C(O)N(R%
R® es halo, -NO, -CN, -OR® -SR®
-N(RY)CO;,R®, -0-CO,-R®, -C
-N(R*S(0);R®, 0 -N(R)SO,-N(R*),!

[089] En algunas de esas formas de realizacid

tuida con 0-2 R*® o R* independientemente

tuida con 0-2 R*¥ o R*® independientemente

-SO,R®, -SO,-N(R%),, -C(R®=N-OR® -CO,R®,
5, -C(=NR%-N(R%), 0 -C(=NR*)-OR®; y

-N(R%2, -N(R)C(O)R®, -N(R*)C(O)N(R%),
DC(O)N(R*)2,  -OC(O)R®,  -N(R%)-N(R*),

n, R% es hidrégeno o un C,, alifatico o Ci¢

fluoroalifatico opcionalmente sustituido con uno o dos sustituyentes independientemente
seleccionados del grupo que consiste en -OR% -l\'l(R4")(R4y), -CO,R™, -C(O)N(R*™)(R*).

[090] Otra forma de realizacion de la invencion

se refiere a un subgénero de los compuestos
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de la formula (/) caracterizados por la formula (V),

(V-A), o (V-B):

rRIF R WTETR
Q " R®
0=5-X c
H N/ R? R® RdR
2 V)
(R9), (RY),
Z N /ﬂN\
J f
Rf Rf Re Y w \E)\Rh RfR R:e v w \E Rh
0 |\nn « % Re' 0 h '* % Re'
1] m i m
=5-X =5-X
O/S Ré i dRc O/S Re k dRC
H,N RP R (V-A) HN R* R (V-B)

o una sal farmacéuticamente aceptable de
El Anillo E es un anillo arilo, heteroarilo, cic
E es -N= 6 -C(R")=;

éstos, en donde:

loalifatico o heterociclico de 5 6 6 miembros;

cada R" independientemente es hidrogeno, halo, -CN-, -OR®, -N(R*),, -SR®, o un grupo

C1.4 alifatico opcionaimente sustituido;

cada R* independientemente es hidrége
-SO;R®,  -SO,N(RY),, -N(R4)2, -NR*C(O)R®,
-N(RHC(=NR*-R®, -NR*CO,R®, -N(R“)SO,R®,
-OC(O)N(R*),, -C(O)R®, -CO,R® -C(O)N(R%,,
-N(RHC(=NR*)-N(R*)-C(O)R®, -C(=NR*)-N(R*,,

no, halo, -NO,, -CN, -OR® -SR® -S(O)R®,
-NR*C(OIN(R*),,  -N(R*)C(=NR*)-N(R%),,
-N(RSO;N(R%,, -O-C(O)R®, -OCO,R®
-C(O)N(R*-OR®, -C(O)N(RY)C(=NR*-N(R%),
-C(=NR*-OR®, -N(R%-N(R%,, -N(R%-OR®,

-C(=NR*-N(R*-OR®, -C(R%)=N-OR® o un grupo alifatico, arilo, heteroarilo, o heterociclico

'nesO,1,2,é3;y

las variables W, X, Y, R% R® R° RY R® R%, R’ y m tienen los valores y los valores preferidos

descritos anteriormente para la formula (/). |

[091] En algunas formas de realizacion, R* es u

n C,, alifatico opcionalmente sustituido, o un

anillo arilo, heteroarilo, o heteroarilo de 5 6 6 miembros opcionalmente sustituido.

[092] En algunas formas de realizacién, la invencién se refiere a un subgénero de los

compuestos de la férmula (V) caracterizados por Ila férmula (W), (VI-A), o (VI-B):

RBk
I
I
R Ry W7
o-('s? xt " g
/ Rd R
H,N R® R

v
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R R

R Y. E”R" . Rf :eY
o=g-x> " Re o=8-x"" " Re
S Rre / Re

H,N R R (VI-A) HN RP RY (VI-B)

o una sal farmacéuticamente aceptable de ‘éstos, en donde:

U es una ligadura covalente, Cy.3 alquileno,l -0-, -S-, -S(0)-, 0 -S(0),-;

R®™ es halo, C,. alifatico, 0 Cy., fluoroalifati¢o:

El Anillo F es un sistema de anillos mono-, ibi-, o triciclico opcionalmente sustituido; y

El Anillo E, y las variables E, W, X, Y, Ra R®, R®, RY R® R®, R', R" y m tienen los
valores y los valores preferidos descritos anteriormente para la formula (V).
[093] En algunas formas de realizacion, el Anillo/F es seleccionado del grupo que consiste en
furanilo, tienilo, pirrolilo, oxazolilo, tiazolilo, irﬁidazolilo, pirazolilo, isoxazolilo, isotiazolilo,
oxadiazolilo, triazolilo, tiadiazolilo, fenilo, naftilo, piranilo, piridilo, piridazinilo, pirimidinilo,
pirazinilo, triazinilo, indolizinilo, indolilo, isoindolilo, indazolilo, benzimidazolilo, benztiazolilo,
benzotienilo, benzofuranilo, purinilo, quinolilo, isoquinolilo, cinolinilo, ftalazinilo, quinazolinilo,

quinoxalinilo, naftiridinilo, pteridinilo, carbazolilo,| fluorenilo, dibenzofuranilo tetrahidrofuranilo,

tetrahidrotienilo, pirrolidinilo,  pirrolidonilo,  piperidinilo,  pirrolinilo,  dihidrobenzofuranilo,
dihidrobenzotienilo tetrahidroquinolinilo, tetrahidroisoquinolinilo, decahidroquinolinilo,
oxazolidinilo, piperazinilo, dioxanilo, dioxolanilo, diazepinilo, oxazepinilo, tiazepinilo, morfolinilo,
quinuckidinilo, tetrahidroquinolinilo, tetrahidroisoquinolinilo, indanilo, fenantridinilo,
tetrahidronaftilo, indolinilo, benzodioxanilo, benzbdioxolilo, cromanilo, ciclopropilo, ciciobutilo,
ciclopentilo, ciclopentenilo, ciclohexilo, ciclohex:enilo, cicloheptilo, cicloheptenilo, ciclooctilo,
ciclooctenilo, ciclooctadienilo, bicicloheptanilo yv‘biciclooctanilo, cualquiera de los cuales es
opcionalmente sustituido en cualquier atomo de carbono del anillo sustituible y cualquier atomo
de nitrégeno del anillo sustituible.
[094] En algunas formas de realizacion, el Anillo F es seleccionado del grupo que consiste en

tienilo, oxazolilo, tiazolilo, imidazolilo, pirazolilo, lisoxazolilo, isotiazolilo, fenilo, naftilo, indolilo,

isoindolilo, benzimidazolilo, benztiazolilo, benzotienilo, benzofuranilo, quinolilo, isoquinolilo,
naftiridinilo, carbazolilo, fluorenilo, dibenzofuranilo, dihidrobenzofuranilo, dihidrobenzotienilo,
tetrahidroquinolinilo,  tetrahidroisoquinolinilo, tletrahidronaftilo, indolinilo, benzodioxanilo,
benzodioxolilo, ciclopentilo, ciclohexilo, cualquiera de los cuales es opcionalmente sustituido en
cualquier atomo de carbono del anillo sustituible y cuaiquier atomo de nitrogeno del anillo
sustituible. En formas de realizaciébn en particular, el Anillo F es un fenilo, naftilo,
tetrahidronaftilo, o dihidrobenzofuranilo opcionalm‘ente sustituido.

[095] En algunas formas de realizacién, cada atomo de nitrégeno del anillo sustituible en el
Anillo F no es sustituido o es sustituido con R¥ |y los atomos de carbono del anillo sustituible

son sustituidos con 0-4 R¥, en donde:
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cada R¥ independientemente es seleccionado| del grupo que consiste en C,, alifatico,

C1.4 fluoroalifatico, halo, -OR™, -N(R*)(R¥), un anillo aromatico de 5 6 6 miembros
opcionalmente sustituido, o un C4 alifético»go C..4 fluoroalifatico opcionalmente sustituido
© con -OR¥, -N(R*)(R"), -CO,R™, 0 -C(O)N(R*)(RY);
R% independientemente es -C(O)R’, -C(O)N(I‘:?“)z, -CO,R®, -SO,R®, -SO,N(R%,, o un
C1.4 alifatico opcionalmente sustituido con R®oR’; y
las variables R®, R*, R?, R*, y R’ tienen los valores descritos anteriormente para la formula (f).
[096] La invencion también se refiere a un subgénero de los compuestos de la formula (V)
caracterizados por la formula (VI), (VII-A), o (VII-B;):

Rk:
\-
G

/ F

|
A A
R®

R" Re
Rf R Y. W
[ m .
=5-X
O/S R* 2o dR
H,N R> R /)
R K
R
G J C?FF
~Z "N f\N
|
f |
ng R® (W \E)\R" g R R v W \E)\R“
cccccc Re‘ B &
O=g’x \m RC o:@—x " cR
/ R& 1 / R dR
HaN R® R (VII-A) HoN RP R (VII-B)

o una sal farmacéuticamente aceptable de éstos, en donde:
E es -N= 0 -C(R")=;
F es -N(R%™)-, -O-, 0 -S-;
G es =N- 0 =C(R")-;
R% es hidrogeno, -C(O)R®, -C(O)N(R?),, -CO,R®, -SO,R®, -SO,N(R%),, 0 un C alifatico

opcionalmente sustituido con R® o R’:

cada R" independientemente es hidrogeno, halo, -CN-, -OR®, -N(R*), -SR®, o un grupo
C..4 alifatico opcionalmente sustituido;

cada R* independientemente es hidrégeno, halo, -NO,, -CN, -OR® -SR° -S(O)R®,
-SO,R®,  -SO,N(RY, -N(R*, -NR*C(O)R®  -NR*C(O)N(R%),,  -N(R"C(=NR*)-N(R*),
N(RHC(=NRH-R®, -NR*CO,R®, -N(RY)SO,R®| -N(R»SO,N(R*),, -O-C(O)R®°, -OCO,R’
-OC(O)N(R*),, -C(O)R®, -CO,R®, -C(O)N(R%),, ' -C(O)N(R*-OR®, -C(O)N(R*)C(=NR*)-N(R*),,
NRHC(=ENRY-N(R)-C(O)R®,  -C(=NRH)-N(R*),,| -C(=NR*)-OR®, -N(R*)-N(R*,, -N(R*)-OR®,
-C(=NR%-N(R*-OR®, -C(R®)=N-OR® o un grupo alifatico, arilo, heteroarilo, o heterociclico

opcionalmente sustituido; y

" .

las variables W, X, Y, R?, R®, R®, RY, R®, R®, R', R®, R*, R®, R®, R’, y m tienen los valores
y los valores preferidos descritos anteriormente para la formula (/).
[097] En ciertas formas de realizacion, la invencion se refiere a un subgénero de los

compuestos de la formula (VIl), caracterizados por la férmula (VII-C) o (VII-D):
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. sz
R” R”

F
4 F
G G/
Z N 25N
' e A
R R WTSETRN RER R, WTSETR
e e \ P .
2 x v A QXT, R®
O:/S’ R R¢ O:IS'X Re RS
b Rd , d
HyN R® R (VII-C) HaN R® R (VII-D)

o una sal farmaceuticamente aceptable de éstos, en donde:

las lineas punteadas indican ligaduras simples o dobles;

cada R% independientemente es hidrégeno, halo, -OR¥, -N(R*)(R*), o un C_, alifatico o
C1.4 fluoroalifatico opcionalmente sustituido con -OR™, -N(R*)(R"), -CO,R*, 0 -C(O)N(R*)(R™);
o ambos R?, tomados en forma conjunta con Ioé atomos de carbono del anillo interviniente,
forman un anillo fusionado cicloalifatico, arilo, heteroarilo, o heterociclico de 5 6 6 miembros
opcionalmente sustituido.
[098] La invencion también se refiere a un subgénero de los compuestos de la formula (V)
caracterizados por la formula (VIII), (VIII-A), o (VIII-B):
(R)5

7
AN
w\/m

R Y. E

f >
R R' Re Y. w ‘E R" R Rf R:e v W~ SE“ RN
9 &INH': Re o < Re.
O:/S’X R? R¢ o:g‘x " R
/ Ra
b d !
H,N RP R (VIlI-A)H:N R RY (VIII-B)

o una sal farmacéuticamente aceptable deéstos, en donde:

las variables E, W, X, Y, R®, R®, R, R, R®, R®, R", R", R* y m tienen los valores y los
valores preferidos descritos anteriormente para las férmulas (VII), (VII-A), y (VII-B).
[099] En algunas formas de realizacién, R en Iaj férmula (VH), (VII-A), (VII-B), (VIII), (VIII-A), o

(VIII-B) tiene la formula —U-Anillo F, en donde la variable U y el Anillo F tienen los valores y los

valores preferidos descritos anteriormente para la formula (VI). En algunas de esas formas de
realizacion, la variable U es una ligadura covalente.
[0100] En una forma de realizacién en particular, la invencién también se refiere a un

|

subgénero de los compuestos de la férmula (/), caracterizados por la formula (IX-A) o (IX-B):
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(R%)s

\
HN%(R%
A s

N
]

D
HNJQE)
9 /lllll
0=5-0 " ¢
HoN b R (IX-A)
(R%)s:
.
HNJQE)
Q
0=5-0
wN Rl LR
’ R® R (IX-B)

o una sal farmacéuticamente aceptable de éstos, en donde:
las variables D, E, R? R®, R%, R, R, R®, s,y t tienen los valores y los valores preferidos

descritos anteriormente para las formulas (/)-(/V).

[0101] En algunas formas de realizacién, las configuraciones estereoquimicas representadas
en las posiciones marcadas con asterisco en cualquier férmula anterior indican estereoquimica
relativa. En otras formas de realizacion, las configuraciones estereoquimicas representadas en
las posiciones marcadas con asterisco indican es{ereoquimica absoluta. En ciertas formas de
realizacion en particular, la invencion se refiere a Compuestos de la férmula (I-A), (I-A), (lll-A),
(IV-A) (V-A), (VI-A), (VII-A), (VIII-A), o (IX-A), en[ donde las configuraciones estereoquimicas
representadas en posiciones marcadas con asterisco indican estereoquimica absoluta.

[0102] Las definiciones de subgénero para el Anillo Ay las variables W, X, Y, R?, R®, R® R RS,
R® y R' descritas para la formula (/) también se aplican a las férmulas (I)-(IX). Los compuestos
que incluyen cualquier combinacion de los valores preferidos para las variables descritas en la
presente se encuentran dentro del alcance de la presente invencién.

[0103] Los ejemplos representativos de los comp'uestos de la formula (/) se muestran en la
Tabla 1.

[4]



Tabla 1:
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Inhibidores de enzimas de activacion E1

HN'
HN¢ ¢
~N
| ) 0O — N
O O P/ 1" H -
e HN” N LS. N N OJ
HZN,S\O/\O, H,N 2 O/\O’ ?\|_// CH,
HG OH | HO  OH
1-1 -2
/~NH

3

o7
N;,\:O\’—, HN \N 0 HN"SN
Fo (Y

HO' HO

-5
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HN
&
Oy P HN N//l
H,N"T°0
HO OH
1-8
HaC
NH
X

O\"/O S )
HZN,S\O/\ HN N
HO OH
1-14

(43



H,C
*1-CH,
1
N7 N
HQN\S,O HNJV
7o Y
HO OH
1-15
£ F
HNY
H2N O ~
. N
i |
00—~ _HN N/)
HO OH
1-17

31

1-16
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1-25

1-27

32

0,0

H

HZN'S\O \( )H,N

HaN=5=

1-22
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[0104] Los compuestos en la Tabla 1 que precede también se pueden identificar mediante los

siguientes nombres quimicos:

1-1

1-10

1-11

1-12

13

I-14

1-15

1-16

1-17

1-18

Nombre quimico :

sulfamato de {(1R,ZR,3S,4R)-4-[(6-{[(1?8)-4-fluoro-2,3-dihidro-1H—inden-1-i|]-
amino}pirimidin-4-il)amino]-2,3-dihidroxicic%lopentil}metiIo

sulfamato de {(1R,2R,3S,4R)-2,3-dihidroxi-4-{(6-{[(1R,2S)-2-metoxi-2,3-dihidro-
1H-inden-1-illamino}pirimidin-4-il)amino]ciclopentil}metilo

sulfamato de [(1R,ZR,38,4R)-2,3-dihidr|oxi-4-(9H-purin-6-i|amino)ciclopentil]-
metilo
sulfamato de [(1R,2R,3S,4R)-4-({2-[(ciclohexilmetil)amino]pirimidin-4-il}amino)-
2,3-dihidroxiciclopentillmetilo
sulfamato de [(1S,2S,4R)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-
4-ilYamino)-2-hidroxiciclopentillmetilo
sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1S)-4,7-difluoro-2,3-dihidro-1H-inden-1-il]-
amino}pirimidin-4-il)aminol-2, 3-dihidroxiciclopentil}metilo

sulfamato de ((1R,2R,3S,4R)-4-{[2-(benzilamino)pirimidin-4-illJamino}-2,3-

dihidroxiciclopentilymetilo

sulfamato de [(1R,2R,3S,4R)-4-({6-[(1R)-2,3-dihidro-1H-inden-1-
ilamino]pirimidin-4-il}amino)-2,3-dihidroxiciclopentillmetilo
sulfamato de {(1R,2R,3S,4R)-2,3-dihidroxi-4-[(8-fenil-9H-purin-6-il)-

amino]ciclopentil}metilo
sulfamato de [(1R,2R,3S,4R)-2,3-dihidroxi-4-({2-[(3-metil-2,3-dihidro-1H-inden-

1-il)amino]pirimidin-4-i|}amino)ciclopentil]nvetilo

sulfamato de [(1 S,2R,38,4{?)-4-({6—[(1 S)-2,3-dihidro-1H-inden-1-
ilamino]pirimidin-4-il}amino)-2, 3-dihidroxiciclopentiljmetilo
sulfamato de [(1R.2R,38,4R)-2,3-dihidroxi-4-({6-[(15)-1,2,3,4-

tetrahidronaftalen-1-iIamino]pirimidin-4-i|}a{mino)ciclopentil]metilo

sulfamato  de {(1R,ZR,3S,4R)—4-[(6-émino-2-metiIpirimidin-4-i|)amino]-2,3-
dihidroxiciclopentil}metilo

sulfamato de [(1R,2R,3S,4R)-4-({6-[(ciclohexiimetil)amino]pirimidin-4-il}amino)-
2,3-dihidroxiciclopentillmetilo |

sulfamato de {(1R,2R,3S,4R)-4-[(2-{[(1S);3,3-dimeti|-2,3-dihidro-1H—inden-1-il]-
amino}pirimidin-4-il)amino]-2,3-dihidroxiciclopentil}metilo

sulfamato de {(1R,2R,3S,4R)-2,3-dihidroxi-4-[(piridin-3-ilcarbonil}-
amino]ciclopentil}metilo :

sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1 S)-§5,6-difluoro-2,3-dihidro-1 H-inden-1-il]-
amino}pirimidin-4-i|)amino]-2,3-dihidroxiciélopentil}metilo

sulfamato de [(1R,2R,3S,4R)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino}-2-

meti!pirimidin-4-i|}amino)-2,3-dihidroxiciclofpentil]metilo

(6]
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1-20

1-21
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1-27

1-28

1-29
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1-33

1-34

1-35

1-36

1-37
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sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1S)-5-cloro-2,3-dihidro-1H-inden-1-il}-
amino}pirimidin-4-il)amino]-2,3-dihidroxiciclopentil}metilo

sulfamato de [(1R,2R,3S,4R)-4-({2-[benziI(metiI)amino]pirimidin-4-il}amino)-2,3-
dihidroxiciclopentilimetilo

sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-il}-
amino}pirimidin-4-iI)amino]-2,3-dihidroxici¢|openti|}meti|o

sulfamato de [(1R,2R,3S,4R)-4-({6-[benzil{metiI)amino]pirimidin-4-i|}amino)-2,3-

dihidroxiciclopentillmetilo :
sulfamato de {(1 R,2R,3S,4R5)-2,3-dihidroxi-4-[(piridin-2-ilcarboni|)-
amino]ciclopentil}metilo
sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1S)-4-cloro-2,3-dihidro-1H-inden-1-il]-
amino}pirimidin-4-il)amino]-2,3-dihidroxiciclopentil}metilo

sulfamato de [(1R,2S,4R)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-
4-il}amino)-2-hidroxiciciopentilimetilo
sulfamato de [(1R,2R,3S,4R)-4-({4-[(1S)-2,3-dihidro-1H-inden-1-ilamino}-1,3,5-
triazin-2-il}amino)-2,3-dihidroxiciclopentiljmetilo

sulfamato  de  ((1R,2R,3S,4R)-4-{[6-(benzilamino)pirimidin-4-illamino}-2,3-
dihidroxiciclopentil)metilo
sulfamato de [(1R,2R,3S,4R)-2,3-dihidroxi-4-(isonicotinoiIamino)ciclopentil]-
metilo |

sulfamato de [(1R,2R,3S,4R)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-
ilamino]pirimidin-4-il}amino)-2,3-dihidroxiciclopentillmetilo

sulfamato de ((1R,2R,3S,4R)-4-{[6-(benzilamino)-2-metilpirimidin-4-ilJamino}-
2,3-dihidroxiciclopentil)metilo

sulfamato de [(1S,28,4R)-4-({6-[(1S)-2,3.-Dihidro-1H—inden-1-iIamino]pirimidin-
4-il}oxi}-2-hidroxiciclopentillmetilo
sulfamato de [(1S,2S,4R)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]-5-
metilpirimidin-4-il}oxi)-2-hidroxiciclopentilimetilo

sulfamato de [(1S,2S,45)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-4-
iltmetil)-2-hidroxiciclopentiijmetilo
sulfamato de ((18,2S,4R)-4-{[8-(2-clorofenil)-9H-purin-6-illamino}-2-
hidroxiciclopentil)metilo
sulfamato de {(1S,2S,4R)-4-[(2-{[(1S)-5-¢cloro-3,3-dimetil-2,3-dihidro-1H-inden-
1-ilJlamino}piridin-4-il)oxi]-2-hidroxiciclopentilimetilo

sulfamato de {(18,28,4R)-2-hidroxi-4-[(7-metil-8-fenil-7H-purin-6-il)-
amino]ciclopentilimetilo |

sulfamato de ((1S,23,4R)-2-hidroxi-4-{t8-(2-fenoxifeniI)-9H-purin-6-iI]amino}-

ciclopentil)metilo

lc2
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sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-fenil-7H-pirrol[2,3-d]pirimidin-4-il)-
amino]ciclopentil}metilo
sulfamato de {(1S,2S5,4R)-4-[(8-dibenzo[b,d]furan-4-il-9H-purin-6-il)Jamino]-2-
hidroxiciclopentilimetilo | |
sulfamato de [(1 S,28,4R)-2-hidroxi-4-}({6-[(1 S)-1,2,3,4-tetrahidronaftalen-1-
ilamino]pirimidin-4-il}oxi)ciclopentiljmetilo

sulfamato de ((1S,2S,4R)-4-{[8-(2,3-dihidro-1,4-benzodioxin-5-il)-9H-purin-6-il]-
amino}-2-hidroxiciclopentilymetilo

sulfamato de [(1S,2S,4R)-2-hidroxi-4-({6-[(1-naftiimetil)amino]pirimidin-4-il}-
oxi)ciclopentiljmetilo {

sulfamato de  {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2S)-2-metil-2,3-dihidro-1H-
inden-1-iI]amino}pirimidin-4-iI)oxi]ciclopentiil}metiIo

sulfamato de [(1R,2R,38,4R)-4-({4-[(1!S)-2,3-dihidro-1H-inden-1-i|amino]-6-
metil-1,3,5-triazin-2-il}amino)-2, 3-dihidroxiciclopentiljmetilo

sulfamato de ((1S,2S,4R)-2-hidroxi-4-{metil[8-(1-naftil)-9H-purin-6-ilJamino}-
ciclopentil)metilo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-
inden-1-ilJamino}pirimidin-4-ilyamino]ciclopentil}metilo

sulfamato de {(1S,28,4R)-4-[(8-bifenil-2-il-9H-purin-6-il)amino]-2-
hidroxiciclopentil}metilo
sulfamato de ((18,2S,4R)-2-hidroxi-4-{[8-(1-naftil)-9H-purin-6-illamino}-
ciclopentil)metilo
sulfamato de ((1S,2S,4R)-4-{[6-({(1S,2R)-2-[(dimetilamino)metil]-2,3-dihidro-
1H-inden-1-il}amino)pirimidin-4-iljoxi}-2-hidroxiciclopentil)metilo

sulfamato de [(1S,2S,4R)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]-2-oxo-2,3-
dihidropirimidin-4-il}amino)-2-hidroxiciclopentiljmetilo

sulfamato de {(1 R,2R,3S,4R)-2,3-dihidro>{i-4-[(4-{[(1 R,28)-2-metoxi-2,3-dihidro-
1H-inden-1-illamino}-1 ,3,5-triazin-2-iI)amiﬁo]ciclopentil}metilo

sulfamato de ((1S,ZS,4R)-4-{[6-c|oro-2-(1-naftil)-3H-imidazo[4,5-b]piridin-7-il]-
amino}-2-hidroxiciclopentilymetilo

sulfamato de [(1R,3R,4R)-3-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-
4-iljamino)-4-hidroxiciclopentillmetilo

sulfamato de ((1 S,2S,4R)-4-{[8-(3-c|orofenil)-QH-purin-6-il]amino}—2—
hidroxiciclopentilymetilo 5

sulfamato de ((1S,ZS,4R)—4-{[.6-(3,4-dik§1idroisoquinolin—2(1H)-il)pirimidin-4-i|}-
oxi}-2-hidroxiciclopentil)metilo
sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8-[2-(trifluorometoxi)fenil}-9H-purin-6-il}-
amino)ciclopentillmetilo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(8-fenil-9H-purin-6-il)oxi]ciclopentil}metilo

/63
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sulfamato de [(1S,2S,4R)-4-({8-[4-(dimetilamino)-1-naftil]-9H-purin-6-il}amino)-

2-hidroxiciclopentilimetilo

sulfamato de {(1S,28,4R)-4-[(6-{[(1S)—é,3-dimeti|—2,3-dihidro-1H-inden-1-il]-'

amino}pirimidin-4-iI)amino]-2-hidroxiciclope}ntiI}metilo

sulfamato de ((1S,28,4R)-4-{[6-({(1S,28)-2-[(dimetilamino)carboniI]—2,3-dihidro-
1H-inden-1 -iI}amino)pirimidin-4-il]oxi}-2-hid|roxicic|opentil)meti|o

sulfamato de ((1S,28,4R)—4-{[8-(2,3-&imetoxifenil)-gH-purin-6-i|]amino}-2-
hidroxiciclopentil)metilo |

sulfamato de  [(1S,2S,4R)-4-({8-[2-(benziloxi)fenil]-9H-purin-6-il}amino)-2-
hidroxiciclopentillmetilo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(8:fenil-9H-purin-6-il)amino]ciclopentil}-
metilo
sulfamato de {(1S,2S,4R)-4-[(6-{[(1S)-3,3-dimetil-2, 3-dihidro-1H-inden-1-il]-
amino}-5-f|uoropirimidin-4-i|)amino]—2-hidroixiciclopentiI}metilo

sulfamato de ((1S,28,4R)-4-{[8-(7-gl0r0quinoIin-4-iI)-7H-purin-6-il]oxi}-2-
hidroxiciclopentil)metilo _

sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[6-(1-naftil)-7H-pirrol[2,3-d]pirimidin-4-il}-
aminojciclopentil)metilo
sulfamato de [(1S,3R,4R)-3-({6-[(1S)-2,3+dihidro-1H-inden-1-ilamino]pirimidin-
4-il}amino)-4-hidroxiciclopentiljmetilo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2R)-1-metoxi-2,3-dihidro-1H-
inden-2-iI]oxi}pirimidin-4-i|)oxi]cic|opentiI}mietilo

sulfamato de {(1S,28,4R)—2-hidroxi-4-[1(6-{[(1R,ZS)-1-metoxi-2,3-dihidro-1H-
inden-2-iI]oxi}pirimidin-4-iI)oxi]ciclopentil}metilo

sulfamato de {(1S,28,4R)—4-[(9-benziI-@H-purin-6-i|)oxi]-2-hidroxiciclopentil}-
metilo
sulfamato de ((1S,28,4R)-2-hidroxi;4-{[6-(2-feniIbetiI)pirimidin-4-il]amino}-
ciclopentil)metilo
N-({(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-il]-
amino}pirimidin-4-iI)oxi]ciclopentil}metiI)su‘famida

sulfamato de {(1S,2S,4R)-4-[(5-fluoro-6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-
inden-1-iI]amino}pirimidin-4-iI)oxi]-2-hidrox‘iciclopentil}metilo

sulfamato de {(1S,28,4R)-2-hijdroxi-4-[(8-quinolin-8-il-7H-purin-6-iI)-
amino]ciclopentil}metilo
sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1R,2R)-2-(benziloxi)ciclopentillamino}-
pirimidin-4-i|)amino]-2,3-dihidroxiciclopent';l}metilo

sulfamato de ((1R,2R,3S,4R)-2,3-dihidroxi-4-{[6-(2-feniletil)pirimidin-4-iljJamino}-

ciclopentil)metilo
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sulfamato de ((1S,28,4R)-2-hidroxi-4-{[8J(1-naftiI)—9H-purin-6-i|]oxi}cic|openti|)-
metilo
sulfamato de {(1S,2S,4R)-4-[(8-benzil-9H-purin-6-il)amino}-2-hidroxiciclopentil}-
metilo
sulfamato de [(1 S,28,4R)-4-({6-[(4—clorobenziI)oxi]pirimidin-4-il}oxi)-2-
hidroxiciclopentillmetilo |
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(2-fenil[1,3]oxazolo[5,4-d]pirimidin-7-il)-
amino]ciclopentil}metilo
sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1S,2S)-2-(benziloxi)ciclopentillamino}-
pirimidin-4-il)amino]-2,3-dihidroxiciclopentil}metilo

sulfamato  de ((1S,28,4R)-4-{[8-(2,67dimetoxifenil)-QH-purin-6-il]amino}-2-
hidroxiciclopentil)metilo
sulfamato de [(1S,2S,4R)-4-({2-[(1S)-2,3-dihidro-1H-inden-1-ilamino]piridin-4-
ilfoxi)-2-hidroxiciclopentillmetilo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S5)-2-metoxi-2,3-dihidro-1H-

inden-1-ilJoxi}pirimidin-4-il)oxi]ciclopentil}metilo

sulfamato de [(1S,2S,4R)-2-hidroxi-4-(pirimidin-4-iloxi)ciclopentiljmetilo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2R)-2-metoxi-2,3-dihidro-1H-
inden-1-ilJoxi}pirimidin-4-il)oxi]ciclopentil}metilo

sulfamato de ((1S,28,4R)-2-hidroxi-4-{[§-(3-metoxifeniI)-9H-purin-6-il]amino}-
ciclopentil)metilo

sulfamato de ((1S,2S,4R)-4-{[8-(2,2-dimetil-2,3-dihidro-1-benzofuran-7-il)-OH-
purin-6-il]amino}-2-hidroxiciclopentiI)metilo‘

sulfamato  de [(1S,2S,4R)-2-hidroxi-4[({8-[(3-metilfeniI)squoniI]-9H-purin-6-
ilfoxi)ciclopentil]metilo |

sulfamato  de  [(1S,25,4R)-4-({8-[4-(benziloxi)fenil]-7H-purin-6-il}amino)-2-
hidroxiciclopentiljmetilo '
sulfamato de [(1S,28,4R)-4-({8-[4-(dime:tilamino)-1-naftil]-?H-purin-6-i|}oxi)-2-

hidroxiciclopentillmetilo

sulfamato de {(1S,2S,4R)-4-[(8-bifenil-3-il-9H-purin-6-il)amino]-2-
hidroxiciclopentil}metilo

sulfamato de {(1R,2R,3S,4R)-4-[{6-[(1S)-2,3-dihidro-1H-inden-1-
ilamino]pirimidin-4-il}(metil)amino]-2,3-dihidroxiciclopentil}metilo

sulfamato de (1 S,28,4R)-2-Hidroxi-4-{[8-(2-metiIfeniI)-9H-purin~6-

illamino}ciclopentil)metilo .
sulfamato de ((1R,2R,38,4R)-2, 3:dihidroxi-4-{[6-(feniletinil)pirimidin-4-
illamino}ciclopentil)metilo b
sulfamato de ((1S,28,4R)-2-hidroxi-4-{[é-(1-naftil)-3H-imidazo[4,5-b]piridin-7-

ilJoxi}ciclopentilymetilo
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(18,2S,4R)-2-(hidroximetil)-4-{[8-(5,6,7 ,8-tetrahidronaftalen-1-il)-9H-purin-6-

illamino}ciclopentanol
sulfamato de
hidroxiciclopentil)metilo
sulfamato de {(18,25,4R)-2-hid
ilYoxi]ciclopentil}metilo '
sulfamato de
fluoropirimidin-4-ilYamino)-2,3-dihidroxiciclo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-fe
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(
inden-1-illamino}pirimidin-4-il)oxi]ciclopentil
sulfamato de ((1S,2S,4R)-4-{[8-(2,3-dihi
amino}-2-hidroxiciclopentil)metilo
sulfamato de ((1R,2R,3S,4R)-2,3-dihidro
iflamino)pirimidin-4-ilJamino}ciclopentil)metil
sulfamato  de

ciclopentilymetilo

(1 S,28,4R)-4-{[8-§(4-c|orofenil)-9H-purin-6-i|]amino}-2-

roxi-4-[(8-isoquinolin-4-il-7H-purin-6-

[(1R,2R,3S,4R)-4-({2-[(15)-2,3-dihidro-1H-inden-1-ilamino]-5-

pentillmetilo
nilpirimidin-4-il)oxijciclopentil}metilo
6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-
fmetilo

dro-1-benzofuran-7-il)-7H-purin-6-il]-

xi-4-{[6-(5,6,7,8-tetrahidronaftalen-1-

o)

((1S,2S,4R)-2-hidroxi-4-{[6-(1-naftiimetoxi)pirimidin-4-ilJoxi}-

sulfamato de ((1S,2S,4R)-4-{[6-(1,3-dihidro-2H-isoindol-2-il)pirimidin-4-iljoxi}-2-

hidroxiciclopentil)metilo
sulfamato de

purin-6-ilJaminojciclopentil)metilo

((15,25,4R)-2-hidroxi-4-{[8-(1,2,3,4-tetrahidronaftalen-1-i)-9H-

sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8:[2-(trifluorometil)fenil]-9H-purin-6-il}-

amino)ciclopentillmetilo
{(1S,2S,4R)-2-hidroxi-

amino]ciclopentil}metilo

sulfamato de

4-[metil(9-metil-8-fenil-9H-purin-6-il)-

sulfamato de {(1S,2S,4R)-4-[(6-{[(1 S)-fj3,3-dimeti|—2,3-dihidro-1 H-inden-1-il]-
amino}pirimidin-4-il)oxi]-2-hidroxiciclopentil}metilo _
sulfamato de {(1 S,ZS,4R)-2-hidroxi-4-[(21-{[(1 R,2S)-2-metoxi-2,3-dihidro-1H-
inden-1-ilJamino}-1,3,5-triazin-2-il)amino]ciclopentil}metilo

sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[8-(5,6,7 ,8-tetrahidronaftalen-1-il)-9H-

purin-6-iljJaminojciclopentil)metilo
sulfamato de
hidroxiciclopentil)metilo
sulfamato de
hidroxiciclopentil}metilo
sulfamato de ((1S,2S,4R)-4-{[8-(1-benzi
hidroxiciclopentil)metilo
sulfamato de

amino]ciclopentil}metilo

((15,2S,4R)-4-{[6-(ciclopentilamino)pirimidin-4-ilJoxi}-2-

{(1S,2S,4R)-4-[(8-ciclohexil-9H-purin-6-il)amino]-2-

:I-1 H-pirazol-4-il)-7H-purin-6-ilJoxi}-2-

|
{(1S,28,4R)-2-hidroxi-4-[(9-metil-8-fenil-9H-purin-6-il)-
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sulfamato de {(1 S,28,4R)-i4-[(8-tert-butil-9H-purin-6-il)amino]-2-
hidroxiciclopentil}metilo i

sulfamato de {(1S,2S,4R)-4-[(6-benzilpirimidin-4-il)oxi]-2-hidroxiciclopentil}-
metilo !

sulfamato de ((1S,28,4R)-2-hidroxi-4-{[é-(2—metoxifeni|)—9H-purin-6-il]amino}-
ciclopentil)metilo ‘

sulfamato de {(1S,2S,4R)-4-[(4-{[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-il]-
amino}-1,3,5-triazin-2-il)amino]-2-hidroxiciclopentil}metilo

sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8-[(3-metilfenil)sulfanil}-7H-purin-6-il}-
oxi)ciclopentillmetilo ‘

sulfamato de [(1S,2S,4R)-4-({8-[2-(dimetilamino)fenil]-9H-purin-6-il}amino)-2-
hidroxiciclopentillmetilo ‘

(1S,2S,4R)-4-{[8-(2,3-dihidro-1 ,4-benzodidxin-5-il)-9H-purin-6-il]amino}-2-
(hidroximetil)ciclopentanol 1
sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[8-(4-pirrolidin-1-il-1-naftil)-7H-purin-6-il]-
oxi}ciclopentil)metilo
sulfamato de  ((1S,2S,4R)-2-hidroxi-4-{[8-(1H-indol-3-il)-7H-purin-6-ilJoxi}-
ciclopentil)metilo
sulfamato de  ((1S,2S,4R)-2-hidroxi-4-{[6-(2-naftiimetoxi)pirimidin-4-ilJoxi}-
ciclopentil)metilo
sulfamato de {(18,28,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-1,2,3,4-
tetrahidronaftalen-1-illJamino}pirimidin-4-il)oxi]ciclopentil}metilo

sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2R)-2-metoxi-1,2,3,4-
tetrahidronaftalen-1-ilJamino}pirimidin-4-il)oxi]ciclopentil}metilo

sulfamato de {(1R,2R,38,4R¥)-4-[(2-{[(1S)-2,3-dihidro-1H-inden-1-
ilamino]carbonil}piridin-4-il)aminol-2,3-dihidroxiciclopentil}metilo

sulfamato de ((1R,2R,3S,4R)-4-{[2-(2, 3-dihidro-1H-indol-1-ilcarbonil)piridin-4-il]-
amino}-2,3-dihidroxiciclopentil)metilo

sulfamato  de  ((1S,2S,4R)-4-{4-[(1S)-2,3-dihidro-1H-inden-1-ilamino]-5,6-
dihidro-?H-pirrolo[Z,3-d]pirimidin-7-i|}-2-hidlroxiciclopentil)metilo

sulfamato de {(1S,28,4R)—4—[(4—{[(1R)§£,2-difluoro-2,3-dihidro-1H-inden-1-i|]-

amino}-1,3,5-triazin-2-il)amino]-2-hidroxiciclopentil}metilo

sulfamato de {(1S,25,4R)-4-[(6-{[(1S,2R)-2,7-dimetoxi-1,2,3,4-
|

tetrahidronaftalen-1 —il]amino}pirimidin-4-il)ci>xi]—2-hidroxiciclopentil}metilo

sulfamato de {(1 S,28,4R?-4-[(6-{[(1 R,2S5)-2,7-dimetoxi-1,2,3,4-

tetrahidronaftalen-1 -il]amino}pirimidin-4-i|)6xi]-2-hidroxiciclopentiI}metilo
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-4,4-dimetil-1,2,3,4-

tetrahidronaftalen-1-ilJamino}pirimidin-4-iloxi]ciclopentil}metilo
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I-151 sulfamato de {(1S,28,4R)-2-hidroxi-4-[(6-{[(1S,2R)—2-metoxi-4,4-dimeti|-1 ,2,3,4-
tetrahidronaftalen-1 -il]amino}pirimidin-4-iI)Qxi]cicIopentil}metilo

I-152 sulfamato de ((1S,3S)-3-{[8-(1-naftiI)-9H-plﬁrin-6-i|]oxi}cic|opentiI)metilo

1-163 sulfamato de [(1S,2S,4R)-4-({4-[(1 S)-21,3-dihidro-1 H-inden-1-ilamino]-1,3,5-

|

triazin-2-iljamino)-2-hidroxiciclopentiljmetilo
Metodologia de sintesis general

[0105] Los compuestos de la presente invencién| se pueden preparar por medio de métodos

conocidos por un especialista en el arte y/o por referencia a los esquemas mostraros mas abajo
y los siguientes ejemplos de sintesis. Las rutas de sintesis de ejemplo se establecen en los
Esquemas 1-21 que figuran mas abajo y en los Ejémplos.
Esquema 1: Ruta general para la sintesis de sulfamatos de ((1R,2R,3S,4R)-4-
[(pirimidin—4—il)amino]-2,3—dihidroxiciclopentil)metilo 2— y 6—sustituido
Cl

rocl Rh
Cl RY XNy
®0 l A\N IA,)\
NH, 1AL h

e HN™ "N™ 'R
. HO/\O] Método A HNT "NT TR Método B yn
— T wo Y —=""(
© HO OH Rr ks 5.0
. A H3. OH
i la,
cl 'LR' iii x
ii iv
Método C
R =5}
R® h h
R Ay Rr‘fN ' R:@N
LA , 0 HN N‘J\R“ HN NPy
Q HNT SNTTRM Métode E =20 ) Método O g
toNY T =TT e
0 S n g0 9 g 0
HO OH ’ . THA-3C
X 3 S
wiii o
vii vi "

[0106] El Esquema 1 anterior muestra una ruta general para preparar compuestos de la formula
(-B), en donde W es -NH- y R® es —-OH. Los éspecialistas en el arte reconoceran que los
compuestos de la férmula (/~B), en donde el An}illo A es distinto que pirimidina, se pueden
preparar por medio de la misma ruta de sintesis, comenzando con materiales de partida
apropiados analogos a ii.

[0107] Tal como se indica en el Esquema 1, la conversién de i en los compuestos de la formula
iii se lleva a cabo por acoplamiento con las pirimidinas apropiadamente sustituidas a
temperatura elevada en solventes proticos, tales como EtOH o BuOH, usando una base
apropiada, tales como DIPEA o Et:N en presencia|de irradiacién de microondas (Método A). La
proteccion selectiva del diol vecinal de iii se efectua en esta etapa por tratamiento con 2,2—
dimetoxipropano en presencia de un acido orgéniéo, como p—TsOH en un solvente, tales como
MeOH o acetona (Método B). El desplazamiento dél cloruro de arilo de la formula iv se logra por

acoplamiento con el nucledfilo apropiadamente sustituido, tales como una amina, alcohol o tiol a
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temperatura elevada usando irradiacién de microondas en ausencia de solvente (Método C). Un

posterior tratamiento con clorosuifonamida rec

sulfamatos vii (Método D). El clivaje del acetal po

en presencia de agua de acuerdo con el Método E-

Esquema 2: Ruta para la sintesis de sul

ilJamino]- 2-mono y 2,3—dihidrox

én preparada vi da como resultado los
r tratamiento con un acido fuerte, como TFA,
da compuestos de la formula viii.

famatos de [(1S,2S,4R)-4—|(pirimidin—-4—

ciclopentillmetilo 6—sustituidos

L

O ‘0 Flaliinida O/'vngN O Método F O/I-.OV

—_— S

o CH(D Me), ~ salde K+ de ftalimida 0 BH o o4

1 § xi e xii si O
E ] Y

~0
Métodos HM 1
Método 6

=0 ~0
OMe I

L
o la] NH,
v A" HNNTRY o
ok | A | /O Método)
A Método K N*nh Métodos | O - 0
- R —— H C,«' 0 i Lo "
Ho Q “fi -0
3 -~ ClI7 N7 R
HO ]

xviii :
|

. 0
MétadoL laocrm E=2sd} }

BocHN - § 07" O’

xx

[0108] Los compuestos de la féormula (I-A) se bueden preparar por medio de los métodos
|

descritos en el Esquema 2. Se conocen los lmétodos para la sintesis del intermediario
leic Acids, 2002, 21, 65-72). Después del

tratamiento con m—-CPBA, el diol ix se convierte en epoxidiol x. La posterior proteccién del diol

alquenodiol ix (Nucleosides, Nucleotides & Nuc

usando dimetilacetal de p—anisaldehido en preséncia de p—toluensulfonato de piridinio provee
epoxido xi. La apertura del epoxido usando una mezcla de ftalimida y sal potasica de ftalimida
en DMSO a temperatura elevada da como result?ado alcohol xii. Este alcohol se alquila luego
por tratamiento con clorofeniltionocarbonato y DMAP en DCM para obtener tiocarbonato xiii
(Método F). La desoxigenacion en esta etapa se ]Iogra por tratamiento con tris(trimetilsilil)silano
y aire en tolueno seguido de BEt; en tolueﬁo para dar xiv (Método G). La posterior
desproteccién con hidrazina en EtOH a temperatufra elevada da amina xv (Método H).

[0109] La conversion de la amina xv en compuestos de la férmula xvi se lleva a cabo por
acoplamiento con las pirimidinas apropiadamente sustituidas a temperatura elevada en

solventes préticos, tales como EtOH o BUOH, usando una base apropiada, tal como Et;N en un
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tubo sellado (Método |). Nuevamente, los especialistas en el arte reconoceran que compuestos
|

de la formula xxi y xxii, en donde el Anillo A es distinto que pirimidina, se pueden preparar por

medio de la misma ruta de sintesis, usando un material de partida analogo a ii.

' [0110] El tratamiento de compuestos que tienen la férmula general xvi con una amina, tal como

bencilamina, en ausencia de solvente a temperatura elevadas usando irradiacién de microondas
resulta en la desproteccién del diol y luego la repgticic’m del proceso en presencia de una base,
tales como DIPEA o Et;N a temperatura elevadas en un solvente proético, tales como EtOH o
BuOH usando irradiacién de microondas da como resultado pirimidinas sustituidas xviii
(Métodos J y K). ‘

[0111] Se conocen los métodos para la sintesis} de clorosulfonilcarbamato de ter—butilo xix
(Hirayama et al., Biorg. Med. Chem., 2002, 10, 1509-1523) y este reactivo se hace reaccionar
selectivamente con el alcohol primario usando una base impedida, tales como 2,6-di—ter—butil—
4-metilpiridina, en un solvente, tales como ACN, para obtener Boc sulfamatos de la formula xx
(Método L). La eliminacion del grupo siloxi con un acido prético como TFA (Método M) da los
compuestos de la férmula xxi.

[0112] De modo alternativo, el compuesto Xii se piuede exponer directamente a las condiciones
descritas en los Métodos H-M, para obtener siulfamatos de dihidroxiciclopentilmetilo de la
férmula xxii.
Esquema 3: Ruta general para la sintesis de sulfamatos de {(1R,2R,3S,4R)-2,3-

dihidroxiciclopentil}metilo 4—amidosustituidos
Cl

Q &He
o0, O °  aa B20,, O NeBH. o NHBOC 4y . NH
NBoc . NBo¢ > L NBgoc » — HO’\O’
Ho* pzO® &0 DBz R
BzO 0Bz

wiii Rxiv Xx¢ xxui R

0
@JLCI Método N

0 H o] ! H Método O Ho H]@
N—s-o’\o' Método P HyN~5-0" -~ ’\O’
& & . 8 ’ﬁ 0 : 0

Rt I ~S-Cl [
HG OH 820 0Bz Rtz 820 DBz
xKxi KR i nxm

[0113] Los compuestos de la férmula (/~B), en donde W es -NHC(O)- se pueden preparar por
medio de los métodos indicados con anterioridad en el Esquema 3. Se conocen los métodos
para la sintesis de lactama biciclica xxiii (Daluge et al., Nucleosides, Nucleotides & Nucleic
Acids, 2000, 79, 297-327). La dihidroxilacién usalﬂdo tetroxido de osmio en presencia de un N-
dxido organico, tales como 6xido de N-metilmorfalina, en un solvente, tal como acetona, da diol
xxiv. La proteccién global de ambos alcoholes usando cloruro de bencilo y una base, tales
como Et;N y un catalizador, como DMAP, en un solvente, como DCM, da el compuestdxxv. La
lactama biciclica resultante se reduce usando NaBH, para obtener amina Boc—protegida xxvi,
que luego se desprotege tras el tratamiento con HCI en ausencia de agua. El clorhidrato de

amina secundaria resultante xxvii se trata con|un cloruro de acilo de la férmula xxviii en
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presencia de una base, tales como Et;N o DIPEA| en un solvente aprético, tal como DCM para
obtener amidas de la férmula xxix de acuerdo con el Método N. El alcohol primario de xxx
luego se sulfamoila por tratamiento con clorosulfonamida vi y una base, como DBU, en un
solvente aprético polar, como ACN (Método O). i__a desproteccién global de ambos alcoholes
secundarios usando amoniaco en un solvente polar, como MeOH, da sulfamatos finales de la
férmula xxxi (Método P).
Esquema 4: Sintesis de sulfamatos de [(1R,2S,4R)-4—[(pirimidin—4—il)amino]-2—-

hidroxiciclopentillmetilo 2— y 6—sustituidos

cl 5
Rh f” : RP
. | & L N
HO NHz Método | HN N""‘L‘R" Método € " l‘:;,J\Rh
: o I
HO :
i “";('\ Y Métoda K G

wxxii TH d k .

la, H HO xxxiv

. N"J" " XXl

i

[0114] Los compuestos de la formula (-B), en donde W es -NH-y R°y R? son hidrégeno se
pueden preparar por medio de los métodos indicados con anterioridad en Esquema 4. Se trata
aminodiol xxxii (Ober, M.; Muller, H.; Pieck, C.; Gierlich, J.; Carell, T. J. Am. Chem. Soc. 2005,
127, 18143-18149) con dicloropirimidinas de la férmula ii de acuerdo con el Método | para dar
cloropirimidinas de la formula xxxiii. La posterior reaccién con un nucledfilo apropiadamente
sustituido de acuerdo con el Método C o Método K da compuestos de la féormula xxxiv. Estos
dioles se sulfamoilan selectivamente con posteriéridad y se desprotegen de acuerdo con los
Métodos L—M tal como se destaca en el Esquema 12

Esquema 5: Sintesis de sulfamato de [(1R,2R,?S,4R)—4—({4—[(1S)—2,3—dihidro—1 H-inden-

1-ilamino]-1 ,3,5—triazin—2—i|}amir:10)—2,3—dihidroxiciclopentil]metilo
|

N(R*;
‘ j
DIPEA . KzE0 wh
Nl’l*?:N — NR*) j__; HD,\G';N N~
Cl*‘l‘N”L‘m HNR % Nl’J"‘*N ‘ NHCI b
AANY Cl’LN’}LCI HD‘\O HO OH
. HO' OH XXV
vl XXXV
i p-toluen- o0
: sulfonato Pty
: de piridinio
NR*R N(R*)z
bt S [N
H7=N no . Lo
. piridina HN'J\N'J Metodo @ HNA\N’J\DI
o HN™ "N —efp—— HD’\Gv ~~———— o
u] _ H N5 CI g 0o 4. o
HO OH c ?i i ?{
xli vi )
xi X XXX

[0115] Los compuestos de la formula (F-B), en donde el Anillo A es un anillo triazina, se pueden
preparar tal como se indica en el Esquema 5. El acopl‘amiento de cloruro cianurrico xxxv con una amina
primaria 0 secundaria en un solvente como THF usan |o una base como DIPEA a temperatura reducida
da como resultado dicloruro xxxvi. El desplazamienté de un cloruro con clorhidrato de amina xxxvii,

seguido de la proteccion selectiva de los grupos hidroxilo vecinales usando 2,2—dimetoxipropano en
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presencia de p—toluensulfonato de piridinio da como resultado alcohol xxxix. La eliminacion del cloruro

de arilo restante usando hidrogeno en presencia de

paladio sobre carbéon (Método Q), seguido de

sulfamoilacion usando clorosulfonamida vi da sulfamato xli.

Esquema 6: Ruta general para la sintesis de sulfamatos de ((1S,2S,4R)-4—-[(pirimidin—4—
il)oxi]-2—-hidroxiciclopentil)metilo 2— y 6-sustituidos
1) catecolborano
= TBS-CI, DMAP 2)(PPhahRuCl
HO™ ™ —_—=  Tps0” RSO OH
@ EtqM \ 21 NaOH, Hz02/ Hz0 Q’
HO RSO 4 Naz803 TBSO
wlii i ' liv

Cl
R";L/EN

| & NaH

cl N”LR"
i
cl
R® RE Rh
R Ay . R" gN . |§i

IA’J\ Metado S Iq)\ Método R NERP

y o NTTRh . o’ "HZTRn T TBS0” U
HO O 7850 O’ \
A k TBS0

HO xlvii TBSO xlud xlv

[0116] Los compuestos de la férmula (~A), en donde W es —O—, se pueden preparar tal como

se represent6 con anterioridad en el Esquema 6.

Se conocen los métodos para la sintesis de

diol xlii (MacKeyth et al., Biorg. Med. Chem., 1994, 2, 387-394) y este reactivo se bis—protege

usando TBS-Cl y Et;N en presencia de DM
hidroboracion—oxidacién usando catecolborano y

peroxido de hidrégeno y finalmente sulfito de

secundario se desprotona con el use de hidrurc

AP a temperatura elevadas. La posterior
catalizador de Wilkinson seguido de NaOH,
sodio da ciclopentanol xliv. Este alcohol

de sodio y luego se hace reaccionar con

dicloropirimidinas de la formuta ii a temperatura reducida para obtener cloropirimidinas

acopladas de la férmula xlv. El desplazamiento del cloruro de arilo se logra por acoplamiento

con el nucledfilo apropiadamente sustituido, tales como una amina, alcohol o tiol a temperatura

elevada usando irradiacion de microondas en

desproteccion global de los éteres de sililo usando
con el Método S, da dioles de la férmula xlv
sulfamoilan luego selectivamente y se desprotege

se destaca en el Esquema 2.

un solvente, como BuOH (Método R). La
un reactivo fluorado, como TBAF de acuerdo
i. Los compuestos de la formula xlvii se

n de acuerdo con los Métodos L—-M tal como

Esquema 7: Ruta general para la sintesist, de sulfamatos de ((2R,3S,4R,5R)-5-
[(pirimidin—4—il)Jamino]-3,4—dihidroxitetrahidrofuran—-2-il)metilo 2- y 6-
sustituidos

0
o HN— o. NH;
TBSO O— HCI  HO
T L, /
0. G 0.0

0
A
xlviii

[0117] Los compuestos de la férmula (/~B), en

X

donde W es —=NH- e Y = —O-, se pueden
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preparar tal como se indicé con anterioridad en eH Esquema 7. Se conocen los métodos para la
sintesis de carbamato de metilo xlviii (Nicolaou et al., J. Am. Chem. Soc., 2004, 126, 6234—
6235). La desproteccion usando un acido, como (HCI en ausencia de agua da como resultado
amino alcohol ilo. El compuesto il se sustituye; luego con los sustituyentes apropiados de
acuerdo con los Métodos A, luego C-E y se lleva ja cabo en compuestos de la férmula (I-B) de
acuerdo con el Esquema 1.
Esquema 8: Ruta general para la sintesis de sulfamatos de ((2R,3S,5R)-5-[(pirimidin—4—
illJamino]-3-hidroxitetrahidrofuran—-2—il)metilo 2— y 6-sustituidos

[ RE RE RY
RY /N ’ RM, A
N N =N &
T O (2 e T
gHN7TNTTRM Método C o ANTTNTTRY Método L s} g HN N7 RM Método M N RP

HOW — Ho'\<_:f E—— EacHN¥§—o’\U

0 HN
5 —* x40 ~Y
k 3] \
HG HO BocHN-S-&1 . HO HO

| l xix i - li

[0118] Una ruta general para la sintesis de de c0||npuestos de la formula (/-B), en donde W es
-NH-, Y = -O-y R® es -H, se destaca con anterio:ridad en el Esquema 8. Los compuestos de la
formula | se conocen (Kita, et al., J. Org. Chem.!, 1988, 53, 554-561). El desplazamiento del
cloruro de arilo usando un nucledfilo apropiadame;nte sustituido de acuerdo con el Método C da
pirimidinas de la formula li. El compuesto li se sulfomoila luego selectivamente y se desprotege
para dar los compuestos finales de acuerdo con el Esquema 2 (Métodos L-M).

Esquema 9: Ruta general para la sintesis de sulfamatos de ((1S,2S,4R)-4—[(pirimidin—4—

il)sulfanil]-2-mono y 2,3—dihidro*iciclopentil)metilo 2— y 6—sustituidos

R
b
R lgN
Cl R® .
Rh Método T =13 Método U S N RR
R & G-l G0
LN
h . —
STUNTR STTNTTRY o’_Qro o OH
liv " o , I
®i -
~0 TO

[0119] La sintesis de los compuestos de la formul
describe en el Esquema 9. El acoplamiento de co

como una amina, tiene lugar en un solvente, com

a (A), en donde W es —-S—y R® es —OH, se
mpuestos de la formula liv con un nucledfilo,

o DMF para obtener sustituidos compuestos

de la férmula Iv (Método T). La posterior aperttiJra del epéxido xi usando una base, como
carbonato de potasio en un solvente, como DMF ida como resultado alcohol Ivi (Método U). El
compuesto Ivi se desoxigena luego opcionalménte (Métodos F-G) y se sustituye con los
sustituyentes apropiados de acuerdo con los Métodos J, luego L-M y se lleva a cabo en

compuestos de la férmula (/-A) de acuerdo con el }Esquema 2.
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Esquema 10: Ruta general para la sintesis de sulfamatos de ((1S,2S,4S)—4—[(pirimidin—4—

il)metil}]-2-mono y 2,3—dihidroxiciclopentil)metilo 2— y 6—sustituidos
Rg
=N
cl Re | S‘,J
2NN Métodol SN MétodoQ Mm‘m M v
A J = A  — )
HaC” S el HaC? SN e HaC’
Ivii Iviii Q)‘
: H4CO HsCO

[0120] Los compuestos de la féormula (~A), en donde W es —CH,—, se pueden preparar tal

como se indicé con anterioridad en el Esquema 10. Las metilpirimidinas de la féormula lvii se

acoplan con un nucledfilo, como una amina de acuerdo con el Método | para dar 2-
cloropirimidinas de la formula lviii. La hidrodesl:loracién de acuerdo con el Método Q da
metilpirimidinas de la férmula lviii. La desprotonacién del grupo metilo de lviii se efectua por
tratamiento con una base fuerte, tales como fenil-litio y este carbanion se usa para abrir el
epdxido xi (Método V). Los compuestos resultantes de la férmula lix luego se desoxigenan de
modo opcional (Métodos F—G), se desprotegen y se sulfamoilan selectivamente (Métodos J,
luego L-M), obteniendo los compuestos de la férmpla (I~A) de acuerdo con el Esquema 2.
Esquema 11: Ruta general para la sintesis de siulfamatos de ((2S,3S,5S8)-5-[(pirimidin—4—
illmetil]-3—-mono y 3,4-dihidroxitetrahidrofuran—2-il)metilo 2- y 6-

sustituidos

Métoda K |
——,..

AcO  OAc
Ix

[0121] Los compuestos de la formula (f), en donde W es -CH,— e Y = —-O—, se pueden preparar
como con anterioridad en el Esquema 11. El compuesto Ix es conocido (Renz, et al., Liebigs

Annalen der Chemie, 1986, 6, 957-966). El acoplamiento con un nucleéfilo apropiadamente

sustituido, como una amina de acuerdo con el Método K da el triol sustituido, completamente
desprotegido Ixi. Los compuestos de la formula Ixi se obtienen luego de acuerdo con el
Esquema 2 (Métodos L—M).
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Esquema 12: Ruta general para Ia sintesiis de N-[((1R,2R,3S,4R)-4-[(pirimidin—4—

iI)amino]—2,3—dihidroxiciclopentiI)metil]sulfami'das 2- y 6-sustituidas

Cl Cl
R | ;;‘N R | ;:;'N
" N"J\Rh Método ¥ o " N"J\R“
\_/ BocHN =5 -NH, §j Boc L/
- ) - O - -
X K
v Ixiii
[0122] Los compuestos de la férmula (~B), en donde X = —-NH-, se pueden preparar por medio

de los metodos destacados en el Esquema 12. Se conocen los métodos para la sintesis de
(aminosulfonil)carbamato de ter-butilo Ixii (Masuij, et al., Tet. Lett., 2004, 45 1853—-1856). Los
compuestos de la formula iv se acoplan con este carbamato en presencia de un
azodicarboxilato, como diisobutilazodicarboxilato en presencia de trifenilfosfina en un solvente,
como EtOAc para dar compuestos Boc—protegidos de la férmula Ixiii (Método W). Estos
compuestos luego se sustituyen con los sustituyeriltes apropiados y se desprotegen globalmente
para dar compuestos de la féormula (/-B) de acuerc;jo con los Métodos Ty E (Esquemas 9y 1).

Esquema 13: Ruta de sintesis de 2-((1R,2R,3S,4R)-4-[(pirimidin—4—il)amino]-2,3—

dihidroxiciclopentil)etansulfonamidas 2- y 6—sustituidas

RII
RY o R h
h R Rh R N
R b . X
I’%N RJ'\/“%N ]ﬁ'\:"\ o HN IS’AR’“
anNPhRe MétodoX O N Bl o HNONTTRY beBH,  gio-8
—_— HJJ\O — = ao—g—//\O — w0

HO

Q
o - A
O POEY, 0 bl dg_b
R Bt § — ok
'jxa 0.0 0 Ixv Oxo x
x X Ixwii
v Ixiv Ievi
BN
Ry
RE " RE n
R RN 2 N
=N | & P
la g . Mg " HN NRn 50,07 HNT N7 R
Q HNNTR e L R HO 5—/\0
sl =Y ; 5/\0 * G :
a ! R g .o
: 50
o_b % X
At i

bex
[0123] Los compuestos de la formula (/-B) en donde X = CH, se pueden preparar por medio de
los métodos destacados en el Esquema 13. Los compuestos de la formula v se oxidan usando
un agente oxidante, como peryodinano de Dess—l\f/lartin en un solvente, como DCM (Método X).
Se conocen los métodos para la sintesis de Ixv (darretero, et al., Tetrahedron., 1987, 43, 5125-
5134) y este compuesto se desprotona usando n—|BuLi en THF y se afiade al aldehido Ixiv para
obtener alquenos de la férmula Ixvi. La reduccidn del doble enlace usando NaBH, en EtOH,

seguido de calentamiento del éster de sulfonato rTsuItante con Et;N en DCM usando irradiacion
de microondas da acido sulfénico Ixviii. El tratamiento con cloruro de tionilo a temperatura
reducida en DCM en presencia de un catalizador, como DMF da cloruros de sulfonilo de la

formula Ixix. Finalmente, el tratamiento con amoniaco en un solvente, como 1,4—dioxano en
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presencia de DIPEA en DCM a temperaturas reducidas da sulfonamidas de la férmula Ixx.
de 2-((1R,2R,3S,4R)-4—[(pirimidin—4-il)Jamino]-2,3—-

dihidroxiciclopentil)-1,1-difluoroetansulfonamidas 2— y 6-sustituidas

Esquema 14: Ruta de sintesis

0
HO Q Na; S0 0
O_p MNaSO0s R0 NH; 1 F O Boic,0 Fo Q
Pl —— F>—§—F — F>—§-NH2-—h- —5-NHEoc .
) : : 0] F O
Ixxi bxxii Ixxiii Ixxiv
Cl
cl
| R ‘ R
IA,J\_ Tf;0 . |£_‘J\
HNY N R e o HNTNTRY | Método v
e S
- = O: :
6.0 A
x laoxvi '
Ixxv
Cl -
h s
po!
Q HNZ S NE ™ Rh
BocHN-S—l(\O'
n F
OF -
OxO

: Ixxvii
5 [0124] Los compuestos de la férmula (/-B) en dohde X = CF, se pueden preparar por medio de
los métodos destacados en el Esquema 14. El é?cido carboxilico Ixxi se descarboxila usando

sulfato de sodio en agua para dar fluoruro de sulfonilo Ixxii, que luego se convierte en la

10

correspondiente sulfonamida usando amoniace en 1,4—dioxano. La protecciéon Boc del

nitrégeno usando anhidrido de Boc en presencia

Ixxiv. La desprotonacién del grupo CF,H usando

de DMAP y Et;N en DCM da Boc sulfonamida
una base fuerte, como LIHMDS a temperatura

reducida en un solvente, como THF seguido del tratamiento con triflatos de la férmula Ixxvi

(generados por tratamiento de alcohol Ixxv con ‘anhidrido trifluoroacético y Et;N en DCM) da

compuestos de la férmula Ixxvii (Método Y). Esjtos compuestos se sustituyen luego con los

sustituyentes apropiados y se desprotegen globalmente para dar compuestos de la formula (-
15  B) de acuerdo con los Métodos Ty E (Esquemas 9y 1).

Esquema 15: Ruta de sintesis de 2-((1R,2R,3S,4R)—-4—[(pirimidin—4—il)Jamino]-2,3—

dihidroxiciclopentil)-1—fluoroetansulfonamidas 2- y 6-sustituidas

/ o/

(0]
/
0 0 /_@,c/ 1) n-BuLi, HMPA 0 /—GO
HsC-§-Cl > HaC-5N > FHzc—(.Si—N

E
1

- H o 2)
©\/N3 / PhO;S” ~50,Ph O/

O Ixxix
O\ Ixxviii ! \

20  [0125] Los compuestos de la formula (/), en donde X = CHF, se pueden preparar por medio de
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los métodos destacados en el Esquema 15. Se acopla el cloruro de metansuifonilo con bis(2,4—
dimetoxibencilyamina en presencia de Et;N y DMAP en DCM para dar sulfonamida Ixxviii. El
posterior tratamiento con n-BulLi y HMPA en THF a temperatura reducida seguido de N-
fluorobencensulfonimida da fluorometilsulfonamida|lxxix. Este compuesto se convierte luego en
los compuestos de la formula (/) por medio de los procedimientos descritos en el Esquema 14.

Esquema 16: Ruta de sintesis de sulfamatos de ((1S,2S,4R)-2-hidroxi—4—(2—fenil-3H-

imidazo—piridin—7-ilamino)ciclopentil)metilo 2—sustituidos

RI RS

s 4
c{n BS >—N 18S0 E' S—NH,

78580 £ 4 \
: Hy )

9
NaH, THF \ _ /N {cido acético
TBS0°

O—NH NO2 7n O—NH NH3

TBSO™ TBSO™

Ixxx oM f\ I Nazszos MeCN
1xxxi '\ CHO

R! R"

0o
HN
iR b 1850

° 7 E>:2\NH CISOMNH, & THF, agua b,
)
Q_’NH N O CHyCN O“N écido acético E > O
. &)
HO® TBSO" TBSC"

Ixxxiii

[0126] Los compuestos de la formula (VI-A), en donde W = NH, se pueden preparar por medio
de los métodos destacados en el Esquema 16. Lai sal sodica de Ixxx, que se prepara como en
el Ejemplo 128a—c que sigue, se condensa con [un nitro aromatico Ixxxi. Posteriormente, la
reduccidén con cinc en acido acético provee Ixxxii. El acoplamiento oxidativo de un aldehido
apropiado como naptaldehido en presencia de Na,S,0s provee compuestos de la féormula

general Ixxxiii. La desprotecciéon con acido acético en agua/THF (Tetrahedron Lett. 1998, 29,

6331) seguido de sulfamacién con cIorosquonamida y desprotecciéon concomitante del hidroxilo
secundario provee compuestos de la formula general VII-A.

Esquema 17: Ruta representativa de la sintesis de sulfamatos de ((1S,2S,4R)-2-hidroxi—

4—(8—(sulfonil)}-9H—purin—6-iloxi)ciclopentil)metilo sustituidos
oTBs r*NT HP >‘"NTHF'
0TS N
NaH, DHF oTBs NS, THF
O“OH J\ 7oC )\
TBSO THP R
- [,N\ N TBSO™ TS0
r\}j/j:’\? BN | NaH, DMF, 150 °C
Cl !
H-ah
6 .
s H N | 1) acndo aoe’uco
H‘N - /Ié . & r\{ oxona H ,, >“>NH
0 7N oTes
!, }Rh MeOH, H,0 )‘“Rh 2) CISONH, f\
HO TBSO™

[0127] Los compuestos de la formula (VIA) er‘w donde W = O y R* = —SO,R® se pueden

preparar por medio de los métodos destacados en el Esquema 17. La sal sédica de xliv se

123



|

2

10

15

20

25

condensa con 6—cloro—9—(tetrahidro—2H-piran—2-il)-9H—purina que posteriormente se yodina

con NIS en THF para proveer el compuesto Ixxxiv. La sal sédica de un tiolato de arilo, como 3—-

metilbencenotiol, se condensa en DMF para proyveer el intermediario Ixxxv que, después de

desproteger y sulfamar como se describié previamente, provee el compuesto Ixxxvi. La

exposicidén a condiciones oxidativas como oxona

férmula general VI.

en metanol acuoso provee compuestos de la

Esquema 18: Ruta de sintesis de sulfamatos de ((1S,2S,4R)—4—(9H—purin—6—iloxi)—2—

hidroxiciclopentil)metilo 9—sustituidos
| RO, X " -
B-R R : o}
JNTHP RO .>“-NTHP _ : N Ny
otBS N gy 1) 4eido acéti 7
] + h (PhyP)4Pd, Ba(OH), oTes N :[h Tﬂ?’?‘g‘zgwm' "o < N )
\Q'O N DME, H;0 O—o <Y 2)CIs0MH, "Q.o N
TBSO™ ’ .

TBSO™

[0128] Los compuestos de la formula (Vi) en don

Ixsxvii o

HO™

cloruro de difenilcarbamoil-
_sulfamoilo

de W = O y R* = arilo y heteroarilo se pueden

preparar por medio de los métodos destacadcls en el Esquema 18. El acoplamiento de

intermediarios mediado con Pd de la forma Ixxxiv, con acidos borénicos provee compuestos de

la forma Ixxxvii. La desproteccion seguida de su

famacién con una clorosulfonamida o cloruro

de difenilcarbamoilsulfamoilo (preparado de uné manera similar a la publ. de solicitud de
patente U.S. (2005), US 2005282797 A1) seguido de la eliminacion del grupo siloxi secundario

con un acido proético, como HCI, provee compuestos de la férmula general VII.
Esquema 19: Sintesis de (S)-N-(2,3-dihidro-1H-inden—1-il)-6,7-dihidro—5H-pirrolo[2,3—

d]pirimidin—-4—amina

a cl
N 20 NabH, OH fiH OH
ot e e
NCl Lty iProNEt Lig
Ixexxwiii Taocxix
ftalimida
\ PPhs, DlAD
S NH N hidrazing % 0

"
N N“J I‘rf Cl
XC

i
L‘rr'c: 0

[0129] Se sintetiza (S)-N-(2,3—dihidro—1H-inden-1—il)indolin—~4—amina tal como se ilustra en el

Esquema 19. La reduccién de 2—(4,6—dicloropirimi

provee alcohol Ixxxviii, que posteriormente se co

(S)-2,3—dihidro-1H-inden—1—-amina para proveer la

desplazamiento en condiciones de tipo Mitsun

din—5—il)acetaldehido con borhidruro de sodio
ndensa con un aminoindano apropiado como
Ixxxix. El

pirimidina  sustituida

obu con ftalimida y DIAD, seguido de la

eliminacién del grupo ftaloilo con hidrazina, provee el intermediario de amina xc. La ciclacion en
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condiciones basicas el compuesto final (S)—N—(2,3—dihidro—1H—inden—1—iI)—6,7—dihidro—5H—

pirrolo[2,3—d]pirimidin—4—amina.

Esquema 20: Sintesis de

sulfamatos d(ia

((1S,2S,4R)-2-hidroxi—4—(pirimidin—4-—

ilamino)ciclopentil)metilo sustituiaos

ngNz

R¥ .
O R
Tee ores & ?hﬁdﬂ"c‘?""m °§? {W Yo L
iPPNEL, ‘ ) Rkl > _Tes d T,’ S
~E>—NH2 —.-etanol “ 4 N2 CISO;NH d " .. -,N)
T85O0 . TBSO o écida prético [::}—NH
Ixxx Gl Reii o ~ xiii HO

e

xeci

sulfamailo

[0130] Los compuestos de la férmula (VI) en dond

los métodos destacados en el Esquema 20. La

sustituidos ‘con cloro del tipo xci para proveer

desproteccién del grupo siloxi primario con &acidc
clorosulfonamida o cloruro de difenilcarbamoilsu
xciii. La eliminacién del grupo hidroxilo primario
acido prético, como HCl provee el compuesto final
Esquema 21: Ruta de sintesis de

dihidroxiciclopentil)-1—fluoroetansulfonamidas

CBn
QBn 1) Hy PA/C P
K@“ OH acetato de etilo O
TBSO™ 2) MsClI TBSO“- _
Xciv xov

RS Cl

cloruro de difenilcarbamoil-

le W = NH se pueden preparar por medio de
amina Ixxx se condensa con heterociclos
un producto representado como xcii. La
) acético acuoso seguido de sulfamaciéon con
lfamoilo provee intermediarios de la forma
con una fuente de flaor, tales como TBAF, o

de la fé6rmula VI.

2—((1R,2R,3S,4R)—4—[(pirimidin—4—il)amino]-2,3—

2- y 6-sustituidas

: CH
1)H, PdfC [
MeQH
OMs N3
2)NaNy TBSO"
DMF 55 °C xevi
Hy Pd/C
acetato de
etilo

OH
?H Rh@f\]\}_gﬁ Métodoc M RLQN\)—@ Método | L, -
~=NH;

Q—NH o

Método K TRsO®

O

xoviii

TBSO

CISO,NH,
CH5CN

HoN O Re

N N
e G

N
[
HO™ '

XeXix

[0131] Tal como se indica en el Esquema 21, Ia§
|

Meanwell, N; Solomon, C; Turmel, B. Tetrahedronf

Cl TBSO

Cl N’)\Rh
i

conversion de xciv (Ruediger, E; Martel, A;
Lett. 2004, 45, 739-742) en los compuestos

de la férmula /-A en donde W = NH se lleva a cabo por hidrogenacion catalizada con paladio
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|
seguida de formacién de mesilato para dar xcv. ‘La hidrogendlisis del grupo bencilo primario
seguido del desplazamiento del mesilato usando azida sédica en DMF da xcvi. La exposicién
de xcvi a condiciones de hidrogenacion da el aminoalcohol deseado xevii, que luego se puede

|

usar en reacciones de acoplamiento con un heterociclo sustituido con cloro tales como ii. El
desplazamiento del cloruro de arilo de la férmu’la xcviii se logra por acoplamiento con el
nucledfilo apropiadamente sustituido, tales como una amina, alcohol o tiol a temperatura
elevada usando irradiacién de microondas en ausencia de solvente (ver el Método C). Un
posterior tratamiento con clorosulfonamida recién preparada vi seguido de clivaje del grupo
protector de TBS usando un reactivo apropiado, téles como TBAF, HF piridina o HCI. da como
resultado los sulfamatos /~A tal como se representia\ por Xcxix.

Usos de los compuestos de la invencion

[0132] Los compuestos de esta invencién son inﬁibidores utiles de la actividad enzimatica de
E1. En particular, los compuestos estan disefiados para ser inhibidores de NAE, UAE y/o SAE.
Los inhibidores incluyen compuestos que reducen los efectos de promocién de las enzimas E1
en conjugacién ubl con las proteinas blanco i(por ejemplo, reduccion de ubiquitinacién,
nedilacion, sumoilacién), reducen la sefializacion iriwtracelular mediada por la conjugacion ubl y/o
reducen la protedlisis mediada por la conjug!acién ubl (por ejemplo, inhibicion de la
ubiquitinacion dependiente de culina vy proteéiisis (por ejemplo, la ruta de ubiquitina—
proteasoma)). De esta manera, los compuestos de| esta invencion se pueden ensayar en cuanto
a su capacidad para inhibir la enzima E1 in vitro 0 in vivo, o en modelos de células o animales
de acuerdo con los métodos provistos en detalle en la presente 0 metodos conocidos en el arte.
Los compuestos se pueden ensayar en cuanto a ‘su capacidad de unirse o mediar la actividad
enzimatica de E1 directamente. De modo alternativo, la actividad de los compuestos se puede
ensayar a través de ensayos celulares indirectos[ 0 ensayos que miden los efectos corriente
debajo de la activacion de E1 para evaluar la inhjibicién de los efectos corriente debajo de la
inhibicién de E1 (por ejemplo, inhibicién de la ubiqthitinacién dependiente de culina y protedlisis).
Por ejemplo, la actividad se puede evaluar por defteccién de sustratos conjugados con ubl (por
ejemplo, E2s conjugados con ubl, culinas nediladas, sustratos ubiquitinatados, sustratos
sumoilados); deteccion de la estabilizacién del sustrato proteico corriente abajo (por ejémplo,
estabilizacién de p27, estabilizacion de IkB); deteccion de la inhibicion de la actividad de UPP;
deteccion de efectos corriente abajo de la inhibicidn de la proteina E1 y la estabilizacién del
sustrato (por ejemplo, ensayos de informantes, F;>or ejemplo, ensayos de informantes NFxB,
ensayos de informantes p27). Los ensayos pafra evaluar las actividades se describen a
continuacion en la secciéon experimental y/o se con!ocen en el arte.

[0133] Una forma de realizacion de la invencién se refiere a una composicién que comprende
un compuesto de la invencion o una de sus sales|farmacéuticamente aceptables y un portador
farmacéuticamente aceptable. Se apreciara que |los compuestos de la invencién se puedan
derivar en grupos funcionales para proveer derivados profarmacolégicos que son capaces de

reconvertirse en los compuestos principales in vivo. Los ejemplos de tales profarmacos incluyen
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los derivados de éster fisiolégicamente aceptaples y metabdlicamente labiles, tales como
ésteres de metoximetilo, ésteres de metiltiometilo b ésteres de pivaloiloximetilo derivados de un
grupo hidroxilo del compuesto o un resto de carbamoilo derivado de un grupo amino del
compuesto. Adicionalmente, cualquier equi\}alente de los presentes compuestos
fisiologicamente aceptables, similares a los ésteres metabdlicamente labiles o carbamatos que
son capaces de producir los compuestos principales descritos en la presente in vivo, estan
dentro del alcance de la invencién. ‘

[0134] Si la saleé farmacéuticamente aceptables ge los compuestos de la invencion se utilizan
en estas composiciones, las sales se derivan con| preferencia de acidos y bases inorganicos u
organicos. Para resefias de sales apropiadas, ver, por ejemplo, Berge et al, J. Pharm. Sci. 66:1-
19 (1977) y Remington: The Science and Practipe de Pharmacy, 20th Ed., ed. A. Gennaro,
Lippincott Williams & Wilkins, 2000.

[0135] Los ejemplos no limitativos de sales por adicion de acidos apropiadas incluyen los
siguientes: acetato, adipato, alginato, aspartato, benzoato, bencensulfonato, bisulfato, butirato,
citrato, canforato, canforsulfonato, ciclopent;‘anpropionato, digluconato, dodecilsulfato,
etansulfonato, fumarato, lucoheptanoato, glicero1"osfato, hemisulfato, heptanoato, hexanoato,
clorhidrato, bromhidrato, yodhidrato, 2-hidroxietansulfonato, lactato, maleato, metansulfonato,
2—naftalensulfonato, nicotinato, oxalato, pamoa’éo, pectinato, persulfato, 3—fenil-propionato,
picrato, pivalato, propionato, succinato, tartrato, tiocianato, tosilato y undecanoato.

[0136] Las sales por adicion de bases apropiadas incluyen, sin limitacion, sales de amonio,
sales de metal alcalino, tales como sales de sodi}o y de potasio, sales de metal alcalinotérreo,
tales como sales de calcio y de magnesio, sale§ con bases organicas, tales como sales de
diciclohexitamina, N-metil-D—glucamina y sales con aminoacidos tales como arginina, lisina,
etc.

[0137] En ciertas formas de realizacion particulares, la invencion se refiere a una sal por adicién
de bases de un compuesto de la férmula Iformaao por desprotonacion del resto de sulfamato
(X = Q), el resto de sulfamida (X = NH), o el resto de sulfonamida (X = CH,), de ser aplicable.
En algunas de estas formas de realizacion, la invencion se refiere a una sal de sodio o de

potasio de un compuesto de la formula /.

[0138] Ademas, los grupos basicos nitrogenados se pueden cuaternizar con estos agentes
como haluros de alquilo inferior, tales como cloru‘ro de metilo, etilo, propilo y butilo, bromuros y
yoduros; dialquilsulfatos, tales como sulfatos de idimetilo, dietilo, dibutilo y diamilo, haluros de
cadena larga tales como cloruros, bromuros y yoduros de decilo, laurilo, miristilo y estearilo,
haluros de aralquilo, tales como bromuros de Pencilo y fenetilo y otros. Se obtuvieron asi
productos solubles o dispersables en agua o aceite.

[0139] Las composiciones farmacéuticas de la invencion son preferentemente en una forma

apropiada para administraciéon a un receptor,| con preferencia un mamifero, con mayor

preferencia un ser humano. El término “portador farmacéuticamente aceptable” se usa aqui
para referirse a un material que es compatible con el receptor y es apropiado para suministrar

un agente activo al sitio blanco sin terminar la actividad del agente. La toxicidad o los efectos
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adversos, de haber alguno, asociados con el portador, estan ligados preferentemente a una
relaciéon razonable de riesgo/beneficio para el uso p!)retendido del agente activo.

[0140] Las composiciones farmacéuticas de la invencién se pueden preparar por medio de
métodos bien conocidos en el arte tales como procesos convencionales de granulacién, mezcla,
disolucién, encapsulacion, liofilizacion o emulsién, entre otros. Las composiciones se pueden
producir en varias formas, que incluyen grénul!os, precipitados o particulados, polvos que
incluyen polvos liofilizados, secados por rotaciéon o secados por pulverizacion, polvos amorfos,
comprimidos, capsulas, jarabes, supositorios, inyecciones, emulsiones, elixires, suspensiones o
soluciones. Las formulaciones pueden contener opcionalmente estabilizantes, modificadores del
pH, tensioactivos, agentes solubilizantes, modificgdos de la biodisponibilidad y combinaciones
de elios. ‘

[0141] Los portadores farmacéuticamente aceptables que se pueden usar en estas
composiciones incluyen, pero sin limitacion, intericambiadores i6nicos, albumina, estearato de
aluminio, lecitina, proteinas séricas, tales como albumina de suero humano, sustancias
amortiguadoras tales como fosfatos o carbonatos, glicina, acido sérbico, sorbato de potasio,
mezclas de glicéridos parciales de acidos grasos vegetales saturados, agua, sales o electrolitos,
tales como sulfato de protamina, hidrégeno—fos!fato disédico, hidrégeno—fosfato de potasio,
cloruro de sodio, sales de cinc, silice coloidalT trisilicato de magnesio, polivinilpirrolidona,
sustancias a base de celulosa, polietitenglicol, catboximetilcelulosa sodica, poliacrilatos, ceras,
polimero de bloque de polietileno—polioxipropileno, polietilenglicol y lanolina.

[0142] De acuerdo con una forma de realizacion preferida, las composiciones de la invencion se
formulan para la administracion farmacéutica a un mamifero, con preferencia un ser humano.
Estas composiciones farmacéuticas de la presenteI invencion se pueden administrar por via oral,
parenteral, por spray inhalable, por via tépica, réctal, nasal, bucal, vaginal o por medio de un
reservorio implantado. El término “parenteral” como se usa en la presente incluye inyeccién
subcutanea, intravenosa, intraperitoneal, intramusﬁcular, intraarticular, intrasinovial, intraesternal,
intratecal, intrahepatica, intralesional e intracraneal o por técnicas de infusién. Con preferencia,
las composiciones se administran por via oral, intlravenosa o subcutanea. Las formulaciones de
la invencion se pueden disefiar para tener corta accion, liberacion rapida o larga duracion. Mas
aun, los compuestos se pueden administrar en un medio local mas que sistémico, tales como
administracion (por ejemplo, por inyeccién) en un sitio tumoral.

[0143] Las formulaciones farmacéuticas se pueden preparar como suspensiones o soluciones
liquidas usando un liquido tales como, pero sin limitacién, un aceite, agua, un alcohol y
combinaciones de ellos. Los agentes solubilizantes tales como las ciclodextrinas pueden estar
incluidas. Los tensioactivos, agentes de| suspensidbn o agentes emulsionantes

farmacéuticamente apropiados se pueden afadir para la administracion oral o parenteral. Las

suspensiones pueden incluir aceites, tales como, pero sin limitacién, aceite de mani, aceite de
sésamo, aceite de semillas de algodén, aceite ge maiz y aceite de oliva. La preparacion en

.. .y 5 | , . -
suspensién también puede contener ésteres de acidos grasos tales como oleato de etilo,

miristato de isopropilo, glicéridos de acidos grasos y glicéridos de acidos grasos acetilados. Las
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formulaciones de suspensién pueden incluir alcoholes, tales como, pero sin limitacion, etanol,
alcohol isopropilico, alcohol hexadecilico, glicerol y propilenglicol. Los éteres, tales como, pero
sin limitacién, poli(etilenglicol), hidrocarburos de petréleo tales como aceite mineral y petrolato; y

agua también se pueden usar en formulaciones en suspension.

[0144] Las formas inyectables estériles de las co!mposiciones de la invencidén pueden ser una
suspension acuosa u oleaginosa. Estas suspensiones pueden formularse de acuerdo con
técnicas conocidas en el arte usando agentes de dispersion o humectaciéon y agentes de
suspension apropiados. La preparacion inyectable estéril también puede ser una solucién o
suspensioén inyectable estéril en un diluyente o solvente no toxico parenteralmente aceptable,
por ejemplo, como una solucién en 1,3-butanodiol. Entre los vehiculos y solventes aceptables
qgue se pueden emplear figuran agua, solucién de Ringer y solucién isotonica de cloruro de

sodio. Ademas, se emplean convencionalmente aceites fijos estériles como un medio solvente o

de suspension. Para este fin, se puede emplear cualquier aceite fijo blanco que incluye mono- o
diglicéridos sintéticos. Los acidos grasos, tales como acido oleico y sus derivados de glicéridos
son de utilidad en la preparaciéon de inyectables, como aceites naturales farmacéuticamente
aceptables, tales como aceite de oliva o aceife de ricino, en especial en sus versiones
polioxietiladas. Estas soluciones o suspensiones oleosas también pueden contener un diluyente
o dispersante de alcohol de cadena larga, tales como carboximetilcelulosa o similares agentes

de dispersion que se usan comunmente en |la formulacién de formas de dosificacion

farmacéuticamente aceptables que incluyen emulsiones y suspensiones. Otros tensioactivos
comunmente usados, tales como Tweens, Spans y otros agentes de emulsién o mejoradores de
la biodisponibilidad se usan cominmente en la préparacién de formas sdlidas, liquidas o de otra
dosificacién farmacéuticamente aceptable también se pueden usar a los fines de la formulacion.
Los compuestos se pueden formular para la administraciéon parenteral por inyeccion tales como
por inyeccion de bolo o inyeccion continua. Una forma de unidad de dosificacion para inyeccion

puede ser en ampollas o en recipientes de multidosis. _
[0145] Las composiciones farmacéuticas de la irlvencic’)n se pueden administrar oralmente en
cualquier forma de dosificacion de aceptaciéon oral que incluye, pero sin limitacion, capsulas,
comprimidos, suspensiones o soluciones acuosas. Cuando se requieren suspensiones acuosas
para el uso oral, el ingrediente activo se combina:con agentes de emulsién y de suspensién. Si
se desea, también se pueden afiadir agentes en:dulzantes, saborizantes o colorantes. Para la
administracién oral en una forma de capsula, los diluyentes de utilidad incluyen lactosa y
almidén de maiz seco. En el caso de los comprimidos para uso oral, los portadores que se usan
comuinmente incluyen lactosa y almidén de maiz. |Los agentes lubricantes, tales como estearato
de magnesio, también se afaden tipicamente. li_os recubrimientos se pueden usar para una
variedad de finalidades; por ejemplo, la enmascarér el sabor, para afectar el sitio de disolucién o
absorcion, o para prolongar la accién del farmaco. Los recubrimientos se pueden aplicar a un
comprimido o a particulas granuladas para usar en una capsula.

[0146] De modo alternativo, las composiciones farmacéuticas de la invencion se pueden

administrar en forma de supositorios para administracion rectal. Ellos se pueden preparar
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mezclando el agente con un excipiente no irritalnte apropiado que es soélido a temperatura
ambiente pero liquido a temperatura rectal vy, por ello, se disolvera en el recto para liberar el
farmaco. Estos materiales incluyen manteca de caéao, cera de abejas y polietilenglicoles.
[0147] Las composiciones farmacéuticas de la invencidn también se pueden administrar por via

tépica, en especial cuando el blando del tratamiento incluye areas u 6rganos de facil acceso por

|

aplicacién topica, que incluye enfermedades del 0jo, de la piel o del tracto intestinal inferior. Las
formulaciones tépicas apropiadas se preparan fécilmente para cada una de estas areas u
organos. |

[0148] La aplicacion tépica para el tracto intestinal|inferior se puede efectuar en una formulacion
de supositorio rectal (ver con anterioridad) o en una formulacién de enema apropiada. Los
parches transdérmicos tépicos también se pu_éden usar. Para aplicaciones topicas, las
composiciones farmacéuticas se pueden formulari en un unglento apropiado con contenido de
componente activo suspendido o disuelto en uno o varios portadores. Los portadores para
administracion topica de los compuestos de la invencion incluyen, pero sin limitacion, aceite
mineral, petrolato liquido, vaselina, propilenglicol, polioxietileno, compuesto de polioxipropileno,
cera emulsionante y agua. De modo alternativo, |las composiciones farmacéuticas se pueden
formular en una locién o crema apropiadas con contenido de componentes activos suspendidos
o disueltos en uno o varios portadores farmacéuticamente aceptables. Los portadores
apropiados incluyen, pero sin limitacién, aceite mineral, monoestearato de sorbitano, polisorbato
60, cera de ésteres cetilicos, alcohol cetearilico, 2+-octildodecanol, alcohol bencilico y agua.

[0149] Para uso oftalmico, las composiciones| farmacéuticas se pueden formular como

suspensiones micronizadas en suero fisiologico estéril isotdnico con pH ajustado o, con
preferencia, como soluciones en suero fisiolégico estéril isoténico con pH ajustado con un

conservante o sin él, como cloruro de benzalconi|o. De modo alternativo, para usos oftalmicos,

las composiciones farmacéuticas se pueden forml.‘nar en un unguento como petrolato.

[0150] Las composiciones farmacéuticas de la invencion también se pueden administrar por
inhalacién o por aerosol nasal. Estas composiciones se preparan de acuerdo con técnicas bien
conocidas en el arte de la formulacién farmacéutica y se pueden preparar como soluciones en

|

suero fisiolégico, empleando alcohol bencilico u ?tros conservantes apropiados, promotores de
la absorcién para mejorar la biodisponibilidad, fluorocarbonos y/u otros agentes convencionales
de solubilizacion o dispersion.

[0151] Las composiciones farmacéuticas de la in'vencién se usan en particular en aplicaciones
terapéuticas referidas a los trastornos descritos en la presente (por ejemplo, trastornos
proliferativos, por ejemplo, cénceres, trastornos inflamatorios, neurodegenerativos). Con
preferencia, la composicién se formula para admiinistrar a un paciente que tiene o que esta en
riesgo de desarrollas o experimentar una recurrencia del trastorno relevante en tratamiento. El
término “paciente”, como se usa en la prese;;nte, implica un animal, con preferencia un

mamifero, con mayor preferencia un ser humano. Las composiciones farmacéuticas de

preferencia de la invencién son aquellas formuladas para la administracion oral, intravenosa o

subcutanea. Sin embargo, cualquiera de las formas de dosificacion anterior con contenido de
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una cantidad terapéuticamente efectiva de un con?puesto de la invencion también esta unida a
la experimentacion de rutina y, por ello, esta dentro del alcance de la presente invencion. En
ciertas formas de realizacién, la composicién férmacéutica de la invencién también puede
comprender otro agente terapéutico. Con preferer;wcia, ese otro agente terapéutico es uno que
se administra normalmente a pacientes con el trastorno, la enfermedad o la condicidon
patolégica tratados.

[0152] Por “cantidad terapéuticamente efectiva” se entiende una cantidad del compuesto o la
composicion suficiente, después de una administracion de dosis Unica o multiple, para causar
una reduccién detectable en la actividad enzimétlica de E1 y/o la gravedad del trastorno o el
estado patoldgico en tratamiento. “Cantidad terapéuticamente efectiva” también pretende incluir
una cantidad suficiente para tratar una célula, proll)ngar o prevenir el progreso del trastorno o el
estado patolégico en tratamiento (por ejemplo, prevenir el crecimiento tumoral adicional de un
cancer, prevenir la respuesta inflamatoria adicidnal), mejorar, aliviar, aligerar o mejorar los
sintomas del trastorno del sujeto que se espera que no estén sin dicho tratamiento. La cantidad
de inhibidor de enzima E1 requerida dependera|del compuesto particular de fa composicién
dada, el tipo de trastorno en tratamiento, la via de administracién y la duracién requerida para
tratar el trastorno. También se debe entender que una dosificacién especifica y un régimen de
tratamiento para cualquier paciente particular dependerd de una variedad de factores que
incluyen la actividad del compuesto especifico emp')leado, la edad, el peso corporal, el estado de
salud general, el sexo y la dieta del paciente, elimomento de administracion, la velocidad de
excrecion, las combinaciones de farmacos, el juicio del médico tratante y la gravedad de la
enfermedad particular que se esta tratando. fiEn ciertos aspectos donde el inhibidor se
administra en combinacién con otro agente, la cantidad de agente terapéutico adicional
presente en una composicion de la invencion sera tipicamente no mayor que la cantidad que se
administraria normalmente en una composicion qlige comprende ese agente terapéutico como el
unico agente activo. Con preferencia, la cantidad de agente terapéutico adicional oscilara de
aproximadamente el 50% a aproximadamente el 100% de la cantidad normalmente presente en
una composicién que comprende ese agente comt!) unico agente terapéuticamente activo.
[0153] Una forma de realizacion de la invencion se refiere a un método de inhibicién o
reduccion de la actividad enzimatica de E1 en una muestra que comprende poner en contacto la
muestra con un compuesto de la invencién, o una composicién que comprende un compuesto
de la invencion. La muestra, como se usa en la presente, incluye sin limitacion una muestra que
comprende enzima E1 purificada o parcialmente| purificada, células cultivados o extractos de
cultivos celulares; células biopsadas o fluidos obtenidos de un mamifero o sus extractos; y fluido
corporal (por ejemplo, sangre, suero, saliva, orin,1 heces, semen, lagrimas) o sus extractos. La
inhibicion de la actividad enzimatica de E1 en una muestra se puede llevar a cabo in vitro o in
vivo, in cellulo o in situ.

[0154] En otra forma de realizacién, la invencién provee un método para tratar un paciente que

|

tiene un trastorno, un sintoma de un trastorno, en riesgo de desarrollar o experimentar una
1
recurrencia de un trastorno, que comprende la administracién al paciente de un compuesto o
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composicién farmaceéutica de acuerdo con la inver‘wci()n. El tratamiento puede ser curar, sanar,
aliviar, aligerar, alterar, remediar, mejorar, paliar, incrementar o afectar el trastorno, los
sintomas del trastorno o la predisposicién al trastorno. Siempre que no se esté unido a la teoria,
se cree que el tratamiento causa la inhibicién dell crecimiento, la ablacion o la muerte de una
célula o tejido in vitro o in vivo, o reducir de otra manera la capacidad de una célula o tejido (por
ejemplo, una célula aberrante, un tejido enfermo) para mediar un trastorno, por ejemplo, un
trastorno tal como se describe en la presente (por ejemplo, un trastorno proliferativo, por

ejemplo, un cancer, trastorno inflamatorio). Tal como se usa en la presente, “inhibir el

crecimiento” o ‘“inhibicién del crecimiento” de una célula o tejido (por ejemplo, una célula
proliferativa, tejido tumoral) se refiere a lentificar, interrumpir, suspender o detener su
crecimiento y metastasis y no indica necesariamen!te una eliminacioén total del crecimiento.

[0155] Las aplicaciones patoldgicas incluyen aquellos trastornos en los que la inhibicidén de la
actividad enzimatica de E1 es perjudicial para Iaisupervivencia y/o la expansién de células o
tejido enfermos (por ejemplo, las células son sensibles a la inhibicion de E1; la inhibicidn de la
actividad de E1 disrumpe los mecanismos de la ‘enfermedad; la reduccién la actividad de E1
estabiliza la proteina que son inhibidoras de los mecanismos de la enfermedad; la reduccion de
la actividad de E1 da como resultado la inhibicic’mi de las proteinas que son activadoras de los

mecanismos de la enfermedad). Las aplicaciones patoldégicas también pretenden incluir

cualquier trastorno, enfermedad o condicion patologica que requiere actividad efectiva de culina

y/o ubiquitinaciéon cuya actividad se puede regular!por disminucion de la actividad enzimatica de

E1 (por ejemplo, actividad de NAE, UAE).
[0156] Por ejemplo, los métodos de la invencién son de utilidad en el tratamiento de trastornos
que incluyen la proliferacién celular que incIuyen,i pero sin limitacién, trastornos que requieren

de una ubiquitinacion efectiva dependiente de culina y una via de protedlisis (por ejemplo, la via

de ubiquitina proteasoma) para el mantenimiento y/o la progresién del estado patolégico. Los
métodos de la invencién son de utilidad en el tratémiento de trastornos mediados por proteinas
(por ejemplo, activacion de NFxB, activacion de p27¥P, activacion de p21"*F"! activacién de
p53) que son reguladas por la actividad de E1 épor ejemplo, actividad de NAE, actividad de
UAE, actividad de SAE). Los trastornos relevantes incluyen trastornos proliferativos, los
canceres mas notables y trastornos inflamatorios tpor ejemplo, artritis reumatoidea, enfermedad
de intestino inflamatorio, asma, enfermedad puimonar obstructiva cronica (EPOC), osteoartritis,
dermatosis (por ejemplo, dermatitis atopica, psoriiasis), trastornos proliferativos vasculares (por
ejemplo, aterosclerosis, restenosis) enfermeda)des autoinmunes (por ejemplo, esclerosis
multiple, rechazo de tejidos y de 6rganos)); asi <i:omo inflamacién asociada con infeccién (por
ejemplo, respuestas inmunes), trastornos neurodegenerativos (por ejemplo, mal de Alzheimer,
mal de Parkinson, enfermedad de las neuronas motrices, dolor neuropatico, trastornos
repetitivos triples, astrocitomas y neurodegenera'cién como resultado de enfermedad hepatica
alcohdlica), lesién isquémica (por ejemplo, accidente cerebrovascular) y caquexia (por ejemplo,

|
falla proteica muscular acelerada que acompana :a varios estados fisioldgicos y patoldgicos (por
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ejemplo, lesidn nerviosa, ayuno, fiebre, acidosis, infeccién por VIH, afliccion por cancer y ciertas

endocrinopatias)).

[0157] Los compuestos y composiciones farmaceéuticas de la invencidon son de particular utilidad

para el tratamiento del cancer. Tal como se usa enlla presente, el término “cancer” se refiere a
un trastorno celular caracterizado po"r una prolifergcién celular descontrolada o desregulada,
mayor diferenciacion celular, capacidad inapropiéda para invadir el tejido circundante y/o
capacidad de establecer un nuevo crecimiento en sitios ectopicos. El término “cancer” incluye,
pero sin limitacion, tumores sélidos y tumores sénguineos. El término “cancer’” comprende
enfermedades de la piel, de tejidos, de 6rganos, deihuesos, de cartilagos, de la sangre y de los
vasos. El término “cancer” también comprende canceres primarios y metastaticos.

[0158] En algunas formas de realizacion, el cancer es un sélido tumor. Los ejemplos no

limitativos de tumores solidos que pueden ser tratados por medio de métodos de la invencién

incluyen cancer de pancreas; cancer de vejiga; cén!cer colorrectal; cancer de mama, que incluye
cancer de mama metastatico; cancer de préstata, ﬁue incluye cancer de prostata dependiente
de andrégenos e independiente de andrégenos; cancer renal, que incluye, por ejemplo,
carcinoma de células renales metastatico; cancer hepatocelular; cancer de pulmén, que incluye,
por ejemplo, cancer de pulmén de células no pequefias (NSCLC), carcinoma bronquialveolar
(BAC) y adenocarcinoma de pulmoén; cancer de ova‘rio, que incluye, por ejemplo, cancer epitelial
progresivo o peritoneal primario; cancer cervical; cancer gastrico; cancer de eso6fago; cancer de
cabeza y cuello, que incluye, por ejemplo, carcinoma de células escamosas de cabeza y cuello;
melanoma; cancer neuroendocrino, que incluye tumrores neuroendocrinos metastaticos; tumores
de cerebro que incluyen, por ejemplo, glioma, éligodendroglioma anaplasico, glioblastoma
multiforme del adulto y astrocitoma anaplasico del adulto; cancer de huesos; y sarcoma del
tejido blando.

[0159] En algunas otras formas de realizacion, el cancer es una malignidad hematolégica. Los
ejemplos no limitativos de malignidad hematolégida incluyen leucemia mieloide aguda (AML);
leucemia mielogénica crénica (CML), que incluye CML acelerada y CML en fase blastica (CML-
BP); leucemia linfoblastica aguda (ALL); leucemia linfocitica cronica (CLL); enfermedad de
Hodgkin (HD); linfoma no Hodgkin (NHL), que incluye linfoma folicular y linfoma de manta
celular; linfoma de células B; linfoma de células T, mieloma multiple (MM); macroglobulinemia
de Waldenstrom; sindromes mielodisplasicos (MbS), que incluyen anemia refractaria (RA),
anemia refractaria con sideroblastos en anillo (RAR’S) (anemia refractaria con blastos excesivos
(RAEB) y RAEB en transformacion (RAEB-T); y sindromes mieloproliferativos.

[0160] En algunas formas de realizacion, el compuesto o la composicién de la invencion se usa
para tratar a un paciente que tiene o que esta eln riesgo de desarrollar o experimentar una
recurrencia en un cancer seleccionado del grupo o‘|ue consiste en cancer colorrectal, cancer de
ovario, cancer de pulmén, cancer de mama, cénéer gastrico, cancer de préstata y cancer de
pancreas. En ciertas formas de realizacion preferidas, el cancer esta seleccionado del grupo
que consiste en cancer de pulmén, cancer colorrectal, cancer de ovario y canceres

hematolégicos.
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[0161] De acuerdo con el trastorno o estado patologico particular por tratar, en algunas formas
de realizacion, el inhibidor de la enzima E1 de la invencién se administra junto con un agente o

1
agentes terapéuticos adicionales. En algunas formas de realizacidon, el o los agentes

terapéuticos adicionales es uno que se administra normalmente a pacientes con el trastorno o la

condicién patoldgica en tratamiento. Tal como se usa en la presente, los agentes terapéuticos
adicionales que se administran normalmente para tratar un trastorno o estado patolégico
particular se conocen como “apropiados para el trasl'torno o el estado patolégico en tratamiento”.
[0162] El inhibidor de E1 de la invencién se puede administrar con el otro agente terapéutico en
una forma de dosificacién Unica o como una fo:rma de dosificacién separada. Cuando se
administra como una forma de dosificacion separada, el otro agente terapéutico se puede
administrar antes o al mismo momento o después de la administracién del inhibidor de E1 de la
invencion. |

[0163] En algunas formas de realizacion, el inhibidor de la enzima E1 de la invencién se
administra junto con un agente terapéutico selecé:ionado del grupo que consiste en agentes
citotoxicos, radioterapia e inmunoterapia apropiados para el tratamiento de trastornos
proliferativos y cancer. Los ejemplos no Iimitativostde agentes citotoxicos apropiados para usar
en combinacién con los inhibidores de la enzima E1 de la invencion incluyen: antimetabolitos,
que incluyen, por ejemplo, capecitibina,! gemcitabina, 5-fluorouracilo o 5-
fluorouracilo/leucovorina, fludarabina, citarabina, 'mercaptopurina, tioguanina, pentostatina y
metotrexato; inhibidores de la topoisomerasa que incluyen, por ejemplo, etopdsido, teniposido,
camptotecina, topotecano, irinotecano, doxorrubiicina y daunorrubicina; alcaloides vinca que
incluyen, por ejemplo, vincristina y vinblastina; taxanos que incluyen, por ejemplo, paclitaxel y
docetaxel; agentes de platino que incluyen, por ej;emplo, cisplatino, carboplatino y oxaliplatino;
antibidticos que incluyen, por ejemplo, actinomicina D, bleomicina, mitomicina C, adriamicina,
daunorrubicina, idarrubicina, doxorrubicina y doxorrubicina liposomal pegilada; agentes de
alquilacion tales como melfalano, clorambucilo,| busulfano, tiotepa, ifosfamida, carmustina,
lomustina, semustina, estreptozocina, decarbazina y ciclofosfamida; que incluyen, por ejemplo,
CC-5013 y CC—4047; inhibidores de la proteinai tirosina quinasa que incluyen, por ejemplo,
mesilato de imatinib y gefitinib; inhibidores de proteasoma que incluyen, por ejemplo,
bortezomib; talidomida y anélogos relacionados; anticuerpos que incluyen, por ejemplo,
trastuzumab, rituximab, cetuximab y bevacizumab; mitoxantrona; dexametasona; prednisona; y
temozolomida. |

[0164] Otros ejemplos de agentes con los que]’ se pueden combinar los inhibidores de la
invencion incluyen agentes antiinflamatorios tales como corticosteroides, bloqueantes de TNF,
-1 RA, azatioprina, ciclofosfamida vy sulfe:lsalazina; agentes inmunomoduladores e
inmunosupresores tales como ciclosporina, tacrolimus, rapamicina, micofenolato mofetilo,
interferones, corticosteroides, ciclofosfamida, aza;ioprina, metotrexato y sulfasalazina; agentes
antibacterianos y agentes antivirales; y agentes :para el tratamiento de Alzheimer tales como
donepezilo, galantamina, memantina y rivastigmina.

[0165] A fin de que la invencién se entienda mas completamente, se establecen los siguientes
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ejemplos de preparacion y de ensayo. Estos ejemplos figuran sélo con fines ilustrativos y no se

.. . . . .
construyen como limitativos del alcance de la invengion de modo alguno.

EJEMPLOS
Abreviaturas ‘
AA acetato de amonio .
AcOH acido acético .
ACN acetonitrilo
d dias .
DBU 1 ,8—diazabiciclo[5,4,0]unc!jec—7—eno
DCM diclorometano l
DEAD dietilazodicarboxilato
DIAD diisopropilazodicarboxilato
DIPEA N, N-diisopropiletilamina
DMAP N,N-dimetil-4—aminopiridina
DMF dimetilformamida
DMSO dimetilsulféxido
Et,O éter dietilico
EtOAc acetato de etilo
EtOH etanol
Et;N trietilamina
FA acido férmico
H,O agua
h horas
HCI acido clorhidrico |
LC/MS espectro de masa de cromatografia liquida
MeOH metanol |
MeOD d,—metanol .
MgSO, sulfato de magnesio j
m—-CPBA acido meta—cloroperbenzoico
min minutos
MS espectro de masa .
MWI irradiacién de microond?s
Na,COs; carbonato de sodio
NaHCO, bicarbonato de sodio
NaOH hidréxido de sodio
NIS N—yodosuccinimida
TBAF fluoruro de tetra—n—butilamonio
TEA trietilamina

p—TsOH acido para—toluensulfénico
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ta temperatura ambiente [
TFA acido trifluoroacético t
THF - tetrahidrofurano .

Métodos de LC-MS analiticos ]

Se obtuvieron espectros en un Hewlett—Packard HP;1 100 usando las siguientes condiciones:

FA estandar: Phenominex Luna 5 um columna C18,50 x 4,6 mm a 2,5 ml/min gradiente de ACN
con contenido de 0 a 100% 0,1 % de acido férmico en H,O durante 3 min

AA estandar: Phenominex Luna 5 ym columna C18l 50 x 4,6 mm a 2,5 mi/min gradiente de ACN
con contenido de 0 a 100 % 10 mM de acetato de amonio en H,O durante 3 min.

Aguas FA: Waters Symmetry C18 3,5 um columna 4,6 mm x 100 mm a 1 ml/min gradiente de
ACN con contenido de 0 a 95 % 0,1 % de acido férmico en H,O durante 10 min

Aguas AA: Waters Symmetry C18 3,5 um columna‘i 4.6 mm x 100 mm a 1 mi/min gradiente de
ACN con contenido de 0 a 75 % 0,1 % 10 mM de acetato de amonio en metanol durante 10 min
FA largo: Waters Symmetry C8 3,5 ym columna 4,6 mm x 100 mm a 1 ml/min gradiente de ACN
con contenido de 5 a 100 % 0,1 % de acido férmico en H,O durante 12 min

AA largo: Waters Symmetry C18 3,5 um columna'4,6 mm x 100 mm a 1 ml/min gradiente de
ACN con contenido de 5 a 100 % 10 mM de acetato de amonio en H,O durante 12 min

Ejemplo 1:  sulfamato de [(1R,2R,3S,4R)—4—({6—[(1S)-2,3~dihidro—1H-inden—1-
iIamino]pirimidin—4—i|}amino)—2,3—dihidroxiciclopentil]metilo (compuesto 1-29)
Etapa a: (1R,2S,3R,5R)-3-[(6—cloropirimidin—4—il)amino]-5-
|

(hidroximetil)ciclopentano—1,2—diol
[0166] Una mezcla de clorhidrato de (1R,28,3l§,5R)—3—amino—5—(hidroximetil)ciclopentano—
1,2—diol (200 mg, 1,09 mmol), 4,6—dicloropirimidiné (240 mg, 1,61 mmol) y Et;N (0,380 mL, 2,73
mmol) en EtOH (3,00 mL) se calenté hasta 150{°C durante 15 min usando MWI. La mezcla

cruda se purificé por medio de cromatografia en gel de silice al eluir con un gradiente de 0 a
!

15% de MeOH en DCM para obtener el compuesto del titulo (255 mg, 90%). LC/MS: R; = 1,13
min, ES* 260. (AA estandar). j
Etapa b: {(3aR.4R.6R,6aS)-6-[(6—cloropirimidin—4—ilJamino]-2.2—dimetiltetrahidro—
3aH-ciclopenta[d][1 ,3]éioxol—4—il}metanol
[0167] Una solucion de (1R,ZS,3R,5R)—3—[’(6—cloropirimidin—4—iI)amino]—5—(hidroximeti|)-
ciclopentano-1,2—diol (255 mg, 0,982 mmol), acido p~toluensulfénico monohidratado (187 mg,
0,982 mmol) y 2,2—dimetoxipropano (0,670 mL,u1 0,545 mmol) en MeOH (5,00 mL) se agitd

durante la noche. La reaccidn se neutralizd por medio de la adicion de solucion saturada acuosa

de NaHCO; (10 mL) y MeOH se retird al vacio. I_Ea mezcla acuosa se extrajo con DCM (4 x 20
mL) y las sustancias organicas combinadas sel concentraron al vacio. La mezcla cruda se
purificé por medio de cromatografia en gel de silice al eluir con un gradiente de 0 a 10% de
MeOH en DCM para obtener el compuesto del t’itulo (135 mgq, 45,8%). LC/MS: Ry = 1,77 min,
ES” 300. (AA estandar).
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Etapa c: [(3aR,4R,6R,6aS)—6—{{6-[(1S)-2,3—dihidro—1H-inden—1-ilamino]pirimidin-4-
il}amino)-2,2—dimetiltetrahidro—-3aH-ciclopenta[d][1,3]dioxol—4—iljmetanol
[0168] Una mezcla de {(3aR,4R,6R§,6aS)—6—[(6—cIoropirimidin—4—i|)amino]—2,2—
dimetiltetrahidro—3aH—cicIopenta[d][1,3]dioxol—4—il}rﬁetanol (200 mg, 0,667 mmol) y (S)—(+)-1-
aminoindano (0,188 mL, 1,47 mmol) se calentaron hasta 180 °C durante 3 h en un tubo sellado
usando MWI. La mezcla se disolvié en DCM y la su%pensién resultante se lavo con H,O seguido
de solucion saturada de cloruro de amonio. La capja organica se seco6 sobre MgSQ,, se filtrd y
se concentrd al vacio. El residuo se purifico por medio de cromatografia en gel de silice al eluir
con un gradiente de 0 a 10% de MeOH en EtOAc para obtener el compuesto del titulo en forma

de un sélido amorfo (218 mg, 82,4%). LC/MS: R, = 1;,44 min, ES* 397 (AA estandar).

Etapa d: sulfamato de [(3aR.4R,6R,6aS)-6—({6-[(1S)-2,3—dihidro—1H-inden—1—
ilamino]pirimidin—4—il}amino)—2,2—dimetiltetra_lhidro—3aH—cicIopenta[d][1,3]dioxo|—-4—
iI|metilb

|

[0169] Una solucion 2,00 M de clorosulfonamida en ACN se preparé de la siguiente manera: FA
(2,30 mL, 61,0 mmol) se afadié gota a gota, con agitacion a isocianato de clorosulfonilo (5,20
mL, 59,7 mmol) bajo una atmoésfera de nitrégeno ‘!’:1 0 °C. Después de que la adicién estuviera
completa y la mezcla solidificara, se afadi6 ACN (22,5 mL). La solucién resultante se dejd
reposar bajo una fuente ventilada de nitroégeno durante la noche a ta.
[0170] A una  solucion de [(3aR,4R,6R!,6aS)—6-—({6—[(1S)—2,3—dihidro—1H—inden—1—
ilamino]pirimidin—4—i|}amino)—2,2—dimetiItetrahidro—{’3aH—ciclopenta[d][1 ,3]dioxol—4—illmetanol
(100. mg, 0,252 mmol) y Et;N (0,0527 mL, 0,378 mmol) en DCM (2,50 mL) se afadi6é gota a
gota una solucion 2,00 M de clorosulfonamida en ACN (0,190 mL, 0,380 mmol) a 0 °C y la
mezcla se agité durante 2 h. La reaccién se diluyc:') con DCM, se neutralizé con H,O y la capa
organica se separd, luego se concentré al vacio. El residuo se purificdé por medio de
cromatografia en gel de silice al eluir con un gradiente de 0 a 10% de MeOH en DCM para
obtener el compuesto del titulo (65,0 mg, 54%). L(3:/MS: Ri = 1,58 min, ES" 476 (AA estandar).
Etapae: sulfamato de [(1R.2R,3S.4R)-4—({6[(1S)-2,3—dihidro—1H-inden—1—
iIamino]pirimidin—4—iI}amino)—2,3-—dihidro;(iciclopentiI]metilo (compuesto1-29)
[0171] Una solucién de sulfamato de [(3aR,4R,6/%,6a8)—6—-({6—[(1S)—-2,3—dihidro—1H—inden—1~
iIamino]pirimidin—4—i|}amino)—2,2—dimetiItetrahidro"—3aH—cicIopenta[d][1 ,3]dioxol—4—illmetilo

(60,0 mg, 0,126 mmol) se tratdé con una mezcla 9:1 de &cido trifluoroacético en H,O (5,00 mL,
58,4 mmol) y la mezcla se agitdé durante 10 min antes de ser concentrada al vacio. El material
crudo se purificd por medio de HPLC preparativa ;en fase inversa C18 al eluir con un gradiente
de 5 a 70% de 0,1% de FA/95% de ACN/5% de H.O en 0,1% de FA/99% de H,0/1% de ACN
durante 16 min para obtener el compuesto del titulo (27,0 mg, 49%). 'H RMN (400 MHz,
DMSO-d6, & 8,13 (s, 1H), 7,98 (s, 1H), 7,44 (s, 2{'H), 7,28-7,02 (m, 5H), 6,72 (bs, 1H), 5,53 (s,
1H), 5,41 (s, 1H), 4,63 (d, J = 5,3 Hz, 1H), 4,09 (cfjd, J=5,1,95Hz, 1H), 397 (dd, J=7.0, 9,5
Hz, 1H), 3,81 (bs, 1H), 3,71-3,60 (m, 2H), 3,01-2,87 (m, 1H), 2,87-2,70 (m, 1H), 2,47-2,37 (m,
1H), 2,30-2,09 (m, 2H), 1,89-1,72 (m, 1H), 1,19-1,05 (m, 1H) ppm. LC/MS: R = 1,13 min, ES*

|
|

|
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436 (AA estandar).
Ejemplo 2: sulfamato de {(1R,2R,3S,4R)—4-{(6—{[(1S)-3,3—dimetil-2,3—dihidro—1H-inden—1-
iI]amino}pirimidin—4—i|)amino]—2,3—dihLidroxiciclopenti|}meti|o (compuesto 1-21)
Etapa a: (2R)-2-{[(1S)-3,3~dimetil-2,3-dihidro—1H-inden—1-ilJamino}-2—feniletanol
[0172] A una solucion de 3,3—dimetilindan—1—ona (é25 mg, 5,77 mmol) y (R)—(—)—2—fenilglicinol

(893 mg, 6,51 mmol) en tolueno (10,0 mL) se aﬁa!dié acido p—toluensulfénico monohidratado

(62,5 mg, 0,328 mmol). La reaccién se calento hasta reflujo bajo una atmoésfera de nitrégeno
durante 90 min. En este momento, la mezcla se einfrié y se diluyo con tolueno (10,0 mL). La
mezcla se lavé con solucidn saturada acuosa c:ie NaHCO; y H,O. La capa organica se
concentré al vacio y el residuo se disolvio en THF (10,0 mL) y se enfrio hasta 0 °C. Se afiadio
AcOH (1,13 mL, 19,9 mmol), seguido de borhidrurq de sodio (251 mg, 6,64 mmol) y la reaccion
se dejo calentar hasta 23 °C durante la noche. La nf1ezcla se dividié en DCM y solucién saturada
acuosa de NaHCO;. La capa organica se concentlié y la cromatografia en gel de silice al eluir
con un gradiente de 5 a 35% de EtOAc en DCM dio como resultado el compuesto del titulo
(1,49 g, 74%). LC/MS: R, = 1,92 min, ES* 282 (AA c‘!esténdar).
Etapa b: (1S)-3,3—dimetilindan-1-amina

[0173] Una solucion de (2R)—2—{[(1S)—3,3—c!iimetil—2,3—dihidro—1H—inden—1—il]amino}—2—
feniletanol (1,44 g, 5,13 mmol) en MeOH (40,0)mL) se agreg6 a una solucién agitada de
tetraacetato de plomo (3,75 g, 8,03 mmol) en MeOH (60,0 mL) a 0 °C gota a gota durante 20

min. Tras agitar durante 45 min, la reaccién se!neutralizd por medio de la adicion de una

solucién al 10% de Na,CO; en H,O (76,0 mL) y I%\ mezcla se agitd durante 10 min. Luego se
agregd DCM (200 mL) y las capas se separaron. La capa acuosa se extrajo con DCM (50,0
mL). Las capas organicas combinadas se concentraron al vacio y el residuo se disolvié en EtOH
(190 mL) y se traté con una solucién acuosa 10,4 M de HCI (5,70 mL, 59,3 mmol). La mezcla
resultante luego se calent6 hasta reflujo durante’ 16 h. La reaccién enfriada se concentré al
vacio y se dividié en H,O (150. mL) y Et,O (50,0 !mL). La capa acuosa se ajustdé en pH 10 por
medio de la adicién de Na,CO, y se extrajo con Et,O (3 x 50,0 mL). Las capas organicas
combinadas se concentraron al vacio y la cromatografia en gel de silice al eluir con un gradiente
de 0 a 10% de MeOH en DCM para obtener el c:ompuesto del titulo en forma de un aceite de
color amarillo palido (420 mg, 51%). 'H RMN (CD;0OD, 300 MHz) &: 7,34-7,14 (m, 4H), 4,45—
4,37 (m, 1H), 2,38 (dd, J=7,1, 12,4 Hz, 1H), 1,73(bs, 2H), 1,60 (dd, J = 8,7, 12,4 Hz, 1H), 1,39
(s, 3H), 1,19 (s, 3H) ppm. l
Etapa c: sulfamato de {(1R,2R,3S,4R)-4-[(6—{[(1S)-3,3—dimetil-2,3-dihidro-1H—

l
inden—1—-illamino}pirimidin—4—il)amino]-2,3—dihidroxiciclopentil}metilo (compuesto 1-21)

[0174] El compuesto del titulo se prepar6é de a:ncuerdo con el procedimiento descrito en el

Ejemplo 1a—e usando (1S)-3,3—dimetilindan—1—-amina en la etapa ¢. '"H RMN (CD;0OD, 400

MHz) &: 7,95 (s, 1H), 7,28-7,15 (m, 4H), 5,62 (s, TH), 5,38 (bs, 1H), 4,22—4,12 (m, 2H), 3,92 (bs,
|

1H), 3,88 (dd, J = 5,5, 5,5 Hz, 1H), 3,78 (dd, J = 5,5, 5,5 Hz, 1H), 2,46-2,27 (m, 3H), 1,84-1,76

\
(m, 1H), 1,39 (s, 3H), 1,35-1,27 (m, 2H), 1,25 (s, 3H) ppm. LC/MS: R; = 1,42 min, ES' 464 (AA

|
|
|
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estandar).
Ejemplo 3: sulfamato de {(1R,2R,3S,4R)—4—[(6-{[(1S)—4—cloro-2,3~dihidro—-1H-inden—1-il}-
amino}pirimidin—4—il)amino]—2,3—dihiciiroxiciclopentil}metilo (compuesto [-24)

[0175] EI compuesto del titulo se prepar6 de acLerdo con el procedimiento descrito en el
Ejemplo 2a-c usando 4—cloroindan—1-ona en la etapa a. '"H RMN (CD;0D, 400 MHz) &: 8,01 (s,
1H), 7,26-7,15 (m, 4H), 5,69 (s, 1H), 5,44 (bs, 1H)f, 4,17 (dddd, J = 5,2, 9,7, 9,7, 9,8 Hz, 2H),
3,95 (bs, 1H), 3,88 (t, J=5,4 Hz, 1H), 3,79 (t, J = 5,f6 Hz, 1H), 3,12-3,04 (m, 1H), 2,88 (ddd, J =
8,2, 8,2, 16,4 Hz, 1H), 2,66-2,56 (m, 1H), 2,43-2,28 (m, 2H), 1,99-1,88 (m, 1H), 1,38-1,28 (m,
1H) ppm. LC/MS: R, = 1,08 min, ES" 470. (FA esténfdar).

Ejemplo 4: sulfamato de {(1R,2R,3S,4R)—-4—[(6{[(1S)-5,6—-Difluoro—2,3—dihidro—1H-inden—

1-ilJamino}pirimidin—4—il)amino}-2, 3~dihidroxiciclopentil}metilo (compuesto |1-17)

[0176] El compuesto del titulo se prepar6é de a<:!uerdo con el procedimiento descrito en el
Ejemplo 2a-c usando 5,6—difluoroindan—1-ona eni la etapa a. '"H RMN (CD,OD, 400 MHz) &:
7,96 (s, 1H), 7,14-7,02 (m, 3H), 5,62-5,58 (m, 1H), 5,39 (s, 1H), 5,28 (bs, 1H), 4,22—4,13 (m,
2H), 3,89 (dd, J= 5,5, 5,5 Hz, 1H), 3,78 (dd, J = 5’4 5,4 Hz, 1H), 3,00-2,91 (m, 1H), 2,88-2,77
(m, 1H), 2,64-2,55 (m, 1H), 2,44-2,32 (m, 1H), 1,97-1,86 (m, 1H), 1,43-1,20 (m, 2H) ppm.
LC/MS: R; = 1,02 min, ES™ 472 (FA estandar). {

Ejemplo 5: sulfamato de {(1R,2R,38,4R)—4—[(é—{[(1S)—4,7—diﬂuoro—-2,3—dihidro—1H—inden—

1—il]amino}pirimidin—4—il)amino]—2,3;—dihidroxiciclopentil}metilo (compuesto 1-6)

[0177] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 2a~c usando 4,7-difluoroindan-1-ona en la etapa a. '"H RMN (CD;0D, 400 MHz) &:
7,95 (s, 1H), 7,02-6,86 (m, 2H), 5,62-5,50 (m, 2H)!, 4,23-4,12 (m, 2H), 3,92 (bs, 1H), 3,88 (dd, J
=55, 55 Hz, 1H), 3,78 (dd, J = 5,5, 5,5 Hz, 1H),{3,16-3,05 (m, 1H), 2,95-2,85 (m, 1H), 2,62—
2,50 (m, 1H), 2,45-2,28 (m, 2H), 2,11-2,00 (m, 1H), 1,37-1,25 (m, 1H) ppm. LC/MS: R = 0,94
min, ES* 472 (FA estandar).
Ejemplo 6: sulfamato de {(1R,2R,3S,4R)—-4—{(6—{[(1S)—4—fluoro—2,3—dihidro—1H-inden-1-il}-

amino}pirimidin—4—il)amino]-2,3—dihidroxiciclopentil}metilo (compuesto |-1)

[0178] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 2a—c usando 4—fluoroindan—1-ona en Iaretapa a. '"H RMN (CD,OD, 300 MHz) &: 8,06
(s, 1H), 7,29-7,17 (m, 1H), 7,15-7,06 (m, 1H), 7,03-6,91 (m, 1H), 5,75 (s, 1H), 5,42 (bs, 1H),
4,27-4,11 (m, 1H), 4,08-3,89 (m, 2H), 3,89-3,80 (m, 1H), 3,16-3,02 (m, 1H), 2,96-2,80 (m,
1H), 2,73-2,55 (m, 1H), 2,47-2,27 (m, 2H), 2,06—‘!1,89 (m, 1H), 1,47-1,23 (m, 1H) ppm. LC/MS:
R; = 0,94 min, ES* 454 (FA estandar). ‘

Ejemplo 7: sulfamato de [(1R,2R,£S,4R)—4—({6—[(1R)—2,3—dihidro—1 H-inden—-1-

iIamino]pirimidin—4—i|}amino)—2,3—d"ihidroxiciclopentil]metilo (compuesto |1-8)

[0179] ElI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 1a—e usando (R)—(-)-1-aminoindano en la etapa c. 'H RMN (CDsOD, 400 MHz) &:
7,96 (s, 1H), 7,27-7,12 (m, 4H), 5,66 (s, 1H), 5,:330 (bs, 1H), 4,23—4,13 (m, 2H), 3,95 (bs, 1H),
3,90 (dd, J = 5,5, 5,5 Hz, 1H), 3,80 (dd, J = 5,6, 5,6 Hz, 1H), 3,05-2,94 (m, 1H), 2,92-2,81 (m,
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1H), 2,63-2,50 (m, 1H), 2,45-2,28 (m, 2H), 1,96-7,80 (m, 1H), 1,38-1,27 (m, 1H) ppm. LC/MS:

R; = 1,07 min, ES" 436 (FA estandar). |

Ejemplo 9: sulfamato de ((1R,2R,3S,4R)—4-{[6—(bencilamino)pirimidin—4—il]amino}—2,3—
dihidroxiciclopentil)metilo (compuesto 1-27)

[0180] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el

Ejemplo 1a—e usando bencilamina en la etapa c. "H RMN (CD;0D, 300 MHz) &: 7,92 (s, 1H),

7,35-7,16 (m, 5H), 5,49 (s, 1H), 4,42 (s, 2H), 4,21-4,07 (m, 2H), 3,91 (bs, 1H), 3,87 (dd, J=5,2,

5,2 Hz, 1H), 3,74 (dd, J = 5,6, 5,6 Hz, 1H), 2,39—2,}19 (m, 2H), 1,46-1,11 (m, 1H) ppm. LC/MS:

R; = 1,14 min, ES- 408 (AA estandar). ‘

Ejemplo 1: sulfamato de [(1R,2R,3S,4R)—4—(:{6—[bencil(metiI)amino]pirimidin—4—i|}amino)—
2,3—dihidroxiciclopentif)metilo (compuesto [-22)

[0181] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 1a—e usando N—metilbencil amina en la et:%\pa c. '"H RMN (CD;OD, 300 MHz) &: 7,99 (s,
1H), 7,34-7,14 (m, 5H), 5,62 (s, 1H), 4,75 (s, 2H), 4,23—4,09 (m, 2H), 4,01-3,90 (m, 1H), 3,87
(dd, J=5,5, 5,5 Hz, 1H), 3,76 (dd, J = 5,5, 5,5 Hzl 1H), 2,99 (s, 3H), 2,42-2,25 (m, 2H), 1,35~
1,20 (1H) ppm. LC/MS: R; = 1,27 min, ES- 422 (AA estandar).

Ejemplo 10: sulfamato de {(1R,2R,3S,4R)—4-[(6—{[(1S)-5—cloro-2,3-dihidro—1H-inden—1-il]-

amino}pirimidin—4—il)amino]—2,3—dih:idroxiciclopentiI}metilo (compuesto 1-19)

[0182] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 2a—c usando 5—cloroindan—1-ona en la etL\pa a. '"H RMN (CD;0D, 400 MHz) &: 7,94 (s,
1H), 7,34~7,18 (m, 2H), 7,18-7,12 (m, 1H), 5,62 (s, 1H), 5,30 (bs, 1H), 3,88 (dd, J = 5,5, 5,5 Hz,
1H), 3,77 (dd, J = 5,5, 5,5 Hz, 1H), 3,03-294 (m,{ 1H), 2,92-2,81 (m, 1H), 2,61-2,51 (m, 1H),

2,42-2,26 (m, 2H), 1,97-1,84 (m, 1H), 1,35-1,22 (:rn, 1H) ppm. LC/MS: R, = 1,44 min, ES- 470.

(AA estandar).

Ejemplo 11: sulfamato de [(1R)2R,3S,4R)-2,3~ihidroxi—4—({6-[(1S5)-1,2,3,4—
tetrahidronaftalen—1—iIamino]pirimidfn4—il}amino)ciclopentil]metilo (compuesto |-
12) ‘

[0183] EI compuesto del titulo se prepar6 de a!

Ejemplo 1a—e usando (S)—(+)—1,2,3,4—tetrahidro—1f—naptilamina en la etapa c. "H RMN (CD;0D,

400 MHz) & 7,93 (s, 1H), 7,27-7,20 (m, 1H), 7,18-7,06 (m, 3H), 5,59 (s, 1H), 4,99 (bs, 1H),

4,23-4,11 (m, 2H), 3,92 (bs, 1H), 3,88 (dd, J = 55 5,5 Hz, 1H), 3,77 (dd, J = 5,5, 5,5 Hz, 1H),

2,90-2,70 (m, 2H), 2,43-2,26 (m, 2H), 2,08-1,76 ,‘(m, 5H), 1,35-1,22 (m, 1H) ppm. LC/MS: R; =

1,33 min, ES™ 450. (AA estandar). |

Ejemplo 12: sulfamato de {(1R,2R,3S,4R)42,3—dihidroxi—4—[(6—{[(1R,28)—2—metoxi—2,3—
dihidro—1H-inden—1—ilJamino}pirimidin—4—il)amino]ciclopentil}metilo  (compuesto
I-2) \

Etapa a: [(1R,2S)—g—hidroxi—2,3—dihidrb—1 H-inden—1-illcarbamato de ter—butilo
[0184] (1R,2S)-1-Aminoindan-2-o! (1,83 g, 12,%3 mmol) se disolvi6 en DCM (70,0 mL) y se

afiadié TEA (3,42 mL, 24,5 mmol). Se agregd di-ter-butildicarbonato (2,81 g, 12,2 mmol) y la

cuerdo con el procedimiento descrito en el
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mezcla de reaccion se agité durante 5 h. La solucién se concentrd al vacio y se purificé por
cromatografia en gel de silice al eluir con un gradiente de 0 a 100% de EtOAc en hexanos para
obtener el compuesto del titulo (3,12 g, 100%). LC/MS: R, = 1,55 min, ES* 250. (AA estandar).
Etapa b: [(1R,2S)-2-metoxi-2,3—dihidro—1H-inden—1-illcarbamato de ter—butilo
[0185] Una mezcla de [(1R,28)—2—hidroxi—2,3—dih§dro—1H—inden—1—i|]carbamato de ter—butilo
(680 mg, 2,73 mmol), DMF (21,1), mondxido de bario (5,02 g, 32,7 mmol), hidréxido de bario
(2,80 g, 16,4 mmol) y yodometano (1,70 mL, 27,3 mmol) se agité durante la noche. LC/MS no

mostré material de partida. La reaccidén se neutralizd por medio de la adicion de una solucion
saturada de NaHCO; y se extrajo con DCM. La capa organica se lavd con H,O (3x), se secod
sobre sulfato de sodio y se concentré al vacio. El re:siduo se purificd por medio de cromatografia
en gel de silice al eluir con un gradiente de 0 a 50% de EtOAc en hexanos para obtener el
compuesto del titulo (178 mg, 25%). LC/MS: R; = 1,24 min, ES* 264 (AA estandar).

Etapa c: (1R,2S)—2-metoxiindan—1-amina
[0186] A [(1R,28)—2—metoxi—2,3—dihidro—1H—indenl’—1-il]carbamato de ter-butilo (253 mg, 0,961

mmol) se afiadié una solucién 4,00 M de HCI en t1,4—dioxano (5,00 mL) y la mezcla se agitoé

durante 10 min, tras lo cual se formé un sélido blanco. La suspension se concentré al vacio y se
coevaporé con tolueno para obtener un sélido blanco, que se disolvié en H,O. La solucién se
ajusté en pH 10. por medio de la adicién de Na,COs. La mezcla se extrajo luego con Et,O (3 x
30 mL) y los extractos organicos se concentraron al vacio para obtener el compuesto del titulo
(150. mg, 99%). LC/MS: R; = 0,85 min, ES" 164 (A/;\ estandar).

Etapa d. sulfamato de {(1R,2R,3S.4R)—g,3—ihidroxi—4—[(6—{[(1R,28)—2—metoxi—2,3—

dihidro—1 H—inden—1—iI]amino}pirimidin—4--iI)aimino]ciclopentil}metilo (compuesto [-2)

[0187] El compuesto del titulo se prepard de a(é:uerdo con el procedimiento descrito en el

Ejemplo 2a—c usando (1R,2S)-2-metoxiindan—1—-amina en la etapa a. 'H RMN (CD,0D, 400

MHz) &: 7,97 (s, 1H), 7,28-7,10 (m, 4H), 5,36 (bs, f1H), 4,21-4,10 (m, 3H), 3,93 (bs, 1H), 3,86 (1,

J=54Hz 1H), 3,77 (t, J = 5,6 Hz, 1H), 3,32 (s;, 3H), 3,12-2,95 (m, 2H), 2,44-2,26 (m, 2H),

1,38-1,25 (m, 1H) ppm. LC/MS: R; = 0,94 min, ES* 466 (FA estandar).

Ejemplo 13: sulfamato de [(1R,2R,3S,4R)—4—({6{l—[(ciclohexiImetiI)amino]pirimidin—4—i|}amino)—
2,3—dihidroxiciclopentillmetilo (compuesto 1-14)

[0188] ElI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el

Ejemplo 1a—e usando ciclohexanometilamina en la etapa ¢. '"H RMN (CD,0D, 400 MHz) &: 8,08

(s, 1H), 5,69 (s, 1H), 4,22—4,13 (m, 2H), 4,00 (bs, 1H), 3,89 (dd, J = 5,2, 5,2 Hz, 1H), 3,82 (dd, J

=6,2, 6,5 Hz, 1H), 3,18-3,07 (m, 2H), 2,42-2,29 (!m, 2H), 1,83-1,53 (m, 7H), 1,44—1,14 (m, 5H),

1,07-0,92 (m, 2H) ppm. LC/MS: R; = 1,31 min, ES- 414 (AA estandar).

Ejemplo 14: sulfamato de [(1R,2R,3S,4R)-2,3—dihidroxi—4—({2—[(3—metil-2,3~dihidro—1H-
inden—1—iI)amino]pirimidin—4—i|}ami"no)ciclopentil]metilo (compuesto 1-10)

Etapa a: oxima de 3—metilindan—1-ona

[0189] A una solucion de 3—metilindan—1—on,‘a (221 mg, 1,51 mmol) y clorhidrato de
hidroxilamina (295 mg, 4,25 mmbl) en MeOH (4,?0 mL) se afnadié una solucién de NaOH (200



10

15

20

25

30

83

mg, 5,00 mmol) en H,O (2,00 mL) y la mezcla se agité a 80 °C durante 2 h. La reaccion enfriada
se concentro al vacio para eliminar la mayor parte del MeOH y el residuo se dividié6 en DCM y
H,O. La capa organica se concentrd al vacio para ]obtener el compuesto del titulo en forma de
un sdlido ceroso (232 mg, 95%). LC/MS: R; = 1,51 min, ES* 162 (AA estandar).

Etapa b: 3—metilindan—-1—-amina

[0190] Una mezcla de oxima de 3—metilindan—1-ona (223 mg, 1,38 mmol) y paladio sobre
carbén al 10% (14,7 mg, 50% de agua humedo) en MeOH (5,00 mL) se agité bajo una
atmésfera de hidrogeno durante la noche. La mezcla se filtré luego a través de celite, se lavé
con MeOH vy los filtrados combinados se concentraron al vacio para obtener el compuesto del
titulo (195 mg, 96%). '"H RMN (CDCls, 300 MHz) 8:(7,39-7,14 (m, 4H), 4,26 (dd, J = 7,2, 9,4 Hz,
1H), 3,13-2,96 (m, 1H), 2,71 (ddd, J = 6,9, 6,9, 12,5 Hz, 1H), 1,75 (bs; 2H), 1,35 (d, J = 6,8 Hz,
3H), 1,25 (ddd, J=9,9, 9,9, 11,7 Hz, 1H) ppm.

Etapa c: sulfamato de [(1R,2R,3S,4R)—2,3—qihidroxi-4—({2—[(3—meti|—2,3—dihidro—1 H-

inden—1—il)Jamino]pirimidin—4—il}amino)ciclopentillmetilo (compuesto i1-10)

[0191] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 1a—e usando 2,4—dicloropirimidina en la et"apa a y 3—-metilindan—1—amina en la etapa c.
'H RMN (CD;0D, 300 MHz) &: 7,65-7,36 (m, 1H),/ 7,34-7,04 (m, 5H), 6,23-5,99 (m, 1H), 5,62
(bs, 1H), 4,53-4,36 (m, 1H), 4,22—4,09 (m, 2H), 3,94—3,81 (m, 2H), 3,25-3,08 (m, 1H), 2,94
2,76 (m, 1H), 1,66-1,44 (m, 1H), 1,44-1,20 (m, 6H) ppm. LC/MS: R; = 1,19 min, ES* 450. (AA
estandar). ‘
Ejemplo 15: sulfamato de {(1R,2R,3S,4R)—4—[(2—!{[(1 S)-3,3—dimetil-2,3—dihidro—1H-inden—1-
iI]amino}pirimidin—-4—il)amino]—2,3—d£hidroxiciclopentil}metilo (compuesto I-15)
[0192] El compuesto del titulo se prepard de ac};uerdo con el prdcedimiento descrito en el
Ejemplo 1a—e usando 2,4—dicloropirimidina en la etapa a y (1S)-3,3—dimetilindan—1—-amina en
la etapa c. "H RMN (CDs;OD, 400 MHz) &: 8,47 (s, 1IH), 7,59 (s, 1H), 7,32-7,17 (m, 4H), 6,06 (bs,
1H), 5,64 (bs, 1H), 4,36 (bs, 1H), 4,21-4,09 (m, 2H), 3,91-3,81 (m, 2H), 2,47 (dd, J=7,3, 12,4
Hz, 1H), 2,41-2,23 (m, 2H), 1,91 (bs, 1H), 1,41 (‘, 3H), 1,26 (s, 3H), 0,99-0,88 (m, 1H) ppm.
LC/MS: R; = 1,24 min, ES” 464 (AA estandar).
Ejemplo 16: sulfamato de [(1R,ZR,3S,4R)—4—({2£—[(cicIoheinmetiI)amino]pirimidin—4—i|}amino)—
2,3—dihidroxiciclopentiljmetilo (compuesto 1-4)
[0193] El compuesto del titulo se prepar6é de a:cuerdo con el prdcedimiento descrito en el
Ejemplo 1a—e usando 2,4—dicloropirimidina en la etapa a y ciclohexanometilamina en la etapa c.

"H RMN (CD;OD, 400 MHz) &: 7,50 (d, J = 7.3 Hy, 1H), 6,04 (d. J = 7,1 Hz, 1H), 4,42 (dd, J =

7,9, 13,8 Hz, 1H), 4,22-1,43 (m, 2H), 3,93-9,85 (r_‘n, 2H), 3,68 (s, 1H), 2,48-2,28 (m, 2H), 1,84

1,55 (m, 7H), 1,37-1,13 (m, 5H), 1,07-0,93 (m, 2FH) ppm. LC/MS: R, = 1,11 min, ES* 416 (AA

estandar). ‘

Ejemplo 17: sulfamato de [(1R,2R,38,4R)—4—:({2—[bencil(metiI)amino]pirimidin—4—i|}amino)—
2,3—dihidroxiciclopentillmetilo (compuesto 1-20)

[0194] El compuesto del titulo se preparé de dcuerdo con el procedimiento descrito en el

|
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Ejemplo 1a—e usando 2,4—dicloropirimidina en la etsapa a y N—-metilbencil amina en la etapa c.
'H RMN (CD;0D, 400 MHz) &: 7,59 (d, J = 6,8 Hz, PH), 7,38-7,25 (m, 5H), 6,14 (d, J = 6,6 Hz,
1H), 5,03-4,95 (m; 1H), 4,37 (bs, 1H), 4,14 (d, J = 4,6 Hz, 2H), 3,89-3,85 (m, 2H), 3,68 (s, 2H),
3,15 (s, 3H), 2,86 (s, 1H), 2,35-2,22 (m, 2H), 1,28 (bs, 1H) ppm. LC/MS: R; = 1,16 min, ES" 424
(AA estandar). .

Ejemplo 18: sulfamato de ((1R,2R,38,4R)—4i—{[2—(benciIamino)pirimidin—4—il]amino}—2,3—
dihidroxiciciopentil)metilo (compuesto |-7)

[0195] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el

Ejemplo 1a—e usando 2,4—dicloropirimidina en la e{apa a y bencilamina en la etapa ¢. '"H RMN

(CDs;0OD, 400 MHz) 6: 7,58 (d, J = 5,4 Hz, 1H), 7,36;—7,26 (m, 4H), 7,24-7,18 (m, 1H), 5,90 (d, J

= 6,3 Hz, 1H), 4,63—4,47 (m, 2H), 4,26 (bs, 1H), 4,18—4,07 (m, 2H), 3,86 (dd, J = 5,3, 5,3 Hz,

1H), 3,80 (dd, J= 5,9, 6,3 Hz, 1H), 2,34-2,19 (m, 2i]-|), 1,31-1,14 (m, 1H) ppm. LC/MS: R; = 1,07

min, ES* 410. (AA estandar).

Ejemplo 19: sulfamato de [(1R,2R,3S,4R)—4—({€$—[(1S)—2,3—dihidro—1H—inden—1-—i|amino]—2—
metiIpirimidin—4—i|}amino)—2,3—dihidfoxiciclopentil]metilo y sulfamato de
{(1R,2R,3S,4R)—4—[(6—amino—2—metilpirimidin—4—il)amino]-2,3—
dihidroxicicltopentil}metilo (compuestos 1-18 y 1-13)

[0196] Los compuestos del titulo se prepararon de‘lI acuerdo con el procedimiento descrito en el

Ejemplo 1a—e usando 4,6-dicloro—2—-metilpirimidina en la etapa a y (S)—(+)-1-aminoindano en

la etapa c¢. Datos analiticos para sulfamato de [(1R,2R,3S,4R)—4—({6-[(1S)-2,3—dihidro—-1H-

inden—1—iIamino]—2—meti|pirimidin—4—il}amino)—2,3_—dihidroxiciclopentil]metiIo (compuesto 1-18):

'H RMN (CD;OD, 400 MHz) &: 7,31-7,14 (m, 4H|)=, 5,54 (s, 1H), 5,29 (bs, 1H), 4,22-4,11 (m,

2H), 3,92 (bs, 1H), 3,90 (dd, J = 5,2, 5,2 Hz, 1H),i3,78 (dd, J = 5,7, 5,7 Hz, 1H), 3,06-2,96 (m,

1H), 2,93-2,82 (m, 1H), 2,63-2,52 (m, 1H), 2,40-2,31 (m, 2H), 2,29 (s, 3H), 1,98-1,85 (m, 2H),

1,43-1,24 (m, 2H) ppm. LC/MS: R; = 1,29 min, ES" 450. (AA estandar). Datos analiticos para
sulfamato de {(1R,2R,3S,4R)—4L[(6—amino-.-2—metiIpirimidin—4—il)amino]—2,3—

dihidroxiciclopentil}metilo (compuesto 1-13): 'H RMN (CD30D, 400 MHz) 6: 7,45 (s, 1H), 5,49 (s,

1H), 4,25-4,11 (m, 2H), 3,95 (bs, 1H), 3,92 (dd, J = 5,3, 5,8 Hz, 1H), 3,78 (dd, J = 5,8, 5,8 Hz,

1H), 2,69 (s, 1H), 2,44-2,31 (m, 1H), 2,27 (s, 3I-‘I), 1,45-1,24 (m, 1H) ppm. LC/MS: R, = 0,76

min, ES™ 334 (AA estandar).

Ejemplo 20: sulfamato de ((1R,ZR,38,4R)—4—-{['6—(benci|amino)—2—meti|pirimidin—4—il]amino}—
2,3—dihidroxiciclopentilymetilo (compuesto 1-30)

[0197] EI compuesto del titulo se prepar6é de Acuerdo con el procedimiento descrito en el

Ejemplo 1a—e usando 2,4—dicloropirimidina en Ia;etapa a y bencilamina en la etapa c. '"H RMN

(CD;0OD, 300 MHz) &: 7,41-7,31 (m, 4H), 7,31—7:,22 (m, 1H), 5,55 (s, 1H), 4,52 (s, 2H), 4,21-

4,09 (m, 2H), 3,87 (dd, J = 4,9, 4,9 Hz, 1H), 3,72;9 (dd, J = 5,9, 6,8 Hz, 1H), 2,42 (s, 3H), 2,37-

2,21 (m, 2H), 1,41=1,21 (m, 2H) ppm. LC/MS: R, = 1,16 min, ES" 424 (AA estandar).

Ejemplo 21: sulfamato de [(1R,_]2S,4R)—4—({6—[(1S)—2,3—dihidro—1H—inden—1—

ilamino]pirimidin—4-—i|}amino)—2—hic;'iroxiciclopentil]metilo (compuesto 1-25)

|
|
|
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Etapa a: (1S,2R,4R)-4-[(6—cloropirimidin—4—il)amino]-2—(hidroximetil)ciclopentanol
[0198] A una mezcla neta de (1S,2R,4R)—4—amino!—2—(hidroximetil)ciclopentanol (3,00 g, 22,9
mmol) y 4,6—dicloropirimidina (3,70 g, 24,8 mmol){se anadié alcohol isopropilico (30,0 mL) y

Et;N (8,00 mL, 57,4 mmol) y la mezcla resuitante se‘ calent6 hasta 90 °C durante 1 h. La mezcla

luego se enfrié hasta 23 °C, se filtré y se concentrd al vacio. El residuo se purifico por medio de

cromatografia en gel de silice al eluir con un gra..diente de 5 a 7% de MeOH en DCM vy el

compuesto se cristalizé en EtOAc para obtener el!compuesto del titulo en forma de un sélido

blanco (3,30 g, 59%). LC/MS: R, = 0,84 min, ES* 24!4 (AA estandar).

Etapa b: (1S,2R,4R)-4-({6-[(1S)-2,3—dihidro—1H-inden—1—ilamino]pirimidin—4—il}-

amino)—2—(hidroximet‘il)ciclopentanol

[0199] Una mezcla de (1S,2R,4R)—4—[(é—c|oropirimidin—4—iI)amino]—2—(hidroximeti|)-

ciclopentanol (500. mg, 2,05 mmol), 1-butanol (4,(;)0 mL) y (S)~(+)-1-—aminoindano (0,806 mL,

6,16 mmol) se calent6 hasta 200 °C durante 90 min en un tubo sellado usando MWI. La mezcia

se concentro al vacio y se purificd por cromatografia en gel de silice al eluir con un gradiente de
5 a 25% de MeOH en DCM para obtener el compuesto del titulo en forma de un sélido amorfo
(613 mg, 73%). LC/MS: R; = 1,20 min, ES™ 341 (AAJ estandar).

Etapa c: (clorosulfonil)gf:arbamato de ter-butilo

[0200] A una solucién agitada de isocianato de cldrosulfonilo (3,20 mL, 36,0 mmol) en benceno
(15,0 mL) en un bafio de agua a 23 °C se afiadi6 alcohol ter-butilico (3,50 mL, 36,2 mmol) gota
a gota por medio de una jeringa bajo una atmdsfera de nitrégeno. Al cabo de 2 h, la mezcla se
diluy6é con hexanos (30,0 mL) y el precipitado blarfmo resultante se filtré y se lavé con hexanos
(3 x 20 mL). El solido recogido se seco en un desqcador de vacio bajo vacio de camara durante
10 min para obtener el compuesto del titulo en forma de un sélido blanco (5,08 g, 65%). El
producto se almacené bajo nitrégeno en un congelador. 'H RMN (300 MHz, CDCl;, § 8,44 (bs,
1H), 1,57 (s, 9H) ppm. LC/MS: R, = 0,939 min, ES"+ 215 (AA estandar). Referencia: F. Hirayama
et al., Biorg. Med. Chem., 2002, 10, 1509-1523. .
Etapa d: ({[(1R,2$,4R)—4—({6—[(1IS)—2,3—gihidro—1 H-inden—1—ilamino]pirimidin—4-il}-
amino)—2—hidroxiciclopentiI]metoxi}éuIfonil)carbamato de ter-butilo

[0201] Una mezcla neta de (1 S,2R,4R)—4—({6—[(1\fS)—2,3—dihidro—1H—inden—1—iIamino]pirimidin—
4-ilyamino)—2—(hidroximetil)ciclopentanol (100. .mg, 0,294 mmol) y 2,6-di-ter-butil-4—
metilpiridina (181 mg, 0,881 mmol) se disolvié en 1V\CN (5,00 mL) antes de afadir (clorosulfonil)-

carbamato de ter—butilo (95,0 mg, 0,441 mmol, tal como se prepard en el Ejemplo 21c). La
reaccion se agito durante 2 h antes de neutralizar por medio de la adicion de MeOH (2 mL). La
mezcla resultante se concentré al vacio y se puri’ficé por cromatografia en gel de silice al eluir
con un gradiente de 10 a 20% de MeOH en DCMi para obtener el compuesto del titulo en forma
de un sdlido amorfo (50,0 mg, 33%). LC/MS: R, =11,24 min, ES" 520. (AA estandar).
Etapa e: sulfamato de [(1R,2S,4R)-4—({6—[(1S)-2,3—dihidro—1H-inden-1—
ilamino]pirimidin—4-ilfamino)-2-hidroxiciclopentillmetilo (compuesto |-25)
[0202] A una solucion de ({[(1R,28,4R)—4—({6—[(1!S)—2,3—dihidro—1H—inden—1—ilamino]pirimidin—

|
|
|
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4-il}amino)—2-hidroxiciclopentillmetoxi}sulfonil)carbamato de ter-butilo (50,0 mg, 0,0962 mmol)
en DCM (2,00 mL) se afadié acido trifluoroacético [(0,500 mL, 6,49 mmol) y la mezcla se agitd
durante 30 min. La mezcla se concentr6 al vacio y el residuo se purific6 por medio de
cromatografia en gel de silice al eluir con 10% de MeOH en DCM y el producto se disolvio en
MeOH y se traté con NaHCO; sdlido. La suspensi()r% se filtro y el filtrado se purificé por medio de
cromatografia en gel de silice al eluir con 10% MeQH/DCM para obtener el compuesto del titulo
en forma de un sélido amorfo (12,0 mg, 30%). 'H RMN (CDsOD, 400 MHz) &: 7,94 (s, 1H), 7,29-
7,12 (m, 4H), 5,53 (s, 1H), 5,32 (bs, 1H), 4,23—4,08 (m, 4H), 3,06-2,96 (m, 1H), 2,93-2,82 (m,
1H), 2,61-2,50 (m, 1H), 2,45-2,34 (m, 1H), 2,26—;’2,15 (m, 1H), 2,08-1,98 (m, 1H), 1,95-1,78
(m, 2H), 1,37-1,25 (m, 2H) ppm. LC/MS: R;= 1,29 ‘#nin, ES® 420. (AA estandar).

Ejemplo 22: sulfamato de {(1R,2R,3S,4R)-2,3—dihidroxi—4—{(8—fenil-9H—purin—6-il)-

amino]ciclopentil}metilo (compuesto 1-9)

[0203] ElI compuesto del titulo se preparé de ac!:uerdo con el procedimiento descrito en el
Ejemplo 1a-b, luego 1d—e usando 6—c|oro—8—feni|l’—9H—purina en la etapa a. '"H RMN (DMSO-
d6, 400 MHz) &: 13,4 (s, 1H), 8,28-8,10 (m, 4H), 7,76-7,64 (m, 1H), 7,58-7,40 (m, 7H), 4,89—
4,75 (m, 1H), 4,70—4,59 (m, 1H), 4,59—4,50 (m, 1H), 4,15-4,07 (m, 2H), 4,06-3,99 (m, 1H), 3,91
(bs, 1H), 3,80-3,74 (m, 2H), 3,17 (d, J = 5,2 Hz,. 1H), 2,34-2,15 (m, 3H), 1,37-1,21 (m, 2H)
ppm. LC/MS: R; = 1,14 min, ES” 421 (AA estandar).

Ejemplo 23: sulfamato de [(1R,2R,38,4R)—2,3+‘dihidroxi—4—(9H—purin—6—ilamino)ciclopentil]—

metilo (compuesto 1-3)
Etapa a: [(3aR,4R,6R,6aS)—6—An;1ino—2,2—dimetiltetrahidro—3aH—
ciclopenta[d][1 .3]diolxol—4—iI]metanoI

[0204] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 1b usando clorhidrato de (1R,28,3R,5R)-3-amino-5-(hidroximetil)ciclopentano—1,2—
diol. "H RMN (CDCls, 300 MHz) &: 4,76 (d, J= 5,5 :Hz, 1H), 4,20 (d, J =4,8 Hz, 1H), 3,70 (dd, J =
3,9, 11,3 Hz, 1H), 3,56-3,47 (m, 2H), 3,05 (bs, 2?.‘1), 2,53-2,35 (m, 2H), 1,41 (s, 3H), 1,33-1,21
(m, 5H) ppm.
Etapa b: [(3aR,4R,6R,6aS)—2,g—dimetiI—%—(QH—purin—6—i|amino)tetrahidro—3aH—
ciclopenta[d][1.3]dio:xol—4—iI]metanoI

[0205] EI compuesto del titulo se prepar6 de acuerdo con el procedimiento descrito en el

Ejemplo 1a usando [(3aR,4R,6R,6aS)-6—amino-2,2—dimetiltetrahidro—3aH-
ciclopenta[d][1,3]dioxol—4—iljmetanol. LC/MS: R, =.1,39 min, ES” 306 (AA estandar).
Etapa c: sulfamato de [(1R,2R,3S|4R)-2,3—dihidroxi—4—(9H—purin—-6—

ilamino)ciclopentillmetilo (compuesto 1-3)
[0206] Una suspensién de [(33R,4R,6R,6aS)—’2,2—dimeti|—6—(9H—purin—6—iIamino)tetrahidro-
3aH-ciclopenta[d][1,3]dioxol—4—iljmetanol (288 mg 0,943 mmol) y Et;N (0,400 mL, 2,87 mmol)
en DCM (5,00 mL) se enfrié hasta 0 °C. Se anadié una soluciéon 2,00 M de clorosulfonamida en

ACN (0,94 mL, 1,88 mmol, tal como se prepard en el Ejemplo 1d) gota a gota y se agregé DMF
|

(1,50 mL) para solubilizar la mezcla. La solucién se dej6 calentar hasta 23 °C y se agité durante

|
|

|
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5 h antes de ser concentrada al vacio hasta seq’uedad. La mezcla cruda se traté con una
solucién 1,00 M de HCI en H,O (5,00 mL, 5,00 mm:ol) y se agité durante 10 min. La mezcla se
concentré hasta sequedad y se purificd por HPLC preparativa en fase inversa C18 al eluir con
un gradiente de 0 a 40% de 0,1% de FA/95% dé ACN/5% de H,O en 0,1% de FA/99% de
H,0/1% de ACN durante 16 min para obtener el ccémpuesto del titulo (95,0 mg, 29%). '"H RMN
(DMSO-d6, 400 MHz) &: 12,9 (bs, 1H), 8,25—8,01[ (m, 2H), 7,68-7,29 (m, 3H), 5,12—4,30 (m,
3H), 4,10 (dd, J = 5,8, 9,6 Hz, 1H), 4,01 (dd, J = %,O, 9,6 Hz, 1H), 3,85 (dd, J = 5,6, 5,6, 1H),
3,75 (dd, J = 5,2, 5,2 Hz, 1H), 2,35-2,13 (m, 2H), 1,33-1,19 (m, 1H) ppm. LC/MS: R; = 1,02 min,
ES” 345 (AA estandar). |

Ejemplo 24: sulfamato de [(1S,2§,4R)—4—({6—[(1S)—2,3—dihidro—1H—inden—-1—-

ilamino]pirimidin—4—il}amino)-2-hidroxiciclopentillmetilo (compuesto -5)
Etapa a: (1R.2R,3S,55)-3—-(Hidroximetil)-6—oxabiciclo[3,1,0lhexan—2—ol

[0207] (1S,5S)—5-—(HidroximetiI)cicIopent—Z—en—1—é)l (3,19 g, 27,9 mmolar) se disoivi6 en DCM
(143 mL) y la solucién se énfrié hasta 0 °C. Se agregé acido 3—cloroperbenzoico (7,52 g, 33,5

| .
mmolar) y la mezcla se agitdé a 23 °C durante 4 h. TLC indicé la conversion completa. Se afiadié

gel de silice (20 g), la mezcla se concentré h;’:\sta sequedad y se purificdé por medio de
cromatografia en gel de silice al eluir con un grac?jiente de 0 a 100% de EtOAc en DCM para
obtener el compuesto del titulo (2,75 g, 76%). 'H ITMN (CDCl3, 300 MHz) &: 4,58 (d, J = 8,1 Hz,
1H), 3,69 (s, 1H), 3,68 (s, 1H), 3,60 (s, 1H), 3,52 (s, 1H), 2,47-2,40 (m, 1H), 2,14 (ddd, J = 1,5,
10,2, 15,3 Hz, 1H), 2,01 (dd, J = 1,5, 15,3 Hz, 1H), 1,62 (bs, 2H) ppm. LC/MS: R, = 0,37 min,
ES* 131 (AA estandar). |

Etapa b: (1aS,1bR,5aS,6aS)-3-(4-metoxifenil)hexahidrooxireno[4,5]ciclopenta [1,2—-
| v
dl[1,3]ldioxina

[0208] (1R,2R,38,58)—3—(Hidroximetil)—6—oxabiciq',lo[3,1,0]hexan—2—o| (3,65 g, 21,0 molar) se

disolvié en DCM (121 mL) y la solucién se enfri(')(i hasta 0 °C. Se afiadié 1—(dimetoximetil)—4—

metoxibenceno (10,7 mL, 63,1 mmolar) seguido de p—toluensulfonato de piridinio (530. mg, 2,11
mmolar). La mezcla se agitdé a 23 °C durante la noche. TLC indicé la conversién completa. La
mezcla de reaccidn se concentré al vacio y el resi!duo se purificd por medio de cromatografia en
gel de silice al eluir con un gradiente de 0 a §O% de EtOAc en hexanos para obtener el
compuesto del titulo (4,10 g, 78%). '"H RMN (CDéle,, 400 MHz) &: 7,44 (d, J = 8,8 Hz, 2H), 6,89
(d, J=8,8 Hz, 2H), 5,93 (1H, s), 4,58 (d, J = 8,4 Hz, 1H), 4,05 (s, 1H), 4,03 (s, 1H), 3,80 (s, 3H),
3,71 (d, J=2,4 Hz, 1H), 3,51 (d, J = 2,4 Hz, 1H), 2;,50—2,48 (m, 1H), 1,87 (ddd, J = 1,6, 8,0, 14,8
Hz, 1H), 1,77 (d, J = 14,8 Hz, 1H) ppm. LC/MS: R; = 1,68 min, ES" 249 (AA estandar).

Etapa c: 2—[(4aS,6R,7S,7aR)—7—Hidroxi—2l(4—metoxifenil)hexahidrociclopenta [d][1,3]

dioxin—6—il]-1 H—isoin’dol—1 ,3(2H)—-diona

[0209] A una mezcla neta q'e (1aS,1bR,5aS,6aS)-3—(4-metoxifenil)-
hexahidrooxireno[4,5]ciclopenta[1,2—d][1,3]dioxina (600 mg, 2,42 mmolar), ftalimida (1,07 g,
7,25 mmolar) y sal potasica de ftalimida (1,34 g,'7,25 mmolar) se aftadi6 DMSO (15,0 mL) y la

|
mezcla se agité a 120 °C durante 18 h. La mezcla se concentré al vacio, se traté con H,O y se
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|
extrajo con EtOAc. La capa organica se seco sobrei MgSO,, se filtraron y se concentrd al vacio.
El residuo se purificé por medio de cromatografia en gel de silice al eluir con un gradiente de 0
a 15% de EtOAc en DCM para obtener el compuésto del titulo en forma de un sdélido blanco
(602 mg, 63%). LC/MS: R, = 1,68 min, ES™ 396 (AA ‘esténdar).
Etapa d: 0O-[(4aS.6R.7S,7aR)-6—(1,3—Dioxo-1,3-dihidro—2H-isoindol-2-il)-2—(4—
metoxifenil)hexahidrociclopenta[d][1,3]dioxin—-7-il] O—fenil tiocarbonato

[0210] A una solucion agitada de 2—[(4iaS,6R,7S,7aR)—7—hidroxi—2—(4—metoxifenil)-
hexahidrociclopenta[d][1,3]dioxin—6—il]-1H-isoindol-1,3(2H)—diona (1,26 g, 3,19 mmolar) en
DCM (150. mL) se afadié DMAP (1,17 g, 9,54 mmolar) y clorotionoformiato de fenilo (0,661 mL,
4,78 mmolar) bajo una atmdésfera de argén. Al cabo de 2 h, la mezcla se concentré al vacio y el

!
residuo se purificé por medio de cromatografia en gel de silice al eluir con un gradiente de 0 a

5% de EtOAc en DCM para obtener el compuesto del titulo en forma de un sélido amorfo blanco
(1,64 g, 97%). LC/MS: R, = 2,21 min, ES” 532 (AA ;esténdar).
Etapa e: 2-[(4aS,6R,7aS)-2—-(4-metoxifenil)hexahidrociclopenta[d][1,3]dioxin—-6—il]—
1H-isoindol-1 ékZM—diona
[0211] A una solucién de O—[(4aS,6R,7S,7aR)—-6—}(1,3—dioxo—1,3—dihidro—2H—isoindoI—2—iI)—2—
(4—metoxifenil)hexahidrociclopenta[d][1 ,3]dioxin—7-.‘-il] O-fenil tiocarbonato (56,9 mg, 0,107

mmolar) en tolueno (4,00 mL) se afadioé tris(trimetilsilil)silano (0,0700 mL, 0,227 mmolar). Se

burbujeé aire (2,00 mL) a través de la solucién y s:<a anadié una solucion 1,00 M de trietilborano
en hexano (0,0320 mL, 0,0320 mmolar) y la reaccién se agité durante 2 h. Se agregaron mas
tris(trimetilsilil)silano (0,0700 mL, 0,227 mmolar) y 1,00 M de trietilborano en hexano (0,0300
mL, 0,0300 mmolar) y la mezcla se agitoé durante% otras 6 h. La mezcla luego se concentré al
vacio y el residuo se purific6 por medio de cromatografia en gel de silice al eluir con un
gradiente de 0 a 20% de EtOAc en DCM para obtener el compuesto del titulo (16,9 mg, 42%).
LC/MS: R, = 2,03 min, ES” 380. (AA esténdar). |

Etapa f: (4aS,6R,7aS)—-2—(4—-metoxifenil)hexahidrociclopenta[d][1,3]dioxin—6—amina
[0212] Una mezcla de 2—[(4aS,6R,7aS)—2—(4—mLtoxifeniI)hexahidrociclopenta[d][1,3]dioxin—6——
il]-1H~isoindol-1,3(2H)~diona (390 mg, 1,03 mmq?lar), EtOH (11,3 mL) e hidrazina (0,0362 mL,

1,13 mmolar) se agitdo a 90 °C durante 18 h. La mezcla resultante se purificé por medio de

cromatografia en gel de silice al eluir con un gradiente de 10 a 50% de MeOH en DCM. LC/MS:
R = 1,08 min, ES* 250. (AA estandar).
Etapa qg: 6—cloro—N—[(4aS,6R,7aS)-2—(4-metoxifenil)hexahidrociclopenta
[d][1,3]dioxin—6—i|]g£rimidin—4—amina

[0213] Un tubo sellado con conteni;do de (4aS,6R,7a8S)—2—(4—metoxifenil)-
hexahidrociclopenta[d][1,3]dioxin—6—amina (120. mg, 0,481 mmoilar), 4,6—dicloropirimidina (143
mg, 0,963 mmolar), DIPEA (0,0920 mL, 0,528 mmolar) y EtOH (30,0 mL) se calent6 hasta 110
°C durante 20 h. La mezcla enfriada se concentrc? al vacio y el residuo se purificd por medio de
cromatografia en gel de silice al eluir con un gradiente de 0 a 5% de MeOH en DCM (120 mg,

69%). LC/MS: R, = 1,74 min, ES* 362 (AA esténdrl.-lr).

>0/



10

15

20

25

30

35

89

Etapa h: (1 S,28,4R)—4—[(6—c|oropirimidin—4]‘—il)amino]—2—(hidroximetiI)ciclopentanol
[0214] Una mezcla neta de 6—cloro—N-[(4aS,6R,7aS)—-2—(4—metoxifenil)-
hexahidrociclopenta[d][1,3]dioxin—6—i|]pirimidin—4—armina (120 mg, 0,332 mmolar) y (S)—(+)-1-

aminoindano (0,170 mL, 1,33 mmolar) se calenté hasta 180 °C durante 6 h en un tubo sellado

usando MWI. La reaccion se purificd por medio de cromatografia en gel de silice al eluir con un
gradiente de 0 a 15% de MeOH en DCM para obt:ener el compuesto del titulo (33,1 mg, 41%).
LC/MS: R, = 0,90 min, ES* 244 (AA estandar).
Etapa i: (1S,2S,4R)-4-({6-[(1S)-2,3—dihidro—1H-inden—1—ilamino]pirimidin—4-il}-
amino)—2—(hidroxime;’il)ciclopentanol

[0215] Una mezcla de (1S,2S,4R)—4—[(6—cloropirimidin—4—iI)amino]—2—(hidroximetil)-
ciclopentanol (33,1 mg, 0,136 mmolar), 6—cloro—N-[(4aS,6R,7aS)-2—(4—-metoxifenil)-
hexahidrociclopenta[d][1,3]dioxin—6—il]pirimidin—4—a;mina (81,6 mg, 0,226 mmolar), (S)-(+)-1-
aminoindano (0,222 mL, 1,73 mmolar) y 1-butanol; (1,00 mL) se calenté hasta 180 °C durante 6

h en un tubo sellado usando MWI. La reaccion se purificé por medio de cromatografia en gel de
silice al eluir con un gradiente de 0 a 15% de MeOH en DCM para obtener el compuesto del
titulo (77,8 mg, 63%). LC/MS: R, = 1,29 min, ES" 341 (AA estandar).

Etapa j: sulfamato de [(1S,2S,4R)-4-({6-[(1S)-2,3—dihidro—1H-inden—-1—

ilamino]pirimidin—4-il}amino)-2-hidroxiciclopentillmetilo (compuesto 1-5)
i

[0216] EI compuesto del titulo se prepard de acuerdo con el procedimiento descrito en el
Ejemplo 21d—e usando (1S,2S,4R)—4-({6-[(1S)-2,3—dihidro—1H-inden—1—ilamino]pirimidin—4—
ilfamino)—2-(hidroximetil)ciclopentanol y THF en E! etapa d. '"H RMN (CD;0D, 400 MHz) &: 7,94
(s, 1H), 7,38~7,12 (m, 5H), 5,51 (s, 1H), 5,32 (bs, i‘1H), 4,37-4,32 (m, 1H), 4,29 (dd, J=7,7, 9,7
Hz, 1H), 4,27-4,18 (m, 1H), 4,12 (dd, J = 7.3, 9,;7 Hz, 1H), 3,05-2,96 (m, 1H), 2,93-2,82 (m,
1H), 2,60-2,51 (m, 1H), 2,51-2,42 (m, 1H), 2,21 (Hdd, J=1.8,7,6, 13,9 Hz, 1H), 2,04-1,85 (m,
2H), 1,81 (ddd, J = 4,9, 7,1, 13,8 Hz, 1H), 1,74-1,64 (m, 1H), 1,44 (s, 1H) ppm. LC/MS: R, =
1,38 min, ES* 420. (AA estandar). [

Ejemplo 25: sulfamato de [(1S,2R,:T;S,4R)—4—({6—[(1S)—2,3-—dihidro—1H—inden—1—

ilamino]pirimidin—4—il}amino)-2,3—dihidroxiciclopentillmetilo (compuesto 1-11)

_ [0217] EI compuesto del titulo se preparé de a’cuerdo con el procedimiento descrito en el

Ejemplo 24 etapas a—c, seguido de las etapas f—g y finalmente las etapas i~j. '"H RMN (CD;0D,
300 MHz) &: 7,94 (s, 1H), 7,30-7,11 (m, 4H), 5,60 (s, 1H), 5,30 (bs, 1H), 4,32 (dd, J = 7,9, 9.4
Hz, 1H), 4,14-3,96 (m, 3H), 3,89 (dd, J=3,8, 7,7 Ql-iz, 1H), 3,08-2,95 (m, 1H), 2,87 (ddd, J = 8,0,
8,0, 15,8 Hz, 1H), 2,62-2,44 (m, 2H), 2,15-2,01 (m, 1H), 1,96-1,81 (m, 1H), 1,70-1,57 (m, 1H)
ppm. LC/MS: R, = 1,32 min, ES" 436 (AA estandar).

Ejemplo 26: sulfamato de [(1R,2R,3S,4R)—-4:—({4—[(1S)—2,3—dihidro—-1H—inden—1—i|amino]—

1,3,5-triazin—2-il}amino)-2,3-dihidroxiciclopentilimetilo (compuesto 1-26)
Etapa a: 4.6—dicloro—N-[(1S)-2,3-dihidro—1H-inden—1-il]-1,3,5-triazin—2—-amina

[0218] A una solucion de cloruro cianurico (631 r;'ng, 3,42 mmolar) en THF (2,00 mL) a 0 °C se
afiadié (S)~(+)—1—aminoindano (0,385 mL, 3,00 mmolar) y DIPEA (0,596 mL, 3,42 mmolar) y la
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mezcla se agitdé a 0 °C durante 2 h. La reaccién se verti6 luego en H,O, se extrajo con DCM y la
capa organica se sec6 sobre MgSQO,, se filtré y se cf;oncentré al vacio. El residuo se purificé por
medio de cromatografia en gel de silice al eluir con un gradiente de 0 a 20% de EtOAc en
hexanos para obtener el compuesto del titulo en forma de un sélido amarillo (738 mg, 87%).
LC/MS: R, = 1,99 min, ES™ 281 (FA estandar). '

Etapa b: (1R,2S,3R,5R)-3—({4—cloro—6-](1 S);2,3—dihidro—1 H-inden—1-ilamino]-1,3,5-

g_r@_zE—Z—il}amino)—5—(hidroxim‘etil)ciclopgntano—1,2—dio|

[0219] Una mezcla de 4,6—dicloro—N—[(1S)—2,3—di:hidro—1H—inden—1—-il]—1,3,5—triazin—2—amina
(735 mg, 2,61 mmolar), clorhidrato de (1R,2S,3R,5R)-3—amino—5-(hidroximetil)ciclopentano—

1
1,2—diol (400 mg, 218 mmolar), carbonato de potasio (602 mg, 4,36 mmolar) y 1,4—dioxano

(3,60 mL) en un tubo sellado se calenté hasta. 150 °C durante 20 min usando MWI. La
cromatografia en gel de silice al eluir con un gradiente de 2 a 7% de MeOH en DCM dio como
resultado el compuesto del titulo en forma de un sélido blanco (750. mg, 88%). LC/MS: R, =
1,42 min, ES” 392 (FA estandar).

Etapa c: [(3aR,4R,6R,6aS)-6—({4—cloro—6-+[(1S)-2,3—-dihidro—1H-inden—1—ilamino]-
1,3,5—triazin—2—iI}amino)—2,2—dimetiltetrahidro—!3aH—ciclopenta[d][1 ,3]dioxol—4—ilimetanol
[0220] EI compuesto del titulo se prepardé de aé:uerdo con el procedimiento descrito en el
Ejemplo 1b usando (1R,ZS,3R,5R)—3—({4—clorl6—6—[(1S)—2,3—dihidro—1H—inden—1—ilamino]—
1,3,5—triazin—2—il}amino)-5—(hidroximetil)ciclopentano-1,2—diol. LC/MS: R; = 1,81 min, ES* 432
(FA estandar). |

Etapa d: [(3aR,4R,6R,6aS)-6—({4-[(1 S)—2,3—dihidro—1 H-inden—1-ilamino]-1,3,5-
triazin—2—i|}amino)—2,2—dimetiltetrahidro—3ay’-l—ciclopenta[d][1,3]dioxo|—4—i|]metano|
[0221] A una solucién de [(3aR,4R,6R,6aS)—6f—({4—cloro—6—[(1 S)-2,3—dihidro—-1H-inden-1-

ilamino]-1 ,3,5—triazin—2—i|}amino)—2,2—dimetiltetra‘hidro—3aH—cicIopenta[d][1 ,3]dioxol—4-il]-

metanol (182 mg, 0,421 mmolar) en EtOH (2,91 mL) se afiadié paladio sobre carbén al 10%
(44,8 mg) y la mezcla se colocd bajo una atmésfe!ra de hidrégeno durante 2 d. La filtracién de la
mezcla a través de un taco de celite, seguido de ‘cromatografia en gel de silice al eluir con 5%
de MeOH en DCM dio como resultado el compuesto del titulo en forma de un sélido blanco
(80,0 mg, 48%). LC/MS: R; = 1,24 min, ES* 398 (FfA estandar).

Etapa e: sulfamato de [(1R,2R,3S,4R)-4—({4-[(1S)-2,3-dihidro—1H-inden—1-ilamino]-

1
1,3,5-triazin—2-il}amino)-2,3—dihidroxiciclopentillmetilo

[0222] EI compuesto del titulo se preparé de écuerdo con el procedimiento descrito en el
Ejemplo 1d usando [(3aR,4R,6R,6aS)-6—({4-[(1S)-2,3—dihidro—1H-inden—1-ilamino]-1,3,5—
triazin—2-il}amino)-2,2—dimetiltetrahidro-3aH-ciclopenta[d][1,3]dioxol—-4—illmetanol y piridina.
'H RMN (CD,0D, 400 MHz) &: 8,16-7,83 (m, 1H), 7,37-7,11 (m, 3H), 5,68-5,45 (m, 1H), 4,39—
4,00 (m, 3H), 3,91-3,77 (m, 1H), 3,06-2,92 (m| 1H), 2,92-2,75 (m, 1H), 2,61-2,48 (m, 1H),
2,40-2,20 (m, 2H), 2,02-1,79 (m, 2H), 1,37-1,17 (m, 1H) ppm. LC/MS: R, = 1,07 min, ES" 437
(FA estandar).
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Ejemplo 27: sulfamato de [(1R,ZR,3S,4R)—2,g—dihidroxi—4—(isonicotinoilamino)ciclopentil]—

metilo (compuesto 1-28) |

Etapa a: (1R,4S,5R,6$)—5,6—dihidroxi—3—oxo¥2—az§biciclo[g,z,1]heptan—2—carboxi|ato
de ter—bu[tilo

[0223] A una solucion de (1R,4S)—3—oxo—2—azab?ciclo[2,2,1]hept—5—en—2—carboxi|ato de ter—

butilo (500 mg, 2,39 mmolar) en acetona (20,0 mL) se afiadié una solucién acuosa al 4% de
tetroxido de osmio en H,O (0,015 mL, 0,00239 mrrnolar). A la mezcla resuitante se afadidé una
solucion acuosa 10,2 M de N-dxido de N—metilmc‘irfolina (0,262 mL, 2,67 mmolar) gota a gota
durante 1 h. En este momento, se afiadio una solucion 0,240 M de bisulfito de sodio acuoso
(1,00 mL, 0,240 mmolar), la mezcla se filtré a través de celite y se concentrd al vacio. El residuo
se purificé por medio de cromatografia en gel de silice al eluir con un gradiente de 20 a 70% de
EtOAc en DCM para obtener el compuesto del titulo (420 mg, 72%). LC/MS: R, = 0,94 min, ES’
244 (FA estandar). |
Etapa b: (1R.4S,5R,6S)-5,6—-bis(benzoiloxi)-3-oxo—2—azabiciclo[2,2,1]heptan—2—
carboxilato de ‘ter—butilo

[0224] Una solucién de (1R,4S,5R,GS)—5,6—(!1ihidroxi—3—oxo—2—azabiciclo[2,2,1]heptan—2—
carboxilato de ter—butilo (2,00 g, 8,22 mmolar), piﬁdina (5,00 mL, 61,8 mmolar), Et;N (2,29 mL,
16,4 mmolar) y DMAP (100 mg, 0,818 mmolar) e'n DCM (5,00 mL) se enfrié hasta 0 °C y se

@r) gota a gota. La mezcla se dejé calentar

afadié cloruro de benzoilo (4,77 mL, 41,1 mmol
hasta 23 °C y agitar durante 2 h. La reaccién Iue;go se diluyé con DCM, se lavo con saturada
acuosa de NaHCO; (3x), solucién de sulfato de cobre (lI) (3x) y agua (3x). La capa organica
luego se seco sobre sulfato de sodio, se filtro y sé concentro al vacio. El residuo se purificé por
medio de cromatografia en gel de silice al eluir,con un gradiente de 5 a 40% de EtOAc en
hexanos para obtener el compuesto del titulo (2,92 g, 79%). LC/MS: Ry = 2,15 min, ES" 452 (FA
estandar). .

Etapa c: benzoato de (1R,2S,3R,5R)-3—[(ter—butoxicarbonil)amino]-5—(hidroximetil)-

cic@entan—“ 2—diilo

[0225] A una solucién de (1R,4S,5R,68)-5,6—bis(;benzoioni)—3—oxo—2—azabiciclo[2,2,1]heptan—
2—carboxilato de ter-butilo (2,09 g, 4,62 mmolar)‘ en MeOH (60,0 mL) se afnadié borhidruro de

sodio (700. mg, 18,5 mmolar) a 0 °C y la reaccion se dejé calentar hasta temperatura ambiente.

Al cabo de 1,5 h, la mezcla se neutralizé con solu|é:ic’>n 1,00 N de HCI (20,0 mL) y se concentr6 al
vacio. La capa acuosa se extrajo con DCM (3 x 50 mL) y las capas organicas combinadas se
lavaron con H,O (100 mL), se secaron sobre MgSO, y se concentraron al vacio. El residuo se
purificé por medio de cromatografia en gel de silice al eluir con un gradiente de 20 a 60% de
EtOAc en hexanos para obtener el compuesto del-titulo (1,50 g, 80%). LC/MS: R, = 1,95 min,
ES* 456 (FA estandar).
Etapa d: clorhidrato de dibenzoato de {1R,2S,3R,5R)-3—amino—-5—(hidroximetil)-
ciclopent@‘—Lg—diiIO
[0226] Se traté dibenzoato de (1R,28,3R,5R)—!3—[(ter—butoxicarboniI)amino]—5—(hidroximeti|)-

ciclopentan—1,2—diilo (1,42 g, 3,11 mmolar) con una solucién 4,00 M de HCI en 1,4-dioxano
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(17,0 mL, 69,3 mmolar) y la reaccién se agitd djurante 35 min. La mezcla de reaccion se
concentré al vacio y se agregé Et,O para precipit;ar el producto, que se lavd con Et,O para
obtener el compuesto del titulo en forma de un sélido blanco (1,05 g, 90%). LC/MS: R; = 1,06
min, ES* 356 (FA estandar). |
Etapa e: dibenzoato de (1S,2F%,3R,5R)—3—(hidroximetil)—5—
(isonicotinoilamino)ciclopentan—1,2—diilo

[0227] Una solucion de clorhidrato de dibenzoato ée (1R,2S8,3R,5R)—3—amino-5-(hidroximetil)-
ciclopentan—1,2—diilo (150 mg, 0,380 mmolar) en: DCM (10,0 mL) a O °C se traté con Et;N

(0,170 mL, 1,22 mmolar) y se agité durante 20 mi:n. Luego se afadié cloruro de isonicotinoilo

(88,0 mg, 0,490 mmolar) y la mezcla se agitd dur;ante 2 h. La reaccién se traté con saturada
acuosa de solucion de cloruro de amonio (50 mL) y se extrajo con DCM (2 x 50 mL). Las capas
organicas combinadas se secaron sobre sulfato de!sodio, se filtraron y se concentraron al vacio.
El residuo resultante se purificé por medio de cr!omatografia en gel de silice al eluir con un
gradiente de 0 a 10% de MeOH en DCM para obtener el compuesto del titulo (100 mg, 60%).
LC/MS: R; = 1,49 min, ES* 461 (FA estandar).
Etapa f: dibenzoato de (1S,2R,3R,5I|'\’)—3—{[(Aminosulfonil)oxilmetil}—S—
(isonicotinoilamino)ciciopentan—1,2—diilo
[0228] A una solucién de dibenzoa’to-1 de (1S,2R,3R,5R)—-3—(hidroximetil)—5-

(isonicotinoilamino)ciclopentan—1,2—diilo (160. mg, 0,350 mmolar) en ACN (10,0 mL) a 0 °C se

afnadié DBU (0,0600 mL, 0,401 mmolar) y la mézcla se agitdé durante 15 min. Una solucién
recién preparada 1,40 M de clorosulfonamida (0,590 mL, 0,700 mmolar, tal como se preparé en
el Ejemplo 1d) se afadié luego gota a gota por medio de una jeringa y la mezcla se agitd
durante 2,5 h a 0 °C antes de dejar calentar hasta ta. La mezcla se concentré al vacio y el
residuo se purificd por medio de cromatografia enf gel de silice al eluir con un gradiente de 0 a
10% de MeOH en DCM para obtener el compuesto del titulo (50,0 mg, 27%). LC/MS: R, = 1,57
min, ES” 540. (FA estandar). ‘ '
Etapa g: sulfamato de [(1R;2R,3S,4R)-2,3—dihidroxi—4-
(isonicotinoiIamino)ciclopentil]metilo (compuesto 1-28)

[0229] Una solucidén de dibenzoato de (1S,2R,3R,5R)-3—{[(aminosulfonil)oxijmetil}-5-

(isonicotinoilamino)ciclopentan—1,2—diilo (61,1 mg, 0,113 mmolar) en una solucién 7,00 M de

amoniaco en MeOH (1,50 mL, 10,5 mmolar) selagité durante 2 dias. La mezcla de reaccion
luego se concentré al vacio y se purificé por HPLC preparativa en fase inversa C18 al eluir con
un gradiente de 5 a 70% de 0,1% de FA/95% L:Je ACN/5% de H,O en 0,1% de FA/99% de
H20/1% de ACN durante 16 min para obtener eI!compuesto del titulo (15,0 mg, 40%). 'H RMN
(CD;OD, 300 MHz) &: 8,67 (m, 2H), 7,78 (m, 2H);, 4,34—4,32 (m, 1H), 4,19—4,17 (m, 2H), 3,93—
3,92 (m, 2H), 2,38-2,31 (m, 1H), 1,76-1,72 (m, 1H), 1,43-1,38 (m, 1H) ppm. LC/MS: R; = 0,76
min, ES* 332 (FA estandar). |

|
|
|

|
|
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Ejemplo 28: sulfamato de {(1R,2R,3;S,4R)—2,3—dihidroxi—4—[(piridin—2—i|carboni|)—
amino]ciclopentil}metilo (compuesto |-23)
[0230] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 27a—e usando cloruro de piridin—2—carboniio en la etapa ¢. '"H RMN (CD50D, 300 MHz)
8. 8,62 (s, 1H), 8,09-8,06 (m, 1H), 7,97-7,94 (m, i1H), 7,55-7,51 (m, 1H), 4,34—4,32 (m, 1H),
4,19-4,18 (m, 2H), 3,95-3,93 (m, 2H), 2,64 (s, 1H), 2,38-2,35 (m, 2H) ppm. LC/MS: R; = 1,23
min, ES" 332 (FA estandar).
Ejemplo 29: sulfamato de {(1R,2R,3:\3,4R)—2,3—dihidroxi—4—[(piridin—3—i|carbonil)—
amino]ciclopentil}metilo (compuesto |1-16)
[0231] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 27a—e usando cloruro de nicotinoilo en lajetapa c. '"H RMN (CD,0D, 300 MHz) &: 8,97
(s, 1H), 8,67-8,66 (m, 1H), 8,26-8,23 (m,1H), 7,55-7,50 (m, 1H), 4,35-4,11 (m, 3H), 3,95-3,92
(m, 2H), 2,36-2,34 (m, 2H), 1,43-1,38 (m, 1H) “ppm. LC/MS: R, = 0,83 min, ES” 332 (FA
estandar). [
[0232] Los siguientes compuestos adicionales tam]'bién se prepararon.
Ejemplo 30: sulfamato de [(15,2S5,4R)—-4—({6—[(1S)-2,3—dihidro—1H-inden—-1-
ilamino]pirimidin—4—il}oxi)—2-hidroxiciclopentillmetilo (compuesto 1-31)
[0233] El compuesto del titulo se preparéd de una jmanera similar al Ejemplo 34 usando (S)-2-
aminoindano. El compuesto del titulo se preparé como una mezcla 4:1 del compuesto deseado
y sulfato de (1S,2S,4R)—4-({6-[(1S)-2,3—-dihidro—1H—inden—1—ilamino]pirimidin—4-il}oxi)—2—
(hidroximetil)ciclopentilo. Datos analiticos para !sulfamato de [(1S,2S,4R)—-4—({6-[(1S)-2,3-
dihidro—1H—inden—1—iIamino]pirimidin—4—iI}oxi)—Z—Ihidroxiciclopentil]metilo: 'H RMN (CD,OD,
300 MHz) &: 8,13 (s, 1H), 7,28-7,12 (m, 4H), 5,85 (s, 1H), 5,33-5,31 (m, 1H), 4,42—4,36 (m,
1H), 4,32 (dd, J = 7,5, 9,7 Hz, 1H), 4,15 (dd, J = 7,2, 9,7 Hz, 1H), 3,06-2,97 (m, 1H), 2,93-2,82
(m, 1H), 2,62-2,47 (m, 2H), 2,32-2,24 (m, 1H), 2,:15 (s, TH), 2,13-1,79 (m, 4H) ppm. LC/MS: R,
= 1,38 min, ES" 422 (FA estandar). Datos analiticés para sulfamato de (1S,2S,4R)—4—({6—[(1S)-
2,3~dihidro—1H-inden—1-ilamino]pirimidin—4-il}oxi)—2—(hidroximetil)ciclopentio: H RMN
(CD;0D, 300 MHz) &: 8,13 (s, 1H), 7,28-7,12 (m' 4H), 5,85 (s, 1H), 5,33-5,31 (m, 1H), 5,14—
5,07 (m, 1H), 4,59 (s, 1H), 3,78 (dd, J=7,1, 11,0 sz, 1H), 3,61 (dd, J=7,0, 11,1 Hz, 1H), 3,06—
2,97 (m, 1H), 2,73-2,61 (m, 1H), 2,61-2,47 (m, 2H), 2,32-2,24 (m, 1H), 2,17 (s, 1H), 2,13-1,80
(m, 3H) ppm. LC/MS: R; = 1,38 min, ES® 422 (FA estandar).
Ejemplo 31: sulfamato de [(1S,28,4R)—4—(i{6—[(1S)—2,3—dihidro—1H—inden—1—i|amino]—5—
metilpirimidin—4—il}oxi)—2-hidroxiciclopentillmetilo (compuesto [-32)
[0234] El compuesto del titulo se prepard de una manera similar al Ejemplo 34 usando (S)-2~
aminoindano y 4,6—dicloro—5—metilpirimidina. H I:?MN (CD;OD, 300 MHz) 3: 8,10 (s, 1H), 7,26
7,07 (m, 4H), 5,74 (t, J = 7,9 Hz, 1H), 5,59-5,49|(m, 1H), 4,45-4,37 (m, 1H), 4,34 (dd, J = 7,5,
9,8 Hz, 1H), 4,16 (dd, J = 7,2, 9,7 Hz, 1H), 3,08-2,94 (m, 1H), 2,93-2,79 (m, 1H), 2,65-2,46 (m,
2H), 2,37-2,23 (m, 1H), 2,18-2,13 (m, 3H), 2,13’—1,90 (m, 2H), 1,89 (s, 3H) ppm. LC/MS: R, =
1,55 min, ES* 435 (FA estandar).

206



10

15

20

25

30

94{

|

Ejemplo 32: sulfamato de [(18,283,48)—4—({6—[(1S)—2,3—dihidro—1H—inden—1—

iIamino]pirimidin—4—i|}meti|)—2—hidroxfciclopentil]metilo (compuesto 1-33)
[0235] El compuesto del titulo se preparé de acuerdo con el Ejemplo 85. '"H RMN (CD;0D, 400
MHz) &: 8,34 (s, 1H), 7,27-7,15 (m, 4H), 6,41 (bs, |1H), 5,65-5,48 (m, 1H), 4,30—4,25 (m, 2H),
4,09 (dd, J = 4,1, 4,1 Hz, 1H), 3,07-3,00 (m, 1H), %,94—2,85 (m, 1H), 2,72-2,55 (m, 4H), 2,43-
2,35 (m, 1H), 1,93-1,85 (m, 2H), 1,75-1,67 (m, 1H), 1,58-1,51 (m, 2H) ppm. LC/MS: R; = 1,38
min, ES* 419 (AA estandar).
Ejemplo 33: sulfamato de ((1S,38)—3—{[8—$(1—naftil)—9H—purin—6—iI]oxi}ciclopentil)metilo

(compuesto 1-152) P

Etapa a: 6-cloro—8—(1-naftil)-9H—purina

[0236] Una mezcla de 6—c|oro—4,5—diaminopirimi?<jina (519 mg, 0,00359 molar) y acido 1-

naftalencarboxilico (618 mg, 0,00359 molar) en cloruro de fosforilo (2,0 mL, 0,021 molar) se

calenté a 110 °C bajo una atmoésfera de nitrégeno durante 5,5 horas. La reaccién se enfrié y el

residuo se lavo varias veces con eter. El residuo se disolvié en CH,Cl, y NaHCO; acuoso. Las

;on EtOAc (1x) y CH,Cl, (1x). Las sustancias

acuosa de NaHCO;, salmuera, se secaron

(Na,SQ,), se filtraron y se recogieron al vacio jpara obtener 810 mg (80%) de un sdlido
anaranjado. LC/MS: R, = 1,68 min, ES* 261 (FA es‘{éndar).

Etapa b: 6—cloro—8—(1—naftil)-9—(tetrahidro—2H—piran—2-il)-9H-purina
[0237] A una solucién de 6—c|oro—8—(1—naftil)—QH‘—purina (810 mg, 0,0029 molar) en THF (32,4

mL, 0,399 molar) se anadié p—toluensulfonato de y:fJiridinio (70 mg, 0,0003 molar) y dihidropirano

capas se separaron y la capa acuosa se extrajo ¢

organicas combinadas se lavaron con saturada

(11,0 mL, 0,121 molar) y la mezcla se calent6é a 60 °C durante la noche. La reaccion se enfrio,
se neutralizd por adicion de NaHCO; saturado acuoso y la mezcla se extrajo con EtOAc (3x).
Las capas organicas se combinaron, se secaron’ (Na,SQ,), se filtraron y se concentraron. El
residuo oscuro se purifico por cromatografia inst;anténea (10 a 40% de EtOAc/hexanos) para
obtener 534,5 (51%) mg de un soélido amarilio _bélido. LC/MS: R; = 2,03 min, ES* 365 (FA
estandar). .

Etapa c: ( 1S,3S)—3—(hi(!iroximetil)ciclopentanol

[0238] A una solucion de (1S,3S)—3—hidroxiciCIopentancarboxiIato de metilo (472,3 mag,
0,003276 molar) en THF (13,2 mL) a 0 °C se ahadié LiAlH, (145 mg, 0,00382 molar)
(ATENCION: SIGNIFICATIVA PRODUCCION DEjl GAS). La mezcla se agitdé durante 1 horaa 0
°C, luego se neutralizé a 0 °C con la adicion gota~a gota de agua (145 pL, 0,00805 molar), 15%
de NaOH acuoso (145 uL) y agua (435 pL). La suspension gris resultante se agitd
vigorosamente durante la noche. La suspension blanquecina resultante se filtro a través de
celite y se enjuagd con THF y MeOH. Las susta?ncias organicas combinadas se concentraron
para obtener 454,3 mg (>99%) de un sélido amarillento. El material se utilizé sin ulterior

purificacion.
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Etapa d: (1S,3S)-3—({[ter-butil(dimetil)silifjoxi}metil)ciclopentanol

[0239] A una solucion de (1S,3S)-3—(hidroximetil)ciclopentanol (453,0 mg, 0,003276 molar) y
1H-imidazol (669 mg, 0,00983 molar) en DMF (35,8 mL) bajo una atmésfera de nitrégeno se
anadioé cloruro de ter—butildimetilsililo (494 mg, 0,0(§)328 molar). La mezcla se agitd durante 1,25
horas, luego se afadid cloruro de ter—-butildimetilsi?ilo (49 mg, 0,00033 molar). Después de una
hora adicional de agitacion, la reaccion se neutralizé con agua, se extrajo con acetato de etilo
(3x), se sécé con Na,SQ, anhidro, se filtré y se c:oncentré. El residuo se filtré a través de un
tapén de silice con 30% de EtOAc/hexanos para obtener 234,1 mg (31%) del compuesto del
titulo.

Etapa e: 6—{[(1S,3S)-3—({[ter—butil(dimetil)sililJoxi}metil)ciclopentilJoxi}—8— (1—naftil)—-

9—(tetrahidro-2H—pirar_’1—2—i|)—9H—purina

[0240] A una solucidén de (1S,3S5)-3—({[ter-butil(dimetil}sililjoxi}metil)ciclopentanol (111,0 mg,
0,0004817 molar) (destilada azeotrépicamente con tolueno) en DMF (3,6 mL) a 0 °C bajo una

atmésfera de nitrégeno se afiadié hidruro de sodio (24,1 mg, 0,000602 molar) . La mezcla se
agité durante 15 min. A esta solucién fria se afiadié una solucion de 6—cloro—8—(1—naftil)-9—
(tetrahidro—2H—piran—2-il)-9H-purina (163 mg, 0,600401 molar) en DMF (1,8 mL). El recipiente
se enjuago con DMF (1,0 mL)) y se agregé a la reaccion. La mezcla resultante se agité durante
20 h. La mezcla de reaccién se neutralizé con agtLa y la mezcla se extrajo con EtOAc (3x). Las
capas organicas combinadas se secaron sobre Na,SO,, se filtraron y se recogieron al vacio. El
residuo se purificé por cromatografia instantanea| (10 a 40% de EtOAc/hexanos) para obtener
156,9 mg (70%) del compuesto del titulo en forma de un sélido blanco.
Etapa f: ((1S,35)-3—-{[8—(1—naftil)-9H-purin-6-illoxi}ciclopentili/metanol

[0241] A una solucién agitada de 6—{[(1S,3S)-3—({[ter—butil(dimetil)sililjoxi}metil)ciclopentil]oxi}—
8—(1—naftil)—9—(tetrahidro—2H—piran—2—i|)—9H—puri‘na (156,9 mg, 0,0002808 molar) en THF (3,8

mL) se afiadié agua (3,8 mL) y AcOH (7,6 mL) y la mezcla de reaccién se agit6é durante 7 horas.

La mezcla de reaccion se neutralizé con la adipién lenta de NaHCO; saturado y la mezcla
resultante se extrajo con EtOAc (3x). Las ca:pas organicas combinadas se lavaron con
salmuera, se secaron (Na,SO,), se filtraron y se concentraron. El residuo se purificd por
cromatografia instantanea (0 a 5% MeOH/CHZCIz): para obtener 85,7 mg (85%) de el compuesto
del titulo en forma de un sélido blanco. LC/MS: R¢= 1,51 min, ES* 361 (FA estandar).

Etapa g: sulfamato de ((1S,3S)-3—{[8—( 1—;naftil)—9H—purin—6-—iI]oxi}ciclopentil)metilo

(compuestb 1-152)
I
[0242] A una solucién de ((1S,3S)-3—{[8—(1—-naftil)-9H—purin—6~il]oxi}ciclopentil)metanol (66,1
mg, 0,000183 molar) en DMA (8,12 mL) a 0 °C se afadié clorosulfonamida (106 mg, 0,000917

molar) en CH;CN (2,0 mL). La reaccion se agité a 0 °C durante 10 min, luego a 23 °C durante 3

horas. La reaccion se neutralizé con agua y|se extrajo con EtOAc (3x). Las sustancias
organicas combinadas se lavaron con agua (2x), se secaron (Na,SQ,), se filtraron y se
concentraron. El residuo se purificé por cromatog!rafia instantanea (0 a 6% MeOH/CH,CI,) para
obtener 56,3 mg (70%) del compuesto del titulo e!n forma de un sélido blanco. '"H RMN (CD;0D,
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400 MHz) &: 8,52-8,48 (m, 2H), 8,10-8,07 (m, 1H), g,01—7,98 (m, 1H), 7,90-7,87 (m, 1H), 7,65-
7,57 (m, 3H), 5,89-585 (m, 1H), 4,12—4,07 (m, 2H), 2,75-2,66 (m, 1H), 2,30-2,21 (m, 2H),
2,16-2,01 (m, 2H), 1,93-1,85 (m, 1H), 1,62-1,53 (r_ln, 1H) ppm. LC/MS: R; = 1,38 min, ES* 442
(FA estandar).

Ejemplo 34:. sulfamato de {(1S,2S,4R)—2-hidroxi—4—-[(6—{[(1R,2S)—2—metoxi—2,3—dihidro—1H-

inden—1—iljamino}pirimidin—4—il)oxi]ciclopentil}metilo (compuesto [-115)
Etapa a: 4-{[( 1R,3S,4Q—3-{[terebutiI(dimet!il)siIiI]oxi}—4—({[ter—butiI(dimetil)siIiI]oxi}-
metif)ciclopentiljoxi}-6—cloropirimidina

[0243] A una suspension de hidruro de sodio (75,é mg, 0,00189 molar) en THF (2 mL) a 0 °C
bajo una atmodsfera de nitrégeno se anadié (1R,?S,4S)—3%[ter—butiI(dimetiI)silil]oxi}—4—({[ter—

butil(dimetil)sililjoxi}metil)ciclopentanol (0,60 g, 0,0017 molar) en 1,5 mL. THF gota a gota a 0 °C.
La mezcla se agitd a 0 °C durante 10 min. A ello se afadié luego 4,6—dicloro—pirimidina (0,225
g, 0,00151 molar) en 2 mL THF a 0 °C. La suspen;sién se agito a 0 °C durante 2 h. La reaccién
se neutralizé con 9 mL de NH,CI saturado acuoso y se extrajo con t—-BuOMe (3x). Las capas
organicas se combinaron y se lavaron con salmue!ra, se secaron sobre MgSQO; anhidro y luego
se concentraron para dar 0,804 g de un aceite. El residuo se purificé por cromatografia
instantanea (0 a 10% EtOAc/hexanos) para dar 0,6‘3 g (80%) de el compuesto del titulo.

Etapa b: 6—{[(1R,3S,4S)-3A{[ter-butil(dimetil)sililloxi}-4—({[ter-butil(dimetil)silil]oxi}-
metil)ciclopentilloxi}—N—[(1 R,28)—2—metoxi—2,3;dihidro—1 H-inden—1-il]pirimidin—4—amina
[0244] Una mezcla de 4—{[(1R,3S,4S)—3—{[ter—-£utiI(dimetil)siliI]oxi}—4—({[ter—buti|(dimetil)silil]-
oxi}metil)ciclopentil]oxi}-6—cloropirimidina (260,0‘| mg, 0,0005494 molar), (1R2S)-2—
metoxiindan—1-amina (0,359 g, 0,00220 molar) y trietilamina (115 0OL, 0,000824 molar) en 1—

butanol (0,97 mL, 0,011 molar) se sometié a irradiacién de microondas (300 watts, 200 °C)

durante 30 minutos. La mezcla resultante de col:or marrdén oscuro se filtré6 y se concentroé. El
residuo se purificé por cromatografia instantanea (0 a 15% de EtOAc/hexanos) para dar 0,26 g
(79%) del compuesto del titulo. LC/MS: R, = 3,42 rr’ﬂn, ES” 600 (AA estandar).
Etapa c: {(1S,2S,4R)-2—A{[ter—butil(dimetil)sililJoxi}-4-[(6—{[(1R,2S)-2-metoxi—2,3—
dihidro—1H-inden—1 —iI]amino}pirim%din—4—iI)oxi]ciclopen’til}metanol

[0245] Una solucion de 6—{[(1R,3S,4S)—3—{[ter—:butiI(dimetiI)siliI]oxi}—4—({[ter—butil(dimetil)silil]-
oxi}metil)ciclopentil]oxi}—N—[(1 R,28)—2—metoxi—2,é—dihidro—1 H-inden—1-il]pirimidin~4—amina
(0,32 g, 0,00053 molar) en THF (2,88 mL), agua'(2,88 mL) y acido acético (8,64 mL) se agitd

durante 3 dias. La reaccidén se concentré y se (destilé azeotropicamente 2x con tolueno. El

residuo se purificé por cromatografia instantanea (30 a 80% de EtOAc/hexanos) dando 0,20 g
(77%) del compuesto del titulo. LC/MS: R, = 1,59 min, ES* 486 (FA estandar).
Etapa d: sulfamato de {(1S,2S.4R)-2—{[ter—butil(dimetil)sililJoxi}-4-[(6—{[(1R,2S)-2—

1
metoxi—2,3—dihidro—1H-inden—1-ilJamino}pirimidin—4—il)oxi]ciclopentil}metilo

[0246] EI compuesto del titulo se prepard de :gcuerdo con el procedimiento descrito en el
Ejemplo 1 etapa d. LC/MS: R; = 2,16 min, ES" 565 (FA estandar).
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Etapa e: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-
inden-1 -il]amino}pirimidin-4-il)oxi]cicldpentil}metilo (Compuesto I-115)

[0247] A una solucion de sulfamato de {{(1S,2S,4R)-2-{[ten‘-butiI(dimeti|)si|i|]oxi}-4-[(6-

{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-ilJamino}pirimidin-4-il)oxi]ciclopentil}metilo (0,239 g,

0,000423 molar) en piridina (3,44 mL) y THF (3,44 mL) se agregé hidrofluoruro de piridina

(0,953 mL, 0,0106 molar) en gotas. Después de abitar la reaccioén durante 2 horas, se agregdé
|

una cantidad adicional de hidrofluoruro de piridina (0,50 mL, 0,0055 molar). Después de 2,75
horas, la reaccién fue inactivada mediante la ad;icién lenta en forma de gotas de NaHCO;
acuoso y saturado y extraida con EtOAc (4x). Las fases organicas combinadas se secaron
(Na;S0,), se filtraron y se concentraron. El residuo fue purificado mediante cromatografia
instantanea (0 a 10% MeOH/CH.CI,) y luego médiante cromatografia de placa preparativa
(EtOAc) para obtener 100 mg (52%) del compuesto del titulo. '"H NMR (CD;OD, 400 MHz) &:
8,15 (s, 1H), 7,24-7,15 (m, 4H), 5,98 (s, 1H), 5,34 (bs, 1H), 4,41-4,38 (m, 1H), 4,32 (dd, 1H, J =
7,5, 9,7 Hz), 4,24-4 20 (m, 1H), 4,17 (dd, 1H, J =‘7,3, 9,8 Hz), 3,35 (s, 3H),3,13-3,00 (m, 3H),
2,57-2,48 (m, 1H), 2,31-2,25 (m, 1H) 2,12-1,93 (m,I4H) ppm. LC/MS: R; = 1,33 min, ES" 451 (FA
estandar). :

Ejemplo 35: sulfamato de {(1 S,2S,4R)-2-hidroxi-é‘i‘r-[(4-{[(1R,28)-2-metoxi-2,3-dihidro-1H-inden-

1-illamino}-1,3,5-triazin-2-il)amino]ciclopentil}metilo (Compuesto 1-125)

Etapa a: (1S,3S,4S)-3-[( benzioni)metiI]-4§-{[tert-butil(dimetil)siliI]oxi}ciclopentanol
[0248] Se agitd una suspension de (1R,4S)-3-{(benziloxi)metil]-4-{[tert-butil{dimetil)sililJoxi}-
ciclopent-2-en-1-ol (7,54 g, 0,0225 'molar) (Ruediger, E; Martel, A; Meanwell, N; Solomon, C;
Turmel, B. Tetrahedron Lett. 2004, 45, 739-742), éarbonato de sodio (5,7 g, 0,054 molar) y 10%
Pd/C (2 g, 0,002 molar) en EtOAc (90 mL) en una atmésfera de hidrégeno durante tres horas. El

recipiente de la reaccion se purgd- con nitrogeno y la mezcla se filtré6 a través de celite con

EtOAc. El filtrado se concentré para obtener 7,16 g (76%) del compuesto del titulo como una

mezcla de diastereémeros de 4:1 (deseado:no desieado).

Etapa b: metanosulfonato de (1S,3S,4S)-3-[(benziloxi)metil]-4-{[tert-butil(dimetil)silil]-
oxi}ciclogientilo

[0249] A una solucion agitada de (1S,38,48)-$-[(benzioni)metiI]—4-{[tert—butil(dimetil)silil]oxi}-

ciclopentanol (2,04 g, 0,00606 molar) en CHQCIJ‘ (96 mL) se agreg6 piridina (2,4 mL, 0,030

molar), DMAP (100 mg, 0,001 molar), y cloruro de metanosuifonilo (700 L, 0,0091 molar) en

una atmoésfera de nitrégeno. La mezcla se agitd a‘23 °C durante 45 minutos, luego se calenté a
40 °C durante 3 horas. Se agregé a la reaccién DMAP (100 mg, 0,001 molar) y cloruro de
metanosulfonilo (700 pL, 0,0091 molar). Después de agitar durante 40 min, la reaccion se
enfri6 y luego se concentré6 en condiciones de vacio. El residuo se purific6 mediante
cromatografia instantanea (0 a 15% EtOAc/hexanos) para obtener 1,39 g (55%) del compuesto

del titulo como un diastereémero (diasteredmero :fo deseado separado de la etapa a).

Etapa c: ({(1S,2S,4R)-4-azido-2-[(benziloxi)metillciclopentil}oxi)(tert-butil)-
dimetilsilano

!
[0250] A una solucion  de (1S,3S,4S)-_3—[(benzioni)metiI]-4-{[ten‘-buti|(dimetil)silil]oxi}-

|
|
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ciclopentanot (138,9 mg, 0,0004127 molar) y PPh; ('1 18 mg, 0,000451 molar) en THF (2,7 mL) a
0 °C se agregd lentamente DEAD (71,1 uL, 0,000451 molar). La reaccién se agitd durante 5
minutos, luego se agregd azida difeniifosfonica (97,4 L, 0,000452 molar) en forma de gotas. La
mezcla se agitd durante una hora. La reaccién se separd con agua y EtOAc. Las capas se

|

separaron y la capa acuosa se extrajo con EtOAc (2x). Las capas organicas combinadas se

N .-’ - l . .
lavaron con solucidn salina (1x), se secaron (Pla2804), se filtraron, y se recopilaron en

condiciones de vacio. El residuo se purificd me:diante cromatografia instantanea (0 a 10%

EtOAc/hexanos) para obtener 93,5 mg (63%) del cépmpuesto del titulo.

Etapa d: (1R,3S,4S)-3-[(benziIoxi)metiI]-4-{[fert-butil(dimetiI)silil]oxi}ciclopentanamina :

[0251] Se agité una suspension de ({(1S,2S,4R)-4-azido-2-[(benziloxi)metil]ciclopentil}oxi)(tert-
butil)dimetilsilano (2,20 g, 0,00608 molar) y 10% Pd/C (0,16 g, 0,00015 molar) en EtOAc (23,9
mL) en una atmésfera de hidrogeno durante la noche. La reaccion se purgé con nitrégeno y la
mezcla se filtré a través de celite con EtOAc. El filtrado se concentrd para obtener 2,01 g (98%)
del compuesto del titulo. |

Etapa e: 4,6-dicloro-N-[(1RJQ)-_Z-metoxiiZ,3-dihidro-1 H-inden-1-il]-1,3,5-triazin-2-
[0252] A una solucion de (1R,2S)-2-metoxiindan-1-amina (242,8 mg, 0,001488 molar) en THF

(1 mL) se agregé cloruro cianurico (313 mg, 0,00170 molar) a 0 °C, seguido de DIPEA (300 pL,

0,002 molar) y la reaccion se agité a 0 °C durante|1,5 horas. La reaccién se vertié en agua y se
extrajo con CH,Cl,. La capa organica se sec6 (Na,SO,), se filtré6 y se concentrd. El residuo se
purificé mediante cromatografia instantanea (0 a 15% EtOAc/hexanos) para obtener 229,1 mg
(49%) del compuesto del titulo. LC/MS: R, = 2,03 min, ES* 311 (FA estandar).

Etapa f: N-({1R,3S,4S)-3-[(benziloxi)metil]-4-{[tert-butil(dimetil)sililJoxi}ciclopentil)-6-

cloro-N'-[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-il}-1,3,5-triazin-2,4-diamina

[0253] A una solucién de (1R,3S,4S)-\13-[(benzioni)metil]-4-{[tert—buti|(dimetil)silil]oxi}-
ciclopentanamina (486,5 mg, 0,001450 molar) yi‘trietilamina (0,55 mL, 0,0040 molar) en THF
(2,1 mL) se agregd 4,6-dicloro-N-[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-il]-1,3,5-triazin-2-

amina (410 mg, 0,0013 molar) y la mezcla se ag:ité durante 2 horas. La reaccion se concentrd

y el residuo se purifico mediante cromatografia; instantanea (0 a 25% EtOAc/hexanos) para

obtener 250 mg (31%) del compuesto del titulo. L:C/MS: R = 2,96 min, ES" 610 (FA estandar).

Etapa g: {(1S,2S,4R)-2-{[tert-butil(dimetil)sililJoxi}-4-[(4-{[(1R,2S)-2-metoxi-2,3-dihidro-
1H-inden-1-i I]amino}-1.3,5-triazin!—2-iI)amino]ciclopentil}metanol

[0254] Se agitdo una suspension de N-((1R,3S,4S)-3-[(benziloxi)metil]-4-{[tert-butil(dimetil)silil]-

oxiciclopentil)-6-cloro-N'-[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-if}-1,3,5-triazin-2,4-diamina

(250 mg, 0,00041 molar) y 10% Pd/C (44 mg, 0,000041 molar) en metanol (1,61 mL) en una

atmosfera de hidrégeno durante 2 dias. La reacciéon se purgé con nitrégeno y se filtré a través

de celite con EtOAc. El filtrado se concentrd ;‘bara obtener un aceite amarillo. El aceite se

absorbié en CH,Cl, y NaHCO; saturado. Las capas se separaron y la capa acuosa se extrajo
|

con CH.Cl, (1x). Las capas organicas combinadas se secaron sobre Na,SO,, se filtraron y se

concentraron. El residuo se purific6 mediante cromatografia instantdnea (0 a 10%

|
|
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MeOH/CH,Cl,) para obtener 114 mg (57%) del com;puesto del titulo. LC/MS: R, = 1,68 min, ES”
486 (FA estandar). }
Etapa h: sulfamato de {(1S,2S.4R)-2-hidroxi-4-[(4-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-

inden-1-ilJamino}-1,3,5-triazin-2-il)Jamino]ciclopentil}metilo

[0255] EI compuesto del titulo se prepard de acuerdo con el procedimiento descrito en el
Ejemplo 34, etapas d-e. "H NMR (el compuesto ex"iste como una mezcla de rotameros de ~1:1
mediante '"H NMR) (CD;0D, 400 MHz) 5: 8,03 y 7,9:2 [(d, J=4,6 Hzvys), 1H], 7,25-7,15 (m, 4H),
569y 557 [(d, J=51Hzym), 1H], 4,67-4,54 (m, 1H), 4,31-4,19 (m, 3H), 4,13-4,06 (m, 1H),
3,37 (s, 3H), 4,13-2,98 (m, 2H), 2,53-2,43 (m, 1H),t 2,19-2,14 (m, 1H), 2,06-1,98 (m, 1H), 1,85-
1,72 (m, 2H) ppm. LC/MS: R; = 1,07 min, ES™ 451 (jFA estandar).
Ejemplo 36: sulfamato de [(1S,2S,4R)-4-({4-[(1S)-2,3-dihidro-1H-inden-1-il  amino]-1,3,5-
triazin-2-i|}amino)-2—hidroxiciclopenti‘l]metilo (Compuesto [-153)
[0256] El compuesto del titulo se prepard de m:anera analoga al Ejemplo 35. 'H NMR (el
compuesto existe como una mezcla de rotameros de ~1:1 mediante 'H NMR) (CD;OD, 400
MHz) &: 8,03-8.00y 7,91 [(m y s), 1H], 7,26-7,14 (.m, 4H), 5,66-5,50 (m, 1H), 4,65-4,57 (m, 1H),
4,33-4,25 (m, 2H), 4,12-4,08 (m, 1H), 3,04-2,99 (n"1, 1H), 2,92-2,80 (m, 1H), 2,61-2,44 (m, 2H),
2,22-2,16 (m, 1H), 2,04-1,71 (m, 4H) ppm. LC/MS: R, = 1,07 min, ES" 421 (FA estandar).
Ejemplo 37: sulfamato de [(1S,28,4R)-2-hlidroxi-4-({6-[(1S)-1,2,3,4-tetrahidronafta|en-1-
iIamino]pirimidin-4-i|}oxi)ciclopentiI]rr:1eti|o (Compuesto 1-40)
[0257] El compuesto del titulo se prepard de manera analoga al Ejemplo 34, etapas a-c (usando
(S)-(+)-1,2,3,4-tetrahidro-1-naftilamina en la etapa b) y Ejemplo 85, etapa d para obtener el
compuesto del titulo. '"H NMR (CD;0D, 400 MHzi) 0: 8,12 (s, 1H), 7,22-7,08 (m, 4H), 5,77 (s,
1H), 5,30 (bs, 1H), 4,40-4,28 (m, 2H), 4,17-4,13 (h1, 1H), 2,89-2,71 (m, 2H), 2,54-2,47 (m, 1H),
2,29-2,21 (m, 1H), 2,10-1,79 (m, 8H) ppm. LC/MS: R; = 6,66 min, ES® 435 (FA largo).
Ejemplo 38: sulfamato de ((1S,28,4R)-4-{[6-(;1,3-dihidro-2H-isoindol-2-iI)pirimidin-4-il]oxi}-2-
hidroxiciclopentil)metilo (Compuesto 1-120)
[0258] El compuesto del titulo se prepard de manera analoga al Ejemplo 34, etapas a-c (usando
isoindolina en la etapa b) y Ejemplo 65, etapa d bara obtener el compuesto del titulo. '"H NMR
(D6-DMSO, 300 MHz) &: 8,27 (s, 1H), 7,40-7,29 (rﬁ, 4H), 5,81 (s, 1H), 5,47 (bs, 1H), 4,81 (d, 1H,
J = 4,4 Hz), 4,74 (bs, 4H), 4,24-4,18 (m, 2H), 4,03-3,97 (m, 1H), 2,38 (bs, 1H), 2,22-2,14 (m,
1H), 2,01-1,77 (m, 3H) ppm. LC/MS: R, = 6,40 min:, ES* 407 (FA largo).
Ejemplo 39: sulfamato de ((1S,2S,4R)-4-{[6-(3,4-dihidroisoquinolin-2(1H)-il)pirimidin-4-iljoxi}-
2-hidroxiciclopentil)metilo (Compuesto [-61)
[0259] EI compuesto del titulo se prepard de manjera analoga al Ejemplo 34, etapas a-c (usando
tetrahidroisoquinolina en la etapa b) y Ejemplo 65, etapa d para obtener el compuesto del titulo.
'H NMR (CD30D, 400 MHz) &: 8,17 (s, 1H), 7,17-7,14 (m, 4H), 5,93 (s, 1H), 4,63 (s, 2H), 4,39-
4,30 (m, 2H), 4,18-4,13 (m, 1H), 3,78-3,75 (m, %H), 3,30 (s, 1H), 2,90-2,87 (m, 2H), 2,54-2,47
(m, 1H), 2,30-2,24 (m, 1H), 2,09-1,91 (m, 3H) ppm. LC/MS: R, = 7,05 min, ES+ 421 (FA largo).
Ejemplo 40: sulfamato de[(1S,2S,4R)-2-hidroxi-4-(pirimidin-4-iloxi)ciclopentillmetilo
(Compuesto 1-97)
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Etapa a: 4-{[(1R,3S.,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-butil(dimetil)silil]Joxi}-
metil)ciclopentilloxi}pirimidina
[0260] Se agitdé una suspensiéon de 4-{[(1AR’,38,4S)-3-{[ten‘-buti|(dimetiI)siIiI]oxi}-4—({[ten‘-
butil(dimetiI)siIiI]oxi}metiI)ciclopentiI]oxi}-6-cloropirirﬁidina (1155 mg, 0,0002441 molar),
carbonato de sodio (62 mg, 0,00058 molar) y 10°/$L Pd/C (26 mg, 0,000024 molar) en metanol

(1,1 mL) en una atmésfera de hidrégeno durante 2 dias. La reaccion se purgd con nitrégeno y

se filtr6 a través de celite con EtOAc. El filtrado se concentré y el residuo se purificé mediante
cromatografia instantanea (0 a 15% EtOAc/hexands) para obtener 80 mg (70%) del compuesto
del titulo.

Etapa b: sulfamato de [(1S,2S,4R)-2-hidroxi-4-(pirimidin-4-iloxi)ciclopentillmetilo

[0261] EI compuesto del titulo se preparé de manera analoga al Ejemplo 34, etapa b y Ejemplo
65, etapa d para obtener el compuesto del titulo. 'H NMR (CD;OD, 400 MHz) &: 8,70 (s, iH),
8,40 (d, J=6,1 Hz, 1H), 6,83 (dd, J= 1, 6,1 Hz, 1I{L), 5,66-5,61 (m, 1H), 4,41-4,38 (m, 1H), 4,33
(dd, J=7,3, 9,8 Hz), 4,16 (dd, J = 7,2, 9,7 Hz), 2,58-2,48 (m, 1H), 2,36-2,30 (m, 1H), 2,11-2,03
(m, 2H), 2,00-1,94 (m, 1H) ppm. LC/MS: R = 4,08 lmin, ES+ 290 (FA largo).

Ejemplo 41: sulfamato de [(1S,2S,4R)-4-({6-[(4-clorobenzil)oxi]pirimidin-4-il}oxi)-2-

hidroxiciclopentillmetilo (CompuestoI 1-89)
Etapa a: 4-{[(1R.3S.,4S)-3-({[tert-butil{dimetil)sililfoxi}metil)-4-(1,1,2,2-
tetrametiIpropoxi)ciclopenti|]oxi}-6?-[(4-c|oroben;iI)oxi]girimidina

[0262] A una solucidn de 4-{[(1R,38,4S)-3-{[tert‘-butil(dimetiI)siliI]oxi}-4-({[tert-butil(dimetil)silil]-
oxi}metil)ciclopentiljoxi}-6-cloropirimidina (0,205 g, 0,000433 molar) y alcohol 4-clorobencilo

\
(0,130 g, 0,000910 molar) en DMF (1 mL) en una atmésfera de nitrégeno se agregé hidruro de

sodio (36,4 mg, 0,000910 molar) (60% en aceite)l. La reaccion se agité durante 3,5 horas. La
reaccion se inactivé con agua y se extrajo con E;OAC. La capa organica se lavo con soluciéon
salina, se seco (MgSOy,), se filtré y se concentré. El residuo se purific6 mediante cromatografia
instantanea (0 a 7% EtOAc/hexanos) para obtener 98 mg (40%) del compuesto del titulo.
Etapa b: sulfamato de [( 1S,gS,4R)-4-({6i-[(4-cIorobenziI)oxi]pirimidin-4-i|}oxi)-2-
hidroxiciclopéntil]metilo

era analoga al Ejemplo 34, etapa b y Ejemplo

[0263] El compuesto del titulo se prepard de man

65, etapa d (seguido por la remocién TBAF del grupo silil secundario) para obtener el

compuesto del titulo. '"H NMR (CD,0OD, 400 MHi) 0: 6,82 (s, 1H), 5,88-5,79 (m, 4H), 4,62 (s,

1H), 3,98-3,95 (bs, 1H), 3,81 (s, 2H), 2,84-2,75 (m, 2H), 2,64-2,58 (m, 1H), 1,04-0,91 (m, 1H),

0,79-0,72 (m, 1H), 0,63-0,37 (m, 3H) ppm. LC/MS! R, = 8,62 min, ES+ 430 (FA largo).

Ejemplo 42: N-({(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-
illamino}pirimidin-4-il)oxi]ciclopentil}metil)sulfamida (Compuesto 1-82)

Etapa a: tert-butil (aminosulfonil)({(1S,2‘S,4R)-2-{[tert-butiI(dimetil)silil]oxi}-4-[(6-
{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1:illamino}pirimidin-4-il)oxi]ciclopentil}-
metil)caréamato
[0264] A una solucion de {(1S,2S,4R)-2-{[tert-butil(dimetil)sililJoxi}-4-[(6-{[(1R,2S)-2-metoxi-2,3-
dihidro-1H-inden-1-ilJamino}pirimidin-4-il)oxi]ciclopentil}metanol (105,3 mg, 0,0002168 molar), N-

!
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Boc-sulfonamida (58,9 mg, 0,000300 molar) y tr!fenilfosfina (85,3 mg, 0,000325 molar) en
EtOAc (4,15 mL) en una atmésfera de nitrégeno se{ agreg6 azodicarboxilato de dietilo (51,9 uL,
0,000330 molar). La mezcla se agitd durante cuatro horas. El solvente se removid y el residuo
naranja se purific6 mediante cromatografia instantdnea (10 a 50% EtOAc/hexanos) para
obtener 135,2 mg (94%) del compuesto del titulo. |

Etapa b: tert-butil (aminosulfonil)({(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-2,3-

dihidro-1H-inden-1 -iI]amino}pirimidin-4-!iI)oxi]ciclopentiI}metil)carbamato

[0265] A una solucion de tert-butil (aminosulfonil)({(1S,2S,4R)-2-{[tert-butil(dimetil)siliijoxi}-4-[(6-
{{(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-ilJamino}pirimidin-4-il)oxi]ciclopentil}metil)carbamato
(331,5 mg, 0,0004094 molar) en THF (1,84 mL, 0,0228 molar) y piridina (1,84 mL) a 0 °C se

1
agrego hidrofluoruro de piridina (0,25 mL, 0,0028 molar) en forma de gotas. Se dejoé que la

mezcla se calentara lentamente a 23 °C y se la agité durante 19 horas. Se agregé a la reaccion
hidrofluoruro de piridina (0,25 mL, 0,0028 molar) ¥ la mezcla se agitd 6 horas adicionales. La

{

reaccion se inactivé mediante la adicion en gotas de NaHCO; acuoso y saturado. La mezcla se
dividid con NaHCO; y EtOAc adicional, acuoso 3’/ saturado, se separ6 y la capa acuosa se
extrajo con EtOAc (2x) y CH,Cl, (2x). Las capas organicas combinadas se lavaron con solucion
salina, se secaron sobre Na,SO,, se filtraron y se concentraron. El residuo se purificé mediante
cromatografia instantanea (30 a 70% EtOAc/hcjaxanos) para recopilar 34,5 mg (15%) »del
compuesto del titulo. LC/MS: Ry = 1,64 min, ES+ 550 (FA estandar).
Etapa c: N-({(1S,2S.4R)-2-hidroxi-4-[(6-{[( 1| R,28)-2-metoxi-2,3-dihidro-1H-inden-1-il]-
amino}pirimidin-4-il)oxi]ciclopentil}metil)sulfamida

[0266] A una solucién de tert-butil (aminoquIfoniI)({(1S,2S;4R)-2-hidroxi-4-[(6-{[(1R,28)-2-
metoxi-2,3-dihidro-1H-inden-1—il]amino}pirimidin-4-‘5iI)oxi]ciclopentiI}metil)carbamato (34,5 mg,

0,0000628 molar) en CH,Cl, (1,4 mL) se agregd épido trifluoroacético (0,70 mL, 0,0091 molar) y

la mezcla se agitdo durante 15 minutos. La mezc:!la se diluyé con tolueno y se evapard hasta

secarla. El residuo se purificd mediante cromatografia instantanea (0 a 10% MeOH/CH,CI,)
para obtener 23,8 mg (84%) del compuesto del titulo como un residuo blanco. 'H NMR
(CD30D, 400 MHz) &: 8,15 (s, 1H), 7,24-7,14 (m,i4H), 5,98 (s, 1H), 5,57 (bs, 1H), 5,29 (bs, 1H),
4,38-4,35 (m, 1H), 4,23-4,20 (m, 1H), 3,34 (s, 3H), 3,25-3,20 (m, 1H), 3,13-3,00 (m, 3H), 2,42-
2,33 (m, 1H), 2,29-2,24 (m, 1H), 2,10-1,94 (m, 3H) ppm. LC/MS: Ry = 1,16 min, ES+ 450 (FA
estandar). '

Ejemplo 43: sulfamato de [(1R,2R,3S,4R)-4-({4-[(1S)-2,3-dihidro-1H-inden-1-ilamino]-6-metil-

1,3,5-triazin-2-i|}amino)—2,3-dihidr0);<iciclopentiI]metilo (Compuesto 1-45)
Etapa a: 4-cloro-N-[(1S)-2,3-dihidro-1H-inden-1-il]-6-metil-1,3,5-triazin-2-amina

[0267] A una solucién de 2,4-dic|oro-6-meti|-1,3,5!-triazina (0,90 g, 0,0055 molar) en DMF (3,50
mL) y tolueno (1,5 mL) a 0 °C se agrego (S)-(+)-j1-aminoindan (0,64 mL, 0,0050 molar) seguido

de DIPEA (0,991 mL, 0,00569 molar). La mezcla se agité a 0 °C durante 30 min. La reaccion se
vertié6 en agua y se extrajo con CH,Cl,. La capa“i organica se seco sobre MgSO,, se filtré y se
concentré. El residuo se purificé mediante cromatografia instantanea (0 a 15 % EtOAc/hexanos)

para lograr 0,69 g (53) del compuesto del titulo.
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Etapa b: N-[(3aS,4R,GS,GaR)-G-({[te@utiI(ciimetiI)siIiI]oxi}metiI)-2,2-dimetiltetrahidro-
3aH-ciclopenta[d][1,3]dioxol-4-il]-N'-[(1S)-2, 3-d‘ihidro-1 H-inden-1-il}-6-metil-1,3,5-triazin-
24- dlamma
[0268] Se sometid una mezcla de (3aS4R, 6R 6aR)-6-({[tert-butil(dimetil)sililjoxi}metil)-2,2-
dimetiltetrahidro-3aH-ciclopenta[d][1,3]dioxol-4- amma (141,8 mg, 0,0004703 molar), 4-cloro-N-
[(18)-2,3-dihidro-1H-inden-1-il]-6-metil-1,3,5-triazin12-amina  (127,1 mg, 0,0004876 molar) y
carbonato de potasio (0,130 g, 0,000940 molar)| en 1,4-dioxano (0,77 mL) a irradiacién de

microondas (300 watts, 160 °C) durante 30 minutos. La mezcla se filtr6 con CH.Cl, y se
concentr6. El residuo se purifico mediante . cromatografia instantanea (10 a 100%
EtOAc/hexanos) para obtener 60 mg (24%) del compuesto del titulo. LC/MS: R, = 2,03 min, ES+
279 (FA estandar). !

Etapa c: [(3aR,4R,6R,6aS)-6-({4-[(1 S)-2,3Jdihidro-1 H-inden-1-ilamino]-6-metil-1,3,5-

triazin-2-i|}amino)-2,2-dimetiItetrahidro-3aH-cicIopenta[d][1,3]dioxo|-4-i|]metano|

[0269] A una solucion de N-[(3aS,4R,GES,6aR)-6-({[tert-butiI(dimetil)siliI]oxi}metil)—2,2-
dimetiltetrahidro-3aH-ciclopenta[d][1 ,3]dioxo|-4-il]-N‘-[( 18)-2,3-dihidro-1H-inden-1-il]-6-metil-1,3,
5-triazin-2,4-diamina (0,23 g, 0,00044 molar) en T}}-iF (1 mL) se agregé 1,00 M de TBAF en THF

(1,31 mL). La reaccién se agité durante 30 minutos. La solucion se concentrd y el residuo se

purific6 mediante cromatografia instantanea (0 a 41% MeOH/EtOAc) para lograr 210 mg (>99%)
del compuesto del titulo. LC/MS: R¢ = 1,24 min, ES+ 412 (FA estandar).
Etapa d: sulfamato de [(1R,2R,3S,4R)-4- ({4 [(1S)-2,3-dihidro-1H-inden-1-ilamino]-6-
metil-1,3,5-triazin-2-il}amino)- 2,3 -dihidroxiciclopentillmetilo
[0270] EI compuesto del titulo se prepar6 de mar:1era analoga al Ejemplo 65, etapa d. '"H NMR
(CDsOD, 400 MHz) &: 7,29-7,16 (m, 4H), 5,65 (t, J= 7,5 Hz, 1H), 4,35 (dd, J=7,7, 14,9 Hz, 1H),
4,14 (s, 1H), 3,92-3,84 (m, 1H), 3,10-3,00 (m, 1H|, ), 2,35-
2,33 (m, 2H), 2,30 (s, 3H), 2,08-1,90 (m, 1H), 1,39-1,28 (m, 1H) ppm. LC/MS: R, = 1,13 min,
ES+ 451 (FA estandar).
Ejemplo 44. sulfamato de {(1 S,2S,4R)-2-hidroxi74-[(6-{[(1R,28)-2-metoxi-2,3-dihidro-1H-inden-
1-il]amino}pirimidin-4-i|)amino]ciclobentil}metilo (Compuesto 1-47)
Etapa a: N-[(1R,38S.4S)-3-{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil)sililJoxi}-
metil)ciclopentil]-6-cloropirimidin-4-amina
[0271] A una solucién de (1R,3S,4S)-3-{[ter1—bL“|tiI(dimetiI)siIiI]oxi}—4-({[tert—butil(dimetil)silil]oxi}-
metil)ciclopentanamina (0,400 g, 1,11 mmolar)i en EtOH (3,0 mL) se agregd 4,6-dicloro-
pirimidina (0,199 g, 1,33 mmolar) y Et;N (0,310 m“L, 2,22 mmolar). La reaccion se calenté a 140

°C durante 1 h en un tubo sellado usando irradiaicién de microondas, luego se la concentré en
condiciones de vacio. El residuo se disolvié en! CH,Cl, y se purific6 mediante cromatografia
instantanea (CH,Cl,) para lograr el compuesto del titulo (0,300 g, 57%).

Etapa b: N-[(1R,3S.4S)-3-{[tert-butil{dimetil)sililJoxi}-4-({[tert-butil(dimetil)silil]oxi}-
metil)ciclopentil]-N'-[(1R,2S)-2-metoxi-2,3- d|h|dro 1H-inden-1-il]pirimidin-4,6-diamina
[0272] Se calentd una mezcla de N- [(41R 3S,45)-3-{[tert-butil(dimetil)silil]oxi}-4-({[tert-
butil(dimetil)sililjoxi}metil)ciclopentil]-6-cloropirimidin-4-amina (0,114 g, 2,42 mmolar), (1R,2S)-2-

1
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metoxiindan-1-amina (0,170 g, 1,04 mmolar) y Na,CO; (0,10 g, 0,97 mmolar) a180 °C durante 2
h en un tubo sellado usando un bafio de aceite. La reaccion es enfrié y se filtr6. El filtrado se
concentr6 en condiciones de vacio. El residuo se ’purificé mediante cromatografia instantanea
(50 a 60 % EtOAc/hexanos) para lograr el compuesto del titulo como una espuma beige (0,066
g, 46%). LC/MS: R; = 2,20 min, ES* 599 (Acido férrrtlico).

Etapa c: {(1R,2R,4S)-2-{[tert-butil{dimetil)sililloxi}-4-[(6-{[(1S,2R)-2-metoxi-2,3-dihidro-

1H-inden-1 -iI]amino}pirimigin-4-iI_‘)amino]ciclopentil}metanol

[0273] A una solucién de N-[(1R,3S,4S)-3-{[ter1—!butiI(dimetiI)siIiI]oxi}-4-({[ten‘-butiI(dimetiI)siIiI]-
oxi}metil)ciclopentil]-N'-[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-il]pirimidin-4,6-diamina (0,188
g, 0,314 mmolar) en THF (1,70 mL) y H,O (1,70 mL) se agregé AcOH (5,08 mL). La solucion se

agité durante la noche, luego se concentr6 en qondiciones de vacio y se purificé mediante

cromatografia instantanea (0 a 5 % MeOH/EtOAc) para obtener el compuesto del titulo (0,112 g,
74%). LC/MS: R, = 1,46 min, ES* 485 (Acido férmiclo).
Etapa d: sulfamato de {(1R,gR,4S)-2-hidrofxi-4-[(6-{[(1S,2R)-2-metoxi-2j3-dihidro-1 H-
inden-1 -iI]amino}pirimidin-4-ill)amino]ciclopentil}metilo (Compuesto 1-47)
[0274] Se enfri6 una solucion de {(1R,2R,4S)l-2-{[tert-butiI(dimetiI)siIiI]oxi}-4-[(6-{[(1 S,2R)-2-
metoxi-2,3-dihidro-1H—inden-1-il]amino}pirimidin-4-i;|)amino]ciclopentil}metanol (0,112 g, 0,231

mmolar) (azeotropado con tolueno) y piridina (0,0374 mL, 0,462 mmolar) en acetonitrilo anhidro
(2,3 mL) a 0 °C. Se agregd una solucion 2 N de c"lorosulfonamida en acetonitrilo (0,116 mL) en
forma de gotas y la reaccion se agité durante 3|h. Se agregd una solucién 2 N adicional de
clorosulfonamida en acetonitrilo (0,026 mL) y piridina (0,0041 g, 0,052 molar) y la reaccion se
agit6é durante 1 h, luego fue inactivada con metanol. La solucion se concentrd en condiciones de
vacio y se purific6 mediante cromatografia instahténea (0 a 10% MeOH/DCM) para lograr el
compuesto del titulo como un sélido blanco (0,059 g, 57%). 'H NMR (CD;OD, 400 MHz, d): 8,26
(s, 1H); 8,01 (s, 1H); 7,26-7,16 (m, 3H); 5,70 (s, 1:H); 5,47-5,33 (bs, 1H); 4,35 (t, J= 4,5 Hz, 1H),
4,31 (d, J= 7,5 Hz, 1H); 4,28 (d, J= 7,5 Hz, 1H); 4,25-4,21 (m, 1H); 4,15-4,11 (dd, J= 7,3 Hz; J=
2,5 Hz, 1H); 3,36 (s, 3H); 3,16-3.00 (m, 2H); 2,54-2,45 (m, 1H); 2,26-2,19 (m, 1H); 2,10-1,98 (m,
1H); 1,87-1,78 (m, 1H); 1,77-1,69 (m, 1H). LC/MS:‘E R¢=1,11 min, ES® 450 (FA estandar).
Ejemplo 45: sulfamato de {(1S,2S,4R)-4-[(6-{[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-
ilJamino}pirimidin-4-il)oxi]-2-hidroxiciclopentil}metilo (Compuesto [-124)
[0275] E! compuesto del titulo se prepar6é de manera analoga al Ejemplo 34, etapas a-e usando
(15)-3,3-dimetilindan-1-amina en la etapa b para obtener el compuesto del titulo. '"H NMR
(CD;0OD, 400 MHz, 0): 8,14 (s, 1H); 7,28-7,15 (m,{4H); 5,83 (s, 1H); 5,59 (bs, 1H); 5,31 (bs, 1H);
4,39 (dt, J= 5,0 Hz; J= 2,0 Hz, 1H); 4,32 (dd, J= 7,3 Hz; J= 2,5 Hz, 1H); 4,16 (dd, J= 7,3 Hz; J=
2,5 Hz, 1H); 2,567-2,47 (m, 1H); 2,46-2,39 (m, 1H); 2,31-2,24 (m, 1H); 2,12-1,90 (m, 3H); 1,82-
1,75 (m, 1H); 1,39 (s, 3H); 1,25 (s, 3H). LC/MS: R;t = 1,51 min, ES" 449 (FA estandar).
Ejemplo 46: sulfamato de  {(1S,2S,4R)-4-[(4-{[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-il]-
amino}-1,3,5-triazin-2-il)amino]-2-h|
Etapa a: 4,6-dicloro-N-[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-il]-1,3,5-triazin-2-amina
[0276] A una solucién de (1S)-3,3-dimeti|indan-,11-amina (0,67 g, 4,2 mmolar) en THF (3 mL)

idroxiciclopentil}metilo (Compuesto 1-134)
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enfriada a 0 °C se agregé cloruro cianurico (0,874:g, 4,74 mmolar) que dio como resultado un
solido blanco. Se agregé DIPEA (0,724 mL, 4,16 mmolar) y la mezcla amarilla se agité durante
1,5 horas. La reaccién fue inactivada con H,O y e'xtraida con DCM (3x). Las capas organicas
combinadas se secaron (Na,SO,), se filtraron y se recopilaron en condiciones de vacio para
obtener un aceite amarillo palido. El residuo se puri:ficé mediante cromatografia instantanea (0 a
25% EtOAc/hexanos) para lograr el compuesto deI:titulo (0,771 g, 60%) como un solido blanco.
LC/MS: R; = 2,20 min, ES™ 310 (FA estandar). ‘

Etapa b: _N-[(1R,3S,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-
butiI(dimetil)siliI]oxi}metil)ciclgpgntil]-G-clorq-Al'-[(1S)—3,3-dimetil-2,3-dihidro-1 H-inden-1-
il]-1,3,5-triazin-2,4-diamina
[0277] A una solucion de (1R,38,48)«3-{[tert—but%l(dimetiI)silil]oxi}-4-({[ten‘-butil(dimetiI)siIiI]oxi}-
metil)ciclopentanamina (0,200 g, 0,556 mmolar), TEA (0,21 mL, 1,50 mmolar) en THF (0,80 mL)
se agregd 4,6-dicloro-N-[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-il]-1,3,5-triazin-2-amina (0,160

g, 0,500 molar). La reaccioén se agité durante 3,5 h| luego se concentré en condiciones de vacio.

El residuo se purificé mediante TLC preparativo |(10% EtOAc/hexanos) seguido de DCM. La
banda pertinente se corté y se lavé usando acetoha, se filtré y se concentr6 en condiciones de
vacio para lograr el compuesto del titulo (0,228 g, 71%). LC/MS: R, = 2,77 min, ES® 633 (FA
estandar). !

Etapa c: {( 1R,2R,4S)-2-{[tert-butiI(dimetil)?iliI]oxi}-4-[(4-c|oro-6-{[(1 R)-3,3-dimetil-2,3-

dihidro-1H-inden-1-ilJamino}-1 ,3,5-tria'zin-2-i|)amino]ciclopentiI} metanol

[0278] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 44, etapa ¢ usando N-[(1R,3S,4S)-3-{[tert-butil(dimetiI)siIiI]oxi}-4-({[tert—butiI(dimetil)silil]-
oxi}metil)ciclopentil]-6-cloro-N'-[(1 S)-3,3—dimeti|—2,?;-dihidro-1 H-inden-1-il}-1,3,5-triazin-2,4-
diamina. LC/MS: R; = 2,20 min, ES* 518, 520 (FA estandar).

Etapa d: {(1S,2S.4R)-2-{[tert-Butil(dimetil)sililloxi}-4-[(4-{[(1S)-3,3-dimetil-2,3-dihidro-

1H-inden-1-ilJamino}-1,3,5-triazin-2-ilJamino]ciclopentil}metanol

[0279] A una solucion de {(1R,2R,4S)-2-{[te13rt-butil(dimetil)siliI]oxi}—4-[(4-cloro-6-{[(1R)-3,3—
dimetil-2,3-dihidro-1H—inden-1-i|]amino}-1,3,5-triaz;in-2-il)amin0] ciclopentilmetanol (0,083 g,
0,16 mmolar) en EtOH (1,11 mL) se agregd Pd (10% en carbono) (0,0170 g, 0,0160 mmolar) y

la mezcla se agitdé en una atmésfera de hidrégeno durante 4 d. La reaccién se purgé con

nitrégeno durante 30 minutos, luego se agregd6 PJ‘d(OH)z (20% en peso seco de carbono) (0,022
g, 0,016 mmolar) y la mezcla se agité durante 4 h en una atmosfera de hidrégeno. Mediante la
filtracién de la mezcla a través de una almo;hadilla de celite, seguida por cromatografia
instantanea (50-100 % EtOAc/hexanos) se logré el compuesto del titulo (0,027 g, 35%). LC/MS:
Ri= 1,81 min, ES® 484 (FA estandar). '

Etapa e: sulfamato de {(1S,2S,4R)-4-[(4-{[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-il]-

amino}-1,3,5-triazin-2-il)amino]-2-hidrox‘iciclopentil}metilo (Compuesto 1-134)

[0280] EI compuesto del titulo se prepard de 'acuerdo con el procedimiento descrito en el
Ejemplo 44, etapa d usando {(1S,2S,4R)-2-{[tert-butil(dimetil)sililjoxi}-4-[(4-{[(1S)-3,3-dimetil-2,3-
dihidro-1H-inden-1-ilJamino}-1,3,5-triazin-2-il)Jamino]ciclopentil} metanol. '"H NMR (CD;0D, 400
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MHz, 8): 8,17-7,81 (m, 1H); 7,27-7,15 (m, 4H); 5,71-5,57 (m, 1H); 4,65-4,49 (m, 1H); 4,36-4,23
(m, 2H); 4,20-4,00 (m, 1H); 2,53-2,33 (m, 2H); 2,25-2,10 (m, 1H); 2,06-1,68 (m, 4H); 1,39 (s,
3H); 1,24 (s, 3H). LC/MS: R;= 1,90 min ES" 449 (F/;A estandar).
Ejemplo 47: sulfamato de {(1R,2R,3S,4R)-2,3-dihidroxi-4-[(4-{[(1R,2S)-2-metoxi-2,3-dihidro-
1H-inden-1-ilJlamino}-1 ,3,5-triazin-2-il,’)amino]ciclopentil}metiIo (Compuesto I-55)
[0281] EI compuesto del titulo se prepard de aduerdo con el procedimiento descrito en el
Ejemplo 46 (etapa e) usando {(3aR,4R,6R,6aS)-6-[(4-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-
illamino}-1 ,3,5-triazin-2-il)amino]-2,2-dimetiltetrahidiro-3aH-cicIopenta[d][1 ,3]dioxol-4-il}metanol
(preparado como en el Ejemplo 26). 'H NMR (CD;OD, 400 MHz, d): 8,10-7,95 (m, 1H); 7,30-
7,14 (m, 4H); 5,72-5,56 (m, 1H); 4,36-4,08 (m, 4I-§); 3,95-3,78 (m, 2H); 3,37 (s, 3H); 3,15-2,93
(m, 2H); 2,42-2,17 (m, 2H); 1,37-1,78 (m, 1H). LC/MS: R; = 1,07 min ES" 467 (FA estandar).
Ejemplo 48: sulfamato de ((1R,2R,3S,4R)-2,3-dihidroxi-4-{[6-(feniletinil)pirimidin-4-illamino}-
ciclopentil)metilo (Compuesto |-108)
Etapa a: (1R,2S,3R,5R)-3-[(6-cloropirimidin-4-il)Jamino]-5-(hidroximetil) ciclopentano-

1,2-diol

[0282] A una solucién de (1R,28,3R,5R)-3-amino-“5-(hidroximetil)ciclopentano-1 ,2-diol*HCI (1,00
d, 5,44 mmolar) y 2-amino-4,6-dicloropirimidina (O,:982 g, 5,99 mmolar) en alcohol de isopropil (8
mL) se agregdé Et;N (1,90 mL, 13,6 mmolar). La reaccion se calentdé a 90 °C durante 1 h en un
bafio de aceite, luego se enfrid, se filtrd y se concentré en condiciones de vacio. El residuo se
disolvié en CH,Cl, y se purificé mediante cromatografia instantanea (20 a 50% MeOH/ CH,Cl,)
para lograr el compuesto del titulo como un sélido'blancuzco (2,025 g, >99%). LC/MS: Ry = 0,81
min ES* 260 (FA estandar).

Etapa b: (1S.2R,3R,5R)-3-(hidroximetil)-5-[(6-iodopirimidin-4-ilJamino]ciclopentano-
1,2-di!o|
[0283] A una solucidon de (1R,28,3R,5R)-3-[(6-cl6ropirimidin-4-il)amino]-5-(hidroximeti!)-
ciclopentano-1,2-diol (1,880 g, 7,239 mmolar) en lécido yodhidrico (23,9 mL) se agregé yoduro

de sodio (5,42 g, 36,2 mmolar). La mezcla se| calenté a 70 °C durante 10 min, luego se
concentré y fue azeotropada usando tolueno (3x). El residuo se disolvié en acetona y se agrego
NaHCO;. La suspension se filtro y el filtrado se cc;ncentré en condiciones de vacio para obtener
el compuesto del titulo (24 g, >99%). LC/MS: R, = 0,76 min ES’ 352 (FA estandar).

Etapa c: {(3aR,4R.6R.6aS)-6-[(6-iodopirimidin-4-illamino]-2,2-dimetiltetrahidro-3aH-

ciclopenta[d}[1,3]dioxol-4-il}metanol

[0284] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 1, etapa b wusando (1S,2R,8R,5R)-3-(hidroximetil)-5-[(6-iodopirimidin-4-il)-
amino]ciclopentano-1,2-diol. LC/MS: R; 1,24 min ES" 392 (FA estandar).

Etapa d: N-[(3aS,4R,6R,6aR)-6-({[tert-butiI,i(dimetiI)siIiI]oxi}metil)-2,2-dimeti|tetrahidro-

3aH-ciclopenta[d][1 ,3]dioxo|-4!-iI]-6-iodopirimidin-4-amina

[0285] A una solucién de {(3aR,4R,6R,6aS)-6-[(!6-iodopirimidin-4-i|)amino]-2,2-dimetiltetrahidro—
3aH-ciclopenta[d][1,3]dioxol-4-il}metano! (1,321 g, 3,38 mmolar) y 1H-imidazol (0,552 g, 8,10
mmolar) en DMF (16,9 mL) se agreg6 cloruro dej tert-butildimetilsilil (0,534 g, 3,54 mmolar) y la

|
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reaccion se agité durante la noche. La solucion se diluyé con H,O y se extrajo con EtOAc (3x).
Las capas organicas combinadas se lavaron con solucion salina, se secaron (Na,SO,), se
filtraron y se concentraron en condiciones de vacio. Se purificé la mezcla en crudo mediante
cromatografia instantanea (10 a 40% EtOAc/hexanos) para lograr el compuesto del titulo (1,465
g, 86%). LC/MS: R, = 2,47 min ES" 506 (FA esténde:ar).

Etapa e: N-[(3aS.4R,6R,6aR)-6-({[tert-butil(dimetil)sililloxi}metil)-2,2-dimetiltetrahidro-

3aH-cicIopenta[d][1,31dioxo|-4-i|]-6r-(feniletinil)pirimidin-4-amina

[0286] A una solucidn de  N-[(3aS,4R, 6R 6aR)-6-({[tert-butil(dimetil)sililjoxi}metil)-2,2-
dimetiltetrahidro-3aH-ciclopenta[d][1,3]dioxol-4-il]-6-iodopirimidin-4-amina (0,300 g, 0,594
mmolar) en DMF (2,46 mL) se agregdé Cul !(0,0113 g, 0,0594 mmolar) vy cloruro de

bis(trifenilfosfina)palladio(ll) (0,0292 g, 0,0415 mmolar). El tubo se selld y se lavd con argon. Se
agregd EtsN (0,165 mL, 1,19 molar) y la reaccién se agité durante 1 h. Se agreg6 fenilacetileno
(0,216 mL, 1,96 mmolar) y la reaccion se agité durante la noche. La suspension se filtro y el
filtrado se concentr6 en condiciones de vacio. La mezcla en crudo se purifico mediante
cromatografia instantanea (10 a 40% EtOAc/hexar‘|los) para lograr el compuesto del titulo como
un aceite amarillo (0,238 g, 84%). LC/MS: R; = 2,47 min, ES" 480 (FA estandar).

Etapa f: ((3aR.4R,6R,6aS)-2,2-dimetil-6-{[6-(feniletinil)pirimidin-4-ilJlamino}tetrahidro-

3aH-ciclopenta [d][1,3]dioxol-4-il)metanol

[0287] A una solucién de N-[(3aS,4R,6I!R,6aR)-6-({[tert-buti|(dimetil)siliI]oxi}metil)-Z,2-
dimetiItetrahidro-3aH—cicIopenta[d][1,3]dioxo|-4-iI]-6:-(feniletinil)pirimidin-4-amina (0,275 g, 0,573

mmolar) en THF (2 mL) y piridina (2 mL) en un; frasco de teflon se agregé hidrofluoruro de

piridina (1,3 mL, 0,014 molar) en forma de gotas. La reaccion se agit6 durante 1,5 h, luego se
inactivé usando una solucién de Na,CQ; acuosa y.saturada (15 mL) y EtOAc. Se extrajo la capa
acuosa con EtOAc (3 x 20 mL). Las capas organicas combinadas se secaron (Na,SO,), se
fitraron y se concentraron en condiciones dre vacio. El residuo se purifico6 mediante
cromatografia instantanea (0 a 5 % MeOH/EtOAc) para lograr el compuesto del titulo como un
solido amarillo (0,172 g, 82%). LC/MS: R;= 1,29 mlin, ES* 366 (FA estandar).
Etapa g: sulfamato de ((1R,2R,3S,4R)—2,:i3-dihidroxi-4-{[6-(feni|etiniI)pirimidin-4-iI]-
amino}ciclopentil)me_tilé (Compuesto 1-108)

[0288] El compuesto del titulo se prepar6é de a’cuerdo con el procedimiento descrito en el
Ejemplo 1, etapas d-e usando ((3aR,4R,6R§6aS)-2,2-dimetil-6-{[6-(feniletinil)pirimidin-4—i|]-
amino}tetrahidro-3aH-ciclopenta[d][1,3]dioxol-4-il)metanol. 1H NMR (CD;OD, 400 MHz, 5): 8,36
(s, 1H); 7,80-7,54 (m, 2H); 7,45-7,38 (m, 3H); 6,é9 (bs, 1H); 4,33 (bs, 1H); 4,23-4,14 (m, 2H);
3,92-3,88 (m, 1H); 3,86-3,81 (m, 1H); 3,32-3,28 (1m, 2H); 2,46-2,30 (m, 2H); 1,39-1,27 (m, 1H);
LC/MS: Ry= 1,09 min, ES™ 405 (FA estandar).

Ejemplo 49: sulfamato de  [(1S,2S,4R)-2-hidroxi-4-({6-[(1-naftilmetil)amino]pirimidin-4-il}-

oxi)ciclopentillmetilo (Compuesto 1-42)

[0289] EI compuesto del titulo se prepard de man:era analoga al Ejemplo 34, etapas a-e usando
1-naftalenemetilamina en la etapa b para obtener.el compuesto del titulo. *"H NMR (CD;0D, 400
MHz, 8): 8,13 (s, 1H); 8,04 (d, J= 9,0 Hz, 1H); 7,87 (d, J= 7,5 Hz, 1H); 7,79 (d, J= 8,0 Hz, 1H);

|
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7,54-7,39 (m, 5H); 5,75 (s, 1H); 5,31-5,26 (m, 1H); 4,94 (s, 2H); 4,39-4,25 (m, 2H); 4,17-4,06 (m,
1H); 2,52-2,42 (m, 1H); 2,26-2,19 (m, 1H); 2,05-1,!84 (m, 2H). LC/MS: R; = 1,59 min, ES" 445
(FA estandar). ’

Ejemplo 50: sulfamato de [(1S,2S,4R)-2-higjroxi-4-({6-[(1-naftiImetiI)amino]pirimidin-4-i|}-

oxi)ciclopentiljmetilo (Compuesto |-1;1 9)
Etapa a: 4-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil)sililloxi}-
metiI)ciclopentil]oxi}-G-(1-rJaftiImetoxi)pirimidina

[0290] A una solucién de 4-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil)silil]-

oxi}metil)ciclopentilloxi}-6-cloropirimidina (0,200 g,/ 0,423 mmolar) y 1-naftalenometanol (0,140

g, 0,888 mmolar) en DMF (1 mL) se agregé hidruro de sodio (0,0355 g, 0,888 mmolar) y se
agité durante 3 h. La mezcla se diluy6 con H,O y se extrajo con EtOAc. Las capas organicas
combinadas se lavaron con solucién salina, se secaron (Na,S0Q,), se filtraron y se concentraron
en condiciones de vacio. El residuo se purificd rqediante cromatografia instantanea (0 a 20%
EtOAc/hexanos) para obtener el compuesto del titlfJIo (0,139 g, 55%).
Etapa b: sulfamato de [(1S,2S,4R)-2-hidroxi-4-({6-[(1-naftilmetil)Jamino]pirimidin-4-
iI}oxi)ciclopen’til]metilo

[0291] Ei compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 44 (etapas c-d) y Ejemplo 48 (etapa f) usando 4-{[(1R,3S,4S)-3-{[tert-butil(dimetil)silil}-
oxi}-4-({[ter1—butil(dimetiI)siIiI]oxi}metiI)ciclopentil]o%i}-G-(1-naftilmetoxi) pirimidina. 'H NMR
(CD;OD, 400 MHz, 8): 8,39 (s, 1H); 8,01 (d, J= 8!,8 Hz, 1H); 7,88-7,81 (m, 2H); 7,57 (d, J= 7,0
Hz, 1H); 7,53-7,40 (m, 3H); 6,14 (s, 1H); 5,79 (s:, 2H); 5,50-5,42 (m, 1H); 4,35-4,31 (m, 1H);
4,30-4,25 (m, 1H); 4,15-4,03 (m, 1H); 2,53-2,42 (m, 1H); 2,30-2,21 (m, 1H); 2,08-1,87 (m, 3H).

LC/MS: R, = 1,82 min, ES" 446 (FA estandar). j

Ejemplo 51: sulfamato de ~ ((18,25,4R):2-hidroxi-4-{[6-(2-feniletil)pirimidin-4-ilJamino}-
ciclopentil)metilo (Compuesto I-81)
Etapa a: N-[(1R,38S,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-butil(dimetil)silil]oxi}-
|

metil)ciclopentil]-6-iodopirimidin-4-amina

[0292] EI compuesto del titulo se preparé de z;acuerdo con el procedimiento descrito en el
Ejemplo 44, etapa a usando 4,6-diiodopirimidina y se lo calenté a 150 °C durante 300 seg.
Etapa b: N-[(1 R,3S,4S)-3-{[tert-butiI(dimg'.-til)siliI]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-

metiI)ciclopentiI]-6-(fenilétinil)pirimidin-4-amina

[0293] EI compuesto del titulo se prepar6é de écuerdo con el procedimiento descrito en el
Ejemplo 48, etapa e. LC/MS: R, = 3,56 min, ES* 538 (FA estandar).
Etapa c: N-[(1R,3S,4S)-3-{[tert-butil{dimetil)sililloxi}-4-({[tert-
butil(dimetil}sililJoxi}metil)ciclopentil]-6-(2-feniletil)pirimidin-4-amina

[0294] El compuesto del titulo se preparé de gcuerdo con el procedimiento descrito en el
Ejemplo 3d, usando N-[(1R,3S,4S)-3-{[tert-butil(dimetil)sililjoxi}-4-({[fert-butil(dimetil)silil]oxi}-
metil)ciclopentil]-6-(feniletinil)pirimidin-4-amina y Pd(OH), en carbono (20% de peso en seco).
LC/MS: R, = 2,30 min, ES" 542 (FA estandar).

Etapa d: sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[6-(2-feniletil)pirimidin-4-iflJamino}-

220



10

15

20

25

108 !

ciclopentil)metilo (Compuesto I-81)

[0295] El compuesto del titulo se prepard de aéuerdo con el procedimiento descrito en el
Ejemplo 46, etapas c y e, y Ejemplo 48, etapa f. 'H NMR (CD;0D, 400 MHz, 8): 8,30 (s, 1H);
7,26-7,20 (m, 2H); 7,18-7,13 (m, 3H); 6,18 (s, 1H): 4,35-4,26 (m, 2H); 4,15-4,06 (m, 1H); 2,97-
2,90 (m, 2H); 2,85-2,76 (m, 2H); 2,51-2,41 (m, 1H); 2,24-2.15 (m, 1H); 1,82-1,73 (m, 1H); 1,70-
1,60 (m, 1H); 0,94-0,85 (m, 1H). LC/MS: R; = 1,38 min, ES" 393 (FA estandar).

Ejemplo 52: sulfamato de ((1S,2S,4R)-2+hidroxi-4-{[6-(2-naftilmetoxi)pirimidin-4-ilJoxi}-

ciclopentil)metilo (Compuesto 1-141)

[0296] EI compuesto del titulo se prepar6é de acuerdo con el procedimiento descrito en el
Ejemplo 50 usando 2-naftalenometanol. 'H NMR [(CD30D, 400 MHz, 0): 8,39 (s, 1H); 7,88 (s,
1H); 7,86-7,81 (m, 3H); 7,52 (dd, J= 8,5 Hz, J= 1,76 Hz, 1H); 7,49-7,44 (m, 2H); 6,19 (s, 1H);
5,63-5,48 (m, 1H); 4,38-4,35 (m, 1H); 4,34-4,29 (r"n, 1H); 4,17-4,12 (m, 1H); 2,56-2,46 (m, 1H);
2,32-2,26 (m, 1H); 2,09-1,91 (m, 3H). LC/MS: R; = (1,82 min ES" 446 (FA estandar).
Ejemplo 53: sulfamato de {(1 S,2S,4R)-2-hidroxi-]4-[(6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-
1-ilJoxi}pirimidin-4-il)oxi]ciclopentil}metilo (Compuesto 1-96)
Etapa a: (1R,2S)-1-[(6-cloropirimidin-4-iljoxilindan-2-ol y (1R,2S)-2-[(6-cloropirimidin-
4-il)oxilindan-1-ol '

[0297] Los compuestos del titulo se prepararon dg’a acuerdo con el procedimiento descrito en el
Ejemplo 34, etapa a usando (1R,28)-indano-1,2-diol (0,5-g, 3,00 mmolar) (Yanagimachi, K. S;
Stafford, D; Dexter, A; Sinskey, A; Drew, S; Stephahopoulos, G. European Journal of
Biochemistry. 2001, 268, 4950-4960) como una proporcién 1,2:1 de 2-O-pirimidina a 1-O-
pirimidina.

Etapa b: 4-cloro-6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-ilJoxi}pirimidina y 4-
cloro-6-{[{1R,2S)-1-metoxi-2,3-dihidro-1 H-inde|;1-2-iI]oxi}pirimidina y 4-cloro-6-{[(1R,2S)-1-

metoxi-2,3-dihidro-1 H-inden-2-iI]oxi}pirimidina

[0298] A un recipiente secado con llama que ’contiene 4A tamices moleculares (0,700 g)
enfriado con nitrégeno y equipado con un condensador de reflujo se agregé oxido de plata(l) (3
g, 10,0 mmolar), (1R,28)-1—[(6-cloropirimidin-4-il);oxi]indan-2-ol (0,365 g, 1,39 mmolar) y Et,O
(10 mL). Mel (3,08 mL, 49,5 mmolar) fue prepurificado a través de un tapén de aluminio y fue
agregado a la mezcla. La reaccién se calenté a ;40 °C durante 2 h. La reaccién se diluyé con
Et,0, se filtré a través de una almohadilla de celite y se concentré en condiciones de vacio. El
residuo se purificé mediante cromatografia instanténea (15 a 30% EtOAc/hexanos) para obtener

los compuestos del titulo como una mezcla de 1:1/(0,540 g, 70%).
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Etapa c: 4-{[1 R,3S,4S)—3-{[tert-butiI(dimet=i|)siIiI]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-
metil)ciclopentiI]oxi}-6-{[(1R,2$)-2-metoxi-2,3-d‘ihidro-1 H-inden-1-ilJoxi}pirimidina, y tert-
butil{[(1S,2S,4R)-2-{[tert-butil(dimetil)sililJoxi}-4-(3-{[{1R,2S)-1-metoxi-2,3-dihidro-1H-
inden-2-iI]oxi}fenoxi)ciclogentil]metoxi}di;metilsilano, y 4-{[(1R,3S.4S)-3-{[tert-
butil(dimetiI)siIiI]oxi}-4-({[tert_-butil(dimetiI)silii]oxi}metil) ciclopentilloxi}-6-{[(1S,2R)-2-
metoxi-2,3-dihidro-1H-inden-1-ilJoxi}pirimidina, y tert-butil{[(1S,2S,4R)-2-{[tert-
butil(dimetil) sililJoxi}-4-(3-{[(1S,2R)-1-metoxi-2,3-dihidro-1H-inden-2-illoxi}-
fenoxi)ciclopentiI]mefoxi}dimetilsilano
[0299] A una solucion de (1R,38,48)-3-{[ten‘-but:iI(dimetil)siIiI]oxi}-4-({[ter1—butiI(dimetil)silil]oxi}-
metil)ciclopentanol (0,334 g, 0,928 mmolar) e hidruro de sodio (0,0779 g, 1,95 mmolar) en DMF
(3 mL) se agregd 4-cloro-6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-ilJoxi}pirimidina (0,539 g,

1,95 mmolar). La mezcla se agité durante 5 h, luego se inactivé con H,O y se extrajo con EtOAc

(3x). Las capas organicas combinadas se lavaron !con solucion salina, se secaron (MgSQO,) y se
concentraron en condiciones de vacio. El residuo se purific6 mediante cromatografia
instantanea (0 a 30 % EtOAc/hexanos) para obtener los compuestos del titulo (0,124 g, 22%).
Etapa d: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-
inden-1 -iI]oxi}pirimidin-4-i|)oxi]cic|opentiI}met%lo, y sulfamato de {(1S,2S,4R)-2-hidroxi-4-
[(6-{[(1R,2S)-1-metoxi-2,3-dihidro-1H-inden-2-illoxi}pirimidin-4-il)oxi]ciclopentil}metilo, y
sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1 S,éR)-Z-metoxi-2,3-dihidro-1 H-inden-1-illoxi}-
pirimidin-4-il)oxi]ciclopentil}metilo, y sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2R)-1-
metoxi-2,3-dihidro-1 H-inden-2-iI]oxi}pirimidin-41-iI)oxi]ciclopentil}metilo (Compuestos 1-96,
|-79, 1-98, I-77)
[0300] Los compuestos del titulo se prepararon d]e acuerdo con el procedimiento descrito en el
Ejemplo 51, etapa d usando 4-{[(1!R,38,4S)-3-{[tert—buti|(dimetil)silil]oxi}-4-({[ter1-
butil(dimetil)sililJoxi}metil)ciclopentil]oxi}-6-{[(1R,2S)-2-metoxi-2, 3-dihidro-1H-inden-1-iljoxi}-
pirimidina, y  tert-buti{[(1 S,2S,4R)-2-{[ten‘-blhtiI(dimetiI)silil]oxi}-4-(3-{[(1 R,2S)-1-metoxi-2,3-
dihidro-1H-inden-2-ilJoxi}fenoxi)ciclopentiljmetoxi}dimetilsilano, y 4-{[(1R,3S,4S)-3-{[tert-
butil(dimetiI)siIiI]oxi}-4-({[ter1—butil(dimetil)silil]oxi}m:etil) ciclopentilloxi}-6-{[(1S,2R)-2-metoxi-2,3-
dihidro-1H-inden-1-ilJoxi}pirimidina, vy tert-buti{[(1S,2S,4R)-2-{[tert-butil(dimetif)silil]oxi}-4-(3-
{[(1S,2R)-1-metoxi-2,3-dihidro-1 H—inden-2-iI]oxi}fe:noxi)ciclopentil]metoxi}dimetilsilano.
Ejemplo 54: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-
inden-1-iI]oxi}pirimidin-4-iI)oxi]cicI0[:>entiI}metiIo (Compuesto 1-96)
[0301] 'H NMR (CD;0D, 400 MHz, 5): 8,44 (s, 1H); 7,45 (d, J= 7,3 Hz, 1H): 7,32-7,25 (m, 2H);
7,23-7,17 (m, 1H); 6,53 (d, J= 5,0 Hz, 1H); 6,12‘(3, 1H); 5,52-5,47 (m, 1H); 4,39-4,36 (m, 1H);
4,35-4,27 (m, 2H); 4,14 (dd, J= 9,8 Hz, J= 2,5 Hz, 1H); 3,37 (s, 3H); 3,20-3,06 (m, 2H); 2,56-

247 (m, 1H); 2,34-2,25 (m, 1H); 2,11-1,89 (m, 3H). LC/MS: R, = 1,64 min, ES" 452 (FA

estandar).

Ejemplo 55: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-1-metoxi-2,3-dihidro-1H-inden-
2-iI]oxi}pirimidin-4-i|)oxi]ciclopentiI}hetilo (Compuesto 1-79)

[0302] 'H NMR (CD;OD, 400 MHz, d): 8,40 (s, 1H): 7,40 (d, J= 7,3 Hz, 1H); 7,33-7,23 (m, 3H);
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6,13 (s, 1H); 5,78 (a, J= 5,77 Hz, J= 5,52 Hz, 1H); 5,54-5,47 (m, 1H); 4,94 (d, J= 4,77 Hz, 1H);

4,41-4,36 (m, 1H); 4,35-4,29 (m, 1H); 4,18-4,12 (m, 1H); 3,38 (s, 3H); 3,28-3,23 (m, 1H); 3,20-

3,12 (m, 1H); 2,57-2,47 (m, 1H); 2,33-2,25 (m, 1HS; 2,10-1,90 (m, 3H). LC/MS: R; = 1,64 min,

ES' 452 (FA estandar). |

Ejemplo 56: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2R)-2-metoxi-2,3-dihidro-1H-inden-
1-iI]oxi}pirimidin-4-i|)oxi]ciclopentiI}mthiIo (Compuesto 1-98)

[0303] 'H NMR (CD;OD, 400 MHz, d): 8,44 (s, 1H$; 7,45 (d, J= 7,5 Hz, 1H); 7,32-7,25 (m, 2H);

7,23-7,16 (m, 1H); 6,53 (d, J= 5,0 Hz, 1H); 6,12 (é, 1H); 5,53-5,47 (m, 1H); 4,40-4,35 (m, 1H);

4,34-4,27 (m, 2H); 4,15 (dd, J= 7,3 Hz, J= 5,1 Hz, 1H); 3,37 (s, 3H); 3,19-3,06 (m, 2H); 2,56-

2,47 (m, 1H); 2,33-2,25 (m, 1H); 2,10-1,90 (m, [3H). LC/MS: R; = 1,65 min, ES* 452 (FA

estandar). ’

Ejemplo 57: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2R)-1-metoxi-2,3-dihidro-1H-inden-
2-il]oxi}pirimidin-4-iI)oxi]ciclopentil}m'etilo (Compuesto I-77)

[0304] 'H NMR (CD,;0D, 400 MHz, 8): 8,40 (s, 1H); 7,41 (d, J= 7,0 Hz, 1H); 7,33-7,23 (m, 3H);

6,13 (s, 1H); 5,81-5,76 (m, 1H); 5,55-5,48 (m, 1H)!; 4,94 (d, J= 5,0 Hz, 1H); 4,41-4,36 (m, 1H);

4,32 (dd, J= 9,8 Hz; J= 2,3 Hz, 1H); 4,15 (dd, J= 9|8 Hz; J= 2,5 Hz, 1H); 3,38 (s, 3H); 3,28 -3,22

(m, 1H); 3,20-3,12 (m, 1H); 2,57-2,47 (m, 1H); 2,3‘3-2,26 (m, 1H); 2,10-1,93 (m, 3H). LC/MS: R;

= 1,64 min, ES" 452 (FA estandar).

Example 58: sulfamato de {(1S,2S4R)-2-hidroxi-4-[(6-fenilpirimidin-4-il)oxi]ciclopentil}metilo

(Compuesto I-114)
Etapa a: 4-{[( 1R,3S,4S)-3-{[tert-butiI(dimeftiI)siliI]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-
metiI)ciclopentiI]oxi}46-fenilpirimidina
[0305] Se purgd un recipiente que contiene 4-{[(1[R,3S,4S)-3-{[tert-butil(dimetil)silil]oxi}-4-({[terT—
butil(dimetiI)siIiI]oxi}metil)ciclopentil]oxi}-6-cloropirir}nidina (0,300 g, 0,634 mmolar), acido
fenilborénico (0,0696 g, 0,570 mmolar), una soluci,ién de 2,00 M de K,CO; en H,0O (0,317 mL),
EtOH (0,0944 mL) y tolueno (1,417 mL) co.n argébn durante 20 minutos. Se agrego

tetrakis(trifenilfosfina)palladio(0) (0,0264 g, 0,0229 mmolar) y la mezcla se sometié a reflujo
durante la noche. La reaccién se enfrié y se dilullyé con H,O. La capa acuosa se extrajo con
CH,Cl, (3x). Las capas organicas combinadas!se lavaron con soluciéon salina, se secaron
(MgSO,) y se concentraron en condiciones de vacio. El residuo se purific6 mediante
cromatografia instantanea (0 a 10% EtOAc/hexanos) para lograr el compuesto del titulo (0,224
g, 76%). |
Etapa b: sulfamato de {(1Sg§,4R)-2-hidrbxi-4-[(6-feni|pirimidin-4-i|)oxi]cic|openti|}-
' metilo (Con@esto 1-114) '

[0306] EI compuesto del titulo se prepardé como "se describe en el Ejemplo 46, etapas cy e, y
Ejemplo 48, etapa f usando 4-{[(1R,3S,4S)-3-{[ter1—butil(dimetiI)siIiI]oxi}—4-({[tert—butil(dimet{])_siIil]—

|(CDsOD, 400 MHz, 5): 8,73 (s, 1H); 8,03-7,98
(m, 2H); 7,51-7,47 (m, 3H); 7,21 (s, 1H); 5,70-5,65 (m, 1H); 4,44-4,39 (m, 1H); 4,35 (dd, J=
7,5Hz, J= 2,3 Hz, 1H); 4,17 (dd, J= 7,3 Hz, J= 2,5Hz, 1H); 3,30 (q, J= 3,3Hz, J= 1,6Hz, 1H);

2,62-2,51 (m, 1H); 2,38-2,30 (m, 1H); 2,17-1,96 (m, 3H). LC/MS: R, = 1,55 min, ES* 366 (FA

oxi}metil)ciclopentifjoxi}-6-fenilpirimidina. 'H NMR
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estandar).

Ejemplo 59: sulfamato de {(1S,2S,4R)-4-[(6-benzilpirimidin-4-il)oxi]-2-hidroxiciclopentil}metilo

(Compuesto 1-132)

Etapa a: 4-bencil-6-{[(1 R,3S,4S)-3-{[tert-bdtil(dimetil)siIil]oxi}-4-({[tert-but_il(gimetil)-
sililloxi}metil)ciclopentil]oxi}pirimidina

[0307] A una solucién de 4-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililjoxi}-4-({[tert-butil(dimetil)silil]-

|

oxi}metil)ciclopentiljoxi}-6-cloropirimidina (0,264 g, 0,559 mmolar) y acetilacetonato férrico

(0,0395 g, 0,112 mmolar) en THF (9 mL) se agrc!egé una solucién de 1,00 M de bromuro de
bencilmagnesio en THF (2,52 mL) y la mezcla se agité durante la noche. La reaccién fue
inactivada usando NH,Cl y extraida con EtOAc| (3x). Las capas organicas combinadas se
secaron {(Na,SQ,), se filtraron y se concentraron en condiciones de vacio. El residuo se purificé
mediante cromatografia instantanea (0 a 15% EtOAc/hexanos) para lograr el compuesto del

titulo como un aceite claro (0,254 g, 86%).

Etapa b: sulfamato de {(1S,2S,4R)-4-[(6-bencilpirimidin-4-il)oxi]-2-hidroxiciclopentil}-

metilo (Compufesto 1-132)

[0308] El compuesto del titulo se preparé como s‘e describe en el Ejemplo 46, etapas cy e, y

Ejemplo 48, etapa f usando 4-bencil-6-{[(1jR,38,4S)-3-{[ten‘-buti|(dimetiI)siIiI]oxi}-4-({[tert—

butil(dimetiI)siIiI]oxi}methiI)ciclopentil]oxi}pirimidina.= 'H NMR (CD;0D, 400 MHz, 8): 8,69 (s, 1H):

7,38-7,22 (m, 6H); 6,41 (s, 1H); 5,65-5,58 (m, 1H;); 4,52-4,47 (m, 1H); 4,45-4,39 (m, 1H); 4,31-

4,25 (m, 1H); 4,03 (s, 2H); 2,63-2,53 (m, 1H); 2,37-2,28 (m, 1H); 2,16-1,84 (m, 4H). LC/MS: R, =

1,42 min, ES* 380 (FA estandar). |

Ejemplo 60: sulfamato de ((1R,2R,3S,4R)-2,3-dihidroxi-4-{[6-(2-feniletil)pirimidin-4-illamino}-
ciclopentil)metilo (Compuesto |-86)

Etapa a: ({3aR,4R,6R,6aS)-2,2-dimetil-6-{[6-(2-feniletil) pirimidin-4-ilJamino}tetrahidro-

3aH—cicIopenta[dj[1,3]ldioxol-4-il)metanol

[0309] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 46, etapa d usando ((3aR,4R,6R,6aS)-2,2-dimetil-6-{[6-(feniletinil)pirimidin-4-ilJamino}-
tetrahidro-3aH-ciclopenta[d][1 ,3]dioxo|—4-il)metano:I.
Etapa b: sulfamato de ((1R,2R,3S,4R)-2,3-dihidroxi-4-{[6-(2-feniletil)pirimidin-4-il]-

amino}ciclogentil)metﬁ (Compuesto 1-86)

[0310] El compuesto del titulo se prepard de ?cuerdo con el procedimiento descrito en el
Ejempio 48, etapa g usando ((3aR,4R,6R,6aS)-2;,2-dimetil-6-{[6-(2-feniIetiI)pirimidin-4-il]amino}-
tetrahidro-3aH—cicIopenta[d][1,3]dioxo|—4-i|)metan6|. '"H NMR (CD;0D, 400 MHz, 5): 8,45 (s, 1H):
7,30-7,16 (m, 5H); 6,41 (bs, 1H); 4,41 (bs, 1H); 4,19-4,12 (m, 2H); 3,90-3,85 (m, 1H); 3,83-3,78
(m, 1H); 3,38 (s, 2H); 3,03-2,86 (m, 4H); 2,41-2,29 (m, 2H); 1,37-1,26 (m, 1H). LC/MS: R, = 0,99
min, ES* 409 (FA estandar). ‘
Ejemplo 61. sulfamato de [(1S,3R,4R)-3-({6-[J(1S)-2,3—dihidro-1H—inden-1-ilamino]pirimidin-4-
ilfamino)-4-hidroxiciclopentillmetilo: (Compuesto |-76)
Etapa a: ( 1R,2R,4R)-2-aminci>-4-(hidroximetiI)ciclopentanol
[0311] Se calentd una solucion de (1R,3R,58)-6?—oxabiciclo[3.1.0]hex-3-i|metano| (0,419 g, 3,67
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mmolar) (Feeya, David. Journal of Organic Chem;istry, 1981, 46, 3572-3519) en hidréxido de
amonio (7,22 mL) a 65 °C durante la noche. La solucién se concentré en condiciones de vacio y
fue azeotropada con tolueno (3x) para lograr el compuesto del titulo como un aceite claro (0,473
g, 98%). |

Etapa b: 1R.2R.4R)-4-({[tert-butil(dimetil)sililloxi}metil)-2-({6-[(1S)-2,3-dihidro-1H-

inden-1-ilamino]pirimidin-4-il}amino)ciclopentanol
i

[0312] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 48, etapas c-d usando (1R,2R,4R)-2-amino-4-(hidroximetil)ciclopentanol.
Etapa c: acetato de (1R,2R,4R)-4-({[tert-bhtiI(dimetiI)siIiI]oxi}metiI)-2-({6-[(1 S)-2,3-
' dihidro-1H—in}den-1-ilamino]pirin‘l1idin-4-il}amino)ciclopentil
[0313] A una solucidén de (1R,2R,4R)-4-({[tert—but5iI(dimetiI)silil]oxi}metiI)-2-({6-[(1S)-2,3-dihidro-

!
1H-inden-1-ilamino]pirimidin-4-iljamino)ciclopentanol (0,193 g, 0,424 mmolar), N,N-

dimetilaminopiridina (4,7 mg, 0,039 mmolar) y piridina (0,281 mL, 3,48 mmolar) en DCM (2,1

mL) se agregd anhidrido acético (0,044 mL, 0,46 rrrmolar) y la mezcla se agit6 durante la noche.

La reaccidn se diluyé con CH,CL, (10 mL) y H,O (20 mL), luego se agit6é durante 10 m. La capa

organica se separod y la capa acuosa se extrajo coh CH,CL,, y las capas organicas combinadas

se lavaron con H,O. La capa organica se seco (MgSO4), se filtré y se concentré en condiciones

de vacio para obtener el compuesto del titulo. LC/I\'/IS: R; = 1,74 min, ES" 498 (FA estandar).
Etapa d: sulfamato de [(1S,3R.4R)-3-({6-[(1S)-2,3-dihidro-1H-inden-1-

ilamino]pirimidin-4-il}amino)-4-hidroxiciclopentiljmetilo (Compuesto I-76)

[0314] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 57, etapa d usando acetato de (1R,2&?,4R)-4-({[tert—buti|(dimetiI)siIiI]oxi}metiI)-2-({6-
[(1S)-2,3—dihidro-1H-inden-1-ilamino]pirimidin-4-i|}émino)ciclopenti|. '"H NMR (CD;OD, 400 MHz,
0): 7,95 (s, 1H); 7,28-7,14 (m, 4H); 5,66-5,61 (m, 1H); 5,30 (bs, 1H); 4,07 (s, 1H); 4,05 (s, 1H);
4,02 (q, J= 5,3Hz, 1H); 3,82 (bs, 1H); 3,05-2,96 (ln 1H); 2,92-2,82 (m, 1H); 2,63-2,52 (m, 2H);
2,41-2,30 (m, 1H); 1,39-1,28 (m, 1H). LC/MS: R; = rO 94 min, ES" 420 (FA estandar).

Ejemplo 62: sulfamato de [(1R,3R,4R)-3-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-4-

ilfamino)-4-hidroxiciclopentiljmetilo ‘(Compuesto 1-58)

[0315] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 59, etapas a-d usando (1S,28,4R)-2-,’amino-4-(hidroximetil)ciclopentanol. 'H NMR
(CD;0D, 400 MHz, 8): 7,95 (s, 1H); 7,29-7,13 (m, 5H); 5,61 (d, J= 5,0Hz, 1H); 5,30 (bs, 1H);
4,08 (s, 1H); 4,06 (s, 1H); 4,01 (q, J= 6,3Hz, 1H); 3,82 (bs, 1H); 3,04-2,95 (m, 1H); 2,92-2,83 (m,
1H); 2,61-2,46 (m, 2H); 2,25-2,17 (m, 1H); 2 06-1‘E 96 (m, 1H); 1,93-1,82 (m, 1H); 1,80-1,70 (m
1H); 1,49-1,40 (m, 1H). LC/MS: R; = 0,94 min, ES 420 (FA estandar).

Ejemplo 63. sulfamato de {(1R,2R,3S,4R)-4-[{6;—[(1S)-2,3-d|h|dro-1H—|nden-1-ilamino]pirimidin-

4-i|}(metil)amino]-2,3-dihidroxicicloéentil}metilo (Compuesto 1-106)
Etapa a: N-[(3aS,4R,6R,6aR)-6-({[tert-butil{dimetil)sililJoxi}metil)-2,2-dimetiltetrahidro-
3aH-cicIopenta[d][1,3]dioxol-4fiI]-6-c|oro-N-metiIpirimidin-4-amina

[0316] A una solucidn mezclada de N-[(3aS,4R,%R,6aR)-6-({[ten‘-butiI(dimetil)siliI]oxi}metiI)-2,2-
dimetiltetrahidro-3aH-ciclopentald][1,3]dioxol-4-il]:6-cloropirimidin-4-amina (405 mg, 0,98
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mmolar) en THF (10,0 mL) y DMF (2,50 mL) se agreg6 hidruro de sodio (47,0 mg, 1,17 mmolar)
en una atmoésfera de Argén, y la mezcla se agit? durante 15 minutos. Se agregd yoduro de
metilo (0,08 mL, 1,27 mmolar) a la mezcla, y la mezcla resultante se agité durante 1 h. Después
de la inactivacion mediante la adicion de solucion salina (20,0 mL), se extrajo la mezcla con
acetato de etilo (3 x 40,0 mL). Las capas organicas se combinaron, se secaron sobre MgSQO,,
se filtraron y se evaporaron en condiciones del vacio. El residuo se purificé a través de
cromatografia de columna de gel de silice eluyéndolo con un gradiente de 5 a 15 % de acetato
de etilo en DCM para lograr el compuesto del titulo (381 mg, 91 %) como un aceite incoloro. LC
/ MS: R;= 2,55 min, ES" 428,3 (AA estandar).

Etapa b: {(3aR,4R,6R,6aS)-6-[(6-cIoropirimi:din-4-i|)(metim1mino]-g,ﬂimetiltetrahidro-

3aH—cicIopenta[dJ[1,3]c?iioxol-4-il}metanol
[0317] A una solucion agitada de N-[(3aS,4R,6R,6aR)-6-({[tert-butil(dimetil)sililjoxi}metil)-2,2-

|
dimetiltetrahidro-3aH-ciclopenta[d][1 ,3]dioxo|—4-iI]-Q-cloro-N—metinirimidin-4-amina (400 mg, 0,93

mmolar) en THF (10,0 mL) se agregd una soluciéh de 1M de fluoruro de tetra-n-butilamonio en
THF (1,00 mL, 1,00 mmolar), y la mezcla se agitdé durante 2 h. Después de la inactivacién
mediante la adicién de soluciéon salina (20,0 mL), ge extrajo la mezcla resultante con acetato de
etilo (3 x 40,0 mL). Las capas organicas se combi;naron, se secaron sobre MgSQO,, se filtraron y
se evaporaron en condiciones de vacio. El residuo se purificé a través de cromatografia de
columna de gel de silice eluyéndolo con un gradiente de 40 a 100 % de acetato de etilo en DCM
para lograr el compuesto del titulo (261 mg, 89 %) como un aceite incoloro. LC / MS: R;= 1,24
min, ES* 314,2 (AA estandar).
Etapa c: {(3aR,4R.6R,6aS)-6-[{6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-4-il}-
(metil)amino]-2,2-dimetiltetrahidro-3aH-ciclopenta[d][1,3]dioxol-4-il}metanol

[0318] Se peso {(3aR,4R,6R,6aS)-6-[(6-cIorop:irimidin-4-il)(metil)amino]-2,2-dimeti|tetrahidro—
3aH-ciclopenta[d][1,3]dioxol-4-il}metanol (130 mg, 0,41 mmolar) en un tubo de reacciéon de

|
microondas y se disolvi6 en 1-butanol (1,59 mL). A esta solucibn se agregé N,N-

diisopropiletilamina (0,22 mL, 1,24 mmolar) y (S)-f(+)-1 -aminoindan (0,16 mL, 1,24 mmolar) y la
mezcla se calentd en un tubo sellado bajo irradiaicién de microondas a 200 °C durante 4 h. La
mezcla de la reaccién se concentrd en condicion(i,s de vacio y el residuo se purificoé a través de
cromatografia de columna de gel de silice eluyén!dolo con un gradiente de 2 a 5 % de metanol
en DCM para lograr el compuesto del titulo (40,5 mg, 24 %) como un aceite incoloro. LC / MS:
Ri= 1,49 min, ES’ 411,5 (AA estandar).

Etapa d: sulfamato de {(3aR,4R,6R,6aS)-6-[{6-[(1S)-2,3-dihidro-1H-inden-1-

ilamino]pirimidin-4-il}(metil)Jamino]-2,2-dimetiltetrahidro-3aH-ciclopenta[d][1,3]dioxol-4-il}-

[0319] El compuesto del titulo se prepar6é de écuerdo con el procedimiento descrito en el
Ejemplo 1, etapa d. LC / MS: R;= 1,68 min, ES" 4!90,3 (AA estandar).
Etapa e: sulfamato de {(1R,2R,3S,4R)-4—[{6-[(1S)-2,3-dihidro-1 H-inden-1-
ilamino]pirimidin-4-i|}(meti|)amino]-2‘,3-dihi(:iroxiciclomt_il}metilo (Compuesto 1-106)

[0320] A una solucién agitada de sulfamato de {(3aR,4R,6R,6aS)-6-[{6-[(1S)-2,3-dihidro-1H-
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inden-1-ilamino]pirimidin-4-il}(metil)amino]-2,2-dimetiltetrahidro-3aH-ciclopenta[d][1,3]dioxol-4-
iljmetilo (12,0 mg, 0,02 mmolar) en metanol (3,00i mL) se agregé 1,00 M de acido clorhidrico
(0,10 mL), y la mezcla se agit6é durante 8 h. Después de la inactivacion mediante la adicién de la
solucion de NaHCO; saturada, la mezcla resultahte se evapord en condiciones de vacio. El
residuo se purificd a través de cromatografia de columna de gel de silice eluyéndolo con un
gradiente de 5 a 10 % de metanol en DCM para lograr el compuesto del titulo (7,80 mg, 71 %).
'H-NMR (400MHz, CD;0D) &: 8,01 (s, 1H), 7,27-7’,13 (m, 4H), 5,67 (s, 1H), 5,42-5,34 (m, 1H),
4,88-4,75 (m, 1H), 4,17 (d, 2H, J= 5,6 Hz), 4,04 (dd, 1H, J= 8,8, 6,1 Hz), 3,88 (dd, 1H, J= 5,8,
4,1 Hz), 3,05-2,96 (m, 1H), 2,89 (s, 3H), 2,93-2,83 (m, 1H), 2,62-2,52 (m, 1H), 2,34-2,24 (m,
1H), 2,01 (dt, 1H, d= 13,0, 8,3 Hz), 1,94-1,83 (m,!1H), 1,44 (ddd, 1H, J= 13,0, 10,8, 9,1). LC /
MS: Ri= 5,79 min, ES™ 450,2 (Aguas AA). }
Ejemplo 64. sulfamato de [(1R,2R,3S,4R)l-4-({2-[(1S)-2,3-dihidro-1H—inden-1-i!amino]-5-
fluoropirimidin-4-ilfamino)-2,3-dihidroxiciclopentifjmetilo (Compuesto |-113)
Etapa a: (_1R,ZS,3R,5R)-3-[(2-c|oro-5-fluz’)ropirimidin-4-il)amino]-5-(hidroximetil)-

[
ciclopentano-1,2-diol

[0321] El compuesto del titulo se prepard de écuerdo con el procedimiento descrito en el
Ejemplo 1 usando 2,4-dicloro-5-fluoropirimidina en‘ la etapa a. LC / MS: R;= 0,89 min, ES* 278,0
(FA estandar). |
Etapa b: {(3aRAR,6R,6aS)-6-[(2-cIo’ro-5-fIuoropirimidin-4-i|)amino]-g&
dimetiltetrahidro-3aH-ciclopenta[d][1.3]dioxol-4-ilimetanol

[0322] El compuesto del titulo se preparé de a'cuerdo con el procedimiento descrito en el
Ejemplo 1 usando (1R,2S,3R,5R)-3-[(2-cloro-5-fluoropirimidin-4-il)amino]-5-(hidroximetil)-
ciclopentano-1,2-diol en la etapa b. LC / MS: R,= 1,42 min, ES* 318,1(FA estandar).

Etapa c: [(3aR,4R,6R,6aS)-6-({2-[(1S)-2,3-dihidro-1H-inden-1-ilamino]-5-

fluoropirimidin-4-il}amino)-2,2-dimetiltetrahidro-3aH-ciclopenta[d][1,3]dioxol-4-illmetanol

[0323] El compuesto del titulo se prepar6é de e]’zcuerdo con el procedimiento descrito en el
Ejemplo 1 usando {(3aR,4R,6R,6aS)-6-[(2-cloro-5-fluoropirimidin-4-iljamino]-2,2-
dimetiltetrahidro-3aH—cicIopenta[d][1,3]dioxo|-4-i|}r|netanol en la etapa ¢. LC / MS: R;= 1,20 min,
ES" 415,6 (FA estandar).

Etapa d: sulfamato de [(1R,2R,3S,4R)-4-({2-[(1S)-2,3-dihidro-1H-inden-1-ilamino]-5-

fluoropirimigin-4-il}amino)-2,3-dihidroxiL:iclopentiI]metilo {(Compuesto 1-113)

[0324] EI compuesto del titulo se prepardé de acuerdo con el procedimiento descrito en el
Ejemplo 65, etapa d. (63,5 mg, 62 %) 'H-NMR (4’OOMHz, CD;OD) &: 8,29 (bs, 1H), 7,65 (d, 1H,
J= 4,6 Hz), 7,29-7,13 (m, 4H), 5,43 (t, 1H, J= 7,3 Hz), 4,44-4,37 (m, 1H), 4,17 (dd, 1H, J= 9,8,
5,1 Hz), 4,13 (dd, 1H, J= 9,8, 5,3 Hz), 3,93-3,86j(m, 2H), 3,01 (ddd, 1H, J= 16,0, 8,8, 3,5 Hz),
2,87 (dt, 1H, J= 16,0, 8,0 Hz), 2,62-2,53 (m, 1H), 2,35-2,24 (m, 2H), 1,98-1,87 (m, 1H), 1,40-
1,27 (m, 1H). LC / MS: R,= 4,21min, ES" 454.2 (FA largo).

Ejemplo 65: sulfamato de {(1S,2S,4R)-4-[(5-f|qoro-6-{[(1R,28)-2-metoxi-2,3-dihidro-1H—inden-

1-iI]amino}pirimidin-4-iI)oxi]-2-hidroXicicIopentiI}metilo (Compuesto 1-83)
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Etapa a: 4-{[(1R,38,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-butil(dimetil}silil oxi}-
metil)ciclopentilloxi}-6-cloro-5-fluoropirimidina
[0325] A una solucidn agitada de hidruro de sodio l(37,4 mg, 0,93 mmolar) en THF (5,00 mL) se
agregé una solucion de (1R,3S,43)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-butil(dimetil)siliijoxi}-
metil)ciclopentanol (285 mg, 0,79 mmolar) en THF (2,50 mL) a 0 °C en una atmosfera de Argon,

y la mezcla se agité durante 15 minutos. A esta suspension enfriada se agregd una solucion de
4,6-dicloro-5-fluoropirimidina (120 mg, 0,72 mmolar) en THF (2.50 mL) a 0 °C, y la mezcla
resultante se agitdé durante 19 h a 23 °C. Después de la agitacion mediante la adicioén de la
solucion de NH,CI saturada (50,0 mL), la mezcla se extrajo con acetato de etilo (3 x 70,0 mL).
Las capas organicas se combinaron, se secaron sobre MgSQ,, se filtraron y se evaporaron en
condiciones de vacio. El residuo se purificé a trayés de cromatografia de columna de gel de
silice eluyéndolo con un gradiente de 5 a 7 % de acetato de etilo en hexanos para lograr el
compuesto del titulo (295 mg, 79 %). 'H-NMR (4QOMHZ, CDCl) &: 8,32 (s, 1H), 5,67-5,61 (m,
1H), 4,41-4,37 (m, 1H), 3,73 (dd, 1H, J= 9,8, 7,1 Hz), 3,59 (dd, 1H, J= 9,8, 6,6 Hz), 2,33-2,25
(m, 1H), 2,10-1,96 (m, 2H), 1,90 (ddd, 1H, J= 13,8,‘ 7,7, 1,8 Hz), 1,55 (s, 18H), 0,89 (s, 6H), 0,88
(s, BH). '

Etapa b: 6-{[(1R,3S.4S)-3-{[tert-butil(dimetil)silil]Joxi}-4-({[tert-butil(dimetil)silil]oxi}-
1
metil)ciclopentilloxi}-5-fluoro-N-[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-illpirimidin-4-
-
amina

[0326] 4-{[(1 R,3S,4S)-3-{[ter1—butiI(dimetil)silil]oxi}-;l-({[teﬂ-butil(dimetil)silil]oxi}metiI)ciclopentil]-
oxi}-6-cloro-5-fluoropirimidina (260 mg, 0,53 mmo!lar), (1R,2S)-2-metoxiindan-1-amina (364 mg,
2,12 mmolar), y carbonato de sodio (224 mg, 2,12 mmolar) se pesaron en un tubo de reaccién
de microondas. Esta mezcla se calent6é en un tubc% sellado bajo irradiacién de microondas a 180
°C durante 2 hs. La mezcla de reaccién se diluyé con DCM (100 mL), y se filtré la suspension.
Este filtrado se enjuagé con una solucion de‘NHAIlCI saturada (100 mL), y Ia capa organica se
secd sobre MgSQO,. Se filtré6 esta suspension, y1 se la evapor6é en condiciones de vacio. El
residuo fue purificado a través de una cromatograifia de columna de gel de silice diluyendo con
un gradiente de 0 a 10 % de metanol en DCM para lograr el compuesto del titulo (313 mg, 91
%). |

Etapa c: {(1S.2S,4R)-2-{[tert-butil(dimetil)sililJoxi}-4-[(5-fluoro-6-{[(1R,2S)-2-metoxi-

2,3-dihidro-1H-inden-1 -iI]amino}pirirhidin-4-i|)oxi]ciclopentil}metanol

[0327] El compuesto del titulo se preparé de a‘tcuerdo con el procedimiento descrito en el
Ejemplo 34 utilizando 6-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil)silil]oxi}-
metil)ciclopentil]oxi}-5-fluoro-N-[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-il]pirimidin-4-amina en
la etapa c. LC/ MS : R;= 2,60 min, ES™ 504,5 (FA|estandar).

Etapa d: sulfamato de {(1S,2S,4R)-4-[(5-fluoro-6-{[(1R,2S)-2-metoxi-2,3-dihidro-1H-
inden-1-illamino}pirimidin-4-il)oxi]-2-hidroxiciclopentil}metilo (Compuesto 1-83)
[0328] A una solucion agitada de {(1S,2§,4R)—2-{[tert—butiI(dimetil)siIiI]oxi}-4-[(5-fluoro-6-
{[(1R,2S)-2-metoxi-2,3-dihidro-1H-inden-1-illaming}pirimidin-4-il)oxi]ciclopentil}metanol (190 mg,

0,36 mmolar) en THF (540 mlL) se agregé trietlamina (0,08 mL, 0,54 mmolar) y
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[(difenilamino)carbonillsulfamoil clorido (186 mg, 0,54 mmolar) a 0 °C en una atmdsfera de
Argoén, y la mezcla se agité durante 30 min. A la :mezcla de reaccion se le afadié 1,00 M de
acido clorhidrico (5,40 mL) a 23 °C, y la mezcla resultante fue agitada durante 16 hs. Se inactivd
la mezcla de reaccién mediante la adicion de una solucion de NaHCO; saturada (80,0 mL) y
extraida con etil acetato (3 x 100 mL). Las capas ¢rganicas fueron combinadas, secadas sobre
MgSO4, filtradas, y evaporadas en condiciones delvacio. El residuo se purificé a través de una
cromatografia de columna de gel de silice diluyendo con un gradiente de 0 a 10 % de metanol
en DCM para lograr el compuesto del titulo (91,0 mg, 51 %). 'H-NMR (400MHz, CD,0D) & :
8,01 (s, 1H), 7,25-7,13 (m, 4H), 5,72 (d, 1H, J= 6,5Hz), 5,65-5,58 (m, 1H), 4,43-4,38 (m, 1H),
4,33 (dd, 1H, J=9,7, 7,6 Hz), 4,22 (dt, 1H, J= 5,0, 'l2,4 Hz), 4,16 (dd, 1H, J= 9,7, 7,3 Hz), 3,35 (s,
3H), 3,14 (dd, 1H, J=16,6, 2,4 Hz), 3,02 (dd, 1H, J= 16,6, 5,0 Hz),l 2,60-2,49 (m, 1H), 2,31 (ddd,
1H, d= 14,8, 6,8, 2,3 Hz), 2,12 (ddd, 1H, J= 14,8,!5,0, 4,7), 2,08-1,95 (m, 2H). LC/MS : R;=
6,76, ES® 469,3 (FA Largo ). |

Ejemplo 66: sulfamato  de {(1S,2S,4R)-4-[(6-{[(1S)-3,3-dimeti|—2,3-dihidro-1H—inden-1-il]-

amino}-5-fluoropirimidin-4-i|)amino]-:z-hidroxiciclopentiI}metilo (Compuesto |-71)
Etapa a: N-[(1R,3S,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-
butil(dimetil)sililJoxi}metil)ciclopentil]:6-cloro-5-fluoropirimidin-4-amina

[0329] Una solucion de 4,6-dic|oro-5-ﬂuoropirimidina (102 mg, 0,61 mmolar), (1R,35,45)-3-
{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil)sililJoxi}metil)ciclopentanamina (200 mg, 0,56

‘mmolar), y trietilamina (0,16 mL, 1,11 mmolar) en etanol (2,00 mL) se calent6 en un tubo sellado

bajo irradiacién de microondas a 140 °C durante 1 hs. La mezcla de reaccion se concentré en
condiciones de vacio, y el residuo se purificoé mediante una cromatografia instantanea (0 a 15 %
de etil acetato/hexanos) para lograr el compuesto del titulo (213 mg, 70 %) en forma de un

solido de color amairillo claro. LC/ MS : Ry=2,60 n;1in, ES™ 490,5 (AA estandar).

Etapa b: N-[(1R,3S,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-butil(dimetil)sililloxi}-
metil)ciclopentil]-N"-[(1 S)-3,3-dimetil-2,3-dihi'dro-1 H-inden-1-il]-5-fluoropirimidina-4,6-
|
diamina

[0330] Una mezcla de N-[(1R,3S,4S)-3-{[tert—bdtiI(dimetil)siIil]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-
metil)ciclopentil]-6-cloro-5-fluoropirimidin-4-amina (205 mg, 0,38 mmolar), (1S)-3,3-dimetilindan-
1-amina (243 mg, 1,51 mmolar), y carbonato de s;odio (160 mg, 1,51 mmolar) fueron agitados a
180 °C durante 3 hs en un bafio de aceite. La mezcla de reaccion se diluyo con DCM vy se filtr6
la suspensién. El filtrado se concentr6 en condico:nes de vacio y se purificod el residuo mediante
cromatografia instantanea (5 a 10 % de etil acetato/hexanos) para lograr el compuesto del titulo
(213 mg, 70 %) como un so6lido amorfo incoloro. {

Etapa c: {(1 S,2&4R)—2-{[ten-buti|(dimetiI)silil]oxi}-4-[(6-{[( 18)-3,3-dimetil-2,3-dihidro-

r
1H-inden-1-illamino}-5-fluoropirimidin-4-ilJaminojciclopentil}metanol

[0331] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 34 etapa c. LC / MS : R;= 2,51 min, ES” 501,5 (AA estandar).
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Etapa d: sulfamato de {(1 S,ZS,4.R)-4-[((5-{[(I 18)-3,3-dimetil-2,3-dihidro-1H-inden-1-il]-

!
amino}-5-fluoropirimidin-4-il)Jamino]-2-hidroxiciclopentil}metilo (Compuesto 1-71)

[0332] El compuesto del titulo se prepara de acuerdo con el procedimiento descrito en el
Ejemplo 65 etapa d. (63,5 mg, 62 %). 'H-NMR (%-OOMHZ, CD;OD) 6 : 7,84 (d, 1H, J= 1,2 Hz),
7,25-7,15 (m, 4H), 5,68 (dd, 1H, J= 8,8; 7,7 Hz), 4,67 (ddd, 1H, J= 16,3; 8,0, 4,3 Hz), 4,37-4,33
(m, 1H), 4,31 (dd, 1H, J= 9,8; 7,8 Hz), 4,.13 (dd, 1I-‘1, J=9,8; 7,1 Hz), 2,58-2,47 (m, 1H), 2,40 (dd,
1H, J=12,3; 7,3 Hz), 2,22 (ddd, 1H, J= 13,8; 7,8, 1,8 Hz), 2,04 (ddd, 1H, J= 13,5; 10,1; 4,5 Hz),
1,91-1,81 (m, 2H), 1,73 (ddd, 1H, J= 13,5; 8,7; 4,0| Hz), 1,40 (s, 3H), 1,23 (s, 3H). LC/ MS: R; =
7,53min, ES* 466,2 (FA Largo). ‘

Ejemplo 67: sulfamato de ((1R,2R,3S,4R)-2,3-dihidroxi-4-{[6-(5,6,7,8-tetrahidronaftalen-1-

iIamino)pirimidin-4-i|]amino}ciclopen‘til)metilo (Compuesto 1-118)
Etapa a: (1S.2R,3R,5R)-3-(hidroximetil)-5-{[6-(5,6,7,8-tetrahidronaftalen-1-

ilamino)pirimidin-4-ilJamino}ciclopentano-1,2-diol

[0333] Se prepara el compuesto del titulo de acuerdo con el procedimiento descrito en el
Ejemplo 1 etapa a y c utilizando 5,6,7,8-tetrahidr|o-1-naftilamina enlaetapac. LC/MS : R =
1,29 min, ES™ 371,3 (AA estandar). !
Etapa b: ((3aR,4R.6R,6a8S)-2,2-dimetil-6-{[6-(5,6,7,8-tetrahidronaftalen-1-
iIamino)pirimidin-4-iI]amino}tetrahidro-3ah—ciclopenta[dj[1,3]dioxo|-4-i|)metano|
[0334] A una solucién agitada de | (1S,2R,3R,5R)-3-(hidroximetil)-5-{[6-(5,6,7,8-

tetrahidronaftalen-1-ilamino)pirimidin-4-iljlamino}ciclopentano-1,2-diol (70,0 mg, 0,19 mmolar) en

acetona (5,00 mL) se le afiadi6 2,2-dimetoxipropano (0,21 mL, 1,70 mmolar) y piridinium p-
toluenosulfonato (57,0 mg, 0,23 mmolar); luego sie agitdé la mezcla durante 55 hs. La mezcla de
reaccion se inactivo mediante la adiciéon de una solucién de NaHCO; saturada (50,0 mL) y luego
se la extrajo con etil acetato (3 x 50,0 mL). Las capas organicas fueron combinadas, secadas
sobre MgSO4, filtradas, y evaporadas en condicianes de vacio. El residuo se purificé mediante
cromatografia instantanea (2 a 10 % Metanol/DCM) para lograr el compuesto del titulo (72,0
mg, 85 %) en forma de un sélido amorfo de colc:)r amarillo claro. LC / MS : R, = 1,59min, ES”
411,3 (AA estandar). ! |

Etapa c: sulfamato de (( 1R,2R,3S,4R)-;L<iitﬂdroxi-4-{[6-(5,6,7,8-tetrahidronaftalen-1-

ilamino)pirimidin-4-i|]amino}cicloéentil)metilo {Compuesto 1-118)

[0335] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el

!
Ejemplo 65 etapa d. 'H-NMR (400MHz, CD;0D) p 17,96 (s, 1H), 7,13-7,02 (m, 2H), 6,97 (d, 1H,
J=7,2 Hz), 5,46 (s, 1H), 4,18-4,08 (m, 2H), 4,02-3,87 (m, 1H), 3,85 (dd, 1H, J= 5,5, 4,0 Hz),

|
3,73 (dd, 1H, J=5,8; 5,5 Hz), 2,82-2,76 (m, 2H), 2,65-2,59 (m, 2H), 2,37-2,25 (m, 2H), 1,82-1,74

|

(m, 4H), 1,30-1,20 (m, 1H). LC / MS: R, = 5,04 min, ES* 450,2 (FA Largo)

Ejemplo 68: sulfamato de {(1S,2S,4R)5-4-[(6-{[(1S)-3,3-dimeti|-2,3-dihidro-1H-inden-1-
ilJamino}pirimidin-4-ilyamino]-2-hidroxiciclopentiljmetilo (Compuesto 1-65)

Etapa a: (18,38,4S)-3-[(benziloxi)metil]-4-{[tert-butil (dimetil) silil] oxi} ciclopentanol

[0336] Se agitd una suspension de (1R,4S):3-[(benziloxi)metil]-4-{[tert-butil{dimetil)sililJoxi}-

ciclopent-2-en-1-ol (1,47 g; 0,00439 molar), carbonato de sodio (1,1 g; 0,010 molar) y 10% Pd/C
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(0,3 g; 0,0003 molar) en EtOAc (20 mL, 0,2 molar) en una atmdésfera de hidrégeno durante la
noche. La reaccién fue purgada con nitrégeno y ﬁlt}ada a través de celite con EtOAc. El filtrado
se concentré para obtener 1,45 g (98%) del compuesto del titulo en una mezcla 5:1 de
diasteredmeros (deseado: no deseado). !

Etapa b: (1S.3S,4S)-3-[(benzioni)metiI]-t}'-{[tert-butil(dimetil)siIiI] oxi} ciclopentil

metanosulfonato

[0337] Se prepare el compuesto del titulo de ac!:uerdo con el procedimiento descrito en el
Ejemplo 35 etapa b. ‘
Etapa c: (1S.3S5,4S)-3-{[tert-butil(dimetil)sililjoxi}-4-(hidroximetil)ciclopentil
metanosulf;onato
[0338] Una suspension de (1S,38,4S)—3-[(benziIo$<i)metiI]-4-{[ten‘-butil(dimetil)silil]oxi}ciclopentil
metanosulfonato (690 mg, 0,0017 molar) e hidroxido de Paladio, 20 wt. % Pd en carbono (160

mg, 0,00012 molar) en metanol (10 mL, 0,2 mol"ar) se agitd en una atmésfera de hidrégeno

durante 2 horas. La reaccion se purgé con nitrdgeno y se la filtré a través de un celite con
DCM. El filtrado se concentré para obtener 350 mg! (65%).

Etapa d: ((1S,2S,4R)-4-azida-2-{[tert-butil(dimetil)sililJoxi}ciclopentil)metanol
[0339] A una soluciéon de (1S,38,4S)-3-{[tert!—butiI(dimetil)siliI]oxi}-4-(hidroximetil)ciclopentil
metanosulfonato (0,470 g, 0,00145 molar) en N,N-Dimetilformamida (6 mL, 0,08 molar) se

afnadié azida de sodio a (0,4 g; 0,006 molar) 23 °C, y la mezcla se calentdé a 55 °C durante 3
horas. La reaccién se enfrié a 23 °C, se inactivo m’ediante la adicion de agua y fue extraida con
Et;,O (3x), secada (Na,SO,), filtrada y concentrada. El residuo se purificé mediante
cromatografia instantanea (10 a 25% etil acetato/h.exano) para obtener 211 mg (53,7%).

Etapa e: (( 1S,2$,4R)-4-amino-2-{[tert-l):utiljdimetiI)siIiI]oxﬂciclopentil)metanol
[0340] Una suspension de ((1S,2S,4R)-4-azida-2-{[tert-butil(dimetil)sililJoxi}ciclopentil)metanol

(0,211 g, 0,000777 molar) y 10% Pd/C (0,047 g, &;),000044 molar) en EtOAc (6 mL, 0,06 moiar)

se agité en una atmosfera de Hidrogeno durante la noche. Se purg6 la reaccién con nitrégeno y

se filtr6 la mezcla través de un celite con DCM. 'El filirado se concentrd para obtener 167 mg
(87,5%) del compuesto del titulo.
Etapa f: {(18.28.4R)-2-{[tert-butil(dimetil)silifJoxi}-4-[(6-cloropirimidin-4-ilJamino]-
ciclopentil}[metanol
[0341] Una mezcla de ((1S,2S,4R)-4-amino-2-{[tert-butil(dimetil)sililjoxi}ciclopentiiymetanol
(0,132 g, 0,000538 molar), pirimidina, 4,6-dicloro- (0,096 g, 0,00064 molar) y trietilamina (0,1

mL, 0,001 molar) en etanol (1,5 mL, 0,025 molar)| se sometié a irradiacion por microondas (140

°C) durante 60 minutos. La mezcla marrén oscuro resultante se concentro, y el residuo se
purifico mediante cromatografia instantanea (0 a 10% MeOH/DCM) para obtener 158 mg (82%).
Etapa g: sulfamato de {(1S,2S,4R)-4-[(6-{[(1S)-3,3-dimetil-2,3-dihidro-1H-inden-1-il]-

amino}pirimidin-4-ilJamino]-2-hidroxiciclopentil}metil (Compuesto 1-65)

[0342] El compuesto del titulo se prepara de a}ncuerdo con el procedimiento descrito en el
Ejemplo 44 (etaﬁpas by d) utilizando (1S)-3,3-dimetilindan-1-amina. 'H NMR (CD50D, 400 MHz)
0: 8,15 (s, 1H), 7,33-7,21 (m, 4H), 5,66 (s, 1H), 4/39-4,36 (m, 1H), 4,31 (dd, J=7,3, 9,7 Hz, 1H),
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413 (dd, J = 7,4, 9,7 Hz, 1H), 2,53-2,44 (m, 2H),'2,27-2,22 (m, 1H), 2,08-2,01 (m, 1H), 1,91-
1,84 (m, 2H), 1,78-1,72 (m, 1H), 1,41 (s, 3H), 1,27 (s, 3H) ppm. LC/MS: R; = 1,54 min, ES*
448,38 (AA estandar). !

Ejemplo 69: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2S)-2-metil-2,3-dihidro-1H-inden-1-

illamino}pirimidin-4-il)oxi]ciclopentilimetilo (Compuesto 1-43)

[0343] Se prepara el compuesto del titulo de acuerdo con el procedimiento descrito en el
Ejemplo 34 utilizando (1S,2S)-2-metil-2,3-dihidro-1H-inden-1-amina (Zhang, Z.; Zhu, G.; Jiang,
Q.; Xiao, D.; Zhang, Z. J. Org. Chem. 1999, 64, 1774) en la etapa b. 'H NMR (400MHz, CD;0OD)
0: 8,13 (s,1H), 7,28-7,14 (m, 4H), 5,88 (s, 1H), 5,56 (bs, 1H), 5,32 (bs, 1H), 4,40-4,30 (m, 2H),
4,18-4,12 (m, 1H), 3,10-3,02 (m, 1H), 2,90-2,78 (m, 1H), 2,68-2,62 (m, 1H), 2,57-2,47 (m, 1H),
2,31-2,23 (m, 1H), 2,11-1,91 (m, 3H), 0,91(d, J = 7’,03Hz, 3H) ppm. LC/MS: Rt'= 1,65 min, ES”
435 (AA estandar). }

Ejemplo 70: sulfamato de  {(1S,25,4R)-4-[(4{[(1R)-2,2-difluoro-2,3-dihidro-1H-inden-1-il]-

amino}-1,3,5-triazin-2-il)amino]-2-hidroxiciclopentil}metilo (Compuesto [-147)

[0344] El compuesto del titulo se prepara de aquerdo con el procedimiento del Ejemplo 46
etapas a-d utilizando (1R)-5-cloro-2,2-difluoroindan-1-amina en la etapa a. La sulfuraciéon se
llevd a cabo de acuerdo con el procedimiento ien el Ejemplo 65 etapa d para obtener el
compuesto del titulo. "H NMR (CD;OD 400 MHz) &: 8,05 (d, 0,5H), 7,95 (s, 0,5H), 7,30-7,28 (m,
4H), 6,06-5,89 (m, 1H), 4,62-4,59 (m, 1H), 4,27-4,24 (m, 2H), 4,14-4,08 (m, 1H), 3,50-3,41 (m,
2H), 2,49 (bs, 1H), 2,22-2,14 (m, 1H), 2,05-1,97 (m, 1H), 1,87-1,80 (m, 1H), 1,76-1,70 (m, 1H)
ppm. LC/MS: R, = 5,61 min, ES" 457 (FA Largo).

Ejemplo 71: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-metoxi-1,2,3,4-
tetrahidronaftalen-1-iI]amino}pirimidln-4-iI)oxi]ciclopentil}metilo (Compuestos |-
142 y 1-143) ‘

[0345] Se prepard el compuesto del titulo como una mezcla 1:1 de diasteredmeros siguiendo
los procedimientos del Ejemplo 34. Rel-(1R,28)j—2-metoxi-1,2,3,4-tetrahidronaftha|en-1-amina,
generados mediante la adaptacién de la siguie:nte bibliografia precedente: Marcune, B. F
Karady, S.; Reider, P. J.; Miller, R. A.; Biba, M.; ‘DiMichele, L.; Reamer, R. A. J. Org. Chem.
2003, 68, 8088-8091, se utiliza como una parejia de acoplamiento en la etapa b. Luego se
separd la mezcla mediante HPLC quiral (Chiralpak AD 20x250, eluyente 85/15/0.1%
hex/EtOH/DEA a 20 mL/min). Datos analiticos ;E)ara sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-
{{(1R,2S5)-2-metoxi-1,2,3,4-tetrahidronaftalen-1 -il]a‘mino}pirimidin-4-i|)oxi]ciclopentiI}metilo
(Compuesto 1-142): '"H NMR (CDsOD, 400 MHz) 5:8,13 (d, J=0,8 Hz, 1H), 7,20 (d, J = 7,3 Hz,
1H), 7,15-7,01 (m, 3H), 5,93 (s, 1H), 5,48 (bs, 1H), 5,34-5,31 (m, 1H), 4,40-4,37 (m, 1H), 4,32
(dd, J =76, 9,8 Hz, 1H), 4,15 (dd, J = 7,5, 9,6 Kz, 1H), 3,77-3,74 (m, 1H), 3,41 (s, 3H), 3,00-
2,92 (m, 1H), 2,78-2,71 (m, 1H), 2,55-2,48 (m, 1H), 2,31-2,19 (m, 2H), 2,12-1,90 (m, 4H) ppm.
LC/MS: R, = 6,22 min, ES" 465 (FA largo). Datos analiticos para sulfamato de {(1S,2S,4R)-2-
hidroxi-4-[{(6-{[(1 S,2R)-2-metoxi-1,2,3,4-tetrahidronaftalen-1-iljJamino}pirimidin-4-
ioxi]ciclopentil}metilo (Compuesto 1-143): 'H NMR (CD5;0D, 400 MHz) &: 8,13 (d, J = 0,8 Hz,
1H), 7,19 (d, J = 7,3 Hz, 1H), 7,15-7,08 (m, 3H), 5,93 (s, 1H), 5,50 (bs, 1H), 5,34-5,31 (m, 1H),
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4,40-4,37 (m, 1H), 4,32 (dd, J = 7,2, 9,8 Hz, 1H), 4,16 (dd, J = 7,3; 9,8 Hz, 1H), 3,77-3,74 (m,
1H), 3,41 (s, 3H), 3,00-2,92 (m, 1H), 2,78-2,71 (m, 1H), 2,55-2,49 (m, 1H), 2,31-2,19 (m, 2H),
2,12-1,90 (m, 4H) ppm. LC/MS: R; = 6,09 min, ES" 465 (FA Largo).
Ejemplo 72: sulfamato de {(1R,2R,3S,4R)-4-[(6-{[(1R,2R)-2-
(benziloxi)ciclopentillamino}pirimidin-4-il)amino]-2, 3-dihidroxiciclopentil}metilo
(Compuesto 1-85) |
[0346] Se prepard el compuesto del titulo siguiendo el procedimiento descrito en el Ejemplo 1,
etapas a-c utilizando (1R,2R)-(+)-2-benziloxiciclopentilamina y en el Ejemplo 65, etapa d. 'H-
NMR (400MHz, CD,;0D) & : 7,90 (s, 1H), 7,34-7,2'2 (m, 5H), 5,59 (s, 1H), 4,58 (d, 1H, J= 14,5
Hz), 4,55 (d, 1H, J=14,5 Hz), 4,18 (dd, 1H, J= 9,8; 4,8 Hz), 4,13 (dd, 1H, J= 9,8, 5,5 Hz), 4,05-
3,96 (m, 1H), 3,95-3,84 (m, 3H), 3,76 (t, 1H, J= 5,5 Hz), 2,41-2,25 (m, 2H), 2,20-2,10 (m, 2H),
1,99-1,90 (m, 1H), 1,83-1,68 (m, 3H), 1,56-1,45 (m‘, 1H), 1,29 (dt, 1H, J= 12,5, 8,3 Hz). LC / MS:
Ry = 5,17 min, ES* 473,2 (FA Largo) ‘
Ejemplo 73: suifamato de {(1R,2R,3S,4R)-4-[(6-{[(1S,2S)-2-

(benziloxi)ciclopentillJamino}pirimidin-4-il)amino]-2, 3-dihidroxiciclopentil}metilo

(Compuesto 1-92)

[0347] Se prepara el compuesto del titulo de a‘cuerdo con el procedimiento descrito en el
Ejemplo 1, etapas a-c utilizando (1S,2S)-(+)-2-benziloxiciclopentilamina y en el Ejemplo 65,
etapa d. '"H-NMR (400MHz, CD;0D) & : 7,91 (s, i1H), 7,33-7,21 (m, 5H), 5,57 (s, 1H), 4,57 (s,
2H), 4,19 (dd, 1H, J=9,6, 4,7 Hz), 4,14 (dd, 1H, J=9,6; 5,5 Hz), 4,06-3,90 (m, 2H), 3,90-3,83 (m,
2H), 3,77 (t, 1H, J= 5,5 Hz), 2,45-2,28 (m, 2H), 2,20-2,10 (m, 2H), 2,00-1,88 (m, 1H), 1,82-1,68
(m, 3H), 1,54-1,43 (m, 1H), 1,31 (dt, 1H, J= 12,6; 8,4 Hz). LC / MS : R;= 1,16 min, ES" 4942
(FA estandar).

Ejemplo 74. rel-sulfamato  de ((1R,2R,4S)5-4-{[6-({(1R,2R)-2-[(dimetilamino)carbonil]—Z,3-

dihidro-1H-inden-1-iljamino)pirimidin-4-ilJoxi}-2-hidroxiciclopentil)metilo

(Compuesto I-66)
Etapa a: tert-butil rel-( 2aR.7bR)-2-oxo-g,2|aL3,7b-tetrahidro-1 H-indeno[1,2-blazete-1-
carboxillato
[0348] A una soluciéon mezclada de rel-(2aR,7bR)-1,2a,3,7b-tetrahidro-2H-indeno[1,2-b]azet-2-
ona (1,20 g, 7,54 mmolar) y N,N-dimetilaminopiridina (0,20 g, 2,00 mmolar) en acetonitrilo (24,0

mL) se afadié di-tert-butildicarbonato (3,29 g, 15,1 mmolar) a 0 °C en una atmésfera de Argén,
y la mezcla fue agitada durante 1 h a 23 °C. A la mezcla de reaccidon se afiadié DCM (ca.200
mL) y luego se enjuagd la capa organica con una| solucién NaHCO; saturada y solucién salina.
Luego de secarla sobre MgSO,, la suspension se filtré y el filtrado se evaporé en condiciones
de vacio. Se purificé el residuo mediante qromatograﬁa instantanea (10 a 30 % etil
acetato/hexanos) para obtener el compuesto de“l titulo (1,85 g, 90 %) en forma de un sdélido
color rosa claro. "H-NMR (400MHz, CDCl;) 6 : 7,58 (d, 1H, J= 7,5 Hz), 7,36-7,23 (m, 3H), 5,34
(d, 1H, J= 5,0 Hz), 3,98 (ddd, 1H, J= 10,5, 5,0, 2,4 Hz), 3,38 (dd, 1H, J=17,4, 1,2 Hz), 3,13 (dd,
1H, J=17,4, 10,5 Hz), 1,52 (s, 9H).
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Etapa b: tert-butil rel-{(1 R,2R)—2-[(dimeti|ar‘nino)carboniI]-2,3-dihidro-1 H-inden-1-il}-
carbamato

[0349] A tert-butil re/-(2aR,7bR)-2-oxo-2,2a,3,7b-tétrahidro-1 H-indeno[1,2-blazete-1-carboxilato
(200 mg, 0,77 mmolar) se afnadié 2,00 M dimetilarﬁina en THF (1,90 mL, 3.80 mmolar) en el tuo

sellado, y la muestra fue luego sometida a microondas a 120 °C durante 30 minutos. Se

121

concentré la mezcla de reaccion en condiciones de! vacio, y luego se enjuago el residuo con una
pequefa cantidad de hexano para obtener el compuesto del titulo (226 mg, 91%) en forma de
un sélido blanco. '

Etapa c: rel-(1R,2R)-1 -amino-N,i\I-dimetiIindano-2-carboxamida
[0350] A una solucién agitada de tert-butil rel-{(1R,;ZR)-Z-[(dimetilamino)carbonil]-2,3-dihidro-1H—
inden-1-il}carbamato (690 mg; 2,15 mmolar) en DCM (25,0 mL) se afiadié dibromido de cinc

(970 mg, 4,31 mmolar) y etanol (0,25 mL, 4,31 mmolar), y se agité la mezcla durante 18 hs. La
mezcla de reaccidn se inactivod con la adicién de agua (20,0 mL) y la mezcla resultante se agitd
durante 2 hs. A esta mezcla se afiadié 1,00 M NaOH (30.0 mL) y se extrajo con DCM (3 x 100
mL). Se combinaron las capas organicas, se las secd sobre MgSQ,, filtro, y evapor6é en
condiciones de vacio. Se purificé el residuo mediante cromatografia instantanea (10 a 30 %
Metanol/DCM) para obtener el compuesto del tit:ulo (438 mg, 95 %) en forma de un aceite
incoloro. LC / MS : R;= 0,89 min, ES" 205,2 (AA estandar).

Etapa d: rel-sulfamato de (( 1R,2R,4S)-4-{[:6-({(1R,2R)-2-[(dimetiIamino)carbonil]-2,3-

dihidro-1H-inden-1 -il}amino)pirim@in-4-il]oxi}}2-hidroxiciclopentil)metilo (Compuesto |-

66)

[0351] Ei compuesto del titulo se preparé de abuerdo con el procedimiento descrito en el
Ejemplo 34, etapas a-c y Ejemplo 65, etapa d. 1H-}\IMR (400MHz, CD;OD) & : 8,18 (s, 1H), 7,28-
7,16 (m, 4H), 6,14-5,94 (bs, 1H), 5,81-5,71 (bs, 1H), 5,31-5,23 (bs, 1H), 4,39-4,35 (m, 1H), 4,31
(ad, 1H, J= 9,7, 7,5 Hz), 4,13 (dd, 1H, J=9,7; 7,3Hz), 3,98 (dd, 1H, J= 15,6; 7,8 Hz), 3,53 (dd,
1H, J=16,1; 7,3 Hz), 3,17 (s, 3H), 3,01 (dd, 1H, J=i16,1; 8,1 Hz), 2,73 (s, 3H), 2,56-2,44 (m, 1H),
2,29-2,20 (m, 1H), 2,04-1,88 (m, 3H). LC / MS : R;= 5,70 min, ES" 492,2 (FA Largo).
Ejemplo 75. rel-sulfamato de ((1R,2R,4S)-4-{[:6—({(1R,28)-2-[(dimetiIamino)metil]-2,3—dihidro-

1H-inden-1-il}famino)pirimidin-4-iljoxi}-2-hidroxiciclopentil)metilo (Compuesto 1-53)

Etapa a: rel-{(1R,2S)-2-[(dimetilamino)metillindan-1-amina
[0352] A una solucién agitada de tetrahidroalum}inato de litio (256 mg, 6,74 mmolar) en THF
(20,0 mL) se anadid una solucién de rel-(1R,2R)-1-amino-N,N-dimetilindano-2-carboxamida
(680 mg, 2,70 mmolar) en THF (10,0 mL) a 0 }‘°C bajo una atmésfera de Argon, y luego la
mezcla se agité durante 1 h a 60 °C y luego se la agité durante 14 hs a 23 °C. La mezcla de
reaccion se inactivé mediante la adicion de agua y 1,00 M NaOH (5.00 mL), la mezcla resultante
se agité por 2 h. La suspensioén fue filtrada a través de una almohadilla de Celite, y el filtrado fue
concentrado en condiciones de vacio. El residuo ée purificé mediante cromatografia ihstanténea
(5 a 20 % Metanol/DCM con 1 % NH,OH) para obtener el compuesto del titulo (438 mg, 95 %)

en forma de un aceite color marrén claro.
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Etapa b: __rel-sulfamato de ((1R,2R,4S5)-4-{[6-({(1R,25)-2-[(dimetilamino)metil]-2,3-

dihidro-1H-inden-1-il}amino)pirimidin-4-ilJoxi}-2-hidroxiciclopentil)metilo (Compuesto I-

53) |

[0353] Se prepara el compuesto del titulo de acuerdo con el procedimiento descrito en el

122

Ejemplo 34, etapas a-c utilizando rel/~(1R,2S)-2-[(dimetilamino)metil]indan-1-amina y del Ejemplo
65, etapa d. 'H-NMR (400MHz, CD;0D) & : 8,14 (é, 1H), 7,28-7,14 (m, 4H), 5,90-5,78 (bs, 1H),
5,70-5,40 (bs, 1H), 5,38-5,28 (bs, 1H), 4,41-4,36 (m, 1H), 4,32 (dd, 1H, J= 9,8, 7,5 Hz), 4,15 (dd,
1H, J=9,8, 7,3 Hz), 3,09-3,00 (m, 1H), 2,94-2,82 (r|n, 2H), 2,57-2,46 (m, 1H), 2,37 (br d, 2H, J=
6,2 Hz), 2,30-2,20 (m, 1H), 2.22 (s, 6H), 2,11-1,91 (m, 3H). LC / MS : R;= 4,34 min, ES" 478,2
(FA Largo).

Ejemplo 76: sulfamato de {(1S,2S,4R)-4-[(2-{[(1S)-5-cloro-3,3-dimetil-2,3-dihidro-1H-inden-1-

illamino}piridin-4-il)oxi]-2-hidroxiciclopentil}metilo (Compuesto 1-35)

Etapa a: 1-(4-cloropenil)-3-metilbutan-2-ol

[0354] A una suspension de magnesio (2,98 g, 0,1‘23 molar) en éter (30 mL) se le agregd yodo
(0,165 g, 0,000651 molar). A esto se le agregd lentamente una solucién de 4-clorobenzil
bromido (24,00 g, 0,1168 molar) en éter (100 mL). Al agregarsele aproximadamente 1 mL de
una solucién se noté exotérmica y la mezcla a:lcanzc') el reflujo. Se continuo lentamente la
adicién de solucion para mantener un suave reflujo (~90 min). Al completarse la adicién, la
reaccion se calenté durante 30 minutos a 45 °C. lj}_a reaccion luego se enfrio a 0 °C. Se agregd
lentamente Isobutiraldehido (12,7 mL, 0,140 molar) en éter (10 mL) durante 2 horas. Al
completarse la adicion se permitié a la reaccién. calentarse a 23 °C y se la agité durante ia
noche. Se inactivé la reaccidn con hielo (~200 g) y se la acidificd con 2M HCI (~100 ml). Esto se
extractdé dos veces con éter y se evaporo la farse organica. Se purificé el residuo mediante
cromatografia instantanea (0 a 10% MeOH/CH.CI;) para obtener el compuesto del titulo (9,89 g,
43%).
Etapa b: 6-c|oro-§1,1-dimetilindano

[0355] A una solucidn de acido sulfurico concentr‘ado (3,00 mL; 0,056 molar) en agua (0.28 mL,
0.0156 molar) se afiadié 1-(4-clorofenil)-3-metiIb‘htan-Z-ol (1,00 g, 0,00503 molar) durante 30
minutos. Se agreg6 acido sulfurico adicional para dissolver el sélido. La mezcla fue agitada
durante 2 horas. Se vertié la mezcla sobre hielo y|luego se extrajo con éter. La fase organica se
enjuago (agua), seco (MgSQ,), filtro, y concentrd. El residuo fue filtrado a través de un tapén de
silice con CH,ClI, para obtener el compuesto del titulo (0,568 g, 63%).
Etapa c: 5-cloro-3,3-dimetilindan-1-ona
[0356] A una solucién de 6-cloro-1 ,1-dimeti|indan[o (6,00 g, 0,0332 molar) en acetona (100 mL,

2 molar) se afiadié 1,5 M de sulfato de magnesio en agua (30 mL) y permanganato de potasio

(12,3 g, 0,0780 molar). La reaccion se agitdé durante la noche, el depésito resultante se filtro, y la
solucion se concentré en un volumen reducido. La solucion se extrajo con EtOAc (3 x 100 ml) y
la capa organica se concentr6. La purificacién por cromatografia instantanea (10%

EtOAc/hexanos) produjo el compuesto del titulo (h,33 g, 67%) en forma de un sélido blanco.

I

i
i
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Etapa d: (2R)-2-{f(1 S)-5-c|oro-313-dimetiI-2,3-dihidro-1 H-inden-1-illJamino}-2-

feniletanol
[0357] A una mezcla de 5-cloro-3,3-dimetilindanl1-ona (4,33 g, 0,0222 molar) y (R)-(-)-2-
fenilglicinol (3.2 g, 0.0234 molar) en tolueno (200 mL) se afadi6 monohidrato de acido p-
toluenosulfénico (241 mg, 0.00127 molar). La reaccién se agitdé en el reflujo (140 °C) en una
atmaésfera de nitrégeno durante la noche, se enfrid y diluyé con tolueno. La mezcla se enjuago

con NaHCO; acuoso saturado y agua y la fase organica se concentré. El residuo se disolvio en

THF (200 mL) en una atmoésfera de nitrogeno y se enfrié a 0 °C. A esto se afiadi6 acido acético

(3,79 mL, 0,0667 molar) y borohidrato de sodio (1,26 g, 0,0334 molar). La reaccion se agité en
una atmoésfera de nitrégeno y se separd en CH,Cl, y la solucién NaHCO; acuosa saturada,

separada, y la fase organica se evaporé. El residuo se purific6 mediante cromatografia

instantanea (20 a 100% EtOAc/hexanos) para obtener el compuesto del titulo (6,25 g, 90%) en
forma de un sélido blanco. f

Etapa e: (1S)-5-cloro-3,3-dimetilindan-1-amina*HCI
[0358] A una solucién de plomo(lV) acetato (9,92 g, 0,0212 molar) en metanol (80 mL) a 0 °C
en una atmosfera de nitrégeno se afadio (2R)-2-{[(1S)-5-cloro-3,3-dimetil-2,3-dihidro-1H-inden-

1-ilJlamino}-2-feniletanol (4,288 g, 0,01358 molar)r como una soluciéon en metanol (80 mL) en
forma de goteo a lo largo de 10 min. Al terminar la adicion, la mezcla fue calentada a 23 °C y
agitada durante 90 mins. A esto se afiadi6 0,943 :IVI de carbonato de sodio en agua (194 mL) y
la mezcla fue agitada durante 10 min. Se anadié ¢HQCIZ (500 mL,), se filtré y enjuagd la mezcla
con CH,Cl,. Se juntaron los filtrados, se separé[la fase organica y el extraido organico con
CH.Cl; (25 ml). La capa organica combinada sé evapord hasta ser secada. El residuo fue
disuelto en etanol (500 mL) y se agregaron 10,4 M de &cido clorhidrico en agua (15,6 mL). La
mezcla se calento hasta llegar al reflujo (95 °C) durante la noche. La mezcla se enfrid, evaporo
y se trato el residuo con éter y se lo sonicé. Se aisl6 el sélido mediante filtrado, se enjuagé con
éter y se secd para obtener el compuesto de del titulo (2,704 g, 86%) en forma de sal HCI.
Etapa f: 4-{[(1R,3S.4S)-3-{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil}silil]oxi}-

metil)ciclo pentil]oxi}-N-[(1S)-5-cloro-3,3-dimetiil-2,3-di hidro-1H-inden-1-il]piridin-2-amina
[0359] A una mezcla de [1,3-bis(2,6-diisopf‘ropilfenil)imidazolidin-2-i|](c|oro)[(2,3—n)-(1Z)-1—
fenilprop-1-en-2,3-diil]palladium(2+) (3,4 mg, 0,0S!)00052 molar) tert-butéxido de potasio (32,0
mg, 0,000286 molar) en una atmésfera de Argén 'se afadio 4-{[(1R,3S,4S)-3-{[tert-butil(dimetil)-
siIil]oxi}-4-({[tert—butil(dimetiI)siIil]oxi}metil)ciclopentriI]oxi}-2-c|oropiridina (0,1226 g, 0,0002596
molar) en 1,00 ml DME, seguido de (1S)-5-cloro-3,3-dimetilindan-1-amina (0,048 g, 0,00025

molar) en 1 ml DME. La mezcla se agité durante la noche, y se vertié la solucion en 50 mi

EtOAc, 10 ml de agua y se la concentrd. Se purificé el residuo mediante una cromatografia de
placa preparativa (70% EtOAc/hexanos) para lograr el compuesto del titulo (28,0 mg, 18.0%).
Etapa g: {(1S,2$,4R)-gj[tert-butil(dimetil)'siIiI]oxi}-4- [(2-{[(1S)-5-cloro-3,3-dimetil-2,3-

l
dihidro-1H- inden-1-ilJamino}piridin-4-il)oxi]ciclopentil}metanol

[0360] EI compuesto del titulo se prepare sigui'endo un método andlogo al del Ejemplo 34,

|

|
|

etapa c.
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Etapa h: sulfamato de {(1S,2\S,4E)-_.‘_Z-{[tert—fbutiI(dimetil)siIil]oxi}-4-[(2-{[(1S)—5-cloro-
3,3-dimetil-2,3-dihidro-1H-inden-1-ilJamino}piridin-4-il)oxi]ciclopentilimetilo
[0361] A una solucidon de {(1S,2S,4R)-2-{[ter[t-buti|(dimetiI)silil]oxi}-4-[(2-{[(1S)-5-c|oro—3,3-
dimetil-2,3-dihidro-1H-inden-1-ilJamino}piridin-4-il)oxilciclopentil}metanol (28,1 mg, 0,0000543
molar) en DMA (1,00 mL) se afadi6 cIorosulfonani‘wida (0,0251 g, 0,000217 molar) en 0,50 ml

acetonitrilo. La mezcla se agité durante 30 min luego se vertié en 50 ml EtOAc y 1,00 ml Et;N.

Las capas se separaron y la capa organica se enjuagé (agua) y concentré. El residuo se purificé
mediante una cromatografia de placa preparativa (85% EtOAc/hexanos) para obtener el
compuesto del titulo (28,7 mg, 89%) como un sélidfb blanco.
Etapa i: sulfamato de {(1S,2S,4R)-4-[(2-{[(1S)-5-cloro-3,3-dimetil-2,3-dihidro-1H-
inden-1-illJamino}piridin-4-il)oxi]:2-hidroxiciclopentil}metilo
[0362] Una solucién de {(1S,2S,4R)-2-{[ten‘-butiI(dimetiI)siIiI]oxi}-4-[(2-{[(1S)-5-cloro-3,3-dimetil-
2,3-dihidro-1H-inden-1-illamino}piridin-4-it)oxi]ciclopentil}metilo (0,0287 g, 0,0000481 molar) en

3,0% (V/V) HCI en etanol (25,0 ml) se agitd duran:te 4 hrs. La reacciéon se concentré y disolvio

en 50 ml EtOAc y 1,00 ml trietilamina. La solucién se enjuagd con agua, se concentrd, y el

residuo se aisl6 mediante una cromatografia dq placa preparativa (5% MeOH/EtOAc) para
obtener el compuesto del titulo (16,5 mg, 71%) como un sélido blanco. 'H NMR (CDCls, 400
MHz) &6: 7,92 (d, 1H, J = 5,8Hz), 7,22-7,20 (m, 1H), 7,17-7,14 (m, 2H), 6,16 (dd, 1H, J = 6,0 Hz,

J=2,3Hz) 5,85 (d, 1H, J = 2,0 Hz), 5,30 (m, 1H), 4,92 (m, 1H), 4,70 (d, TH, J = 8,5Hz), 4,50 (dt,

1H, J = 5,0Hz, J = 1,9Hz), 4,40 (dd, 1H, J = 7,3 Hz, J = 2,5Hz), 4,28 (dd, 1H, J = 7,3Hz, J =

|
2,5Hz), 2,60 (bs, 1H), 2,50 (g, 1H, J = 7,0Hz), 2,31-2,25 (m, 1H), 2,18-2,12 (m, 1H), 1,95-1,87

(m, 2H),1,79 (m, 1H), 1,25 (s, 6H). LC/MS: R; = 1,‘81 min, ES+ 482 (AA estandar).

Ejemplo 77: ((1S,2S,4R)-2-hidroxi-4-{[2-(1-naftil)-3H-imidazo[4,5-b]piridin-7-ilJoxi}ciclopentil)-

metil sulfamato (Compuesto [-109) i

Etapa a: 2-amino-4-jcloro-3-nitropiridina

[0363] A una solucidén de 2-amino-4-cloropiridina ({5,00'9, 0,0389 molar) en acido sulfarico (40,8
mL) agitando a 0 °C se afiadié una soluciéon de acido nitrico (2,72 g, 0,0389 molar) y acido
sulfdrico (3,89 g, 0,0389 molar). La mezcla se agit6 (1 h.) luego se vertio en 200 g de hielo y
100 ml. Se filiré y recolecté el sdlido. La soluciénIse neutralizé con 28% NH; en agua a pH ~5.
La soluciéon se extrajo con EtOAc (3 x 300 ml). Tiambién se disolvié el solido en EtOAc y se lo
neutralizé con 28% NH; en H,O. Las capas organicas se combinaron, concentraron con 30 g de
gel de silice, y se purificaron mediante cromatografia instantanea (20 a 60% EtOAc/hexanos)
para obtener el compuesto del titulo (2,40 g, 36%)1 en forma de un sélido amarilio.
Etapa b: 4-{[(1 R,§S,4S)-3-{[tert-butil(dim;atil)siliI]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-
metil)ciclopentilloxi}-3-nitropiridin-2-amina

[0364] A una solucion de (1R,3S,4S)-3-{[tert—bdltiI(dimetiI)siIiI]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-
metil)ciclopentanol (0,782 g, 0,00217 molar) en TI"—IF (30,0 mL) se anadié NaH (0,156 g, 0,00650

molar) y se agitd la mezcla durante 1 h. A esto se afiadié 2-amino-4-cloro-3-nitropiridina (0,376

g, 0,00217 molar) y la mezcla se agité durante I% noche. La solucion se concentro y el residuo

se purificd mediante cromatografia instantanea (25% EtOAc/hexanos) para obtener el titulo del
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compuesto (0,381 g, 35%) en forma de soélido amarIiIIo.
Etapa c: 4-{[(1R.3S.4S)-3-{[tert-butil(dimetil)sililjoxi}-4-({[tert-butil(dimetil)sililjoxi}-
metil)ciclopentilloxi}piridina-2,3-diamina
[0365] A una solucién de 4-{[(1R,3S,4S)-3—{[ten‘-ibuti|(dimetiI)siIiI]oxi}-4-({[tert—butiI(dimetiI)silil]-
oxi}metil)ciclopentil]oxi}-3-nitropiridin-2-amina (0,361 g, 0,000725 molar) en CH,Cl, (6,00 mL) y

acido acetico (3,00 mL) se afadi6 cinc (0,474 g, 0,‘00725 molar) y la mezcla se agitdé durante 30

min. La suspension se filtré y el producto filtrado se concentrd.El residuo se disolvié en 50 ml
EtOAc y 3 ml Et;N se enjuagéd con agua (2 x 10 mlL). Se secd la capa organica (MgSO,) y se la
concentrd para obtener el producto en crudo (0,297 g, 83%).

Etapa d: 7-{[(1 R,3S,4S)—3-{[teﬁ-butil(dimetil)siliI]oxi}-4-({[tert-
butil(dimetil)sililJoxi}metil)ciclopentil]oxi}-2-(1-naftil)-3H-imidazo[4,5-b]piridina
[0366] Una mezcla de 1- naftalenocarboxaldehido (115 mg, 0,000738 molar), 4-{[(1R,3S,45)-3-

{[tert-butil(dimetil)siIiI]oxi}-4-({[tert—butiI(dimetil)silil]o'xi}metiI)cicIopentil]oxi}piridina-z,3-diamina
(115,1 mg, 0,0002460 molar) y metabisulfito de sodio (0,140 g, 0,000738 molar) en acetonitrilo

(2,00 mL) se sometid a irradiacion de microondas|a 180 °C durante 25 mins. La mezcla se filtrd

y el filtrado se concentr6. Se purificé el residuo mediante una cromatografia de placa
preparativa (25% EtOAc/hexanes) para obtener el|compuesto del titulo (0,101 g, 68%) en forma
de un sélido blanco.

Etapa e: ((1S,2S.4R)-2-{[tert-butil(dimetil)sililJoxi}-4-{[2-(1-naftil)-3H-imidazo[4,5-

blpiridin-7-ilJoxi}ciclopentil)metanol

[0367] EI compuesto del titulo se preparé mediante un método analogo al del Ejemplo 34, etapa

c.

Etapa f: sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[2-(1-naftil)-3H-imidazo[4,5-b]piridin-7-
ilJoxi}ciclopentil)metilo (Compuesto 1-109)

[0368] A una solucion de ((1 S,2S,4R)!—2-{[tert-butil(dimetil)siliI]oxi}—4-{[2-(1-nafti!)-3H-

imidazo[4,5-b]piridin-7-ilJoxi}ciclopentil)metanol (0;0624 g, 0,000127 molar) en DMA (2,00 mL)

se afiadié clorosulfonamida (0,0736 g, 0,000637 'molar) y se agité la mezcla durante 10 min. A

esto se afladié 12 M de acido clorhidrico en agua (2,00 mL) en forma de goteo a 0 °C y la
mezcla se agité durante 10 min. La mezcla se a;ﬁadié por goteo a 50 mL de una soluciéon 2N
Na,CO;, y se extrajo mediante CH,Cl, (3 x 3‘0 ml). Las capas organicas combinadas se
concentraron y el residuo se purific6 mediante cromatografia instantanea (0 a 10%
MeOH/EtOAc) para proveer el compuesto del titulo (14,5 mg, 25%) en forma de un solido
blanco. "H NMR (CD;0D, 400 MHz) 5: 8,49 (m, 1;H,), 8,28 (m, 1H), 8,06 (d, 1H, J = 8,3Hz), 7,97
(m, 1H), 7,87 (dd, 1H, J = 7,0 Hz, J = 1,0 Hz) 7,:63—7,54 (m, 3H), 6,89 (d, 1H, J = 5,8Hz) 5,40
(bs, 1H), 4,45 (dt, 1H, J =4,9 Hz, J = 1,9 Hz), 4,35 (dd, 1H, J =7,2 Hz, J = 2,5 Hz), 4,19 (dd, 1H,
J=72Hz J=25Hz), 2,62 (m, 1H), 2,44-2,39 (m 1H), 2,31-2,25 (m, 1H), 2,18-2,14 (m, 2H).
LC/MS: R, = 1,55 min, ES+ 455 (AA estandar).
Ejemplo 78: sulfamato  de ((1S,2S,4R)-4-{[6-cloro-2-(1-naftil)-3H-imidazo[4,5-b]piridin-7-

illamino}-2-hidroxiciclopentil)metilo (Compuesto 1-56)
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Etapa a: N(4)-[(1R,3S.,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[ tert-
' !
butil(dimetil)sililloxi}metil)ciclopentil]-5-cloro-3-nitropiridina-2,4-diamina

[0369] Se puso en reflujo durante la noche 4;1,5-dicloro-3-nitropiridin-2-amina (0,0365 g,
0,000175 molar) (Johansson, H; Lawitz, K; Nikitidis, G; Sjoe, P; Storm, P. PCT Int. Application
WO02004/016611), (1 R,38,4S)—3-{[tert—butiI(dimg’etiI)siIiI]oxi}-4-({[tert—butiI(dimetil)silil]oxi}metil)-
ciclopentanamina (0,0947 g, 0,000263 molar) y DIPEA (0,0907 g, 0,000702 molar) en etanol
(10,0 mL). Se concentré la reaccion y se la purificé mediante cromatografia instantanea (30%
EtOAc/hexanos) para obtener el compuesto del tiitu|o (0,0768 g, 82%) en forma de un sdélido
amarillo. ;
Etapa b: N(4)-[(1 R,3S,4S)-3-{[tet%t—butil(dimetiI)silil]oxi}-4-({[tert-
butil(dimetil)siIil]oxi}metil)ciclmnti:I]-S-cloropiridina-2,3,4-triamina
[0370] N(4)-[(1 R,3S,4S)-3-{[ten‘-butiI(dimetiI)silil]oxir}-4-({[teﬂ-butiI(dimetil)silil]oxi}metil
)ciclopentil]-5-cloro-3-nitropiridina-2,4-diamina (0,875 g, 0,00165 molar) y cinc (0,431 g, 0,00659

molar) se afadié acido acético (40,0 mL, 0,704 molar) mediante agite 10 mins. La mezcla se

agité durante 10 min y el sélido se filtrd. El filtrado se concentro, disolvio en EtOAc (50 mL) se
enjuago con agua (2 x10). A la fase organica se lo afadié 2 mi Et;N y se enjuagé la mezcla con
10 mL de agua. La capa organica se concentrd y purificdé mediante cromatografia instantanea
(30% EtOAc/hexanos) para obtener el compuesto del titulo (0,746 g, 90%) en forma de un
solido blanco.

Etapa c: sulfamato de ((1S,2S,4R)-4-{[6-cloro-2-(1-naftil)-3H-imidazo[4,5-b]piridin-7-

|
iI]amino}-2-hidroxiciclopentil)metilo {Compuesto [-56)

[0371] EI compuesto del titulo se preparé de forrrima analoga a la del Ejemplo 77, etapa d-f. 'H
NMR (CD;OD, 400 MHz) &: 9,13 (d, 1H, J=9,9), 8,05-7,92 (m, 4H), 7,65-7,57 (m, 3H), 5,82 (bs,
1H), 4,41 (dt, 1H, J=5,0Hz, J=1,9Hz), 4,32 (dd, 1I!-I J=7,3Hz, J=2,5Hz), 4,17 (dd, 1H, J=7,3Hz,
J=2,5Hz), 3,25 (q, 2H, J=7,8Hz), 2,40-2,28 (m, 2H), 2,05-1,94 (m, 2H). LC/MS: R, = 1,68 min,
ES+ 488 (AA estandar). t
Ejemplo 79: sulfamato de ((18,2S,4R)-4-{[6-(ciclopentilamino)pirimidin-4-ilJoxi}-2-
hidroxiciclopentil)metilo (Compuesto I-127)
[0372] El compuesto del titulo se prepare de fonz‘na analoga al Ejemplo 34, etapa b utilizando
ciclopentanamina y Ejemplo 76, etapa g-i. 'H NMR (CD;0D, 400 MHz) &: 8,08 (s, 1H,), 5,74 (s,
1H), 5,31 (bs, 1H), 4,38 (dt, 1H, J =50Hz, J = 1!,9 Hz), 4,30 (dd, 1H, J = 7,2 Hz, J = 2,5 Hz),
4,15 (dd, 1H, J = 7,2 Hz, J = 2,5 Hz), 2,51 (m, 1H), 2,34-2,26 (m, 1H), 2,09-1,96 (m, 6H), 1,76
(m, 2H), 1,64 (m, 2H), 1,51 (m, 2H). LC/MS: R; = 1,46 min ES+ 373 (AA estandar).
Ejemplo 80: sulfamato de [(1S,28,4R)—4-({2-‘i[(1S)-2,3-dihidro-1H—inden-1-i| amino]piridin-
4il}oxi)-2-hidroxiciclopentiljmetilo (Qompuesto 1-94)
Etapa a: 4-{[(1 R,3S,4S)-3-{[tel!‘t-butil(dimetil)silil]oxi}-4-({[tert-
butiudimetiI)siIiI]oxi}metiI)cicl‘lopentiI]oxi}-2-c|oropiridina
[0373] A una solucién de (1R,38,4S)-3-{[tert—bthiI(dimetil)siIiI]oxi}-4-({[tert-butiI(dimetil)silil]oxi}—
metil)ciclopentanol (973,5 mg, 0,002699 molar) en DMF (8,00 mL, 0,103 molar) se afiadié NaH
(202 mg, 0,00504 molar) (60% en aceite). Luegp de agitar la mezcla durante 10 minutos, se

|

|
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afadié 2-cloro-4-nitro-piridina (400,0 mg, 0,00252 r!nolar) y se agitd la mezcla durante la noche.
La reaccién se inactivd con agua y se extrajo, (3 x 50 ml EtOAc). Las capas organicas
combinadas se secaron (Na,SO,), filtraron y concentraron en condiciones de vacio. El residuo
se purific6 mediante cromatografia instantanea (0 a 10% EtOAc/hexanos) para obtener el
compuesto del titulo (0,9859 g, 83%) en forma de un aceite claro.

Etapa b: 4-{[(1 R,3S,4S)-3-{[tert?—butiI(dimetil)siIiI]oxi}-4-({[tert-
butil(dimetil)siIiI]oxi}metiI)ciclopentil]oxi}-N—[(1é)-2,3-dihidro-1 H-inden-1-il]piridin-2-amina
[0374] A una mezcla de [1,3-bis(2,6-diisopr:opilfeniI)imidazolidin-2-i|](c|oro)[(2,3-r])-(1Z)-1-
fenilprop-1-en-2,3-diil]palladium(2+) (7,8 mg, 0,00p012 molar) y tert-butoxido de potasio (73,7
mg, 0,000656 molar) en una atmésfera de argon ‘ée anadié 4-{[(1R,3S,45)-3-{[tert-butil(dimetil)-
sililJoxi}-4-({[tert-butil(dimetil)sililJoxi}metil)ciclopentil]oxi}-2-cloropiridina (281,8 mg, 0,0005968

molar) en 1 ml DME. Se agit6 la solucién durante 5 mins, luego (S)-(+)-1-aminoindano (0,10

mL, 0,000776 molar) en 1,0 ml DME se afadié por goteo durante 15 min. La solucién se agitd

durante la noche, luego se disolvié en 50 mL EtOAc, se enjuagd con agua, y se concentrd. Se

purifico el residuo mediante cromatografia instantanea (30% EtOAc/hexanos) para obtener el

compuesto del titulo (0,3219 g, 95%) en forma de un sélido blanco.

Etapa c: sulfamato de [(1S,2S,4R)-4-({2-[(1S)-2,3-dihidro-1H-inden-1-il amino]piridin-
4-il}oxi)-2-hidroxiciclopentillmetilo (Compuesto 1-94)

[0375] El compuesto del titutlo se prepare de forma analoga a la del Ejemplo 76, etapas g-i. 'H
NMR (CDCl;, 400 MHz) &: 7,75 (d, 1H, J = 6,0 Hz), 7,27-7,13 (m, 3H), 6,16 (dd, 1H, J = 6,3Hz, J
=2,4 Hz), 5,33 (t, 1H, J = 7,5 Hz), 4,95 (m, 1H), 4,50 (dt, 1H, J = 5,1 Hz, J = 2,0 Hz), 4,31 (dd,
1H,J =73 Hz, J=24Hz), 415 (dd, 1H, J = 73 Hz, J = 2,4 Hz), 3,03-2,96 (m, 1H), 2,86 (m,
1H), 2,61-2,46 (m, 2H), 2,29-2,23 (m, 1H), 2,10-2!,03 (m, 1H), 2,00-1,95 (m, 1H), 1,90-1,80 (m,
1H), 1,15-1,10 (m, 2H). '

Ejemplo 81: sulfamato de {(1S,2S,4R)-4-[(6-{[(1R,2S)-2,7-dimetoxi-1,2,3,4-tetrahidronaftalen-

1-illamino}pirimidin-4-il)oxi]-2-hidroxiciclopentil}metilo (Compuesto 1-149)

[0376] Se prepara el compuesto del titulo como una mezcla de 1:1 del compuesto en el ejemplo
82 de acuerdo con el Ejemplo 34, etapas a-d, siaguidas de una desililacion mediada por HCI.
Rel-(1R,28)-2,7-dimetoxi-1,2,3,4-tetrahidronaftalen-1-amina, preparado conforme a la referencia
que se encuentra en el Ejemplo 71, se utilizé cor:no compaiiero de acoplamiento en la etapa b.
El compuesto del titulo fue luego aislado a través de HPLC quiral (Chiralcel OD 20x250,
eluyente 88/12/0,2% hex/EtOH/DEA a 20 mL/min). 'H NMR (CD;0D, 400 MHz) &: 8,14 (d, J =
0,7 Hz, 1H), 7,00 (d, J = 8,3 Hz, 1H), 6,76-6,71 (m, 2H), 5,94 (s, 1H), 5,32 (bs, 1H), 4,39 (ddd, J
=2,2;52;52Hz 1H), 4,32 (dd, J=7,4; 9,8 Hz, 1H), 4,15 (dd, J=7.3; 9,8 Hz, 1H), 3,73 (ddd, J
=21, 3,8, 6,4 Hz, 1H), 3,67 (s, 3H), 3,40 (s, 3H), 2,93-2,80 (m, 2H), 2,67 (ddd, J = 5,6; 5,6; 11,6
Hz, 1H), 2,68-2,46 (m, 1H), 2,28 (ddd, J = 2,2; 6,8; 14,8 Hz, 1H), 2,25-2,16 (m, 1H), 2,12-1,87
(m, 4H). LC/MS: Ry = 1,25 min, ES" 495 (FA esté‘ndar). |

Ejemplo 82: sulfamato de {(1S,2S,4R)-4-[(6-{[(1S,2R)-2,7-dimetoxi-1,2,3,4-tetrahidronaftalen-

1-il]amino}pirimidin-4-iI)oxi]-2-hidr&xiciclopentil}metilo (Compuesto 1-148)

[0377] El compuesto del titulo se prepara como una mezcla 1:1 de la cual el compuesto en el

|
|
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ejemplo 81 de acuerdo con el Ejemplo 34, etapas a-d, seguido por una desililacion mediada por

HCIl. Rel-(1R,2S5)-2,7-dimetoxi-1,2,3,4-tetrahidronaftalen-1-amina, preparado de acuerdo con la
referencia encontrada en el Ejemplo 71, se utilizé6 como compaiiero de acoplamiento en la etapa
b. El compuesto del titulo luego se aislé a través de un HPLC quiral (Chiralcel OD 20x250,
eluyente 88/12/0.2% hex/EtOH/DEA a 20 mL/min). 'H NMR (CD5;OD, 400 MHz) &: 8,14 (d, J =
0,7 Hz, 1H), 7,00 (d, J = 8,3 Hz, 1H), 6,76-6,71 (m, 2H), 5,94 (s, 1H), 5,32 (bs, 1H), 4,39 (ddd, J
=2,1;5,1; 5,1 Hz, 1H), 4,32 (dd, J=7,5; 9,8 Hz, 1H), 4,15 (dd, J = 7,3; 9,8 Hz, 1H); 3,74 (ddd, J
=2,1; 3,9; 6,6 Hz, 1H), 3,67 (s, 3H), 3,40 (s, 3H), 2|,95-2,82 (m, 2H), 2,67 (ddd, J=5,7; 5,7, 11,5
Hz, 1H); 2,68-2,47 (m, 1H); 2,28 (ddd, J = 2,2; 6,8; 14,8 Hz, 1H), 2,25-2,16 (m, 1H); 2,12-1,87
(m, 4H). LC/MS: R; = 1,25 min, ES* 495 (FA estandar).
Ejemplo 83: sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-{[(1S,2R)-2-metoxi-4,4-dimetil-1,2,3 4-
tetrahidronaftalen-1 -iI]amino}pirimidin-4-iI)oxi]ciclopentil}metilo (Compuesto I-151)
[0378] EI compuesto del titulo se prepara como juna mezcla de 1:1 con el compuesto en el
ejemplo 84 de acuerdo con el ejemplo 34, etapas a-d, seguido por desililacion mediada por HCI
y luego se lo traté con 1,0 equivalentes de hidréx!ido de potasio como una solucién en metanol
para obtener una sal de potasio. Rel-(1R,28)-2-metoxi-4,4-dimetiI-1,2,3,4-tetrahidronafta|en-1-
amina, se prepare de acuerdo con la referencia encontrada en el Ejemplo 71, se utilizd un
compafiero de acoplamiento en la etapa b. El compuesto del titulo se aisl6 a través de un HPLC
quiral (Chiralpak AD 20x250, eluyente 85/15/0.51% hex/EtOH/DEA a 20 mL/min). 'H NMR
(CDsOD, 400 MHz) &: 8,13 (s, 1H), 7,39-7,34 (rr;n 1H), 7,25-7,18 (m, 2H), 7,13-7,06 (m, 1H),
5,90 (s, 1H), 5,64 (bs, 1H), 5,24 (bs, 1H), 4,40 (ddd, J=1,7; 5,6; 5,6 Hz, 1H), 4,14 (ddd, J = 1,3;
8,5; 10,0 Hz, 1H), 4,00 (ddd, J = 2,0; 6,4; 10,0 Hz 1H), 3,78 (ddd, J = 3,0; 4,1; 10,4 Hz, 1H),
3,42 (s, 3H), 2,563-2,38 (m, 1H), 2,26 (dddd, J = 1‘,8; 1,8, 6,7, Hz, 1H), 2,12-1,81 (m, 4H), 1,77
(dd, J = 2,0; 13,6 Hz, 1H), 1,43 (s, 3H), 1,31 (s, 3H). LC/MS: R; = 1,61 min, ES" 493 (FA
estandar).
Ejemplo 84: sulfamato de {(1S,28,4R)-2-hidroxi-4-[(6-{[(1R,2S)-2-met6xi-4,4-dimetil-1,2,3,4-
tetrahidronaftalen-1-il]amino}pirimid;in-4-iI)oxi]ciclopentil}metilo (Compuesto I-150)
[0379] EI compuesto del titulo se prepara como una mezcla 1:1 del compuesto en el ejemplo 83
de acuerdo con el ejemplo 34, etapas a-d, seguiciio por desililacién mediada por HCl y luego el
tratamiento con 1.0 equivalentes de hidréxido de potasio como una solucion en metanol para
obtener la correspondiente sal de potasio:. Rel-(1R,2S)-2-metoxi-4,4-dimetil-1,2,3,4-
tetrahidronaftalen-1-amina, preparados de acuerdo con la referencia que se encuentra en el
Ejemplo 71, se utilizé con un compariero de acop]amiento en [a etapa b. El compuesto del titulo
luego se aislé a través de un HPLC quiral |(Chiralpak AD 20x250, eluyente 85/15/0.1%
hex/EtOH/DEA a 20 mL/min). 'H NMR (CD30D,! 400 MHz) &: 8,14 (s, 1H), 7,40-7,35 (m, 1H),
7,26-7,18 (m, 2H), 7,13-7,07 (m, 1H), 5,91 (s, 1}-.‘1), 5,65 (bs, 1H), 5,25 (bs, 1H), 4,40 (ddd, J =
1,7, 5,6, 5,6 Hz, 1H), 4,14 (ddd, J = 1,3; 8,5; 10,0 Hz, 1H), 4,00 (ddd, J = 1,8; 6,4; 9,9 Hz, 1H),
3,79 (ddd, J = 3,4; 3,4; 10,4 Hz, 1H), 3,42 (s, 3H), 2,52-2,38 (m, 1H), 2,32-2,21 (m, 1H), 2,12-
1,81 (m, 4H), 1,78 (dd, J = 2,0; 13,5 Hz, 1H), 1,4’3 (s, 3H), 1,32 (s, 3H). LC/MS: R; = 1,61 min,
ES" 493 (FA estandar).

.

24



10

15

20

25

30

35

40

129

Ejemplo 85. sulfamato de [(1S,2S,4S)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-4-
ilymetil)-2-hidroxiciclopentiljmetilo (I-F3)
Etapa a: 2-Cloro-N-[(15)-2,3-dihidro-1H-inden-1-il]-6-metilpirimidina-4-amina

[0380] 2,4-Dicloro-6-metilpirimidina (2,54 g; 0,156 molar) se disolvieron en etanol (100 mL) y se

anadié N,N-Diisporopiletilamina (4.07 mL, 0.23 molar) seguido por (S)-1-Aminoindan (2,00 mL;
0,156 molar). La solucién se calenté hasta alcanzar el reflujo durante 2 horas, TLC indic6 una
conversion completa. Se removié el solvente en condiciones de vacio y el residuo se purificd
utilizando cromatografia de gel de silice utilizando el gradiente 0 a 50% de etil acetato en
hexano puede ser el compuesto del titulo (1,95 g, 46%). LC/MS: R; = 1,90 min, ES* 260 (AA
estandar).
Etapa b: N-[(1S)-2,3-dihidro-1 H-inLen-1 -il]-6-metilpirimidina-4-amina

[0381] 2-Cloro-N-[(1S)-2,3-dihidro-1H-inden-1-il]-6-metilpirimidina-4-amina (1,95 g, 7,5 mmolar)
se disolvié en etanol (5 mL) y se afiadié 10% Pd/C (0,140 g, 0,13 mmolar). El recipiente se llend

con hidrégeno y se agité durante la noche. En todo momento TLC indicaba conversion
completa. Se filtré Paladio y el solvente se removié en condiciones de vacio. El residuo se
purificé utilizando cromatografia en gel de silicé utiizando un gradiente 50 a 100% de etil
acetato en hexano para obtener el compuesto dil titulo (1,65 g, 93%). LC/MS: Ry = 1,51 min,
ES® 226 (AA estandar). .
Etapa c: (4aS,6S,7S,7aR)-6-{6-[(1 S)-2,3-D!ihidﬁro-1 H-inden-1-ilamino]-pirimidin-4-il}-
metil)-2-(4-metoxifenil)hexahidrociclopenta[d][1,3]dioxin-7-ol

[0382] N-[(1S)-2,3-dihidro-1H—inden-1-iI]-6-metiIpir;imidina-4-amina (0,575 g, 2,55 mmolar) se
disolvio en THF (24 mL) y 1,8M Fenilitio en di-n-butil éter (2,98 mL, 5,36 mmolar) se afiadio y
agitoé durante 1 hora. Se enfrié la mezcla a 0 °C %/ se afadié lentamente una solucién de (1aS,
1bR, 5aS, 6aS)-3-(4-metoxifeniI)hexahidrooxireho[4,5]cic|openta[1,2-d][1,3]dioxine (0,634 g,
2,55 mmolar) en THF (15 mL). Se agité la mezcla: a 0 °C durante 45 minutos y 23 °C durante 2

horas. En ese momento, LCMS indicaba ~70% de conversion. La reaccion se freno utilizando
cloruro de amonio saturado (30 mL), extraido co:n etil acetato (3 x 20 mL), se sec6 con sulfato
de magnesio anhidro, se filtrd, y se evaporo en condiciones de vacio. El residuo se purifico
utilizando cromatografia de gel de silice utiIizandé un gradiente de 50 a 100% de etil acetato en
hexano para obtener el compuesto del titulo (0,465 g, 38%). LC/MS: R;= 1,77 min, ES™ 474 (AA
estandar). |
Etapa d: O-[(4aS,6S,7S,7aR)-6-{[(1S)-2,3-Dihidro-1H-inden-1-ilamino]-pirimidin-4-il}-
metiI)-2-(4-metoxifeniI)he)@drociclom}\[d]H ,3ldioxin-7-il] O-fenil tiocarbonato
[0383] (4aS,6S,7S,7aR)-6-{6-[(1S)-2,3-Dihidro-1 ll/—inden-1 -ilamino]-pirimidin-4-il}metil)-2-(4-
metoxifenil)hexahidrociclopenta[d][1,3]dioxin-7-ol =(0,465 g, 0,98 mmolar) se disolvié en DCM (17

mL) bajo una atmoésfera de argén y se afiadié 4-(dimetilamino)-piridina (0,24 g, 1,96 mmolar)
seguido de fenil clorotionocarbonato (.204 mL, i1,47 mmolar). La mezcla se agité durante 1
hora. El solvente se concentré en en condiciones de vacio y el residuo se purificé a través de
cromatografia de gel de silice diluyendo con un gradiente de 50 a 100% EtOAc en hexanos en

una columna pre-tratada con 1% TEA en hexano'L‘ para obtener el compuesto del titulo (0,508 g,
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84%). LC/MS: R, = 2,38 min, ES" 610 (AA estanda )
Etapa e: N-[(1S)-2,3-Dihidro-1H-inden-1-il]-6-{[(4aS,6 S,7aS)-2-(4-metoxifenil)-
hexahidrociclopenta[d][1.3]dioxin-6-illmetil}pirimidin-4-amina
[0384] O-[(4aS,6S,7S,7aR)-6-{[(1S)-2,3-Dihidro-1 I-ji—inden-1 -ilamino]-pirimidin-4-il}metil)-2-(4-

metoxifenil)hexahidrociclopenta[d][1,3]dioxin-7-il] (,:)-fenil tiocarbonato (0,508 g, 0,83 mmolar) se

disolvié en tolueno (14 mL) bajo una atmoésfera de nitrégeno y se agregé hidruro tri-n-butiltino
(0,448 mL, 1,67 mmolar) seguido por 2,2'-azo-bi§-isobutironitrilo (0,027 mg, 0,17 mmolar). La
solucion se calentd hasta llegar al reflujo durante 1 hora, la mezcla se enfrid, y se concentré el
solvente a 30 mL y el residuo se purificé a través de una cromatografia de gel de silice
diluyendo con un gradiente de 50 a 100% EtOA¢ en hexanos para obtener el compuesto del
titulo (0,280 g, 73%). LC/MS: R;= 1,94 min, ES* 458 (AA estandar).

Etapa f: (1S,28,45)-4-({6-[(1S)-2,3-Dihidro-1H-inden-1 -iIamind]pirimidin-4-i|}meti|)-2-

(hidroximetiI)cif:lopentanol

[0385] Se  disolvieron N-[(1S)-2,3—Dihidro-1H:-inden-1-il]-6-{[(4a8,68,7aS)-2-(4-metoxifeniI)—
hexahidrociclopenta[d]{1,3]dioxin-6-ilmetil}pirimidin-4-amina (0,280 g, 0,61 mmolar) en THF (2

mL), agua (2 mL) y se afiadieron AcOH (6 mL, ]0,106 mmolar). La mezcla se agité bajo una

atmosfera de argon por 60 hs. La mezcla se concentré en condiciones de presion reducida y el
residuo fue purificado a través de una cromatogrzifia de gel de silice diluyendo con un gradiente
de 0 a 10% MeOH en DCM para obtener el compuesto del titulo (0,190 g, 91%). LC/MS: R, =
1,29 min, ES* 340 (AA estandar). ' '
Etapa g: sulfamato de [(1S,2S,4S)-4-({6-[(1S)-2,3-dihidro-1H-inden-1-
ilamino]pirimidin-4-il}metil)-2-hidroxiciclopentillmetilo (1-33)

[0386] Se prepar6 el compuesto del titulo siguienLﬂo el procedimiento descrito en el Ejemplo 65,
etapa d. 'H NMR (CD;OD, 400 MHz, 8): 8,34 (s, 1H), 7,27-7,15 (m, 4H), 6,41 (bs, 1H), 5,65-
5,48 (m, 1H), 4,30-4,25 (m, 2H), 4,09 (dd, J = 4,1; 4,1 Hz, 1H), 3,07-3,00 (m, 1H), 2,94-2,85 (m,
1H), 2,72-2,55 (m, 4H), 2,43-2,35 (m, 1H), 1,93—1,85 (m, 2H), 1,75-1,67 (m, 1H), 1,58-1,51 (m,
2H). LC/MS: R; = 1,38 min, ES* 419 (AA esténdar!).

Ejemplo 86: sulfamato de ((1S,2S,4R)-4-{4-[(1_‘8)-2,3-Dihidro-1H-inden-1-ilamino]-5,6-dihidro-

7H—pirro|o[2,3-d]pirimidin-7-iI}-2-hid!roxiciclopentil)metilo (Compuesto I-146)
Etapa a: »2-(4,6-dic|o‘ropirimidin-5-il)etanol
[0387] Se disolvid (4,6-dicloropirimidin-5-il)acetal6ehido (2,96 g, 15,5 mmolar) en metanol (60

|
mL) y se enfrié a 0 °C. Se afiadid tetrahidroboraﬁo de sodio (0,879 g, 23,2 mmolar) y la mezcla

se agitd durante 1 hora. TLC indicd conversién completa. Se inactivd con agua (20 mL), el
metanol se removié en condiciones de vacio y el residuo se extrajo con etil acetato (3 x 30 mL).
Los extractos organicos combinados se secaron con sulfato de magnesio, se filtraron y
evaporaron. Se purificé el residuo utilizando c‘:romatografia en gel de silice utilizando un
gradiente 0 a 100% de etil acetato en cloruro de metileno para obtener el compuesto del titulo
(1,90 g, 63%). LC/MS: R; = 0,93 min, ES* 194 (AP!\ estandar).
Etapa b: 2-{4-cloro-6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-5-il}etanol

[0388] Se disolvid 2-(4,6-dicloropirimidin-5-il)etar%o| (1,90 g, 9,84 mmol) en 1-butanol (97 mL) y

|
|
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N,N-Diisopropiletilamina (3,43 mL, 19,7 mmol) y se agreg6 (S)-1-Aminoindane (1,26 mL, 9,84
mmol). La solucién se calentdé a 130 °C durante 3/ dias. Se removié el solvente en condiciones
de vacio y el residuo se purificé utilizando cromatografia de gel de silice utilizando un gradiente
de 0 a 100% de etil acetato en cloruro de metileno para obtener el compuesto del titulo (2,80 g,
98%). LC/MS: R; = 1,63 min, ES™ 290 (AA estandar). |
Etapa c: g—(2-{4-cloro-6-[(1S)-2,3-dihidro-§1 H-inden-1-ilamino]pirimidin-5-il}etil)-1H-
isoindola-1,3(&l-h-diona

[0389] 2-{4-cloro-6-[(1S)-2,3-dihidro-1H-inden-1-ilamino]pirimidin-5-il}etanol (2,80 g, 9,66 mmol),
ftalimida (1,56 g, 10,6 mmol) y se disolvid trifenilqufina (2,79 g, 10,6 mmol) en THF (105 mL) y

se enfrié la soluciéon a 0 °C, se agregdé por goteqj DIAD (2,09 mL, 10,6 mmol) y la mezcla se
|

agitdo a 23 °C durante 1 hora. El solvente se removié en condiciones de vacio y el residuo se
modificé utilizando cromatografia en gel de silice utilizando un gradiente de 10 a 50% etil
acetato en hexano para obtener el compuesto del titulo (3,50 g, 86%). LC/MS: R, = 2,12 min,
ES* 419 (AA estandar).

Etapa d: 5-(2-aminoetil)-6-cloro-N-[(1S)-2,3-dihidro-1H-inden-1-il]pirimidin-4-amina
[0390] Se suspendid 2-(2-{4-cloro-6-[(1S)—2,3-di|hidro-1H-inden-1-iIamino]pirimidin-5-i|}etil)-1H—

isoindole-1,3(2H)-diona (3,50 g, 8,32 mmol) en etanol (102 mL) y se afiadié hidrato de hidrazina

(1,62 mL, 33,3 mmol). La mezcla se calentd hasta alcanzar el reflujo durante 1 hora. En ese
momento LCMS indico Llna conversion completal La mezcla fue enfriada a 23 °C, se filtraron
cristales, se evaporo el residuo en condiciones deivacio y se purificé utilizando cromatografia en
gel de silice utilizando un gradiente de 0 a 20% MeOH en cloruro de metileno para obtener el
compuesto del titulo (1,20 g, 50%). LC/MS: R; = 1,29 min, ES" 289 (AA estandar).

Etapa e: N-[(1S)-2,3-dihidro-1H-inden-1 -ii]_-6,7-dihidro-5H-pyrroIo[2,3-d]pirimidin-4-
[0391] Se disolvieron 5-(2-aminoetil)-6-cloro-N-[(11S)-2,3-dihidro-1H-inden-1-il]pirimidin-4-amina

I
(1,00 g, 3,46 mmol) y N,N-diisopropiletilamina (1,%1 mL, 6,92 mmol) en 1,4-dioxane (19 mL) y la

solucién se calenté en un tubo de presion a 160 "°C durante 48 horas. En ese momento, indicd
una conversion completa LCMS. Se removi¢ el sollvente en condiciones de vacio y el residuo se
purificd utilizando cromatografia de gel de silice utilizando un gradiente 0 a 20% MeOH en
cloruro de metileno para obtener el compuesto del titulo (0,81 g, 93%). LC/MS: R, = 1,55 min,
ES® 253 (AA estandar).

Etapa f: 7-[(1R,3S,4S)-3-{[tert¥butil(dimgtil)siIil]oxi}-4-{[tert-butiI(dimetil)silil]oxi}-
metil)ciclopentenil-N-[(1S)-2,3-Dihidro-1H-inden-1-il]-6,7-dihidro-5H-pirrolo[2,3-d]-
pirimigin-a!l-amina_l
[0392] Se disolvid N-[(1S)-2,3-dihidro-1H-inden-1-il]—6,7-dihidro-5H—pirroIo[2,3-d]pirimidin-4-
amina (0,460 mg, 1,82 mmol) en DMF (20 mL) y 'se afiadié NaH (60%, 0,146 g, 3,65 mmol). La
mezcla se calenté a 60 °C durante 5 minutos. {(1S,38,4S)-3-{[tert—butiI(dimetil)siIiI]oxi}—4-{[ter1—
butil(dimetil)silifjoxi}metil)ciclopentenil metanosulfonato (0,800 g, 1,82 mmol) en DMF (10 mL) se

afnadié y la mezcla resultante se calenté a 100 °C durante 2 horas. La solucién se enfrié a 23

°C, inactivd con solucién salina saturada (20 mL), se extrajo con etil acetato (3 x 30 mL), se

z44
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secd con sulfato de magnesio, se filtrdé y evaporé en condiciones de vacio. El residuo se purificé
utilizando cromatografia de gel de silice utilizando un gradiente de 0 a 30% de etil acetato en
hexano para obtener el compuesto del titulo (0,22|g, 20%). LC/MS: R, = 7,17 min, ES™ 596 (AA

No polar: Phenominex Luna Sum C18 50 X 4.6 mm columna a 2.5 mi/min gradiente de ACN que

contiene 50 a 0 % 10 mM de acetato de amonio en H,0 para 3min.)

Etapa g: sulfamato de ((1S,25.4R)-4-{4-[(1S)-2,3-Dihidro-1 H-inden-1-ilamino]-5,6-
dihidro-7H-pirrolo[2,3-d]pirimidin-7-iI}-2-hidlLoxicicIopentmmetiIo (Compuesto 1-146)
[0393] El compuesto del titulo se preparé de acujerdo al procedimiento descrito en el Ejemplo
34, Etapa c y en el Ejemplo 65, Etapa d. '"H NMR|(CD,;0D, 400 MHz) &: 7,93 (s, 1H), 7,23-7,12
(m, 4H), 5,64-5,60 (m, 1H), 4,87-4,83 (m, 1H), 4,34-4,31 (m, 1H), 4,29 (dd, J = 7,6; 9,6 Hz, 1H),
4,13 (dd, J = 7,2; 9,6 Hz, 1H), 3,58-3,53 (m, 2H), 3,03-2,95 (m, 1H), 2,90-2,77 (m, 3H), 2,59-

2,42 (m, 2H), 2,00-1,97 (m, 2H), 1,91-1,82 (m, 3H4’). LC/MS: R; = 4,98 min, ES" 446 (FA largo).

Ejemplo 87: sulfamato de ((1R,2R,3S,4R)-4!-{[2-2,3-dihidro-1H—indol-1-ilcarbonil)piridina-4-
iI}amino}-2,3-dihidroxiciclopentil)meitilo (Compuesto 1-145)

[0394] 'H NMR (400MHz, CD,;0D) &: 8,20-8,00 (ln, 2H), 7,30-6,70 (m, 5H), 4,26-4,02 (m, 3H),

3,88-3,78 (m, 2H), 3,17-3,11 (m, 2H) 2,50-2,30 (m 2H), 1,40-1,20 (m, 3H), ppm. LC/MS: R; =

0,95 min, ES* 449 (AA estandar).

Ejemplo 88: sulfamato de {(1R,2R,3S,4R)-4-[(2-{[(1S)-2,3-dihidro-1H-inden-1-
ilamino]carbonil}piridina-4-ilyamino]:2, 3-dihidroxiciclopentil}metilo (CoMpuesto -
144)

[0395] 'H NMR (CD;0OD, 300MHz) &: 8,05 (d, J = 7.5 Hz,1H), 7,50 (bs, 1H), 7,32-7,16 (m, 4H),

6,97-6,92 (m, 1H), 5,64 (t, J = 7,54Hz, 1H), 4,17:(d, J = 5,09Hz, 2H), 4,09-3,80 (m, 3H), 3,15-

3,04 (m, 1H), 3,00-2,87 (m, 1H), 2,66-2,54 (m, 1!-‘1), 2,45-2,29 (m, 2H), 2,11-1,97 (m, 1H), 1,44-

1,34(m, 1H) ppm. LC/MS: R, = 1,35 min, ES* 463 (AA estandar).

Ejemplo 89. sulfamato de ((1S,2§,4R)-4-{[8-(3—clorofenil)-QH-purin-6-il]amino}-2-
hidroxiciclopentil)metilo (Compuestp 1-60)

Etapa a: 6-cloro-4,5-diaminopirimidina

[0396] Una suspension de 5-Amino-4,6-dicloropiﬁmidina (3 g, 0,02 mol) en amoniaco (25 mL,
7N/MeOH, 0,175 mol) se calenté a 118 °C durante la noche (bajo presion). La reaccion se enfrié
a 23 °C, se filtré y enjuag6 con etanol para obtener 1,92 g (70%).

Etapa b: 6-c|oro-8-(3-!c|orophenil)-9H—purine

[0397] A una mezcla de 6-CIoro~4,5-diaminop’>irimidina (0,70 g, 4,84 mmol) y acido 3-
clorobenzoico (0,76 g, 4,84 mmol) en el recipiente se agregd cloruro de fosforil (40,0 mL), y la
mezcla resultante se agité por 16 h a 100 °C.| La mezcla de la reaccion se evapord para
remover el exceso de cloruro de fosforil, y se afadié agua (20 mL) al residuo. Se filtrd el
precipitado y se lo purificé mediante cromatogre{ﬁa instantanea (0 a 5 % Metanol/DCM) para
obtener el compuesto del titulo (1,28 g, 31 %) en forma de un sélido amarillo. LC/ MS : R, =
1,59 min, ES® 265,0 (FA estandar).
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Etapa c: N-[(1R,3S,4S)-3-{[tert—butiI(dimet}il)silil]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-
metit)ciclopentil]-8-(3-clorofenil)-9H-purin-6-amina
[0398] Se sometid a microondas 6-c|oro-8-(3-c!lorofenil)—9H—purina (155 mg, 0,58 mmol),
(1R,38,48)-3-{[tert-butil(dimetil)silil]oxi}-4-({[tert-butil(dimetil)sililjoxi}metil)ciclopentanamina (200
mg, 0,56 mmol) (Ejemplo 128, Etapas a-c), y N,N:diisopropiletiiamina (0,20 mL, 1,177 mmol) en

etanol (2,00 mL) a 160 °C durante 30 minutos. La mezcla de reacciéon se concentré en
condiciones de vacio, y el residuo se purifico mediante cromatografia instantanea (0 a 5 %
Metanol/DCM) para obtener el compuesto del tifulo (275 mg, 76 %) en forma de un sélido
amarillo claro. ,

Etapa d: (1 S,2$,4R)-2-{[tert-butiI(dimetisl)siliI]oxi}-4-{[8-(3-clorofeniI)-9H-purin-6-

iI]amino}ciclope’ntil)metanol

[0399] Se prepar6 el compuesto de acuerdo coniel procedimiento descrito en el Ejemplo 34,
Etapa c. LC/MS : Ry=2.07 min, ES" 474,2 (AA estandar)
Etapa e: sulfamato de ((1S,2S,4R)-4-{[8-(3-clorofenil)-9H-purin-6-illamino}-2-

hidroxiciclopentil)meti‘o (Compuesto 1-60)

[0400] EI compuesto del titulo se preparé de acuerdo al procedimiento descrito en el Ejemplo
65, Etapa d. '"H-NMR (400MHz, CD,0OD) & : 8,22|(s, 1H), 8,09 (s, 1H), 8,00-7,94 (m, 1H), 7,54-
7,48 (m, 2H), 4,93-4,84 (m, 1H), 4,44-4,40 (m, 1H), 4,35 (dd, 1H, J= 9,7, 7,8 Hz), 4,17 (dd, 1H,
J=97; 7,3 Hz), 2,64-2,54 (m, 1H), 2,35 (ddd, 1H, J= 14,0; 7,6; 1,2 Hz), 2,20-2,10 (m, 1H), 1,96
(dad, 1H, J=14,0; 7,0; 4,8 Hz), 1,86 (ddd, 1H, J= 13,0; 8,2; 3,8 Hz). LC / MS: R, = 5,48 min, ES”
439,1 (FA Largo) |
Ejemplo 90: sulfamato de ((1S,28,4R)-:4-{[8-(2,6-dimetoxifenil)-9H—purin-6-il]amino}-2-

hidroxiciclopentil)metilo (Compuest;o 1-93)

[0401] El compuesto del titulo se preparé de :‘acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 2,6-dirr;1etoxibenzoic. '"H-NMR (400MHz, CD;0D) 5 :
8,21 (s, 1H), 7,46 (t, 1H, J= 8,6 Hz), 6,78 (d, 2H, J= 8,6 Hz), 4,90-4,79 (m, 1H), 4,43-4,38 (m,
1H), 4,34 (dd, 1H, J= 9,6, 7,5 Hz), 4,17 (dd, 1H, J= 9,6, 7,3 Hz), 3,81 (s, 6H), 2,62-2,52 (m, 1H),
2,34 (ddd, 1H, J= 14,0; 7,5; 1,7 Hz), 2,15 (ddd, 1H, J= 13,8; 10,3; 8,9), 1,93 (ddd, 1H, J=14,0;
6,5, 5,3 Hz), 1,84 (ddd, 1H, J= 13,8; 8,6; 3,8 P'-lz). LC / MS: R, = 4,30 min, ES" 465,2 (FA
Longitud). ‘

Ejemplo 91. sulfamato de [(1S,2S,4R)-2‘-hidroxi-4-({8-[2-(trif|uorometil)feniI]-QH—purin—6-
ilfamino)ciclopentiljmetilo (Compuesto 1-122)

[0402] EI compuesto del titulo se preparé de cuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando a,a,a-acido TI"iquoro-o-tquico. 'H-NMR (400MHz, CD;0D)
8,26 (s, 1H), 7,92 (dd, 1H, J=7,0; 1,9 Hz), 7,8247,71 (m, 3H), 4,96-4,85 (m, 1H), 4,43-4,38 (m,
1H), 4,34 (dd, 1H, J= 9,8; 7,4 Hz), 4,16 (dd, 1H,JJ= 9,8; 7,3 Hz), 2,63-2,52 (m, 1H), 2,34 (ddd,
1H, J=14,0; 7,5; 1,8 Hz), 2,15 (ddd, 1H, J= 13,5; 10,6; 8,8 Hz), 1,95 (ddd, 1H, J=14,0; 7,1; 5,0
Hz), 1,85 (ddd, 1H, J= 13,5, 8,6; 3,8 Hz). LC / MS: R, = 5,17 min, ES* 473,2 (FA Largo).

Ejemplo 92: sulfamato de ((18,2S,4R)-2-hidroxi-4-{[8-(2-fenoxifenil)-9H-purin-6-

ilfaminojciclopentil)metilo (Compuesto 1-37)

|
|
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[0403] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 2-fenoxi§enzoico. 'H-NMR (400MHz, THF-d8) & : 8,40
(brd, 1H, J=7,5 Hz), 8,18 (bs, 1H), 7,43-7,4 (m, 3H), 7,25-7,13 (m, 4H), 6,94 (d, 1H, J= 8,3 Hz),
6,87 (br d, 1H, J= 7,5 Hz), 5,17-4,93 (m, 1H), 4,41-4,35 (m, 1H), 4,35 (dd, 1H, J= 9,8; 7,7 Hz),
4,13 (dd, 1H, J=9,8; 7,3 Hz), 2,63-2,52 (m, 1H), 2,35-2,25 (m, 1H), 2,20-2,06 (m, 1H), 2,01-1,91
(m, 1H), 1,87 (ddd, 1H, J= 13,3; 8,8; 4,4 Hz). LC / MS : R;= 5,83 min, ES" 497,2 (FA Largo).
Ejemplo 93. sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[8-(1-naftil)-9H-purin-6-
illamino}ciclopentil)metilo (Compuesto 1-49)
[0404] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 1-naftalejnocarboxilico. '"H-NMR (400MHz, CD;0D) & :
8,70-8,55 (bs, 1H), 8,26 (s, 1H), 8,02 (d, 1H, J= 8,3 Hz), 7,98-7,93 (m, 1H), 7,84 (dd, 1H, J=7,1;
1,1 Hz), 7,61-7,52 (m, 3H), 5,01-4,80 (m, 1H), 4,41-4,37 (m, 1H), 4,34 (dd, 1H, J= 9,5; 7,6 Hz),
4,16 (dd, 1H, J=9,5; 7,3 Hz), 2,61-2,50 (m, 1H), 2,34 (ddd, 1H, J= 14,0; 7,6; 1,5 Hz), 2,20-2,10
(m, 1H), 1,94 (ddd, 1H, J= 14,0; 7,0; 4,9 Hz), 1,84; (ddd, 1H, J=13,1; 8,3; 3,8 Hz). LC/ MS : R;=
5,48 min, ES" 455,1 (FA Largo).
Ejemplo 94: sulfamato de {(1S,2S,4R)-4-[(8-dibenzo[b, d]furan-4-il-9H-purin-6-il)amino]-2-
hidroxiciclopentil}metilo (Compuesto |-39)

[0405] EI compuesto del titulo se preparé de acu?rdo con el procedimiento descrito en Ejemplo
89 (Etapas a-e) utilizando acido dibenzofuran-4-carboxilico. 'H-NMR (400MHz, CD;OD) & : 8,25
(s, 1H), 8,15-8,07 (m, 2H), 8,04 (d, 1H, J= 7,9 Hi), 7,74 (d, 1H, J= 8,2 Hz), 7,56-7,50 (m, 1H),
7,46 (t, 1H, J=7,6 Hz), 7,40 (dd, 1H, J=7,9; 7,2 Hz), 4,91-4,77 (m, 1H), 4,47-4,43 (m, 1H), 4,38
(dd, 1H, J=9,8; 7,5 Hz), 4,20 (dd, 1H, J=9,8; 7,2 Hz), 2,67-2,56 (m, 1H), 2,38 (ddd, 1H, J= 14,0:
7,8, 1,2 Hz), 2,24-2,13 (m, 1H), 1,99 (ddd, 1H, J={14,0; 6,7; 5,0 Hz), 1,89 (ddd, 1H, J= 13,0; 8,4:
3,7Hz). LC/MS : Ri= 5,74 min, ES™ 495,0 (FA Lqrgo).

Ejemplo 95. sulfamato de {(1S,2S,4R)-4-[(8-Bifenil-3-il-9H-purin-6-i)amino]-2-

hidroxiciclopentiljmetilo (Compuesto 1-105)

[0406] EI compuesto del titulo se preparo de qcuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido bifenil-3-carboxilico. 'H-NMR (400MHz, THF-d8) 6 :
12,38-12,25 (bs, 1H), 10,95-10,80 (bs, 1H), 8,38 (t, 1H, J= 1,8 Hz), 8,17 (s, 1H), 8,05 (d, 1H, J=
7,3 Hz), 7,72-7,68 (m, 3H), 7,55 (t, 1H, J=7,6 H‘z), 7,48-7,43 (m, 2H), 7,35 (tt, 1H, J=7,3; 1,3
Hz), 6,87 (br d, 1H, J= 6,5 Hz), 6,57-6,45 (bs, 2H), 5,15-4,90 (m, 1H), 4,37-4,31 (m, 1H), 4,31
(dd, 1H, J= 9,5; 7,8 Hz), 4,09 (dd, 1H, J= 9,5; 7,3 Hz), 3,95-3,85 (bs, 1H), 2,31-2,21 (m, 1H),
2,16-2,04 (m, 1H), 1,94 (ddd, 1H, J= 13,1; 8,0; 4,4 Hz), 1,84 (ddd, 1H, J=13,3; 8,8; 4,2 Hz). LC /
MS : R(= 6,17 min, ES" 481,0 (FA Largo).
Ejemplo 96: sulfamato de ((1S,2S,4R)-2-hidroxi+4-{[8-(5,6,7,8-tetrahidronaftalen-1-il)-9H-purin-

6-illaminojciclopentil)metilo (Compuesto 1-126)

[0407] EI compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 5,6,7,8-tetrahidro-naftaleno-1-carboxilico. 'H-NMR
(400MHz, CD,OD) & : 8,22 (s, 1H), 7,38-7,32 (rp, 1H), 7,25-7,19 (m, 2H), 4,92-4,82 (m, 1H),
4,42-4,38 (m, 1H), 4,34 (dd, 1H, J= 9,5; 7,8 Hz); 4,16 (dd, 1H, J= 9,5; 7,3 Hz), 2,93-2,83 (m,
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4H), 2,62-2,51 (m, 1H), 2,33 (ddd, 1H, J= 13,8; 7.5; 1,8 Hz), 2,15 (ddd, 1H, J= 13,5; 10,3: 8,8
Hz), 1,94 (ddd, 1H, J= 13,8; 7,1; 4,8 Hz), 1,88-1,73 (m, 5H). LC / MS : R;= 5,22 min, ES* 459.1
(FA Largo).
Ejemplo 97: sulfamato de ((18,2S,4R)-2-hidroxi-4-{[8-(1-naftil}-9H-purin-6-

ilJoxi}ciclopentil)metilo (Compuesto |-87)

[0408] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el

Ejemplo 33 (Etapas a-b, e-f) y Ejemplo 65 (Etapa‘ d) utilizando (1R,3S,4S)-3-{[tert-butil(dimetil)-
silil]oxi}-4-({[ter1-buti|(dimetiI)siIiI]oxi}metiI)ciclopenténol. '"H-NMR (400MHz, CD;OD) & : 8,53-
8,46 (m, 1H), 8,52 (s, 1H), 8,08 (d, 1H, J= 8,0 Hz), 8,01-7,96 (m, 1H), 7,88 (dd, 1H, J=7,3; 1,2
Hz), 7,65-7,55 (m, 3H), 5,98-5,91 (m, 1H), 4,90-4,85 (m, 1H), 4,48-4,43 (m, 1H), 4,36 (dd, 1H,
J=9,8; 7,5 Hz), 4,20 (dd, 1H, J=9,8; 7,2 Hz), 2,71!—2,60 (m, 1H), 2,44 (ddd, 1H, J= 15,0, 6,7; 1,9
Hz), 2,27 (ddd, 1H, J= 15,0; 5,0; 4,5 Hz), 2,20-2,13 (m, 1H). LC / MS : R,= 6,48 min, ES" 456,0
(FA Largo). !

Ejemplo 98: sulfamato de {(1S,zzS,4R)-4-[(8-bifeniI-2-i|-9H—purin-6-i|)amino]-2-

hidroxiciclopentil}metilo (Compuestp 1-48)

[0409] EI compuesto del titulo se prepar6é de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 2-bifen‘;i|carboxilico. "H-NMR (4OOMHZ, CD;OD) 6 :
8,14 (s, 1H), 7,73 (dd, 1H, J=7,6; 1,1 Hz), 7,65-7,60 (m, 1H), 7,57-7,50 ( m, 2H), 7,30-7,24 (m,
3H), 7,22-7,18 (m, 2H), 4,88-4,77 (m, 1H), 4,41-4,36 (m, 1H), 4,33 (dd, 1H, J=9,7; 7,5 Hz), 4,15
(dd, 1H, J=9,7; 7,5 Hz), 2,60-2,48 (m, 1H), 2,34-2,25 (m, 1H), 2,16-2,04 (m, 1H), 1,94-1,85 (m,
1H), 1,84-1,74 (m, 1H). LC / MS : R,= 5,43 min, ES* 481,0 (FA Largo).

Ejemplo 99. sulfamato de ((1S,28,4R)-4-{[§-(2,2-dimetil-2,3-dihidro-1-benzofuran-?-il)-QH-

purin-6-iljamino}-2-hidroxiciclopentil)metilo (Compuesto [-100)

[0410] El compuesto del titulo se prepard de écuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 2,2-dimetil-2,3-dihidro-1-benzofuran-7-carboxilico. 'H-
NMR (400MHz, CD;OD) & : 8,30-8,19 (m, 1H), 8,06-8,02 y 7,90-7,80 (cada bs, total 1H), 7,34-
7,28 (m, 1H), 6,99 (t, 1H, J= 6,5 Hz), 4,90-4,80 (m, 1H), 4,45-4,40 (m, 1H), 4,35 (dd, 1H, J= 9,7,
7,7 Hz), 4,18 (dd, 1H, J=9,7; 7,5 Hz), 3,15 (bs, 2H), 2,64-2,52 (m, 1H), 2,44-2,30 (m, 1H), 2,23-
2,10 (m, 1H), 2,01-1,90 (m, 1H), 1,86 (ddd, 1H, J= 13,0; 8,2; 3,7 Hz), 1,64 (bs, 3H), 1,61 (s, 3H).
LC/MS : Ry=5,17 min, ES" 475,3 (FA Largo).
Ejemplo 100: sulfamato de [(1S,2S,4R)-4-({8-[4i-(dimetiIamino)-1-naftil]-9H—purin-6-il}amino)-2-

hidroxiciclopentiljmetilo (Compuest!o 1-64)

[0411] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 4-dimetilaminonaftaleno-1-carboxilico. "H-NMR
(400MHz, CD,0D) &: 8,70-8,58 (bs, 1H), 8,34-8!28 (m, 1H), 8,25 (s, 1H), 7,77 (d, 1H, J= 7,9
Hz), 7,60-7,53 (m, 1H), 7,21 (d, 1H, J= 7,9 Hz), 4,98-4,84 (m, 1H), 4,44-4,39 (m, 1H), 4,35 (dd,
1H, J=9,8; 7,6 Hz), 4,17 (dd, 1H, J=9,8; 7,3 Hz),52,64-2,53 (m, 1H), 2,35 (ddd, 1H, J= 14,0; 7,6;
1,6 Hz), 2,22-2,12 (m, 1H), 1,97 (ddd, 1H, J= 14,0; 7,0; 5,0 Hz), 1,87 (ddd, 1H, J=12,5; 8,6; 3,5
Hz). LC/MS : R(= 5,39 min, ES" 498,0 (FA Largé).
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Ejemplo 101: sulfamato de ((18,2S,4R)-2-hidroxi-4-{[8-(3-metoxifenil)-9H-purin-6-
illamino}ciclopentil)metilo (Compues‘to 1-99)

[0412] EI compuesto del titulo se preparé de aicuerdo con el procedimiento descrito en el

Ejemplo 89 (Etapas a-e) utilizando acido 3-Meto!><ibenzoico. 'H-NMR (400 MHz, MeOD, d):

8,22 (s, 1H), 7,62 (m, 2H), 7,43 (t, J=7.9Hz, 1H), 7,07 (dd, J=2,3Hz, 8,3Hz, 1H), 4,42 (t,

J=4,3Hz, 1H), 4,35 (dd, J=7,7Hz, 9,7Hz, 1H), 4,17I (dd, J=7,3Hz, 9,7Hz, 1H), 3,89 (s, 1H), 2,59

(m, 1H), 2,35 (ddd, J=1,1Hz, 7,6Hz, 14,2Hz, 1H)‘, 2,16 (td, 1H, J=9,4Hz, 13,3Hz), 1,96 (ddd,

J=5,1Hz, J=6,9Hz, J=14,0Hz, 1H), 1,86 (ddd, J=3,8Hz, 8,5Hz, 13,1Hz, 1H). LC/MS: R, = 1,33

min, ES™ 435 (AA estandar).

Ejemplo 102: sulfamato de {(1S,2S,4R)-4-[(8-benzil-9H-purin-6-il)amino]-2-
hidroxiciclopentil}metilo (Compuesté 1-88)

[0413] El compuesto del titulo se prepard de arcuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido Benzeneacetico. 'H-NMR (400MHz, CD;0D) &: 8,17
(s, 1H), 7,35-7,21 (m, 5H), 4,84-4,71 (m, 1H), 4,40-4,35 (m, 1H), 4,33 (dd, J = 7,5; 9,8 Hz, 1H),
4,19 (s, 2H), 4,14 (dd, J = 7,3; 9,8 Hz, 1H), 2,59-2,45 (m, 1H), 2,34-2,23 (m, 1H), 2,17-2,04 (m,
1H), 1,92-1,82 (m, 1H), 1,82-1,72 (m, 1H) ppm. LC/MS: R = 3,94 min, ES® 419 (Aguas FA).
Ejemplo 103 sulfamato de ((1 S,2S,4R)-2-hidroxi-|4-{[8-(1 ,2,3,4-tetrahidronaftalen-1-il)-9H-purin-
6-illaminojciclopentil)metilo (Compl.Jesto 1-121)
[0414] EI compuesto del titulo se prepard de apuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando 1,2,3,4-Tetr5hidro-1-naftalenil hydroperoxido. 'H NMR
(400MHz, CD;0D) &: 8,17 (s, 1H), 7,26-7,03 (m, 3H), 6,93-6,83 (m, 1H), 4,82-4,70 (m, 1H),
4,47-4,28 (m, 3H), 4,17-4,10 (m, 1H), 3,00-2,79 (m, 2H), 2,57-2,43 (m, 1H), 2,33-2,04 (m, 4H),
1,98-1,68 (m, 5H) ppm. LC/MS: R; = 4,30 min, Es:+ 459 (Aguas FA).
Ejemplo 104: sulfamato de [(1S,2S,4R)-4-({$-[2-(dimetiIamino)fenil]-QH-purin-6-i|}amino)—2-
hidroxiciclopentillmetilo (Compuestlo 1-137)
[0415] El compuesto del titulo se prepar6é de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 2-Dimetilaminobenzoico. 'H NMR (400MHz, CD;0D)
0: 8,23 (s, 1H), 8,06-7,93 (m, 1H), 7,48-7,39 (m, 1iH), 7,35-7,28 (m, 1H), 7,20-7,12 (m, 1H), 4,45-
4,39 (m, 1H), 4,36 (dd, J = 7,8; 9,8 Hz, 1H), 4,1é (dd, J =7,3; 9,5 Hz, 1H), 2,68 (s, 6H), 2,63-
2,52 (m, 1H), 2,40-2,29 (m, 1H), 2,21-2,09 (m, 1H), 1,99-1,90 (m, 1H), 1,89-1,80 (m, 1H) ppm.
LC/MS: R, = 3,28 min, ES™ 448 (Aguas FA).
Ejemplo 105: sulfamato de ((1S,28,4R)-4-{[’8-(2,3-dihidro-1,4-benzodioxin-5-iI)-9H—purin-6—
illamino}-2-hidroxiciclopentil)metilo:(Compuesto 1-41)
[0416] EI compuesto del titulo se preparo de ?cuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 2,3-Dihidro-1,4-benzodioxina-5-carboxilico. 'H NMR
(DMSO-ds, 400MHz) &: 8,30-7,79 (m, 2H), 7,69-7.61 (m, 1H), 7,06-6,89 (m, 3H), 4,94-4,15 (m,
9H), 2,46-2,40 (m, 1H), 2,26-1,84 (m, 4H), 1,82-1,67 (m, 2H) ppm. LC/MS: R, = 3,93 min, ES"
463 (Aguas FA). |
Ejemplo 106: sulfamato de [(1S,2S,4R)-4-({8-[2-(benziloxi)fenil]-9H-purin-6-il}amino)-2-
hidroxiciclopentilmetilo (Compuesto 1-68)
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[0417] El compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido 2-Benzi|goxibenzoico. 'H NMR (400MHz, CD,0D) &:
8,38-8,02 (m, 2H), 7,49-7,07 (m, 8H), 5,63-5,29 (ln, 2H), 4,44-4 39 (m, 1H), 4,35 (dd, J = 7,8;
9,8 Hz, 1H), 4,17 (dd, J = 7,3; 9,8 Hz, 1H), 2,65-248 (m, 1H), 2,41-2,28 (m, 1H), 2,22-2,10 (m,
1H), 2,02-1,78 (m, 2H) ppm. LC/MS: Ry = 4,71 min, ES* 511 (Aguas FA).
Ejemplo 107: sulfamato de {(1S,i‘2S,4R)-4-[(8-cic|ohexiI-9H—purin-6-i|)amino]—2—
hidroxiciclopentil}metilo (Compuesto' 1-128) '
[0418] EI compuesto del titulo se preparé de 'a]‘cuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido ciclohexainecarboxilico. 'H NMR (CD;0D, 400 MHz) &:
8,16 (s, 1H), 4,82-4,77 (m, 1H), 4,42-4,39 (m, 1H)!, 4,34 (dd, J =7,6; 9,7 Hz, 1H), 4,16 (dd, J =
7,3; 9,7 Hz, 1H), 2,89-2,83 (m, 1H), 2,59-2,52 (m, 1H), 2,35-2,29 (m, 1H), 2,17-2,07 (m, 3H),
1,95-1,75 (m, 5H), 1,67-1,27 (m, 5H) ppm. LC/MS:|R; = 1,30 min, ES™ 411,08 (AA estandar).
Ejemplo 108: sulfamato de {(18,2S,4R)-4-[(8-tert-butil-9H-purin-6-il)amino]-2-
hidroxiciclopentil}metilo (Compuestc!) 1-131)
[0419] E! compuesto del titulo se preparé de acuerdo con el procedimiento descrito en el
Ejemplo 89 (Etapas a-e) utilizando acido Trimetilacético. 'H NMR (CD;OD, 400 MHz) &: 8,17 (s,
1H), 4,83-4,76 (m, 1H), 4,42-4,39 (m, 1H), 4,34 (dd, J = 7,5; 9,5 Hz, 1H), 4,16 (dd, J=7,3; 9,8
Hz, 1H), 2,569-2,53 (m, 1H), 2,35-2,30 (m, 1H), 2,17-2,09 (m, 1H), 1,95-1,88 (m, 1H), 1,85-1,78
(m, 1H), 1,44 (s, 9H) ppm. LC/MS: R; = 1,08 min, I‘ES+ 385,24 (AA estandar).
Ejemplo 109: sulfamato de ((1S,2S,4R)-4-{[8-(4-clorofenil)-9H-purin-6-illamino}-2-

hidroxiciclopentil)metilo (Compuesté -111)

Etapa a: 6-cloro-8-(4-clorofenil)-9H-purina
[0420] A una solucién de 6-CIoro-4,5-diaminopirirr'1idina (1 g, 0,007 molar) (Ejemplo 89, Etapa a)
en 1,4-Dioxano (60 mL, 0,8 molar) se afiadié 4-Qlorobenzaldehido (2,2 g, 0,016 molar) cloruro
Férrico (2,5 g, 0,015 molar) mezclado con 28,6 g de gel de silice, y la mezcla se calenté a 100
°C durante 20 horas. La reaccion se enfrié a 2:% °C, se la filtro, enjuagd con 10% etanol/etil
acetato y se la concentro. El residuo se disolvié en etil acetato y se enjuagé con agua, solucion
salina, y se concentrd. El residuo se trituré en dietil éter para obtener 272 mg (10%). LC/MS: R;
= 1,54 min, ES* 265 (AA estandar).
Etapa b: sulfamato de ((1S,2S,4R)-4-{[8-(4-clorofenil)-9H-purin-6-illamino}-2-

hidroxiciclopentil)metilL) {Compuesto I-111)

[0421] Se preparo el compuesto del titulo de acuerdo con el procedimiento del Ejemplo 89
(Etapas c-d) y el Ejemplo 1, Etapa d. 'H NMR (’CD@D, 400 MHz) &: 8,22 (s, 1H), 8,03 (d, J =
8,5 Hz, 2H), 7,55 (d, J = 8,5 Hz, 2H), 4,90-4,85 (m, 1H), 4,43-4,41 (m, 1H), 4,35 (dd, J=7,6; 9,7
Hz, 1H), 4,17 (dd, J=7,3; 9,7 Hz, 1H), 2,62-2,56'(m, 1H), 2,37-2,31 (m, 1H), 2,20-2,12 (m, 1H),
2,00-1,93 (m, 1H), 1,89-1,82 (m, 1H) ppm. LC/MS: R, = 1,35 min, ES" 439,29 (AA estandar).

Ejemplo 110: sulfamato de i {(1S,2S,4R)-2-hidroxi-4-[(8-fenil-9H-purin-6-

ilyamino]ciclopentil}metilo (Compuesto 1-69)
[0422] Se prepar6 el compuesto del titulo de acuerdo con el procedimiento del Ejemplo 109

(Etapa a) utilizando benzaldehido y el Ejemplo 1| (Etapa d) seguido de desproteccion TBAF del
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grupo TBS. 'H NMR (CD;0D, 400 MHz) &: 8,22 (s, 1H), 8,06-8,04 (m, 2H), 7,56-7,51 (m, 3H),
4,90-4,84 (m, 1H), 4,43-4,41 (m, 1H), 4,38-4,33 (m, 1H), 4,20-4,15 (m, 1H), 2,62-2,56 (m, 1H),
2,37-2,31 (m, 1H), 2,20-2,11 (m, 1H), 2,00-1,92 (’m 1H), 1,89-1,81 (m, 1H) ppm. LC/MS: R, =
1,24 min, ES" 405 (AA estandar).
Ejemplo 111: sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8-[2-(trifluorometoxi)phenil]-9H-purin-6-
illamino)ciclopentilmetilo (Compués(to 1-62)
[0423] Se prepard el compuesto del titulo de aclierdo con el procedimiento del Ejemplo 109
(Etapa a) y el Ejemplo 89 (Etapas c-e) utilizando 2-(Trifluorometoxi) benzaldehido. 'H NMR
(400MHz, CD;0OD) &: 8,26 (bs, 1H), 8,05-7,95 (m, 1H), 7,69-7,61 (m, 1H), 7,60-7,50 (m, 2H),
4,45-4,39 (m, 1H), 35 (dd, J =7,5; 9,8 Hz, 1H), 4,17 (dd, J =7,3; 9,5 Hz, 1H), 2,67-2,51 (m, 1H),
2,40-2,29 (m, 1H), 2,22-2,10 (m, 1H), 2,07-1,91 (m, 1H), 1,90-1,81 (m, 1H) ppm. LC/MS: R, =
5,71 min, ES* 489 (Aguas AA).
Ejemplo 112: sulfamato de ((18,2S,4R)-2-hidroxi-4-{[8-(2-metoxifenil)-9H-purin-6-
illaminojciclopentil)metilo (Compuesto [-133)
[0424] Se prepard el compuesto del titulo de acuerdo con el procedimiento del Ejemplo 111
utilizando 2-Metoxibenzaldehido. 'H NMR (400!\}|Hz, CD;OD) 6: 8,41-8,00 (m, 2H), 7,53-7,44
(m, 1H), 7,24-7,16 (m, 1H), 7,15-7,06 (m, 1H), 4,85-4,76 (m, 1H), 4,45-4,40 (m, 1H), 4,36 (dd, J
=7,8; 9,8 Hz, 1H), 4,18 (dd, J = 7,3; 9,5 Hz, 1H), 4 05 (bs, 3H), 2,64-2,51 (m, 1H), 2,41-2,30 (m,
1H), 2,22-2,10 (m, 1H), 2,00-1,79 (m, 2H) ppm. LC/MS R = 3,93 min, ES” 435 (Aguas FA).
Ejemplo 113: Sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[6-(1-naftil)-7 H-pirrolo[2,3-d]pirimidin-4-il}-
aminojciclopentil)metilo (Compuest}o [-74)
Etapa a: 4-cloro-6-(1-naftil)-7-(fenilsulfonil)-7 H-pirrolo[2,3-d]pirimidina
[0425] A una solucién agitada de N,N-diisopropilamina (265 (0L, 1,89 mmolar) en THF (3.00

mL) se agregd gota a gota 1,60 M n-butillitio en hexano (1,17 mL) a -78 °C en atmosfera de

argon, y la mezcla se agit6é durante 20 minutos a -78 °C. Se agreg6 gota a agota a esta mezcla
una solucion de 4-cloro-7-(fenilsulfonil)-7H-pirrolo[2,3-d]pirimidina (500 mg, 1,70 mmolar) en
THF (5,00 mL), y la mezcla se agitd durante 1 h a{ -78 °C. Se agreg6 una solucién de cloruro de
zinc (278 mg, 2,04 mmolar) en THF (2,00 mL) gota a gota, y la mezcla resultante se retir6 del
bafio de enfriamiento y se permiti6 agitar durante 1 h. A una suspension de
tetrakis(trifenilfosfina)paladio(0) (100 mg, 0,08 |/mmolar) en THF (2,00 mL) se agregé 1-
iodonaftaleno (0,30 mL, 2,06 mmolar), y la solucion amarrilla resultante se agregd
inmediatamente a la mezcla de reaccién. Se calenté la mezcla resuitante a 80 °C durante 1 h.
Después de enfriar hasta 23 °C, la mezcla de reqccic’m se inactivé agregando agua (70,0 mL) y
la capa acuosa se acidificé con 1,00 M de acido élorhidrico. Se extrajo 1a mezcla con DCM (3 x
100 mL), y se combinaron las capas organicas. Se lavd la capa organica con sal muera, seco
con MgSQO.,, filtré, y evaporé al vacio. Se purificd el residuo via cromatografia en columna de
silica gel eluyendo con 30% acetato de etilo en hexanos para producir el compuesto del titulo
(665 mg, 82%). LC/MS : R;= 11,11 min, ES* 420,0 (FA largo).
Etapa b: 4-cloro-6-(1-naftil)-7H-pirrolo[2,3-d]pirimidina

[0426] A una solucidn de 4-cloro-6-(1-naftil)-7-(fenilsulfonil)-7 H-pirrolo[2,3-d]pirimidina (350 mg,
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0,73 mmolar) agitada en THF (2,50 mL) se agli'egé una solucién de NaOH (205 mg, 5,13
mmolar) en metanol (1,19 mL), y la mezcla se aglité durante 15 minutos. Después de inactivar
por adicion de solucion de NH,ClI saturada (80,0 mL), la mezcla se extrajo con acetato de etilo
(3 x 100 mL). Se combinaron las capas orgénicas‘, secaron con MgSO,, filtradas, y evaporadas
al vacio. Se disolvio el residuo en una pequeiia cantidad de etanol, y la suspension se filtro a
través de un filtro con almohadilla de vidrio. Se 1sec() el sélido blanco a alto para producir el
compuesto del titulo (141 mg, 65 %).

Etapa c: Sulfamato de ((1S,2$,4R)-2-hidro!xi-4-{[6-(1-naftil)-7H—pirroIo[2,3-d]pirimidin-

]
4-i|]amino}ciclopentil)me;tilo {Compuesto |-74)

[0427] Se preparo el compuesto del titulo siguiendo el procedimiento descrito en el Ejemplo 89
(etapas c-e). "H-RMN (400MHz, CD;0D) & : 8,31:8,25 (m, 1H), 8,16 (s, 1H), 7,96-7,89 (m, 2H),
7,65 (dd, 1H, J= 7,0, 0,8 Hz), 7,58-7,49 (m, 3H), §,91 (s, 1H), 4,92-4,80 (m, 1H), 4,45-4,39 (m,
1H), 4,35 (dd, 1H, J= 9,6, 7,5 Hz), 4,18 (dd, 1H, !J= 9,6, 7,3 Hz), 2,65-2,53 (m, 1H), 2,34 (ddd,
1H, J= 13,8, 7,5, 1,3 Hz), 2,21-2,11 (m, 1H), 2,00 (ddd, 1H, J= 13,8, 7,0, 5,1 Hz), 1,87 (ddd, 1H,
J=13,0, 8,6, 4,0 Hz). LC/MS : R;= 5,22 min, ES".454,1 (FA largo).

Ejemplo 114: Sulfamato de {(1S,2S,4R)-2-hidroxi-4-[(6-fenil-7H-pirrolo[2,3-d]pirimidin-4-il)-

amino]ciclopentil}metilo (Compuesto |-38)

[0428] El compuesto del titulo se preparé siguielndo el procedimiento descrito en el Ejemplo
113. 'H RMN (400MHz, CD;0D) &: 8,10 (s, 1H), 7,78-7,71 (m, 2H), 7,45-7,38 (m, 2H), 7,33-
7,26 (m, 1H), 6,93 (s, 1H), 4,86-4,79 (m, 1H), 4,44-4,39 (m, 1H), 4,35 (dd, J = 7,5, 9,5 Hz, 1H),
417 (dd, J = 7,3, 9,8 Hz, 1H), 2,64-2,52 (m, 1H), 2,36-2,27 (m, 1H), 2,19-2,08 (m, 1H), 2,02-
1,93 (m, 1H), 1,88-1,79 (m, 1H) ppm. LC/MS: R; = 4,02 min, ES* 404 (Aguas FA).

Ejemplo 115: Sulfamato de ((1S,2S,4R)-4-{[8-(7-cloroquinolin-4-il)- 7H-purin-6-iljoxi}-2-

hidroxiciclopentil)metilo (Compuesto 1-73) »
Etapa a: 6-{I(1 R,3S,4S)—3-{[tert—butiI(dimLtiI)siIiI]oxi}-4-({[tert-butiI(dimetil)siliI]oxi}-
metiI)ciclopentiI]oxi}-9-(tetrahi;dro-2H-piran-2-iI)-9H—purina

[0429] Se suspendid hidruro de sodio (47 mg, 0,0'012 molar) en DMF (4 mL, 0,05 molar) a0 °C,
al cual se agreg6 una solucién de (1R,3S,4S)-3-1{[tert-butil(dimetiI)siliI]oxi}-4-({[tert—butiI(dimetil)-
sililJoxi}metil)ciclopentanol (0,200 g, 0,000554 m&lar) en 2,5 mL DMF. Se agité la mezclaa 0 °C

durante 10 minutos y se agregd una solucién de 6-cloro-9-(tefrahidropiranil)purina (0,265 g,

0,00111 molar) (Ejemplo 33, etapa b) en 4 mL DMF. Se agito la reaccion a 0 °C durante 1 h'y
calentado a 23 °C durante la noche. Se inactivé ’Ia reaccion al agregar NH,Cl acuoso saturado,
y la mezcla se extrajo con acetato de etilo, lavd con salmuera, seco con (Na,SO,), filtrd y
concentrd. El residuo se purificé por cromatogra!fia instantanea (0 a 5% acetonal/tolueno) para
obtener 271 mg (86,8%). 1
Etapa b: 6-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-butil(dimetil)sililloxi}-
metiI)ciclopentiI]oxi}-8-iodo-9-(te€rahidro-2H-piran-2-i|)—9H—purina

[0430] A una solucién de 6-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililjoxi}-4-({[tert-butil(dimetil)silil]-
oxi}metiI)ciclopentiI]oxi}-9-(tetrahidro-2H-piran-2-i‘)-9H—purina (288 mg, 0,000512 molar) en THF
(10 mL, 0,1 molar) se agrego N-iodosuccinimiba (0,576 g, 0,00256 molar), y la mezcla se
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calenté a 70 °C durante la noche. Se enfri6 la| reaccién, inactivé por adicion de NaHSO;

aquoso saturado y la mezcla se extrajo con DCM (3x), lavé con agua, salmuera, secé con
(Na,SOy), filtré y concentré. Se purificod el residjuo por cromatografia instantanea (0 a 10%
EtOAc/hexanos) para obtener 271 mg (76,9%). |Referencia: Nolsoe, J.M.J.; Gundersen, L-L;
Rise, F. Acta Chemica Scandinavica, 1999, 53, 36‘6-—372.

Etapa c: 4-[6-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililloxi}-4-({[tert-butil(dimetil)sililjoxi}-
metil)ciclopentilloxi -9-(tetrahidro-Zm;irain-Z-il)-QH-purin-8-i|]-7-c|oroquinolina
[0431] A una solucién de 6-{[(1R,3S,4S)-3-{[teri—butiI(dimetiI)siIiI]oxi}-4-({[tert-butiI(dimetil)silil]—
oxi}metiI)ciclopentiI]oxi}-8-iodo-9-(tetrahidro-2H-pirian-2-il)-9H-purina (258,4 mg, 0,0003752
molar) en 1,2-dimetoxietano (3,0 mlL, 0,029 n‘{qolar) se agregd éster pincoIAde acido 7-
cloroquinolin-4-borénico (0,158 g, 0,000546 molar), hidréxido de bario (0,228 g, 0,00133 molar),

agua (0,5 mL, 0,03 molar) y tetrakis(trifenilfosfin)e’aladio(O) (0,02 g, 0,00002 molar), y la mezcla

se calentdé a 90 °C durante la noche. Se enfrié la reaccion, inactivé por adicion de agua y la
mezcla se extrajo con DCM (3x), lavo con aigua, salmuera, secd con (Nay,SO,), filtré y
concentrd. El residuo se purificé por cromtatografia instantanea (0 a 30% EtOAc/hexanos) para
obtener 180 mg (66,2%) mg. Referencia: Cammidge, A.N.; Crepy, K.V.L. Tetrahedron, 2004,
60, 4377-4386.

Etapa d: Sulfamato de ((1S,2S,4R)-4-{[8-(7-cloroquinolin-4-il)-7H-purin-6-ilJoxi}-2-

hidroxiciclopentil)meti'o (Compuesto I-73)

[0432] EI compuesto del titulo se prepard siguiendo el procedimiento descrito en el Ejempio 89
(Etapas d-e). 'H RMN (CD;OD, 400 MHz) &: 9,0‘5 (d, J=4,5Hz, 1H), 8,91 (d, J = 9,1 Hz, 1H),
8,57 (s, 1H), 8,15 (d, J = 2,2 Hz, 1H), 7,92 (d, J = 4,5 Hz, 1H), 7,72 (dd, J = 2,1, 9,1 Hz, 1H),
6,00-5,95 (m, 1H), 4,48-4,45 (m, 1H), 4,37 (dd, J = 7,6, 9,8 Hz, 1H), 4,21 (dd, J = 7,3, 9,7 Hz,
1H), 2,70-2,63 (m, 1H), 2,49-2,43 (m, 1H), 2,31-2,i25 (m, 1H), 2,21-2,17 (m, 2H) ppm. LC/MS: R;
=6,12 min, ES* 490,98 (AA largo).
Ejemplo 116: Sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[8-(1H-indol-3-il)-7H-purin-6-ilJoxi}-

ciclopentil)metilo (Compuesto 1-140)

[0433] EI compuesto del titulo se preparé siguiendo el procedimiento descrito en el Ejemplo
115 usando estér pinacol de acido 1-(fenilsulfoniIjindol-3-borénico. 'H RMN (CD;0D, 400 MHz)
0. 8,41-8,33 (m, 2H), 8,08-8,03 (m, 1H), 7,48-7,145 (m, 1H), 7,26-7,19 (m, 2H), 5,94-5,88 (m,
1H), 4,48-4,42 (m, 1H), 4,38 (dd, J=7,3, 9,8 Hz,j 1H), 4,21 (dd, J = 7,0, 9,8 Hz, 1H), 2,70-2,63
(m, 1H), 2,46-2,40 (m, 1H), 2,28-2,22 (m, 1H), 2)17-2,140 (m, 2H) ppm. LC/MS: R; = 5,78 min,
ES’ 445,04 (AA largo). |

Ejemplo 117: Sulfamato de [(1S,2S,4R)-4-({8-[4-(dimetilamino)-1-naftil]-7H-purin-6-il}oxi)-2-

hidroxiciclopentiljmetilo (Compuesto 1-103)

[0434] Ei compuesto del titulo se prepard siguiendo el procedimiento descrito en el Ejemplo 115
usando N,N-dimetil-4-(4,4,5,5-tetrametil-1,3,2-dioxaborolan-2-il)naftalen-1-amina. 'H RMN
(CD;0OD, 400 MHz) &: 8,55-8,52 (m, 1H), 8,50 (s, 1H), 8,30-8,28 (m, 1H), 7,80-7,77 (m, 1H),
7,865-7,53 (m, 2H), 7,20-7,17 (m, 1H), 5,94-5,921(m, 1H), 4,46-4,43 (m, 1H), 4,36 (dd, J = 7,5,
9,8 Hz, 1H), 4,20 (dd, J = 7,3, 9,8 Hz, 1H), 2,95/ (s, 6H), 2,66-2,60 (m, 1H), 2,46-2,39 (m, 1H),
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2,28-2,22 (m, 1H), 2,17 (m, 2H) ppm. LC/MS: R; = 6,75 min, ES" 499,16 (AA largo).
Example 118: Sulfamato de ((1S,28,4R)-4-{[8‘-(1-bencil-1H-pirazol-4-yl)—7H—purin-6-il]oxi}-2-

hidroxiciclopentil)metilo (Compuesto 1-129)

[0435] El compuesto del titulo se preparé siguiend
usando éster pinacol del acido 1-benciIpirazol-4-b‘orc’)nico. 'H RMN (CD,0D, 400 MHz) &: 8,41
(s, 1H), 8,34 (s, 1H), 8,17 (s, 1H), 7,39-7,30 (m, 5H), 5,90-5,85 (m, 1H), 5,43 (s, 2H), 4,46-4,43
(m, 1H), 4,36 (dd, J = 7,6, 9,8 Hz, 1H), 4,19 (dd, ]J= 7,2, 9,8 Hz, 1H), 2,66-2,60 (m, 1H), 2,40-
2,37 (m, 1H), 2,26-2,19 (m, 1H), 2,15-2,11 (m, 2H) ppm. LC/MS: R, = 5,72 min, ES" 486,13 (AA
largo).

Example 119: Sulfamato de {(18,2S,4R)-2-hidroxi-4-[(8-isoquinolin-4-il-7H-purin-6-il)-

oxi]ciclopentil}metilo (Compuesto I-112)

o el procedimiento descrito en el Ejemplo 115

[0436] El compuesto del titulo se prepard siguiend‘o el procedimiento descrito en el Ejemplo 115
usando éster pinacol del acido 4-isoquinolinborénico. 'H RMN (CD;OD, 400 MHz) &: 9,41 (s,
1H), 8,87 (s, 1H), 8,74 (d, J = 8,6 Hz, 1H), 8,55 (is, 1H), 8,25 (d, J = 8,4 Hz, 1H), 7,94 (m, 1H),
7,82 (m, 1H), 5,98-5,96 (m, 1H), 4,49-4,46 (m, 1H), 4,37 (dd, J=7,5, 9,8 Hz, 1H), 4,20 (dd, J =
7,3, 9,7 Hz, 1H), 2,70-2,63 (m, 1H), 2,48-2,42 (m, 1H), 2,32-2,26 (m, 1H), 2,20-2,16 (m, 2H)
ppm. LC/MS: R, = 5,15 min, ES" 457,08 (AA Iargo)l.

Ejemplo 120: Suifamato de ((1S,2S,4R)—2-hidrbxi-4-{[8-(4-pirrolidin-1-iI-1-naftil)-7H—purin-6-i|]—

oxi}ciclopentil)metilo (Compuesto 14 39)
Etapa a: 1-(4-brom!o-1 -naftil)pirrolidina

[0437] A una solucién de 1,4-dibromonaftaleno -‘(500 mg, 0,002 molar), pirrolidina (0,18 mL,
0,0021 molar), (R)-(+)-2,2'-Bis(difenilfosfino)-1,1'-binaftilo (0,022 g, 0,000035 molar), tert-

butoxido de sodio (0,24 g, 0,0024 molar) en tolueno (5,00 mL, 0,0469 molar) se agregb

tris(dibencilidenaceton)dipaladio(0) (0,008 g, 0,000009 molar), y la mezcla se calenté a 70 °C
durante la noche. La reaccion se enfrio, inactivc'jJ al agregar agua y la mezcla se extrajo con
DCM (3x), lavé con agua, sal muera, seco sob‘fe (Na,S0,), filtré y concentré. El residuo se
purifico por cromatografia instantanea (0 a 25%|hexanos /DCM) para obtener 400 mg (80%).
Referencia: Jean, L.; Rouden, J.; Maddaluno, J.; Lasne, M-C. J. Org. Chem. 2004, 69, 8893-
8902.
Etapa b: 1-[4-(4,4,5,5-tetrametil-1 ,3,2-dioxaborolan-2-il)-1 -naftil]pirrolidina

[0438] A una solucion de 1-(4-bromo-1-riiaftil)pirrolidina (400 mg, 0,001 molar),
bis(pinacolato)diboron (0,40 g, 0,0016 molar), acetato de potasio (0,43 g, 0,0043 molar) en N,N-

dimetilformamida (8 mL, 0,1 molar) se agregé tetrakis(trifenilfosfin)paladio(0) (0,050 g,

0,000043 molar), y la mezcla se calento a 100 °C durante la noche. La reaccion se enfrio,
inactivd al agregar agua y la mezcla se extrajo con dietil éter, lavé con agua, salmuera, seco
con (Na,SO,), filtrd y concentrd. El residuo se pQrificé por cromatografia instantanea (0 a 25%
DCM / hexanos) para obtener 221 mg (50%). R|eferencia: Miyashita, K.; Sakai, T.; Imanishi, T.
Org. Lett. 2003, 5, 2683-2686.
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!
Etapa c: Sulfamato de ((1S,2S,4R)-2-hidroxi-4-{[8-(4-pirrolidin-1-il-1-naftil)-7H-purin-6-
{
ilfoxi}ciclopentil)metilo (Compuesto |-139)

[0439] El compuesto del titulo se prepard siguiendc:) el procedimiento descrito en el Ejemplo 115
usando 1-[4-(4,4,5,5-tetrametil-1,3,2-dioxaborolan-2-il)-1-naftil]pirrolidina. '"H RMN (CD;0D, 400
MHz) &: 8,58 (d, J = 8,1 Hz, 1H), 8,48 (s, 1H), 8,31'| (d, J=8,0Hz, 1H), 7,75 (d, J = 8,4 Hz, 1H),
7,54-7.46 (m, 2H), 7,02 (d, J = 8,2 Hz, 1H), 5,95-5,92 (m, 1H), 4,47-4,45 (m, 1H), 4,37 (dd, J =
7,5, 9,8 Hz, 1H), 4,20 (dd, J = 7,2_, 9,8 Hz, 1H), f‘3,5 (m, 4H), 2,70-2,62 (m, 1H), 2,47-2,40 (m,
1H), 2,31-2,24 (m, 1H), 2,16 (dd, J = 5,0, 9,0 Hz, 2H), 2,07-2,04 (m, 4H) ppm. LC/MS: R;= 7,35
min, ES™ 525,26 (AA largo).

Ejemplo 121: Sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8-[(3-metilfenil)sulfanil}-7H-purin-6-il}-

oxi)ciclopentillmetilo (Compuesto 1-136)
Etapa a: 6-{[(1R,3S,45)-3-{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil)sililJoxi}-
metiI)ciclopentiI]oxi}-8-[(3-me!tiIfenil)sulfanil]-9H-purina

[0440] A una solucion de 3-metilbencentiol (0,55 mL, 0,0046 molar) en DMF (10 mL, 0,2 molar)
se agrego hidruro de sodio (0,093 g, 0,0023 molar‘). La mezcla se agité a temperatura ambiente
durante 10 minutos y luego se agregd 6-{[(1R,3S,4S)-3-{[tert-butil(dimetil)sililjoxi}-4-({[tert-
butil(dimetil)sililjoxi}metil)ciclopentil]oxi}-8-iodo-9-(tetrahidro-2H-piran-2-il)-9H-purina (400 mg,

0,0006 molar) (Ejemplo 115, etapas a-b) y la solucién se calenté a 150 °C durante 8 horas. La
reaccioén se enfrid, inactivé por agregado de agua y la mezcla se extrajo con acetato de etilo,
lavdé con agua, salmuera, secé con (Na,SO,), filtr6 y concentré. El residuo se purifico por
cromatografia instantanea (0 a 30% acetato de etilo / hexanos) para obtener 296 mg (80%) del
compuesto del titulo.

Etapa b: Sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8-[(3-metilfenil)sulfanil]-7H-purin-6-il}-

oxi)ciclopentiljmetilo (Compuesto 1-136)

[0441] El compuesto de titulo se prepar6 siguien‘do el procedimiento descrito en el Ejemplo 89
(etapas d-e) 'H RMN (CD;0D, 400 MHz) &: 8,39, (s, 1H), 7,40-7,20 (m, 4H), 5,84-5,82 (m, 1H),
4,40-4,39 (m, 1H), 4,35-4,30 (m, 1H), 4,17-4,13 (m, 1H), 2,57-2,52 (m, 1H), 2,39-2,33 (m, 1H),
2,33 (s, 3H), 2,19-2,04 (m, 3H) ppm. LC/MS: R, = 6,35 min, ES" 452,04 (AA Iargo).'

Ejemplo 122: Sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8-[(3-metilfenil)sulfonil]-9H-purin-6-il}-

oxi)ciclopentillmetilo (Compuesto 14101)

[0442] A una solucidon de sulfamato de [(1S,2S,4R)-2-hidroxi-4-({8-[(3-metilfenil)sulfanil]-9H-
purin-6-iljoxi)ciclopentillmetilo (13 mg, 0,000029 molar) en metanol (1,0 mL, 0,025 molar) a 0 °C
se agregé una solucién de Oxone® (0,0354 g, 0,0000576 molar) en agua (0,5 mL, 0,03 molar).
La reaccion se agité durante 4 horas a 0 °C y| luego calento a 23 °C durante la noche. La
reaccion se dividié con agua y acetato de etilo:isopropanol. Las capas se separaron y la capa
acuosa extraida con acetato de etilo:isopropano;. Las capas organicas combinadas se lavaron
con agua, salmuera, secaron con (Na,SQ,), filtraron, y recolectadas al vacio. El residuo se
purific6 por cromatografia instantanea (20%| MeOH/DCM) para obtener 9 mg (60%).
Referencia: Ref.: Ramani R. Ranatunge,* et Al., J. Med. Chem., 2004, 47, 2180-2193. '"H RMN
(CD;OD, 400 MHz) &: 8,54 (s, 1H), 7,94 (s, 1H), 7,91 (d, J = 7,5 Hz, 1H), 7,56 (d, J = 7,5 Hz,
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1H), 7,52 (dd, J = 7,6, 13,3 Hz, 1H), 5,91-5,86 (m, [1H), 4,45-4,42 (m, 1H), 4,34 (dd, J =75, 9,8
Hz, 1H), 4,18 (dd, J = 7,3, 9,6 Hz, 1H), 2,65-2,59 (m, 1H), 2,44 (s, 3H), 2,41-2,35 (m, 1H), 2,24-
2,18 (m, 1H), 2,13-2,09 (m, 2H) ppm. LC/MS: R = i5,10 min, ES* 484,11 (AA estandar).

Ejemplo 123: Sulfamato de {(1S,2S,4R)-4-[(9-bencil-9H-purin-6-yl)oxi]-2-hidroxiciclopentil}-

metilo (Compuesto 1-80)

Etapa a: 5-amino-4-bencilamino-6-cloropirimidina
[0443] A una solucidén de 5-amino-4,6-dic|oropirirﬁidina (8,4 g, 0,051 molar) en 1-butanol (50,0
mL, 0,547 molar) se agregd trietilamina (12 mL, O,C:)84 molar) y bencilamina (17 mL, 0,15 molar),
y la mezcla se calent6 a 100 °C durante 3 horas. ILa reaccién se enfrié a 0 °C, filtrd y lavo con
etanol. El residuo se disolvié en CH.CI, y lavé con NaHCO, saturado acuoso, y concentrd. El
residuo se triturd en dietil éter para obtener 11,5 g|(96%) de un sélido marrén claro.
Etapa b: 6-T clofo-9-bencilpurina
[0444] A una solucion de 4,0 M de acido clcirhidrico en 1,4-dioxano (2,3 mL) en N,N-
dimetilformamida (10,0 mL, 0,129 molar) se agregd ortoformiato de etilo (2,00 mL, 0,0120

molar) y N*-bencil-6-cloropirimidin-4,5-diamina (500 mg, 0,002 molar). La mezcla se agitd
durante 3 dias. La reacién se inactivd por adiciénl de trietilamina (1,5 mL, 0,011 ‘molar), extrajo
con acetate de etilo, lavé con bicarbonato de sodio saturado acuoso, agua, salmuera, secé con
(Na,SO,), filtré y concentrd. El residuo se purificé por cromatografia instantanea (3 a 5%
MeOH/DCM) para obtener 336 g (60%). LC/MS: RL =1, 49 min, ES" 245,08 (AA estandar).

Etapa c: Sulfamato de {(1S,2$,4R)-4-[(9-b§nciI-9H-purin-6-i|)oxi]-2-hidroxiciclopentil}-

metilo (Compuesto I-80)

[0445] EI compuesto de titulo se preparé siguiendo el procedimiento descrito en el Ejemplo 115
(etapas a y d d). 'H RMN (CDsOD, 400 MHz) 58,51 (s, 1H), 8,32 (s, 1H), 7,34-7,28 (m, 5H),
5,93-5,88 (m, 1H), 5,49 (s, 2H), 4,46-4,43 (m, 1H), 4,35 (dd, J = 7,5, 9,9 Hz, 1H), 4,18 (dd, J =
71, 9,6 Hz, 1H), 2,66-2,59 (m, 1H), 2,43-2,37 (m, 1H), 2,25-2,18 (m, 1H), 2,14-2,10 (m, 2H)
ppm. LC/MS: R, = 6,04 min, ES* 420,11 (AA Iargog.
Ejemplo 124: Sulfamato de ((1S,2S,4R)-4-{[}8-(2,3-dihidro-1-benzofuran-?-il)-7H—purin-6-il]-
amino}-2-hidroxiciclopentil)metilo (Compuesto I-117)
[0446] El compuesto del titulo se prepa[é siguiendo el procedimiento descrito en el
Ejemplo 89 usando el acido carboxilico apropiado. 'H RMN (CD;0D, 400 MHz) &: 8,29-8,20 (m,
1H), 8,05-7,81 (m, 1H), 7,36 (dd, J= 0,9, 7,3 H!z, 1H), 7,01 (t, J = 7,7 Hz, 1H), 4,86-4,78 (m,
3H), 4,44-4,41 (m, 1H), 4,36 (dd, J = 7,7, 9,6 Hz, 1H), 4,18 (dd, J = 7,2, 9,8 Hz, 1H), 3,35-3,31
(m, 2H), 2,63-2,55 (m, 1H), 2,38-2,32 (m, 1H), 2/20-2,12 (m, 1H), 1,99-1,92 (m, 1H), 1,89-1,83
(m, 1H) ppm. LC/MS: R, = 5,75 min, ES* 447,14 (,‘(\A largo).
Ejemplo 125: Sulfamato de {(18,2S,4R)-2-hidroxi-4-[(8-quinolin-8-il- 7H-purin-6-il)-
amino]ciclopentil}metilo (Compuesto 1-84)
[0447] El compuesto del titulo se preparé siguiendo el procedimiento descrito en el Ejemplo 89
usando el acido carboxilico apropiado. 'H RMN (DMSO- dg, 300 MHz) &: 9,22-9,12 (m, 1H),
8,93-8,76 (m, 1H), 8,62-8,54 (m, 1H), 8,30-8,09 ’(m, 2H), 7,86-7,69 (m, 2H), 7,40-7,39 (m, 1H),
4.81-4,70 (m, 1H), 4,30-4,19 (m, 2H), 4,08-3,98 (m, 1H), 2,48-2,42 (m, 1H), 2,28-2,20 (m, 1H),
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2,13-1,74 (m, 3H) ppm. LC/MS: R, = 6,00 min, ES*|456,04 (AA largo).

Ejemplo 126: Sulfamato de [(1S,2S,4R)-4-({8-[4- (bencﬂom)feml] 7H-purin-6-il}amino)-2-
hidroxiciclopentillmetilo (Compuesté 1-102)

[0448] EI compuesto del titulo se preparé siguiendo el procedimiento descrito en el Ejemplo 89

usando el acido carboxilico apropiado. 'H RMN (:DMSO- ds, 400 MHz) &: 8,15 (s, 1H), 8,03 (d,

J = 8,2 Hz, 2H), 7,46-7,30 (m, 5H), 7,15 (d, J = 8,8 Hz, 2H), 5,16 (s, 2H), 4,84-4,75 (m, 1H),

4,22-4,16 (m, 2H), 4,00-3,97 (m, 1H), 2,48-2,42 ( (m 1H), 2,12-1,69 (m, 4H) ppm. LC/MS: R, =

7,22 min, ES* 511,06 (AA largo).

Ejemplo 127: Sulfamato de ((1S,28,4R)-¢‘i1-{[8-(2,3-dimetoxifenil)-QH-purin-6-il]amino}-2-
hidroxiciclopentil)metilo (Compuesto 1-67) ,

[0449] EI compuesto del titulo se preparé siguiendo el procedimiento descrito en el Ejemplo 89

(etapas a-d) usando el &cido carboxilico apropiado y Ejemplo 1 (etapa d, usando HCI para la

desproteccion de TBS). 'H RMN (CD,0OD, 400 MHz) &: 8,30-8,23 (m, 1H), 7,87-7,61 (m, 1H),

7,25-7,18 (m, 2H), 4,92-4,80 (m, 1H), 4,43-4,40 (m, 1H), 4,38-4,34 (m, 1H), 4,21-4,16 (m, 1H),

3,90 (d, 6H), 2,63-2,54 (m, 1H), 2,40-2,31 (m, 1H), 2,20-2,12 (m, 1H), 2,00-1,91 (m 1H), 1,90-

1,83 (m, 1H) ppm. LC/MS: R; = 5,92 min, ES" 465|(AA largo). !

25

Ejemplo 128: Sulfamato de ((1S,2S,4R)-2-h1drOX|-4-{metiI[8-(1-naftil)-QH-purin-6-il]amino}- ’

ciclopentil)metilo (Compuesto 1-46)
Etapa a: Metansulfonato de (1S,3S,4§)-3-{[tert-butil(dinEt_il)siliI]oxi}-4-({[tert-
butiI(dimetil)siIiI]oxi}fmetil)ciclopentilo
[0450] A una solucién de (1S,3S,4S)-3-{[tert-butil(dimetil)sililJoxi}-4-({[tert-butil(dimetil)silil]oxi}-
metil)ciclopentanol (2,02 g, 0,00560 molar) en Cl-jiZCIz (55,0 mL, 0,858 molar) a 0 °C se agregd
trietilamina (1,8 mL, 0,013 molar) y cloruro de métansulfonilo (0,650 mL, 0,00840 molar) en una

LS

atmésfera de nitrégeno. La mezcla se agité a 0 °C durante 30 minutos, y entonces calentada a
28 °C durante 1 hora. La reaccion se inactivd por adicién de bicarbonato de sodio saturado
acuoso, extrajo con DCM, secé con (Na,SOy,), filtrfé y concentro para dar 2,66 g (100 %).
Etapa b: [((1S,2S,4R)-4-azido-2-{[tert-butil(dimetil)sililloxi}ciclopentil)metoxi](tert-
butil)dimetilsilano

[0451] A una solucion de metansulfonato de (11S,3S,4S)-3-{[ten‘-butiI(dimetiI)silil]oxi}-4-({[tert—
butil(dimetil)sililJoxi}metil)ciclopentilo (2,66 g, 0,00606 molar) en N,N-dimetilformamida (20 mL,
0,2 molar) se agregé azida sddica (1,21 g, 0,0186 molar), y la mezcla se calenté a 55 °C

durante 3 hours. La reaccion se enfri6 a 23 °C; inactivd por agregado de agua y extrajo con
Et,O (3x), lavé con agua, salmuera, sec con (Na;SO,), filtrd y concentrd. El residuo se purifico
por cromatografia instantanea (0 a 15% acetate de etilo /hexano) para obtener 2,13 g (91,1%).
Etapa c: (1R,3S,4S)-3-{[tert-butil(4d_imetfiI)siliI]oxi}-4-({[tert-butiI(dimetil)silil]oxi}-
miil)ciclopéntang_mina
[0452] Una  suspensidon de [((1S,2S5,4R)-4-azido-2-{[tert-butil(dimetil)silil]oxi}ciclopentil)-
metoxi](tért-butil)dimetilsilano (2,13 g, 0,00552 molar) y 10% Pd/C (0,27 g, 0,00026 molar) en
EtOAc (45,0 mL, 0,461 molar) se agité en una jatmésfera de hidrégeno durnte la noche. Se

purgd la reaccion con nitrégeno y se filtrd la mezcla a través de celite con EtOAc. Elfiltrado se
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