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CoBr,
7 2,2'-bipyridine
@x . — DMF/Pyr 7\
= LiBr, H,0, Mn FQ= 7

tr CF3CO.H, A

FG = CO,Et, CO,Me, COMe, CN, SO;Me, CF3, H,
OMe, NMe;, (ortho/ metal para)

X =Cl, Br, OTf

Z = CO,Et, CO,Me, CN, CONMe;...

An efficient cobalt-catalyzed method devoted to the direct conjugate addition of functionalized aryl
compounds onto Michael acceptors is described. The £BRr+bipyridine) complex appears to be an
extremely suitable catalyst for the activation of a variety of aromatic reagents ranging from halides to

triflates functionalized by reactive groups. This procedure allows for the synthesis of compounds resulting
from 1,4-addition in good to excellent yields. The versatility of this original process represents a simple

alternative to most known methods using organometallic reagents.

Introduction

The conjugate addition of organometallic reagents to electron-
deficient olefins is a powerful method for the formation of new
carbor-carbon bonds, yielding Michael adducts which represent

useful synthons to further organic transformatiéms.view of

the paramount importance of this reaction in organic synthesis,

other transition-metal conjugate additions of main group orga-
nometallic reagents such as arylaluminum, -tin, -silicon, -tita-
nium, -indium, and -boron compounds are reported under
nickel, palladium® or rhodium catalysi§.In a previous work,

(7) Westermann, J.; Imberg, U.; Nguyen, A. T.; Nickisch, Eur. J.

new methods are continuously being developed to make this!norg. Chem 1998 295-298.

(8) (a) Nishikata, T.; Yamamoto, Y.; Miyaura, Rrganometallic2004

reaction more versatile and more reliable. The classical methods,s",317 4324 (b) Nishikata, T.. Yamamoto. Y.: Miyaura, Mngew.
for the regioselective 1,4-addition of aryl halides generally chem., Int. Ed2003 42, 2768-2770. (c) Denmark, S. E.; Amishiro, N.

involve a copper-catalyzed reactfamsing air- and/or moisture-
sensitive organometallic compounds such as aryllithiu@nig-
nard reagent$,arylmanganese,and arylzind Furthermore,

(1) Perimutter, PConjugate Addition Reactions in Organic Synthgsis
Pergamon Press: Oxford, 1992.

(2) (a) Taylor, R. J. K. IfOrganocopper Reagents, A Practical Approach
Harwood, L. M., Moody, C. J., Eds.; Oxford University Press: Oxford,
1994. (b) Normant, J.-FSynthesis1972 63—80. (c) Alexakis, A

Mangeney, P.; Ghribi, A.; Marek, |.; Sedrani, R.; Guir, C.; Normant, J.-F.

Pure Appl. Chem1988 60, 49—-56.

(3) (a) Lipshutz, B. H.; Wilhelm, R. S.; Kozlowski, J. A. Org. Chem
1984 49, 3938-3942. (b) Tucker, C. E.; Majid, T. N.; Knochel, B. Am.
Chem. Soc1992 114, 3983-3985. (c) Cahiez, G.; Venegas, P.; Tucker,
C. E.; Majid, T. N.; Knochel, PJ. Chem. Soc., Chem. Commur®92
1406-1408.

(4) Varchi, G.; Ricci, A.; Cahiez, G.; Knochel, Fetrahedron200Q
56, 2727-2731.

(5) Klement, 1.; Stadtriiler, H.; Knochel, P.; Cahiez, Gletrahedron
Lett 1997 38, 1927-1930.

(6) Knochel, P.; Singer, DChem. Re. 1993 93, 2117-2188.

6130 J. Org. Chem2006 71, 6130-6134

Org. Chem 2003 68, 6997-7003.

(9) For reviews on rhodium catalysis: (a) Hayashi, T.; Yamasaki, K.
Chem. Re. 2003 103 2829-2844. (b) Fagnou, K.; Lautens, NChem.
Rev. 2003 103 169-196. Addition of arylstannanes: (c) Oi, S.; Moro,
M.; Ito, H.; Honma, Y.; Miyamo, S.; Inoue, Yletrahedror2002 58, 91—
97. (d) Venkatraman, S.; Meng, Y.; Li, C.-Jetrahedron Lett2001, 42,
4459-4462. (e) Huang, T.-S.; Li, C.-Drg. Lett 2001 3, 2037-2039.
Addition of arylsilicon reagents: (f) Huang, T.-S.; Li, C.€hem. Commun
2001, 2348-2349. (g) Koibe, T.; Du, X.; Mori, A.; Osakada, KSynlett
2002 301-303. (h) Oi, S.; Honma, Y.; Inoue, YOrg. Lett 2002 4, 667—
669. Addition of arylboron reagents: (i) Amengual, R.; Michelet, V.; Gene
J.-P.Tetrahedron Lett2002 43, 5905-5908. (j) Sakai, M.; Hayashi, H.;
Miyaura, N. Organometallics1997 16, 4229-4231. (k) Ramnauth, J.;
Poulin, O.; Bratovanov, S. S.; Rakhit, S.; Maddaford, SORy. Lett 2001,

3, 2571-2573. (l) Batey, R. A.; Thadani, A. N.; Smil, D. \Org. Lett
1999 1, 1683-1686. (m) Navarre, L.; Pucheault, M.; Darses, S.; Gene
J.-P. Tetrahedron Lett2005 46, 4247-4250. Addition of arylbismuth
reagents: (n) Venkatraman S.; Li, C.i&trahedron Lett2001, 42, 781—
784. Addition of aryltitanium reagents: (o) Hayashi, T.; Tokunaga, N.;
Yoshida, K.; Han, J. WJ. Am. Chem. So2002 124, 12102-12103.
Addition of arylindium reagents: (p) Miura, T.; Murakami, NChem.
Commun 2005 5676-5677.
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SCHEME 2. Procedure for the Conjugate Addition of Ethyl
para-Bromobenzoate onto Ethyl Acrylate

SCHEME 1. General Procedure for the Cobalt-Catalyzed
Conjugate Addition Process

CoBr, CoBr, 10 mol%
2,2'-bipyridine 2,2"-bipyridine 10 mol%
Z (o)
@x + =/ DMF/Pyr // \ >—©78r . —/fOFt DMFPyr(a)
= LiBr, H;O, Mn FG\= 74 EtO LiBr 1 equiv.
tr CF3COgH, A H,0 1 equiv.
7.5 mmol 8 mmol Mn 2 equiv.

FG = CO,Et, CO,Me, COMe, CN, SO,Me, CF3, H, tr CF3CO5H, T =50°C

OMe, NMe;, (ortho/ metal para)
X =Cl, Br, OTf
Z = CO,Et, CO,Me, CN, CONMes;...

O
EtO : \—CO,Et

we have developed a new process for the addition of the 80%

electrochemically prepared arylzinc species onto activated

olefins via a cobalt catalys¥.However, the main difficulty of  Thjs one-step chemical procedure requires the use of £B¢
these different methods is the preliminary preparation of pipyridine) as the catalyst. The in situ generated low-valent
organometallic reagents, especially when the aromatic nucleuscobalt species obtained by chemical reduction in the presence
bears a reactive group. Consequently, some chemical Orof the appropriate reducing metal activates aryl halides or
electrochemical processes have been developed to avoid thigifiates through this unprecedented procedure. The correspond-
step by direct activation of aryl halides. Homogeneous catalysis ing “aryl cobalt” species undergoes addition onto activated
involving in situ reduction of transition-metal complexes remains g|efins to afford conjugate adducts. The use of manganese as a
of high interest: For aryl halides, the catalyst precursor is penign stoichiometric reducing agent in combination with an
generally a nickel complex, reduced either by an excess of zinc effective metal salt has already been originally descried.

or electrochemically. In the first case, only a few examples of  This method avoids the prior preparation of organometallic
reactions utilizing aryl halides as coupling partners are reported reagents and exhibits high tolerance toward sensitive functional
and the majority of these are restricted to aryl iodides. Besides, groups on the aromatic nucleus. Conjugate addition of a broad
direct electrochemical arylation of electron-deficient olefins range of aromatic reagents can be obtained in a one-step
performed with either nickél or cobalt® catalysts in association  reaction, under mild conditions, with quite short reaction times
with a sacrificial anode appears to be a suitable method for ang furthermore onto various Michael acceptors such.gs
various aromatic halides.Nevertheless, these electrochemical nsaturated esters or nitriles. Herein, we wish to report the scope
methods present some limitations. First, nickel is hazardous for g Jimitations of this cobalt-catalyzed direct 1,4-addition of
environmental reasons. Second, in the cobalt-catalyzed reactiongromatic compounds.

CoBr, is only an efficient catalyst for the electrochemical

addition of aryl bromides functionalized by electron-withdrawing rasuits and Discussion

groups onto methyl vinyl ketone. Moreover, all electrochemical

reactions are generally considered as being more difficult to  Optimization of the Cobalt-Catalyzed Conjugate Addition.
handle than conventional chemical methods. Given the impor- To optimize the reaction conditions, we have first investigated
tance of this reaction and the interest in cobalt-catalyzed the reaction between ethypara-bromobenzoate and ethyl
reactions'® we have developed a new direct chemical procedure acrylate modifying various parameters. The corresponding
for the conjugate addition of different substituted aryl bromides, conjugate adduct is synthesized in the presence of 10 mol % of

chlorides, and even triflates, bearing an electron-donating or
-withdrawing group, on various activated olefins (Schem&1).

(10) Gomes, P.; Gosmini, C.; Rehon, J.Synlett2002 1673-1676.

(11) (a) Boldrini, G. P.; Savoia, D.; Tagliavini, E.; Trombini, C.; Umani
Ronchi, A.J. Organomet. Chenl986 301, C62-C64. (b) Lebedev, S.
A.; Lopatina, V. S.; Petrov, E. S.; Beletskaya, |.J2.Organomet. Chem
1988 344, 253-259. (c) Sustmann, R.; Hopp, P.; Holl, Petrahedron
Lett 1989 30, 689-692. (d) Bontempelli, G.; Magno, F.; Daniele, S.;
Schavion, GJ. Electroanal. Chenil983 159 117-126. (e) Subburaj, K.;
Montgomery JJ. Am. Chem. So2003 125 11210-11211

(12) (a) Condon, S.; DupreD.; Falgayrac, G.; Nédec, J.-Y.Eur. J.
Org. Chem2002 105-111. (b) Condon, S.; Nigec, J.-Y.Synthesi2004
3070-3078.

(13) (a) Gomes, P.; Gosmini, C.; Nigec, J.-Y.; Peichon, J.Tetrahedron
Lett 200Q 41, 3385-3388. (b) Gomes, P.; Gosmini, C.; 8iigec, J.-Y.;
Paichon, J.Tetrahedron Lett2002 43, 5901-5903.

(14) Chaussard, J.; Folest, J.-C/;,délec, J.-Y.; Peichon, J.; Sibille, S;
Troupel, M. Synthesis199Q 369-380.

(15) For recent reports on cobalt-catalyzed coupling reactions, see: (a)

Ohmiya, H.; Yorimitsu, H.; Oshima, KI. Am. Chem. So2006 128 1886-
1889. (b) Ikeda, Y.; Nakamura, T.; Yorimitsu, H.; Oshima, JKAm. Chem.
Soc 2002 124, 6514-6515. (c) Cahiez, G.; Avedissian, Hetrahedron
Lett 1998 39, 6159-6162. (d) Avedissian, H.; Bélon, L.; Cahiez, G.;
Knochel, P.Tetrahedron Lett 1998 39, 6163-6166. (e) Nishii, Y.;
Wakasugi, K.; Tanabe, YSynlett1998 67—69. (f) Korn, T. J.; Knochel,
P.Angew. Chem., Int. EQ005 44, 2947-2951. (g) Sezen, B.; Sames, D.
Org. Lett 2003 5, 3607-3610. (h) Chang, K.-J.; Rayabarapu, D. K.; Cheng,
C.-H. J. Org. Chem 2004 69, 4781-4787. (i) Shukla, P.; Hsu, Y.-C;
Cheng, C.-HJ. Org. Chem2006 71, 655-658.

CoBry(2,2-bipyridine), 1.1 equiv of ethyl acrylate, 1 equiv of
H,0, and 1 equiv of anhydrous lithium bromide in a mixture
of DMF/pyridine at 50°C. The reducing metal (Mn, 2 equiv)

is activated by traces of trifluoroacetic acid (Scheme 2). The
resulting amount of the coupling product is measured by GC
using an internal standard (alkane) before isolation. Three
byproducts such as the reduction product ArH, the homocou-
pling product Ar-Ar, and the unsaturated product of the Heck
type could be observed in small amounts.

The presence of a lithium salt such as LiBr allows us to
increase the reaction rdté®and the yields. With the use of 1
equiv of LiBr with respect to the aryl bromide, the conjugate
adduct is obtained with a satisfactory isolated yield (80%).
Concerning the nature of the salt, similar results are obtained
with FeBr, or MnBr,. When TMSCI is used as a reagent to
“trap” the enolate anion generated and as an accelerating factor
for 1,4-addition?®19it results, in our case, in a rapid conversion

(16) Amatore, M.; Gosmini, C.; Rehon, J. Patent FR2865203, July
22, 2005.

(17) Fustner, A.; Shi, NJ. Am. Chem. Sod996 118 2533-2534. (b)
Furstner, A.Chem—Eur. J.1998 4, 567-570.

(18) Andringa, H.; Oosterveld, |.; Brandsma, $ynth. Commuri991,
21, 1393-1396.

(19) Nakamura, E.; Kuwajima, 1. Am. Chem. S0d.984 106, 3368~
3370.
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SCHEME 3. General Procedure for the Conjugate Addition
of Aryl Bromides onto Ethyl Acrylate

CoBr, 10 mol%

SCHEME 4. General Procedure for the Conjugate Addition
of Aryl Chlorides onto Alkyle Acrylates

CoBrp 10 mol%

2,2"-bipyridine 10 mol%

2,2"-bipyridine 10 mol%

CO,Et COR
@BH _f° DMF/Pyr (/1) // A @Cuﬁ 2R DMF/Pyr (91) // A
FG— LiBr 1 equiv. FG = CO,Et Fe = LiBr 1 equiv. Fe\—= CO,R
HO 1 equiv. H,0 1 equiv.
7.5 mmol 8 mmol :\fr&FZ:agqolillY' T=50°C 7.5 mmol 8 mmol Mn 2 equiv.
tr CF3CO,H, T =80°C
to the homocoupling product ArAr. Then, for greater con-  TABLE 1. Conjugate Additions of Aryl Bromides onto Ethyl
venience, LiBr is used and its amount could be decreased toAcrylate?
0.5 equiv without any major modification. Besides;GHis entry FG isolated yield (98) product no.
essential in this process to prevent product evolution in the 0-COEL 30 1
medium, mainly polymerization product. Consequently, GoBr > mM-CO,Et 72 >
xH,0 can be used instead of the anhydrous oné-Biridine 3 p-COMe 78 3
appears to be essential to stabilize the low-valent cobalt species 4 m-COMe 84 4
in the medium. However, no important variations are noticed 2 2}%’:1 ;8 2
by increasing the ligand/cobalt ratio. Only 1 equiv of 2,2 7 p-SO,Me 83 7
bipyridine vs CoBj is required in this catalytic process. 8 p-CFs 86 8
Moreover, the amount of cobalt complex affects the reaction 9 m-Ch; 83 9
10 o-CFs 20 10

rate but not the yields. Indeed, with 15 or 5 mol % of catalytic 1 h =8 1
complex CoBj(2,2-bipyridine), the efficiency of the reaction 12

. ;i . . p-OMe 56 12
remains the same but reaction times are longer in the second 13 m-OMe 62 13
case. Though Zn dust is able to reduce the cobalt complex 14 0-OMe 2% 14
instead of manganese, the nondesired corresponding reduction 15 p-NMe, 46° 15

product (ArH) is detected in a greater amount to the detriment  aReaction conditions: 10 mol % of Cof,2-bipyridine), Mn, LiBr,
of the conjugate adduct, in the conditions described in SchemeH20, DMF/Pyr, 50°C. » Conversion: 100%E GC yields.

2. This may be rationalized by considering that?Zrions

released in the medium may form the arylzinc sp&€iesich TABLE 2. Conjugate Additions of Aryl Chlorides onto Alkyl
evolves into ArH in the presence of water. This hypothesis is AcTylates®

confirmed using both zinc dust and LiBr without®. The entry FG R isolated yield (%8)  product no.
amount of 1,4-adduct decreases (GC yield of 53%), and ArZnBr 4 p-COMe Me 64 16
is a final product (ArZnBr in 23% yield). Concerning the amount 2 p-COMe Et 59 3
of manganese dust, more than 1 equiv vs aryl bromide is 3 p-CN Et 66 5
sufficient to consume the starting material: no reaction is 4 m-CN Et 47 6

. . . 5 p-SO:Me Et 79 7
observed with the use of 1 equiv of manganese, and a GCyield ¢ p-CFs Et 57 8

of 57% was obtained with 1.5 .eqUiv' Thu_s, 2 e-qUiV of aReaction conditions: 10 mol % of Cog2,2-bipyridine), Mn, LiBr
manganese has been found to deliver the optimum yield anql 34,0, DMF/Pyr, 80°C. b Conversion: 100%. ' B '
larger amount¥ 2 equiv) has no effect. The manganese dust is
activated by trifluoroacetic acid traces. Replacement of this
Bronsted acid by iodine or acetic acid leads to poor results. bromides and chlorides with alkyl acrylates under the conditions
Several other parameters such as the nature of the solvent an@lescribed in Schemes 3 and 4. Owing to the lower reactivity of
the presence of a cosolvent have been investigated. Because dhe C-Cl bond, these halides require intramolecular activation
the poor solubility of LiBr and 2,2bipyridine in acetonitrile/ by an electron-withdrawing group and their reactions need to
pyridine, such a mixture cannot be used. Though not necessanpe performed at 80C. However, increasing the temperature
to affect the transformation, the use of pyridine as the cosolvent favors byproduct formation as reported previously. Results are
results in noticeable acceleration of the reaction, presumably reported in Tables 1 and 2.
through stabilization of the aryl cobalt species, as reported for ~ Addition of aryl bromides bearing an electron-withdrawing
the cobalt-catalyzed vinylation of aryl halid&sUsing 1 or 2 group leads to excellent yields regardless of the position of the
equiv of ethyl acrylate affords the 1,4-adduct with quite similar substituent (Table 1, entries-9). Yields decrease with electron-
GC yields. When the quantity of theS-unsaturated compound  rich nuclei (Table 1, entries ¥215). Coupling in the ortho
is increased, a secondary product, arising from a C-alkylation position remains difficult in these conditions (Table 1, entries
at the hypothetic enolate intermediate, is detected. The effect10 and 14). Work is still in progress to achieve the conjugate
of temperature has also been examined. At room temperature addition of ortho-functionalized aryl halides with electron-
the yield is quite unchanged but the reaction time increases. deficient olefins.
On the other hand, at 8T, the coupling product ratio decreases  \with aryl chlorides, yields are lower than those obtained with
and the main products formed are ArH and-Ar. their bromide analogues and the proportion of byproducts such
Cobalt-Catalyzed 1,4-Addition and its Applications. We as ArH and ArAr increases (Table 2, entries-B). However,
have thus extended this reaction to various functionalized aryl the same reaction witpara-chlorophenylmethy! sulfone yields
the conjugate adduct with a 79% satisfactory yield (Table 2,
entry 5).

(20) Fillon, H.; Gosmini, C.; Pdchon, J.J. Am. Chem. So2003 125

3867-3870. . .
(21) Amatore, M.; Gosmini, C.: Riehon, J.Eur. J. Org. Chem2005 The process described for aryl bromides has been extended
989-992. to heteroaromatic bromides. Conjugate addition is efficient with
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TABLE 3. Conjugate Additions of Aryl Triflates onto Ethyl
Acrylate?

isolated yield (94)

10 mol % of 20 mol % of
entry FG CoBr/Bpy CoBr/Bpy product no.
1 H 69 82 11
2 p-COEt 59 72 1
3 p-COMe 34 51 3
4 p-CN 31 69 5

aReaction conditions: 10/20 mol % of Cof2,2-bipyridine), Mn, LiBr,
H,0O, DMF/Pyr, 50°C. P Conversion: 100%.

SCHEME 5. General Procedure for the Conjugate Addition
of Aryl Triflates onto Ethyl Acrylate

CoBr, 20 mol%
2,2"-bipyridine 20 mol%

CO,Et
@—ow v/ 2=t DMF/Pyr (911) // N\
Fe\=—= LiBr 1 equiv. FG = CO,Et
H,0 1 equiv.
7.5 mmol 8 mmol Mn 2 equiv.
tr CF3CO,H, T =50°C
SCHEME 6. General Procedure for the Conjugate Addition

of Aryl Bromides onto Acrylonitrile

CoBry 20 mol%
2,2"-bipyridine 20 mol%

@Br . N DMFPyr(an) 7\
FG/_ LiBr 1 equiv. FG/_ CN
H20 1 equiv.
7.5 mmol 9.75mmol  Mn 2 equiv.

tr CF3CO,H, T =50°C

TABLE 4. Conjugate Additions of Aryl Bromides onto
Acrylonitrile 2

entry FG isolated yield (98) product no.
1 p-CO.Et 85 19
2 m-COEt 73 20
3 p-COMe 82 21
4 m-COMe 63 22
5 p-CN 77 23
6 m-CN 71 24
7 p-SO:Me 82 25
8 p-CR 79 26
9 m-CR; 78 27

aReaction conditions: 20 mol % of CofR,2-bipyridine), Mn, LiBr,
H,0, DMF/Pyr, 50°C. b Conversion: 100%.

3-bromopyridine (68%7) and gives a moderate yield with

3-bromothiophene (34%4,8).

JOC Article

SCHEME 7. Mechanism Proposal for the Cobalt-Catalyzed
Conjugate Addition of Aryl Species
CoBr,/Bpy
Mn
an*
Mn2+
[CO]OO'I ArX
. / \<

Ior
[Col Ar{Co] Ior Il

Ar\/\/OEt
OH /\n,OEt
/ )
Ar. ~OFt
OEt H,0

Ar\/\n/ B] O[Co] lor Il y
o
1,4-adduct
EtO
(Al /\/
Jteoy

aryl bromides bearing electron-withdrawing groups and acry-
lonitrile.

Because of the lower reactivity of acrylonitrile, yields
decreased compared to ethyl acrylate in standard conditions
described in Scheme 3. However, 20 mol % of catalytic complex
CoBr(2,2-bipyridine) and a more important excess of acry-
lonitrile (1.3 equiv) are sufficient to perform the reaction with
good yields. Results could be explained taking into account the
tendency of acrylonitrile to polymerize in the medium.

Reactivity of other activated olefins has also been investi-
gated. WithN,N-dimethylacrylamide, the reaction is possible
but its experimental conditions need to be optimized. Under
standard conditions as described in Scheme 3, the conjugate
adduct is obtained in low yield. However, 60% of the coupling
adduct 28) is isolated using 3 equiv dd,N-dimethylacrylamide
and ethylpara-bromobenzoate. We have attempted to extend
this process to a more usual activated olefin such as methyl
vinyl ketone according to Scheme 3. Unfortunately, the con-
jugate addition of ethyppara-bromobenzoate onto methyl vinyl
ketone is not efficient at all and leads to a poor yield (24% GC
yield) with a partial conversion under these standard conditions.
This can be rationalized by considering that methyl vinyl ketone
may act as a strong ligand for reduced cobalt in the medium.

The reactivity of ary! triflates has also been investigated in g important chelating effect may prevent reduced cobalt (Co

the same conditions described in Scheme 3. In this case, aryl,- c) from undergoing its oxidative addition at a sufficient
trlf_late_s appear less reactive than aryl bromldes_ toward cobalt 5;q22 Then, the use of 50% of cobalt complex leads to 50%
oxidative addition to form the aryl cobalt species (Table 3, (GC vyield) of the coupling adduct with ethpara-bromoben-

ICO“(;m” 3)- U,”d”er theie c]:‘ondltlpns, tfhe r;act'lon IS t(:jo long ahnd zoate. Works are still in progress to perform these reactions
eads essentially to the formation of reduction product in the 20 Gecrease the amount of catalytic species.

case of the carbonyl and ni_trile groups._With these <_:ompounds, Mechanistic Considerations.From a mechanistic point of
we have also noted a rapid deprotection of the triflate group e\, as previously presented for the cobalt-catalyzed vinylation
giving the corre_spondlng phenols. Surp_rl5|r_19|y, the best results of aryl halidel23 Cd' associated to 2,ipyridine, and
are observed with nonactlvaFed aromatic t_rlflate (Table 3, entry obviously pyridine, is reduced in a preliminary step by activated
1), whereas the corresponding aryl bromide doe_s not perform manganese to afford Cor Cd species in the medium. A radical
as well (Table 1, entry 11). However, these yields can be nauay can be considered: however, the reaction in the
improved by using more cobalt complex (Scheme 5; Table 3,

column 4). (22) The same effects have been reported in palladium catalysis: (a)
Encouraged by the good results obtained with ethyl acrylate, Amatore, C.; CarreE.; Jutand, A.; Medjour, YOrganometallics2002
we have subsequently intended to extend this methodology to2L 4540-4545. (b) Amatore, C.; Bensalem, S.; Ghalem, S.; Jutand, A.;
. o . L Medjour, Y. Eur. J. Org. Chem2004 366—-371.
the conjugate addition of aryl bromides to acrylonitrile (Scheme ™ (23) polieux, L. LabbeE.; Buriez, O.; Péchon, J.Chem—Eur. J. 2005
6). Table 4 displays the scope of this reaction upon using various11, 4678-4686.
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presence of radical inhibitors (galvinoxyl free radical) affords suitable catalyst for a large variety of aromatic reagents ranging
similar results. The low-valent cobalt species most likely evolves from halides to triflates functionalized by reactive groups. To
with ArX by oxidative addition to form an aryl cobalt  our knowledge, this is the first efficient method for the direct
intermediate which could react via a nucleophile attack in a 1 4-addition of functionalized aromatic compounds onto acti-
six-membered transition state [A] with the deficient electron yateq olefins without using stoichiometric organometallic
olefin, leading to a cobalt enolate intermediate [B] (Scheme 7). \oaents. The reaction affords good to excellent yields under
The latter species reacts with residual water to give the expectt—:tdsimpIe and mild conditions. Work is now in progress both to

1,4-adduct releasing Coor Cd' species. These last species . . . : .
- . elucidate the mechanism of this reaction and to extend it to
are regenerated into €or Cd thanks to the reducing agent. other olefins

Conclusion

We have developed a Co-catalyzed process devoted o the, SUPPORS HOTTalon Mvaeble, Sxpaiments poeets
coupling of functionalized aryl compounds with activated . p . .
; . . . .~ available free of charge via the Internet at http://pubs.acs.org.
olefins. This catalytic process uses a simple cobalt halide
associated to 2,bipyridine which appears to be an extremely JO060855F
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