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The functionalization oé.-unsaturated carbonyls by a conjugate =~ Scheme 1 2

addition/aldol sequence is a central transformation in organic 0] T OH O
synthesis. Strategies initiated by organocuprate additions are the Hf\ oy Phi_conditions Ph)j/“\ OtBu
most widely used,and related sequences involving organozirco- | + PhCHO

niums? organozinc$,organoboranebsand other metals have also Ph” 4

been developed. These procedures, while extraordinarily powerful  aprocedure A: NiGI (100 mol %), pyridine, Zf, THF, reflux, 24 h,
in many contexts, often involve experimentally demanding opera- 79% (2:1 dr). Procedure B: Ni(CORJ10 mol %), ZnMe, THF, 0°C, 1
tional procedures given the air, moisture, or thermal instabilities h, 88% (86:14 dr).

of many of the requisite metalated nucleophiles. For these reasons
a complementary protocol that involves the direct introduction of o , Ni(COD) OH O
a haloaromatic without requiring the discreet production of a ’)1\ ) + RI (10 mol O/f)

| OR

Table 1.2

metalated reagent would provide considerable advantages. + RlcHO L g OR!
It is widely appreciated that transition metals cleanly promote + ZnMep THF »
the conjugate addition of aryl iodides dg3-unsaturated carbonyls. 0-25°C R
In the case of Pd(0)-catalyzed Heck reactions, oxidative addition entry R! R2 R3 % yield® (dr)
of Pd(0) to the aryl iodide is followed by migratory insertion of

! O ! : 1 tBu Ph Ph 88 (86:14)
the alkene to allow regioselective introduction of the aryl unit to 2 CHs  Ph Ph 76 (89:11)
the 8-position of the unsaturated carbofyHowever, this strategy 3 t-Bu Ph p-CeHs-OCHz 73 (82:18)
is typically not amenable to a conjugate addition/aldol sequence 4 ~ tBu  Ph 2-furyl 76 (84:16)
becausgs-hydride elimination terminates the pathway to produce > tBu  Ph CHCHs 75(85:15)
nydri p ytop 6 tBu Ph CH(CH)2 78 (88:12)
a f-functionalized o,5-unsaturated carbonyl product. Several 7 t-Bu  Ph C(CH)3 71 (66:34)
examples of the direct Ni-catalyzed conjugate addition of aryland 8 t-Bu  Ph acetone 54% (- -)
alkenyl iodides to unsaturated carbonyls without accompanying 1?) :‘EU 1‘26"3“2}};' P';h 721(E(3%7::L]§)
_ i iminati H -bu P-CeHa-CH3 :
p-hydride elimination have been reported, but these strategies £BU  mCsHrCOE Ph 54 (87-13)

typically require>100 mol % of the nickel catalyst, and processes 1, tBu  mCgHsCH,OTBS  Ph 73(88:12)
of this type have not been coupled with aldol functionalization
because all examples involved either protonation or reduction of  2Typical stoichiometry: aldehyde (2.0 equiv), aryl iodide (2.0 equiv),
the transient kinetic transition metal enol@tderein, we report a  dimethylzinc (1.5 equiv), acrylate (1.0 equi¥)The % yield is the combined
. . yield of both diastereomers.
novel catalytic four-component strategy that allows the direct
coupling of aryl iodides, aldehydes, acrylates, and dimethylzinc to addition/aldol product in 88% yield with 86:14 dr in favor of the
produce conjugate addition/aldol products without requiring the syn diastereomer.
formation of a metalated aryl organometallic. The scope of this process with respect to the aldehyde and aryl
Our initial studies began with an investigation of the addition of iodide appears to be broad (Table 1). The aldehyde may be aromatic,
phenyl iodide tert-butyl acrylate, and benzaldehyde under various heteroaromatic, or aliphatic with primary, secondary, and tertiary
conditions. After extensive variation of the nickel precatalyst, substitution at the aldehyde-bearing carbon, and a simple ketone
ligands, Lewis acidic cocatalysts, solvent, and stoichiometry, an was also tolerated (entry 8). Across this range of aldehydes (entries
efficient protocol was not found, and Procedure A noted below 1-7), the yields and diastereoselectivities were uniformly good with
(Scheme 1) is representative of the reaction efficiencies observed.the exception of suppressed diastereoselectivity in the case of a
Although the desired three-component couplings were observed,tertiary aldehyde (entry 7). The aryl iodide may also be function-
the process was plagued by poor catalyst turnover, the need foralized, with alkyl, ester, and protected hydroxyalkyl units as well
extended reaction times at elevated temperature, and poor diasteas a bicyclic aromatic being cleanly introduced (entriesl9).
reoselectivities. Although the yield of addition with an ester-functionalized aryl
However, the catalytic process in the presence of dimethylzinc group was somewhat suppressed, there are obvious advantages of
was examined, and a remarkable change was noted. In contrast t@avoiding the requirement for preparing a metalated organometallic
the example cited above (Procedure A, Scheme 1), the coupling ofin the presence of lithium reagent-sensitive functional grélps.
phenyl iodideert-butyl acrylate, benzaldehyde, and dimethylzinc Variation of the acrylate component beyond simple changes in the
was completedn 1 h at 0°C with only 10 mol % Ni(COD) ester group, however, is problematic, as chemoselectivity issues
(Procedure B, Scheme P)Despite the potential for many undesired complicate the additions involving more elaboratg-unsaturated
competing reactions such as the direct or catalytic addition of carbonyls.
dimethylzinc to the acrylate, aldehyde, or aryl iodide, the reaction A key mechanistic question centers on the potential involvement
chemoselectivity was very clean, affording the desired conjugate of arylzincs as reactive intermediates. Notably, Knochel has reported
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Scheme 2 nucleophiles. Although methyl addition is not observed, dimeth-
1 ylzinc plays an important role in reaction acceleration. Expansion
Phl + ZnMe, . ] .
PhCHO ' of the scope of this new reaction as well as better understanding
an\"ﬂe Niln the complex role of the organozinc in this and other metal-catalyzed
2 processes are under active investigation in our laboratories.
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