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1. Me reflero al asunto de la referencia.
2. Por medio del presente, atentamente me permito manifestar que

hubo un cambig de apoderado para todos los asuntos de la Propiedad
Industrial en Bogotd de la socledad ELI LILLY AND COMPANY.

3. En consecuencia, atentamente solicito a ese Despacho
reconocerme personerfa en este asunto, de conformidad con Ia
sustitucién de poder adjunta, otorgada a favor de la SUSCRITA.

4. Por lo tanto, ruego a usted potificarme de las providencias
expedidas dentro de este expediente y notificadas al anterior apoderado,
que actualmente se encuentran pendientes de cumplimiento o de

respuesta.
5. Soliclto a ese Despacho proceder de conformidad.
Atentamente,

% LLOREDA RICAURTE

T.P. 53.215
Cédigo 231
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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

El Sl Dl

Ref: - D - -
103,452,

Yo, JOSE ANTONIO LLOREDA, mayor de edad y vecino de esta ciudad,
abogado titulado e Inscrito, 1dentlficado como aparece al ple de mi firma,
actuando en mi cardcter de Representante Legal en Bogotéd para asuntos
relaclonados con la propledad industrial de ELI LILLY AND COMPANY,
socledad organizada y existente de conformidad con las leyes del Estado
de Indiana, Estados Unidos de América, domiciliada en Indlanapolis,
Estado de Indiana, Estados Unidos de América, tal y como consta en este
expediente, atentamente manifiesto a usted que SUSTITUYO el poder a

. ml conferido a la doctora ALICIA LLOREDA RICAURTE, abogada
titulada e Inscrita, Identificada con la cédula de ciudadania No.
39.690.713 de Usaquén y Tarjeta Profesional No. 53.215, para que
continde representando a la menclonada sociedad en el expediente de la
referencia.

De conformidad con el articulo 66 del C.P.C., manifiesto bajo la gravedad
de juramento que los demds apoderados citados en el documento
otorgado a ml favor no desean ejercer el poder a ellos conferido.

El mencionado apoderado tendrd las mismas facultades a mi conferidas,
en especlal, renunclar, recibir, sustitulr, desistir, presentar recursos,
conclllar, transigir, y en fin, para todo lo que se encamine a la correcta
defensa de los intereses de la socledad en cuyo nombre hablo.

Atentamente
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DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 02-103452

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION -
PCT FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 532,
DE FECHA 30 DE SEPTIEMBRE DE 2003, EL TERMINO HABIL SENALADO

POR LA LEY EXPIRA EL 30 DE DICIEMBRE DE 2003.

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de Ia fecha de
publicacién en la gaceta de Propiedad Industrial, deberéa solicitar y cancelar el
examen de patentabilidad so pena de que la solicitud caiga en abandono, de
acuerdo con lo establecido en el Articulo 44 de la Declsién 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
S NO X

Carvera 13No. 27-00 Fiso 5 y10
Connutador: 5334 12 21-2-34

mnummﬁn.c.-m
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SUPERINTENDENCIA DE INDUSTRIA 'Y COMERCI
DIVISION DE NUEVAS CREACIONES

2020
Bogota, DC, 09 de enero de 2007

Apoderado: Alicla Lloreda Ricaurte Oficio:
ASUNTO Radicacién; 02-103452 ~uG0JL609
Tramite 002
Evento 001
Actuacion 430
Folios

Como resultado del axamen de fondo, realizado con fundamento en el articulo 45 de
la Decision 4868 de la Comision de la Comunidad Andina, se le comunica:

Documentos estudlados:

€ Capltulo descriptivo, folios 23 a §9;

€ Capitulo reivindicatorio, follos 60 a 56;

& Solicitud PCT /01/11745 en fase nacional;

& Solicitud del examen de patentabilidad, folios 77 a 80;

Objeto de la Invencién:

El titulo de la invencién "PROCESO PARA LA PREPARACION DE COMPUESTOS
BIFENILO”

Tienen como objeto un proceso para la obtencién de un compuesto bifenllo del
estado de la técnica.

El campo de la invencidn, segin la Claslificacion Intemacional de Patentes:,
CO07C15/24, A61K 31/145

-Evaluaclén de la Unidad de Invencién:

Esta solicitud de patente comprende méas de una invencién o un grupo de
invenciones no relacionadas entre sl, de manera que se integra un Gnico
concepto inventivo conforme al articulo 25 de la Decisién 488 de la Comision
de la C munidad Andina.
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Para el presente caso se conforman muiitiples invenciones, de acuerdo a los
procesos independientes, ya que los derivados bifenilo no son nuevos:
i-proceso para la preparacion de compuestos bifenilo.
ii-Un proceso para reducir el dimero quiral a partir de los compuestos de
formula I.
y se conforma la unidad inventiva con la o las caracteristicas técnicas
especiales, 0 sea, ias caracteristicas nuevas e inventivas que se aportan al
aestado de la técnica y qué ademas se deben conservar en todas las
relvindicaciones esas mismas caracteristicas especiales.

Determinacién del estado de la técnica:

El articulo 16 de la Decisién 486 de la Comisién establece: “E/ estado de la
técnica comprenderd todo lo que haya sido accesible al publico por una
descripcion escrita u oral, utllizacién, comercializacién o cuaiquler otro
medio antes de Ia fecha de presentacién de la solicitud de patente o, en
Su caso, de la prioridad reconocida.

S6lo para el efecto de la determinacién de la novedad, tamblén se
considerard dentro del estado de la técnica, el contenido de una solicitud
de patente en trdmite ante la oficina naclonal competente, cuya fecha
de presentacion o de prioridad fuese anterior a Ia fecha de presentacion
0 de prioridad de ia solicitud de patente que se estuviese examinando,
slempre que dicho contenido esté Inciuido en Ia solicitud de fecha
anterior cuando ella se publique o hubiese transcurrido el plazo previsto
en el articulo 40."

Se realizo la busqueda del estado de la técnica con fecha anterior a la fecha de
presentacion de la solicitud PCT. Consultada la fuente de informacién con que cuenta
este despacho se encontrd los siguientes documentos:

No. | Documento No. Titulo Fecha de
Publicacién

D1 | WO0008537 N-substituted sulfonamide derivatives | 10-feb-2000

D2 |WO09733848 Process for preparing _nltmbipheylene 18-sep-1897

D3 }J.0rg.Chem Higly efficient and eccererated Suzukl | 1984
Aryl couplings mediated by
phosphine-free palladium sources

D4 | Chemicals note | The Suzuki reaction in biaryl ynthesis | 1998
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Evaluacién de los requisitos de patentabilidad:

El articulo 14 de 1a Decisién 486 de la Comisién de la Comunidad Andina establece:
*Los Palfses Miembros otorgardn patentes para las Invenciones, sean de
producto o de procedimiento, en todos los campos de la tecnologla,
slempre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicacién ingustrial.”

En cumplimlento con este artfculo, se procedié a evaiuar los requisitos
de novedad, nivel Inventlvo y aplicacién Industrial con el fin de
establecer la patentabliidad de Ia Invencién relvindicada en la solicitud
en estudio.

Evaluacién de la Novedad:

E! art.18 de la Decisi6n 486 de la Comisién de la Comunidad Andina establece: “Una
Invencién se conslderard nueva cuando no esta comprendida en el
estado de Ia técnica.” °El estado de la técnica comprendera todo lo que
haya sido accesible al publico por una descripcién escrita u oral,
utilizaclén, comerclalizacién o cuaiquler otro medio antes de Ia fecha de
presentacién de la solicitud de patente o0, en su caso, de la prioridad
reconocida.

S6lo para el efecto de la determinacion de la novedad, tamblén se
considerara dentro del estado de la técnica, el contenido de una solicitud
de patente en tramite ante la oficina nacional competente, cuya fecha
de presentacion o de prioridad fuese anterior a la fecha de presentacién
0 de prioridad de la solicitud de patente que se estuviese examinando,
siempre que dicho contenido esté inciuido en Ia solicitud de fecha
anterior cuando ella se publique 0 hubiese transcurrldo el plazo previsto
en el articulo 40."

La solicitud en estudio reclama, “un proceso para ia preparacién de un compuesto
bifenilo que comprende la combinacién de un derivado del acldo fenilbérico con un
derivado apropiado de! benceno en presencia de un aditivo aproplado en un solvente
orgénico aproplado con un catallzador apropiado y una base apropiada.”

-La anterioridad D1 enseiia procesos para la obtencién de bifenilos, donde la
reaccion se lleva acabo usando como materlal de partida acido 2-
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fluorobencenboronico que reacciona con un derivado de bencénico, catalizado porun
catalizador apropiado de paladio y una base por ejlemplo como carbonato de potasio
en un solvente como dioxano-agua, tal como se puede ver en la preparacién 39 y en
los ejemplos 45, 47, 51, 65, 73, 77, 86B, 64A, 123B, 132 a 142. Con lo que se
demuestra claramente que la solicitud en estudio no tiene novedad.

-D2 describe un proceso para la obtencldn de compuestos bifenilos, donde la
reaccion se lleva a cabo entre un derivado de écido fenilboronico de formula (llla) con
un derivado halo-bencénico en presencia de un catalizador de paladio y una base
apropiada y un solvente conveniente, tal como se describe y se reivindica en esta
anterioridad, por lo tanto el proceso reclamado como nuevo en la presente solicitud
ya era conocido en el estado de la técnica.

-D3 ensefia un proceso versétll eficlente y acelerado para la sintesls de compuestos
derlvados blarll me diante el acople de Suzuki. Reacclonan arl haluros y
aryisulfonatos derivados acidos fenilboronicos, como se muestra en el asquema |,
con catalizadores de paladio fibres de fosfina, con una base como carbonato de
potasio en un solvente como THF 6 acetona o tolueno. Tal como se puede ver esta
anterioridad se anticipa a describir lo que se reclama como nuevo en la presente
solicitud.

-D4 ensefia que para obtener compuesios blarll derivados, se puede hacer
mediante la reaccién descrita por Suzuki y Miyaura en 1981, que consiste en hacer
reaccionar un derivado de 4cldo definil boronico con un arilbromuro en presencia de
un catalizador de paladio en una base para obtener el correpondiente biaril, por lo
tanto el proceso de sintesls reclamado en la solicitud en estudio no es nuevo, era
conocldo en el estado de la técnica.

Cuando una solicitud esta afectada su novedad, obviamente no posee nivel Inventivo.

En conclusién los requisitos de Patentabllidad de la presente solicitud estdn
afectadas asl:

No. | Documento Relvindicalones Requisito que afecta
D1 |WO0006537 1a23 Novedad
D2 |WO9733846 1a23 Novedad
D3 |J.ORG.CHEM 1a23 Novedad
D4 | Chemical Note 1a23 Novedad
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En cumplimiento del articulo 45 de la Dacisién 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dlas
contados a partir de la fecha de notificacién de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio rmae a lo dispuesto en el numeral 5.2 literal e), del
capltulo quinto del titujb pritrero de la circular Gnica No. 10 de 2001.

CESPEDES DE VERGEL
slén de Nuevas Creaclones

El antelior‘rga ueriniin?"nto fue noftificado por fijaclén en lista, de fecha

CONCEPTO TECNICO No. 4 6 EXAMINADOR TECNICOC6digo No.202012

{5~
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PCT WORLD INTELLECTUAL FROPERTY ORGANIZATION ' i
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification 6 : (A1) Internationsl Publication Number: WO 0006537

CO7C 303000, 307, 309/00, 31100, Al
AG1K 3100, 3”“"!;’]&' 31/395, 31/41, {43) Intervational Publication Dats: 10 PFebruary 2000 (10.02.00)
31/42, 31/425, 31/44, 31/445, 31/455,
317495, 31/505, 31/535, 31/54, COTD
20700, 21106, 21324, 239002, 25704,
26102, 27106, 2712, 2T7/62, 27902,
29500, 30702, 333/04, 333/52, 401/12,
409/12
(31) International Appleation Number: PCT/US9Y/17017 ([:’m?f’sk 10343 Osk Ridge Drive, Zionsville, IN 46077
(22) International Filtng Date: 28 July 1999 (28.07.9) | 114y Agents: LENTZ, Nelsen, L. ot al; Eli Lilly and Compeny, Lilly
Corparate Center, Indianapolis, IN 46285 (US).
(30) Priority Data:
60/094,921 31 July 1998 (31.07.98) Us
(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,
BR, BY, CA, CH, CN, CU, CZ, DE, DK, ER, ES, F1, GB,
(71) Applicant (for all designated Siates axcept USyk ELI LILLY GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KR, KG,
AND COMPANY [US/US]; Litly Carporate Ceater, Indl- KP, KR, KZ, LC, LK, LR, LS, LT, LU, LY, MD, MG, MK,
snapolis, IN 46285 (US). MN, MW, MX, NO, NZ, FL, PT, RO, RU, 3D, SB, 5G, 8I,
SK, SL, T, T™, TR, TT, UA, UG, US, UZ, VN, YU, ZA,
(72) Inveators; and ZW, ARIPO patert (GH, GM, KE, LS, MW, SD, SL, §2,
(75) Inventors/Applicants (for US only): ARNOLD, Mackiin, Brisn UG, ZW), Borusisn patent (AM, AZ, BY, KG, KZ, MD,
[US/USE 6667 North Lawson Road, Morgantown, IN RU, TI1, TM}, European pateat (AT, BE, CH, CY, DB, DK,
46160 (US). JONES, Winton, Demis [US/US]; 1227 East ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
126th Streot, Carmel, IN 46033 (US). ORNSTHIN, Paul, patent (BF, BJ, CF, CG, CL, CM, GA, GN, GW, ML, MR,
Lestie [US/US]; 10441 Bosahan Court, Carmel, IN 46032 NE, SN, TD, TG).
(US). ZARRINMAYEH, Hamideh [IR/US]; 924 Sable Rum,
Carmel, IN 46032 (US). ZIMMERMAN, Dennis, Michael
Published
Wizh international search report.

(54) Tithe: N-SUBSTITUTED SULFONAMIDE DERIVATIVES
(57) Absiract

The present invention provides certain N-substiiuted sulfonamide derivatives useful for potentiating glutamate receptor function in a
mammal and therefors, maful for treating & wide variety of conditions, much as paychiptric and neurological discrders.
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The compounds of formula | can be prepared from compounds of formula
Il.. Compounds of formula |l can be prepared, for example, as described in
Scheme | below. The reagents and starting materials are readily available to
one of ordinary skill in the arl. All the substituents, unless otherwise specified
are previously defined.

Scheme |
R® R® R R
Rl_is_ N 4 lg—SOR —— “L’ﬁs_ir_ N—SOF’

formula Ili formula IV formula Il

In Scheme |, the compound of formula Il is reacted with the compound of
formula IV under standard conditions well known in the art to provide the
compound of formula 1. The leaving atom or group represented by Lg may be, for
aexample, a halogen atom such as a chlorine or bromine atom. The reaction is
conveniently performed in the presence of a base, for example an alkali metal
hydroxide, such as sodium hydroxide, an alkali metal carbonate such as potassium
carbonate, or a tertiary amine such as triethylamine or 1,8-
diazabicyclo[5.4.0jundec-7-ene. Suitable solvents include halogenated
hydrocarbons such as dichloromethane. The reaction is conveniently performed
at a temperature in the range of from -20 to 100°C, preferably from -5 to 50°C.

In addition, the compounds of formula 1l in which R1 represents a 4-
bromophenyl group may conveniently be converted into other compounds of
formula Il in which R represents another 4-substituted phenyl group by reaction
with an appropriate boronic acid derivative, for example, a benzeneboronic acid
derivative. The reaction is conveniently performed in the presence of a tetrakis
(triarylphosphine)paliadium(0} catalyst, such as tetrakis
(triphenyiphosphine)paliadium(0) and a base such as potassium carbonate.
Convenient solvents for the reaction include aromatic hydrocarbons, such as
tolusne. The temperature at which the reaction is conducted is conveniently in the
range of from 0 to 150°C, preferably 75 to 120°C. Bis aromatic intermediates
useful in the preparation of compounds of formula || may be prepared by reacting
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a bromoaromatic or bromoheteroaromatic compound with an aromatic or
heteroaromatic boronic acid in an analogous manner.

The boronic acid derivative used as a starting material may be prepared by
reacting a trialkyl borate, such as triisopropyl borate with an appropriate
organolithium compound at reduced temperature. For example, 2-fluoro-
benzeneboronic acid may be prepared by reacting 2-flucrobromobenzene with
butyllithium in tetrahydrofuran at about -78°C to afford 2-fluorophenyl lithium, and
then reacting this organolithium compound with triisopropyl borate..

Altematively, the compoundsa of formula If in which R represents a 4-
bromophenyl group may be converted to a 4-{trimethyistannyl)phenyl or 4-(tri-n-
butylstannyl)phenyl group by treatment of the corresponding bromide with a
palladium(0) catalyst, such as tetrakis{triphenylphosphine)-palladium(0) and
hexaalkyldistannane, where the alkyl group is methyl or n-butyl, in an aprotic
solvent such as toluene in the presence of a tertiary amine base such as triethyl-
amine, at temperatures ranging from 80 to 140°C, preferably from 80 to 110°C.

The compounds of formula Il in which R1 represents a 4-{tri-n-
butyistannyl)phenyl group may then be reacted with an aryl- or
heteroarylbromide, such as 2-bromothiophene-5-carboxaldehyde, in the
presence of a pailadium(0) catalyst, such as
tetrakis(triphenyiphosphine)palladium(0), or a palladium(li) catalyst, such as
bis(triphenylphosphine)-palladium(ll} dichloride, in an aprotic solvent, such as
dioxane, at temperatures ranging from 80 to 140°C, preferably from 90 to 110°C,
to afford the corresponding 4-{aryl)phenyl or 4-(hetercaryl)phenyl substituted
compound.

The compounds of formula 1l in which R1 represents a 4-bromophenyi

group may be converted into other compounds of formula il in which R‘l
represents a 4-substituted alkyl- or cycloalkylphenyl group, such as 4-
cyclopentylphenyl by treatment of the cormesponding bromide with an appropriate
alkyl- or cycloalkyl Grignard-reagent, such as cyclopentyl-magnesium bromide,
in the presence of a palladium(ll) catalyst, such as [1,1°-
bis(diphenylphosphino)ferrocene}-dichlorepaliadium(ii)}{PdCi2(dppf)), in an
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dichloromethane. The organics were concentrated in vacuo to afford 3.0 g of the
title compound (83%).

Pre jon 39 -
N-2-{4-bro 1 ropanesulfonamide

A solution of 15.0 g (59.8 mmol) of the material from Preparation 31 and
18.4 mL (131.8 mmol) of triethylamine in 150 mL of dichloromethane was stirred
20 min at room temperature, then cooled to 0°C and treated dropwise over 5 min
with 8.1 mL (71.9 mmol) of 2-propylsuifonyl chloride in 10 mL of
dichloromethane. After stirring overnight at room temperature, the reaction was
washed once with 200 mL of 10% aqueous sodium bisulfate, the layers
saparated and the aqueous layer extractad twice with 100 mL each of
dichloromethane. The combined organic extracts were dried (MgS04), filtered
and concentrated in vacuo. Chromatography (500 g of silica gel, 30% ethyl
acetate/ hexane) of the residue afforded 11.0 g (57%) of the titie compound.

Preparation 40
N- i-n-b tan - nes

To a degassed solution of 4.8 g (15.1 mmol) of material from Preparation
38, 2.1 mL (15.1 mmol) of triethylamine and 8.0 mL (15.9 mmol) of
hexabutylditin in 35 mL of toluene add 0.9 g (0.8 mmol) of tetrakis
(triphenylphosphine) palladium (0). The mixture was heated to 100° C for 16
hours, cooled to room temperature and diluted with 35 mL of ethyl acetate. The
midure was washed with 50 mL of 10% aqueous sodium bisulfate, the organic
layer was separated and the aqueous layer was extracted two times with 50 miL
each of ethyl acetate. The combined organics were dried (MgS0,), filtered and
concentrated in vacuo. Chromatography (350 g of silica gel, 20 % ethyl
acetate/hexane) of the residue afforded 3.5 g (44%) of the title compound as a
clear, coloriess oil.

Analysis calculated for C3HsNO,SSn : %C, 54.35; %H, 8.55; %N, 2.64. Found:

%C, 54.41; %H, 8.16; %N, 2.74.
Mass Spectrum: M = 530.

39
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gel, 35% ethyl acetate/hexane) of the residue afforded 1.5 g (37%) of the title
compound.

EXAMPLE 44
-1 -2 2 roph 8 | etha id

To a degassed solution of 1.5 g (5.1 mmol) of the product of Example 43,
1.4 g (7.7 mmol) of the product of Preparation 3 and 1.1 g (7.7 mmol) of
potassium carbonate in 20 mL of toluene was added 0.3 g (0.2 mmol) of tetrakis
(tripﬁanylphosphine)palIadium(O). The mixture was heated at 80°C for 18 hours.
it was then cooled to ambient temperature and 20 mi. of water were added. The
organic layer was separated and the aqueous layer was extracted three times
with 10 mL each of ethyl acetate. The combined organic extracts were dried
(MgSO04), filtered and concentrated in vacuo. The residue was suspended in
diethy! sther and filtered to afford 0.673 g (43%) of the title compound.
Field Desorption Mass Spectrum: M = 307
Analysis for C1gH{18FNO2S:

" Theory: C,62.52; H, 5.90; N, 4.56.
Found: C, 62.26; H, 5.92; N, 4.49.

Ly b ! ] Jerer, - =

A degassed solution of 2.4 g (7.5 mmol) of the material from Preparation
39, 1.7 g (11.2 mmol) of 4-formylphenylboronic acid, 1.6 g (11.2 mmol) of
potassium carbonate and 0.4 g (0.4 mmol) of tetrakis(triphenyi-
phosphine)palladium(0) in 33 mL of dioxane and 11 mL of water was heated to
100°C overnight. The mixture was cooled to room temperature, diluted with 20
mL of water, and extracted three times with 50 mL each of ethyl acetate. The
combined organics were dried (MgS04), filtered and concentrated in vacuo.
Chromatography (175 g of silica gel, 35% ethyl acetate/hexanse) of the residue
afforded 1.8 g (71%) of the title compound.
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between 10 mL. of dichloromethane and 5 mL of 5§ N aqueous sodium hydroxide.
The organic layer was separated and the aqueous layer was extracted three
times with 5 mL each of dichloromethane. The combined organics were dried
(Na;S0,), filtered and concentrated in vacuo. The resulting solid was suspended
in haxane, filtered, rinsed once with hexane and dried in vacuo at ambient
temperature to afford 0.4 g (88%) of the title compound.

Analysis calculated for C2H2sN;028 : %C, 66.63; %H, 7.83; %N, 7.77. Found:
%C, 86.93; %H, 7.79; %N, 7.94.

Mass Spectrum: M = 360.

EXAMPLE 51.
N- ethapesulfonamido e 12-
propanesulfonamide
To a room temperature solution of 0.1 g (0.3 mmol) of material from
Example 50 and 0.06 mL (0.4 mmol) of triethylamine in 2 mL of dichioromethane
was added 0.03 mL (0.4 mmol) of methanesulfonyl chloride. The mixture was
stirred at ambient temperature for 16 hours. Chromatography (10 g silica gel,
50% ethyl acetate/hexane) of the reaction mixture afforded 0.1 g (84%) of the
title compound.
Analysis calculated for C2yHxN20.Sz : %C, 57.51; %H, 6.89; %N, 6.39. Found:
%C, 57.90; %H, 6.72; %N, 6.33.
Mass Spectum: M = 438.

EXAMPLE 52

N-2 m nylipheny! nesu

To a solution of 0.5 g (1.5 mmol) of material from Example 45 in 5 mL
ethanol was added 0.08 g (1.5 mmol) of sodium borohydride. The mixture was
stirred at ambient temperature for 16 hours, concentrated in vacuo and
partitioned between 10 mL of ethyl acetate and 5 mL of water. The organic layer
was separated and the aqueous portion was axtracted three times with 5 mL
each of ethyl acetate. The combined organice were dried (MgS04), filtered and
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Analysis calculated for C1HNsO2S8: %C, 51.99; %H, 6.54; %N, 21.65. Found:
%C, 52.28; %H, 6.54; %N, 21.83.

Mass Spectrum: M = 323.

EXAMPLE 65
- 2-thiazol ro u mi

A solution of 0.7 g (2.1 mmol) of material from Preparation 39, 0.5 g ( 2.2
mmol) of material from Preparation 46 and 0.1 g (0.1 mmol) of tetrakis-
(triphenyiphosphine)palladium(0) in 6 mL of dioxane was heated to 100°C for 16
hours. The mixture was cooled to ambient temperature, diluted with 10 mL of
ethyl ether and washed once with 10 mL of saturated aqueous potassium
fluoride. The organic layer was separated and the aqueous layer was extracted
three times with 5 mL each of ethyl ather. The combined organics were dried
{MgSO,), filtered and concentrated in vacuo. Chromatography (30 g of silica gel,
45% ethyl acetate/hexane) of the residue afforded an oil which was crystallized
from ethy! ether, filtered and dried /n vacuo at 80°C to afford 0.3 g (41%) of the
title compound.
Analysis calculated for CisHaoN202S;: %C, 55.53; %H, 6.21; %N, 8.63. Found:
%C, 55.75; %H, 6.29; %N, 8.63.
Mass Spectrum: M = 324,

A solution of 0.3 g (0.9 mmol) of material from Example 53, 0.3g (1.9
mmol) of L-cysteine mathyl ester hydrachloride and 0.3 mL (1.9 mmol) of
triethylamine in 5 mL of ethanol was heated to reflux for 16 hours. The mbdure
was cooled to ambient temperature and concentrated in vacuo. The residue was
dissolved in 5 mL of ethyl acetate and washed once with 5 mL of water. The
organic layer was separated and the aqueous layer was extracted three times
with 5 mL each of ethyl acetate. The combined organic were dried (MgSO,),

5
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Toa dogasaed solutionof 1.0 g (3 1 mmol) of material from Preparatlon
38, 0.8 g (4.7 mmol) of 4-carboxyphenyiboronic acid and 0.7 g (4.7 mmol) of
potassium carbonate in 20 mL of 75% dioxane/water was added 0.2 g (0.2 mmol)
of tetrakis(triphenylphosphine)-palladium{0). The mixture was heated to 100°C
for 16 hours, cooled to ambient temperature and diluted with 15 mL of 10%
aqueous sodium bisulfate. The mixture was extracted three times with 20 mL
each of ethyl acetate. The combined organics were dried (MgSQ,), filtered and
concentrated in vacuo. Recrystallization of the residue from chlorobutane
afforded 0.4 g (37%) of the title compound. A 0.1 g sample was recrystallized to
afford 0.07 g of pure title compound.
Anelysis calculated for C1sHaNO,S: %C, 63.14; %H, 6.41; %N, 3.88. Found:
%C, 63.25; %H, 8.42; %N, 3.79.
Mass Spectrum: M = 361.

To a 0°C solution of 0.3 g (0.9 mmol) of material from Exampla 73 and 0.1
mL (0.9 mmol) of 4-methyl-morpholine in 5 mL of dichloromethane was added
0.1 mL (0.9 mmol) of isobutylchloroformate and the mixture was stimed at 0°C for
30 minutes. One third of the mixture was added to 2 mL. of 2.0 M ammonia in
methanol at 0°C and the cooling bath was removed. After 20 minutes, the
resulting solid was filtered and dried in vacuo at 60°C to afford 0,034 g (33%) of
the title compound.
Analysis calculated for CypH4N20s: %C, 63.31; %H, 6.71; %N,7.77. Found:
%C, 63.68; %H, 6.85; %N, 7.61.
Mass Spectrum: M = 360.
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EXAMPLE 77
- hen nyl i gsulfonamide

To a degassed solution of 1.0 g (3.1 mmol) of material from Preparation
39, 0.8 g (4.7 mmol) of 4-acetylphenylboronic acid and 0.7 g (4.7 mmol) of
potassium carbonate in 20 mL of 75% dioxane/water wis added 0.2 g (0.2 mmol)
of tetrakis(triphenylphosphine)palladium(0). The mixture was heated to 100°C
for 4.5 hours, cooled to ambient temperature and diluted with 15 mL of water.
The resulting solid was filtered, dried and recrystallized from chlorobutane to
afford 0.7 g (65%) of the titie compound. '
Analysis calculated for CxHxsNOsS : %C, 66.82; %H, 7.01; %N, 3.90. Found:
%C, 66.95; %H, 7.16; %N, 3.63.
Mass Spectrum: M = 359.

EXAMPLE 78 -
2 hiepyl ] 12 Ifonamide

To a degassed soiution of 0.4 g (0.8 mmol) of material from Preparation
40 and 0.09 mL (0.8 mmol) of 5-bromo-2-thiophenecarboxaldehyde in 3 mL of
dioxane was added 0.05 g (0.04 mmaol) of tetrakis(triphenylphosphine)-
palladium(0). The mixture was heated to 100°C for 16 hours, 0.04 mL (0.4 mmol)
of 5-bromo-2-thiophene-carboxaldehyde was added and heating was continued
for 6 hours. The mixture was cooled to ambient temperature and concentrated in
vacuo. Chromatography (25 g silica gel, 35% ethyl acetata/hexane) of the
residue afforded a solid which was suspended in ethyl ether, filtered and dried in

. vacuo to afford 0.06 g (24%) of the title compound.

Analysis calculated for C;yHz1NO»S; : 9'sc, 58.08; %H, 6.02; %N, 3.99. Found:
%C, 58.22; %H, 6.07; %N, 3.69.
Mass Spectrum: M = 351.

Toa soluuon of 003¢g (0 o8 mmol) of material from Example 78in1mL
ethanol was added 0.003 g (0.08 mmol) of sodium borohydride. The mixture was
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for 16 hours. The mixture was cooled to ambient temperature and
chromatographed (25 g silica gel, 35% ethyl acetate/-hexane) to afford an oil
which was crystallized from chlorobutane/hexane to afford 0.06 g (20%) of the
title compound.

Analysis calculated for C1gHaN20.S: %C, 65.03; %H, 7.28; %N, 8.43. Found:
%C, 65.17; %H, 7.40; %N, 8.29.

Mass Spectrum: M =332,

EXAMPLE 62
N- ro ) amj

To a degassed solution of 0.5 g (1.6 mmol) of material from Preparation
39, 0.3 g (2.3 mmol) of phenylboronic acid and 0.3 g (2.3 mmol) of potassium
carbonate in & mL of 7: dioxane/water was added 0.08 g (0.08 mmol) of
tetrakis(triphenylphosphine)palladium(0). The mixture was heated to 100°C for
16 hours, cooled to ambient temperature and diluted with 5 mL of water. The
mbdure was extracted three times with 5 mL each of ethyl acetate. The
combined organics were dried (MgSO0,), filtered and concentrated in vacuo.
Chromatography (25 g of silica gel, 25% ethyl acetate/hexane) of the residue
afforded 0.4 g (71%) of the title compound.
Analysis calculated for CsHnNO:S : %C, 68.14; %H, 7.30; %N, 4.41. Found:
%C, 67.81; %H, 7.23; %N, 4.61.

Mass Spectrum: M =317,

To a solution of 1 4g(37wnol)ofmatenalfmmEmaneBO in25 mL of
4:1 methanoliftetrahydrofuran was acdded 4.1 mL (4.1 mmol) of 1 N aqueous
sodium hydroxide. After § hours was added 1.0 mL (1.0 mmol) of 1 N aquecus
sodium hydroxide. The mixture stirred for 16 hours and was concentrated in
vacuo. The residue was dissolved in 25 mL of water and extracted once with
ethyl ether. The organic layer was discarded and the aqueous layer was
acidified to pH 2 with 10% aqueous sodium bisulfate. The aqueous layer was
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organic layer was separated, washed once with 1 N aqueous sodium hydraxide,
dried (MgSO.,). filtered and concentrated in vacuo. The residue was dissolved
in 1 mL of dichloromethane, filtered through a plug of silica gel eluting with 35%
athyl acetate/hexane and concentrated in vacuo to afford 0.1 g (72%) of the title
compound.

_Analysis calculated for C1sH2NO2S: Br: %C, 47.76; %H, 5.01; %N, 3.48. Found:
%C, 48.02; %H, 5.22; %N, 3.48.
Mass Spectrum: M +2 = 404,

EXAMPLE 65
-2-{4-{4-(2-{N-{(1-b nyl isul ido)ethanoyl)-
phenviiohenviloropyi 2-propanesutfonamide -
A N-(4-tri-n-butyistannylphenyl)carbonyimethyl-N-t-butoxycarbonyl-
methanesulfonamide. To a degassed solution of 5.0 g (12.7 mmol) of material
from Preparation 44 (Step B), 7.1 mL (14.0 mmol) of bis{tributyitin) and 2.0 mL
{14.0 mmol) of triethylamine in 35 mL of toluene was added 0.7 g (0.6 mmol) of
tetrakis(triphenylphosphine)palladium(0). The mixture was heated to refiux for 16
hours, cooled to ambient temperature and diluted with 35 mL. of athy! acetate.
The mixture was washed once with 30 mL of 10% aqueous sodium bisulfate, the
organic layer was saparated and the aqueous layer was extracted three times
with 15 mL each of ethyl acetate. The combined organics were dried (MgSO,),
fittered and concentrated in vacuo. Chromatography (200 g of silica gel, 5%
ethyl acetatevhexane) of the residue afforded 2.2 g (28%) of the title compound.
Analysis calculated for CasHeNOsS Sn: %C, 51.84; %H, 7.53; %N, 2.33. Found:
%C, 52.12; %H, 7.56; %N, 2.57.
Mass Spectrum: M+2 =604,
B.. Toa degassed solution of 1.1 g (3.5 mmol) of material from Preparation
39, 2.1 g (3.5 mmol) of material from Step A in 10 mL of toluene was added 0.2g
(0.2 mmol) of tetrakis(triphenylphosphine)palladium(C). The mixture was heated
to 92°C for 16 hours, 0.2g {0.2 mmol) of tetrakis(triphenylphosphine)palladium(0)
was added and heating continued for four hours. The mixture was cooled to
ambient temperature and diluted with 5 mL of ethyl acetate. 5 ml of saturated

6
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aqueous potassium fluoride was added and the mixture stirred for one hour. The
mixture was filtered through diatomaceous earth, the organic layer was
separated and the aqueous layer was extracted three times with 5 mL each of
ethyl acetate. The combined organics were dried (MgSO,), filtered and
concentrated in vacuo. Chromatography (50 g of silica gel, 40% ethyl
acetate/hexane) of the residue afforded a tan solid which was suspended in ethyl
ether, filtered and dried /n vacuo to afford 0.2 g (10%) of the title compound.
Analysis calculated for CaeHxN:0:S;: %C, 56.50; %H, 6.57; %N, 5.07. Found:
%C, 56.56; %H, 6.73; %N, 5.18.

Mass Spectrum: M = 552,

EXAMPLE 87
N-2- ido a enyl -
propenesulfonamide

A solution of 0.2 g (0.3 mmol) of material from Example 86 in 2.5 mL of
20% trifluoroacetic acid/-dichloromethane was stirred at ambient temperature for
1.5 hours. The mixture was concentrated in vacuo, dissolved in 5 mL of
dichloromethane and washed with 5 mL of saturated aqueous sodium
bicarbonate. The organic layer was separated and the aqueous layer was
extracted three times with 5 mL each of dichloromethane. The combined
organics were dried (Na,S0,), filtered and concentrated in vacuo.
Chromatography (10 g of silica gel, 60% ethyl acetate/hexane) of the residue
afforded 0.1 g (60%) of the title compound.
Analysis calculated for Ca1HxsN1OsS2: %C, 55.73; %H, 8.24; %N, 6.19. Found:
%C, 55.44; %H, 6.17; %N, 6.15.
Mass Spectrum: M = 452,

_ LE 88
N- 1.1-di 1,2-hiezinyl \iphenylipropyl 2-
propanesulfonamide
A solution of 0.1 g (0.4 mmol) of material from Preparation 49 and 0.2 g
(0.4 mmol) of material from Preparation 40 in 2 mL of 20% dioxane/toluene was
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Analysis calculated for CyeHasNsO2S: %C, 54.68; %H, 7.17; %N, 19.93. Found:
%C, 54.78; %H, 6.93; %N, 19.76.
Mass Spectrum: M+ 1 = 352,

Example 83
N- 2 ] enyl | nes amide
The title compound was prepared from the product of Example 63 as
described in Example 64 with the exception that allyl bromide was used instead
of iodomethane.
Analysis calculated for C1sHxNs0:S: %C, 54.99; %H, 6.63; %N, 20.04. Found:
%C, 54.99; %H, 6.40; %N, 19.77.
Mass Spectrum: M+ 1 = 350.

| ||.‘I‘

N propy anesujfonamide -

A N-2-{4-(4-4t-butoxycarbonylaminophenyl)phenyl)propyl 2-propane-
sulfonamide: A degassed solution of 0.9 g (2.9 mmol) of material from Example ,
39, 1.4 g ( 2.8 mmol) of material from Preparation 51 and 0.2 g (0.1 mmol) of
tetrakis({riphenyiphosphine)palladium{0) in 10 mL of toluene was heated to refiux
for 5 hours. The mixture was cooled to ambient temperature and concentrated

in vacuo. Chromatography (100 g of silica gel, 30% ethyl acetate/hexane) of the
residue affordad 0.15 g (12%) of the title compound.

Mass Spectrum: M =432,

B. A solution of 0.2 g (0.5 mmol) of material from Step A in 2.5 mL of 20%
trifluoroacetic acid/-dichioromethane was stirmed at ambient temperature for two
hours. The mixture was concentrated in vacuo, dissolved in 2 mL of
dichloromethane and washed once with 1 mL of saturated aqueous sodium
bicarbonate. The organic layer wﬁs separated and the aqueous layer was
exiracted three times with 1 mL each of dichloromethane. The combined

organics were dried (Na;S0,), filtered and concentrated in vacuo. The residue
was crystallized from chlorobutans/hexane to afford 0.03 g (20%) of the title
compound,
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EXAMPLE 122
- n enyl)eth ne: namide

To a solution of 1.7 g (3.4 mmol) of material from Preparation 48 and 0.6 g
(3.4 mmol)of 4-bromobenzonitrile in 10 mL of toluene was added 0.2 g (0.17
mmol) of tetrakis (triphenylphosphine)paliadium(0). The mixture was heated at
100 °C for 18 h. The mixture was cooled and the solid was filtered and rinsed
with 10 mL hexane to afforded 0.4 g (38%) of the title compound.
Analysis calculated for C18H20N202S: %C, 65.83; %H, 6.14; %N, 8.53.
Found: %C, 65.61; 3%H, 5.87; %N, B.44.
Field Desorption Maas Spectrum: M = 328.

EXAMPLE 123

N- 4-N'.N'-diethylami ! 1)pro ulfonami

A. 4-N N-diethylaminobenzeneboronic acid: A solution of 10 g (43.8 mmol) of 4-
bromo-N,N-diethylaniline in 150 mL of tetrahydrofuran was cooled to -78 °C and
30 mL (48.2 mmol) of 1.6M n-butyllithium was added dropwise. The mixture was
stirrad at -78 *C for 60 min then 15.2 ml. (65.7 mmol) of triisopropyl borate was
added dropwise and stirring was continued for 60 min. The cooling bath was
removed and then 75 mL of water and SN hydrochioric acid was added until
pH=6 and stirring was corntinued for 18 h. The aqueous layer was separated and
the organic layer was extracted two times with 25 mL each of 1N sodium
hydroxide. The combined aqueous extracts were acidified with cone.
hydrochloric acid to pH=7. The resulting solid was filtered and washed with 20
mL methyl alcohol 10 2.8 g {(33%) of the title compound.

B. To a solution of 0.5 g (1.6 mmol) of material from Preparation 38, 0.36 g (1.9
mmol) of material from Example 123A and 0.33 g (2.4 mmol) of potassium,
carbonate in 4 mL of dioxane and 1 mL. of water was added 0.09 g (0.07 mmol)
of tetrakis(triphenyiphosphine)pailadium(0). The mixture was heated at 90 *C for
18 h. The mixture was cooled to room temperature and 10 mL of water and 5 mL
of ether was added. The organic layer was separated and the aqueous layer
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was extracted three times with 5 mL each of ether. The combined organic
extracts were dried (MgS04), filtered and concentrated in vacuo.
Chromatography (25 g of silica gel, 25% ethyl acetate/hexane) of the residue
afforded 0.38 g (61%) of the title compound.

Analysis calculated for C22H32N202S: %C, 68.00; %H, 8.30; %N, 7.21.
Found: %C, 67.70; %H, 8.52; %N, 6.98.

Field Desorption Mass Spectrum: M = 388.

EXAMPLE 124
- -fluorophenyl | 1-chioromethanesulfonamide

A solution of 0.4 g (1.7 mmol) of material from Preparation 6 and 0.27 mL
(1.9 mmol) of triethylamine in 10 mL of dichloromethane was cooled to O °C. A
solution of 0.15 mL (1.7 mmol) of methanesulfonyl chloride in 1 mL of
dichloromethane was added. The ice-bath. was removed and the mixture was
stirred at room temperature for 3 h. The mixture was washed with 10 mL of 10%
aqueous sodium bisulfate, the organic layer was separated and the aqueous
layer extracted three times with 5 mL of 1.1 dichloromethane/ether. The
combined organics were dried (MgS04), filtered and concentrated in vacuo to
afford 0.60 g (100%) of the title compound.
Analysis calculated for C{gH47CIFNO2S: %C, 56.22; %H, 5.01; %N, 4.10.
Found: %C, 58.55; %H, 5.27; %N, 4.10.
Field Desorption Mass Spectrum: M = 341.

propanesutfonamjde
To a solution of 1.3 g (2.5 mmol) of material from Preparation 40 and 0.65
g (5.0 mmol)of 3-chioro-8-methyl pyridazine in 10 mL of toluene was added 0.14
g (0.12 mmol) of tetrakis (triphenyiphosphine)palladium{0). The mixture was
heated at 80 °C for 18 h. The mixture was cooled and filtered through
diatomaceous earth and rinsed with 10 mL ethyl acetate. The filtrate was

|00
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To a solution of 3.2 g (10.2 mmol) of material from Preparation 38, 2.0 g
(12.2 mmol) of 3-acetylbenzeneboronic acid and 2.1 g {15.2 mmol) of potassium
carbonate in 28 mL of dioxane and 7 mL of water was added 0.59 g (0.51 mmol)
of tetrekis (triphenyliphosphine)palladium(0). The mixture was heated at 80 °C
for 18 h. The mixture was cooled to room temperature and 30 mL of water and
30 mL of ether was added. The organic layer was separated and the aqueous
layer was extracted three times with 10 mL each of ether. The combined organic
extracts were dried (MgS04), filtered and concentrated in vacuo.
Chromatography (150 g of silica gel, 35% ethyl acetate/hexans) of the residue
afforded 2.4 g (66%) of the titie compound.
Analysis calculated for C20H25N03S: %C, 66.82; %H, 7.01; %N, 3.89. Found:
%C, 66.38; %H, 6.96; %N, 3.73.
Field Desorption Mass Spectrum: M = 359.

EXAMPLE 133
2 1 henyl | 2 anesu i

To a solution of 0.5 g (1.4 mmot) of material from Example 132 in 5 mL of
ethy! alcohol was added 0.05 g (1.4 mmol) of sodium borohydride. The mbdure
was stirred at ambient temperature for 2 hr, concentrated in vacuo and then 10
mlL of ethyl acetate and 10 mL of water was added. The organic layer was
separated and the aqueous layer was extracted three times with 5 mL each of
ethyl acetate. The combined organic extracts were dried (MgS04), filtered and
concentrated in vacuo. Chromatography (40 g of silica gel, 50% ethy!
acetate/hexane) of the residue afforded 0.3 g (65%) of the title compound.
Analysis calculated for C20H27NO3S: %C, 66.40; %H, 7.53; %N, 3.87. Found:
%C, 66.56; %H, 7.65; %N, 3.92.
Field Desorption Mass Spectrum: M = 361.

[0}
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EXAMPLE 134
~2-{4-{2-benzothienyliphenyl}propyl 2-propanesuifonamide

To a solution of 0.5 g (1.5 mmol) of material from Preparation 39, 0.3 g
(1.9mmol) of benzo|bjthiophene-2-boronic acid and 0.3 g (2.3 mmotl) of
potassium carbonate in 4 mL of dioxane and 1 mL of water was added 0.09 g
(0.08 mmol) of tetrakis (triphenylphosphine)paliadium(0). The mixture was
heated at 90 °C for 18 h. The mixture was cocled to room temperature and S mlL
of water and 5 mL of ether and 10 mL ethyl acetate was added. The mixture was
concentrated in vacuo and the rasidue was dissolved in 10 mL of ethy! acetate
and washed with 10 mL of brine. The organic layer was separated and dried
(MgSQ04), filtered and concentrated in vacuo. Chromatography (50 g of silica
gel, 35% ethyl acetate/hexane) of the residue &afforded 0.08 g (14%) of the title
compound.

Analysis calculated for C20H23N025270.1 CHCI3: %C, 62.40; %H, 6.07; %N,
3.63. Found: %C, 62.83; %H, 6.04; %N, 3.63
Field Desorption Mass Spectrum: M = 373.

EXAMPLE 135 -
- j henyl i jde

To a solution of 0.5 g (1.6 mmol) of material from Preparation 39, 0.4 g
(1.9 mmol) of 3,4-dichlorobenzeneboronic acid and 0.3 g (2.3 mmol) of
potassium carbonate in 5 mL of dioxane and 1 mL of water was added 0.09 g
{0.08 mmol) of tetrakis (triphenylphosphine)palladium(0). The mixture was
heated at 90 °C for 18 h. The mixture was cooled to room temperature and 5 mL
of water and 5 mL of ether was added. The organic layer was separated and the
aqueous layer was extracted three times with 5 mL each of ethyl acetate. The
combined organic extracts were dried (MgSO4), filtered and concentrated in
vacuo. Chromatography (75 g of silica gel, 35% ethyl acetate/hexane) of the
residue afforded 0.52 g (868%) of the title compound. A second chromatography
(40 g of silica gel, 35% ethyl acetate/hexane) of the title compound afforded 0.25
g (41%) of the title compound.
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Analysis calculated for C18H21CI2NO2S: %C, 55.95; %H, 5.48; %N, 3.62.
Found: %C, 56.22; %H, 5.28; %N, 3.56.
Field Desorption Mass Spectrum: M-1 = 385.

EXAMPLE 138
-2 b 12 nesu mide

To a solution of 0.5 g (1.6 mmol) of material from Preparation 39, 0.25 g
(1.9 mmol) of 4-methylbenzeneboronic acid and 0.3 g (2.3 mmol) of potassium
carbonate in 5 mL of dioxane and 1 mL of water was added 0.08 g (0.08 mmol)
of tetrakis (triphenylphosphine)palladium{0). The mixture was heated at 80 °C
for 18 h. The mixture was cooled to room temperature and 5 mL of water and 5
mL of ether was added. The organic Ieyer was separated and the aqueous layer
was extracted three times with 5 mL each of ethyl acetate. The combined organic
extracts were dried (MgS04), filtered and concentrated in vacuo.
Chromatography (30 g of silica gel, 35% ethyl acetate/hexane) of the residue
afforded 0.42 g (82%) of the title compound. A second chromatography (25 g of
silica gel, 35% ethyl acetata/haxane) of the titie compound afforded 0.24 g (46%)
of the title compound.
Analysis calculated for C1gH25N02S: %C, 68.80; %H, 7.60; %N, 4.20. Found:
%C, 69.11; %H, 7.70, %N, 4.10.
Field Desorption Mass Spectrum: M = 331.

To a solution of 0.5 g (1.6 mmol) of material from Preparanonas 0.29¢g
(1.9 mmol) of 4-chlorobenzeneboronic acid and 0.3 g (2.3 mmol) of potassium
carbonate in 5 mL of dioxane and 1 mL of water was added 0.09 g (0.08 mmol)
of tetrakis (triphenyiphosphine)paliadium(0). The mixture was heated at 90 °C
for 18 h. The mixture was cooled to room temperature and 5 mL of water and 5
mL of ether was added. The organic layer was separated and the aqueous layer
was extracted three times with 3 mL each of ethy! acetate. The combined organic
extracts were dried (MgSO04), filtered and concentrated in vacuo,
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Chromatography (35 g of silica gel, 35% ethyl acetatefhaxane) of the residue
afforded 0.38 g of the title compound. The compound was recrystallized to purity
with ether to afford 0.36 g (65%) of the title compound.

Analysis calculatad for C18H22CINO2S: %C, 61.40; %H, 6.30; %N, 3.98.
Found: %C, 61.48; %H, 6.11; %N, 3.62.
Field Desorption Mass Spectrum: M = 351.

. : oyl 2-propanesyifonamide
To a solution of 0.5 g (1.6 mmol) of material from Preparation 38, 0.25 g
(1.9 mmol) of 2-methylbenzeneboronic acid and 0.3 g (2.3 mmol) of potassium
carbonate in 5§ mL of dioxane and 1 mL of water was added 0.09 g (0.08 mmol)
of tetrakis (triphenylphosphine)palladium(0). The mixture was heated at 90 °C
for 18 h. The mixture was cooled to room temperature and 5 mL of water and 5
mL of ether was added. The organic layer was separated and the aqueous layer
was extracted three times with 4 mL each of ethy! acatate. The combined organic
extracts were dried (MgS04), filtered and concentrated in vacuo.
Chromatography (30 g of silica gel, 30% ethyl acetata’hexane) of the residue
afforded 0.35 g (68%) of the title compound.

Analysis calculated for C1gH25N02S: %C, 68.8; %H, 7.60; %N, 4.20. Found:
%C, 88.82; %H, 7.75; %N, 4.23.

Field Desorption Mass Spectrum: M = 331.

N-2-{4 methylphe DIQ

EXAMPLE 139
-2-(4-3.5-dichloro 8 12-pro nami ]

To a solution of 0.5 g (1.6 mmol) of matarial from Preparation 39, 0.36 g
(1.9 mmol) of 3,5-dichiorobenzeneboronic acid and 0.3 g (2.3 mmol) of
potassium carbonate in 5 mL of dioxane and 1 mL of water was added 0.08 g
(0.08 mmol) of tetrakis (triphenylphosphine)paliadium(0). The mixture was
heated at 80 *C for 18 hr and then 0.36 g (1.9 mmol) of 3,5-
dichlorobenzeneboronic acid was added. The mixture was heated at 90 °C for
another 18 h. The mixture was cooled to room temperature and 10 mL of water
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and 10 mL of ether was added. The organic layer was separated and the
aqueous layer was extracted three times with 5 mL each of ethyl acetate. The
combined organic extracts were driad (MgS04), filtered and concentratad in
vacuo. Chromatography (35 g of silica gel, 10% ethy! acetate/ftoluene) of the
residue afforded 0.36 g (60%) of the title compound.

Analysis calculated for C18H21NCI202S: %C, 55.90; %H, 5.50; %N, 3.60.
Found: %C, 56.22; %H, 5.50; %N, 3.39.

Field Desorption Mass Spectrum: M-1 = 385.

N-2-{4-{4-{rifluorg NeMnyIpno: 1\phenvyl)propyl 2-propanesulfonamide

To a solution of 0.5 g (1.8 mmol) of material from Preparation 39, 0.35g
(1.9 mmol) of 4-triflucromethylbenzeneboronic acid and 0.3 g (2.3 mmel) of
potassium carbonate in 5 mL of dioxane and 1 mL of water was added 0.09 g
(0.08 mmol) of tetrakis (triphenylphosphine)palladium(0). The mixture was
heated at 90 *C for 18 h. The mixture was cooled to room temperature and 5 mL
of water and 5 mL of ether was added. The organic layer was separated and the
aqueous layer was extracted three times with 4 mL each of ethyl acetate. The
combined organic extracts were dried (MgS04), filtered and concentrated in
vacuo. Chromatography (50 g of silica gel, 20% ethyl acetate/hexane) of the
residue afforded 0.40 g (67%) of the title compound.

Analysis calculated for C19H22F3NO2S: %C, 5§9.20; %H, 5.75; %N, 3.60.
Found: %C, 59.14; %H, 5.67;, %N, 3.34.

Field Desorption Mass Spectrum: M = 385,

EXAMPLE 141
2 rifluo, / i asulfonamide
To a solution of 0.5 g (1.6 mmol) of material from Preparation 39, 0.35g
(1.9 mmol) of 3-trifluoromethylbenzeneboronic acid and 0.3 g (2.3 mmol) of '
potassium carbonate in 5 mL of dioxane and 1 mL of water was added 0.09 g
(0.08 mmol) of tetrakis (triphenyiphosphine)palladium(0). The mixiure was
heated at 80 *°C for 18 h. The mixture was cooled to room temperature and 5 mL
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of water and 5 mL of ether was added. The organic layer was separated and the
aqueous layer was extracted three times with 4 mL each of ethyl acetate. The
combined organic extracts were dried (MgS04), filtered and concentrated in
vacuo. Chromatography (50 g of silica gel, 20% ethyl acetate/hexans) of the
residue afforded 0.44 g (73%) of the title compound.

Analysis calculated for C1gH22FaNO2S: %C, 59.20; %H, 5.75; %N, 3.60.
Found: %C, 56.20; %H, 5.72; %N, 3.62.

Fie!d Desorption Mass Spectrum: M = 385.

PLE
3-nj :] I ro sulfonami

To a solution of 0.5 g (1.6 mmol) of material from Preparation 38, 0.31 g
(1.9 mmol) of 3-nitrobenzene-boronic acid and 0.3 g (2.3 mmol) of potassium
carbonate in 5 mL of diaxane and 1 mL of water was added 0.08 g {0.08 mmol)
of tetrakis (triphenylphosphine)
palladium{0). The mixture was heated at 90 *C for 18 h. The mixture was cooled
to room temperature and 5 mL of water and 5 mL of ether was added. The
organic layer was separated and the aqueous layer was extracted three times
with 4 mL each of ethyl acetate. The combined organic extracts were dried
(MgS04), fittered and concentrated in vacuo. Chromatography (50 g of silica
gel, 35% ethyl acetate/haxane) of the residue afforded 0.40 g (71%) of the title
compound.
Analysis calculated for C18H22N204S: %C, 59.60; %H, 6.12; %N, 7.73.
Found: %C, 59.59; %H, 6.07;, %N, 7.74.
Field Desorption Mass Spectrum: M = 362,

EXAMPLE 143
= 3Hhie 11 sulfonamide
A. Isobutylsulfonyl chloride: A solution of diisobutyldisulfide 13 g (73 mmol) in
100 mL of water is cooled to 0 °C. Chiorine gas was bubbled through the
aqueous solution until a yeliow solution persists and then nitrogen gas was
bubbled through for 15 min. The reaction mixture was diluted with 100 mL of
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Verfshren zur Herstellung von Nitrobiphenylen

Beschraibung

Die vorliegende Erfindung betriffc ein Verfahres zur Herstellung
von Nitrobiphanylan dexr Formel I

M)y (R)p

in dear m fir 1 oder 2 steht, R Malogan, R’ oder OR’ bedsutet, wo-
bel R’ ein C-organischsr Rast ist, welchsar unter dan Reaktionsbe-
dingungen inerte Gruppen tragen kann, wobel n fOr 0, 1, 2 oder )
steht und im Falle, da8 n 2 oder 3 ist, die Reste R auch ver-
schieden sein k&émen, welches dadurch gekennzsichnet ist., da8 man
ein Chlornitrobsnzol der Formal II

Q—c:. (o)

(NO3) 5

in Gegenwart sinss Palladium-Katalysators und sinar Base in einem
Losungsaittel mit einer Fhenylboromsfura (ITIa)

BO 10
.;;"Q {I111a) :;‘—Q (IIIb)

{(R)g {R)p

ainem ihrer Alkylester dar Formsl IIIh, wobel R! die Bedsutung
C1-Cs~Alkyl hat, odar sinsm ihrer Anhydride umsetst.

Aus Synth. Comsun. 11, Seite 513 (1981) ist bekannt, das Phenyl-
boronsdure mit Chlorbanzol in Gegenwart von Tetrakis(triphsuyl-
phosphan)palladiuve und Matriumathanolat aicht zu Biphemyl gekup-
pelt werdan kann.

Tatrahedron Latt. 33, Seite 32277 (1991) ist xu sntnshmen, dad die
Kupplungsreaktion swischan Fhenylboronsiure und Chlorbenzol beld
Verwendung des Xatalysators {1,4-bis-(Diphenylphosphan)butan]pal-

_ #
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ladium(II)dichlorid mit einer Aushsutse von lediglich 28 % ver-
lauft.

Dexr vorliegenden Exfindung lag daher dis Aufgabe sugrunds, ein
wirtschaftliches Verfahren zur Herstellung von Nitrcbiphanylen
baraitsustellen, welches mit gut suginglichen Palladiuvm-Katalysa-
toren arbeitet.

Demgenil wurde das eingangs definierte Verfahren gefunden.

Die Fhenylboronsiursn IIXa, deren Estar IXIb und Anhydride wie
IIlc, welchs ia folgenden susammenfassand als "Borverbindungen
III” bexzeichnet werden, sind allgemein bekannt odar in an sich
bekannter Weise arhiltlich (vgl. x.B. Org. Synth. Coll. Vol. IV,
Seita 68).

BSavorzugte C-oxganischa Raste R’ sind:

- Alkyl- und Alkenylgruppen, insbesondexe mit 1 bis 12 Kohlan-
stoffatoman wis Nethyl, Ethyl, Propyl, Butyl und Allyl,

= Alkylearbonyl- und Alkaxycarbonylgruppen, insbesondere mit 1
bis § Kohlenstoffatomen wie Acetyl, Mathoxycarbonyl und Etho-

xycarbonyl,

- Cycloalkylgruppan, insbesscndare mit 3 bis 10 Kohlanstoffato-
nan wis Cyclopantyl, Cyclohaxyl und l-Methylcyclohaxyl sowlie

- FPhenyl- und Phanoxygruppen.

tUntezr den Mssktionsbedingungen inarte Substitusnten des C-oxganl-
schen Restas R’ sind vorsugsweiss Halogen und daneben Alkyl- und
Alkoxygruppen.

Weitere C-organische Reste R’ sind:
= Cyano- und die m'(-wi
In den Anhydridan sind normslerweise Produkte dar Zussmmsnlage-

rung van twai oder mahreren Aguivalenten Phenylboronsiure IIIs
unter Wasseraustritt, walche intermoleXulare B-0-B-Briickan ant-

halten., Bavorzugt sind cyclische Anhydrida der Formel IIlc.
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Bei den Stoffmengsnangaben, walcha sich auf die Borverbindungsn
IXII beziehen, ist das im folgendan zu berlcksichtigen. Diase Man-
genangaben bezishen sich stets auf Phenylborsdure-Agquivalaenta.

In allganesinan kinnen Alkylester dear Formsl IIIh, in dar Rl die
Badeutung C;-Cg-Alkyl hat, singesetzt werdasn. Bevorzugta Alkyl-
esatar IXTh aind dies Dimathylestar und dia Diathylestar.

Vorzugswaise geht man bel dem erfindungsgemifen Verfahren von dan
Phanylbozrcnsiuren IIla aus.

¥Weiterhin geht man bevorzugt von Borverbindungen der Formel IIX
sus, in densn R fir eins C;-Cy-Alkylgzuppe oder Halogem und inabe-
sondare fdr Methyl, Fluor odsr Chlor steht.

Daridbarhinsus sind Borverbindungen III als Ausgangsmaterial be-
vorzugt, in demen n f£ir 1 und insbesondere f£4r 0 steht.

Gan: basonders bevorzugt sind é-Nethylphanylboronsliura, l-rluor-.
phenylboronsiure und vor allem 4-Chlorphanylboronsdure als Aus-
gangeverbindung IIIa.

Vormngswaise gaht m von NMitrochlorbansolen II aus, wslche ._l.nc
einzige Nitrogruppe tragen (m = 1), insbasondere 4-Nitrochlorbem-
20l und vor allam 2-Nitrochlorbanzol.

Die Borvarbindungen IXII (Fhemylboromséure-Aguivalente) werdan,
bezogen auf die Verbindungen II, normalerweise ait bis zu 50-pro-
sentigem, .vorsugsweiss mit bis zu 20-prozentigem Obarschul und
besondars bevorsugt dquimolar singesstzt.
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Als Base kinnen organische Basen wie 3.B. tertilre Anine einge-
astat werdan. Bevorzugt verwendet man 5.B. Tristhylamin oder
Dimsthylcyclohaxylamin.

Als Base verwvandat man vorsugsweise Alkalimstallhydroxide, Erdal-
kalizetallhydroxide, Alkalimetallcarbonate, Erdalkalimestallearbo-
nate, Alkalimetallhydrogenoarbonate, Alkalimatallacetate, Erdal-

kalimatallacetata, Alkalimstallalkoholate und Erdalkalimstallal-

koholata, im Gemisch und inabesondsre sinzaeln.

A:'l- Base besonders bevormugt sind Alkalimetallhydroxids, Exdalka-
limetallhydroxide, Alkalimstallcarbonate, Erdalkalimetallcarbo-
nate und Alkalimatallhydrogencarbooats.

Als Base gans besonders bevorzugt sind Alkalinmetallhydroxide,
2.B. Natriuvshydroxid und Ealiumhydroxid, aowie Alkalimetallearho-
nate und Alkalimetallhydrogencarbonate, =.B. Lithiumcarbonat, ¥a-
triumcarbonat ynd EKaliuscarbonat.

Die Basa wird im erfindungsgemifien Verfahran vorsugsweise mit ei-
nea Anteil von 100 bis 500, bescndars bevarxugt 150 bis 400
Mol-%, bazogen auf die Borverbindung III, singesetzt.

Gasignata Falladiuvp-EKatalysatorsn aind Palladium-Ligandenkonplexe
mit Palladiun in dar Oxydationsstufe Null, Salze des Palladiums
in Gegenwart von Komplexliganden odar gegsbanenfalls auf Triger
aufgezogenss metallisches Palladium, vorsugsweise in Gegenwart
von Koamplexligendem, )

Gesignate Komplexligandan sind neutrale Liganden wie Triaxryl-
phosphane, welcha in desm Arylringen gegeabansnfalls substitulert
sein kinnen. Dia Wasserléslichkeait dar Palladiun-Koeplaxa 1Bt
sich &urch folgendsn Bubatituanten verbassern: Sulfounsiuresals-
grvppan, Sulfonsiuregruppen, Carbonsiurssalzgruppen, Carbonsfure-
gruppen, Phosphonsiuresaligruppen, Phosphonsfuregruppen, Phoapho-
niumgruppan, Peralkylammoeniumgruppen, Hydroxygruppen und Poly-
ethergruppen. o )

" Aus den Palladium-Ligandenkomplexan mit Palladium in der Oxidati-

cosstufe 0 verwandst man vorsugsweise Tetrekis(triphemyl-
phoaphan)palladium ynd daneben Tetrakis[tri(o-tolyl)phosphan]pal-
ladium.

ju
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In den BSalzan des Palladiums, walcha in Gegenwart von Xoxplexli-
gandsn verwendst werden, liegt das Palladiua normalerweise in der
sweifach positiven Oxydationsstufs vor. Bevorsugt verwendet man
Palladiumacetat oder Palladiumchlorid.

In dar Regal wardsn 2 bis ¢ Aguivalente der vorsteshend genannten
Komplexliganden, insbesonders PTriphenylphosphan, mit sines Aqui-
valent des Falladiumsalzes kombiniert (vgl. 2.3. J. on Chem,
49, seite 5240 {1984)).

Im Obrigen sind dsrartige 1dsliche Palladium-Komplexs allgemein
bakannt (vgl. x.B. Angew. Chem. 105, Seite 1589 (1993)), so dx8
sich weitere Ausfihrungen hierzu eribrigen.

Nstallisches Fallsdium varwvendat man vorsugsweise in pulverisier-
tar Form odar auf einem Trigermaterial, 3.B. als Palladium auf
Aktivkohle, Pallpdium auf Aluminivecxid, Palladium auf Bariumcar-
bonat, Palladium auf Bariumsulfat, Palladius auf Calciumcarbonat,
PFalladium auf Alumigiumpilikaten wie Montmorillonit, Palladium
suf 8103 und Palladium auf Calciumcarbonat, jeweils mit einem Pal-
ladiumgebalt von 0,5 bis 12 Gav.-%. Diese Estalysataren kinnen
nsban Palladium und dem Trigermaterial weitsre Dotierstoffas, =.B.
Blsi, enthalten.

Basondars bevorsugt ist bei der Varwvendung von gegsbanenfalls aunf
Triger aufgezogeanem, satallischea Falladium die Mitverwendmy der
vorstehand genamntan Eomplexligundem, ingbesondars die Verwendung
ven Palladium auf Aktivkohle in Gegenwart ven Triphanylphosphan
als Komplaxligand, wobaei die Phenylgruppen ia Triphsnylphosphan
vorzugeweise nit insgessmt sin bia drel Sulfodatgruppen substi-
tuiert sind.

In der Regel werdem 2 bis 3 Aguivalenta der vorstehand genannten
Komplaxligandsn pro iquivalent das Palladiumsstalls vervendst.

Dar Palladium-Eatalysator wird im erfindungsgemifen Verfahran mit
eivem Anteil vom 0,01 bis 10, vorsugsweiss 0,05 bis 5 und insbe-

- sondsre 0,1 bis 3 Mol-% besogen auf dis Verbindung II eingesstst.

Das srfindungsgemife Verfghren kann in einem Zweiphasensystem aus
wiriger Phase und fester Phase, d.h. dem Katalysator, durchge-
fihrt wverden. Die wilrige Fhase kinn dabei neben Wasser auch ain

wvassarlisliches organisches Lisungsmittel enthalten.

Fir das srfindungagsmilie Verfahren geeignats organische ldsungs-
-_1::.1 sind beispislsweiss Ether, s5.B. Dimethoxyethan, Disthylen-
glykoldimathylether, 'I.'.:rahyd:‘otunn._ Dioxan und tert.-Butylms-
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thylether, Xohleaowasserstoffe, 5.). Hexan, Heptan, Cyclohexan,
Banzol, Toluol und Xylol, Alkohole, =.B. Methanol, Ethanol,
1-Propanol, 2-Propancl, Ethylenglykol, 1l-Butanol, 2-~Butanol und
tert.-BPutanol, Kstoma, =.B. Aceton, Ethylmsthylketon und iso—-Bu-
tylmethylketon, Amida, z.8. Disethylformamid, Dimethylacetamid
und N-Methylpyrrolidon, jeweils einzeln odar im Gemisch.

Bavorzugte Lisungsmittel sind Ether, x.B. Dimathoxyethan ynd Te-
trahydrofuran, Kohlenwasserstoffa, z.B. Cyclahaxan, Toluol und
Xylol, Alkchole, =.B. Ethanol, 1-Propanol, i-Propanocl, l~-Butanol
und tert.-Butanol, jeweils einseln oder im Gemisch.

In einar basonders bevorzugten Variante warden im erfindungsgemd -
Aen Verfahren Wasssr., ein oder mahrers in Wasser unléslichs und
ain bder mshrere in Wasser lisliche Lésungmmittel eingesestzt,

" baispielswaise Mischungen aus Wasser, Toluol und Ethanol oder

Wasser, Toluol und Tetrahydrofuran, vorzugmmeise jewails im Volu-
aenverhlltnis 1rdsl.

Dis Gesamtmenge an Lésungmmittal liegt normalerweilsa bal 3000 bis
500 und vorzugswaise bei 3000 bis 700 g pro Mol der Varbindung
IX.

Zwvecknifigerveise warden zur Durchfdhrung des Verfahrens die Ver-
bindung IXI, die Borvarbindung IIX, dies Base sowie die katalyti-
scha Nenge deos Palladium-Eatalysators in eine Mischung aus Wasssxr
und einem oder mehraren insrten arganischen Lisungamitteln gege-
ban und bal einer Temperatur vom O bis 150, vorzugsweise 30 bis
120 oC fOr einen Zaitraum wvon 1 bis 50, vorzugsweise 2 bis 24
ftunden gexdhrt.

Die Durchidhrung kann in dblichan fir derartige Verfahren geel-
gneten Apparaturen arfolgen, so daf sich weiters Ausfdhrungen
hiersu erdbrigen.

‘Mach beendeter Umsétzung wird als Peststoff apfallender Palladi-

un-Katslysator beispielsweiss durch Filtration abgetrennt und das
Robprodukt vom Losungsmittel bsw. den Lismmgmmitteln befrelt.

Bel nicht villig wasserldslichen Produkten werden wasserldsliche
Palladivm-Eatalysatoren odey Eomplaxligandsn beli der Trennung der
Wasserphase vom Rohprodukt vollatidndig nlyq.:unnl:.

)5
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Anschlisfend kann nach dem Fachmann bekannten und den jeweiligan
Produkt angemagsanen Methoden, g.B. durch Umkristallisation, De-
stillation, Sublimation, Zonsnschmelzen, Schaslzkristallisation
oder Chramatographie weitar aufgereinigt werdem.

Beil Reaktionsande als Faptatoff vorliegsnder Xatalysator lift

sich in dar Regel leicht abtrsnnen. regensrieren und wieder daa
Prozel zuflihren, wodurch eins Benkung der Verfahrenskostean und
aine Entlastung dear Abfallprodukte von Palladiun erreicht wird.

Mit dem erfindungsgenifien Varfahren lassen sich beispielaweise
bherstellan:

4’ ~Fluor—2-nitrobiphsnyl

4’ ~Methyl-d-nitrabiphenyl
4’ -Mathoxy-2-ni trohiphenyl
4! -Brom-2-nitrebipheanyl
3’-Fluor-3-aitrobiphanyl

3’ =Chlor-2-nitrobiphanyl

3’ -Brom-2-nitrobiphenyl

3’ -Mathyl-2-nitrobiphanyl
3 =Mathoxy-2-nitrobiphanyl
4! ~Phanyl-2-nitrobiphenyl
4’ =-Trifluormathyl -31-anitrobiphenyl
4’ =-Fluor-4-alitrobiphenyl
4’~Chlor~4-nitrabiphenyl

4’ -Brom-4-aitrobiphenyl

4’ -Mathyl-4-nitrobiphanyl
4*=Cyano—~4-nitrcbiphenyl
a-Nitrobiphanyl
4-Nitrobiphenyl

Das utiﬂdll_lm-l-h Verfahren liefert die Verbindungen I in ho-
ban Ausbauten bai sshr guter Rainhait,

Die mit dem arfindungsgemiien Verfahren erhAltlichen Nitrobipha-
nyle eignen sich als Vorprodukta f£{r Biphsnylamine, welche ihrer-
seits Ewischenprodukte sind f4r fungizide Pflanzemschutz-Wirk-
atoffa (wl. EF-A 545 099).

Synthase vom 4'-Chler-3-nitrohiphepyl
Baispiel 1
Zu einer ‘Lisung von 9,45 g 2-Nitrochlorbsnzol und 10.3 ¢ 4-Chlor-

phenylboronsilinore in 60 ml _htnlmlro!urln gab man eine LOosung von
9,6 ¢ Matriumhydroxid in €0 ml Masser unter Rihren und unter

Iy
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Stickatoffarmosphire. Anschlisland varsetste man dis Mischung mit
70 my Palladium(II)acetat und 370 ag Tripheanylphosphan. Die Mi-
schung wurds unter Rihren soclange am Rickflu8 gskocht {70 °C), bis
das 2-mitxochlorbeniol usgesetit war (ca. 8 Stunden). NMach dem
Abkilhlen wurde dar Ansatz mit 80 ml Wasser und 80 ml tert.-Butyl-
asthylether versatst und die organische Fhase abgetrsmnt. Nach
riltration dbar 10 g XKiesalgel und Verdampfen des Lésungsaittels
erhialt man 13,95 g dor Titelverbindung in einer Reinheit von
9% % (aC).

Baisplel 2

Zu ainer LOsung von 4,7 g 2-Kitrochlorbenzol und 5,§ g 4-Chlor-
phenylboronsiure in 30 al 1, 23-Disethoxysthan gab man aine Lisung
vou 8 g Matriumcarbonat in 30 ml Wesser unter Rihren und unter
Stickstoffatmosphire. AnschlislSend versstzte man dis Mischung mit
320 mg Falladium auf Aktivkohle (10 Gaw.-%) und 330 mg Triphanyl-
phosphan. Die Mischung wurds untar Rihren soclange am Rickflul ge-
kocht, bis das 2-Mitrochlorbenzol umgasstst war (ca. 22 Stunden).
Rach dem Abkdhlen wirde der Ansatz mit 50 ml Wassar und 50 ml
tert.-Butylmethylethar versetzt und die organische Fhase abge-
trennt. Nach Filtration und Verdaspfen das Lisungsmittels erhislc
man 6,7 g dor Titelyerbindung in einer Reinheit von 92,7 & (GC).

s
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Verfahren zur Heratellung von Nitrobiphanylen der Formsl I

: (1)

in der m f4r 1 oder 2 steht, R Halogan, R’ oder OR’ badeutet,
wobei R’ ein C-organischer Rest ist, welcher unter den Reak-
tionabedingungen insrte Gruppen tragen kann, wobel n fiir 0,
1, 2 oder 3 steht und im Falle, 4a8 n 2 oder 3 ist, die Rests
R auch verschiedsn sein kidnnen, dadurch geksannzeichnet, das
man ain Chlornitraobanzol dar Formsl II )

(W02} a

in Gagexwart aines Falladium-Eatalysators und eilner Base in
sinem Lisungsmittal mit einer Phenylboronsdure (IXIIa)

HO\ IIO\
B {IIIa) R0 {I1Ib)

einem ihrer utyium der Formal IIXIb, wobai R! dias Badau-
tung C1-Cg-Alkyl hat, oder einem ihrer Anhydride umastst.

Verfahren nach Anspruch 1, dadurch gekannzeichnet, m man
als Verbindung II 2-Witrechlorbensol sinsetet.

Varfahren nach Anspruch 1, dadurch gekennzeichnat, daf man
von einer Fhenylboronsiure, welchs nur in der 4-Position sub-
stituiert ist, als Verbindung IXIIa und 2-Chlornitrobenzol als

Verbindung II ausgeht.

Il6
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Verfabren nach dsn AnsprOchem 1 bis 3, dadurch gekennzeich-
net, das man sine Fhenylboronglure IIIa sinsetzt. welche als
einzigen Substitusnten in der 4-Position Pluor, Chlor oder
eina Msthylgruppe trigt.

Verfshren nach den Ansprichen 1 bis 4, dadurch gekennszeich-
net, dad man von 4{-Chlorphsnylboronsiure als Verbindung IXXa
ausgeht.

Varfabhren nach dem Ansprichamn 1 bis 5, dadurch gekennzeich-
net, daB man als Palladium-Eatalysator Tetrakis{triphenyl-
phosphan)palladium verwvendat.

Verfahran nach den Ansprichen 1 bis 5, dadurch gekennzeich-
oht, daB man als Palladium-Eatalysator ain Falladiumsals in
Gegenwart von Triphenylphosphan verwendat.

Vearfahren nach den Ansprichen 1 bis 5, dadurch gekennceich-
net, dal man als Palladium-Xatalysator metallisches Palladium
auf Aktivkohla in Gegemmrt von Triphenylphosphan verwendet,
dessen Phanylgruppen ait insgesant 1 bis 3 Sulfanatgruppen
substitulert sind.
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Suszuki aryl cross-couplings employing aryl bramidas and aryl iodides proceed under mild conditions
(65 *C) with high efficiency (substrate-tv-catalyst ratios in exreas of 500) in the presence of
phosphine-frea palladium catalysts darived from palladium acetats, Pdy{dbalyCeH, (dba =

dibensylidensacetons), and ((5°-C;Hy)PdClh. Phosphine inhibition is shown to play a kay rele in
limiting catalytic afficiency; qualitative comparison studies ahow that the phosphine-free systama
ml-!uhlﬁmﬂlmmmmmpnpwamm Pd[P(Phkl,
proved to be the least active of the catalytic species screaned. The phosphine-free mathodology
appears to be genarally applicable; cross-couplings of aryl indides yislding bisryls @ and 7 proceed
without noticsabls steric or elactronic efacts. Cross-couplings employing aryl bromides are
insansitive to alectronic effects in the synthesis of 8 but are slowsd by staric hindrance In tha
synthesis of 7. medmph'hmmthmdpduwnlmﬂ

at high pH

Introdustion

Palladium-madiated cross-conpling reactiona d‘nql
halides and aryl sulfonates with arylmetal resgunts.!
perticularly srylstannanes (Stills coupling® and aryl-
baronie acids (Suzuld conpling),® are versatile mathods
for synthesizing unsymmaetriea] biaryls. Both epuplings
employ accemsible substrutes and procasd under mild
conditions; Suxuki couplings offar the additional advan-
tages of baing largely unaffected by the presance of water,
mnmmdmﬂwﬂm

Qur prineipal interest in Suzuki aryl couplings is their
application in poly(urylens) synthesis.* Step-growth
polymerizations of thia type are notarionaly sensitive to

any process which gensrates endeaps ar other irmaperfec-
tln-mthcgmrln;phu' For thia ressen, side

reviews,
) r&-"mun." (-:’ft"uﬁ. L‘l..l Y ”*ts% Acte Cham.
] = M
Scond. 1083, 47, 381 (h) Sazukl, A. Pare -&-.. 1081, &3, 419.
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m.mmmmmmmm
Suzuki ’

inhibi-
tion plays a key rols in Mmiting o in
Suzuldt aryl eouplings and show that i

mild, efficiant, and clean entalywis occurs in the completa
abwence of pheaphinss. These Gndings expand on exten-

mdunkmd'ﬂnnﬂufuh!ymbranﬂuy-

g.!':-l:dnhdmehmb:hhhndd' po
reported example of an aqueous Suzuki

coupling deacribes the pndud:lon of phanylbanzoates
o Tpeadises® pellefion eetase® 1o additi, we
of um acetata we
mtlmﬂnlmt.pﬂ.udnblﬂmmﬂu
conditions for Busuki aryl cou-

ﬂhpl:nﬁthlunlﬂvafﬂnphuphlmﬁumﬂ.mﬂ.
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. Accelerated Suzuki Aryl Couplings

Tablg L Efest of Catalyst Precursor ea Cross-Coupling
‘ MG-NIE-H'I:-;'I'

satry precursor tipee (h) % conve? (B yialdy
¢-lodenitrebenzsne

1 1 a0 - ]

1 3 033
3 | a0 >34 {(81)

4 2+ PPy 8.0 an
5 3 ors »88 (97
8 4 19 >08 (99)

7 [ o ]

8 5 0.75 =08 (88)

] 3 +1PPhy a0¢ >N
10 8 (0.02%) [ 1] »58 (99

4-Bremenitrobsnssne
11 1 - 120 -
12 3 120 >83 (M)
13 3 s »98 (38}
i1 ] 4 20 n
15 ] 0 >80 (97)
s All couplings ware carried out at 65 *C In aquests acetons in,
the of 0.3% entalyst and 1.8 of
presence n precursor 3 quiv-m
(idaryl + aryl halide)[100 and was daterminad by "H NMR of the
Gdnmm-ﬁm.'hul;hunh:bmnﬂm
mm-mumdmmim
reaction timas resulted in Incomplety resetion,

Table . Cosnlvant Effacts on Cross-Coupling®
essolvent tizee () % cmwn (% ylald®
acutena Lo >Rl (91)

THF 80 g 100

DME a0 97

CHLN a0 4

taluans 0 0

bensena 4.0 5l

'Mmﬁummﬂn&ﬂ;ﬁﬂuﬂ,ﬂm

12 szd 4-{ndonitrobeusene. contversisn and peremnt yiald
are defined s in Tabls 1
obsarved (entriss 4 and 9, 'l'nl:hl). Couplings ersploying
2-5 can be routinaly

extulyst ratin of 5000 demonstrutes the sfficiancy sitain-
shle with phosphine-fres precursers (antry 10, Tabls 1).
tion Studies. Additional studies damen-

ted that water-miscible, polar, weakly coordinating

such as atstans or THY are optimal: DME and

8.8," suggesting the possiblity of twe active spacies with
different reactivitiea: m.hwﬁwhrumlnionnpﬂ

¢lllﬂlhrd!-lﬁ.hwhulﬂhmm
(o) Takan, H.: Endo, Y.; Horla, T. Heseroxycier 1983, 3, 1803 (b) Y
Y.: Mansia, A. . Husrocycles 1008, 34, 1398 i) Raforunce Ba. .:S
Miysars, N.; Ishiyasa, T.; Sasaki, }L.; Ishikgws, M ; Batoh, M.; Sk,
A d. Am. Clam, Sec. 1089, 111, 4. (a) Oronowits, .; Bobealk, V.;
Luwitz, K Chow. Scv. 1884, 23, 100,
B D;Buchansn, A. 8 Humiffray, A. A Aust. J. Chem.

?

1988, 18, 1927,
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Table 3, pHl and Substrate Effects on Crose-Coupling®
basy comviveni precursor time(h) % conva (% yluld)

HHCO; scelme ] 8.0 87
KHCOy  acslons 3 0.75 - ]
KHCOy THF | 15.0 ]
KCOy  mestope | >38(09)y

—

“ -
Y-—{j 1Zubrorl

Gacilitation of Suzulti coupling with strong bases has been
poted: fagtar reacticn of the hydraxyboronate anion is
conxistent with the charactaristic alactrophilic reactivity
of aryibarongtes.® Under these conditions, 2-phenyl-
1,3.2-dioxaborolane was found to be as reactive as phen-
yiboric acid, prasumahly dus to rapid hydrolysis of ths
boruonate ester (entry 4, Tuble 3).
WMJ uts-
tioas of the synthesiy of 4-msthoxy-4'{triflucromathyl)-
W(QMW&MWIMM
conducted (Schame 1 and Table 4). Crvss-coupling
yialded both products quantitatively and precesded with-
out noticeshls electronic or sterle effects when aryl

ranging
from 3 to 16 h. Raising the amount of 8 to 0.5 and 1.0%
inereased the conversion to 60 and B1%, respectivaly. It

(14) Miyuowe, N.: lahiyama, T.; Sasakd, H.; Ishikaws, M. Satob, M.;
hﬂ.hlhh&:lﬂ.lu 4. (b) Raforance o

{15) Tayler. R Chemical Kissticw; Bamfuard, C.
li..'IE-.c.nL:h. » Now York, 1073 Vol. 13, pp 287-
208, 387-370.
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‘Table 4. Electronie and Steric Permutations of

Phosphine-Free Cross-Couplings
antry Y Z dmafh) % conva (% yleldP
Biaryl 6
[ | B(OCH:);, 0.67 w™wn
T Br B(OCHze 4.0 >98(38)
3 BOCH I 0.67 >98(99)
4 BOCHsx Br 40 “on
Biaryl 7
5 1 B(OCHy)y 087 >4 (38)
8 Br BOCHyy 160 88 (93)
7T BOCHs» [ 0.87 »>54 (9D
8 HBOCHy: Br 4.0-180 S0-81

-mmphnpmuniduluuo.ﬂﬂmm
3 in aquacus acetonas. # Percent eonversion and percent yisld are
definsd as in Table 1; for 7, percent yisld refars to isolated
distillate. * Not determined. ¢ L2 aquiv of boronats, * Ses taxt.

is unclear whethar peor results in this coupling arise
because of catalyst deactivation or dus to accelerated
deboronaticn of the artho-gubstitutad boranate 17 Slgwer
eoupling was also chserved when ths functionality of the

Olqlluhlhhlmuvmd(-u-ys Tabla 4). In this

case, however, quantitative consumption of aryl bromide
wll “attained by employing 1.2 equiv of boronate and
longer reaction timess.

Catalytic Species. Whersas reactions earried out
using 1 and 3 mosat likely procesd by ths catalytic
pathwsy generally invoksd for Suzuki couplings,™® the
nature of the catalytic species genarated from precursors
3, 4 and 5 is unciear. Zaro-valent Pd {s not kmown to
exist as a molecular species in solution in the absence of
strong donor or acceptor ligands.!® Ligand-fres ArPdX
complexes (Ar = CgHy) hava been prepared by mstal-
vapor deposition and are stable at —116 °C; at higher
temperstures, rapid disproportionation and reductive
coupling occur, yialding Pd, PdX,, and biphsnyl ® In the
abssnce of credible molecular intermadiates on the
catalytic pathway, we cannot discount the possibility that
phosphine-free cress-couplings are hstarogeneous proc-
esses.t Reactions carried out with 3-8 darken im-
madiately on addition of the eatalyst precursor snd
wupﬂ:hmhlprﬂ:hmdﬂ'c.mmw

nmmmmumuhmw
reductive coupling of aryl boronates.® This process and

canverting ies.
Reaction of 3 with 2 equiv of 2{4-{triflucromsthyl)-
phenyi)-1,3,2-dioxaborolans in besic aquecus acetone

Ilﬂlllvlll.l'l. Reuwer ,J. F., Jr.; Mangrevits, J. A. Can, J. CAam.

1963, 41, 308
Y Ay "A. Pure AppL. Chem. 1985, 57, 1748.
umm:u..nl hpnu,:tln-nll.ll.gl!.h o A.Al.nl
l'.w Eds: M‘%&tlﬂt%l s.p;w-m. '

Wallow and Novak

yielded 4.4"-bis(trifluoromethyllbiphenyl, 4-<(triflugry.
methyl)phenol, and unconsumed 4-(trifluoromethy])
phenylberonie acid in addition to Pd black

Side Reactions in Cross-Couplings. Protode.
boronation. The mild hydrolytic instability of arylbe.
ronic acids has been extonsively documented. Protods.
boronation occurs via an electrophilie ipso- substitution
and proceeds by acid-, base-, and metal-ion-catalyzed
pathways.!™? Sines deboronetion can be expactad to
occur with a rate constant independent oflryl eoupling,
soma loss of reagant due to this process is inevitable®
In most standard cases, addition of a 10% excess of
boronats ensures quantitative consumption of the aryl
halide. In situations whers sxpansive or rare boronates
are employed or whare careful matching of reactive
functional groups is necessary, such as in step-growth
polymerization, the use of excazs haronats may not by
desirable. Accslerated cross-coupling should minimizs
dﬁumﬁmmdthuhuhhhhﬁumlﬁﬂnq
in these instances.

Aqlﬂmnblin'mnmnmupllng) Md‘hmn-
frequantly

Phosphine-Related Side Reactions. Exchange of
metal-bound aryls and phosphine-bound aryls occnrs
muuﬂyhﬂmﬂmuﬂmblntﬁﬂ‘c'
Sincs thase compounds are key intermediates in tha
propossd cross-conpling pathway, aryl exchange allows
lipnd-buundphanylmplhuwﬂumpliu
cycle in lgu of tha desired aryl halide-derived aryl
mh-mdhnahmmhnmm"

during cross-coupling,
consumption of aryl halides. Both of these phosphine
nllududlnuhmelnboellmmhdbymplqh;
catalyst precursors such as 3-5.

Further studies exploring the nature of the active

(59) (a) Raference 8a. (b) Y !Ilnﬁldt.bl.m-.l
Chem. Ser. 1963, 28, mwﬁu
(4) A detailed clh' ﬁndnn
remains alusive desplts nvestigation: (s) E L
WT.:-MLIJ.WM% 1,354 [a
ﬂlrlnﬂ. arylstannsnas ocenrs
of adventitions oxygen: (b Farina, V; Krishoan, B; R:

)20




" Accelarated Suzuki Aryl Couplings
Experimental Section
,. Schlenk-line techniques wure used for all ma-

:I':cqlhluuky of Californis, Berksley Muss
Labaratsry, or with a Howlett-Pyckard 5800A gua chromato-
mhquinldwiuumwnm. Melting

are
Raagents- Selvents wers purified by rtandard metheds,
deczygenated by four freess—pump—thaw cyclas, and stored
obtained from a Millipere
Illi.-ihrl_lmn.

trreproducible results upon deviating significantly the
represtntativa protocal sutlined below

4-Nitrobipbanyl (82—83~3) (regisiry numbers jod by
anthar). To a thick-walled glass tube equipped aside-

S?_BES
'.E

(O B, & A; Bady.J. ..
21,1011, (b) Endy, J. I, U. 8 Putent 4 578 323, 1084,
'38) Kamingid, J. J.; Lyls, R B. Ory. Masy Spactrom. 1978, 13, 435
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sthar(4 x 10 mL), pooled, back-astrocted with 10 mL of watar,
and eoncentrated in vocus. This cruds isclate contained no
starting materialy detectable by '"H NMR. Sublimatisn (80
*C, 10 mTorr) gave 0.194 g (97% yleld) of 4-nitrobiphenyl No
contamination by 4,4-dinitrobiphenyl or bipheny! was detect-
able by GO/MS analysis of the mublimate: mp [13-116 *C
(CR,0H) (iit™® mp 112-114 C); *H NMR (CDCly) 3 7.44 (m,
11D, 7.49 {m, 2H), 7.62 (m, 28D, 7.73 (d, J = &8 Hz, 2H), 8.29
(d. J = 88 Kz, 2H); BC NMR (CDCly) ¢ 124.1, 1274, 1278,
130.9, 129.1, 130.8, 147.1, 147.8; MS (m/z) 199

‘{iriflvoromethyllbipheny! () (10385~
:'l-l). An idantics) procadure 0.187 g (1L.00 mmal)

Jpheyl}
1,3.3-diaxaborolans (L03 mmel) yleldad, after 4.0 b at 68 °C,

0.4 g of gublimed 8 (§7%). Nomhniuﬂnnhyl.l‘t

(il or 4 4"-dimsthexybighsayl was

tactable by GC/ME: mp 122-124 *C (CH;OH (18" mp 124-
128 *C); 'H NMR (CDCla) 4 3.5 (s, 3E); 6.90 (d, / = 8 Hz,
IB).TSS(‘.J-“HLE.T.HID.M“GMIW
4 55.3, 114.4, 124.4 (q, Vo = 2704 Hi), 1957 (g Ver =38
Hs), 120.8, 128.3, 138.7 (q, Vor =~ 32.5 Haz),
SF NMR (CDCly) 4 —62.%; MS (m/s) 252

identieal precedure
anisals apd 0.172 g of 2{2-mathylphanyl-

{1.06 xmol} yislded, after 40 min at 86 °C, 0.103 g of 7 (97%)
as a coloriess (Kugetrohr, ot 80—83 *C, 10 mTerr).
No contamination by 2.2"-dimsthylbiphsnyl or 4,4’-dimsthexy-
biphenyl was dstectablo by GC/MB: *H NME (CDCLy) ldentical
to spectrum reportad in ref 34b; PC NMR (CDCL,) 4 20.5, 881,
1133, 135.7, 1246, 128.9, 130.2, 1344, 135.5, 1415

y 168.5;
M8 (m/s) 198.
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_ CHEMICALS NOTE

The Suzuki Reaction in Biaryl Synthesis

Ksyo Ishikawa,
Reagent Development Department,
Tokyo Kasei Kogyo Co., Ltd

Blaryis and their homologues are an important class of organic compounds because several types
of Interesting compounds such as natural products, polymers, advanced materiale, liquid crystals,
supermolecules, and pharmaceuticals, include the blaryl unit. Therefore, a great number of studlas In
regard to the blaryl synthesis have beaen carried out. Particularly, development in cross-coupling reactions
using organometallic catalysts has been rapid.

In 1881, Suzuki and Miyaura et a/. reported that the cross-coupling reaction of phenyiboronic acid
Mlhalr bromide-In the presence of palladium catalysts and base proviies commesponding blaryls in good
yields”. The Suzuki reaction Is tolerant of a wide varlety of functional groups, eo that various substituted
aromatic rings can be used. By-products from homocoupling are limited because of the selective maction
involved. Arylboronic acids are stable and they are easlly treated. Furthermore, they have lower toxicity
in comparison with other organometallic reagents. Thersfore, the Suzuki reaction has been used for blaryl
synthesis In various fields. It is an important reaction in organic synthesis.

P(PPha)y
O-son - v 2= OO
7 e el

z

1. Preparation of arylboronic acids

Arylboronie acids are prepared from aryllithlume or Grignard reagents and trialkyl borates. They
are normally stable In alr and heat, and can be recrystalitzed from water or alcohol. Aryiboronic ackis are
easily dehydrated to produce a trimer, a boroxine (ArBO,), and exist as mixtures of arylboronic acld and
boradne, which can be used In the Suzukl reaction as they are.

AN DR AB(OH)

M = L or MgX ) Ho

Various arylboronic acids are prepared relatively easily by functionalization reactions of the parent
arylboronic acid since the baronic acld group Is inert to many chemical reactions.

Tha convenlent method for the preparation of arylboronate from aryl halides or trifiates using
bis(pinacolete)diboron which Is thermally stable and easlly handled In air was recently reported®. It is
possible to prepared the substituted arylboronic acid derivatives directly due to be tolerant of involved
functional groups.

O T, nec
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2. Mechaniem

The general catalytic cycle for the cross-coupling of organometallics with organic halides catalyzed
by transition metals, which involves (a) axidative addition, (b) transmetallation, (c) reductive elimination
sequences, ls widely accepted (Figure 1). Although a simllar catalytic cycle has also been suggested for
the Suzuk mdi:l'r’!. it differs in that two equivalent bases are required (Figure 2). The coupling reaction
of organic boron compounds proceeds only In the presence of bases. This Is due to the facl that the
organic group on boron Is not nucleophiiic enough for the transfer from the boron to the palladium in the
transmetallation step because of the strong covalent characler of the B-C bond in boron compounds.
Therefore, it Is nacesaary to Increase the carbanion character of arganic groups by the formation of an
organcborate with a tetravalent boron atomn, which utilires base. Further, it Is known that bases substitute
for Pd-X to form Pd-OH (or Pd-OR) which has higher activity. Thus, the tranemetallation reaction In the
Suzukl reaction Is favored by the formation of both four-coordinated boron compounds and Pd-OH (or

Pd-OR).

M(0) \gﬂ'l N'N"Yo Pa(D) \gnx
recductive  aukistive Ar—Pd-Ar Ar—Pd-X
eliminstion  scdiion R—M=X

e NeOH
R-M—R RM ABOH) ——= T Nax
4R RS S
Figure 1 Figure 2
3 Blaryl

synthesls
The table lists some reprasentative blaryls which are synthaesized by the Suzukl reaction. The
tabulated examples show that the blaryls are synthesized In high ylelds, even if thay have functional
groups such as hydroxy, carboxy and formyl groups eic.

Qe — Q0

R! R X  Catalyst Base Yiold(%)
H 2-Me Br Pd(PPh)y  NaCOs 54
H 4-OH 1 PdOAch  NafCOs 80
H 4COOH 1 PdOAc NaCOy 95
4F 4CHO Br PJC+PPhy NuCOs 84
2-CHO 2-NOz Br Pd(PPhh)sy  EuN 2
3NO; H Br Pd(PPl}s NaxCOs 95
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Aryl halide and aryl trifiate function as electrophiles whose reactivity order Is Ar-l > Ar-Br > Ar-OTY
»>> Ar-Cl. Aryl chiorides are usually not reactive enough, with the exception of those having hetsroaromatic
rings and electron-withdrawing groups. This Is bacause the oxidative addition of aryl chlorides to palla-
dium complexss Is too alow to develop the catalytic cycle. A racent paper showed that the use of nickal
catalysts for the cross-coupling reaction with aryl chlorides obtained favorable results®).

Although the most often used catalyst in the Suzuki reaction is Pd(PPh,),, various palladium cata-
lysts are alao employed, such as Pd(dppb)Cl,, PdCL,(PPh,),, Pd(OAc), and PdCl, aic. PPhy(m-CgH,SO,Na)
is usad as phosphine ligand when the reaction is canrfed out In aquecus soivent. For example, the cross-
coupling reaction using the water-soluble palladium complex Pd[PPhy{m-CgH,SO,Na)l, belwaen sodium
4-bromobenzenesulfonate and 4-methylbanzenaboronic acld obiained the cormesponding blaryl In good
yleld®), compared to using Pd(PPh,), In a two-phase organic solvent.

PolPFh o{m Tt BONalls
O e 22 e (Y (Y
Y.

Basas are aiways required in the Suzuki reaction as opposed to the coupling reaction using organotin
or organazinc reagents. The best results are achleved with the use of a relatively weak base and Na,CO;
Is & most frequently usad. However, the strong bases such as Ba{OH), and K,PO, are efficlent in reac-
tions Involving steric hindrances.

It is also possible to perform a coupling reaction with heterocyclic compounda In the same way. For
example, 2,3 %bithiophene Is obtained from 2-thlophaneboronic acid and 3-bromothlophens®.

In addition, 2,2 functionallzed asymmaetric blaryls provide a convenlent route for the construction
of ricyclic aromatics. For example, 2-formylphenyiboronic acld is coupled with 2-amidoiodothlophene to
give tricyclic heteroaromatic rings In one-pot without lsolating the first biaryl generated”.

O D e Y

Y.To%

4 Application of Suzukl reaction

The Suzuki reaction ls widely utilized in the synthesls of biologically active substances, pharma-
ceuticals, functional materials etc., and a large number of appilcations are reported. For example, ant-
HIV alkalold, Michellamine, with the expectation of being a drug for AIDS was synthesizad using a double
Suzuki-type cross-coupling reaction®. In addition, with the aim at appearance of new functions, a fully
aromatlc hyperbranched polyphenylens" which waa generated by homocoupling of 3,5-
dibromophenylboronic acld, and dendrimers'®, having a high number of aromatic chaln ends, were syn-
thesized under the Suzuki reaction.

The Suzuld reaction Is one of the direct methodologles for the formation of carbon-carbon bonds,
80 [t s a useful method for constructing the carbon skeletal structure of target molecules.
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saparation

Although In this article only blaryl syntheses using the coupling maction of aryiboronic acids with
aryl halides or aryl friflates have been dascribed, It Is also possible for the Suzukl reaction to be used for
coupling reactions baiween various arganic boron compounds and a variety of organic halides. Further
detalled Information can be found In the references cited.
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