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Fecha de Presentacion Internacional 13/Noviembre/2006

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decisidon 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcién: Folios 18 a 26 08/Mayo/2008
Reivindicaciones: Folios 43 a 45 08/Mayo/2008
Prioridad: SE 0502515-0 16/Noviembre/2005

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro
de! plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de fa
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: "Proceso para preparar derivados éster de beta-{fluorofenil)-
propanoatg”.

El problema planteado en esta solicitud consiste en la necesidad de tener un proceso
de sintesis de derivados eéster de B-(flucrofenil)-propanocato con velocidad de
reaccion aceptable y con menor consumo de especies de boro fluoradas.

Para resolver este problema técnico la solicitud en estudio proporciona un proceso
para preparar un compuesto de formuia (1) que comprende la reaccion de un
compuesto de formula (ll) con 1 a 2 equivalentes molares de una especie de bora
fluorada de formula (IIl) en presencia de 0.8 a 1,5 equivalentes molares de un
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aicohol; una especie-precatalizadora de rodio (I); un ligando adecuado que se une a
la especie pre-catalizadora de rodio (I} para formar un complejo catalizador; una

base; y, un solvente adecuado; el proceso se realiza a una temperatura en el rango
de 40 a 110°C

R Ong 0.0
\./\”/ R B8 i

El objeto de la presente Solicitud se relaciona con la Clasificacion internacional de
Patentes (CIP): CO7C 67/30, AG1K 31/222

4. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacion 1 no es concisa porque las definiciones de R’ y R® incluyen la
expresiones “sustituido” y “opcionalmente sustituido” sin referenciar cuales son los
posibles sustituyentes, R* y R’ se unen para formar un anillo, sin definir el numero de
atomos del anillo, si es saturado, insaturado, o si contiene o no otros heteroatomos
etc, de forma general se definen componentes que participan en el proceso como
“alcohol”, “una base”, “solvente adecuado”, “especie pre-catalizadora de rodio” y
“complejo catalizador’, sin definir como tal los componentes, se sugiere restringir la
solicitud a una razonable generalizacion de los procesos realizados o probados, es
decir, que se encuentran debidamente soportados, se sugiere incluir los
sustituyentes de las reivindicaciones 2, 3 y 4 en la reivindicacion 1.

La expresion “solvente adecuado” en la reivindicacion 1 es imprecisa y por lo tanto
no permite distinguir la invencién del estado de la técnica. Se sugiere reemplazarla
por una razonable generalizacion de los solventes utilizados en el proceso, es decir,
gue se encuentran debidamente soportados.

La reivindicacion 1 contiene la expresion “por ejemplo” precediendo una
caracteristica, la cual no es limitativa, porque hace opcional a la caracteristica y no
limita el alcance de la reivindicacion. Se sugiere incluir las caracteristicas opcionales
o preferentes en una reivindicacién dependiente.

La reivindicacién 3 no es clara puesto que, se refiere a un compuesto de formula (1)
en donde el piperidin-4-ilo N-sustituido es piperidin-4-ilo con alquiloC4.4..., No es claro
si la palabra "con” se refiere a los sustituyentes. Se solicita realizar las aclaraciones
necesarias.

La reivindicacion 7 no es concisa porgue la definicion de bases incluye términos
generales como metal de alcali o metal alcalino terreo, que aunque conocidos en el
campo tecnico no permiten distinguir la invencién del estado de la técnica. Se
sugiere al solicitante restringir la solicitud a una razonable generalizacion de las
bases gque encuentran soporte descriptivo.

En la reivindicacion 8 se utilizan abreviaturas como COD y Me en los hombres de la
especie pre-catalizadora de rodio (1): [Rh(COD)Cl); y [Rh(COD)YMeCN);]BF4. Se
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sugiere reemplazarlas por su correspondiente nombre o farmula quimica segun
corresponda.

5. Determinacion del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad: 16/Noviembre/2005 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicacién

‘Piperidine or 8-aza-

bicyclo[3.2.1]oct-3-yl derivatives
D1 WO 2005/007629 useful as moedulators of chemokine 27/Enero/2005

receptor activity”

Miyaura. N. ET AL, "Asymmetric conjugate 1,4-adition
Journal of Qrganic of arylboronic acids to a,f3-

02 Chemistry, Vol 65, unsaturated esters catalyzed by 23/Agosto/2000
Pags. 5951 - 5955 rhodium {I)/{S)-binap”

Miyaura, N. ET AL, " — i
Organometallics, Vol. Rhodium-catalyzed conjugate

BX] 16, N° 20. Pags. 4229 addition ofgryl-or 1-alker3ylboron|c 30/Septiembre/1997
4231 acids to enones

D1 hitp:/iworldwide espacenet.com/publicationDetails/originalDocument?CC=WO&NR=2005007629A1
&KC=A1&FT=D&ND=3&date=20050127&DB=EPODOC&locale=en_EP divulga (pag. 43, renglon
17) el compuesto acido 3-(N-metanosulfonilpieridin-4il) propionico

D2 divulga (pag. 5951, Fl. 64) un proceso de sintesis de [B-aril esteres que
comprende reaccion de esteres a,B-insaturados con acidos arilboronicos en la
presencia de catalizador de rodio (1).

D3 divulga (pag. 4229, FI. 69) un proceso de adicién de acidos aril o 1-

alguenilboronicos a enonas, catalizado con rodio (1) y llevado a cabo en solvente
acuoso.

6. Examen de Patentabilidad {(Art 14 D486)
Novedad (Art 16 D486)

La reivindicacion 9 consiste en un compuesto de formula (I1)
1

R\/YO\R:Q an

0

En donde R' es N-(SO,CHzs)piperidin-4ilo y R®es hidrogeno, etilo, iso-propilo o ter-
butito.
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Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracieristicas esenciales D1

Compuesto
1
R Q.
o Acido 3-(N-
metanosulfonilpiperidina-4-il)

R': N-(SO,CHs)piperidin-4ilo propenoico
R* hidrogeno, etilo, iso-propilo o ter-butilo

Las caracteristicas esenciales del compuesto de la reivindicacion 9 habian sido
divulgadas previamente en D1, el cual ensefa, el compuesto acido 3-(N-
metanosulfonilpiperidina-4-il) propenoico (Pag. 43, rengldn 17) que corresponde con
a la formula Il cuando R' es N-(SO.CHa)piperidin-4ilo y R® es hidrogeno.

En consecuencia, la reivindicacién 9 no es nueva, segun lo divulgado en el
documento D1,

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en un proceso para preparar un compuesto de formula

(1):

en donde R es piperidin-4-ilo N-sustituido o fenilo opcionalmente sustituido: R? es
alguiloC+¢, fenilo opcionalmente sustituido o fenil{alquiloC14) opcionalmente
sustituido; R® es fluoro; y R” y R? son independientemente hidrogeno o fluoro; el
proceso comprende la reaccion de un compuesto de férmula (I1):

1

RWO\RS (1)

O

con 1 a 2 (por ejemplo 1 a 1,5) equivalentes molares de una especie de boro
fluorada de férmula (111):

En donde R* y R’ son, independientemente, hidrogeno, alquiloCq.s, fenilo o
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fenil(alquiloC1.s); o R* y R® se unen para formar un anillo; en la presencia de: 0,8 a
1.5 equivalentes molares de un alcoho!; una especie pre-catalizadora de rodio(l); un
ligando adecuado que se une a la especie pre-catalizadora rodio (I) para formar un
complejo catalizador; una base y, un solvente adecuado: el proceso se realiza a una
temperatura en el rango de 40 a 110°C

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales

D2

D3

Proceso para preparar un compuesto
de formula

gue comprende:

Proceso para preparar
un compuesto de
férmuia

R1
A
. 2
Ar COsR

3
que comprende:

Proceso para preparar un
compuesto de formula

R 0
R! R?
3

que comprende:

La reaccién de un compuesto de formula
R Cu s
\/\Ir RE
0]
(i
con 1 a 2 equivalentes molares de una
especie de boro fluorada de formula (|11)
R' ®r°
| [
0. .0
{1y

La reaccion de un
compuesto de formula
1 con un compuesto de
formula 2

Hl
— + ArB{OM),
CO.R?

1 2

La reaccion de un
compuesto de formula 1
€on un compuesto de
férmula 2
a
Rx/\x/uxnz *
1 2
R » anyl. 1-alkary!

R~ B{OH);

en la presencia de: 08 a 1,5
equivalentes molares de un alcohal; una
especie pre-catalizadora de rodio(l); un
ligando adecuado que se une a la
especie pre-catalizadora rodio (1) para
formar un complejo catalizador; una
base y, un solvente adecuado;

£n la presencia de un
catalizador de redio(l)-
binap, etanol / metanol,
salvente acuoso

En la presencia de un
complejo catalizador de
rodio (I) en metanol
acuoso

el procesc se realiza a una
temperatura en el rango de 40 a 110°C

Temperatura de 25 a
100°C

Temperatura de 50°C

Los documentos D2 y D3 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacién 1 porque divulgan procesos de sintesis en los
que acidos arilboronicos con esteres o,f-insaturados y acidos aril o 1-
alguenilboronicos con encnas en presencia de complejos catalizadores de rodio. El
documento D2 divulga la reaccion entre un g,B-insaturado de férmula 1 y un acido
arilboronico de formula 2 en la presencia de un catalizador rodio(l}-binap en solvente
acuoso (Pag. 5951, Fl. 64), el solvente corresponde a metanol o etanol acuosos
(Pag. 5952, Tabla 1, FI. 65) y el proceso se realiza a temperaturas entre 25 a 100°C
(Pags. 5951 y 5952, Fls. 64 y 65;; en la formula 1 R' corresponde a C(Q)zalquilo,
fenilo, alguilo-NO2, H y alquilo y R” es alquito (Pag. 5952, Tabla 1, Fl. 65; Pag. 5954,
Tabla 4, Fl. 67), en la formula 2 Ar corresponde a fenilo (Pag. 5952, Pag. 5954,
Tabla 4, FI. 67). El documento D3 da a conocer un proceso de adiciéon de acidos aril
o 1-alquenilboronicos a enonas, catalizado con rodio (l) (Pag. 4229, Fl. 69), como

solvente se usa metanol acuoso (Pag. 4230, FI. 70); R®es el acido fenitboronico que
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puede estar sustituido con halégeno y R'esH, alquito y fenilo (Pag. 4230, Tabla 2,
Fl. 70).

El documento D2 también ensefia que solventes acuosos en los que se combina
agua con alcoholes presentaron buenos resultados (Pag. 5952, Fl. 65), asi como
especies precatalizadoras de rodio (1) como [Rh{cod)(MeCN);]BF, y [Rh(cod)Cl} y
Rh{acac)(C2Ha), (Pag. 5952, Fl. 65).

La diferencia entre la invencion, definida en la reivindicacién 1 y el procedimiento de
D2 es que en el procedimiento de la solicitud se definen los equivalentes de la
especie de boro fluorada de formula (1) y del alcohol, y en que se utiliza una base.

El efecto que logra el incluir los equivalentes de la especie de boro fluorada de
formula (I1l) y del alcohol, y usar una base es permitir el uso de una cantidad mas
pequena de especies de boro fluoradas.

Por fo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi; “cémo modificar el proceso conocido en D2 para sintetizar
derivados de B3-aril esteres para disminuir el uso de especies de boro fluoradas”.

Sin embargo, el documento D3 divulga la combinaciéon de metanol y agua
como un sistema altamente eficiente y ventajoso para un amplio rango de
enonas y acidos arilboronicos (Pag. 4230, Fl. 70), y ensefia que para estas
reacciones que se encuentran limitadas estéricamente por los acidos
arilboronicos, el uso de cantidades en exceso (2 equivalentes) de acido
arilboronico fue ventajosa para alcanzar altos rendimientos, porque prolongar
el tiempo de reaccion no incrementa los rendimientos debido a la de-
boronizacion de los acidos arilboronicos con agua (Pags. 4230y 4231, Fls. 70

y 71).

En consecuencia, la persona del oficio normalmente versada en la materia, usaria
cantidades de acidos arilboronicos y alcoholes en cantidades de equivalentes como
las divulgadas en D3 en el procedimiento de D1 para llegar asi al objeto de la
reivindicacion 1 de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 2 — 8 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

Conclusion:
La reivindicacion 1 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

7. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

item Documento Reivindicaciones afectadas Requisito que afecta
D1 WO 2005/007628 9 Novedad
Miyaura, N. ET AL,
Journal of Organic . .
D2 | chemistry, Vol. 65. Pags. -8 Nivel Inventivo
5951 - 5955
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item | Documento Reivindicaciones afectadas | Requisito que afecta ]
Miyaura, N. ET AL, l

D3 Organometallics, Vol. 16, 1-8 Nive! Inventivo '
i N°20. Pags. 4229 - 4231 ;

En cumplimiento del articulo 45 de la Decisidén 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
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 concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001,

— e

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacién en lista, de fecha

23 ABR. 2012
Elaborado por: Jeny Paola Villate Bec{e@a(f’: Wilfate

Revisado por: Consuele Leguizamén
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Asymmetric Conjugate 1,4-Addition of Arylboronic Acids to
a.f-Unsaturated Esters Catalyzed by Rhodium(I}/(S)-binap

Satoshi Sakuma, Masaaki Sakai, Ryoh Itooka, and Norio Miyaura*

Rivision of Molecuiar Chemistry. Faculty of Engineering, Hokkaide University, Sapporo 060-8628, Jupan

mivaura@org-inceng hokudai.acj
A J

Recelved February 15, 2000

Arylboronic acids underwent the conjugate 1,4-addition to a,8-unsaturated esters 10 give f-aryl
esters in high yields in the presence of a rhodium(l} catalyst. The addition of arylboronic acids to
isapropyl crotonate resulted in high yields and high enantioselectivity exceeding 90% ee in the
presence of 3 mo! % of Rhiacac) (CzHy)z and (8§)-binap at 100 *C. The rhodiuny/(S)-binap complex
provided (R}-3-phenylbutanoate in the addition of phenylboronic acid to benzyl crotonate, The effects
vn the enantioselectivity of chiral phosphine ligands, rhodium precursors, and substituents on o.j3-
unsaturated esters are discussed, as well as the mechanistic aspect of the catalytic cycle.

Conjugate 1.4-addition reactions by rhodium-—.!
nickel— 2 ruthenium—.7 ar copper complexes are of great
value in asymmetric synthesis since various chiral aux-
tliaries are now available for the metial-catalyzed reac-
tions.® We have recently reported the rhodium-catalyzed
1.4-conjugate addition reactions of aryl- and 1-alkenyl-
boronic acids to enones in an agueocus solvent, which
proceeds through a sequence of boron—rhodium trans-
metalation, yielding an organcrhodium(l} species and its
addition to enones.® Hayashi’ and the joint research with
them? demonstrated asymmetric variants by using a
rhodium(l)—chiral phosphine complex. Amang the chiral
phosphines examined, the binap ligand® developed by

[} ta) Sawamura, M Tlamashima, EL: [to. Y. J. Am. Chem. Sec.
1992, /74, B293—B296. (b) Sawamuara. M. Hamashima. I1.: Iro. V.
Terrahedon 1994, 50, 4439—4454.

12 [2) [keda, 8. Cui. D-M.: Sate. Y./ Am. Chem. Soc. 1999, 124,
1712=1743. (b Bolmy, <. Terraledron: Asvouneay 1991, 2 701-704.
et Soal. Ko Hlavasaka. T.; Ugajin. %, J Chemy Soc. Chemn. Commun.
1889, 516-317. (d) Perrler. (\.: Barbosa. 1. . 5. Dupuy. C.; Luche.
J-L S Gy Chernr 1985 50 5761 -5765 () Cacchi. S Pabmieri. G.
A Organomer Chem. 1985, 282 C3-G. (A Greene, A E . Lansard.
4-# Lueche J.L . Peuier C gz Chem. 1984, 44 931-932,
gt Dayrii. F. M- Gladkowski. 1. B - Schwarte. J. thid. 1980, 102,
JYTG—-34TH.

(3) a) Murahashi. §.-1.; Naota. I': laki, H.: Mizunoe. M.: Takaya,
H.. Kamiva, 3. Miruho, Y : Oyasato. N.: Hiraoka. M.: Hirana. M.;
Fukuoka. A. L Am. Cherm Soc 1995, 717, 12436—12451_ (b) Mitsudo.
L.: Nakagawa. Y., Watanabe, K. Hori. Y.; Misawa. H.: Watanabe. H.;
Watanabe. Y. J. Org. Chem. 1985, 50 565571, {c] Trost, B. M. dngew:
Chem., Int. Ed. bngl 1995, 34. 259-281.

(4} (a) Alexakds. A. In Transition Metals for Organic Synthesis.
Beller, M., Bolm, C.. Eds.: Wilev-VCH: Weinheim. 1898; Vol. 1,
Chaprer 3.10. (b) Lipshutz, B. H. In Crganometallics in Synthesis,
Schiosser, M., Ed.; Wiley: New York, 1994; p 283

{5) For reviews. see: (a) Schimalz, B.-G. In Comprehensive Organic

Sruthesty: Trost, B, M., Fleming, 1.. Eds.: Pergamon: Oxford, C1991:
Vol. 4, Chaprer L3. () Rossiter, B, B Swingle. N, M. Chem. Rev. 1992,
92 711-808. {c) Noyort, R. Asymmmerric Catalvsis in Organic Synchesis,
Jehn Wiley and Sons: NewYork. 1994 pp 207-212, (d} Seyden-Penne.
Chiral Auxidiarios and Ligands jn Asvinmetric Syarhesis: Tohn Wiley
and Sens; NewYork. 1953, (] Tomioka. K.; Nagaoka, Y.: Yamaguchi.
Mot Cormprelicusive Aavrrunedric Catadysis 1—11E Jacubsen, E. N,
Plalle, AL Yamamoto, H., Eds. Springer: Berlin, 1999: Vol. 3. Chapter
3

16) Suhar, M Hayashi. Ho Mivaura, N, Organometallics 1997, 16,
4229-4231

(7) () Hayashi, T.; Senida, To: Taukayw, Y. Ogasawara, M. J. Am,
Chen. Soc 1999, 121, 11391-11592. () Takayz, Y.: Qgusawara, M.
Hayashi, T.. Tewahedron Lew. 1998, 39, 8479-8482.

(8) Takaye, Y. Ogesawara. M.: Hayashi, T.; Sakai, M.; Mivaura,
N JoAm. Chemn. Soc 1998, 720, 5579-3380.

10.1021/j00002184 CCC: $19.00

Noyori for asymmetric hydrogenation of alkenes was
found ta be the best chiral auxiliary, achteving aver 90%
ee for cyclic and acyclic enones. The efficiency of trans-
metalation from boron to rhodium was also demonstrated
in catalytic 1,2-additions of organobaronic acids to alde-
hydes'® and A-sulfonyl imines. ! The utility of potassium
organotrifluoroborates (RBF3;K) as the nucleophile for
both rhodium-catalyzed 1.4- and 1,2-additions was re-
cently reported by Batey.!*

Here, we report a conjugate 1.4-addition of arylboronic
acids (2) to o fi-unsaturated esters (1) yielding optically
active B-aryl esters (3) in the presence of a rhadium(l}—
binap catalyst (eg 1).13

H1

N + ArB(OH},
CO,R? agueous solvent  Ar

1
Rh catalyst R

\ i
CO,R?

1 2 3

Reaction Conditions

The 1,4-additlon reactions of phenylboronic acid to
the represenrative o f-unsaturated esters in the presence
of [Rh(cod) MeCN)2]BF; (3 mol %) are summarized in
Table 1.

The reaction was highly dependent on the substituent
(R' in 1}, which may affect the rate of insertion of 1 into
a rhodium—carbon bond. Thus, the additions to both
dimethyl fumarate and diethyl maleate smoothly pro-
ceeded at room temperature (entries 1 and 2), whereas
the additions to cinnamate, acrvlaie, and crotonate were
heated to 50, 80. and 100 °C 1o complete the reactions

{9) 2.2"-Bis(diphenylphasphino)-1.1" -binaphthyl. See: Noyori, R.;
Takava, H. Ace. Chemn. Res. 1990, 23, 345-350.

(10) Sakai, M. Ueda. M.: Mivaura. N. Angew. Chem.. Int. Ed. Engl.
1998, 37. 3278—3280. Ueda, M.: Mivaura. N. /. Org. Chem, 2000, 65,
4450-4452.

{11) Ueda, M.; Miyaura, N. ... Organomet. Chem. 2000, 585, 31—
35.

{12) Batcy. R. A.: Thadani, A, N.: Smil. D. V. Org. Letr. 1999, |,
1683—-1686.

(13) Preliminary resulls were discussed in The Xth Irnternational
Conference on Boron Chemistey: Durham, July 11-15, 1999 and
Symposiurn on Organic and Inorganic Syntheses via Boranes in
American Chernical Society 2181h Meeting: New Orleans. Aug 22—
25. 1999,

€ 2000 American Chemical Society

Published on Web 08/23/2000
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Table 1. Addition of Phenylboronic Acid to
o fi-Unsaturated Esters with [Rh(cod)(MeCN):]BF 4

enlry o fd-unsaturated ester C vield®%
1 (E)-MeQaCCH=CHC OpMe 25 84
2 (Z)-Et0:CCH=CHCOEr 25 79
3 (E)-PhCH=CHCOaMe 50 87
4 {B)-4-NOCgHyCH=CHC O Me 50 97
3 CHy=CHCO:Me 80 607
6 (E)-MeCH=CHCOMe 100 824
7 MeCH=C{CO:E); iy g
8 MeCH=C(CO3Ex)z 70 76"
4] (D-ErQCCH=C{Me)CO:Ft 100 raced

* A mixwure of apg-unsawerated ester {t mmoel) and phenyl-
boronic acid (2 mmol) in agueous MeOH (6/1) was stirred [or 16 h
it the presence ol [Rh{cod)(MeCXNY;|BF. {3 mol %). " Isolated
vields. The reacuon was accompanied with methyl 3.3-diphenyl-
propionate (79%). In agueous dioxane (6/1). * The reaction was
carried out in agqucous E1OH {5/2) ac 70 °C for 24 in the presence
of phenylboronic acid (4 mmol).

{entries 3—8). The relative reactivity is parallel to the
ordler of rhodium/alkene complex stability or the insertion
rate, which ran be estimated by the LUMO energy level
of alkenes.!' However. the addition te trisubstituted
alkenes was very slow. even aL 100 °C, due to their large
steric hindrance on the coordination to the rhodium metal
center (entries 7 and 9). The prolongation of reaction time
to 1 day improved the yield to 76% in the presence of 4
equiv of phenylboronic acid (entry 8). Similar to the
results obtained in the addition to enones, aqueous
solvents combining water and a weak donor solvent such
as alcohals, dimethoxyethane (DME), or dioxane afforded
goad results. Judging from the recovery of the products,
the saponification of the esters was very slow even at
100 °C,

The addition of phenylboroniv acid to methy! acrylate
{entry 5) was accompanied by 3.3-diphenylpropanoate
(7%}, which was derived from -hydride climinacion,
giving ethyl cinnamate (eqs 2 and 3). A cinnamate
intermediate was not detected in the reaction mixture
since it is more reactive than the parent acrylate {entries
3 and 3).

. PhB{OH) Ph OE: p
//\R/OE 2 \/\\'_/ + hWOEI @
5 [Rhicod)MeCN)JBF, & bn ©
aq. DME '
4 80°C,16h BO% 5 7%
H
~\~'\ o \O
4 — Pq)i\HLOEt — Pw/\*/J‘OEt — 5
A
Rh(h
5

The formation of a Heck-type product suggests the
presence of a mechanism involving a rhedium species
bound te the a-carbon (6). However. such byproducts
were nal observed. or were only observed in negligibly
smali amounits, in other substrates shawn in entries 1-9,

Asymmetric Addition

The in situ preparation of a catalyst from chodium
complexes and (5)-binap was followed by the addition of

(14) () Slexander, ). ) In The Chemisery of the Metal~ Carborr Bong:
Hardey, FoR. Pawl, 5. Eds.s Juhin Wiley & Sous: Now York, 1985;
Vol 2. Chapeer 5. () Yamamato. A, Organofeansition Meral Chemistry-
Fundemental Concepts and Applicarions Wiley: New York. 1986.

Sakuma et al.

Table 2. Effect of Rhodium Precursor on the
Asymmetric Addition of Phenylboronic Acid to Benzyl

Crotonate®
cntry ligand T°C  dmeh  yield®% Y% ee
1 [Rhicad) (MeCN)z]3Fs 100 16 90 B85
2 Rhlacac)(CaHy)p 100 16 98 86
3 Rhlacac)(CsH,)z 100 2 99 87
4 Rh{acac}{CaHy)z 60 24 48 88
5 Rhiacac){coe)? 100 16 08 86
6 Rh(acac)(CO); 100 16 98 86
7 |[RhCl{cod)]; 100 16 99 87
8 [RhCHcod)]z 60 24 64 33

2 A mixture of benzyl crutonate {1 mmol) and phenylborenic acid
(2 mmol) in agueous divxane was sticred in the presence of a
rhodium complex (3 mol %) and (9)-binap (4.5 mol %). ? [sulared
yields. € cod = 1,5-cyclooctadiene, 9 coe = cyclooctene.

phenylboronic acid to benzyl crotonate to reveal the
elfects of rhodium precursors on yields and enantiose-
lectivities (Table 2),!%

All of the cationic and neutral rhodiun complexes
examined, such as [Rh(cod){CH;CN);|BF;. Rhiacac)(CH,=
CHalz. Rhlacac){coe)z, Rhlacac){CQ),, and [Rhicod}Cl]s.
were highly effective at 100 °C (entries 1-8). There were
no large differences in yields or enantioselectivitdies (% o)
between catienic and neutral rhodium complexes, but
neutral complexes were superior to cationic rhediums
because a combination of Rh(acac)(CH,=CHg)o/(5)-binap
revealed higher enantioselectivity (1-3% ee) than [Rh-
{cod {(CHaCNR:]BF#/(S)-hinap (entry 1). The reaction was
completed within 2 h at 100 °C and overnight at 60 °C
{entries 2 and 3). The enatioselectivity was not affected
by the reaction temperatures or by the reaction times,
although the RhCl complex resulted in significantly low
enantioselectivity at 60 °C (enty 8). The isolated Rh-
(acac)[(5)-binap]'® showed essentially the same enatio-
selectivity as that of the in situ preparation.

The enatiomeric excess {% ee) was determined by
HPLC analysis using a chiral stationary column (Dicel
Chiralcel OD-H or OB-H}. The addition of PhB(OH); to
henzyl crotonate with a cationic rhadium/(8)-binap cara-
lyst {entry 1} provided benzyl 3-phenylbutanoare ([ilp
—14.5 (¢ 1.02, CHCl,), whose saponification with H, (1.5
atm. 10% Pd/C in EtOH ar room temperature for 3 h)
gave 3-phenyibutanoic acid {[a)p —42.6 (c0.77, benzeneg)
{cq 4). Thus, the absolute configuracion of the ester (7)
obtained from (5)-binap was established tu be (R) by the
specific rotation reported for {R)-3-phenylbutanocic acid
(faln —45.8 (¢ 0.77, benzene). '8

GH; PhB(OH), Hy{1.5am) ©Hs H
= 14)
COBn  Rhiacac)(CeH.)» PdiC,EIOH Ph COH
{(Sy-binap
80°C T (R}

[e)p -42.8 {c, 0.77, benzene)

The effects of commercially available chiral ligands
on the enantioselectivity in the addition of 3-methoxy-
phenylboronic acld to isopropyl crotonare are summarized
in Table 3 and Figure 1.

(15) The reaction of Rh(acac)(vod) with bisphosphine (P-8) viells
2 Rh(acac){(P—P) complex: Fennis, P, J.: Budzelaar, P. H, M.: Erijns,
J.H. G Qrpen. A, G, . Organomet. Chem. 19980, 393, 287—298. Fur
Rh(acac) [($)-tinap] cumplex, see rel 7.

(16) Suzuki. L: Kin, 11 Yamamato. Y. /. A Chem. Soc. 1993, )5,
10139-10147.
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1L ;
PPN PPh
= & par, o P3P0 \E 2
~y P OT‘Pth PP,
99 ;
(S)-binap (Ar=Ph} {R,R)-diop {R,R)-chiraphos
[S)-161-DInap (Ar=p-olyl)
“~NMe, \T/\
FFh, 5 —
[l i =
Fe \\T
ot
( :7—Pth .\/\,

[S,R}-bpofa (S.Sh-Me-gupnros

{S)-MeO-mop

Figure 1. Chiral ligands.

Table 3. Effcct of Ligand on the Asymmetric Addition of
3-Methoxyphenylboronic Acid to Isepropyl Crotonate#

entry ligand yield®/% % ee
1 (5)-binap 91 9]
2 (S)-tol-binap 43 91
k! (R.H)-diop 45 7
4 (. K)-chiraphos 97 75
3 (5. R)-bppfa 9 0
G (&.9)-Me-duphos 92 29
7 (5) MeC mop trace

4 A mixwure of isopropyl crotonate {1 mmwol) and 3-methoxy-
phenylboreonic acid (2 mimoll in agqueous divxane was stirred for
16 h ar 100 °C in the presence of Rh{acac){CzH4)z (3 mol %) and
ligand (1.5 mul %) # [solured vields.

The complexes in situ obtained from binap, chiraphos.,
and Me-duphos afferded high vields ol the addition
product (entries 1. 4. and 8), but binap was again found
to be the best ligand giving both high vields and high
asymmetric induction, similar to those obtained by the
1,4-addition to cnones {entry 1), Other bidentace ligands
resulted in low yields or low enantioselectivities (entrles
2, 3. and 3). The chiral monoedentate ligand MeO-mop.,
reported in asymmmetric hydrosilylauon,'” did not catalyze
the reaction (entry 7).

The results of 1.4-addition of representative arylboronic
aclds Lo ¢ fi-unsalurated esters in (he presence of Rh-
(acacH{CH)/(S)-binap are summarized In Table 4.

3-Methoxyphenylborenic acid was added to a series of
cratonates to reveal the effect of the ester group (R?in 1)
{entries 1—6). The bulkiness of the ester group improved
the enantioselectivity in the arder of ethyl ~ isobutyl ~
benzyl < isopropyl ~ cyclohexyl < teri-butyl, thus sug-
gesting the superiority ol secondary and Lertiary alkyl
esters, whereas the reaction was very slow for the rerr
butyl ester (entry 6). Various arylborenic acids having
ortho, meta. and para substituents smoothly underwent
the addition to isopropy] crotonate with high enantio-
selectivity exceeding 90% ee (entries 4 and 7—12). There
was no appreciable difference in yields or enantio-
selectivity between mela- and para-functionalized aryl-
boronic acids {entries 4 and 7—98). However, ortho-
substitution caused a significant increase in rhe enantio-

O Uezami. Yo Havashi. T. /A Chem Soc 1991, 113, 9887
0888,
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selectivity, though both reactions were very slow, even
in the presence of a large excess of boronic acid (entries
10 and 11). The o-methoxy group in Rh(2-MeQCgH.)-
(PMej)3 caordinates to the rhodium metal center.'® but
itis not abvious at present whether the significant effect
of an o-methoxy group is derived not only from steric
interaction but alse from intramolecular chelation.
Together with the effect of the ester group (R3, the
B-substitution (RY) significantly affected the yields and
enantioselectivities. The enantioselectivity improved (o
97% ee in the B-isopropyl derivative (entry 12), but the
increase in steric interaction significantly reduced the
chemical yield, which was not improved in the presence
of a large excess of arylboronic acids or by prolongation
of the reaction time. More flexible chiraphos was better
ligand for tmproving the chemical yield, but the enanti-
oselectivity was not sufficient for practical purposes
{entry 13). Although bulky f-alky! groups caused an
increase in the enantioselectivity, all attempts at high-
enantioselective addition to f-aryl derivatives such as
cinnamate were unsuccessful {entries 14 and 15).
Under similar reaction conditions, arylboronic esters
8 and 9 also underwent the conjugarte addition (eg 5).

0 Jel
Ph—B :] or Ph—B,
o] o)
CH, s s CH;,
CO,Bn Rh({acac(C,H,)2/(S)-binap Ph CO.Bn =

aq. digxane, 100 °C, 16 h

B: 98%, 87%00
9:79%, B7%8e

The pinacol ester 9 resulted in a slightly lower vield.
but the enantioselectivity thus obrained was the same
as that of phenylberonic acid (entry 3). Various arylbor-
onic pinacal esters are now accessible by the palladium-
catalyzed cross-coupling reaction of bis(pinacolata)-
diboran with aryl halides or triflates or by a similar
coupling reaction of pinacolborane with aryl halides in
the presence af triethylamine.!® Thus. the stepwise bond-
forming reactions catalyzed by palladium and rhodium
may allow one-pot synthesis of f-aryl esters.

Mechanism

Although work on mechanistic details is suill in progress.
it is thought that the present transformation may have
resulted from a catalytic cycle that involves the trans-
metalation of arylboronic acid to a rhodium() species 10
to give an arylrhodium(I) complex 11, the coordination
of an unsaturated ester to rhodium followed by insertion
into the Rh—C bond to afford an equilibrium mixture of
12 and 13 and. finally. the hydrolysis of the rhodium
enolate 13 with water to provide 14 and 10 (Figure 2).

The arylrhodium(I}/arylphosphine complexes are un-
stable. making isolation in pure form impossible, but they

(18) Jones. R. A.; Wilkinson. G. J. Chern. Soc.. Dalton Trans. 1979,
472—-4717.

(19) Th coupling between bis(pinaculatojdiboron with aryl halides
or triflates. sec: (L:) Ishivanu, T.. Murata, M0 Mivaura, N. J. Org.
Chem. 1985, 60. 7508—7510. (W} Ishivana, T.: hoh, Y. Kitano, T

Miyaura. N. Tetrahedron, Lert 1997, 38, 3447~3450. The coupling of

halvarenes with pinacolborane: (¢} Murata, M. Watanabe, S Masuda,
Y. J Org. Chem. 1999, 62, 6458-6459. (d) Murara. M.; Qyama. T
Watanabe, S.: Masuda. Y. /. Org. Chem. 2000, 65, 164—168.
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Table 4. Asymmetric Addition of Arylboronic Acids to af-Unsaturated Esters®

Sakuma et al.

entry e funsatarated ester ArB{OH); vieid®% % ee {0)®p (cin CHCL)

1 (B)-CHaCH=CHCO2CH; 3-MeQCsHB{OH): 81 87 -20.3(1.01)
2 (F}-CHaCH=CHCO,CHCH(CHa), 3-MeOC:H4B(OH)2 98 88 —21.7(1.01
3 {£)-CH4CH=CHCO;CH;Ph 3-MeOCgH4B(OH},; 97 87 -12.3{1.00)
4 (E}-CH3;CH=CHCO; +C3H; 3-MeOCgH4B(OH): 91 91 —-21.211.02)
3 (E}-CH.CH=CRHCOucyrio-CeH )y 3-MeOCgH4B(OH}2 97 91 -18.4 {1.01)
[¢) {F}-CHACH=CHCO:+-C Mo 3-MeOCsH,B(OH)2 54 92 —-19.5{1.01)
7 {£)-CHCH=CHCO24-CaH; 4-MeCsH4B{OH)2 BG Q2 -23.5{1.01)
3 (£)-CHACH=CHLQ,/-C3H; 4-MeOCsH4B{OH): 54 92

9 (E)-CH4CH=CHCQ0.-CyH; 4-MeOCgHB{OH); 82 92 —21.6 (0.99)

10 (E£-CH3CH=CHCO5-CaHy 2-McCgH4B(OH), 35 94 —8.5 {1.00)

11 (B)-CHaCH=CHCQ;/-C3H7 2-MeDCsHyB{OH)2 43¢ 98 =2.0{1,00)

12 [E)-{CH3:CHCH=CHC (2/-C4H7 3-MeQC:H4BIOH) 26 97 —-17.5(1.02}

13 (BY-{CH 3} CHCH=CHC Oy i-C3H;5 3-MeOCsH4B{OH): 92 77

14 (E£}-PhCH=CHCO3i-C3H7 4-MeCgH(B(OH); 28 77

13 (E)-PhCH=CHCO:;-C3H; 4-MeCgH4B(OH); 37 78 ~2.9 0,99

' A mixture of @ f-unsarurated ester (1 mimuol) and aryiberonic acid (2 mmol) in agueous dioxane was stirred for 16 b at 100 °C in
the presence of Rhiacac) (CiHq)2 (3 mol %) und (S)-binup (4.5 mal %). * Tsolated yields by chromatography over silica gel. ¢ Arylboronic

acid (3 munel} was used. ? (R R)-Chiraphos was used in place of {S)-binap.

HO-Rhli-Ln
Ar’vgc -B{OH
. 10 ArBIOHI,
14 \ \(/_

H,0 = | \
\ /
cR OR ;
P
PR TR = e \L? Ar-Rh(l)-Ln

Ra(h-Ln An(irtn "

12

CHp=CHCG,R

Figure 2. Propesed catalylic cycle.

are key intermediates for carrving out various coupling
reactions with organic halides®® and additions to alkenes
and alkynes.?' Preliminary results suggested a sequence
of the farmation of the ArRh{l} species and its addicion
10 unsaturated esters because the Michael adduct was
obtained when the in sit preparation of phenylrhodium-
(1) {15) from a Vaska complex was followed by the
addition to methyl vinyl ketone (eq 6). The sequence
involves insertion of the alkene double bond into the
Rh—C band and hydrolysis of the rhodium intermediate
(11 — 14).

PAL
RNCICONPPRy);, —————  Rh(Ph){CONPPh,),
THE, -78 °C
15
CHp=CHGOCH, .
Ph\/\n/CH‘_ ©)
DMEH,0 . o
20°C. 16 h 2%

The synthesis of rhedium enclate and its applications
to catalytic Atdel chemistry was oxtensively studied by

(20) (2) Hegedus, L S0 Kemdall, 20N Lo, S0 M. Shieats, J. R J
A Cheny Sae. 1975, 87, 5448-5452. () Svimmelhack. M. F.: Ryone,
L. Teirahedron Lert, 1973, 2867-2970.

(21 Michman. M. Balog. M. ). Organomer. Chem. 1971, 31, 395—
402.

Heatheock.? The ' oxygen-bound rhodium enolate com-
plexes. synthesized from RhCI{CO}(PMej), and potassium
enolates or silyl enolates. exhibit a dynamic equilibrium
between the O-hound and the C-baund forms. which are
sufficiently nucleophilic to condense with carbony] com-
pounds. Thus. the hydrolysis of the rhodium enciate 13
with water lead to 14, which avoids the S-hydride
climination from 12 giving the Heck-coupling product
(eq 3) or Aldol-type condensation of 13. Although there
is no clear evidence that (hydroxo)rhodijum(l}? exists as
an active species for rransmetalation (10 — 11), results
of present study implied that there is a mechanism that
involves transmetalation as a crucial step in the catalytic
cvcle. The high oxophilicity of the boron center and the
basicity of transition metal hydroxides would induce
Lransmetalation, which can be rationalized by the relaved
catalyzed reactions by palladium and platinum complexes
whereby organic groups on the boron atom readily
transfer to Pd(acac)z.?® [3-CaH;PdOACc];, 28 53-CsHsPd-
(acac).?® RPA(ORJL; (R = H, Me, Ac)®728 and [Pi(OR)(S)-
L:]" (R = H, Me)®® under neutral conditions. The reaction
of phenylboronic acid with benzyl crotonate with the Rh-
{acac)/(S)-binap complex (entry 2 in Table 2) was retarded
completely by the addition of a 3 mel % of acid such as
HBF,. AcOH. or HC1, thus suggesting that neutralization
of the (hydrexo)rhodium species inhibits transmetalation.

The stereochemical pathway in the insertion of the
C-C double bond of 1 into the Rh—aryl bond can be
explained by a mechanism similar to that of the 1.4
addition to enones.® The binap ligand was originatiy

{22) The reaction of (PPha)sRhCl with PhMgBr or trans-RhCHCO)-
(PFh3)z with PhLi ylelds the phenylrhodium(l} complexes: Keim, W.
J. Organomet. Chern. 1968, 14. 179-184. Hegedus, L. S.; Lo, S, M.:
Bless. D E. J. Am. Chem, Sec, 1973. 95, 3040-3042,

(23) Slough. G. A.: Bergman. R. G.: Heathcock. C, H. J. Am. Chem.
Soc. 1989, /41 938-949,

(24) (a) Brune. H.-A.; Unsin. J.. Hemmer, R.; Reichhardt. M. J.
Organorner. Cherni. 1989, 3569, 335-342. {b) Usun. R.; Oro, L. A
Cabeza. J. A Jnerg Syath, 1985, 23,126, (0) Grushin, V. V. Kuznelsov.
V. F. Bensimon, C.: Alper, H, Organometallics 1995, 14, 3927-3932,

(25) Dieck. H. A.; Heek. R.F. J. Org, Chem. 1975, 40. 1083—1090.

(26) Miyaura. N.: Yamada, K. Suginone, H: Suzuki, A. J Am.
Chemn. Soc. 1985, 107, 972—-980.

(27) (@) Mivaura. N.; Suzuki. A. Chem. Rev.,, 1993, 85, 2457-2483.
(b} Suzuki. A, In Metal-Catalveed Cross-Coupling Reactions, Diclerich,
F.. Stang, P. 1., Eds.: VCH: Weinhelm, 1998; p 49,

(28) Miyaura. N. In Advances in Metal—COrgante Chemisuy:
Liebeskind, L. S.. Ed.; JAI Press: Stanford, 1998; Vol. 6. p 187

(29) Siegmann, K.: Pregosin. P. S.: Venanzi. L. M. Organometaltics
1989. 8. 2659-2664.
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Figure 3. |ransition siate.

designed tor asymmetric hydrogenation. but it also works
well in the Heel reaction®® and the conjugace addition
because those reactions involve a similar molecutar
recognition mechanism. The configuration of a speculated
intermediate of the rhodium—(5)-binap® and a.-unsat-
urated ester coordinated is shown in Figure 3.

The coordination of 1 with its 2re face w a vacant
erbital of the rhodium—(5)-binap complex provides (R)-3
{Ar = Ph, R = Me. R" = CH,Ph) on the migratary inser-
tion of the C—C dauble bond into the rhodium—carbon
bond (eq 4). A comparison of a series of crotonic csters
{eniries 1 -6 in Tahle 4) revealed the superiority of bulky
k2 which may interact with the upper phenyl group of
the binap ligand at the coordination from its 2 si face.

[n addition ta aur previous reports® on 1.4-addicions
of aryl- and I-alkenylbaronic acids to enones, the reaction
with o fi-unsaturated esters was found to be efficiently
catalyzed by a rhodium-binap catalyst. Because of the
simple experimental procedure using a catalytic amount
of a rhodium—binap complex. we anticipate the feasibility
ol conjugate additions 1o other Michael acceptors. Pre-
liminary results for the addition of phenylboronic acid
te N-hbenzyl crotonamide are shown in eq 7. Under
reaction conditions similar to those used for the esters.
varipus amides showed a higher enantioselectivity than
that of the carresponding ester derivatives, the results
of which will be reported clsewhera (eq 7).

CH; PhB{OHY, {2 equivs) CHs

=\ Q)
CONHBn  Rh{acac)C;H,)/(S)-binap  Ph CONHBnR
aq. dioxane, 100°C, 16 h

67%, 95%es

(30} Qzaww. F.; Kubo, A Matsumote, Y. Hayashi. T. Organo-
ietallics 1993, 12, 3188~4196, and references therein.
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Experimental Section

Rh(acac) (CHz=CH3)2. Rh{acac) (CO)z. and [Rhicod)Cl)s are
commercially available. [Rh(cod) (CH3CN}z)BF ! and Rh{acac)-
(coe)z® were synthesized by the reported procedures. HPLC
analysis was directly perfurmed with a chiral statienary phase
column, Chiralcel OD-H and OB-H, purchased from Dicel Co..
Ltd.

General Procedure. Rhodium complex (0.03 mmel), ligand
{0,045 mmol). and aryiboronic acid (2 or 5 mmol) were added
to a flask containing a magnetic stirring bar, a septum inlet.
and a rellux condenser. The MNask was flashed with argon and
charged with 1.4-dioxane (6 mL) and water (1 mL)}. After being
stirred for 30 min, of-unsaturated ester (1.0 mmol) was
added. The mixture was then stirred for 16 h at the temper-
ature shown in Tables 1—4. The product was extracted wilh
benzene, washed with brine, and dried over MgSQ,. Chroma-
Lagraphy over silica gel gave the desired product.

(R)-3-Phenylbutanoic Acid (Eq 4). (acac)Rh(C;H,): {0.03
mmol). (S)-binap {0.045 mmol), and phenylboronic acid (2
mmel) were placed in a flask. The flask was Nashed with argon
and then charged with 1.4-dioxane (6 mL) and water {1 mL).
After being stirred for 30 min. benzyl crotonate was added.
The mixture was then stirred for 16 h at 100 °C. Chromatog-
raphy aver silica gel yielded benzyl 3-phenylbutanoate: yield
0.252 g (99%): 86% ee (HPLC, QD-I; hexane/2-propancl =
98:2).

To a glass pressure bottle containing a magnetic stirring
bar and 10% Pd—C (10 mg) were added EtOl (3 mL) and
benzyl 3-phenylbutanoate (I mmol}. The resulting mixture was
stirred for 3 h at roem temperature under 1.5 atmospheres of
hydrogen. The catalyst was removed by filtration through
Celite. and cthe acid was then extracted with 1 M NaOH (30
mL}. The aqueous phase was treated with 1 M HCI (100 mL).
and the product was then extracted with diethyl ether.
Evaporation of solvent yielded 3-phenylbutancic acid; yleld
0.118 g (72%): [a]p ~42.6 {c 0.77. henzene).

Addition of Phenylrhodium(I) Complex to Methyl
Vinyl Ketone (Eg 6). To a solution of Vaska complex RhCl-
{CO)(PPNh3)z {0.03 mmol) in THF (0.5 mL) was added phenyl-
lithium (0.832 M in diethy! ether. 0.3 mmol) at —78 *C. After
the misture was stirred for 1.5 h at ~78 °C. DMF (6 mL). H.0
(1 mL}) and methyl vinyl ketone (1 mumol) were added. The
resulting mixture was stirred overnight at room temperacure.,
GC analysis revealed the formation of 4-phenyl-2-butanone in
72% yield based on the Vaska complex.

Supporting Information Available: Text describing
experimental details and spectral and/or analytical data of the
products. This material Is available free of charge via Internet
at hetpi//pubs.acs.org,

J0O0002184

(31) Green. M. Kue, T, A Tavlor, S, H. J. Chern. Soe. A 1971, 2334—
2337.

(32) Bennewt, M. AL Mitchell. T. R. B. J. Grganamer. Chern, 1985,
295, 223—-231.
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Summary. The rhodium(i})-caralvzed conjugate addition
of arvi- or 1-atkenyiboronic acids to enones was carried
out in high yields ar 50 °C in an aqueous solvent. A
combination of (acac) RhC()» and dpph was recognized
to be highly effective for the addition w acyclic and cyclic
oHonNes.

The conjugated addition of organometallic reagents
lo enones is a powerful tool for appending organic
residues to cyclic and acyclic substrates. Although
arganocopper complexes have been widely used,! other
related reactions induced by transition metals have
provided additional applications and extensions of this
protocol, Ni(acac): or PdCly catalyzes the conjugate
addition of organozine.? -zirconium.# -aluminum.? -mer-
cury compounds® to enones. The addition of terminal
alkynes to a.f-unsaturated ketones and esters with
RhCI(PMea)3% ar HaRu(PBu3)4%* and the Michael ad-

@ Abstract published in Advance ACS Abstracts, September 1, 1997,
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Table 1. Addition of Phenylboronic Acid to MVK
or 2-Octen-3-one?

yield/4"
entry ligand (equivs) solvent. MVK  Z-octen-3-one

1 PBus{3) DMF/H,0 93

2 PPha (3) DMF/H,0 a3 0

3 AsPhz DMF/HO 0

4 TEP(3) DMF/H:Q 34 12

5 dppe“(1) DMF/H,0 70 0

G dppp* (1) DMF/H,0 97 19

7 dppb- (1} DMEA,0 89 28

8 dppbe (1} ME 91

4 dppb? (1) toluene/HzO 34
10 dppbe (1} cyclohexane/H0 61
11 dppbe (1) MeOH/MHRO 96
12 dppbe (1) MeOH 0

# All reactions were carvied out at. 50 "C for 16 h using PhE(OH);
{L.3 mmol}, methyl vinyl ketone (MVK) or Z-octen-3-one (1.0
mimol], (acac) Rh(CO); (.03 mmol), and an additional ligand (9.03
or 0.09 mmol) in aqueous solvent (6/1. 7 mL}. # GC yields based
on Lhe enones. © Trifurylphosphine. ¢1.2-Bis{diphenylphosphino)-
ethanc. ¢ 1,3-Bis(diphenylphosphina}propanc. 1.4-Bis{diphenylphas-
phino)butane.

dition of activated nitriles or esters with ruthenium(ID)%
or thodium(I)™ complexes have been extensively stud-
ied, The corresponding reactions or organeboron com-
pounds have not yet been well developed. but the
addition of NaBPhy or arylboronic acids to enones with
Pd{OAc), in the presence of NaQAc or SbCly was

(7) (a} Murahashi, 5.-1.; Naota, T.: Taki, H.: Mizuno, M.; Takava.
H.. Komiya, 5.; Mizuno, Y.; Oyasato, N.; Hiraoka, M.: Hirano, M.;
Fukaoka, A, J. Am. Chemn. Soc. 1995, {77, 12436. (b) Sawamura, M.:
Sudoh, M.; Teo, Y. Thid. 1996, 718, 3309.
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Table 2. Rhodium-Catalyzed Conjugate Addition of Arylboronic Acids (Eq 1)

yicldgb
rnery arylbaronic acid X cnone A B34 ce

1 PhB(OH}, CHp=CHCOCH;3 82 {99) {90) (94
2 CHaCH=CHCOC,H, 28 60, 74f a6/
3 CHCH=CHCOQTFh 75¢

4 PhCH=CHCOCH; 43¢ 997
5 PhCH=CHCOPh 581 86/
G trace 52f race

O
7 = 1-Br CHy=CHCQCH; 50
@—B(O:—ib
A

& 4-CH10 CHy=CHCOCH; 84 82 86
9 2-CHa0 CHy=CHCOCH; 68 81 84
10 4-CH,C0O CH=CHCOCH;, 94

I 2.4.6-(CHzha CHy=CHCOCH; {44) (80} )
12 FhB{OH); CH=CHCHO {56) (43) {59)

? The experimental procedure is given in the text.'! ® Isolated yields are based on the enones. and GC ylelds are given in parentheses.
" DMEMH,R0 (64, 7 Cyelohexane/HQ (6/1). ¢ MeOH/H0 (641). FTwo equivalents of ArB{OH); was used.

recently reported by Uemura and co-workers® The
reaction was proposed to proceed through the oxidative
addition of the C—B bond to the Pd(0) species: however,
another probable process, the transmetalation to transi-
tion metals, may allow a similar catalytic transforma-
tion by the use of organoboronic acids. The efficiency
of the transmetalation from boron to palladium was
previeusly demonstrated in the cross-coupling reaction
of organoboron compounds with organic electrophiles.?
Now, we report the 1.4-addition reaction of organoho-
ronic acids to enones catalyzed by a {acac)Rh{CO},/dppb
complex (dppb L.4-bis(diphenylphesphino}butane). which
may involve the B—Rh transmetalation as the key step
{eg 1).

0
N - e
1 2
R = aryl, 1-alkeny!
b ) R® 0
cac)Rh{CO),/dppb {3 mol%
(acac)Rn(CO)idpob ¢ a A N
agueous solvent /50 *C /16N
3

A mixture of Rh{acac){CO); (3 mol %), a phosphine
lipand, an enone (1 equiv), and phenylboronic acid (1.3
equiv) in agueous selvent was stirred for 16 h at 50 °C
{(l'able 1). Various phosphine ligands gave good results
for methyl vinyl ketone (MVK), giving a quantitative
yield of 4-phenyi-2-butanene as the sole product, but the
reaction with less reactive 2-octen-1-one revealed the
order of dppb > dppp = TFP > dppe. PPha. and AsPh;
suggesting that the reaction is accelerated upan the
increase of the I -Rh—P angles.!Y Other rhodium(l)
complexes such as [Rhicod)z]BEi/dppb (99%). [Rh(CO)-
(PPhs)z]CI0y (95%). (acac)Rh{cod)/dpph (99%), RhCl-
{PPha)z (16%), and RhCHCO)PPha)z (35%) were alsa
effective for MVK. The solvent also affects the rate of
addition. Aqueous DM can be used for methyl vinyl

(8] Cho, €. S.: Motofusa, S.; Ohe, K. Uemnura, S, ./, Org. Chemn, 1995,
G0, 883.

() Miyaura, N.; Sucuki, A, Cherm. Rev. 1995, 25, 2457,

(10) The hane anple affecrs the vate of CO insertion inwe the G-
hand, see: Dekker, G, P, Co; Elsevier. C. L Vriee, K. Orgasiomerallics
1992, 11, 1498,

ketonie, but less polar solvents such as cyclohexane
afforded a higher yield for 2-octen-4-one (entry 10).
However, a combination of methanol and water was
finally recognized to be a highly efficient system. having
a wide generality for various enones (entry 11 and 'able
2). Although the effect of added water has not yet heen
elucidated, the yields decreased in the absence of water
(entries 8 and 12). The addition of a base, such as
NaCQH, NaOAc. and Et3N, or the addition of SbCls
unexpectedly retarded the reaction, which is in sharp
cantrast to the paliadium-catalyzed cross-coupling reac-
tion? of organcharonic acids and the conjugate addition®
with palladium(lI) acctale.

The representative results obtained by the three
procedures using Rh{acac)(CO)a/dppb in aqueous sol-
vents at 50 °C are compared in Table 2.!" The addition
to MVK worked well in aqueous DMF (procedure A).
but agueous MeOH (procedure C} was apparently
advantageous for a wide range of enones and arylboronic
acids {entries 2—12). Aqueous cyclohexane (procedure
C) exceptignally gave the best result in the reaction with
2-cyclohexenone (entry 6). Various arylboronic acids
having ortho- and para-substituents smoothly under-
went the addition to methyl vinyl ketone (MVK) (entries
1 and 7—11). There is no appreciable difference in the
yields between electron-withdrawing and -denating
groups, but the artho-substituents strongly retarded the
addition {entries 9 and 11). For such reactions of
sterically hindered arylboronlc acids. the use of excess
amounts (2 equiv) of arylboronic acids was advanta-
geous o achieve high yields, because prolonging the
reaction time did not improve the yields due to the
competitive hydrolytic deboronation of arytboronic acids
with water (entries 2 and 11). The reduction potential

(11) The following procedure for the synthesis of 2-phenvloctan-4-
one is reprensentative. Methanol (6 ml) was added to u flask charged
with RhiacacH{CO}; (0.03 mmol}. dppb (0.03 mmol), ard PhEEIH) (2.0
mmol) and flustied with nitrogen. After being stirred fur 15 min aL
room lemperature. water (1 mL) and 2-octen-3-one {1 mmal) were
added. and the resulting mixture was then stirred a1 50 °C for 16 h.
The product was extracted with benzene, washed wilh brine. and dried
over MpS04. Chromatography over silica gel with hexane/AcQEL (10/
1) gave a colorless oil (96%): IR (neat) 1710 em ' '"H NMR {400 MHz,
CDCly) 8 7.16--7.31 {n. 5H). 3.31 (ddq. 1H, J = 6.6, 6.8, and 7.8 Hy),
2.72 {dd, 1M, J=6.6 and 16.1 Hz), 2.62 (del. I1H, 7=7.8 and 16.1 H),
2.30 {8 lines, 2H, /= 7.3 He), 1.48 (w, 2H, /=73 and 7.3 Hs). 1.25
(0 3H, /=8 Hy, 1.23 (i, 2H, J= 73 and 7.3 Hy), 0.8A (1, 3H. J =
7.3 Ha); MS m/e 105 {100}, 119 {8), 129 (3), 147 (18}, 162 {7}, 189 {16}
204 (22, M7). HIRMS for C;4Hpe0: 204.1807. Found: 204.1500.
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of enones serves to estimate the addition rate of orga-
nocuprates'? and perhaps the addition of other
organometaltics,* but the reaction seemed to be more
sensitive Lo the steric effect of the substituents than that
ol an electronlc effect. presumably due to the steric
hindrance at the steps of coordination and insertion to
the enone {entries 1—5). The reactien under neutral
conditions in the presence of water avoids the aldol
condensation of substrates or products, thus allowing
the conjugate addition to enals. The preliminary results
for the addition of phenylboronic acid te acrelein gave
a 59% yield of 3-phenylpropanal (entry 12).13

(£)-1-Hexenylboronic acids similarly participated in
the rhadium-catalyzed conjugate addition to MVK giv-
ing (£)-5-decen-2-onc in a 52% vicld by procedure A,
74% yield by procedure B, and 74% yicld hy procedure
C. The addition to 2-octen-4-one by procedure C re-
sulted in a 68% yield. retaining its stereochemistry
during the reaction {eq 2).

C‘H‘-‘\/A‘B(OH)? + RACH=CHGOCH,

{acac)Rh{CO)/dppb
MeOHR/M,0/50 °C/1B h

CaHa \/Y\I]/CHE )

R 0
RA=H, 74%
R=Me, 68%

This research has been carried oul based on the
previous observations that Lhe organic groups on the
boron atom readily displace the RO—Pd(IDX bond (RO

acac, AcO. and MeQ) under neutral canditions.
whereas the halogen—metal complexes are quite inert
to such transmetalation with organoboronic acids.?
Work on the mechanistic details is in progress, but the

(12) House. t1. Q.; Huber, L. £ Umen. M. 1. 2L Am. Chem. Soc.
1972, 94. 3471,

(13) The addition to other . f-unsaturated aldehydes, nitriles, or
eslers is in progess: however . these veactions are very slow under the
above reattion conditions,
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Scheme 1. Catalytic Cycle

3
Ao
R-B(OH), /\)\OB(OH)
2
A-RA(eL,

R
/—->K\O >
A AL, ~N

MVK

present transformation may resull from a catalytic cycle
that invelves the transmetalation between the rhodium-
(I) enolate!* and arylboronic acid to give the arylrhod-
ium(l) species'® and the insertion of the enone into the
Ar—Rh bond, as shown in Scheme 1.8

The intermolecular transfer reactions of erganoboron
compounds such as the Grignard-type reaction are rare;
however, several methods have been reperted for the
conjugate addition to enones.!’~!9 The present rhodium-
catalyzed reaction provides an additional method for the
conjugate addition of aryl- and alkenylboronic acids to
enones. Because of the simple experimental procedure
under neutral conditions, the rhodium-catalyzed asym-
metric addition will be the topic of further accounts from
this labaoratory.

OM9705113

{14) Slough, G. A.; Bergman, R. G.; 1eathcack. C. H. ./ 4Am. Chem.
Soc. 1989, 111, D38.

(15) The reaction of (PPhs);RhC] with PhMghr ar trans-RhCHOO)-
(PPhy)z with PhL.i gives the corresponding phenyirhodium{l) complexes,
seer Kelm, W. J. Organomet. Chenr. 1968, /4. 179. Hegedus, [.. D
l.o. 8. M. Bless, . E. /. Am. Chem. Soc. 1973, 85, 3010, However,
the isclation and characterization of arylrhodium species need o be
investigated further.

(16) The hydrolysis of the rhodium(l} enolaie with water to give a
hydroxorhodium species and its transmetalation with aryiboronic acid
is ancther probable process to give a phenvirhodium{l} intermediate,
see: Grushin, V. V.. Kuznetsov. V. F. Benslmon, C.: Alper, H.
Organometallics 1995, 14, 3927,

(17} Suzuki. A, Arase, A.; Matsumoto, H.: 1toh, M.; Brown, H. £.:
Rogic, M. M.: Rathke. M. W. J. Am. Chem. Soc, 1967, 89. 5708.

(18) Fujishima, H.; Takada, E.; Hara. S.. Suzuki. A. Chem. Letr.
1992, 695, Ishimura, S.; Hara. §5.: Suzuki. A, Synlerr 1996, 993,

{19) Molander. C. A, Shingaram. B.: Brown. H. C. J. (g, Chem.
1984, 49, 5024. Molander, G. A.; Brown, H. C. Thid 1977. 42, 3106.
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