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(> | Nombre: ARDEA BIOSCIENCES, INC. IDENTIFICACION |
Direccién: 4339 Directors Place, San Diego, c.C. NIT
SOLI(C;I;\NTE | California 92121, Estados Unidos de América. |
i Nacionalidad o Domicilio: Estadounidense C.E. Otro !
i Lugar de Constitucion: Estados Unidos
i Sl — : Cual
! Teléfono: Fax:
' E-mail: Nimero
- | IDENTIFICACION

Nombre: CARLOS R, OLARTE

C.C.] x | NIT

— —_—— — L

| O APODERADO _ C.E. Otro
Telefono: 601-7700 Fax:- 601-7799
E-mail: office@olartemoure.com Cval ____
1 STIeess S Namero 79.782.747Bta !
TP 74.295 '

_
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l .
REPRESENTANTE i Direccion: Carrera 5 No. 34-03 Bogoté
!
l
l

S —_

| - Nombre: 1) Andreas MADERNA 2) Jean-Michel VERNIER.
Direccién: 1) 54 Pyngyp- Road, Stony Point, New York 10980 Estados

|
‘ l Unidos de América 2) 5150 Sea Mist Ct, San Diego, CA 92121 Estados
* INVENTOR (ES) | Unidos de America.
;
|

Nacionalidad o Domicilio: 1) Estadounidense v 2) Francesa

|
|
1

(72)
@ PCT (86) B T -
Solicitud Internacional No. PCT/EP2010/004222 Fecha Julio 10, 2010 ;
? Publicacién Internacional No. WO 2011/009541 Fecha Enero 27, 2011 !

Tltulo (54) PREPARACION DE (R] Y (S) N -(3,4-DIFLUORO-2-(2-FLUORO- 4-
@ YODOFENILAMINO)-6-METOXIFENIL)-1-(2,3-DIHIDROXIPROPIL)

CICLOPROPAN-1-SULFONAMIDA Y DERIVADOS PROTEGIDOS DE LOS MISMOS.

Clasmcacmn Internacional (51) C07C 303/38 C07C 303/40; CO7C 309/82; CO7C
309/85; CO7C 311/28.

(33) Pais de Origen | '@2) Fecha ]“(31) Numero de Solicitud j
: Prioridad ! us 4 Julio 24, 2009 | 61/228,509 -
\ Uus : Julio 24, 2009 61/228,501
SI| X | NO | | [
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ANEXOS

Comprobante de pago de la tasa de presentacion de la solicitud,

Documento que acredita la existencia y representacién fegal cuando el solicitante sea persona
juridica. Adjunta copia simple. Ver ariginal Exp. No. 11-116.967.

Poderes, si fuere el casa. Ver original Exp. No. 11-116.967.
Documento de cesion del inventor al solicitante o a su causante.

Declaraciones.

Copia de la solicitud internacional. {Resumen, descripcidn, reivindicaciones, dibujos).

Traduccién de la solicitud internacional al castellano. (Resumen, descripcion, reivindicaciones,
dibujos). o :

Copia del examen preliminar internacional eféctuado por la Autoridad Internacional de Examen [
Preliminar {IPEA). ‘ ;
!
I
l

Traduccion del examen preliminar internacional efectuado por la IPEA.

N

De ser el caso, copia del contrato de accesa. i

De ser el caso, documento que acredite la licencia o autorizacion de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de depésite del material biologico. |
Arte final 12 x 12, |

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

solicitud. L :

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

-

Otros. Busqueda Internacional. |
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FIGURA CARACTERISTICA: l

- N

N /

@ Solicito la concesion de la patente,

NOMBRE:_CARLQOS R. OLARTE FIRMA: 7
- C.C.79.782.747Bta T.P. 74.295

e iy S

t
|
|
l
|
1




3

-
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
"NIT : 800.176.089-2

-f-
ft . RECIBO DE CAJA No. 12 - 002640
4 Industria y Comercio L
T SUPERINTENDENCIA : . Bogota D.C., Enero 11 de 2012 - 16:34:36
RECIBIDO DE ; QLARTE MOURE & ASOCIADOS - . NI 830.122.870
*** Soporte del Pago ***
TIPO PAGO BANCO CUENTA . ‘Na PAGO FECHA PAGO VR PAGO
CONSIGNACION BANCO DE BOGOTA 062754387 409132846 11/01/2012 25.031.000.00
*** Conceptos Pagados ***
CANT RENTISTICO CONCEPTO_ "‘} _ Ve UINDITARIO — Vr CONCEPTO
© 1 50005-01-01 SOLICITUDES 1&%%[&%% DEﬂg_‘.dL'. OE PATENTE DE 590.000.00 590.000.00

$590.000.00

.-

. SON: “QUINIENTOS NOVENTA MiL PESOS MONEDA CORRIENTE**

.‘ :' | ’
=, rd
f F)

,L:R"esponsable

_ SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
S [T

Facha: 2012-01-24 16:28:08  Dep. 2020 DIRNUEVASCR
Tra. 11 PATENTEIYII Eve: 378 FASENACIONALI
Act. 411 PRESENTACION Folios: 67

9

Recibo

Sede Coniro: Carrera 13 No. 27 - 00 Plaos 3,4,5 y 10 Bogots, D.C.- Colambla
o T Web: www.slc.gov.co e-mai: Info@sic.gov.co Conmuador: {571) 58370000 Fax: {571) 5870284 Linea: 018000-910165 Cal! Center: {371) 6513240
: %ﬁ s Enare 11 de 2012 - 16:34:45

Bl R




£

12

13

14

15

16

17

18

19

20

21

22

23

24

25

/ l,
ISABEL MARTIP ﬁ/b[ 0
MATRICULA #55
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FOLIO 661. PRIMERA COPIA." SUSTITUCION DE MANDATO.- DAGMAR MES-

SERER POR “ARDEA BIOSCIENCES, INC.7 A CARLOS REINALDO OLARTE Y

OTRO.~ ESCRITURA NUMERO DOSCIENTOS CINCUENTA ¥ DOS. En la Ciu-

dad de Buenos Aires, Capital de la Repiiblica Argentina, a sie-
te de septiembre del afio dps mil once, ante mi, escribana au-
torizante, comparece doﬁquagmar MESSERER, soltera, mayor de
edad, con documento nacionql de identidad n® 20.383.892, veci-
na de esta Ciudad y de mi conocimiento, doy fe, asi como que
dice: Que SUSTITUYE a favor de los sefiores CARLOS REINALDO
OLARTE y/o JUBN GUILLERMO MOURE PEREZ, para que lo ejerzan
conjunta, separada e ina{Etintamente, el mandato otorgado por

omiciliada en 4939 Directors Place,

“ARDEA BIOSCIENCES, Irqc'.?""'l
B PN
San Diego, California 921?]; Estados Unidos de América, trans-
cripto por escritura n® 216;de fecha 24 de septiembre de 2009,
ante mi, al folio 558 de ‘este mismo Registro, que ¢n primera
copia tengo a la vista,.doy fe, y copilada dice: "“Folio 558.
Primera Copia. Transcripci&n de mandato.-~ “Ardea Biosciences,
Inc.” a PDagmar Messerer. Escritura doscientos diez. En la Ciu-
dad de Buenos Aires, Cépital de 1la Republica Argentina, a
veinticuatro de septicmpée éel afic dos mil nueve, ante mi, es-
i

cribana autorizante, comparece dofa Dagmar MESSERER, soltera,

¥
Tf

mayor de edad, con documento nacional de identidad n®°
20.383.892, vecina de esta Ciudad y de mi conocimiento, doy

fe, asl como gue dice: Que para su TRANSCRIPCION en el proto-

colo de este Regilstro, me entrega un poﬁer otorgado por ARDEA



o
ByEn0S,
4L pepenstt

BIOSCIENCES, INC, domiciliada en 4939 Directors Place, San
Diego, California 92121, Estades Unidos de América, ¢l que en
su original con su correspondiente traduccién y legalizacidn,
tengo a la vista, doy fe, y copiado dice: “PODER. Lus abajo

firmante/s Ardea Biosciences, Inc, domiciliadeos en 4939 Direc~

tors Place, San Diegeo, California 92121, EEUU declaran por el |

presente otorgar a Dagmar MESSERER poder general amplio y su-
ficiente para recabar de las autoridades argentinas, sud y
centroamericanas asl como mexicanas que correspondan, la ob-
tencién de patentes de invencidn, el registro y la renovacidn
de marcas y modelos y/o derechos de propiedad intelectual y/o
nombres de dominio, a cuye efecto los faculta/n para llevar a
cabo ante dichas autoridades todas las gestiones necesarias al
cbijeto indicade, presentar solicitudes, formular descripcio-

nes, oposiciones, protestos, declaracioncs, apelaciones y re-

"clamos, oblar impuestos, Jjustificar explotaciones, solicitar

testimonios, aceptar transferencias, recibir documentos y va-
lores, percibir y hacer cuante fuere necesario ante las auto-
ridades administrativas de cualguier orden. Por otra parte,
les confieren mandato para gque en su nombre y representacién
puedan iniciar y proseguir cualgquier juicio que actualmente

los que suscriben tengan o en el futuro tuvieran en la Repi-

"blica Argentina, en Sudamerica, Centroamérica y México, con
" motivo de su nombre, marcas de fabrica o de comercio, patentes!

v de invencion y modelos y/o de sus derechos de propiedéd inte-

N 013963440
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lectual. que actualmente posean o adguieran en lo sucesivo,
promover juicios de cualquier jurisdiccién, criminales, co-
rreccionales, civiles o comerciales contra los falsificadores,
usurpadores o imitadores y contra los tenedores de articulos
gque infrinjan su nombre,rmarcas o patentes de invencidn, se-
ter omet
guir los juicios por oposicién u otros en que fueran parte co-
mo actores o demandados, defender el nombre, las marcas, pa-
tentes y modelos y/o de.r.echos de propiedad intelectual y/o
nombres de dominio, haciendo las protestas del casc o diciendo
de nulidad. Al cfecto,.éodgéﬁ presentarse con escritos, guere-
N 'll!‘
llas, pedidos, y lo que fuere necesario ante cualguier autori-
dad judicial, presentar éééfigos, documentos y deméas Justifi-
cativos, rendir pruebas de cualguier especie, pedir nombra-
mientos de peritos, pedir  y absolver posiciones, asistir a
juicios wverbales, declinar y prorrogar de jurisdiccidn, ta-
char, recusar, apelar, transar, someter a arbitraje o madia-
cién, hacer renuncias, exigir y dar cauciones, pedir embargos
preventivos, definitivps ‘5 inhibiciones y su levantamiento,
pedir la wenta de 1os_biéﬁé; de los deudores, solicitar y ob-
. ‘:A.‘!‘.
tener el cumplimiento de scntencias, prestar juramentos, decir
de nulidad, desistir, percibir, otorgar recibos y en general
practicar todos los acto;‘y diligencias que sean precisos al
desempefic de este mandato. Podran asimismo sustituir el pre-

sente poder en todo o en parte. En relacién a Brasil, este po-

der incluyec recibir citaciones, intimaciones, notificaciones



- oficial - Firma: (firmade) Jackie Hannah - (Sello:) Jackie

N 013963441

en dichco pais conforme el articulo 217 de la Ley Brasilera
8279/96 y/o hacer substituciones a otros abogados / agentes
brasileros con facultad para recibir dichas citaciones, inti-
maciones, notificaciones. Dado y firmado en San Diego CA
09/02/09. Sigue una firma ileg;ble-" “IRADUCCION PUBLICA. (A
continuacién de un PODER olorgado én idioma nacional, per la
sociedad “Ardea Biosciences, Inc”, con sede en San Diego, Ca-
lifornia, EE.UU., apareccn las siguilentes certificaciones, gue
traducidas dicen:} La versidén en inglés es para su informacion

Gnicamente.~ Dade y firmado en ({(ilegible) San Diego, CA, - 02-

09-09.- CERTIFICACION DE CALIFORNIA PARA TODO USO {ilegible) 1‘
Estadoe de California, Condado de San Diego - El 2 de setiembre;
de 2009 comparecidé personalmente ante mi Jackie Hannah, Escri-
bana, Barry Quast guien demostrd en base a pruceba suficiente,
gue es la persona cuya firma en el instrumento adjunte es au-~
Léntica y que procede de su perscna, y me comprobd que su fir-—
ma en el instrumento es auténtica. Certifico bajo pena de per-—

jurio, segin las leyes de California, que lo que consta arriba

es fiel y exacto. En fe de lo cual firmo y estampo el secllo

Hannah, Mandatce N°1B00633; Escribana Pdblica de California,
Condado de San Diego, ML mandato wvence el B de junio de 2012.
OPCIONAL - Descripcién del documento adjunto: PODER. Cantidad
de paginas: 1 (una).- Caracter del firmante: Nombre Barry

Quast - Cargo: Director—-Gerente - (Impresidn digital).‘CONDADO
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DE SAN DIEGO - ASESOR EN JEFE DE REGISTRO-SECRETARIO DEL CON-

DADO - oOficina del Registrador del Condado: 1600 Pacific .

Highway, Oficina 260, Yo, David Butler, Aso-
sor/Registrador/Funcionario del Condado, del Condado de San

Diego, Estado de California, gque por la ley tiene su sello,

[T

CERTIFICO POR EL PRESENTE que JRCKIE HANNAH, cuya firma figura
al pie del Certificado de Prucba o Reconocimiento en el ins-—
trumento anexo y que figura alli, era en la fecha de dicho ju-
ramentc o Prueba de Reconpéimiento, Escribana Publica en y pa-

ra dicho Condado, debidamente comisionada y juramentada, y de-

3 Ll

bidamente autorizada por’la ley de dicho Estado para adminis- :

trar juramentos y toma? reconocimientos y Pruebas de Instru-
mentos Piblicos y otros documentos escritos a ser registrados
en dicho Estado. ConozcoLlé letra de dicha Escribana Pablica y
crec que la firma en dicha declaracidén jurada o Certificado de
Prueba de Reconocimiento es auténtica. Certifico ademas gue
segin las leyes del Estade de California dichoe juramento o
Certificado de Prueba o‘}eeonocimiento son regueridos provis-
tos de sello, pero la iméfégién de dicho sello no esté obliga-
e h;
da por las leyes del Estado de California de registrarse en mi
despacho o en ningan otro 1anr. Fechado el 2 de setiembre de
2009 - Doy fe - (Firma ilegible, aclarada: )DAVID BUTLER, Ase-
sor del Condado/Jefe de Registro/-Funcionarie- (Sello:) Ase-

sor/Jefe de Registro/Funcionario del Condado de San Diego. Su-

cursales con oficinas disponibles que estan bajo su servicio.

i...__‘._..___._.... s ama o
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ESTADO DE CALIFORNIA -~ SECRETAR1QO DE ESTADO. Sclicitado para

ser usado en BArgentina ~ No podra usarsc en los Estados Unidos

de América. APOSTILLA - ({Convencidén de Ta Haya del 5 de octu-— -

bre de 1961} -- Pais: Estado Unidos de América. Este documento
publico fue firmado por David Butler, que procedidé en su ca-
racter de Asesor/Registrador/Secretario del Condade de San
Diego, Estadeo de California, y lteva el sello del Condade de
San Dicge, Estado de California.- Certificadeo en San Diego, el

2 de setiembre de 2009, por el Secretario de Estado del Estado

de California Numero 723539%- (Sello:) Hay un scllo aplicado:
Gran sello del Estado de Californla -~ Firma Devra Bowen- Se-
cretaria de Estado - (Hay otro firma ilegible) ES TRADUCCION

FIEL del documento de referencia, que en idioma inglés téngo a
la vista y he wvertido al idioma nacional, en Buenos Alires, a
21 de sctiembre de 2009.- Sigue una firma ilcgible. Hay un se-
llo que dice: Laura Thieberger Matlricula de Traductores Aleman
- Frances Tomo II Folio 254 (Cap.) Tomo ITI - 93 (T.a Plata)
Ingles Tome 1T1 Folio 14 (Cap.} Tomo I1I Folio 329 {La Plata)
Colegio Traductores Pablicos n® 173. Sigue la legalizacidn de
la firma de la Traductora Laura Thieberger realizada por el
Colegio de Traductores Puablicos de la Ciudad de Buenos Aires.
ES COPIA FIEL, doy fe. LEIDA gue le es, asi la otorga y firma
ante mi, doy fe. Dagmar Messerer.- Hay un sellec. Ante mi:

l.Martinez Diego. Concuerda con su escritura matriz gue pasd

“ante mi al folio 558 del Registro 2011 a mi cargo, doy fe. Pa-

N 013363442
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ra la apoderada oxpide la presente primera copia en tres se-

llos de actuacidén notarial nimeros N 011263613 correlativos al .
presente, los que firmo y sello en el lugar y fecha de su
otergamiento. Hay un sello I. Martinez Diego”, ES COPIA FIEL, - :

doy fe, LEIDA que le es, asi la otorga y firma ante mi, doy

RPN
BT

fe. DAGMAR MESSERER.- Ha

yuh sello. Ante mi: I.MARTINEZ DIEGO. '

CONCUERDA con su cscritura matriz que pasd ante mi al folio '
661 del Registro 2011 a mi cargo, doy fe. PARA LOS RPODERADOS N
expido la presente PRIMERA COPIA en cuatro sellos de actuacién "

notarial nimeros N 013963440 correlativos al presente, los que

firmo y sello en el lugar y fecha de su otorgamiento.

R 5
: e j§ f
1SABEL MAM N

NATRICULE 448 o
ESCRIBANA | .

-
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A
L)
EL COLEGIO DE ESCRIBANOS de la Ciudad de Buenos Alres, Capital Federal de la Repiblica ‘J\;
Vel
("):@
Argentina, en virtud de las facultades que le confiere lu ley orgdnica vigente, LEGALIZA la firma "{:‘i
1y
1

v sello del escribano ISABEL MARTINEZ DIEGO _ i

i

. 1
obrantes en ¢l documento anexo, presentado en ¢l dia de la fecha bajo ()
(;I@

g
a no 110908484052/0 L.a presente legalizacién no juzga sobre -fLA

C ke, :“J.f
el contenido y forma del documenlo._,"."'_'

Buenos Aires,

BRI TRAM e
E LECRmAN:,
FONSEICRA
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REPUBLICA ARGENTINA

MINISTERIO de

RELACIONES EXTERIORES
COMERCIO INTERNACIONAL Y CULTO

[ S APOSTILI\L ‘
(Convcntxon de La Haye du 5 octobre 1961) {

1. Pais: REPUBLICA ARGEN’I'INA .o
El presente documento pitblico DE LEGALIZACION
2. Ha sido firmado por ELENA NORMA PIETRAPERTOgA
T I RUTERRE 3. Qulm actua en calidad de CONSEJERA
AN 4, Llevs el selloftimbre del COLEGIO DE ESCRIBAN DE LA CIUDAD DE
AN BUENOS AIRES.
SN 5. En LA CIUDAD DE BUENOS AIRES 6. E| d1 -0B/09 ’
7. Por EL COLEGIO DE ESCRIBANOS DE LA C D BUENOS AIRES ;
MINISTERIQ) DE RELAGIONES EXTERIORES, COMER O INTERNACIONAL Y
CULTOQ (Convenio 02/09/2003).
8. Bajo el Numero; 110908116695

9. Sellg/Timbre:

?

£ ARRERTD HORALD T YD
CULEGID LE ESCLm | s
CONSTLIT

N
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{57) Abstract: The present invention relates to the
preparation of (R)-N-(3,4-difluore-2-(2-ftuora-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihy-

0 o : droxypropyl)cyclopropane-1-sulfonamide and (8)-
Ho 'y‘ N-(3,4-difluoto-2-(2-Mluoro-4-
‘NH iodophenylaminn)-6-methoxyphenyl)-1-(2,3-dihy-
H F droxyprapylyeyclopropane- 1 -sulfonamide. {T)
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PREPARATION OF (R)- AND (S)-N-(3,4-DIFLUORO-2-{2-FLUORO-4-I0DOPHENYLAMINO)
-6~METHOXYPHENYL) -1- {2, 3-DIHYD ROXYPROPYL) CYCLOPROPANE-1-SULFONAMIDE AND
PROTECTED DERIVATIVES THEREOF

BACKGRQUND OF THE INVENTION
{0001] The present invention relates to the fields of pharmaceutical chemistry and synthetic organic chemistry.
(R)-N-(3,4-Difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-
sulfonamide and (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide are known to possess inhibitory properties apainst MEK enzymes
and are of therapeutic value (see US published patent application US 2008/0058340 A1). Described herein are

methods for their preparation.

SUMMARY OF THE INVENTION

[0002] Provided herein are processes for preparing compounds of formula (I-a):

o I o]

RLO:I/X\S"NH Trre

H F
RZ-07 0 N@\ formula (I-a)

F 1

F
comprising, contacting 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine with a compound
Os.-0

1_ %

of formula (I1-a): R*-O , wherein

R' is H or an aicohol protecting group;

R? is H or an alcohol protecting group; or

R’ and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.
[0003] In some embodiments, the compound of formula (I-a} is (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane- 1 -sulfonamide:

00
H
e eas!
F |
F

[0004] In some embodiments, the compound of formula (II-a) is (R)-1-(2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonyl chloride:
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0,20
XK
0 .

[0005] Also provided herein are processes for preparing compounds of formula (I-b):

Ozl
R‘-oj/z‘s’.NH
H F
R:-0" O N\©\ formula (I-b}
F [
F
comprising, contacting 5,6-difluoro-N'-(2-fluoro-4-icdophenyl)-3-methoxybenzene-1,2-diamine with a compound

0.0
R-0 5*
Cl

of formula (II-b): R%-O , wherein

R' is H or an alcohol protecting group;

R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they arc attached form a cyclic 1,2-diol protecting group.
[0006] In some embodiments, the compound of formul.é (I-b; is {(8)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl}cyclopropane-1-sulfonamide:

0.0

XY B g

H

acqe!
F |
F .

[6007] In some embodiments, the compound of formula (II-b} is (8)-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonyl chloride:

0.0
XO]/K ~Cl
O -

[0008] Also provided herein are processes for preparing (Rﬁ’-’N‘é(?:,4-diﬂuoro-2-(2-ﬂuoro-4-iodophenylamino)—6-

PRI+ TN
Cothht

methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclOpropane-I-su]féhamide, comprising, contacting a compound of

formula (I-a) with an acid, a base or a nucleophile; or exposing the compound of formula (I-a) to UV light:
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0

ﬁ \©\ formula (I-a)

R' is H or an alcohol protecting group;

R*- 0,

wherein

R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.
[0009] In some embodiments, the compound of formula (I-a) is (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonamide:

XIBY
H
o~ 0 N@\
F |
F .

{0010] Also provided herein arc processes for preparing (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino}-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, comprising, contacting a compound of

formula (I-b) with an acid, a base or a nucleophile; or exposing the compound of formula (I-b) to UV light:

03,-0
]5‘1 \@\ formula (i-b)

R' is H or an alcohol protecting group;

wherein

R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.
{0011] In some embodiments, the compound of formula (I-b) is (5)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane- I -sulfonamide:

%@
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[0012) In some embodiments, R' is H and R is an alcohol protecting group. In further or additional
embodiments, R? is H and R’ is an alcohol protecting group. In further or 2dditional embodiments, both R' and R?
are alcohol protecting groups. In further or additional embodiments, both R' and R? are hydrogen. In further or
additional embodiments, the protecting groups are the same. In further or additional embodiments, the protecting
groups are different. In further or additional embodiments, R’ and R? together with the carbon atoms to which
they are attached form a cyclic 1,2-diol protecting group. In further or additional embodiments, the cyclic 1,2-diol
protecting group is a S-membered cyclic 1,2-diol protecting group. In further or additional embodiments, the
cyclic 1,2-diol protecting group is 2,2-dimethyl-1,3-dioxolan-4-yl.

[0013] Also provided herein are compounds useful for the preparation of (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamine)-6-methoxyphenyl)-1-(2,3-dihydroxypropy!)cyclopropane-1-sulfonamide or (§)-N-(3,4-
difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxypheny!)-1-(2,3-dihydroxypropyl)eyclopropane-1-
sulfonamide.

[0014] In some embodiments, the compounds (R)-l—((2‘,2—dli?r_j1“ei£hyl-1 ,3-dioxolan-4-yl)methyl)cyclopropane-1-
sulfonyl chloride and (8)-1-((2,2-dimethyl-1 ,3-dioxolan-4-y])ihiémyl)cyclopmpane-1—sulfonyl chloride are
provided:

0.0
OtyesO oy
R XY K e
0 .o _

[0015] In some embodiments, the compounds (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl
chloride and (8)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop- 1-ene-2-sulfonyl chloride arc provided:

' 0.0
0\ 10 0 b : K
’ O | S

0]
[0016] In some embodiments, the compounds sodium (R)-1-((2;2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonate and sodium (8)-1-((2,2-dimcthyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-

suffonate are provided:

X(),;|/2§SC)3' Na* ><OJ/KSO3' Na*
o) 00 .

[0017] In some embodiments, the compounds (R)~1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropanethiol
and (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropanethiel are provided:

XOMSH | ><Z]/XSH'
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[0018] In some embodiments, the compounds 1,2-bis(1-(((R)-2,2-dimethyl-1,3-dioxolan-4-
yhmethyl)cyclopropyl)disulfane and 1,2-bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-yh)methyl)cyclopropyl)disul fane

I o ZAX

are provided:

XK

INCORPORATION BY REFERENCE
[0019] All publications and patent applications mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publication or patent application was specifically and

individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The novel features of the invention are set forth with particularity in the appended claims. A better
understanding of the features and advantages of the present invention will be obtained by reference to the
following detailed description that sets forth illustrative embodiments, in which the principles of the invention are
utilized, and the accompanying drawings of which:
{0021] Figure 1 represents three HPLC traces of N-(3,4-difluoro-2-(2-fluoro-4-iodophcnylaminoj)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane- 1 -sulfonamide, wherein the top trace 1(a) is the HPLC
trace of the crude material, co-injected with an aulthcntic sampie of the (-) enantiomer (obtained via chiral
separation of the racemic mixture of both isomers); the middle trace 1(b}) is the HPLC trace of the crude material;
and the lower trace 1(c) is the HPLC trace of the crude material, co-injected with an authentic sample of the (+)
enantiomer (obtained via chiral separation of the racemic mixture of both isomers).
[0022] Figure 2 represents the 'H NMR spectrum of sodium (8)-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)eyclopropane-1-sulfonate in CD;0D.
[0023] Figure 3 represents the C NMR spectrum of sodium (8)-1-((2,2-dimethyl-1,3-dioxolan-4-
ylmethyl)cyclopropane-1-sulfonate in CD,OD.

DETAILED DESCRIPTION OF THE INVENTION
[0024] While preferred embodiments of the present invention have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are provided by way of example only. Numerous

variations, changes, and substitutions will now occur to those skilled in the art without departing from the
5
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invention. It should be understood that various alternatives to thc cmbodiments of the invention described herein
may be employed in practicing the invention. It is intended that the following claims define the scope of the
invention and that methods and structures within the scope of these claims and their equivalents be covered

thereby.

{0025] It is often desirable to have alternate methods for the preparation of useful compounds. Described herein
are various methods for the preparation of (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide and (8)-N-(3,4-difluoro-2-(2-flucro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide which are known to
possess inhibitory properties against MEK enzymes.

I. PREPARATION OF COMPOUNDS

Y
Methed of Chemical Synthesis i

[0026] The discussion below is offered to illustrate how, in pﬁnciplc, to gain access to the compounds claimed
under this invention and to give details on certain of the diverse methods available for usc in assembling the
compounds of the invention, However, the discussion is not intended to define or limit the scope of reactions or
reaction sequences that are useful in preparing the compounds of the present invention. The compounds of this
invention may be made by the procedures and techniques disclosed in the Examples section below, as well as by
known organic synthesis techniques.

[0027] Methods known to a practitioner of ordinary skill in the art may be identified through various reference
books and databases. Suitable reference books and treatise thiat detail the synthesis of reactants useful in the
preparation of compounds described herein, or provide references to articles that describe the preparation, include for
example, "Synthetic Organic Chemistry", John Wiley & Sons, Inc., New York; S. R. Sandler et al., "QOrganic
Functional Group Preparations," 2nd Ed., Academic Press, Nev{ York, 1983; H. O. House, "Modern Synthetic
Reactions", 2nd Ed., W, A. Benjamin, Inc, Menlo Park, Calif. 1972; T. L. Gilchrist, “Heterocyclic Chemistry”, 2nd
Ed., John Wiley & Sons, New York, 1992; J. March, “Advanced Organic Chemistry: Reactions, Mechanisms and
Structure”, 4th Ed., Wiley-Interscience, New York, 1992. Additional suitable reference books and treatise that
detail the synthesis of reactants useful in the preparation of tompounds described herein, or provide references to

articles that describe the preparation, include for example, Fuhrhop, J. and Penzlin G. “Organic Synthesis:

Concepts, Methods, Starting Materials”, Second, Revised and Enlarged Edition (1994) John Wiley & Sons ISBN:

3-527-29074-5; Hoffman, R.V. “Organic Chemistry, An Intermediate Text” (1996) Oxford University Press,
ISBN 0-19-509618-5; Larock, R. C. “Comprehcensive Organi¢ Transformations: A Guide to Functional Group
Preparations™ 2nd Edition (1999) Wiley-VCH, ISBN: 0-471:19031-4; March, J. “Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure” 4th Edition (1992) Johi Wiley & Sons, ISBN: 0-471-60180-2; Otera, J.

Cuto Ly uTIC,,

TSI

1
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(editor) “Modern Carbonyl Chemistry” (2000) Wiley-VCH, ISBN: 3-527-29871-1; Patai, S. “Patai’s 1992 Guide
to the Chemistry of Functional Groups” (1992) Interscience ISBN: 0-471-93022-9; Quin, L.D. et al. A Guide to
Organophosphorus Chemistry” (2000) Wiley-Interscience, ISBN: 0-471-31824-8; Solomons, T. W. G. “Organic
Chemistry” 7th Edition (2000) John Wiley & Sons, ISBN: 0-471-19095-0; Stowell, J.C., “Intermediate Organtc
Chemistry” 2nd Edition (1993) Wiley-Interscience, ISBN: 0-471-57456-2; “Industrial Organic Chemicals:
Starting Materials and Intermediates: An Ullmann's Encyclopedia” (1999) John Wiley & Sons, ISBN: 3-527-
29645-X, in 8 volumes; “Organic Reactions” (1942-2000) John Wiley & Sons, in over 55 volumes; and
“Chemistry of Functional Groups” John Wiley & Sons, in 73 volumes.

{0028] In generai, the compounds used in the reactions described herein may be made according to organic

synthesis techniques known to those skilled in this art, starting from commercially available chemicals and/or

from compounds described in the chemical literature. "Commercially available chemicals" may be obtained from
standard commercial sources including Acros Organics (Pittsburgh PA), Aldrich Chemical (Milwaukee WI,
including Sigma Chemical and Fluka), Apin Chemycals Ltd. (Milton Park UK), Avocado Rescarch (Lancashire
U.K.), BDH Inc. (Toronto, Canada), Bionet (Comwall, U.K.),Chemservice Inc. (West Chester PA), Crescent
Chemical Co. (Hauppauge NY), Eastman Organic Chemicals, Eastman Kodak Company (Rochester NY), Fisher
Scientific Co. (Pittsburgh PA), Fisons Chemicals (Leicestershire UK), Frontier Scientific (Logan UT), ICN
Biomedicals, Inc. (Costa Mesa CA), Key Organics {Comwall U.K.), Lancaster Synthesis (Windham NH),
Maybridge Chemical Co. Ltd. (Cornwall U.K.), Parish Chemicai Co. (Orem UT), Pfaltz & Bauer, Inc. (Waterbury
CN), Polyorganix (Houston TX), Pierce Chemical Co. (Rockford IL), Riedel de Haen AG (Hanover, Genmany),
Spectrum Quality Product, Inc. (New Brunswick, NJ), TCI America (Portland OR), Trans World Chemicals, Inc.
(Rockville MD), and Wako Chemicals USA, Inc. (Richmond VA).

{0029] Specific and analogous reactants may also be identified through the indices of known chemicals prepared
by the Chemical Abstract Service of the American Chemical Socicty, which are available in most public and .\

university libraries, as well as through on-line databases. Chemicais that are known but not commercially

available in catalogs may be prepared by custom chemical synthesis houses, where many of the standard chemical

supply houses {e.g., those listed above) provide custom synthesis services.

Method A: Achiral Synthesis, followed by chiral separation

The achiral synthesis of N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyi)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide has been described previously, (sec US published patent
application US 2008/0058340 Al), and is summarized below in scheme 1. The product is obtained as a racemic

mixture of the (R) and (8) enantiomers, which are scparated via chiral HPLC.
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Scheme 1. Achiral synthesis of N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide

Method B: Synthesis from chiral starting materials
[0030] Schemes 2a, 3a, 4a, 5a and 6a show synthetic routes by which (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide could be prepared,
and are discussed below.
[0031] Schemes 2b, 3b, 4b, 5b and 6b show synthetic routes by which (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide could be prepared,

and are discussed below,
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Scheme 2a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)

-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
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Scheme 2b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
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[0032] Method B, Route I: A cyclopropyl group is introduced across the alkene of diol-protected 4-iodopent-4-
ene-1,2-diol, to form the protected 3-(1-iodocyclopropyl)propane-1,2-diol derivative, which is then sulfonylated.
Coupling with 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine and final deprotection
yields (R}-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methaxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamine)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide or the racemic mixture, depending on the
starting material employed.

[0633] Method B, Route I1: In a slightly different approach to route A above, the cyclopropanation reaction may
be affected gfter coupling with the diaryl amine. Diol protected 4-iodopent-4-ene-1,2-diol is converted to the
sulfony! chloride and then coupled with 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine.
The amine functionalities are protected, as necessary, the alkene converted to the cyclopropyl group and finally
any remaining protecting groups removed as required to yicld (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1 -(2,3-dihydroxyproﬁizijbyclopropane-l-sulfonamidc, (8)-N-(3,4-difluoro-
2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide or the
racemic mixture, depending on the starting material employed.

[G034} Both of these routes require as starting material, a diol-protected 4-iodopent-4-ene-1,2-diol, which may be

prepared according to the following scheme:

o oL i
J) Protect J) pg2 “O-j/\ Deprtec o ,(\ lodination HO,, m/l proect | | a0 J/\I(
HO "PG! on" PG-0 PG-0 PGt PG’ Dﬂ' .PG1 on* . pGS -0

..................

Scheme 3a: (R)-diol-protected :4'=i-bﬂopent-4-ene-1,2-diol

..................

0 0. X ! '
J> Protedt f Npgr ”oj/\ Deprotect j/\ todination HO I Protedt | FG"OJ/T':
HO”  *pG'on" PG'-O PG'-0 Pe? PG’oﬂ" PG'-O PG on” PG’O 5

.................

Scheme 3b: (S)-diol-protected 4-iodopent-4-ene-1,2-diol
[0035] Starting material, glycidol is available commercially as the (R) enantiomer, the {S) enantiomer or the
(R/8)-(+/-)- mixture. The alcoho! can be protected, for example by reaction with ‘butyldimethylsilyl chloride, or
other suitable protecting group. Alternativcly, the TBS protected glycidol is available commercially as the (R)
enantiomer, the (S) enantiomer or the (R/S)-(+/-)-racemic mixture. Coupling with a protected acetylene, followed
by deprotection and iodination with a reagent such as 9;i0do;9'-i'):brabicyclo[3.3.l]nonane {9-1-BBN), provides 4-
iodopent-4-ene-1,2-diol, which is then diol-protected. the‘iﬁgi’jalthough there is no inversion of stereocchemistry

during this synthesis, starting with (R)-(+)-glycidol will restltin the formation of (8)-N-(3,4-diftuoro-2-(2-fluoro-

10
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4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide; starting with (S)-(-
)-glycidol will result in the formation of (R)-N-(3,4-diflucro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-
1-(2,3-dihydroxypropyl)cyclopropane- 1 -sulfonamide.

[0036] Method B, Diol protected 1-(2,3-dihydroxypropyl)cyclopropane-1-sulfony! chloride: In some
embodiments, the diol protected 1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonyl chloride intermediate is used.
1,2 Diol protecting groups are well known in the art such as, though not limited to 1,3-dioxolane, 2-methyl-1,3-
dioxolane, 2,2-dimethyl-1,3-dioxolane, 2-'butyl-1,3-dioxolane, 2-phenyl-1,3-dioxolane, 1,4-

dioxaspiro[4.5]decane, di-para-methoxybenzyloxymethyl ether, di-butyldimethylsilyl ether, and the like:

1,2 Diod
Prolectlng
Groups

S OO O T

1,2 Digd
Protect:ng
Groups

HO:r [:} ]/ _( :r >< j/ ‘lBu-»( j/ Ph——< ]/ O( j/ PMBEM- 0 TBDMS—Oj/\

PMBM- o TBOMS~0
[0037] Synthetic schemes for the preparation of 1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-

sulfonyl chloride are provided below:

Roule i
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I\(n)’ m OMe ><c,]/jil)r - Xom Pyridine, DCM

E10” 0 HO >(
Chie

i) ‘Bull, Et,C

OJ/K Br ii) 802C|2 XC)j/zs()20|
><0 o)
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Method B, Route 111
SOZOBU

9 5 HO.. $0,0Bu HO,.. SOLl
—_— J/X —_— HO 0‘%"0
- Couple  Deprotect - “NH

PG-0 PG-0 PG-0 : . F
Ny F pootr | N0 O "*@
-0 N‘@\ F ]

1 L

Scheme 4a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)

-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
SO;OBu

) A HO. S0,08u HO 50,01 , ~ \
S ]/K —_— ﬂ HC -4
PG-0 PG-0 PG-0 Couple  Deprotect ]/K M F
p S— H
NHp |, F peoir |MO AP ”\@\
N
gege! e
F | L F
F

Scheme 4b: (8)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)

-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
[0038] Coupling the protected glycidol with cyclopropanesulfonate ester, such as butyl cyclopropanesulfonate,
yields butyl 1-(2-hydroxy-3-protected-hydoxypropyl)cyclopropanc-1-suifonate. Conversion of the sulfonate to the
sulfonyl chlotide provides the sulfonyl chloride derivative, 1-(2-hydroxy-3-protected-
hydoxypropyl)cyclopropane-1-sulfonyl chloride, which is then coupled with 5,6-difluoro-N'-(2-fluoro-4-
iodophenyl)-3-methoxybenzene-1,2-diamine. Removal of any residual protccting groups, as required, yields (R)-
N-(3,4-difluoro-2-(2-flucro4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropanc-1-
sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide or the racemic mixture, depending on the starting material

employed.
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Method B, Route IV
o520 Of
NHz ASOZCI A NH H F Aming A‘\Slt "I PG-O
/o N Protection GA E
-uPGA on" /0 N \@
F |
F F |
.- - F
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/[/K PGA F Deprotect
o ¥
PG*0O _o N
"PG! off"
F ! "PGA off”
[
Scheme 5a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-14(2,3-dihydroxypropyl}cyclopropane-1-sulfonamide
o OO 7 JC’)
SO Cl h i B YR
NHZ 2 A N o F Amine ZS"‘:“:’\N,F'GA PGv0
_0 N Protection E.GA E
“PG* on" ~© N\@\
F |
F F 1
050 pgh ' I
HO HOW_~557
pGA Deprotect ]/K NH .
1.
PC-O" o N Ho” g H
"PG' off"
F | "PG" off” F !
F F
-

Scheme 5b: (S)-N—(3,4—diﬂuoro-2-(2-ﬂuoro—3(7iq‘tiophenylmnino)-G-methoxyphcnyl)
-14(2,3 -dihydroxypropyl)cﬁclabrbpane— 1-sulfonamide
[0039] 5,6-Difluoro-N'-(2-fluoro~4-iodophenyl)-3-methoxybenzene-1,2-diamine is coupled with cyclopropanc
sulfonyl chloride to provide N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamine)-6-
methoxyphenyl)cyclopropanesulfonamide. The amine groups are protected as required, using suitable protecting
groups, such as, but not limited to propyl, di-propyl, para-methoxybenzyl, di- para-methoxybenzyl, cyclic
groups, and the like:
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[0040] Amine protected N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)cyclopropanesulfonamide is coupled with protected glycidol, which after final removal of
protecting groups, as required, yields (R)-N-(3,4-difluoro-2-(2-fiuoro-4-iodophenylamino)-6-methoxyphenyl)-1i-
(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, (S)-N-(3,4-difluore-2-(2-fluoro-4-iodephenylamine)-6- .

methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane- 1 -sulfonamide or the racemic mixture, depending on the

glycidol employed.

Method B, Route V

0 PG-O.,, Li ?
8 . ' PG-O, é‘LNH
NH; PGA F socl N m PG F
©\ 2 \@\ PG-07 _oO N\Q
F |
F
’ oo .
Oxidaton PG~ 0, Deprotect HO... “NH
PG“ F
HO o H
"PG off" -
" A "
PG* off F \
L F

Scheme 6a: (R)-N-(3,4-difluoro-2-(2-flucro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
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Scheme 6b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)

-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
[0041] 5,6-Diflucro-N'-(2-fluoro-4-iodopheny!)-3-methoxy-N'-protected benzene-1,2-diamine is treated with
thionyl chloride, converting the primary amine to the thiaz.a}ﬁ. Coupling with diol protected (1-(2,3-
dihydroxypropyl) cyclopropyl)lithium yields the sulﬁ'namidc‘dc;ivative which is oxidized to the sulfonamide,
Final removal of protecting groups, as required, yields V('i{)-N-(S,4-diﬂuoro-2-(2-ﬂuoro-4-iodophenylamino)-ﬁ-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide or the racemic
mixture, depending on the starting material employed.

Method C1: Synthesis utilizing chiral reagents — (i} chiral epoxidation

°~‘3’;SH HO 0“8’::3H
Om PG* F m v
1 HO H
e N@\ QO N\©\
0...0
(KKNH Chiral F | F |
| F')GA E epoxidation F NaH  "PGA off* F
O N or or
F . oo HO, ~O5570
F o::fK PGA FoLs m F
y HO o} N
e N- i"a\-\{. 4 . -
F o2 F !
I ST i

{0042] Chiral epoxidation (eg Jacobsen epoxidation (J. Am. Chem. Soc., 1991, 113, 7063-7064 or J. Am. Chem.
Soc., 2003, 125, 5250-5251) using sodium hypochlorite / Mn-salen catalyst; or Shi epoxidation (J. Org. Chem.,
2007, 72, 4093-4097) using glucose-derived ketones and Oxone) of amine protected 1-allyl-N-(3,4-difluoro-2-(2-
fluoro-4-iodophenylamino)-6-methoxyphenyl)cyclopropane-1-sulfonamide, followed by epoxide opening and

removal of protecting groups, as required yields the desired chiral products,
16
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Method C2: Synthesis utilizing chiral reagents — (ii} chiral ketone oxidation

HO _0
Ox 20 0 0 ’0
S\N-PG"‘ \5: .PG" 7S PG"‘ Chiral F |
l F Oxndauon Reduction F
o N
e, e
E 0\ =0
E NH

[0043] Oxidative cleavage (eg Ozonolysis or Lemieux-Johnson oxidation) of amine protected 1-allyl-N-(3,4-
difluoro-2-(2-flucro-4-iodophenylamino)-6-methoxyphenyl)cyclopropane-1-sulfonamide, followed by conversion
to the a-hydroxyketone, chiral reduction of the ketone (eg Corey CBS reduction) and removal of protecting
groups, as required yields the desired chiral products.

Method C3: Synthesis utilizing chiral reagents ~ (iii) chiral alkene oxidation

0-:- 1,0 0\\ 1,0 0\\ 40

050
HO 257 04 CF
\ \ 3
F (CF:(CO)zo I L1080, ﬂ NH j’ :
0 — Wo~ 0O N — HO
EIN‘P!2 MeOH
F | HO
F

where L is a chiral auxiliary
[0044] Protection of 1-allyl-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)cyclopropane-1-

sulfonamide as the trifluoroacetamide, followed by asymmetric dihydroxylation (eg Sharpltess asymmetric ?

dihydroylation), and remova! of protecting groups, as required yields the desired chiral products.

Method C4 : Synthesis from chiral starting materials

[0045] Scheme 7a below shows a synthetic route for the preparation (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxypheny!)-1-(2,3-dihydroxypropyl)cyciopropane-1-sulfonamide.

[0046] Scheme 7b below shows a synthetic route for the preparation (8)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide.
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Scheme 7a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)

-1-(2,3-dihydroxypropyl)cyclopropane- 1-sulfonamide

PG3-0 S0, PG00, _~52° MO Osg20
“NH NH
j/x Couple j/x Deprotect )/X w F
NS v o’ o i
NH2 H F “PGSOff"
F |
L F

Scheme 7b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)

-1 -(2,3-dihyd:oxypropyl)cyclo\pré'f}anc-1 -sulfonamide
{0047] Coupling diol-protected 1-(2,3-dihydroxypropyl)cyclopropane-1-sulfony! chloride with 5,6-difluoro-N'-
(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine provides the diol protected product. In some instances
the coupling may be performed at elevated temperatures. Final deprotcction yields (R)-N-(3,4-difluoro-2-(2-
fluoro-4-iodophenylamino}-6-methoxyphenyl)-1 -(2,3—dihydrokypropyl)cyclopropane- 1-sulfonamide, (8)-N-(3,4-
difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropanc-i-
sulfonamide or the racemic mixture, depending on the starting material employed. Conditions for deprotection
will depend on the protecting group(s) used and will be known to one of skill in the art of organic chemistry.
[0048] Methods for the preparation of the dml-protccted 1- (2 3- dthydroxypropyl)cyclopropane 1-sulfonyl
chloride include:

Route i Via glycidol-acetylene coupling / halogenation / cyclopropanation /sulfonylation:

i) Protect i) Deprotect " i}Protect
26 on® HO.,/_r\ *pG2 off H&ﬂHal “egion PGS-OTXHN Sulfonylation F'G:"(J:rzsozCE
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iii) De protect
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[Hai= 1, Br]
iii) De protect
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[0049] Starting material, glycidol is available commercially as the (R) enantiomer, the (8) enantiomer or the
(R/S)-(+/-)- mixture. The alcohol can be protected, for example by reaction with ‘butyldimethylsilyl chloride
(TBS-CI), or other suitabie protecting group. Altemnatively, the TBS protected glycidol is available commercially
as the (R) enantiomer, the (S) enantiomer or the (R/S)-(+/-)-racemic mixture. Coupling with a protccted acetylene,
(=-PG?) followed by deprotection and iodination with a reagent such as 9-iodo-9-borabicyclof3.3.1]nonane (9-1-
BBN), provides 4-iodopent-4-ene-1,2-diol, which is then diol-protected. A cyclopropyl group is introduced across
the alkene of diol-protected 4-iodopent-4-ene-1,2-diol, to form the protected 3-(1-iodocyclopropyl)propane-1,2-
diol derivative, which is then sulfonylated. Note that although there is no inversion of stereochemistry, starting
with (R)-(+)-glycidol will result in the formation of (8)-N-(3,4-difluore-2-(2-fluoro4-iodophenylamino)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropanc-1-sulfonamide; starting with (8)-(-)-glycidol will result in
the formation of (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamine)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide.

Route ii) Via 3,3'-(1,1'-disulfanediylbis(cyclopropane-1,1-diyl))dipropane-1,2-diol intermediate (wherein PG’ =
2,2-dimethyl-1,3-dioxolane):

Route ii-3
o 0
" WS s o LK
'S . O, ~ "D S o] Ba 0 N 0
A5 = XK A5 0y s By K
0 0 0 0
Route ii-b

s y o Base UO-TBS i) Deprotact R/r0><
5 8T o+ J‘) —-— Homs\s oM ms\s g
i) ><0

T8S-0 TBS-0 ><°M9
OMa

0-TBS . O
S y o Base U i} Deprotect Z/[ ><
ég 87 4 J) —_— HOJ/KS\S OH XQJ/KS..S o
iy ><OM9 o
OMe

TBS-O TBS-0O
[0050] The 1,2-bis(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl) disulfane intermediate can be
prepared either directly by reacting 1,2-dicyclopropyldisulfane with 4-(bromomethy!)-2,2-dimethyl-1,3-dioxolane

(route ii-a), or by coupling 1,2-dicyclopropyldisulfane with tert-butyldimethyl{oxiran-2-ylmethoxy)silane,
followed by removal of the TBS protecting group and protection of the resulting diol (route ii-b).
' 19
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[0051] The 1,2-bis(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl}cyclopropyl) disulfane can be directly converted
to the sulfonyl chloride (route ii-c), or via the sulfonate salt, which is then converted to the chloride (route ii-d).
Alternatively, the disulfane can be reduced to the sulfide, which is then oxidized to the sulfonate and converted to
the sulfonyi chloride (route ii-e): B

Route ii-c

TKS'\SX/[())<

Y o... Base
e XY R
S"Sy o Base O
. 5 + ><Oj/\Br _Base ><O

Route ii-d

o C
>< AcONa o POCI3
>< :I/'KS\S e >< ,,’_l'/XSOa' Na* >< mSOQCI
- HOy AGOH S 82 o

Q.
>< AcONa POCI,
OI/KS\S o j/xS(Jg Na* . - OTKSOQCI

Route iie _
>< PPhy, HCI NaOH POCI,
m ey mSH - . O’J/ZSO:" Na* ____ omsozu
Dioxane, H,0 >( ><0 ><0

- 0>< pph3 HCH NaOH POCI,
X()]/ZS\S o >< j/KSH —_—— >< ]/KSOE, Na* >< msozu
o] Dioxane, H,0

II. PROTECTING GROUPS

[0052] In the reactions described, it may be necessary to protect reactive alcohol and/or amine functional groups.
Protecting groups are used to block some or all alcohol and/or amine functional groups to prevent them from
participating in chemical reactions unti! the protective group is removed. In some embodiments, wherein more
than one protective group is required, each protective group is removable by a different means. In other

embodiments, wherein more than one protective group is required, multiple protective groups are removable by
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the same means. In some embodiments, wherein more than one protective group is required, a single protecting
group maybe used to protect multiple functionalities (eg a cyclic group). Protective groups can be removed by
treatment with acid, base, a nucleophile, hydrogenolysis or by exposure to UV light or a combination thereof. For
example, groups such as trityl, dimethoxytrityl, acetal and ¢-butyldimethylsilyl are acid labile; groups such as
methyl, ethyl and acetyl are base labile and groups such as ¢-butyl carbamate and benzyl are hydrolytically
removed. Another form of protecting group is a resin to which a compound or intermediate may be attached. As
long as the residue is attached to the resin, that functional group is blocked and cannot react. Once released from
the resin, the functional group is available to react. Other protecting groups, plus descriptions of techniques
applicable for adding and removing protecting groups are described in "Protecting Groups in Organic Synthesis"
by Greene & Wauts, 3% edition, 1999, John Wiley and Sons, Inc., New York, NY, incorporated herein by
reference.

[0053] In some embodiments, intermediates comprising a protected alcohol are required. Alcoho! protecting
groups are well known to those of skill in the art of prganic chemistry, and are well described in the literature (see
for example "Protecting Groups in Organic Syntheéis" by Greene & Wuts, 3™ edition, 1999, John Wiley and Sons,
Inc., New York, NY; Chapter 2 - "Protection for the Hydroxyl Group, Including 1,2-and1,3-Diols"). Exampics of
alcohol protecting groups include, but are not limited to substituted methyl ethers, such as methoxymethyl,
benzyloxymethyl, p-methoxybenzyloxymethyl, +~butoxymethyl, tetrahydropyranyi, methoxycyclohexyl,
methoxytetrahydropyranyl, tetrahydrofuranyl; substituted ethyl ethers, such as ethoxyethyl, ¢-butyl, allyl,
propargyl; substituted benzyl ethers such as p-methoxybenzyl, picolyl, diphenylmethyl, triphenylmethyl;
silylethers, such as trimethylsilyl, triisopropylsilyl, +-butyldimethylsilyl, tribenzylsilyl, triphenylsilyl; esters,
carbonates, sulfonates and the like.

[0054] In some embodiments, intermediates comprising protected 1,2-diols are required. 1,2-Diol protecting
groups are well known to those of skill in the art of organic chemistry. Examples of 1,2-diol protecting groups
include, but are not limited to 1,3-dioxolane, 2-methyl-1,3-dioxolane, 2,2-dimethyl-1,3-dioxolane, 2-'butyl-1,3-
dioxolane, 2-phenyl-1,3-dioxolane, 1,4-dioxaspiro[4.5]}decane, di-para-methoxybenzyloxymethy! ether, di-
‘butyldimethylsilyl ether, and the like:

1,2 Diol

Protecting
NN e N o N o N o\ o\ puemon A\ 0\
WAL R G AN AL E ALY S ARG S AN St

PMBM-0

1,2 Diol
Protecting
Groups

HOm A\ O\ O\ 0 A FOAN O\ O\ PMBM-Ow -\ TBOMS-Ou\
Hoj/ = <o]/ _<0]/ >(oj/ tEu_<o]/ Fh%oj/ O<oj/ PMBM-Oj/ Taoms—oj/
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EXAMPLES
[0055] The examples and preparations provided below further illustrate and exemplify the compounds of the
present invention and methods of preparing such compounds. It is to be understood that the scope of the present

invention is not limited in any way by the scope of the following examples and preparations.

[0056] EXAMPLE 1:(R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane- 1-sulfonamide
STEP A

? STEFR 0 STER C STEP D
J) J/\ms a0y f\\ 94BN HO.. ! tesorr TBS-O.. |
TBS-0 TBS-0 J/\fr ﬂ
"BuLl BFs. Eto; MEOH DCM HO Pyridine TBS-0
STEPE THF STEP G
STEPF f STEPH
ELZNTFA,
CHyly TBS-0.. I HClI(ag) HO.. ! 7 'Bulli, E,0 50,Cl
— ~— >< X
OCEmexane  TBS-O THT HO PPTS/DCM ¢ ii} SO,C13
L ..-Lf‘:u'; ll:. NHZ H F
. stepy | © N@\
Lot X
h ridine
Py F |

STEPJ

HO. o Os

" N HCI
R % &

!

STEP A: (R)-1-(tert-butyldimethylsilyloxy)-5-(trimethylsilyl )pent-4-yn-2-ol

HO.,

JERN

TBS-O ™S

{0057} tert-BuLi (12.4 ml, 1.7M, 21.1 mmol) was addedto a solution of TMS-acetylene (2.12 g, 21.7 mmol) in
THF (40 ml) at -78°C and the reaction mixture was stirred for an additional 30 min. (R)-tert-

butyldimethyl(oxiran-2-ylmethoxy)silane (2 g, 10.6 mmoi) an'a'fBF,.Etoz (3g, 21.1 mmol) were added and stirred
at -78°C for 4.5 hours. The reaction was then quenched by éddiﬁon of aqueous ammonium chloride solution and
the mixture was cxtracted with ethyl acetate (3 x 50 mL). The combined organic layers were washed with brine,
dried (MgS80,) and concentrated under reduced pressure m‘g‘ffﬁtd the desired material in a quantitative yield. The

material was uscd in the next step with no further purification.

STEP B: (R)-1-(tert-butyldimethylsilyloxy)pent-4-yn-2-ol

22

ST 1

i {'_\.ll.d I
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[0058] Potassium carbonate (2.14 g, 15.5 mmol) was added to a solution of (R)-1-{tert-butyldimethylsilyloxy)-5-
(trimethylsilyl)pent-4-yn-2-ol (3 g, 10.6 mmol) in methanol (100 mL) and the mixture stitred at room temiperature
for 8 hours. The solvent was removed under reduced pressure and aqueous ammonium chloride solution (100 mL)
was added to the resulting oil. The mixture was extracted with ethyl acetate (3 x 50 mL). The combined organic
layers were washed with brine, dried (MgSO4) and concentrated under reduced pressure. The crude matenial was
purified by flash chromatography (biotage) using a gradient of EtOAc in hexane to afford (R)-1-(ters-
butyldimethylsilyloxy)pent-4-yn-2-ol (1.81¢, 8.44 mmol, 80%).

'H NMR (CDCl,, 300MHz): 8 3.78-3.86 (m, 1H), 3.71 (dd, 1H), 3.64 (dd, 1H), 2.52 (d, 1H), 2.36-2.44 (m, 2H),
0.96 (s, 9H), 0.05 (s, 6H).

STEP C: (R)-4-lodopent-4-ene-1,2-diol

Hoj/\{rl

HO
[0059] 5- Iodo-9-borabicyclo[3.3.1]nonane (9-1-BBN) was added dropwise to a solution (R)-1-(terz-

butyldimethylsilyloxy)pent-4-yn-2-01 (476 mg, 2.22 mmol) in dichloromethane (2 mL) at 0°C and the reaction
stirred at 0°C for 4 hours. Glacial acetic acid (0.26 mL) was then added and the mixture was stirred for an
additiona! hour at 0°C. The reaction was quenched by addition of an aqucous mixture of Na;CO3/Na, 8,05 (40 ml,
1:1) and the resulting solution extracted with ethy! acetate (3 x 30 mL). The combined organic layers werc dried
(MgSQ,) and concentrated under reduccd pressure to afford (R)-4-iodopent-4-ene-1,2-diol.

'H NMR (CDCl;, 300MHz): §6.11 (s, 1H), 5.85 (s, 1H), 3.98-4.07 (m, 1H), 3.74 (dd, 1H), 3.54 (dd, 1H), 2.62(d,
2H), 2.19 (bs, OH), 1.64 (bs, OH).

STEP D: (R)-5-(2-iodoallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane

TBS-O., i

TBS—OJ/T

[0060] A solution of (R)-4-iodopent-4-ene-1,2-diol (224 mg, 1 mmel) in THF (6 ml) was cooled to 0°C, and
pyridine (293 mg, 3.7 mmol) and fert-butyldimethylsilyl trifluoromethanesulfonate (TBSOTS) were added
dropwise. The reaction mixture was warmed to room temperature, stirred for an additional 20 mins and the
solvents removed under reduced pressure. The crude material was dissolved in chloroform, washed with brine,
dried (MgSO,) concentrated under reduced pressure, and purified by flash chromatography using a gradient of
cthyl acetate in hexane, to afford (R)-S-(2-iodoallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane (254
mg, 56%).

'"H NMR (CDC);, 500MHz): § 6.13 (s, 1H), 5.79 (5, 1H), 3.86-3.95 (m, 1H), 3.64 (dd, /= 10, 4 Hz, 1H), 3.49 (dd,
J =10, 6 Hz,1H), 2.52 (d, J = 6 Hz, 2H), 2.35 (d, J = 4 Hz, OH), 0.89 (s, 18H), 0.04 (s, 12H).
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SteP E: (R)-5-((1-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-0ctamethyl-4,7-dioxa-3,8-disiladecane

TBS-0.. i

TBS—D/(X

[0061] Trifluoroacetic acid (TFA; 281 mg, 2.47 mmol) was added to a solution of diethyl zinc (ZnEt;, 2.5 mL,
2.5M in hexane) in DCE (1 mL) at 0°C and stirred for 35 mins. Diiodomethane (CH,l,, 66 mg, 2.5 mmol) was
then added at 0°C, and the mixture stirred for an additional 20 min. A solution of (R)-5-(2-iodoallyl)-
2,2,3,3,8,8,9,9-oclamethyl-4,7-dioxa-3,8-disiladecane (step D; 188 mg, 0.41 mmol) in DCE (2ml) was added and
the reaction stirred at room temperaturc overnight. The reaction was then quenched by addition of a mixture of
methanol (5 mL) and brine (0.5 mL). After stimring for an additional hour, the mixture was concentrated under
reduced pressure, The crude material was extracted with ag.NH;CI/CHCI, and the organic layer washed with
brine, dried (MgSQ,) and concentrated under reduced pressure. The crude material was triturated in hexane and
the solution filtered and evaporated to afford (R)-5-((1-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamcthyl-4,7-
dioxa-3,8-disiladecane (148 mg, 77%). o

'H NMR (CDCl;, 500MHz): 8 3.91-3.95 (m, 1H), 3.60 (dd, /=10, 5 Hz, 1H), 3.47 (dd, J= 10, 6 Hz,1H), 1.95
(dd, J =10, 4 Hz, 1H), 1.28 (dd, J= 10, 6 Hz,1H), 0.99-1.07 (m, 2H), 0.75-0.90 (m, 2H), 0.89 (s, 18H), 0.12 (s,
3H), 0,08 (s, 3H), 0.04 (s, 6H). o

STEP F: (R)-3-(1-iodocyclopropyl)propane-1,2-diol

Hoj/xi

HO

[0062] Aqueous HCI solution (0.3 mL, 1N) was added {o 2 soliition of (R)-5-((1-iodocyclopropyl)methyl)-
2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecanc (stepi'é;‘?':ial mg, 0.598 mmol) in THF (2 mL) at 0°C. The
mixture was slowly warmed at room temperature and stirred for 94 hours. The reaction was quenched by addition
of aqueous NaHCO; solution and extracted with cthyl acetate~The combined organic layers were washed with
brine, dried (MgSO,) and concentrated under reduced pressure to provide (R)-3-(1-iodocyclopropyl)propane-1,2-

diol (0.598 mmol), which was used in the next step with no further purification.

STEP G: (R)-4-((1-iodocyclopropyl)methyl)-2,2-dimethyl-1,3-dioxolane
><o:(xt
o
[0063] 2,2-Dimethoxypropane (140 mg, 1.337 mmol) and pyridinium p-toluenesulfonate (PPTS, 6 mg) were

added to a solution of crude (R)-3-(1-iodocyclopropyl)propane-1,2-diot (step F, 0.598 mmol) dissolved in

dichloromethane (3 mL) and the mixture stirred at room temperature for 2 hours. Solvents were removed under
R :
it 5
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reduced pressure and the crude product purified by flash chromatography using cthyl acetate/hexane (1:10) eluant
to afford (R)-4-{(1-iodocyclopropyl)methyl)-2,2-dimethyl-1,3-dioxolane (84 mg, 50%).

'H NMR (CDCl;, 500MHz): § 4.31-4.37 (m, 1H), 4.16 (dd, /= 10, 5 Hz, 1H), 3.56 (dd, J= 10, 8 Hz, 1H), 1.72-
1.80 (m, 2H), 1.35 (s, 6H), 1.04-1.11 (m, 2H), 0.90-0.94 (m, 1H), 0.73-0.77 (m, 1H).

STEP H: (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chioride

0. 50,Cl
NOR:

{0064] tert-Butyl lithium (0.2 mL, 0.34 mmol, 1.7M) was added to a solution of (R)-4-((1-
iodocyclopropyl)methyl)-2,2-dimethyl-1,3-dioxolane (step G, 45 mg, 0.16 mmol) in ether (1 mL) at -78°C and
the mixture stirred at —78°C for 30 mins. A solution of thionyl chloride (26 pL) in ether {0.5 mL} was then added.
The resulting orange solution was warmed to room temperature and concentrated under reduced pressure. The
residue was dissolved in chloroform, filtered and dried under reduced pressure to afford (R)-1-((2,2-dimethyl-1,3-
dioxolan-4-yl)methyl)cyclopropane-1-sutfonyl chloride (23.7 mg, 57%).

m/z =255 [M+1].

STEP I: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyi}-1-((2,2-dimethyl-1,3-dioxolan-4-
yDmethyl)cyclopropane-1-sulfonamide

[0065] A solution of 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine (22 mg, 0.065
mmol) in dry pyridine (0.8 mL) was added to (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)mcthyl)cyclopropane-1 -sulfonamide (step h) and the mixture
stirred at room temperature overnight. The solvent was then removed under reduced pressure and the residue
dissolved in ethyl acetate, washed with brine, dried (MgSO,) and conccntrated to afford crude (R)-N-(3,4-
difluoro-2-(2-fluoro-4-iodophenylamino}-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonamide, used without further purification in the next step.

m/z =611 [M-17

STEP J: (R)-N—(3,4~diﬂuoro—2—(2-fluoro-4-iodoﬁheny]amino)—é-met.hoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide
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0520
H
N

HO” O

F
[0066] Crude {R)-N-(3,4-difluoro-2-(2-flucro-4-iodophenylamino}-6-methoxyphenyt)-1-((2,2-dimethyl-1,3-
dioxolan-4-ylymethyl)cyclopropane-1-sulfonamide was dissolve in a mixture of THF (1 mL) and HCI (1.2N, 0.15
ml) and stirred overnight at room temperature. The solvents were removed under reduced pressure and the residue
dissolved in ethyl acetate. The organic phase was washed with aqueous NaHCO,, dried (Na,SQ,), and
concentrated to afford (R)-N-(3,4-diflucro-2-(2-fluoro4-iodophenylamino)-6-methoxyphenyl}-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide (1.4 mg, crude).
[0067] The compound was analyzed by normal-phase HPLC using a CHIRALPAK AD-H column (20 x 250
mm) at room temperature, using a mobile phase consisting hexane and 2-propancl (80:20) at 12 mL/min. The
detection was carried out at 254 nm. The retention time was determined to be 22 min corresponding to the
retention time of (+)N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)phenyl)-1-(2,3-dihydroxypropyl)
cyclopropanc-1-sulfonamide.
Figure 1{a) is the HPLC trace of the crude material, co-injected with an authentic sampiec of the (-) enantiomer
(obtained via chiral separation of the racemic mixture of both isomers).
Figure 1(b}is the HPLC trace of the crude material
Figure 1(c) is the HPLC trace of the crude material, co-injected with an authentic sample of the (+) enantiomer

{obtained via chiral separation of the racemic mixture of both ‘iSomers).

S {,I-L

e use
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[0068] EXAMPLE 2: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfoenamide

STEP A

T
0 [ HO o STEP B O - STEP C STEPD
™S ]/\TMS KGOy j/\\ 91-BBN  HO 1 tesorf TBS-O 1
807 e o, TS0 185-0 m . ﬂ
ull, BF;. MeOH DCM HO . TBS-0O
P
STEPE THF STEP G yridine
STEPF STEPH
Et,ZI/TFA,
DCEfexgne  TBS-O THT HO FPTS/DCM 0 i} SO.Ch o
. NHp |, F
stept | 0 N
Pyriding
F |
STEP J

s T8

STEP A: (S)-1-{fert-butyldimethylsilyloxy)-5-(trimethylsilyl)pent-4-yn-2-ol

HO

AN

TBS-0 ™S
[0069] tert-Butyl lithium (2eq) is added to a solution of TMS-acetylene (2eq) in THF at -78°C and the reaction
mixture stirred for an additional 30 min. (8)-tert-butyldimethyl(oxiran-2-ylmethoxy)silane (1eq) and BF;.EtO,
(2eq) are added and stirred at -78°C for 4.5 hours. The reaction is quenched by addition of aqueous ammonium
chloride solution and extracted with ethyl acetate (3x}. The combined organic layers are washed with brine, dried
(MgSO,) and concentrated under reduced pressure to afford (S)-1-(tert-butyldimethylsilyloxy}-5-
(trimethylsilyl)pent-4-yn-2-ol.

STEP B: (8)-1-(tert-butyldimethylsilyloxy)pent-4-yn-2-ol

HOJ/\\\\
TB8S-0
[0070] Potassium carbonate (1.5eq) is added to a solution of (R)-1-(ferz-butyldimethylsilyloxy)-5-
{trimethylsilyl)pent-4-yn-2-ol (leq) in methanol and the mixture stirred at room temperature for 8 hours. The
solvent is removed under reduced pressure and aqucous ammonium chloride solution added. The mixture is
extracted with ethyl acetate (3x) and the combined organic layers washed with brine, dried (Mg304),
concentrated under reduced pressure and purified by flash chromatography (biotage) using a gradient of EtOAc in

hexane.
27
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STEP C: (8)-4-Iodopent-4-ene-1,2-diol

HO '

o T

[0071] 9-lodo-9-borabicyclo[3.3.1]nonane (9-1-BBN) is added dropwise to a solution (S)-1-(tert-
butyldimethylsilyloxy) pent-4-yn-2-ol in dichloromethane at 0°C and the reaction stirred at 0°C for 4 hours.
Glacial acetic acid is added and the mixture was stirred for an additional hour at §°C. The reaction is quenched by
addition of an aqueous mixture of Na,COy/Na,8,0, (40 ml, 1:1), extracted with ethy] acetate (3x) and the
combined organic layers dried (MgSQO,) and concentrated under reduced pressure to afford (8)-4-iodopent-4-ene-
1,2-diol.

STEP D (S)-5-(2-iodoallyl)-2,2,3,3,8,8,9,9-octamethyl -4, 7-dioxa-3,8-disiladecane

T8S-0 !

Tas—oj/\r(

[0072] A solution of (S)-4-iodopent-4-ene-1,2-diol (1 eq) in THF is cooled to 0°C, and pyridine (3.7 eq) and tert-
butyldimethylsilyl triflusromethanesulfonate (TBSOTf) added dropwise. The reaction mixture is warmed to room
temperature, stirred for an additional 20 mins and the solvents removed under reduced pressure. The crude
material is dissolved in chloroform, washed with brine, dried (MgSO,) concentrated under reduced pressure, and
purificd by flash chromatography using a gradient of ethyl acetate in hexane, to afford (S)-5-(2-iodoallyl)-
2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane.

el

STEPE: (S)-S-((l-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9~act§methyl-4,?-dioxa-3,8-disiladecanc

TBS-O. '

1’&35—0]/2g

[0073] Trifluoroacetic acid (8eq) is added to a solution of diethyl zinc (16 eq) in DCE at 0°C and stirred for 35
mins. Diiodomethane (8 eq) is added at 0°C, and the mixture stirred for an additional 20 min. A solution of (S)-5-
(2-iod0ally1)-2,2,3,3,8,8,9,9-octamethy]—4,7-dioxa-3,8-disiisidé¢anc (1 eq) in DCE is added and the reaction stirred
at room tetnperature ovemight. The reaction is quenched by addition of a mixture of methanol and brine. After
stirring for an additional hour, the mixture is concentrated under reduced pressure. The crude material is extracted
with aqueous NH,CI/CHCI, and the organic layer washed with brine, dried (MgSQ,) and concentrated under
reduced pressure. The crude material is triturated in hexane and the solution filtered and evaporated to afford (S)-
5-(( 1—iodocyclopropyl)mcthyl)-Z,?.,3,3,8,8,9.9-0ctamethyl#l,?-dioxa-S,S-disiladecane.

oegoiann
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STEP F: (8)-3-(i-iodocyclopropyl)propane-1,2-diol

HO. |

R

[0074) Aqueous HCI solution is added to a solution of (8)-5-((1-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-
octamethyl-4,7-dioxa-3,8-disiladecanc in THF at 0°C. The mixture is slowly warmed to room temperature and
stirred for 24 hours. The reaction is quenched by addition of aqueous NaHCO; solution, extracted with cthyl
acctate, and the combined organic layers washed with brine, dried (MgSO,) and concentrated under reduced

pressure to provide (S)-3-(1-iodocyclopropyl)propane-1,2-diol (0.598 mmol).

STEP G: (8)-4-((1-iodocyclopropyl)methyl)-2,2-dimethyl-1,3-dioxolane

0
[0075) 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate arc added to a solution of (§)-3~(1-
iodocyclopropyl)propane-1,2-diol dissolved in dichloromethane and the mixture stirred at room temperature for 2

hours. Solvents are removed under reduced pressurc and the crude product purified by flash chromatography

using ethyl acctate/hexane (1:10) eluant.

STEP H: (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

XDJ/KSOZCI
O

[0076] tert-Butyl lithium (2eq) is added to a solution of (8)-4-((1-iodocyclopropyl)methyl)-2,2-dimethyl-1,3-
dioxolane {1eq) in ether at -78°C and the mixture stirred at —78°C for 30 mins. A solution of thionyl chloride in
ether is added, the mixture warmed to room temperature and concentrated under reduced pressure. The residue is

dissolved in chloroform, filtered and dried under reduced pressure.

STEP I: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-

yl)methyl}cyclopropane-1-sulfonamide
Q0

[0077] A solution of 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzenc-1,2-diamine in dry pyridine is
added to (S)-N-(3,4-diﬂuoro-2-(2—ﬂu0ro-4-iodophenylamino)-6-mcthoxyphcny])-‘l-((2,2-dimcthy1—l,3-dioxolan-

4-yDmethyl)cyclopropane-1-sulfonamide and the mixture stirred at room temperature overnight. The solvent is
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removed under reduced pressure and the residue dissolved in ethyl acetate, washed with brine, dried (MgSO,) and

concentrated.

STEP J: (8)-N-(3,4-diflucro-2-(2-fluoro-4-iodophenylamine)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane- 1-sulfonamide

g\S/,
[0078] (S)-N-(3,4-d|ﬂuoro-2-(2-ﬂuoro-4-iodophenylamino)~6—methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4—
yDmethyl)cyclopropane-1-sulfonamide is dissolved in a mixture of THF and HCI and stirred overnight at room

temperature. The solvents arc removed under reduced pressure and the residue dissolved in ethyl acetate. The

organic phase is washed with aqueous NaHCQ,, dried (N2,580,), and concentrated.

[0079] EXAMPLE 3: (R}-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride

STEP C
STEPA o, « STEPB (1) s STEP D
f\ms KZCOS /I/\\ 9--BBN Hor,. | ><\ 0;__ | I) lBULl Eho ‘ C{
TBS-0 T85-0 e >< ><
MeOH DCM  HO PPTS/DCM 0 i SOzClz

STEP A: (R)-1-(tert-butyldimethyisilyloxy)pent-4-yn-2-ol

HO,,,
f\Q« G e

TBS-O .

[0080] Potassium carbonate (2.14 g, 15.5 mmol) was adde(\ittg{'a solution of (R)-1-(tert-butyldimethylsilyloxy)-5-
(trimethylsilyl)pent-4-yn-2-ol (3 g, 10.6 mmol) in methanol (100 ml) and the mixture stirred at room temperature
for 8 hours. The solvent was removed under reduced pressure and aqueous ammonium chloride solution (100 mL)
was added to the resulting oil. The mixture was extracted w1th ethyl acetate (3 x 50 mL}. The combined organic
layers were washed with brine, dried (MgSC4) and concentrated under reduced pressure. The crude material was
purified by flash chromatography (biotage) using a gradient of EtOAc¢ in hexane to afford (R)-1-(tert-
butyldimethylsilyloxy)pent-4-yn-2-ol (1.81g, 8.44 mmol, 80%).

'H NMR (CDCl;, 300MHz): & 3.78-3.86 (m, 1H), 3.71 (dd, 1H), 3.64 (dd, 1H), 2.52 (d, 1H), 2.36-2.44 (m, 2H),
0.96 (s, 9H), 0.05 (s, 6H).
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STEP B: (R}-4-lodopent-4-ene-1,2-diol

HO:r\nll

HO
[0081] 9- lodo-9-borabicyclo[3.3.1]nonane (9-1-BBN) was added dropwise to a solution (R)-1-(tert-

butyldimethylsilyloxy)pent-4-yn-2-ol (476 mg, 2.22 mmol) in dichloromethane (2 mL) at 0°C and the reaction

stirred at 0°C for 4 hours. Glacial acetic acid (0.26 mL) was then added and the mixture was stirred for an

additional hour at 0°C. The reaction was quenched by addition of an aqueous mixture of Na,CO/Na,8,0; (40 mi,

1:1) and the resulting solution extracted with ethyl acetate (3 x 30 mL). The combined organic layers were dried
(MgS0,) and concentrated under reduced pressurc to afford (R)-4-iodopent-4-ene-1,2-diol.

'H NMR (CDCl;, 300MHz): 5 6.11 (s, 1H), 5.85 (s, 1H), 3.98-4.07 (m, 1H), 3.74 (dd, 1H), 3.54 (dd, 1H), 2.62 (d, .
2H), 2.19 (bs, OH), 1.64 (bs, OH).

STEP C: (R)4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane

XY

[0082] 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate (PPTS) are added to a solution of (R)-4-
iodopent-4-enc-1,2-diol in dichloromethane and the mixture stirred at room temperature for 2 hours. Solvents are
removed under reduced pressure and the crude product purified by flash chromatography using ethyl

acetate/hexane (1:10) eluant.

STEP D: (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfony! chloride

Qo0
O

[0083} fers-Butyl lithium is added to a solution of (R)-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane in ether at —

78°C and the mixture stirred at -78°C for 30 mins. A solution of thionyl chloride in ether is then added, the
mixture warmed to room temperature and concentrated under reduccd pressure. The residue is dissolved in

chloroform, filtered and dried under reduced pressure.

[0084) EXAMPLE 4: (S)-3-(2,2-dimcthyi-1,3- dloxolan-4-yl)prop 1-ene¢-2-sulfonyl chlonde

STEPC
LN STEPA g « STERB cl) c|> STEP D
T\TMS K,CO4 ]/\\ 88BN HO X o I i) tBuli, E!zo C;
T8S-0 — TBS-O — — >< ><
MeOH pcm  HO PPTS/DCM 0 ii) S0,Cl;
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STEP A: (8)-1-(tert-butyldimethylsilyloxy)pent-4-yn-2-ol

HO
ms—oj/\\\
[0085] Potassium carbonate is added to a solution of (S)-1-(tert-butyldimethylsilyloxy)-5-(trimethylsilyl)pent-4-
yn-2-o0! in methanol and the mixture stirred at room temperature for 8 hours. The solvent is removed under
reduced pressure, aqueous ammoniumn chloride solution added, and the mixture extracted with ethyl acetate (3x).
The combined organic layers are washed with brine, dried (MgS8Q;), concentrated under reduced pressure and

purified by flash chromatography (biotage; ethyl acetatc / hexane gradient).

STEP B: (8)-4-lodopent-4-ene-1,2-diol

HO,J/\[rl

HO

[0086] 9- Todo-9-borabicyclo[3.3.1]nonane (9-1-BBN) is added dropwise to a solution (S)-1-(tert-
butyldimethylsilyloxy) pent-4-yn-2-ol in dichloromethane at 0°C and the reaction stirred at 0°C for 4 hours.
Glacial acetic acid is added and the mixture stirred for an additional hour at 0°C. An aqueous mixture of
Na,COy/Na,S;0; (1:1) is added and the resulting solution cxtracted with ethyl acetate (3x). The combined organic

layers are dried (MgSQ,) and concentrated under reduced pressure.

STEP C: {(S)4-(2-i0doallyl)-2,2-dimethyl-1,3-dioxolane

[0087] 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate (PPTS) are added to a solution of (S)-4-
iodopent-4-ene-1,2-diol in dichloromethane and the mixture stirred at room temperature for 2 hours. Solvents are
removed under reduced pressure and the crude product purified by flash chromatography using cthyl

acetate/hexane (1:10) eluant.

STEP D: (5)-3-(2,2-dimethyl-1,3-dioxclan-4-yl)prop-1-ene-2-sulfonyl chloride

0520
XOJ/T\S';CI
)
[0088] tert-Butyl lithium is added to a solution of (S}-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane in ether at —
78°C and the mixture stirred at —78°C for 30 mins. A solution-of thionyl chloride in ether is then added, the

mixture warmed to room temperature and concentrated under téduced pressure. The residue is dissolved in

chloroform, filtered and dried under reduced pressure.
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[0089] EXAMPLE §: (R)-N-(3,4-Difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-3-(2,2-dimethyi-
1,3-dioxolan-4-y1)prop-1-ene-2-sulfonamide _
STEP A STEP B © STEPC STEP D

HO,
/r\\ 9-Br-BBN HO/I/\’rBr PPTS/DCM >< J/W_(Br i) 'Bull, £;0 >< m CI Pyndme
DCM  HO X ii) $0,C1; $00°C l
o— /o

STEP A: (R)-4-bromopent-4-ene-1,2-diol

HO.,/_(-\”, Br

HO
[0096] A solution 9-bromo-9-borabicycle{3.3.1]nonane (9-Br-BBN) in dichloromethane (1M, 10.6 mL) was

added dropwise to a solution of (R)-1-(rers-butyldimethylsilyloxy)pent-4-yn-2-ol (755 mg, 3.53 mmol) in
dichioromethane (4 mL) at 0°C, and the mixture stirred at 0°C for 4 hours. Glacial acetic acid (0.65 ml, 11.35
mmol) was added and stirring continued at 0°C for an additional 1 hour. Ethanolamine (2.5 mL, 41.5 mmol) was
added and the mixture allowed to warm to room temperature. The reaction was quenched by addition of an
aqueous mixture of Na,CO3/Na,8,;0, (40 mL, 1:1), extracted with ethyl acetate (3 x 30 mL), and the combined
organic layers dried (MgSO,) and concentrated under reduced pressure to afford (R)-4-bromopent-4-ene-1,2-diol.
m/z = 182 [M+17.

STEP B: (R)4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane

0. Br
X ¢
[0091] 2,2 Dimethoxypropane (993 mg, 9.5 mmol) and pyridinium p-toluenesulfonate (PPTS, 320 mg, 1.27
mmol) were added to a solution of (R)-4-bromopent-4-¢ne-1,2-diol (1.15 g, 6.36 mmol) in dichloromethane (13
mL) and the mixture stirred at room temperature for 4 hours. Solvents were removed under reduced pressure and
the crude product purified by flash chromatography (ethyl acetac:hcxane, 1:10 eluant) to afford (R)-4-(2-
iodoallyl)-2,2-dimethyl-1,3-dioxolane (1.12g, 80%).
'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.34 (s, 3 H), 1.39 (s, 3 H), 2.52 (dd, /=14.49, 6.05 Hz, 1 H),
2.73 (dd, /=14.67, 6.60 Hz, 1 H), 3.60 (dd, J=8.16, 6.14 Hz, 1 H), 4.06 (dd, /=8.07, 6.05 Hz, 1 H), 4.34 (quin,
J=6.28 Hz, 1 H), 5.78 (d, /=1.10 Hz, 1 H), 6.13 (d, /=1.10 Hz, 1 H).
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STEP C: (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride

Q.0
XY
o]

[0092] A solution of tert-butyl lithium in hexane (1.7M, 7.65 mL) was added dropwise to a solution of (R)4-(2-
iodoaliyl)-2,2-dimethyl-1,3-dioxolane (1.21, 6.5 mmol) in diethyl ether (12 mL) at -78°C, and the reaction stirred
at -78°C for 30 min. Sulfuryl dichloride (80,Cl;, 538 uL, 6.5 mmol) was added, the mixture warmed to room
temperature and the solvents removed under reduced pressure. The product was used in the next step with no

further purification.

STEP D (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-3-(2,2 -dimethyl-1,3-dioxolan-4-

yl)prop-1-ene-2-sulfonamide

0., ~IxP .
ﬂ NH F ORI THIN
" ,
F |
F

[0093] (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride from STEP C was dissolved in
pyridine (12 mL) and 3,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine (2.56 g, 6.5 mmol)
added. The solution was stirred at 100°C for 2 hours and then partitioncd with water and ethyl acetate. The
organic layer was washed with brine, dried (Mg8Q,), concentrated under reduced pressure and purified by flash
column chromatography on silica (30% ethyl acetate/hexanes eluant) to afford (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonamide (651mg,
17%). e s

'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.32 (s, 3 H), 1.39 (s, 3 H), 2.57 - 2.64 (m, 1 H), 2.64 - 2.72 (m,

1 H), 3.59 (dd, J=8.25, 6.60 Hz, 1 H), 3.78 (s, 3 H), 4.00 - 4.13 (m, 1 H), 4.27- 436 (m, 1 H), 5.72 (s, 1 H), 5.92
(s, 1 H), 6.21 (s, 1 H), 6.41 (1d, /=8.62, 5.14 Hz, | H), 647(dd J=11.19,6.60 Hz, 1 H), 7.15 (5, 1 H) 7.25 (s, 1

H), 7.35 {dd, /~10.45, 1.83 Hz, 1 H).

[0094] EXAMPLE 6: (S)-N-(3,4-difluoro-2-(2- ﬂuoro-4-1od0phenylammo) 6-methoxyphenyl)-3-(2,2-dimethyl-

1,3-dioxolan-4-yl)prop-1-ene-2-sulfonamide
STEP A STEPB " STEPC STEPD

T\\ 9-Br-BBN HO Br PPTS/DCM Br )‘suu Et,0 ”5’ o Pyridine
185-0 ﬂ j/\m >< ﬂ ><
DCM  HO >< )so,cu2 @\

o— 0

34 .
e e

26



WO 2011/009541 PCT/EP2010/004222

BHC 093080_FC-Text

STEP A: (S)-4-bromopent-4-ene-1,2-diol

HOJ/T Br

HO

[0095] A solution 9-bromo-9-borabicyclo[3.3.1]jnonane (9-Br-BBN) in dichloromethane is added dropwise to a
solution of (S)-1-(tert-butyldimethylsilyloxy)pent-4-yn-2-ol in dichloromethane at 0°C, and the mixture stirred at
0°C for 4 hours. Glacial acetic acid is added and stirring continued at 0°C for an additional 1 hour. Ethanolamine
is added and the mixture allowed to warm to room temperature, The reaction is quenched by addition of an
aqueous mixture of Na;CO3/Na,S,0; (1:1), extracted with ethyl acetate (3x), and the combined organic layers
dried (MgSQy) and concentrated under reduced pressure to afford (S)-4-bromopent-4-ene-1,2-diol.

STEP B: (S)-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane
0 Br
XYY
[0096] 2,2 Dimethoxypropane (7.5eq) and pyridinium p-toluenesulfonate (1cq) are added to a solution of (R)-4-
bromopent-4-ene-1,2-diol {5eq) in dichloromethane and the mixture stirred at room temperature for 4 hours.

Solvents are removed under reduced pressure and the crude product purified by flash chromatography (10% ethyl

acetate/hexane, eluant).

STEP C: (5)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop- 1-ene-2-sulfonyl chloride

Os:0
XTY e
&)

[0097] A solution of fert-butyl lithium in hexane (1.7M, 2eq} is added dropwise to a solution of (S)-4-(2-
iodoaltyl)-2,2-dimethyl-1,3-dioxolane (1eq) in diethy! ether at -78°C, and the reaction stirred at -78°C for 30 min.
Sulfuryl dichloride (1eq) is added, the mixture warmed to room temperature and the solvents removed under

reduced pressure.

STEP D: (S)-N-(3,4-diflucro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-3-(2,2-dimethyl-1,3-dioxolan-4-

yl)prop-1-ene-2-sulfonamide

Ca .0
><°J/Y"‘~:" F
H
o 0 N@\
F |

{0098} (S)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfony! chloride (1cq) is dissolved in pynidine and
5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine (1eq) added. The solution is stirred at

100°C for 2 hours and then partitioned with water and ethy] acetate. The organic layer is washed with brine, dried
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(MgSOy), concentrated under reduced pressure and purified by flash column chromatography on silica (30% ethy!

acetate/hexanes eluant).

[0099] EXAMPLE 7: (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyi}cyclopropane-1-sulfonyl chloride

Y X
58\8 ><O';r\8r Base XOMS\SU NCS, HCI ><o../,l/\ésozCI
+ B ——i
0 0 0

H,0, MeCN
STEP A: 1,2-Bis(1-(((R)-2,2-dimethyl-1,3-dioxolan-4-yDmethyl)cyclopropyl)disulfane
Q
><0:|/Xs~52/'r"0><
0

[00100] n-Butyl lithium (1.7 M in hexane, 1.2 eq) is added dropwise over 1 hour to a solution of 1,2-
dicyclopropyldisulfane (1 eq) in THF (1.5 mL/mmol), at -20 °C. (S)-4-(bromomethyl)-2,2-dimethyl-1,3-dioxolane
(1.1 eq) is then added at -78 °C and stirring at -78 °C continued for an additional 4 hours. Saturated aqueous
ammonium chloride solution is added and the mixture is extracted with ethyl acetate (3x). The combined organic

extracts arc dried (Na,SO,) and purified by flash chromatography (ethyl acetate in hexane eluant).

STEP B: (R)-1-((2,2-dimethyl-1,3-dioxolan4-yh)methyl)cyclopropane-1-sutfonyl chloride

><0"J/KSO2CI
)

[00101] N-Chloro succinimide (NCS, 1 eq) is added to a rlrgxtl:raof 2 M HCI (0.6 mL/mmol) and acetonitnle (3.4
mL/mmol) and cooled to 10 °C. A solution of 1,2-bis(1-(((R}-2.2-dimethyl-1,3-dioxolan-4-
yl)methyt)cyclopropyl)disulfane (2.5 eq) in acetonitrile (0.25 mY/mmot) is added dropwise to the mixture, which
is stirred below 20 °C for 20 minutes. Di-iso-propyl ether (15 mli/mmol) is added and the isolated organic layer
washed with brine, dried (Na,SQ,) concentrated under reduced pressure and the crude material purified by flash
chromatography (ethyl acetate in hexane eluant). See Nishiguchi et al, Synthesis, 2006, 24, 4131-4134 for
additional details.

[00102} EXAMPLE 8: 1,2-Bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl)disul fane

% X
58\8 ><Oj/\ar Base XOTKS‘SZ/""'O NCS, HCS Xomsozcl
+ —_—
4] 0 - 4]

H:O, MeCN

RS Y [
g,
IR OF b

BRI
36
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STEP A: 1,2-Bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane
0 H
XOJ/K&SMOK
o}

{00103] n-Butyl lithium (1.7 M in hexane, 1.2 eq) is added dropwise over 1 hour to a solution of 1,2-
dicyclopropyldisulfane (1 eq) in THF (1.5 mL/mmol), at -20 °C. (R)4-(Bromomethyl)-2,2-dimethyl-1,3-
dioxolane (1.1eq) is then added at -78 °C and stirring at -78 °C continued for an additicnal 4 hours. Saturated
aqueous ammonium chloride solution is added and the mixture is extracted with ethyl acetate (3x). The combined

organic extracts are dried (Na,SO,) and purified by flash chromatography (ethyl acetate in hexane eluant).

STEP B: (S)-1-((2,2-dimethy!-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

X0 ﬂ S0,CI1
o]

[00104] N-Chloro succinimide (NCS, 1 eq) is added to a mixture of 2 M HCI (0.6 mL/mmol} and acetonitnle (3.4
mL/mmol) and cooled to 10 °C. A solution of 1,2-bis(1-(({S)-2,2-dimethyl-1,3-dioxolan-4-
yi)methyljcyclopropyl)disulfane (2.5 eq) in acetonitrile (0.25 ml/mmol) is added dropwise to the mixture, which
is stirred below 20 °C for 20 minutes. Di-iso-propy! ether (15 ml/mmol) is added and the isolated organic layer
washed with brine, dried (Na,S0,) concentrated under reduced pressure and the crude material purified by flash
chromatography (ethyl acetate in hexane eluant). Sce Nishiguchi ef al, Synthesis, 2006, 24, 4131-4134 for

additional details.

{00105) EXAMPLE 9: (R)-1-((2,2-Dimethy}-1,3-dioxolan-4-yl)methy!)cyclopropane-1-sulfonyl chloride

0
. >< ACONa POC
xoms\s 0 —_— - XO,J/ZSO:{ Na' — ><0m302m
. Hi0z ACOH /', 5

STEP A: Sodium (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonate

>< :I/KSO:’_ Na*
o}

[00106] 30% Hydrogen peroxide (9 eq) is added to a solution of 1,2-bis(1-({{R)-2,2-dimethyl-1,3-dioxolan-4-
yDmethyl)cyclopropyl)disulfane (1 eq) and sodium acetate (2 eq) in acetic acid (5 mL/mmol). The solution is
heated at 80 °C for 1 hour, cooled, concentrated under reduced pressure and the crude material purified by
recrystallization. See Fernandez-Bolanos, ef al, Carbohydrate Research, 1988, 173(1), 33-40, for additional

details.
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STEP B: (R)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfony! chloride

><c,,;(zgso,cl

[00307] A solution of sodium (R}-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-suifonate (1 eq)} and
phospharyl trichloride (POCl,, 0.7 mL/mmol) is heated at 80 °C for | hour. The reaction mixture is cooled to
room temperature, poured onto ice, stirred for 30 minutes and extracted with chloroform (2x). The combined

organic extracts are dried (MgS0,) and concentrated under reduced pressure.

[00108] EXAMPLE 10: (8)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cycliopropane-1-sulfonyl chloride

0
' >< AcONa POC},
><o]/\£3~s oy — ><o]/>g30:' Nat L Xomsozd
. iy AcOH /N 5

STEP A: Sodium (8)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonate

>< msoa- Na*
o)

[00109] 30% Hydrogen peroxide (9 eq) is added to a solution.of I,2-bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropyl)disulfane (1 eq) and sodium acetate (2 eq) in acetic acid (5 mL/mmo!). The selution is

SRR S U0 PN

heated at 80 °C for 1 hour, cooled, concentrated under reduced pressurc and the crude material purified by
recrystallization. Sce Fernandez-Bolanos, ef al, Carbohydrate Research, 1988, 173(1), 33-40, for additional
details, S .

STEP B: (8)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

>< msozcu
o

[00110] A solution of sodium (8)-1-((2,2-dimethyl-1,3-dioxclan-4-yl)methyl)cyclopropane-1-sulfonate (i eq) and
phosphoryl trichlonde (POCI;, 0.7 mL/mmol) is heated at-88 °C for 1 hour. The reaction mixture is ¢ooled to
room temperature, poured onto ice, stirred for 30 minutes and extracted with chloroform (2x}. The combined
organic extracts are dried (MgSQ,) and concentrated under reduced pressure,

LRI

[00111] EXAMPLE 11: (R)-1-((2,2-Dimethyl-1,3-dioxolan“4*yl)methyl)cyclopropane-1-sulfonyl chloride

°>< PPhy, HCH NaOH POCH,
ms\s e - OﬂSH AT oﬂso;m* —. omsozu
>(0 Dioxane, Hy0 ><0 DMF . ><0 ><0

38

IR

T ailune

i

2%



WO 2011/609541 PCT/EP2010/004222

BHC 093080_FC-Text

STEP A: (R)-1-((2,2-Dimethyl-1,3-dioxclan-4-yl)methyl)cyclopropancthiol
O, SH
X K o
[00112] A solution of 1,2-bis(1-(((R)-2,2-dimethy17l,3-dioxolan-4-jr])methyl)cyclopmpyl)disulfane (1 eq) and
triphenylphosphine in a mixture of dioxane and water (4/1) containing two drops of concentrated hydrochloric
acid is stirred at 40 °C for 20 min and concentrated under reduced pressure. The crude material is purified by
flash chromatography (ethyl acetate in hexane eluant). See Overman et al, Synthesis, 1974, 59-60 for additional

details,
STEP B: Sodium (R)-1-((2,2-dimethyl-1,3-dioxolan-4-y!)methyl)cyclopropane-1-sulfonate

><0:‘/K803. Na*
o

[00113] Sodium hydroxide (4 eq) is added to a solution of (R)-1-((2,2-dimethyl-1,3-dioxolan4-
ymethyl)cyciopropanethiol (1 eq) in DMF (0.5mL/mmol}, and stirred at room temperature overnight and
hydrolyzed. The mixture is extracted with ethyl acetate (3x), and the combined organic layers dried (MgSQO,),
concenirated under reduced pressure and the crude matenial recrystallized.

STEP C: (R)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyt chloride

>< r;(XSOQCI
(o)

{00114] A solution of sodium (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonate (1 cq) and
phosphoryl trichloride (POCI,, 0.7 mL/mmol) is heated at 80 °C for I hour. The reaction mixture is cooled to
room temperature, poured onto ice, stirred for 30 minutes and extracted with chloroform (2x). The combined

organic extracts are dried (MgSQ,) and concentrated under reduced pressure.

[00115] EXAMPLE 12: (S)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

4]
>< PPhg. HCI POCI
xOTKS\S o >< TZSH - X mso;; Na* ___ >< j/?gSOZCI
0

Dioxane, H;0
STEP A: (S)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropanethiol
o) SH
XY K
[00116] A solution of 1,2-bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane (1 eq) and

triphenylphosphine in a mixture of dioxane and water (4/1) containing two drops ef concentrated hydrochloric

acid is stirred at 40 °C for 20 min and concentrated under reduced pressure. The crude material is purified by
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flash chromatography (ethyl acetate in hexane eluant}. See Overman et al, Synthesis, 1974, 59-60 for additional
details.

STEP B: Sodium (S8)-1-{(2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonate

><OJ/XSO:{ Na'
(o]

[00117] Sodium hydroxide (4 eq) is added to a solution of (8)}-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropanethiol (1 eq) in DMF (0.5mL/mmol}, and stirred at room temperature overnight and
hydrolyzed. The mixture is extracted with ethyl acetate (3x), and the combined organic layers dried (MgSQ,),
concentrated under reduced pressure and the crude material recrystallized.

STEP C: (S)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

><o ]/Ksozm
0

[00118] A solution of sodium (S)-1-((2,2-dimethyl-1,3-didolan-4-yl)methyl)cyclopropane-1-sulfonate (1 eq) and
phosphoryl trichloride (POCI;, 0.7 mL/mmol) is heated at 80 °C for 1 hour. The reaction mixture is cooled to
room temperature, poured onto ice, stirred for 30 minutes asd ¥itracted with chloroform (2x). The combined

organic extracts are dried (MgSQ,) and concentrated under reduced pressure.

[00119] EXAMPLE 13 T

Figure 2 shows the 'H NMR spectrum of sodium (8)-1-((2,2:dimethyl-1,3-dioxolan-4-yl)methy!)cyclopropane-1-
sulfonate in CD,0D.

'H NMR (400 MHz, CD;0D) § ppm 0.39 (ddd, /=9.85, 6.71, 5.27 Hz, 1 H), 0.57 - 0.76 (m, 2 H), 0.76 - 0.89 (m,
1 H), 1.31 (s, 3 H), 1.51 {(dd, /=13.30, 2.76 Hz, 1 H), 1.57 (s, 3 H), 1.94 - 2.07 (m, 1 H}, 2.89 (dd, /=13.80, 8.03
Hz, 1 H}, 3.07 (dd, /=13.80, 4.27 Hz, 1 H), 4.51 - 4.62 (m, 1 H).

[00120] EXAMPLE 14 BN
Figure 3 shows the ’C NMR spectrum of sodium (S)-1-((2.3-dicfiethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-
sulfonate in CD,0D. LooERE
*C NMR (METHANOL-d,) & ppm 10.30, 15.17, 21.75, 30,13, 38.88, 54.79, 58.37, 67.15, 101.78.

[HA N
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WHAT IS CLAIMED IS:

1. A process for preparing a compound of formula (I-a):

R'-o,j/%‘s’:gH
F
R-0” 0 H formula (I-
[ [ a
F .Y
F

comprising, contacting 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine with a2 compound

of formula (I1-a):

0.0
Rr-0., by 14
J/K ¢ formula ({I-a), ®
R2-0
wherein
R' is H or an alcohol protecting group;
R? is H or an alcohol protecting group; or

R and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.

2. A process for preparing a compound of formula (I-b):

0,...0
r-0 i1
j/z NH L .
rR2-0” _O N@\ formula (1-b)
F [
F

comprising, contacting 5,6-difluoro-N I.(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine with a compound Q
of formula (II-b):

R'-0 OQS«:O
m cl formula (II-b),

R2-0

wherein

R' is H or an alcohol protecting group;

R? is H or an alcohol protecting group; or

R’ and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.
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3. A process for preparing (R)-N-(3,4-diftuoro-2-(2-flusro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide, comprising,

contacting a compound of formula (I-2) with an acid, a base or a nucleophile; or

exposing the compound of formula (I-a) to UV light:

R0 o‘k’:gH
TRk
07 0 "O\ formula (I-a)
F I
F

R' is H or an alcohol protecting group;

wherein

R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they.are.attached form a cyclic 1,2-diol protecting group.

4, A pracess for preparing (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide, comprising,
contacting a compournd of formula (I-b) with an acid, a base or a nucleophile; or

exposing the compound of formula (I-b) to UV light:

- “S”
\1;[3[ \©\ formula (I-b)

wherein Co st
R'is H or an alcohol protecting group;
R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.

5. A process as in any of claims 1-4, wherein R' and R? together with the carbon atoms to which they are

attached form a cyclic 1,2-diol protecting group.

42
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6. The process of claim 5, wherein the cyclic 1,2-diol protecting group is a 5-membered cyclic 1,2-diol

protecting group.
7. The process of claim 6, wherein the cyclic 1,2-diol protecting group is 2,2-dimethyl-1,3-dioxolan-4-yl.
8. The compound (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane- 1 -sulfony! chlonde:

0...0
o .

9. The compound (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chioride:

Os..0
o :

10. The compound (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride:

0....0
O 0

1. The compound (8)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1 -ene-2-sulfonyl chloride:

OscO
XYY e
0 r
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FIGURE 2

'"H NMR spectrum of sodium (8)-1-((2,2-dimethyi-1,3-dioxolan-4-ylymethyl)cyclopropane- 1 -sulfonate in CD,0D
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FIGURE 3

>C NMR spectrum of sodium (S)- -((2,2-dimethyl-1,3-dioxolan-4-yl)methyl}cyclopropane- | -suifonate in CD,0OD
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PREPARACION DE (R) Y (8) N-(3.4-DIFLUORO-2-(2-FLUORO-4-YODOFE-
NILAMINQO)-6-METOXIFENIL)-1-(2,3-DIHIDR OXIPROP'IL)CICLOPROPAN-I -
SULFONAMIDA Y DERIVADOS PROTEGIDOS DE LOS MISMOS

ANTECEDENTES DE LA INVENCION

La presente invencidn se¢ relaciona con los campos de duimica farmacéutica y sintests
quimica organica. s sabido que (R)-N-(3,4-Difluoro-2-(2-fluoro-4-yodofenilamino)-6-
mctoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida y (S)-N-(3,4-difluoro-2-(2-fluoro-
4-yodofenilamino)-6-mctoxifenil)-1 -(2,3-dihidroxipropil)ciclopmpan- 1-sulfonamida poseen
propicdades inhibitorias contra las enzimas MEK y son de valor terapéutico (véase la solicitud de
patente publicada de los LEUU US 2008/0058?40 A ) En la presente se describen métodos para
su preparacion. A

RESUMEN DE LA INVENCK)N

Se provccn proccsos para preparar compucstoe de formula (I-a):

éj( \C formula (I-a)

que comprenden poner en contacto 5,6-difluor oqN (2 ﬂuoro 4-yodofenil)-3-metoxibencen-1,2-
RO
b L /K Cl

diamina con un compuesto de formula (II-a): R-O , donde

R'esHoun grupo protector de alcohol;

R?es H o un grupo protector de alcohol;.o -

R' y R? junto con los dtomos de carbono‘a los cuales sc encuentran unidos forman un
grupo protector ciclico de 1,2-diol.

En algunas {ormas dc realizacion, el compuesto de formula (I-a) es (R)-N-(3,4-difluoro-2-
(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-((2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-

|-sulfonamida: o

’ . }J"’."X'l'
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En algunas formas dc realizacion, ¢l compuesto de formula (Il-a) cs cloruro de (R)-1-

((2,2-dimetil-1,3-dioxolan-4-ilymetil)ciclopropan- 1 -sulfonilo:

o Osg0
XO/(K cl |

También sc proveen aqui procesos para preparar compuestos de formula (I-b):

\\S/t
\’é;: \C formula

(I-b) |

gue comprenden  poner en  contacto 5,6-difluoro-~"-(2-fluoro-4-yodofenil)-3-

R-0O O‘\S/:O
Cl

metoxibencen-1,2-diamina con un compuesto de formula (11-b): R*0 , dondc

R' s 1 0 un grupo protector de alcohol;

R? ¢s H o un grupo protector de alcohol; o

R' y R? junto con los atomos de carbono a los cuales sc cncucntran unidos forman un
grupo protector ciclico de 1,2-diol.

En algunas formas de realizacion, el compuesto de férmula (I-b) s (8)-N-(3,4-difluoro-2-

(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-((2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-

H F
F !

En algunas formas de rcalizacion, el compuesto de férmula (1I-b) cs cloruro de (S)-1-

1-sulfonamida:

((2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-sulfonilo:

Yog:

También s¢ proveen aqui procesos para preparar (R)-N-(3,4-difluoro-2-(2-1luoro-4-
vodofcnilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan- 1 -sulfonamida, quc

comprenden poner en contacto un compuesto de formula (I-a) con un 4cido, una basc o un




nuclcdfilo; o cxponer el compucsto de férmula (I-a} a luz UV

-.\S//
\@ \C formula (I-a)

donde

R'csH o un grupo protector de alcohol;

R%es H o un grupo protector de alcohol; o

R y R? junto con los dtomos de carbonn 'a.-:llos cuales s¢ encuentran unidos forman un

grupo protector ciclico de 1,2-diol.
Lin algunas formas de realizacidn, ¢l compuesto de formula (I-a) es (R)-N-(3,4-difluoro-2-

{2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-((2,2-dimctil-1,3-dioxolan-4-i)metil)ciclopropan-

Oug0
H F
H
N. t
F |

También sc proveen aqui procesos para preparar (S)-N-(3,4-difluoro-2-(2-fluoro-4-
| RYER

yodofenilamino)-6-metoxifenil)-1 -(2,3-dihidr0lx.1.prn{3il)ciciopmpan- 1-sulfonamida, que

1-sulfonamida:

comprenden poner en contacto un compuesto de formula (I-b) con un 4acido, una base o un

nucleofilo; o cxponcr cl compucsto de formula (I—b) aluz UV:

@ \( férmula (I-b)

donde

R' ¢s H o un grupo protector de alcohﬁf% A

R? ¢s H o un grupo protector dc alcohol; :é: ’ '

R'y R? junto con los atomos de carbono a los cuales se encuentran unidos forman un

grupo protector ciclico de 1,2-diol.

En algunas formas de realizacion, el compuesto de formula (I-b) es (8)-N-(3,4-difluoro-2-



(2-fluoro-4-yodofeni lamino)—6-mcloxilchil)- i—((2,2—dimelil- 1,3-dioxolan-4-i)metil)ciclopropan-

1-sulfonamida:

En algunas formas de realizacion, R' es H y R? ¢s un grupo protector de alcohol. En
formas de realizacién adicionales, R? es H y R' s un grupo protector de alcohol. Lin formas de
rcalizacion adicionales, ambos R' y {{2 son grupos protectores de alcohol. Lin formas dc
realizacion adicionales, ambos R' y R“ soﬁ hid_régcno. Iin formas dc rcalizacion adicionales, los
grupos protectores son iguales. En formas de realizacion adicionales, los grupos protectores son
difcrentes. lin formas de realizacién adicionales, R' y R? junto con los atomos de carbono a los
cuales sc encuentran unidos forman un grupo proteclor ciclico de 1,2-diol. En formas de
realizacion adicionales, el grupo protector ciclico de 1,2-diol es un grupo protector ciclico de 1,2-
diol de 5 micmbros. in formas de realizacion adicionales, ¢l grupo protector ciclico de 1.2-diol
¢s 2,2-dimetil-1,3-dioxolan-4-1io.

También sc proveen aqui compuesios de utilidad para la preparacion de (R)-N-(3.4-
difluoro-2-(2-fluoro-4-yodofenilamino)-6-mctoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-
sulfonamida 0 (8)-N-(3,4-di ﬂuofo—Z-(2~ﬂuoro-4—yodo fenilamino)-6-metoxifenil)-1-(2,3-
dihidroxipropil)ciclopropan-1-sulfonamida.

En algunas formas de rcalizacidn, se proveen los compuestos cloruro de (R)-1-((2,2-
dimetil-1,3-dioxolan-4-1l)metil)ciclopropan-1-sulfonilo y cloruro de (8)-1-((2,2-dimctil-1,3-

dioxolan-4-il)metil}ciclopropan-I-sulfonilo:

0.0

0.0 et
XO]/KS/‘C' XO]/Z\S\C'
0 o .

En algunas formas dc realizacion, se proveen los compuestos cloruro de (R)-3-(2,2-
dimetil-1,3-dioxolan-4-iDprop-1-en-2-sulfonilo y cloruro de (8)-3-(2,2-dimetil-1,3-dioxolan-4-

il)prop-1-cn-2-sulfonilo:




o 050 O~57
Xyre XJ e
O )

IIn algunas formas dc realizacién, se proveen los compucstos (R)-1-((2,2-dimetil-1,3-
dioxolan-4-il)metil)ciclopropan-1-sulfonato  de sodio y (S)-1-((2,2-dimetil-1,3-dioxolan-4-

i)metil)ciclopropan-1-suifonato de sodio:
>< mso:; Na* >< ]/Ksoa Na*

En algunas formas de realizacion, se proveen los compuestos (R)-1-((2,2-dimetil-1,3-
dioxolan-4-il)metil)ciclopropanotiol ¥ (S)-1-((2,2-dimetil-1,3-dioxolan-4-

1)metil)ciclopropanotiol:
0 /0

En algunas formas de realizacién, sc proveen los compuestos 1,2-bis(1-({(R)-2,2-dimetil-

1,3-dioxolan-4-il)ymetil)ciclopropil)disulfano y 1,2-bis(1-(((S)-2,2-dimetil-1,3-dioxolan-4-

. LK

imetil)ciclopropil)disulfano:

et IS oy

INCORPORACION POR REFERENCIA

Todas las publicaciones y solicitudes dc patentes mencionadas en esta memoria
descriptiva se incorporan en la presente a modo de referencia de la misma mancra que si se
indicara cspecifica ¢ individualmente que cada publicacién o solicitud de patente cspecifica se
incorpora a modo dc referencia. .

BREVE DESCRIPCION DE LOS DIRILINS

[Las caracteristicas novedosas de la invewcion se exponen especificamente en las
reivindicaciones adjuntas. Se alcanzara una mejc;l_"j'i.:omprensiér_l de las caracteristicas y ventajas
de la presente invencion haciendo referencia a\los siguicnte descripcidn detallada que expone
formas dc realizacion ilustrativas, en las que Isr-: ﬁtilizan los principios de la invencidn, y los
dibujos adjuntos:

[La Figura 1 representa tres trazas de HPLC d¢ N-(3,4-difluoro-2-(2-fluoro-4-

NIRUNEH
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yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida, dondc la traza
supecrior 1(a) es cl trazado dc IIPI.(;; _.dcl matcrial crudo, inyectado comjuntamcnte con una
muestra auténtica del cnantidémero (-) (?btc_nido por scparacion quiral de la mevcla racémica de
ambos isémeros); la traza del medio l(b) ¢cs ¢l trazado de HPLC del matcrial crudo; y la traza
inferior 1{c) es ¢l trazado de HPL.C del material crudo, inyectado conjuntamentc con una mucstra
auténtica del enantiémero (+) (obtenido por separacion quiral de la mezcla racémica de ambos
1sOmeros).

l.a Figura 2 representa el espectro 'l RMN de (8)-1-((2,2-dimetil-1,3-dioxolan-4-
il)metil)ciclopropan-1-sulfonato de sodio én CD;0D.

l.a Figura 3 representa el espectro BC RMN de (8)-1-((2,2-dimetil-1,3-dioxolan-4-
ilymetil)ciclopropan-1-sulfonato de souto cn CD;OD.

DESCRIPCION DETALLADA DE LA INVENCION

A pesar de que en la presente sc mucstran y describen formas de realizacion preferidas de
la presente invencion, sera cvidente para los cspecialistas en la materia que dichas formas de
realizacion sc proveen a modo de cjemplo solamente. Los especialistas en la materia podran
prever diversas variaciones, cambios y sustituciones que no sc apartan de la mnvencién. Debe
comprenderse que las diversas alternativas a las formas de realizacion de la invencion descritas
cn la presente pueden utilizarsc en la practica de la invencién. Se cstablece quc las
reivindicaciones definen el alcance de la invencion y que los métodos y cstructuras dentro del
alcancc de cstas reivindicaciones y sus equivalentes estan cubicrtos por las mismas.

Usualmente es descable tener métodos aliernativos para la preparacion de compucstos
ttiles. En la presente se describen diversos métodos para la preparacion de (R)-N-(3,4-difluoro-2-
(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida v
(S)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclo-
propan-1-sulfonamida, los cuales scgun cs sabido poseen propicdades inhibitorias contra las
enzimas MK,

I. PREPARACION DE COMPUESTOS

M¢étodo de Sintesis Quimica

Il siguiente andlisis sc ofrece para ilustrar como, cn principio, obtener los compucstos




reivindicados bajo esta invencién y para dar dcml les sobre algunos de los diversos métodos
disponibles para su uso en la prcparamon de ]05 co*npuestos de la invencion. Sin embargo, este
analisis no pretende definir o limitar el alcancc de las reacciones o secuencias de reacciones de
utilidad en la preparacion de los compuestos de la presente invencidn. Los compuestos de esta
invencién pucden prepararse por lo-s._, procedin;i.cﬁlos y técnicas descritas en la seccion de
Ejemplos que figura mas adelante, asi como también por técnicas de sintesis organica conocidas.
[.os métodos conocidos por los especialistas en la materia pueden identificarse a través de
diversos lextos y bases de datos de referencia. Los textos y tratados adecuados que detallan la
sintcsis de reactivos utiles en Ja preparacion de los compuestos descritos en la presente, o que
proveen referencias a articulos que dCéCﬁb(‘:‘I:‘l“lg I;ir.:izﬁziracién, incluyen p.¢j., "Synthetic Organic
Chemistry", John Wiley & Sons, Inc., Nuev;‘}.ili: a‘ S. R. Sandler et al., "Organic Functional
Group Preparations,” 2da edicion, Acadcmlc Prcss, Nueva York, 1983: H. O. House, "Modern
Synthctic Reactions", 2da edicion, W, A, Benjamiﬁ, Inc. Menlo Park, Calif. 1972; T. L. Gilchrist,
“Iletcrocyclic Chemistry™, 2da edicion,, John Wiléy & Sons, Nueva York, 1992; J. March,
“Advanced Orpanic Chemistry: Rcagtioné, Mechanisms and Structure”, 4ta edicidn,
Wiley-Interscience, Nueva York, 1992. 6tros_ tetos y tratados de referencia adecuados que
detallan la sintesis de reactivos utiles _.enr la pfébaracién de los compuestos descritos en la
presenie, o que proveen rcferencias a ar-ticulhotq auc describen la preparacién, incluyen p. ¢).,
Fuhrhop, I. y Penzlin G. “Organic Synthcms (,rmf“pts Methods, Starting Materials”, Scgunda
cdicion, revisada y aumentada (1994) John .W';Icryv\ Sons ISBN: 3-527-29074-5; Hoffman, R.V.
“Organic Chemistry, An Intermediate Text” (1996) Oxford University Press, ISBN 0-19-509618-
5; Larock, R. C. “Comprehensive Orgamc lr?;ritsformatlons A Guide to Functional Group
Preparations” 2da edicion (1999) Wllcy-VCII ISBN 0-471-19031-4; March, J. “Advanced
Organic Chemistry: Reactions, Mechamsms, and Structure” 4ta edicion (1992) John Wiley &
Sons, ISBN: 0-471-60180-2; Otera, J..(editor) “Modem Carbonyl Chemistry” (2000) Wiley-
VCH, ISBN: 3-527-29871-1; Patai, S. ‘.‘Pat'ai_'g‘,:_ll_992 Guide to the Chemistry of Functional

Groups” (1992) Interscicnee ISBN: 0-‘51‘7‘\]"';?051(}2_2-9; Quin, LD. et al. “A Guide to

Organophosphorus Chemistry” (2000) Wl]CV—‘ Lt 'ence ISBN: 0-471-31824-8; Solomons, T.

W. G. “Organic Chemistry” 7ma edicién (2000) John Wiley & Sons, ISBN: 0-471-19095-0;



Stowell, J.C., “Intermediatc Organic Chemistry™ 2da edicion (1993) Wilcy-Interscicnce, ISBN:
0-471-57456-2; “Industrial Organic Chemicals: Starting Matcrials and Intermediates: An
Ullmann's Enciclopedia™ (1699) John Wiley & Sons, ISBN: 3-527-29645-X, en 8 volimencs;
“Organic Reactions™ (1942-2000) John Wiley & Sons, en més de 55 volimenes; y “Chemistry of
Functional Groups” John Wiley & Sons, cn 73 volimenes.

Iin general, los compuestos utilizados en las reacciones descritas en la presenie pueden
prepararse de acucrdo con técnicas de s&[n_tcsis organica conocidas por los especialistas cn la
maleria, comenzando con sustancias y-o compucstos quimicos disponibles comercialmente y/o a
partir de from compuestos descritos en la bibliografia quimica. lLos "compuestos quimicos
disponibles comercialmente" pueden obtenerse de fuentes comerciales estandar incluyendo Acros
Organics (Pittsburgh PA), Aldrich Chemical (Milwaukee WI, incluyendo Sigma Chemical vy
Fluka), Apin Chemicals Ltd. (Milton Park, Gran Bretafia), Avocado Rescarch (Lancashire Gran
Bretaiia), BDH Inc. (Toronto, Canada), Bionet (Comwall, Gran Bretafia),Chemservice Inc. (West
Chester PA), Crescent Chemical Co. (Hauppauge NY), Eastman Organic Chemicals, l<astman
Kodak Company (Rochcster NY), I"ilshcr Scientific Co. (Pittsburgh PA), Fisons Chcmicals
(T.eicestershirc Gran Bretaha), Fron_tjgr scientific (Logan UT), ICN Biomedicals, Inc. (Costa
Mesa CA), Key Organics (Cornwall Gran Bretafia), Lancaster Sintesis (Windham Nil),
Maybridge Chemical Co. Ltd. (Cornwall Gran Bretafia), Parish Chemical Co. (Orem UT), Plaltz
& Bauer, Inc. (Waterbury CN), Polyorganix (Houston TX), Pierce Chemical Co. (Rockford 11.0),
Ricdel de laen AG (Hanover, Alemania), Spectrum Quality Product, Inc. (New Brunswick, NJ),
TCI America (Portland Q), Trans World Chemicals, Inc. (Rockville MD), y Wako Chemicals
USA, Inc. (Richmond VA).

Los rcactivos cspecificos y analogos tambicn pucden identificarse a través de indices de
compuestos quimicos conocidos preparados por el Scrvicio de Abstract Quimico de la Amecrican
Chemical Society, guc cstan disponibics en la mayoria de las bibliotecas universitarias y publicas,
asi como también a través de bases de &;1105 en linca. Los compuestos quimicos conocidos que no
cstan disponibles comercialmente en los catalogos pueden prepararse cn laboratorios de sintesis
quimica a pedido, donde muchos de los laboratorios de suminisiro quimico estandar (p.cj., los

que se han cnumerado) proveen servicios de sintesis a pedido.
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Mctodo A: Sintesis no quiral, seguida por separacion quiral

La sintesis no quiral de N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-
(2,3-dihidroxipropil) ciclopropan-1-sulfonamida ya se ha descrito, (véase Solicitud de patente
publicada de los EEUU 2008/0058340 Al), y se resume a continuacién en ¢l esquema 1. El

producto se obtiene como una mezcla racémica de los enantiémeros (R) y (S), que se separan por

HPLC quiral,

pitidina  Pyridine ,/\ soc,
O -0 AN e O :0/\_/"‘ /\/\ KNGS o“S’:o 60°C
K0l HO — K S - rx 0 " K -
- r-r]|

\\S’lp:rldml pyridine O“S”o
40 C (x “NH .
l H 0s0,
ﬁ:} el
F separacion h"al

qmral aration

HO 0‘“5’:0 HO Ooge0
NH NH
TRk PR
F 1 F |
F F

Esquema I: Sintesis no quiral de N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-
1-(2,3-dildroxipropil)ciclopropan-1-sulfonamida ‘:

Método B: Sintesis a partiv de materiales dﬁ'l_b‘f-artida quirales

Los Esquemas 2a, 3a, 4a, 5a y 6a muestran rutas sintéticas por las cuales puede prepararse
(R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino }-6-metoxifenil)-1-(2 3~
dihidroxipropil)ciclopropan-1-sulfonamida, y se describen a continuacion.

Los Esquemas 2b, 3b, 4b, 5b y 6b muestran rutas sintéticas por las cuales puede
prepararse (8)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenit)-1-(2,3-

dihidroxipropil)ciclopropan-1-sulfonamida, y se describen 4 continuacion.
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Isquema 2a: (R)-N—(3,4—diﬂuoro-2-(2-i1u01'0-4-y0d0fcnilamino)-6—mctoxifcnil)

-1-(2,3- d1hldromprop1l)clclopropan 1-sulfonamida
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Esquema 2b: (S)-N-(3,4-diflucro-2-(2-fluoro-4-yodofenilamine)-6-metoxifenil)
-1-(2,3-dihidroxipropil)ciciopropan-1-sulfonamida
M¢étodo B, Ruta I: Un grupo ciclopropilo se introduce en cl alqueno de 4-yodopent-4-cn-
1,2-diol con diol protegido, para formar el derivado protegido 3-(1-yodociclopropil)propan-1,2-
diol, que lucgo sc sulfonila. El acoplamiento con 5.6-difluoro-N"-(2-fluoro-4-yodofenil)-3-

fot Hiat FERE
metoxibencen-1,2-diamina y la desproteccion final da  (R)-N-(3,4-difluoro-2-(2-fluoro-4-

i
3

10




.__a.

yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan- 1 -sutfonamida,  (S)-N-(3,4-
difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan- 1 -
sulfonamida o la mezcla racémica, dependiendo del material de partida utilizado.

Método B, Ruta II: En un procedimicnto I#vemente diferente a la ruta A que antecede, la
reaccion de ciclopropanacion puede realizarse” luego del acoplamiento con la diarifamina. Se
convierte 4-yodopent-4-cn-1,2-diol con diol protegido al cloruro de sulfonilo y luego se acopla
con 5,6-diﬂuom—Nl-(2-ﬂuor0-4—yodofeni1)-3—me!oxibencen-1,2-diamina. Las funcionalidades
amina se protegen, de ser necesario, cl alqueno se convierte al grupo ciclopropilo y finalmente se
climiné todo grupo protector segin sea necesario para dar (R)-N-(3,4-difluoro-2-(2-fluoro-4-
yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida,  (S)-N-(3,4-
diﬂuoro-2-(2-ﬂu0ro-4—yod0fcnilamino)—é-metoxifénil)—1-(2,3-dihidroxipropil)ciclc)pmpan-] -
sulfonamida o la mezcla racémica, dependicndo ad matcrial de partida utilizado.

I

Ambas rutas requicren como material de ‘partida un 4-yodopent-4-en-1,2-diol con diol

ot

protcgido, que puede prepararse de acuerdo con et srguiente csquema:

..................
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lisquema 3a: (R)-con dio! protegido 4—y0d0pcnti'f!4‘el"1-1,2-diol

0. 0. ¥ - o - . : '
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fssquema 3b: (S)-con diol protegido 4-yodopent-4-en-1,2-diol

El material de partida, glicidol esta dispc;'ﬁiblc comercialmente como el enantidmero (R),
el enantidmero (S) o ta mezcla (R/S)-(-h/—}.'.:.i*i}i::.{-é.'.!.cohol puede protegerse, por ejemplo por
reaccion con cloruro de 1butildimctilsililo;, .uf,l Oﬁo grupo protector adecuado. De mancra
alternativa, cl glicidol protegido con TBS esta disponible comercialmente como el enantiémero
(R), ¢l cnantiomero (S) o the (R/S)-(+/-)-mei€15 tacémica. El acoplamiento con un acelileno
protcgido, scguido por desprotcceion y iodacién c‘:)n un reactivo como por ¢jemplo 9-yodo-9-
borabiciclo|3,3,1]nonano (9-I-BBN), provee 4-yodopent-4-en-1,2-diol, cuyo diol luego se
protege. Notese que a pesar de que no hay inversion de estereoquimica durante la siniesis, partir
de  (R)-(+)-glicidol resultara en la foxrh-éc'ién de (S5)-N-(3,4-difluoro-2-(2-fluoro-4-

yodofcni1amin0)—6-metoxifcnil)-1—(2,3-dihidr(')"x:ij:\.i;opil)ciclopropan—l—sulfonamida; partir de (S)-

[ S
[T F

le



(-)-glicidol resuitard cn la formacion de (R)-N-(3,4-difluoro-2-(2-fluoro-4-yode{enilamino)-6-
metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida.

Método B, clorure de 1-(2,3-dihidroxipropil)ciclopropan-1-sulfonile con diol
protegido: Fn algunas formas de realizacion, se usa el intermediario cloruro de 1-(2.3-
dihidroxipropil)ciclopropan-1-sulfonilo con diol protegido. los grupos protectores de 1,2-diol son
conocidos en la especialidad como por ¢jemplo, sin que esto constituya limitacion alguna, 13-
dioxolano, 2-metil-1,3-dioxolano, 2,2-aimetil-1,3-dioxolano, 2-'butil-1,3-dioxolano, 2-fenil-1,3-
dioxolano, 1,4-dioxaespiro|4,5]decano, éter di-para-metoxibenciloximetilico, di-
"butildimetilsililéter. v similares:

runes
proleciores

HOD/\ dcl_l,2_-(501 O |/\ f ><J/ B <I Or (\ <‘><I PMBM-O‘..,/\ TBOMS Or/r\
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prutectores
Hoq\duzdmf Y\ On\ PMBM-On~\  TBOMS Oa -\
Ho~ t- < < ]/ >< j/ Bu < ]/ Y < >< j/ PMBM--0~ :r

Los Esquemas sintéticos para la preparacion de cloruro de 1-((2,2-dimetil-1,3-dioxolan-4-

iDmetil)ciclopropan-1-sulfonilo s¢ proveen a continuacion:
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Método B, Ruta HI
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Isquema 4a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-vodefenilamino)-6-metoxifenil)

-1-(2,3-dihidroxipropil)ciclopropan-1-sul®nida

13
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Esquema 4b: (8)-N-(3.4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenit)

-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida

El acoplamicnto del derivado prowegido glicidol con éster ciclopropansulfonato, como
p.cj. ciclopropansulionato de butilo, da 1-(2-hidroxi-3-hidroxipropilo protegido)ciclopropan-1-
sulfonato de butilo. La conversion del suitonato al cloruro de sulfonilo provee cl derivado cloruro
de sulfonilo, cloruro de  1-(2-hidroxi-3-protegido-hidroxipropil)ciclopropan-1-sulfonilo, guc
luego se acopla con 3,6-difluoro-N'-(2-fluoro-4-yodofenil)-3-metoxibencen-1,2-diamina. La
climinacién de los grupos protectores rcs.lanles, scgun sca necesario, da (R)-N-(3,4-difluoro-2-(2-
fluoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil )ciclopropan- 1 -sutfonamida, (S)-
N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil }-1-(2,3-dihidroxipropil )ciclo-
propan-1-sulfonamida o la mezcla racémica, dependiendo del material de partida utilizado.

Método B, Ruta 1V

SOZCI proteccion

°*s4
NH;. de amina
@c v@ ﬁl O, =

————— —

-. —

PGA . dcsprotuuon HO t"
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"PG! off -~
[

"PG” off" F

fisquema Sa: (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)

-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida
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Esquema 5b: (S)-N-(3,4-diﬂuoro-2-(2-ﬂuoro-4-}!0(1(’.:;1’cnilamino)—6-metoxifenil)

-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida

Se¢  acopla 5,6-Diﬂu0ro-Nl-(2-ﬂu0r0~4-yod0feni1)—3-meloxibencen-1,2-diamina con
cloruro de ciclopropansulfonilo para dar N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-
metoxifenil)ciclopropansulfonamida. Los grupos amina se protegen segin sea necesario,
utilizando grupos protcetores adecuados, como p.ej. sin que csto constituya limitacion alguna,
propilo, di-propilo, para-mctoxibencilo, di- para-metoxibencilo, grupos ciclicos,‘y similares:

S S A éx@ oy

Se acopla N-(3, 4—diﬂuoro-2-(2-ﬂuoro-4-yodofeni1amino)-6-metoxifcnil)ciclopropan-
sulfonamida con amina protegida con gllCldol Iﬁr\c\'tcgldo que luego de la eliminacion de los
grupos proteciores, scgin sea nccesario, da (R)-N—(3,4-d1ﬂuoro-2—(2-ﬂuoro-4-y0dofemlammo)-6—
metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sutfonamida, (S)-N-(3,4-difluoro-2-(2-fluoro-
4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida o la mezcla

racémica, dependiendo del glicidol utilizado.

Método B, Ruta V o

47
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Esquema 6a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil }

-1-(2,3-dihidroxipropil)ciclopropan- 1 -sulfonamida
9
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Esquema 6b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)

-1 -(2,3—dihidroxipropil)cicloprcpan-1 -sulfonamida

Sc trata bencen-1,2-diamina protegida con  5,6-difluoro-A'-(2-fluoro-4-yodofenil)-3-
metoxi-N' con cloruro de tionilo, convirtiendo la amina primaria al tiazato. 131 acoplamicnto con
{(1-(2,3-dihidroxipropil)ciclopromiblitio con diol protegido da cl derivado sulfinamida que sc
oxida a la sulfonamida. La climinacion final de los grupos protectores, segln sca necesario, da
(R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclo-
propan- 1 -sulfonamida, (8)-N-(3,4-difluoro-2-(2-{luoro-4-yodofenilamino)-6-metoxiienil)-1-(2.3-
dihidroxipropil)ciclopropan-1-sulfonamida o la mczcla racémica, dependicndo del material de
partida utilizado.

Método C1: Sintesis utilizando redetivos quirales - - (i) epoxidacion quiral
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La cpoxidacion quiral (por ejemplo cpoxidaciéhl‘dé Jacobsen (J Am. Chem. Soc., 1991, 113,

7063-7064 o J. Am. Chem. Soc., 2003, 125, 5250-5251) utilizando hipoclorito de sodio /
catalizador Mn-salen; o epoxidacion de Shi (/J O'r"g. Chem., 2007, 72, 4093-4097) utilizando
cctonas derivadas de glucosa y Oxona) de 1-alil-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-
6-metoxifenil)ciclopropan-1-sulfonamida con amina protegida, seguida por la apertura del
cpdxido y la eliminacién de los grupos protectores, segiin sea necesario, da los productos quirales
descados.

Método C2: Sintesis utilizando reactivos guirales ~ (ii) oxidacion de cetona quiral

220
HO ° 8.
NH .
L H
ol HO™ o N
Qs 0 Oa 0 0> 20 reduecion
A A
S\ 'PG omdacu‘)n S\N'PG S\ n-Pe quiral F
F
saeNEES Ca I s KR
Qs -0
S\
NH .
H
HO 0 N
F
F

La separacion oxidativa (por ejemplo Ozondlisis u oxidacién de Lemieux-Johnson) de -
alil-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino}-6-metoxifenil)ciclopropan- I -sulfonamida con
amina protegida, seguida por conversion a la a-hidroxicetona, reduccion quiral de la cetona (p.gj.
reduecidn de Corey CBS) y la climinacion de los ?;tupos protectores, seglin sca necesario, da los
productos quirales descados.

Método C3: Sinfesis utilizando reactivos quirales — (iii) oxidacion de algueno quiral

0\ IO 0 0 0\\ 0 0\ /0
CF
(CRLOI0 | o Loso,

c:1=3
0. — WO ,0 —_— HO
EtN'Pr2 MeOH
H,0



dondc L cs un auxiliar quiral

La proteccion de 1-alil-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilaminoe)-6-
metoxifenil)ciclopropan-1-sulfonamida como trifluoroacetamida, scguida por dihidroxilacion
asimétrica (por c¢jcmplo dihidroxilacién asimétrica de Sharpless), y la eliminacion de los grupos
protectores, segln sea neccesario, da los productos quirales descados.

Método C4 : Sintesis a partir de materiales de partida quirales

El Ilsquema 7a a continuacion muestra una ruta sintética para la preparacion de (R)-N-
(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil )ciclopropan-
I-sulfonamida. |

El Esquema 7b a continuacion muestra una ruta siniética para la preparacion de (S)-N-
(3,4-difluoro-2-(2-fluoro-4-yodofenilaming)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-

1-sulfonamida.

G0, S0Q;Cl PG3-0,, O2g20 desproteceion HO,,, Oss?
(?g acoplamiento )’/?i NH 0w F |/7< NH y
PG* 0~ /____. PG* 07 O N — e
NH; H F ‘ - "PG3 off
~0 N . Lo F !
" F
F ]

F
Fsquema 7a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-mctoxifenil)

-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida

0sesO r- o
PGY-O S0,CI PG-0 87 HO 757
" acoplamic NH SproLecei NH
;/?{ acoplamiento, j/x g F desproteccitn gy i :(7( wF
3_ 3.
PG>0 )_-+ PG>0~ O N - THOT O AN A
'?‘Hz H F "pGI off" ! R\(“\ i\,//'\
AN F ! ]
=] : F . F
S {

Esquema 7b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino}-6-metoxifenil)
-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida
El acoplamicnto de cloruro de 1-(2,3-dibidroxipropil)ciclopropan-1-sulfonilo con diol
protcgido con 5,6-difluoro-N"-(2-fluoro-4-yodofenil)-3-metoxibencen-1,2-diamina  provee ¢l
producto con diol protegido. En algunas instancias el acoplamicento pucdc realizarse a temeraturas
clevadas. La desproteccion final da (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofcnilamine)-6-
metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida, (8)-N-(3,4-difluoro-2-(2-fluoro-

4-yodofenilamino)-6-metoxifenil)-1-(2;3-dihidroxipropil)ciclopropan-1-sulfonamida o la mezcla
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racémica, dependiendo del material de partida utilizado. Las condiciones para !a desproteccion
dependeran de los grupos protectores utilizados vy seran conocidas por los especialistas en la
matcria de quimica organica.

La mdétodos para la preparacién del cloruro de 1-(2,3-dihidroxipropil)cictopropan-1-
sulfonilo con diol protegido incluyen:

Ruta_i Por medio de acoplamiento glicidol-acetileno / halogenacion / ciclopropanacion

/sulfonilacion:
0 i} proteceion Dydesproteceion i) proteccion

uPG1 on" HO},J/\ uPGZ o HO:,,K\[rHaI "PGaoﬂ" PGS-OJ(. Hal Sulfbni[_aci{)n PGa.O’J/KSOZCI
J—— PG2 —_— ,J ‘ —_— —_—

1, 3. 3-
HO ﬁ)\\ 2 G0 i) halogenacion 1 HO it} ciclapropanacion FG™0 PGTO
PG Hal = I, Br] G
iiidesprotecciont
PG off" AREES RSCRE
1) proteccion i)desproteceion i) profeccion

PG on” HO T "PG? off HOWH"" wGion®  PGTO Hal sulfonilacien PG>0 $0;01
— gy PGZ - ———— -

o \\sz Paro ii) halogenacién o i) ciclopropanacion PG P&*0
desprolceitn
"PGT off"

I2] matcrial de partida, glicidol esté disponible comercialmente como el enantiémero (R),
el cnantidomero (S) o la mezcla (R/S)-(+/-)-.. El alcohol puede protegerse, por ejemplo por
rcaccion con cloruro de 'butildimetilsilito (TBS—élL u otro grupo protector adecuado. De manera
alternativa, ¢l glicidol protcgido con TBS esta disnoniblc comercialmente como el enantidémero
(R), el cnantidmero (S) o la mezcla racémica‘ ‘{I"..;'l'S)-(-H-)-. El acoplamiento con un acctileno
protegido, (=-PG?) seguido por desproteccion y iodacion con un reactivo como p.€j. 9-yodo-9-
borabiciclo[3,3,1lnonano  (S-I-BBN), provee 4-yvodopent-4-en-1,2-diol, cuyo diol lucgo se
protege. Un grupo ciclopropilo sc introduce en ¢l alqueno de 4-yodopent-4-en-1,2-diol con diol
protegido, para formar cl derivado protegido 3-(1-yodociclopropil)propan-1,2-diol, que luego se
sulfonila. Notese que a pesar de que no hay i‘hvcrsién de estereoquimica, partir de (R)-(+)-
glicidol resultard en la formacion de (S)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-
mctoxifenil)-l—(2,3—dihidroxipropil)cicloprop.m'l—;i ;f;.ulfonamida; partir de (S)-(-)-glicidol resultara

PSRRI

en la formacion de (R)—N—(3,4—diﬂuor0;2;\(2~i"i'-i-?ro-4-yodofenilamino)—6-metoxifenil)—l—(2,3-

1.t

dihidroxipropil)eciclopropan-1-sulfonamida.
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Ruta i) Por medio de intermediario 3,3'-(1,1'-disulfandiilbis(ciclopropan-1.1-
diil))dipropan-1,2-diol (donde PG’ = 2,2-dimetil-1,3-dioxolano):

Ruta ii-a

O ™g Base SSS()*K S\Sy O g Base 0 S‘SSA/:Z><
T X By = K

Ruta ii-b

O Base U
TBS O TBS-O o i) ><0Me ’J

ONMe

S. y O Base s ><):O B)dcsprotcc.cmn < X/Eo><
AU T PO OH om s S
B OMe XO -

TBS—-0O TB8S- O~ 1D ><
CMe

S\

A

- i) desproteccion

s M _IX

Il intermediario  1,2-bis(1-((2,2-dimetil-1,3-dioxolan-4-1)metil)ciclopropil)disuliano  puede

prepararse dircctamentce haciendo reaccionar 1,2-diciclopropildisulfano con 4-(bromometil)-2,2-

dimetil-1,3-dioxolano (ruta ii-a), o por acoplamiento de 1,2-diciclopropildisulfano con fert-
butildimetil(oxiran-2-ilmetoxi)silano, scguido por la eliminacién del grupo protector IBS y la
protcccion del diol resultante (ruta it-b). ©

El 1,2-bis(1-((2.2-dimetil-1,3-c1ox0lan-4-i)metil)}ciclopropil)disulfano puede convertirse
directamente al cloruro de sulfonilo (ruta ii-c), o por medio de la sal sulfonato, que lucgo sc
convierte al cloruro (ruta ii-d). De mancra alternativa, ¢l disulfano puedc reducirse al sulfuro, que

luego se oxida al sulfonato y se convierte al cloruro de sulfonilo (ruta ii-¢):

5K
X

Ruta ii-¢

S‘Sy O, Base te
AN S S
S Sy o lEsase o S
A S A

Ruta ii-d
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Ruta ii-¢
w )< PPha-HC| NaOH POC,
o - +

m 1/7(3}1 I msoa Nat O"J’/KSOZCI
>< dioxano, H,0 ne,H0 >< MF ><O ><O

T

0
U >< PPhy, HCI NaOH POC
0 0 “Na'

><Oms\s o >< mSH N >< j/XSO‘?, Na* _____ ><0m8020|
0 dioxana, 11,0 e, H,0 O - DMF 0 0

GRUPOS PROTECTORES

kn las reacciones descritas, puede ser nceesario proteger grupos funcionales alcohol y/o
amina. Los grupos protectores se utilizan para blogucar algunos o todos los grupos funcionales
alcohol y/o amina para evitar que participen en reacciones quimicas hasta que el grupo protector
sc climina. En algunas formas de realizacion,; donde s¢ necesita mas que un grupo proteclor, cada

(I
grupo protector pucde scr eliminado por distinios = 2dios. En otras formas de realizacion, donde
sc nceesita mas que un grupo protector, varios gliupos protectores pueden eliminarse por los
mismos medios. EXn algunas formas de realizacién, donde sc necesita mas que un grupo protector,
un unico grupo protector pucde utilizarse para proteger varias funcionalidades (por ejemplo un
grupo ciclico). Los grupos protectores pueden climinarse por tratamiento con acido, base , un
nucledfilo, hidrogendlisis o por exposicion a luz UV o una combinacion de los mismos. Por
gjemplo, los grupos como por cjemplo tritilo, dimetoxitritilo, acetal y #-butildimetilsililo son

labiles con acido; los grupos como por ejemplo metilo, ctilo y acetilo son labiles con basc y los

\ . i ..
(RS AR

grupos como por cjemplo z-butilcarbamato v ch‘:l:‘.f'{ s¢ climinaron por hidrélisis. Otra forma de
desproteger un grupo es una resina a la cuai sg v% un compucslo o intermediario. Mientras el
residuo cstd unido a la resina, cse grupo funcional cslé bloqueado y no pucde reaccionar. Una vez
scparado de la resina el grupo funcional csta dlspomble para.reaccionar. Otros grupos protectores

y descripeiones de téenicas aplicables para agregar y climinar grupos protectores se describen en

"Protecting Groups in Organic Synthesis" por Greene & Wuts, 3ra edicion, 1999, John Wiley y

,J/KSOZCI

X

><0]/KSOZCI
O



Sons, Inc., Nucva York, NY, incorporado en la presente a modo de referencia.

in algunas formas dc realizacion, sc requicren intermediarios que comprenden un alcohol
protegido. Los grupos protcctores de a:.ohol son conocidos por los especialistas cn la materia de
guimica organica, y s¢ describen en 1a bibliografia (véase p.cj. "Protecting Groups in Organic
Synthesis" por Greene & Wuts, 3ra edicidon, 1999, John Wiley ¥ Sons, Inc., Nucva York, NY,
Capitulo 2 - "Protection for the Hydroxyl Group, Including 1,2-and 1,3-Diols"). Los ¢jemplos de
grupos protectores de alcohol incluyen, sin que esto constituya limitacién alguna, metiléteres
sustituidos, como p.cj. metoximetilo, benciloximetilo, p-metoxibenciloximetilo, (-butoximetilo,
tetrahidropiranilo, metoxiciclohexilo, metoxitetrahidropiranilo, tctrahidrofuranilo; ctilétercs
sustituidos, como p.¢j. etoxictilo, (~butilo, alilo, propargilo; benciléteres sustituidos como p.gj. p-
mctoxibencilo, picolilo, difenilmetilo, trifenilmetilo; sililétercs, como p.cj. trimetilsililo,
triisopropilsililo, /-butildimetilsililo, 1rmé1_1cilsili10, trifenilsililo; ésteres, carbonatos, sulfonatos y
similares.

Iin algunas formas de realizacion, se requicren intermediarios que comprenden 1,2-dioles
protcgidos. Los grupos protectores de 1,2-diel son conocidos por los especialistas en la materia
de quimica orgdnica. Los ejemplos de grupos protectores de 1,2-diol incluyen, sin que esto
constituya limitacion alguna, 1,3-dioxolano, 2-metil-1,3-dioxolano, 2,2-dimetil-1,3-dioxolano, 2-
‘butil-1,3-dioxolano,  2-fenil-1,3-dioxolano,  1,4-dioxaespiro|4,5]decano,  dter  di-para-
metoxibenciloximetilico, di-'butildimetilsililéter, y similares:

ETUPOS L
proteclores T
de 1.2-diol o

HOn./\

HO PMBM- O TBDMS 0~

grupos

protegtores
de 1,2-diol

HO PMBM O TBDMS O

EJEMPLOS
l.os ejemplos y preparaciones provistas a continuaciéon ilustran y cjemplifican
adicionalmente los compucestos de la presente invencion y los métodos para preparar dichos

compucstos. S¢ comprende que el alcance de la presente invencién no esta limitado de ninguna
oty
l{l Cew

SN
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mancra por el alcance de los siguientes ejemplos y preparaciones.
EJEMPLO 1: (R)-N-(3,4-difluoro-2-(2-{luoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-

dihidroxipropil)ciclopropan-1-sulfonamida

PASO A PASO B Y PASO C PASO D

DCEMexano

0
: N HO. HO,
_ . .
f \TMS J/\TMS K;CO; /r\% o-BBN  HO,, I TeBsott TBS-0. '
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Paso A: (R)-1-(tert-butildimetilsililoxi)-5-(trimetilsilil)pent-4-in-2-ol

HO,,
SN
T™MS

TBS-O

Se agregd fert-Bulli (12,4 ml, 1,7M, 21,1 r.nrnol) a una solucion de TMS-acetileno (2,12
g, 21,7 mmol) en THF (40 ml) a -78°C vy la mezcla de reaccion se agitd durante 30 min. Se
agrcgaron (R)-tert-butildimetil{oxiran-2-ilmetoxi)silano (2 g, 10,6 mmol) y BF;.EtQ, (3g, 21,1
mmol) y s¢ agit6é a -78°C durante 4,5 horas. La reaccién luego se detuvo mediante la adicion de
solucidn acuosa de cloruro de amonio y la me;cla c%‘-cxtrajo con acetato de ctilo (3 x 50 mL). Las
capas orgdnicas combinadas se lavaron con s.-a.:!_'ﬁ"e-ra, se¢ secd (MpgSQ,) v se concentrd bajo
presion reducida para dar el material descado con rendimiento cuantitativo. El material se usd en
cl siguiente paso sin purificacion adicional.

Paso B: (R)-1-(tert-butildimetilsililoxi)pent-4-in-2-ol

HO,,
s
TBS-0

\

Se agregd carbonato de potasio (2,14 g, 15,5 mmol) a una solucion de (R)-1-(tert-
butildimetilsililoxi)-5-(trimetilsilil)pent-4-in-2-0l (3 g, 10,6 mmol) en metanol (100 mL) y la
mezcla sc agitd a temperatura ambiente durantc 8 horas. El solvente se climind bajo presion

Lov TR

reducida y se agregd solucion acuosa de clorurn Jde amonio (100 mL) al aceite resultante, La
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mezcla se extrajo con acctato de ctilo (3 x 50 ml.). Las capas organicas combinadas sc lavaron
con salmuera, se secO (MgSO4) y sc concentré bajo presion reducida. El material crudo sc
purificé mediante cromatografia flash (biotage) usando un gradiente de EtOAc en hexano para
dar (R)-l~(ter1-butildimctilsi]iloxi)pcnl-4—in—2-ol (1,81g, 8,44 mmol, 80%).

'H RMN (CDCl3, 300MHz): 8(3,78—3,'86 (m, 1H), 3,71 (dd, 1H), 3,64 (dd, 111), 2,52 (d.
1H), 2,36-2,44 (m, 21), 0,96 (s, 911), 0,05 (s, 6H).

I:'gso C: (Il{)—4-y0d0pcnt—4-cn-f,2--&101

HO

i

Sc agregd 9- yodo-9-borabiciclo]3,3,1]nonano (9-I-BBN) por gotco a una solucién de (R)-
1-(tert-butildimetilsililoxi)pent-4-in-2-ol (476 mg, 2,22 mmol) cn dicloromctano (2 ml.) a 0°C y
la reaccion se agitd a 0°C durantc 4 horas. Lucgo se agregd acido acético glacial (0,26 mL) y la
mezcla s¢ agito durante otra hora a 0°C. La reaccién se detuvo mediante la adicién de una mevcla
acuosa de NayCO3/NayS;05 (40 ml, 1:1) y la solucidn resultante se extrajo con acctato de ctilo (3
x 30 ml). Las capas organicas combinadas se secaron (MgSQ4) y sc concentrd bajo presion
reducida para dar (R)-4-yodopent-4-cn- i,i-dio!.

"H RMN (CDCl3, 300Mtz): 6: 6,11 (s, 111), 5.85 (s, 111}, 3,98-4,07 (m, 111), 3,74 (dd,
111, 3,54 (dd, 1H). 2,62 (d, 211), 2,19 (bs, OH), 1,64 (bs, OI).

Paso D: (R)-5-(2-yodoalil)-2,2,3,3,8,8,9,9-octametil-4,7-dioxa-3,8-disiladecano
|

TBS-O.,
B )(\n/

TBS-0

Una solucién de (R)—4-y0dopcml—4—cn—1 ,2-diol (224 mg, 1 mmol) en TIII (6 ml) sc enfrid
a 0°C, y sc agregaron piridina (293_ mg, 3,7 mmol) y trifluorometansulfonato de tert-
butildimetilsililo (TBSOTY) por goteo. La mezcla de reaccidn se calentd a temperatura ambicnte,
sc agité durante otros 20 minutos y los sofventes sc eliminaron bajo presién reducida. El matcerial
crudo se disolvié en cloroformo, se Tavld con salmucra, s¢ scco (MgSO4), sc concentré bajo
presion reducida, y se purifico mcdiante:promatografia flash usando un gradicnte de acctato de
ctilo en hexano, para dar (R)-5-(2-yodoalil)-2,2,3,3,8,8.9,9-octametil-4,7-dioxa-3,8-disiladccano
(254 mg, 56%).

'"'1 RMN (CDCl;, 500MHz): § 6,13 (s, 1H), 5,79 (s, 1H), 3,86-3,95 (m, 1H), 3,64 (dd, ./

10, 4 Hz, 1), 3.49 (dd, J = 10, 6 Hz,111),2,52 (d, J = 6 Hz, 211), 2,35 (d, J = 4 i1z, Ol1), 0,89 (s.
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1811), 0,04 (s, 12H).
Paso E: (R)-5-{(1 —yodociclQpropi,l)metil)—2,2,3,3,8,8,9,9—octametil-4,7-dioxa—3,8—

disiladecano

TBS—O:(KI

T85-0

Sc agrego acido trifluoroacético (TTA; 281 mg, 2,47 mmol} a una solucion de dietilzine
(Znlity, 2,5 mL, 2,5M en hexano) en DCE (1 ml.) a 0°C y se agit6é durante 35 minutos. Luego sc
agregd dilodometano (CH;lp, 66 mg, 2,:5 mmol) a fj‘:"{-?, y la mezcla se agité durante otros 20 min.,
Una solucion de (R)-5-(2-yodoalil)-2,2,3,3,8,8,9,9-cctametil-4,7-dioxa-3,8-disiladecano (paso D;
188 mg, 0,41 mmol) en DCE (2ml) sc agregd y la reaccién sc agitd a temperatura ambiente
durante la noche. lLa reaccion luego sc detuvo me'_ciiantc la adicion de una mezcla de metanol (5
mi.) y salmuera (0,5 mL). Lucgo de agitar duranté otra hora, la mezcla se concentrd bajo presion
reducida. Ll material crudo se extrajo cdh NH4Cl ac./CHCl; y la capa organica se lavo con
salmucra, se sccd (MgSOy) y sc concentrd bajo presion reducida. El material crudo se triturd cn
hexano y la solucidon sc filtré y se evapdré nglra dar (R)-5-((1-yodociclopropilimeul)-2,2,3,3,
8.8.9,9-octametil-4,7-dioxa-3,8-disiladecano (]-,8 mo 77%).

{

'H RMN (CDCls, S00MIIz): 8 3,91-3. }5 fp 1H), 3,60 (dd, J = 10, 5 Hz, 1H), 3,47 (dd, J

=10, 6 Hz,1H), 1,95 (dd, J= 10, 4 Hz, 1H), 1,28 (—cu:l.J 10, 6 Hz,1H), 0,99-1,07 (m, 2H), 0,75-

© 0,90 (m, 21), 0,89 (s, 18H), 0,12 (s, 3H), 0,08 (s, 3H) 0,04 (s, 6H).

Pasn F: (R) 3-(1 yodocwloprop]l)propan 1 2 diol

HO
Sc apregd solucidon acuosa de [1Cl (0_,3 mL, IN) a una solucion de (R)-5-((1-

yodociclopropil)metil)-2,2,3,3,8,8,9,9- octamctxl 4 7 dloxa 3,8-disiladecano (paso E, 281 mag,

0,598 mmol) en THF (2 mL) a 0°C. La me7cla 8¢ calcnto lentamente a tcmpcratura ambiente y sc

" ‘4

agit6 durante 24 horas. l.a reaccion se dctuvo mf‘d l?‘"t\, la adicién de solucién acuosa de NaHCO;
\3 i I

Y sc cxtrajo con acctato de etilo. [.as capas orga icas combmadaq se lavaron con salmuera, sc
- seeo (MgSOy) y sc concentrd bajo presmn rcduc:da para dar (R)-3-(1-yodociclopropil)propan-

'1,2-diol (0,598 mmol) que se uso en ¢l SIgmcmc paso sin purificacion adicional.

Paso G: (R) 4 -((1 yodocnclopropll)meul) 2, 2 dimetil-1,3-dioxolano

Jr



0. ;

NOR:

Sc agregaron 2,2-dimctoxipr0pu;}9 (140 mg, 1,337 mmol) y p-toluensulfonato de piridinio
(PPTS, 6 mg) a una solucién de (R)—3-t]—Iytljdocic]opropil)propan-1,2-diol crudo (paso I, 0,598
mmol) disuclto cn diclorometano (3 mL} y la mezcla se agitd a temperatura ambicenie durante 2
horas. Los solventes se climinaron bajo presion reducida y el producto crudo se purificé mediante
cromatografia flash utilizando acctato de etilo/hexano (1:10) como eluyente para dar (R)-4-{(1-
yodociclopropil)metil}-2,2-dimetil-1,3-dioxolano (84 mg, 50%).

"l RMN (CDCls, 500MHz): § 4,31-4,37 (m, 1H), 4,16 (dd, J = 10, 5 Hz, 1H), 3,56 (dd, J
=10, 8 Hz, 111I), 1,72-1,80 (m, 21I), 1,35 (s, 611), 1,04-1,1] (m, 211), 0,90-0,94 (m, 111), 0,73-0,77
(m, 1H). o

Pa%o H: cl(s)(r)uc;o de (R)-1—((2,.2-cj‘1t‘rh.ctil-1,3—dioxolan—4-il)mclil)ciclopropan—1-su1fonilo

" 2

or

Se agrego feri-butil-litio (0,2 ml., 0,34 mmol, 1,7M) a una solucion de (R)-4-((1-
vodociclopropil)metil)}-2,2-dimetil-1,3-dioxolano (paso G, 45 mg, 0,16 mmol) en éter (1 ml.) a
78°C y la mezcla se agitd a ~78°C durante 30 minutos. Lucgo sc agregd una solucién de cloruro
de tionilo {26 ul.) en éter (0,5 ml.). La solucion anaranjada resullante sc calentd a temperatura
ambicntc y s¢ concentrd bajo presion reducida. El residuo se disolvié en cloroformo, se filtrd y sc
sccO  bajo presién reducida para «dar cloruro de (R)-1-((2,2-dimetil-1,3-dioxolan-4-
ihmetil)ciclopropan-1-sulfonilo (23,7 mg, 57%).

m/z =255 |M+1[.

Paso I: (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)- 1-((2,2-

dimetil-1,3-dioxolan-4-il)mectil)ciclopropan- -sulfonamida

><o.,/_r7:§ o -
)
F
Una solucion de 5,6-difluoro-N'-(2-fluoro-4-yodofenil)-3-metoxibencen-1,2-diamina (22
mg, 0,065 mmol) en piridina scca (0.8 ml) se agregé a (R)-N-(3,4-difluoro-2-(2-fluoro-4-
yodofenilamino)-6-metoxifenil)-1 -((2,2rdim(.:t.il- 1,3-dioxolan-4-il)metil)ciciopropan-1-

~

sulfonamida (paso h) y la mezcla se agitd a temperatura ambiente durante la noche. Ll solvente
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lucgo sc elimind bajo presion reducida y el residue se disolvid en acetato de etilo, se lavé con
salmuera, sc¢ secé (MgSO4) y sec concentrd para dar (R)-N-(3,4-difluoro-2-(2-fluoro-4-
yodofenilamino)-6-metoxifenil)-1-((2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-
sullfonamida cruda, utilizada sin purificacion adicional en el siguiente paso.

m/z=0611 [M-1]

Paso J: (R)-N-(3.4-difluoro-2-(2-fluorp-4-yodofenilamino)-6-metoxifenil)-1-(2,3-

dihidroxipropil)ciclopropan-1-sulfonamida
HO. 57
- NH
F
H0f§ ﬁ\©\
F |
F

Se disolvio  (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-((2,2-
dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1 -sulfonamida cruda en una mezcla de THF (I mlL) y
HCI (1,2N, 0,15 ml) y sc agité durante la noche a temperatura ambiente. Los solventes sc
climinaron bajo presion reducida y cl residuo se 1‘.*.53,“5?-.1-“6 en acetato de etilo. La fase organica se
lavd con NaHCOj; acuoso, sc secd (NapSQy), y s concentrd para dar (R)-N-(3,4-difluoro-2-(2-
fluoro-4-yodofenilamino)-6-metoxifenil)-1-(2,3-dihidroxipropil)ciclopropan- 1 -sulfonamida (1,4

mg, cruda).

Iz compuesto se anahzo por HPLC en fase normal utilizando una columna CHIRALPAK
AD-11 (20 x 250 mm) a temperatura ambiente, utilizando una fase méwvil que consistia en hexano
y 2-propanol (80:20) a 12 mL/min. La deteccion se llevd a cabo a 254 nm. El tiempo de retencion
sc determind en 22 min correspondiente al ticmpa de retencion de (+)N-(3,4-difluoro-2-(2-fluoro-
4-yodofenilamino)fenil)-1-(2,3-dihidroxiproptlcic!apropan-1 -sulfonamida.

La Figura 1(a) es el trazado de HPLC del méterial crudo, inyectado conjuntamente con
una mucstra auténtica del enantiomero (-) (obtenido por separacion quiral de la mezcla racémica
dc ambos isémeros).

La Figura 1(b) ¢s el trazado de HPLC del material crudo

[.a Figura 1(c) cs el trazado de 1IPL.C dcl material crudo, inyectado conjuntamente con

una mucstra auténtica del enantiomero (1) (obtenido por separacion quiral de la mezcla racémica



de ambos 136meros).
EJEMPLO 2: (S)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino }-6-metoxifenil)-1-(2.3-

dimdroxipropiljciclopropan-1-sulfonamida
PASO A

0 S HO FASOB HO PASOC PASO D
R
J) N tvs :-f/\ms KoCOy j/\\? 9.1BBN  HO | TBSOT  TBS ON
TBS-O o BS O -~ -~ TBS-0O — - ﬂ = PR
Buli BF3.E10, MaOH DCM HO piridina TBS O
PASOE THF PASO G
. PASOF STEPF (I) c|> PASO I H
2 +
—_— - 1 —_— —_ -
A - )
DCEMexano 1890 THT HO PPTS/DCM 0 if) SO,Cl o)
NHp |, F
PASOT | O~ N\/J§§
piridina i
: NN SN
F
o o PASO J 00
HO ‘SiNH el OYX‘SiNH
H F - - - - | H F
Ho” O N\©\ THE o) /OWN\‘/\\
£ i V\F \/\I
F F

Paso A: (S)-1-{tert-butildimetilsililoxi)-5-(trimetilsilil)pent-4-in-2-ol
HO -

PR o
TMS

TBS-0

Se agrego fert-Butil-litio (2eq) a una solucion de TMS-acetileno (2eq) en THE a -78°C y
la mezcla de reaccion sc agitéd durante otros 30 min. Se agregaron (S)-fert-butildimetil(oxiran-2-
ilmetoxi)silano (leq) y BF;.15t0; (2eq) y se agitd a -78°C durante 4,5 horas. La rcaccion se
detuvo mediante la adicién de solucion acuosa de cloruro de amonio y s¢ extrajo con acelalo de
ctilo (3x). Las capas orginicas combinadas se lavaron con salmuera, se sccd (MgSQ04) v sc
concentrd bajo presion reducida para dar (S)-1-(ferr-butildimetilsililoxi)-5-(trimetilsilil)pent-4-in-
2-ol.

Paso B: (S)-1-(terr-butildimetilsililoxi)pent-4-in-2-ol

HO
s

T8S3-0

Se agregd carbonato de potasio (1,5¢q) a una solucién de (R)-1-(ferf-butildimetilsililoxi)-
5-(trimetilsilil)pent-4-in-2-0l (leq) en metanol y la mezcla se agitd a temperatura ambientc
durantc 8 horas. Ll solvente sc climind bajo presion reducida y sc agregd solucién acuosa de
cloruro de amonio. La mercla sc extrajo con acetato de ctilo (3x) y las capas organicas

combinadas sc lavaron con salmucra, s¢ secd (MgS04), sc concentrd bajo presion reducida y se

e



purificé mediante cromatografia flash (biotage) usando un gradiente de EtOAc en hexano.

Paso C: (5)-4-yodopent-4-¢n-1,2-d1ol
H i

o]/\fr e

HO

Se agrego 9-yodo-9-borabiciclo[3,3,1]nonano (9-I-BBN) por goteo a una solucion de (S)-
L-(tert-butildimetilsililoxi) pent-4-in-2-o0l en diclorometano a 0°C y la reaccién se agité a 0°C
durante 4 horas. Se agregd acido acético glacial y la mezcla sc agitd durante otra hora a 0°C. La
rcaceién sc detuvo mediante la adicion de una mezcla acuosa de NayCO3/NapS;05 (40 mi, 1:1), se
extrajo con acetato de ctilo (3x) y las capas orgénicas combinadas se sccaron (MgSOy) v se
concentro bajo presion reducida para dar (S)—4:y0_c_lopcnt-4—en-l ,2-diol.

Tan

Paso D: (S)-S-(2—y0d0alil)—2,2,3,3,8,8_.9,9-};-':1'5_5.':metil—4,7—dioxa-3,S-disiladccano

TBS—OﬂI

TBS-0

Una solucidn de (S)-4-yodopent-4-en-1,2-diol (1 ¢q) en THF se enfrio a 0°C, y se
agregaron piridina (3,7 cq) y triﬂuoromclansu];l;(.)tl?a.to de ferr-butildimetilsililo (TBSOTY) por
gotco. La mezcla de rcaccion se calentd a V[e;nberatura ambiente, se agitd durante otros 20
minutos y los solventes se climinaron bajo presion reducida. El material crudo se disolvié en
cloroformo, se lavé con salmuera, se seco (Mgso4), se concentrd bajo presion reducida, y sc
purificé mediante cromatografia flash usando u.n';'"f‘x.‘adiente de acetato de etilo cn hexano, para dar
(S)—S-(2-y0doa1i.I)-2,2,3,3,8,8,9,9—octameti1—4,.’7..—.:(;ii‘<"-’i:.::3{.-.3,8-disi_1adccano.

Paso E: (S)-5-((1 —yodocicl-opro_.r.rz'.t‘i‘v'ﬂ.%1)-2,2,3 ,3.8.8,9,9-octametil-4,7-dioxa-3,8-

disiladecano

TBS—OJ/KI

T8S-0

Se agregd acido trifluoroacético (8eq) a una solucion de dietilzinc (16eq)en DCEa(°Cy
sc apitd durante 35 minutos. Sc agregd diiodometano (8 eq) a 0°C, y la mezcla se agité durante
otros 20 min. Una soluciéon de (S)—S—(2-y6doali1)-2,2,3,3,8,8,9,9-octamctil-4,7-dioxa-3,8—
disiladecano (1 cq) en DCI se agregd y la reaccion sc agitd a temperatura ambicnte durante la

S

noche. La reaccion sc detuvo mediante la adluﬁnc}? una mezcla de metanol y salmuera. Luego
de agitar durantc otra hora, la mezcla se cc-'ir-'{'.‘._c.‘.r-'i'-:'.‘_”‘bajo presion reducida. El material crudo se

cxtrajo con NH,Cl acuoso/CHCl3 y la capa organicz se lavd con salmuera, se seco (MgSOy) y se
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concentrd bajo presion reducida. 1l material crudo se trituré en hexano y la solucion se [iltré y sc
evapor6 para dar  (S)-5-((1-yodociclopropil)metil)-2,2,3,3,8,8,9,9-octametil-4.7-dioxa-3,8-
disiladecano.

Paso F: (S)-3-(1-yodociclopropil)propan-1,2-diol

HO]/K

HO

Se agregd solucién acuosa de HCI a una solucion de (8)-5-((1-yodociclopropil)metil)-
2,2,3,3,8,8,9,9—0c1amelil-4,7-di0xa—3,8—.{:-15113dccan0 cn THF a 0°C. l.a mezcla sc calientd
lentamente a temperatura ambiente y .sl;.:lag'it() durante 24 horas. La rcaccidn se detuvo mediante la
adicion de solucion acuosa de Nal ICd;, se ¢xtrajo con acetalo de ctilo, y las capas orgéanicas
combinadas se lavaron con salmuera, se sccd (MgSQOy) y se concentrd bajo presidn reducida para
dar (8)-3-(1-yodociclopropil)propan-1,2-diol (0,598 mmol).

Pazo G: (S?—4-((1—yodociclOpropil)mclil)-2,2-dimeli1-1,3-di0xolan0

XJ K

Se agregd 2.2-dimetoxipropano y p-toluensulfonato de piridinio a una solucion de (8)-3-
(1-yodociclopropil)propan-1,2-diol disuclio en diclorometano y la mezcla sc agito a temperatura
ambicnte durante 2 horas. Los solvenics s¢ eliminaron bajo presién reducida y ¢l producto crudo
sc purificd mediante cromatografia flash ut.i}Aizando acctato de ctilo/hexano (1:10) como cluyente.

Paso H: cs?oncnlro de (S)-1-((2,2-dimetil-1,3-dioxolan-4-1Dmetil)ciclopropan-1-sulfonilo

XY 8

Sc agrego fert-Butil-litio (2¢q) a una solucion de (S)-4-((1-yodociclopropil)metil)-2,2-
dimetil-1,3-dioxolano (leq) en éter a -78°C y la mezcla se agitd a —=78°C duranic 30 minutos.
Una solucién de cloruro de tionilo en éter sc agrego, la mezela se calent6 a temperatura ambicnte
y se concentrd bajo presion reducida. Ll residuo se disolvid en cloroformo, se filtré y se sceo bajo
presion reducida.

Paso I: (8)-N-(3.4-difluoro-2-(2-{luoro-4-yodofenilaminoe)-6-metoxifenil)-1-((2,2-dimetil-

1,3-dioxolan-4-i)metil)ciclopropan-1-sulfonamida
“NH
XT 5 s
07 O NA
F
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Una solucién de 3,6-difluoro-N'-(2-fluoro-4-yodofenil)-3-metoxibencen-1,2-diamina en
piridina seca se agregd a (S)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-
((2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-sulfonamida y la meczcla se agitdé a
lemperatura ambiente durante la noche. El so]veple se elimind bajo presion reducida y el residuo
se disolvio en acetato de ctilo, se lavo con salmuer.‘a.z s¢ sccod (MgSQs4) v se concentro.

Paso J: (8)-N-(3 ,4-diﬂuor0—2-(2-ﬁ nero-4-yodofenilamino)-6-metoxifenl)-1-(2,3-

dihidroxipropil)ciclopropan-1-sulfonamida

" ]/X\S?NH F
o~ H
HO” _oO. i N©\
F I
F
Se disolvio  (5)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-1-((2,2-
dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-sulfonamida en una mezcla de THF y HCI y se
agito duranic la noche a temperatura ambiente. Lo solventes se eliminaron bajo presion reducida
y cl residuo se disolvio en acetato de etilo. La fasc organica se lavé con NaHCOj; acuoso, se seco

(Na;S0y), y se concentro. o

EJEMPL.O 3: cloruro de (R)-3-(2,2-dimetit-! ,3-dioxolan-4-il)prop-1-en-2-sulfonilo
PASO A PASO B pasac PASOD

HO. HO. ]
). .. o 0. .0 020
J/\ws KoCOs J/\\ S-1-88N H”’W X XO”' i) tBull, EL,O ijf\ﬁ’/‘u

TBS-0 ————+ TBS-O — _ - . ><
MeOH DcM  HO ppTSDcM O ii) S0,Cl 0

Paso A: (R)-1-(tert-butildimetilsililoxi)pent-4-in-2-ol
HO,,J_/\

TBS-0

Se agregd carbonato de¢ potasio (2,1'4" 0 15,5 mmol) a una solucion de (R)-1-(fert-
butildimetilsililoxi)—Sw(trimctilsilil)pcnt'-il'-in-il'éj'i:*7-'!'-f"!g, 10,6 mmol) en metanol (100 mL) y la
mezcla s¢ agitd a temperatura ambiente duran: . “horas. El solvente se eliminé bajo presidn
reducida y sc agregd solucién acuosa de clorurd &6 amonio (100 mL) a el aceite resultante. La
mezcla sc cxtrajo con acclato de etilo (3 x 50 ml). _Las capas organicas combinadas se lavaron
con salmuera, s¢ secd (MgSO04) y se concen;_ré_.bajo presidn reducida. El material crudo se
purificé mediante cromatografia flash (biotage) usando un gradiente de EtOAc en hexano para
dar (R)-1-(fert-butildimetilsililoxi)pent-4-in-2-ol (1,81g, 8,44 mmol, 80%).

"TT RMN (CDCls, 300MTIz): § 3,78-3,86 (m, 11D), 3,71 (dd, 1H), 3,64 (dd, 1H), 2,52 (d,

SR M -.'.
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iH), 2,36-2,44 (m, 2H), 0,96 (s, 9H), 0,55 s, 611).

Paso B: (R)-4-yodopent-4-en- 1 ,2- d101

poes

HO

Se agregd 9- Yodo-9-borabiciciui3,3,1|nonano (9-1-BBN) por goteo a una solucion de

S

(R)-1-(tert-butildimetilsililoxi)pent-4-in-2-01 (476 mg, 2,22 mmol) cn dicloromctano (2 ml.) a

0°C y la reaccion se agitd a 0°C durante 4 horas. Lucgo sc agregd acido acético glacial (0,26 ml.)

y la mezcla se agitd durante otra hora a 0°C. La reaccidn sc detuvo mediante la adicion de una

mezcla acuosa de Na,CO3/Na;S;0; (40 ml, 1:1) y la solucion resultante se extrajo con acctato de

ctilo (3 x 30 ml.). Las capas organicas combinadas sc sccaron (MgSQO,4) y sc concentrd bajo

presion reducida para dar (R)-4-yodopent-4-cn-1,2-diol.

'H RMN (CDCls, 300MIIz): & .11 (s, 1), 5,85 (s, 111), 3,98-4,07 (m, 111), 3,74 (dd.

1H), 3,54 (dd, 1H), 2,62 (d, 2H), 2,16 ..o, OH), 1,64 (bs, OH).

Paso C: (R)-4-(2-yodoalil)-2,2-dimétil-1,3-dioxolano

XY

Se agrcgaron 2,2-dimctoxipropano y p-toluensulfonato de piridimio (PP1'S) a una solucion

de (R)-4-yodopent-4-en-1,2-diol cn diclorometano y la mezcla sc agitd a temperatura ambicnte

durantc 2 horas. Los solventes sc climinaron bajo presidn reducida y el producto crudo sc

purificé mediante cromatografia flash utilizando acetato de etilo/hexano (1:10) como cluyente.

Paso D: cloruro de (R)-3-(2,2-dimetil-1,3-dioxolan-4-il)prop- 1 -en-2-sulfonilo

0...0
><?“/"m)£C| Siat
O/ AR

Lo

Se agrego tert-Butil-litio a una soiucién de (R)-4-(2-yodoalil)-2,2-dimetil-1,3-dioxolano

cn éter a ~78°C y la mezcla sc agitd a —78°C durante 30 minutos. Luego sc agregd una solucion

de cloruro de tionilo en éter, la mezcla s¢ calentd a temperatura ambicnte y sc concentré bajo

presion reducida. El residuo se disolvio en cloroformo, se filtrd y se secod bajo presion reducida.

EJEMPLO 4: cloruro de (8)-3-(2,2-dimetil-1,3-dioxolan-4-il)prop-1-cn-2-sulfonilo

HO PASO A HO PASO B
\(\ms K,CO4 X 988N HO

85-0" —— TB5-0 — -
MeOH ' DCM HO

'].'l ‘

Paso A: (S)-1-(rert- bu’uldlmullsﬂllox‘s,zpr,nl -4%in-2-ol

‘\t‘
LN
Lo I

-
a
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Hoj/\\\\\

TBS-O BRI

Sc agregd carbonato de potasio a una solucidén de (8)-1-(tert-butildimetilsililoxi)-5-
(tnmetilsilil)pent-4-in-2-ol en metanol y la mezcla se agitd a temperatura ambiente durante 8
horas. El solvente se elimind bajo presion reduéida, se agregd solucion acuosa de cloruro de
amonio, y la mezcla se cxtrajo con acctato de etilo (3x). Las capas orgénicas combinadas se
lavaron con saimucra, se secd (MgSQy), sc concentrd bajo presion reducida y se purifico
mediantc cromatografia flash (biotage; gradiente acctato de ctilo / hexano).

Paso B: (8)-4-yodopent-4-cn-1,2-diol

HO -

Se agrego 9- yodo-9-borabiciclo[3,3,1 ]ns: m (9-1-BBN) por goteo a una solucién de (S)-
1 -(fert-butildimetilsililoxi) pent-4-in-2-ol en di(lzl(;;(-Jm_etano a 0°C y la reaccion se agito a 0°C
durante 4 horas. Se agrepé acido acético glacial ¥ ia mezcla se agitd durante otra hora a 0°C. Una
mezcla acuosa de NapCO3/Nap$;04 (1:1) se agregd v la solucion resultante se extrajo con acelato
de ctilo (3x). Las capas organicas combinadas se secaron (MgS0Q4) y se concentrd bajo presion
rcducida. |

l’af)o C: (SI)—4-(2—y0d0alil)—2,2-dimelil—1,3»~dioxolano

Y

Se agregaron 2,2-dimetoxipropano y n-te'n-=sulfonato de piridinio (PPTS) a una solucién
de (S)-4-yodopent-4-cn-1,2-diol en diclorométeﬁi;f:"'y ia mezcla se agitdé a temperatura ambientc
durante 2 horas. Los solventes se climinaron“'b{z_qu presion reducida y el producto crudo sc
purifico mediante cromatografia flash utilizando .aqcfa;to de ctilo/hexano (1:10) como cluyente.

Paso D: cloruro de (S)-3-(2,2-dimetil-1,3-dioxolan-4-ih)prop-1-en-2-sulfonilo

LY

o

Sc agregd terf-Butil-litio a una solucién de (S)-4-(2-yodoalil)-2,2-dimetil-1,3-dioxolano
cn ¢ter a --78°C y la mezcla sc agitdé a —78°C durante 30 minutos. Lucgo se¢ agregd una solucién
dc cloruro de tiontlo en éter, la mezcla sc f‘?]t""‘"\ % temperatura ambicnte y se concentird bajo
presion reducida. Fl residuo se disolvié en c]ordfti';'--"xo, se filtré v se secd bajo presion reducida.

EJEMPLO 5: (R)-N-(3,4-Difluoro-2-(2-fluoro-4-yodofcnitamino)-6-metoxifenil )-3-(2,2-

AR
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Coyeet

dimetil-1,3-dioxolan-4-ii)prop-1-cen-2-sulicnamida
PASO A PASO B . PASOC PASOD

HO., 0 0 piridina
/r\\\ 9-Br-BBN HO., Br PPTS/DCM /\‘/Br ) 'BuLi, Et?O o
ws-o” o — X >< X YT »>< j
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H H
pcm  HO ||)8020|2 100°C O AN
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|
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Paso A: (R)-4-br0m0pcnt-4-en-l,Z-dioj! o

HO:(\T Br
}

HO

Una solucion 9-bromo-9-boracaictof3,3,1|nonano (9-Br-BBN) en diclorometano (1M,
10,6 mL) sc agregd por gotco a una solucién de (R)-1-(ferf-butildimetilsililoxi)pent-4-in-2-0]
(755 mg, 3.53 mmol) en dicloromctan(; (4-‘ml,) a 0°C, y la mercla se agito a 0°C durante 4 horas.
Sc agregd acido acético glacial (0,65 ml, 11,35 mmol) y s¢ continué la agitacion a 0°C durante |
hora adicional. Sc agregd etanolamina (2,5 mL, 41,5 mmol) y la mezcla se dejo calentar hasta
temperatura ambicnte. La rcaccidn se detuvo mediante la adicion de una mezcla acuosa de
NayCO3/NaxS;03 (40 mL, 1:1), sc extrajs con acetato de ctilo (3 x 30 ml.), y las capas organicas
combinadas sc¢ secaron (MgSQy) ¥ se concentrd bajo presion reducida para dar (R)-4-bromopent-
4-en-1,2-diol. o

miz =182 [M+1]".

L

Pago B: (l?-4—(2-yodoa1i1)—2,2-dimélil-1,3-diox01ano
. v
XS0

Sc agregaron 2,2-dimetoxipropano (993 mg, 9,5 mmol) y p-toluensulfonato de piridinio
(PPTS, 320 mg, 1,27 mmol) a una solucién de (R)-4-bromopent-4-cn-1,2-diol (1,15 g, 6,36
mmol) en diclorometano (15 mL) y la mezcla sc agité a temperatura ambicnte durante 4 horas.
Los solventes se eliminaron bajo presion reducida y el producto crudo se purificé mediante
cromatografia flash (acetato de etilo:hexano, 1:10 como eluyentc) para dar (R)-4-(2-yodoalil)-
2.2-dimetil-1 3-dioxolano (1,12g, 80%).

'I1 RMN (500 MHz, CLOROI"E)RMO—d) & ppm 1,34 (s, 3 H), 1,39 (s, 3 1), 2,52 (dd,
J:14,49, 6,05 Hz, 1 11), 2,73 (dd, .]‘—"14,677, 6,60 Hz, 1 1), 3,60 (dd, /=8,16, 6,14 tlz, 1 11), 4,06
(dd, /8,07, 6,05 Hz, 1 H), 4,34 (quin, ./<6,28 Hz, 1 H), 5,78 (d, /~1,10 1z, 1 1), 6,13 (d,/ 1,10

1z 1 H),

S0t
L

F




Paso C: L]OI‘UI‘O de (R)-3-(2,2-dimetil-1,3- dioxolan-4- il)prop-1-en-2-suifonilo
“’g’

XY

Una solucton de ters-Butil-litio en hexano (1,7M, 7,65 mL) se agregd por goteo a una
solucion de (R)-4-(2-yodoalil)-2,2-dimetil-1.3-dioxolano (1,21, 6,5 mmol) en éter dietilico (12
ml.) a -78°C, y la rcaccion sc agitd a -78°C durante 30 min. Se agregé dicloruro de sulfurilo
(8O:Cly, 538 ul., 6,5 mmol), la mexcla se calenty 2 temperatura ambientc y los solventes se
climinaron bajo presion reducida. El producto £5 usé en el siguiente paso sin purificacion
adicional.

Paso D (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-3-(2,2-

dimetil-1,3-dioxolan-4-il)prop-1-en-2-sulfonamida

Mo
X
0" _o

Sc¢ disolvio cloruro de (R)-3-(2,2-dimeti!-1,3-dioxolan-4-il)prop- 1 -en-2-sulfonilo del
PASO Cen piridina (12 mL) y se agrego 5,6-diflner oV '.(2-fluoro-4-yodofenil)-3-metoxibencen-
I,2-diamina (2,56 g, 6,5 mmot). La solucion. <¢ agitd a 100°C durante 2 horas y lucgo sc
particiond con agua y acctato de etilo. La capa orgdnica se lavo con salmuera, se¢ secd (MgSQOq),
s¢ concentro bajo presion reducida y se purificd mediante cromatografia flash ¢n columna sobre
silice (acctato de etilo al 30%/hexanos como cluﬁ:nte) para dar (R)-N-(3,4-difluoro-2-(2-fluoro-
4-yodofenilamino)-6-metoxifenil)-3-(2,2-dimetil-1,3-dioxolan-4-il)prop- 1-en-2-sulfonamida
(651mg, 17%).

'"H RMN (500 MHz, CLOROFORMO-d) § ppm 1,32 (s, 3 H), 1,39 (s. 3 H), 2,57 - 2,64
(m, 1 H), 2,64 - 2,72 (m, 1 H), 3,59 (dd, .J=8, 73 6.60 Hz, 1 H), 3.78 (s, 3 H), 4,00 - 4,13 (m, 1
1), 4,27 - 436 (m, | H), 5,72 (s, 1 H), 592 < 621 (s, 1 H), 6,41 (td, J=8,62, 5,14 Hz, 1
1), 6,47 (dd, /=11,19, 6,60 Hz, 1 i), 7,15 (s, i I'l_}l7,25 (s, 1 11, 7,35 (dd, /=10,45, 1,83 Hz, 1
).

EJEMPLO 6: (S)-N-(3,4-diﬂu0ro-2—(.2.-:ﬁﬁg;o-éi-yodofenilamino)-6-metoxifcni])-3-(2,2~

dimetil-1,3-dioxotan-4-iprop-1-cn-2-sulfonamida

L



PASO A PASO B PASO C PASOD

piridina
j/\\ 9-Br-BBN HO. Br PPTS/IDCM Br 1} 'BuLl, EtZO
CI ‘ NH
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Paso A: (S)-4-bromopen1—4-cn-l,2-di01'7 §

HO]/\’TBr
1

HO

Una solucién 9-bromo-9-borabiciclo|3,3,1 |nonano {(9-Br-BBN) cn diclorometano sc
agregd por goteo a una solucién de  (S)-1-(ter-butildimetilsililoxi)pent-d-in-2-0l  en
diclorometano a 0°C, y la mezcla s¢ agi a 0°C durante 4 horas. Se agregd acido acético glacial
y sc continu6 la agitacion a 0°C durante 1 hora adicional. Se agregé ctanolamina y la mercla se
dcjo calentar hasta tempceratura ambi;-.jl;;. La rcacciéon sc detuvo mediante la adicion de una

LIRS R

mezcla acuosa de NayCO3/NaS>03 (i:1), s¢ cxtrajo con acctato de etilo (3x), y las capas

orgéanicas combinadas se sccaron (MgS(Cy) y se concentrd bajo presion reducida para dar (S)-4-
bromopeni-4-cn-1,2-diol.
Paso B: (8)-4-(2-yodoalil}-2,2-dimetil-1,3-diexolano
o\/\irar
) I
Sc agregaron 2,2-dimctoxipropano (7,5eq) y p-toluensulfonato de piridinio (leq) a una
solucion de (R)-4-bromopent-4-en-1,2-diol (5eq) en diclorometano y la mezcla sc agito a
{ecmperatura ambiente durantc 4 horas"e.Lo_s solventes sc eliminaron bajo presion reducida v cl
producto crudo sc purificé mediante ciomatografia flash (10% acctato de ectilo/hexano, como

cluyente).

Paso C: cloruro de (8)-3-(2,2-dimetil-1,3-dioxolan-4-il)prop- 1 -en-2-sulfonilo
Xoj/\(i,‘ <
o!

Una solucion de tert-Butil-litio en hexano (1,7M, 2eq) se agregd por goteo a una solucion
de (S)-4-(2-yodoalil)-2,2-dimetil-1,3-dioxolano (leq) en éter dictilico a -78°C, y la rcaceion sc
agité a -78°C durante 30 min. Se agregd dicloruro de sulfurilo (leg), la mezcla sc calenté a
temperatura ambiente y los solvcm{_:sIs{f_:gli‘r:ninarqn bajo presion reducida.

R

AR
SRR
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Paso D: (5)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)-6-metoxifenil)-3-(2,2-dimetil-

1,3-dioxolan-4-il)prop-1-en-2-sulfonamida

Qapel
YL
H
e ae!
F i

£

Se disolvid cloruro de (8)-3-(2,2-dimetil-1,3-dioxolan-4-il)prop-1-en-2-sulfonilo (leq) en
piridina y s¢ agregd S,6-diﬂu0r0-N]-(2—ﬂuoro-4—y0doFcnil)-3-mctoxibcnccn -1,2-diamina {lcq).
La solucién se agité a 100°C durante 2 horas v luego sc particiond con agua y acetato de ctilo. La
capa orgénica sc lavd con salmuera, se secd (MgSQ,), se concentrd bajo presion reducida y se
purificé mediante cromatografia flash en columna sobre silice (acetato de etilo al 30%/hexanos
como cluyente).

EJEMPLO 7: cloruro de (R)-1-((2.2-4imetil-1,3-dioxolan-4-i)metil)ciclopropan-1-

w >< NCS HC 0

sulfonilo

><O"/'(\Br Base >< 'J/K s
0

Paso A: 1,2-Bis(1-(((R)-2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropil)disulfano

XZMS\SUOK

Hzo, MeCN

Se agregd n-Butil-litie (1,7 M en hexano, 1,2 eq) por goteo durante ! hora a una solucion
de 1,2-diciclopropildisulfano (1 eq) en THF (1.5 niL/mmol), a -20 °C. Luego se agregd (8)-4-
(bromometil)-2,2-dimetil-1,3-dioxolano (1,1 =2q) » -78 °C y se continud la agitacién a -78 °C
C e
durante otras 4 horas. Se agregd solucidn acuosa-<aturada de cloruro de amonio y la mezcla se
extrajo con acetato de ctilo (3x). l.os extractos organicos combinados sc secaron (Na;SQOs) y sc
purifico mediante cromatografia flash (acetato de etilo en hexano como eluyente).
Paso B: cloruro de (R)-1-({2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-sulfonilo
O, SO,CI
XK
0
Se agrepd N-Cloro succinimida (NCS, 1 eq) a una mezcla de HC1 2 M (0,6 mL/mmol) v
accionitrilo (3,4 mL/mmol) y se cnfrid a 10 °C.'Una solucién de 1,2-bis(1-(((R)-2,2-dimetil-1,3-

dioxolan-4-il)metil)ciclopropil)disulfano (2,5 Pq‘ g1 acetonitrilo (0,25 ml/mmol) sc agregd por

>< fJ/KSOZCI
0
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goteo a la mezcla, que sc agité por Pdcébéjo de 20 °C durante 20 minutos. Sc agregd di-iso-
propiléter (15 ml/mmol) y la fasc organica aislada se lavé con salmuera, sc sccd (NapSQOq), sc
concentré bajo presion reducida y el material crudo se purificé mediante cromatografia flash
(acctato de etilo cn hexano como cluycntp). Véase Nishiguchi e af, Synthesis, 2006, 24, 4131-
4134 por dctalles adicionales.

EJEMPLO 8: 1,2-Bis(1-({((S)-2, 2 dimetil-1,3-dioxolan- 4~1l)mctll)cu,lopropxl)dmulfano

>< :(\Br _Base /(O]/x Uo>< NCS, HC! >(Z]/7<SOZCI

Hzo, MeCN
Paso A: 1,2-Bis(1-(((S)-2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropil)disulfano

XOYXS\SX/ESX

Se agregd n-Butil-litio (1,7 M cn hexano, 1,2 eq) por goteo durante 1 hora a una solucion

de 1,2-diciclopropildisulfano (1 eq) en THF (1,5 mL/mmol), a -20 °C. Luego sc agrcgéd (R)-4-

(Bromometil)-2,2-dimetil-1,3-dioxolano (1,leq) a -78 °C y sc continué la agitaciéon a -78 °C
durante otras 4 horas. Se agreg6 solucion acuosa saturada de cloruro de amonio y la mezcla sc
extrajo con acetato de etilo (3x). Los .. ,. '-actc.:as organicos combinados sc secaron (Na;SO4) y sc
purificé mediante cromatografia flash Lg;uato de ctilo en hexano como eluyente).

Paso B: cl géugo de (8)-1-((2,2- aumtll 1,3-dioxolan-4-il)metil)ciclopropan- 1 -sulfonilo

Xy K

Sc agregd N-Cloro succinimida (NCS, 1 cq) a una mezcla de HCI 2 M (0,6 ml./mmol) y
acetonitrilo (3,4 mL/mmol) y se enfrié a 10 °C. Una solucién de 1,2-bis(1-(((S)-2,2-dimetil-1,3-

dioxolan-4-ih)metil)ciclopropil) disulfano (2,5 eq) en acetonitrilo (0,25 ml/mmol) sc¢ agregd por

goleo a la mexcla, que se agité por debajo de 20 °C durantc 20 minutos. Se agregéd di-iso-
propiléter (15 ml/mmol) y la fase org..iica aislada sc lavd con salmuera, sc sccé (NapSQOa), sc
concentrd bajo presion reducida y cf '111Qterial crudo sc purificd mediante cromatografia flash
(acetato de ctilo cn hexano como cluycméj. Véase Nishiguchi et al, Synthesis, 2006, 24, 4131-
4134 por dctalles adicionales.

EJEMPLO 9: cloruro de (R)-1-((2,2-Dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-

sulfonilo
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PASO A: (R)-1-((2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-sulfonato de sodio
. SOy Na* ‘
XK

Sc agregd peroxido de hidrogeno 30% (9 eq) a una solucidn de 1,2-bis(1-(((R)-2,2-
dimetil-1,3-dioxolan-4-il)metil)ciclopropil)disulfano (1 eq) y acctato de sodio (2 eq) en acido
acético (5 ml./mmol). La solucién sc calentd a 80 °C durante 1 hora, se enfrid, sc concentré bajo
presion reducida y el material crudo se purificé por recristalizacion, Véase Fernandez-Bolanos, ef
al, Carbohydrate Research, 1988, 173(1), 33-41), =+ detalles adicionalcs.

i

PASO B: cloruro de (R)-1-((2,2-Dimetil-1,3-dioxolan-4-ilymetil)ciclopropan- 1 -sulfonilo
O, S0,Ci
XK

Una solucion de (R)-l-((2,2—dimcti.l—l,3—aioxolan-4-il)mctil)ciclopropan-1-sulfonalo de
sodio (1 cq) y tricloruro de fosforilo (POCIs, 0,7 mL/mmol) se calento a 80 °C durante | hora. La
mezela de reaccidn se enfrio a temperatura ambiente, se volcod sobre hielo, se agitd durante 30
minutos y se cxtrajo con cloroformo (2x). Lo< extractos organicos combinados se secaron
(MgS0Oy4) y se concentré bajo presion reducidz_i. N

EJEMPLO 10: cloruro de (S)-l—(( T‘ nctll I 3 dioxolan-4-il)metil)ciclopropan-1-

>< ACONa POC,
0 0 SOy Na® 50,01
xom H,03, ACOH /\ ]/Z >< ]/Z

PASO A: (S5)-1-((2,2-dimctil-1,3-dioxolan-4-il)metil)ciclopropan- 1 -sulfonato de sodio
0. SOy Na’
XK

Sc agregd peroxido de hidrogeno 30% (9 eq) a una solucion de 1,2-bis(1-({(S)-2,2-

sulfoniio

dimetil-1,3-dioxolan-4-i)metil)ciclopropildisulizne (1 eq) y acetato de sodio (2 eq) en acido
acético (5 mL/mmaol). L.a solucion se calenté a 8-.""1':"'3:‘ durante 1 hora, se enfrid, se concentr6 bajo
presion reducida y el material crudo se purifico ru ‘ecristalizacion. Véase Fernandez-Bolanos, ef
al, Carbohydrate Research, 1988, 173(1), 33-40, por detalles adicionales.

PASO B: cloruro de (S)-1 —((2,2-Dimcfi.|¥1:'3—dioxolan—4-il)mctil)ciclopropan—1 -sulfonilo
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>< ,J/XSOZCI
o )

Una solucién de (S)-1-((2,2-dimetil-1,3-dioxolan-4-il)mctil)ciclopropan- 1 -sulfonato dc
sodio (1 cq) y tricloruro de fosforilo (1’0.81‘3, 0,7 mL/mmol) se calentd a 80 °C durante 1 hora. La
mezcla de reaccidn se cnfrié a temperatura ambiente, se voled sobre hielo, se agitd durante 30
minuios y sc cxtrajo con cloroformo (2x). Los cxtractos organicos combinados sc sccaron

(MgS04) v se concentrd bajo presion reducida.

EJEMPLO 11: cloruro de {R)-l—((2,2-Dimetil-1,3-dioxolan—4-il)mclil)ciclopropan—1-

sulfonilo

0>< PPhs, HCI x NaQH POCl
On. S.g g - ><Q.._. : KSH . Xoj/xsos'wa* P ><0,., /><SOZC[
RN AT
><0/' dioxano, M0 /g~ DMF 0 ) 0

PASO A: (R)-1 -((g},-IZ-l)imetil-l .3-dioxola-4-iD)metil)ciclopropanotiol

X &S

Una solucion de 1,2-bis(1-(((R)-2,2-dimetil-1,3-dioxolan-4-il}metil)ciclopropil)disulfano
(1 ¢q) y trifenilfosfina cn una mezcla de dioxano y agua (4/1) que contenia dos gotas de 4cido
clorhidrico concentrado se agitd a 40 °C durante 20 min y sc concentré bajo presidn reducida. kil
matcrial crudo se purificé mediante cromatografia flash (acetato de ctilo en hexano como
cluyente). Véase Overman ef al, Synthesis. 1974, 59-60 por dcetalles adicionales.

PASO B: (%%—1-((2,2—dimetil-l,J.-u1oxolan-4-il)metil)ciclopropan-1-sulfonalo de sodio

5 Na*

X%

Sc agregd hidroxido de sodio (4 eqj a una solucion de (R)-1-((2,2-dimctil-1,3-dioxolan-4-
imetil)ciclopropanotiol (1 eq) en DMF (0,5ml/mmol), y sc agitd a temperatura ambicnte
durante la noche y se¢ hidrolizo. La mezcla se cxtrajo con acctato de ctilo (3x), y las capas
organicas combinadas sc sccaron (MgSQ,), se concentré bajo presion reducida y el material
crudo sc recristalizo. |

PASO C: cloruro de (R)-1-((2,2-Dimctil-1,3-dioxolan-4-il)metil Jeiclopropan- 1-sul{onilo
SO5CI -
X T

Una solucion dc (R)-1-((2,2-dumetil-1,3-dioxolan-4-il)metil)ciclopropan-1-sulfonato de

sodio (1 eq) y tricloruro de fosforilo (P'O('jg‘,\ 0,7 mL/mmol) sc calentd a 80 °C durantc | hora. La
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mezcla de reaccidn se enfrid a temperatura ambiente, se voled sobre hielo, se agité durante 30
minutos y se extrajo con cloroformo (2x). Los extractos orgdnicos combinados se secaron
(MgS0Oy) y se concentro bajo presion reducida.

EJEMPLO 12: cloruro de (S)-1-((2,2-Dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-

0
M >< PPh; Hel  NaOH POCl,
. hfat
S\S O ——

sulfonilo

XJ K
W
PASO A: (8)-1-((2,2-Dimetil-1 ,3-dioxolan—4l-il)r;-i{tﬂ)ciclopropanotiol
0 SH
YK

Una solucion de 1,2-bis(1-(((8)-2,2-dimetil-1,3-dioxotan-4-il)metil)ciclopropil)disulfano

dioxano,

(I cq) y trifenilfosfina en una mezcla de dioxano y agua (4/1) que contenia dos gotas de acido
clorhidrico concentrado sc agitd a 40 °C durante 20 min y se concentrd bajo presion reducida. El
matcrial crudo se purificdé mcdiante cromatografia flash (acetato dc ctilo en hexano como
cluyente). Véase Overman et al, Synthesis, 1974, 59-60 por detalles adicionales.

PASQ B: (5)-1-((2,2-dimetil-1,3-dioxolan-4-il)metil)ciclopropan-1-sulfonato de sodio

>< ]/-Ksm Na* o

Sc agregd hidroxido de sodio (4 eq) a una solucion de (S)-1-((2,2-dimetil-1,3-dioxolan-4-
thmetii)ciclopropanotiol (1 eq) en DMF (0,5m"./mmol), y sc agitd a temperatura ambiente
durante la noche y se hidrolizd. La mezcla se ‘e:xtrajo con acetato de etilo (3x), y las capas
organicas combinadas sc secaron (MgSQ,), se concentrd bajo presién reducida y e! material
crudo se recristalizo,

PASO C: cloruro de (S)-1-((2,2- Dlmclll 1, 3 dloxolan-4 ihmetiljciclopropan-1-sulfonilo

>< :[/XSOECI

Una solucion de (8)-1-((2,2-dimetil-1,3-3'xolan-4-il)metil)ciclopropan-1-suifonato dec

TR S

sodio (1 cq) y tricloruro de fosforilo (POCIs, 0,7 mi_/mmol) se calentd a 80 °C durante 1 hora. La
mezcla de reaccion se enfrio a temperatura amblcmc se volcd sobre hielo, se agité durante 30

minutos y sc extrajo con cloroformo (2x). Lus extractos organicos combinados s¢ secaron

{MgSQ.) vy se concentro bajo presion reducida.

41,

SH 0 SOsNat . . ¢ S0,Cl
TR o WX YK
0 0
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EJEMPLO 13

La Figura 2 muestra cl espectro 'H RMN de (S)-1-((2,2-dimetil-1,3-dioxolan-4-
il)metil)ciclopropan-1-sulfonato de sodid en CD;0D.

'[I RMN (400 MHz, CD:0D) .« o.m 0,39 (ddd, /=9,85, 6,71, 5,27 Hz, 1 11), 0,57 - 0,76
(m, 2 1), 0,76 - 0,89 (m, 1 IT), 1,31 (s, 5 1), 1,51 (dd, ./=13,30, 2,76 Hz, 1 [1), 1,57 (s, 3 11). 1,94
-2,07 (m, 1 1), 2,89 (dd, J~13.80, 8,03 liz, 1 H), 3,07 (dd, /=13.80, 4,27 Hz, 1 I1), 4,51 - 4.62
(m, 1 ).

EJEMPLO 14

la Figura 3 muestra el ecspectro BC RMN de (S)-1-((2,2-dimetil-1,3-dioxolan-4-
imetil)ciclopropan-1-sulfonato de sodio en CD;0D.
BC RMN (MEETANOL-ds) & ppm 10,30, 15,17, 21,75, 30,13, 38,88, 54,79, 58.37. 67.15,

101,78.
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REIVINDICACIONES

1.-Un proceso para preparar un compuesto de formula (I-a):
0
R-0,, 57

f
o~ H

R-07 0 N

L

formula (I-a)

que comprende poner cn contacto 5,6-difluore-2" -(2-fluoro-4-yodofenil)-3-metoxibencen-1,2-

diamina con un compucsto de formula (11-a); .~
R1_Ol,‘

RP-0 formula (11-a),

dondc

R'es H o un grupo protector de alcohot;

R cs H o un grupo protector de alcohol; o

R' y R? junto con los 4tomos de carboro a los cuales se encuentran unidos forman un
grupo proiector ciclico de 1,2-diol.

2.-Un proceso para preparar un coinpacsta de formula (1-b):
i S
R oﬂ‘s"NH
F
H
R2-07 O Nﬁ
|
F 2 formula {(3-b)
F

quc comprende poner en contacto 5,6-difluoro-N'-(2-fluoro-4-yodofenil)-3-

metoxibencen-1,2-diamina con un compuesto de formula (1I-b):
R1-0\ 2

R*-0 formula (1I-b), .

W

donde
R' es H o un grupo protector de alcohol;
R?* ¢s 1 o un grupo protector de alcoho l;' o

R y R? junto con los atomos de carbono a los cuales se encuentran unidos forman un

grupo protcctor eiclico de 1,2-diol.
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3-Un proceso para preparar (R)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamino)}-6-
mctoxifenil)-1-(2,3-dihidroxipropil)ciclopropan-1-sulfonamida, que comprende, poner en
contaclo un compuesto de férmula (I-a) con un 4cido, una basc ¢ un nucledfilo; o cxponer ¢l

compuesto de férmula (i-a) a luz UV:

D0
1_ e
R-0., ‘siNH .
H

RZ.0" 0. = N\/J\\'-_'r\r"u"-'“‘ ‘
T 7 férmula (I-a)

donde

R' es H o un grupo protector de alcohol;

R? es H o un grupo protector de alcohol; o

R' y R? junto con los 4tomos de carbono a los cuales se encuentran unidos forman un
grupo protector ciclico de 1,2-diol.

4.-Un proceso para preparar (8)-N-(3,4-difluoro-2-(2-fluoro-4-yodofenilamine)-6-

mctoxifenil)-1-(2,3-dihidroxipropil)cic...pp.opan-1-sulfonamida, que comprende, poner cn
contacto un compuesto de formula (I-b):con un dcido, una base o un nucledfilo; o

exponer ¢l compuesto de férmula (I-b) a luz UV:

0u.0
R-0 ‘SiNH
y F
RZ-07 O N
@\ formula (1-b)
F 1
F

dondc

R' es H o un grupo protector de alcohol;

R? es H o un grupo protcctor d, _(I;_L._,uhol; 0
R' y R? junto con los dtomos i carbono a los cuales sc encucntran unidos forman un
grupo protector ciclico de 1,2-diol.
5.-Un proceso de cualquiera de las reivindicaciones 0-0, en donde R'y R? junto con
Jos atomos de carbono a los cuales se¢ encuentran unidos forman un grupo protecilor ciclico de
1,2-diol.
6.-El proceso de la reivindiqg@ién 0, cn donde el grupo protector ciclico de 1,2-diol cs
e 44
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un grupo protector ciclico de 1,2-diol de 5 miembros.
7.-E2l proceso de la reivindicacion 0, en donde el grupo protector ciclico de 1,2-diol es
2,2-dimetil-1,3-dioxolan-4-ilo. o

8.-El  compuesto  que  es c[bfu;o de  (R)-1-((2,2-dimetil-1,3-dioxolan-4-

il)metil)ciclopropan-1-suifonilto:
Oxn20
0., <
XJ 5
o i

9.-El  compuesto que es cloruro de  (S)-1-((2,2-dimetil-1,3-dioxolan-4-

ilmetil)ciclopropan-1-sulfonilo:

0..0
><O]/K ~Cl
O .

10.-El compuesto que es cloruro de { j{-‘f-B—(2,2-dimetil-1,3—dioxolan-4—il)prop—l—en-2—

sulfonilo:

Ox .0
O .

11.-El compucsto que es cloruro de (S)-3-(2,2-dimetil-1,3-dioxolan-4-il)prop-1-cn-2-

sulfonilo:

XyTe

N



PREPARACION DE (R) Y (S)-N-(3,4-DIFLUORO-2-(2-FLUORO-4-YODOFE-
NILAMINO)-6-METOXIFENIL)-1-(2,3-DIHIDROXIPROPIL)YCICLOPROPAN-1-
SULFONAMIDA Y DERIVADOS PROTEGIDOS DE LOS MISMOS

RESUMEN

La presente invencion se relaciona con la preparacion de (R)-N-(3.4-difluoro-2-(2-fluoro-
4-yodofenilamino)-6-metoxifenil)-1-(2. s-cihidroxipropil)ciclopropan-1-sulfonamida y  (S)-N-
(3,4-difluoro-2-(2-fluoro-4-yodofenila:.uno)-6-metoxifenil)-1-(2,3-dihidroxipropil ciclopropan-

| -sulfonamida.
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Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
& the international application in the tanguage in which it was filed

O atranslation of the internationat application into , which is the language of a translation furnished for the
purposes of international search {Rules 12.3(a) and 23.1 (b)).

2. O This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 31 {Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino 22id sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. (means)

O onpaper

e A

(d in etectronic form e

b. (time)
[] in the international application as filed
O together with the international application in electronic form

O subsequently to this Authority for the purposes of search

4. O in addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond. the application as filed, as appropriate, were furnished.

5. Agditional comments:

Box No.V  Reasoned statement under ...'a—e—;if:;bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and exp....;ations supporting such statement .

1. Statement

Novelty (N) Yes: Claims 1-11
No: Claims
Inventive step (I1S) ¥Yes: Claims

No: Claims 1-11
industrial applicability (IA) Yes: Claims 1-11

No: Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007}
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INTERNATIONAL SEARCHING AUTHORITY

Box No. VIl Certain defects in the mterna:tonal ap,n :

The following defects in the form or contents of the mternatlonal application have been noted:

see separate sheet ' y ‘.‘-.._.

Box No. VIl * Certain observations on the mternatlonal application

aThe followmg observations on the clarity of the clalms descrlptton and drawings or on the question whether the
clatms are fully supported by the description, are made:

" see separate sheet

"4 Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE | International application No.
INTERNATIONAL SEARCHING o )
AUTHORITY (SEPARATE SHEET; ™ - PCT/EP2010/004222

Re ltem V

Reasoned statement with regai'.“:_:: novelty, inventive step or industrial
applicability; citations and explai.ations supporting such statement

V.1 Documents
Reference is made to the following documents:

D1 US 2008/058340 A1 (MADERNA ANDREAS [US] ET AL) 6 March 2008
(2008-03-086)

D2 WO 2007/121269 A2 (ARDEA BIOSCIENCES INC [US]; YAN SHUNQI
[US]; VERNIER JEAN-MICHEL [US];) 25 October 2007 (2007-10-25)

V.2 Novelty (Art. 33(2) PCT) "¢ i

D1 discloses (Ex. 55-57) syntheses of {R)- and (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)—G-methoxyphenyl)-.,',‘i -(2,3-dihydroxypropyl)cyclopropane-1-
sulfonamide wherein (1-allyl)cyclopropanesulfonyl chloride is reacted with the
corresponding amine to form a (1-allyl)cyclopropane-1-sulfonamide intermediate and
the allyl group is subsequently oxidised to give the dihydroxypropy! group.

The processes according to claims 1-7 of the present application differ therefrom in
that an (optionally O-protected) (2,3-dihydroxypropyljcyclopropanesulfonyt chloride is
reacted with the amine (claims 1, 2 and 5-7) and in that an (optionally O-protected)
(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide is reacted to give (R)- and (S)-N-
(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyljcyclopropane-1-s:ionamide {claims 3-7).

Frek b

The compounds according to clai:. .;-3-11. of the present application differ from the (1-
allyl)cyclopropanesulfonyl chloride ntermediate of the synthesis according to D1 in
that the allyl group is replaced by a (2,¢-dimethyi-1,3-dioxolan-4-yl)methyl group
(claims 8-11) and in that the cyclopropy! group is replaced by a methylidene group
{claims 10 and 11).

The subject-matter of claims 1-11 is therefore novel over the retrieved prior art.

V.3 Inventive Step (Art. 33(3) PCT)

ERLIEE

Form PCT/SA23? (Separata Sheet) (Sheet 1) [Epo-npriy;i;jjn_;g;f“;"': e
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. WRITTEN OPINION OF THE ] International application No.
INTERNATIONAL SEARCHING LI -
AUTHORITY (SEPARATE SHEET) L PCT/EP2010/004222

V.3.1 D1 is considered to be the prior art closist to the subject-matter of claims 1-11.
The difference between this subject-matter and the disclosure of D1 has been shown
above.

V.3.2 The probiem to be solved is Cdnsidefed to be the provision of alternative
processes for preparing compounds of formulae (I-a) and (I-b) and for preparing (R)-
and (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide and compounds for use as
intermediates in these processes.

The solution is allegedly given by the- proceoses and compounds according to claims
1-11 of the present application. :

V.3.3 It its section about synthetic procedure H{par [0260]-[0274]), D1 explains that
the sulfonamides described therein genuff _ai'e obtained by reactions between the
corresponding sulfonyl halides and amlnes {&*}1 heme ), wherein protecting groups can
be used for hydroxy moieties (par. [0263])

These passages teach the skilled person t h"* {R)~ and (S)-N-(3,4-difluoro-2-(2-
fluoro-4-iodophenylamino)-6- methoxyphenyl) 1-(2,3-dihydroxypropyl)cyclopropane-1-
sulfonamide can be synthesised by reacting (preferably O-protected) (2,3-
dihydroxypropyljcyclopropanesuifony! chloride with the corresponding amine and, if
necessary, removing subsequently the protectung groups.

These considerations are further supported by the fact that D1 also shows a specific
, example (Ex. 60) in which an O-protected (d|hydroxyalkyl)cyclopropanesuIfonyl
, chloride which is structurally closely relaten ic {2,3-dihydroxypropyl)
' .cyclopropanesuifonyl chloride, namely TBS!ristected 1-(3-hydroxy-2-(hydroxymethyl)
propyl)cyclopropane-1-sulfonyl chionde -5’ i iioyed in the reaction with an amine and
subsequently the protecting groups are re 'g,:‘d'by treatment with HCI.

The subject-matter of claims 1-4 therefore _dbes not comprise an inventive step over
D1. o

V.3.4 On the search for specific protectmg groups for the dihydroxypropyl moeiety, the
skilled person would consult document Dz ‘As D1, D2 deals with the synthesis of
sulfonic acid phenyl amides for use as MEK' inhibitors and therefore belongs to the
same technical field.

D2 demonstrates (Ex. 4-6) that dihydrdi‘y*propyl moieties in a sulfonyl halide
compound to be employed in the synthesm of a sulfonic acid pheny! amide can be
protected as 2,2-dimethyl-1,3- dloxolan 4: y, nr*:ups and that the protecting groups can
be removed by treatment with an ac&d aft" *he formation of the sulfonamide.

pofa
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WRITTEN OPINION OF THE : International application No.
INTERNATIONAL SEARCHING v :
AUTHORITY (SEPARATE SHEET) PCT/EP2010/004222

This suggests to the skilled persor, . .‘;f_' the 2,2-dimethyl-1,3-dioxolan-4-yl group can
also be employed as a protecting.y...up for (2,3-dihydroxypropyl)cyclopropanesulfonyl
chloride in the synthesis of (R)- and (5;-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)- i-(2,3-dihydroxypropyl)cyclopropane-1-
sulfonamide. He is thereby guided toward the processes of claims 5-7 and the
intermediate compounds of claims 8 and 9.

The subject-matter of claims 5-9 thus does not comprise an inventive step over a
combination of D1 and D2. :

V.3.5 The retrieved prior art does not contain a specific pointer toward the compounds
according to claims 10 and 11. Howaver, the application does not show any technical
effect of these compounds. According to Schemes 2a and 2b in the description, these
compounds can be employed as intermediates in a synthesis of (R)- and (S)-N-(3,4-
difluoro-2-(2-fluoro-4-iodophenylar . .;)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)
cyclopropane-1-suifonamide wher...a-the methylidene group is transformed into the
cyclopropy! group after the formatioii of a sulfonamide. But the examples of the
application (Ex. 5 and 6) show only the synthesis of sulfonamides containing the
methylidene group and thus fail to demonstrate that further steps can indeed lead o a
cyclopropane-1-sulfonamide in practice.

Due to this lack of actual technical information on the compounds according to claims
10 and 11, the technical problem solved by the subject-matter of these claims has to
be regarded as being merely the provision of alternative compounds. Said problem is
considered to be trivial for the skilled person so that an inventive step cannot be
acknowledged. '

V.4 Industrial Applicability (Art. " (3 PCT)
Claims 1-11 meet the requiremen:. Ji Art. 33(4) PCT.

Be ltem VII
Certain defects in the international application

VII.1 Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art
disclosed in D2 is not mentioned in the description, nor is this document identified
therein. o

VII.2 According to par. [0051] of the description, route ii-c is concerned with the
conversion of a disulfane to a sulfony! chioride, but the reaction scheme depicted for
route ii-c shows a different reaction.

RATTTON

al e
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- WRITTEN OPINION OF THE International appfication No.
" INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2010/004222

Re ltem VI

Certain observations on the infernational application

VIIL.1 Claims 1-5 refer to "R' and R? together with the carbon atoms to which they are
attached", but according to the structural form:i‘ae in claims 1-4 R* and R? are

attached to oxygen atoms. This inconsistenm »=nders claims 1-5 unclear (Art. 6 PCT).

VIIL.2 Claims 3 and 4 each refer to one emhiment of the claimed process wherein a
starting material of formula (1-a) or (I-b) is used in which both R and R? are H.
However, the compound of formula {I-a) or (I-b) in which both R' and R? are H is the
product of the claimed process, namely (R)- or (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropy!)cyclopropane-1-
sulfonamide. This inconsistency renders claims 3 and 4 unclear (Art. 6 PCT).

VIIL.3 According to passages in the description (par. [0016]-[0018)), the invention is
also concemed with compounds which are not covered by the claims. This
inconsistency between the claims and the description leads to doubt concerning the
matter for which protection is sought, therphy rendenng the claims unclear

(Art. 6 PCT).

:\11.

Vill.4 The vague statement in par. [0024] cerv =rning the scope of the invention, in
particular the passage referring to equwab. . f the claimed subject-matter, implies
that the subject-matter for which protection ¢ =ought may be different to that defined
by the claims, thereby resulting in a lack of clarity (Article 6 PCT) of the claims.

VIIL.5 It is noted that some member states right object to formulations such as
“incorporated herein by reference” (par. [0019] and [0052]) during the regional phase.

Form PCT/ISA/237 (Separate Sheet) (Shee 4) (EPO-April 2005)
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L a presente invencion se refiere a fa preparacion de |
{R)-N-{3,4-difluoro-2-(2-fluoro-4-iodofenilamino)-6-metoxifenit)- 1-(2, 3-
dihidroxipropil)ciclopropan-1-sulfonsiiiida y (S)-N-(3,4-difluoro-2-(2-fluoro-4-
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mencionado en la soficitud
Y parrafo [0260] ~ pérrafo [0274] o 5-9
A ejemplos 55-57, 60 ' 10, 11

Y WO 2007/121269 A2 (ARDEA B!OSCIENCES INC [US]; YAN 59

25 de octubre de 2007 (2007-10- 25)
ejemplos 4-6

SHUNQI [US]; VERNIER JEAN-MICHEL [US])

[J  Otras publicaciones estan listadas en Ia
continuacion del campo C

[l Ver familia de patentes en el anexo

Categorias particulares indicadas en pubilcaCIones

‘A" publicacién que define el estado general de -la_

técnica pero no considerada como particulahnénte
importante hoot

“B” documento anterior pero publicado recién o después
de ia de la fecha de presentacion internacianal e
“L" publicacién adecuada para hacer aparecer como
dudosa una reivindicacién de prioridad, o medlante Ia cual

debe ser considerada la fecha de divulgacion de otra‘j
publicacién mencionada en el informe de busqueda o que_ -

es indicada por otra razén particular (como realizada

"O" publicacién que se refiere a una revelacién oral. .
una utilizacién, a una exposicién o a otras disposiciones 7

"P" publicacién realizada antes de (a fecha dé

presentacion internacional pero luego de la fecha -

prioridad reivindicada W

"T" publicaciones posteriores a las difundidas en la
fecha de presentacion internacional o de [a fecha de
prioridad y que no c¢olisionan con la solicitud, sino que
solo estdn indicadas para mayor entendimiento del

principio fundamental de ia invencién o de la teoria sobre
- lacual se basa

“X"  publicacidn de particular importancia: la invencién

reivindicada no puede ser considerada, solo como
consecuencia de esta publicacidn, como novedosa o
anoyarse en una actividad inventiva

"¥" publicacion de particular importancia: la invencion
reivindicada no puede ser considerada como apoyada en
un# actividad inventiva cuande puede ser relacionada
cotuha ¢ varias otras publicaciones de esta categoria y

talelesidn es notoria para un especialista

“aublicacién que es miembro de la misma familia

Fecha de finalizacién de la busqueda internacional . ¢

15 de octubre de 2010

3800t de envio del Informe de Blsqueda Internacional

27/10/2010

Nombre y Direccion Postal del ISA/
Oficina de Patentes Eurgpea

NL — 2280 HV Rijswijk

Tel (+31-70) 340-2040.

Fax N° (+31-70) 340-3016

Fﬁncionario Apoderado

A B

e Mooren, Nicolai

Formulano PCT/ISA/210 (haja 2) (abril 2003)
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Informacion de miembros de la familia de patentes PCT/EP 2010/004222
[ Documentos de Patente I T _1'_ " Miembros de la N T
citados en el ' Fechadela ; familia de patentes : Fecha de la
Informe de Busqueda | publicacion | . publicacién
US 2008058340 At 06-03-2008 us 2009082457 A1 26-03-2009
WO 2007121369 A2 25-10-2007 us 2007238710 A1 11-10-2007

-
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PATENT COOPERATION TREATY
INTERNATIONAL SEARCH REPORT

(PCT Atticle 18 and Rulas 43 and 44)

Applicant t's lile ret SEEIRES

pplicant's or agent's lile reference FOR Fl{R'{HER N see Form PCT/SA220
BHC093080-WO ACT|0N o .= aswell as, where applicable, item 5 below.
Intemattonal application No. Intamational filing date (dawh “rriivyear) (Earliest) Priority Date (day/month/year)
PCT/EP2010/004222 10/07/2010 24/07/2009
Applicant

ARDEA BIOSCIENCES, INC.

This international search report has been prepared by lhis Intemational Searching Authority and is transmitted to the applicant
according to Article 1B. A copy Is being transmitted to the Intemnational Bureau.

This international search report consists of a total of 4 sheets.
Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report .
a. With regard to the language, the international search was car d nut on the basis of:

the international application in the’ languagp 1 WHich it was filed

D a franslation of the international application o i) - , which is the language
of a translation furnished for the purposes or m ~-;qnal search (Rules 12.3(a) and 23.1(b}}

b. I:] This imemational search report has been establu;hec' taliraa into account the rectification of an obvious mistake
authorized by or nofilied to this Authority under Rule 91 {% le 43.6bis(a}).

c. [:] With regard to any nucleotide and/or ar_n!no acid sequence disclosed In the international application, see Box No. 1.

2. D Cenrtain claims were tound unsearchabl:i (See Box Min 1)

3. [[] unity of invention is lacking (see Box No IIi}

4. With regard to the title, .
D the text is approved as submittad by the applicant
the text has been established by this Authority to read as follows:
PREPARATION OF (R)- AND -
{8) -N- {3, 4-DIFLUORO~2- (2~-FLUORO-4- IODOI‘HENYLAMINO) 6-METHOXYPHENYL) -1- (2, 3-DIHYD
ROXYPROPYL) CYCLOPROPANE-1- SULFONAMIDE ¢
AND PROTECTED DERIVATIVES THEREOF

5. With regard to the abstract, ;
D the text is approved as submitted by the app!lcant T

the text has been established, according to Rule’ 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within ane month from the date of mailing of thisintamational search report, submit comments to this Authority

6. With regard to the drawings, e
a. the figure of the drawings to be published with the abstract is Flgure No. _
D as suggested by the applicant
{]  asselected by this Authority, because the applicant failed ta suggest a figure
D as selected by this Authority, because this figure better characterizes the invention
b. none of the figures Is to be published with the abstract

Farm PCT/ISA/210 (first sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

e

International application No.

PCT/EP2010/004222

Box No. IV Text of the abstract {Continuation o1 i.etn 5 of the first sheet)
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The present invention relates to the prep.c.ation of (R)-N-(3,4-difluoro-2-(2-flucro-4-icdophenylamino)-6- |
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1 -sulfonamide and (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydioxypropyl)cyclopropane-1 -sulfonamide.

|

Ferm PCT/ISAf210 {continuation of first sheet (3)) (July 2009]-‘;‘ -




INTERNATIONAL SEARCH REPORT

Intemetions! application No

PCT/EP2010/004222

A. CLASSIFICATION OF SUBJECT MATTER

INV. C07C303/38 €07€303/40
ADD.

€07C309/82

€07C309/85 C07¢311/28

According te Intermational Patent Classification (IPC) or to both national classification and IPC

8. FIELDS SEARCHED

co7C

Minimum documentation searched (classification system foliowed by dassification symbals)

e

Documentation searched ather than minlmum documeniation to the extent that s eocuments are included in the fietds searched

EPO-Internal,

Electronic dala base consulted during the international search {name of data base and, where practical, search lerms used)

CHEM ABS Data, WPI Data, BEILSTEIN Data

FE A

N

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Category®

Ctation of documen, with indication, where appsopriate, of the relevant passages

Relavant {o claim Mo.

cited in the application”

examples 4-6

[US]; YAN SHUNQI [US]; VERNIER- JLiF~ﬂICHEL
[US];) 25 October 2007 (2007-10- 25)

X US 2008/058340 Al (MADERNA ANDREAS [US] ET 1-4
AL) 6 March 2008 (2008-03-06) '

Y paragraph [0260] - paragraph [02:41. 5-9
A examples 55-57, 60 10,11
Y WO 2007/121269 A2 (ARDEA.BIOSCIFRN/FE: 5-9

D Further decumenis are fisled in the continuation of Box C.

B 7 \" See patent famlly annex.

* Spedial calegories of cited documents ;

" document defining the general stale ol the art which Is noi
considerad to ba of particular relevance

lling date

‘L" document which may throw doubls on priority claim(s) or
which Is ciled to establish the publication date of another
dltation or other spedal reason (as specitied)

*O" document referring to an oral disclosure, use, exhibition or
other means

P* document published prier o the intemational filing date but
lateer than the priority date claimoed

*E* eartier document but published on or afterthe intemational . S

¢ *T¥ Watsr document published after the international filing date

! o+ priority date and not in conflict with the applicalion but
«led to undersiand the principle or theory underlying the
Livantion

" Vatument of particuiar relevance; the claimed invention
_cannal be considered novel or cannot be considered to
"involve an invenlive step when the document IS taken alone

*¥" document of particular relavance; the claimed invention
cannot ba considered to involve an Inventive siep when the
tocument ks combined with one or more other such docu-
monts, such combinalion belng obvious to a person skilled
in the ar. .

*8' cocumant member of the same palent family

Date of the actual completion of ihe internatlonat search Date of malling of the intemational search report
15 October 2010 27/10/2010
Name and malling address of the ISA/ Aulhorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Riswijk
Tel. (+31-70) 3402040,
Fax: (+31-70) 340-3016 . Mooren, Nicolai

_Form PCTASA/210 {socond shost) (Aph) 2005)
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Intormation on patent tTamlly members

Intermational appllcation No

W0 2007121269 A2

PET/EP2010/004222
Patent document Publication Patent family Publication
cited In search report date member(s} date
US 2008058340 Al 06-03-2008 US 2009082457 Al 26-03-2009
25-10-2007 US 2007238710 Al 11-10-2007

T

1,

Form PC TASA210 (patont family ennex) (Apsil 2005)
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Datos de identificacidn del solicitante o de la persona que presenta la solicitud
Descripeion de la invencidn
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De ser el caso formato de descuento)
Completz%

Incompleta D
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capitulo descriptivo,
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(Art. 119 Decision 486/00)
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{Art. 92 Decision 486/00)
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Completa D ' incompleta D
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