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1,3-Dienes were prepared by a variety of nickel-catalyzed couplings and cyclization processes. Intermolecular or partially intramolecular couplings
of alkynes, vinylzirconium reagents, and either aldehydes or enones efficiently proceeded to generate a broad range of functionalized dienes.

Many classes of multicomponent couplings involving nickel that have participated in these processes include organozincs,
catalysis have been developed in recent ye&@ee widely organostannanes, organoaluminums, organoboranes, and
studied group of reactions is the three-component addition organosilane$:® Given the broad utility of this general
of two z-participants with one main group organometallic strategy for transition metal-catalyzed multicomponent coup-
or metal hydride. The combinations aof-systems that have  lings, we envisioned that the generation of a reactive vinyl
been incorporated include aldehydes with diehalsiehydes organometallic from an alkyne precursor could significantly
with alkynes? alkenes with alkyne%alkenes with diene%¥, expand the scope and utility of many of the above-mentioned
alkenes with allene¥. allyl halides with alkyne$, two processes. Therefore, we have explored the participation of
enones,and two alkyne§.The main group organometallics alkyne-derived vinylzirconium reagefit® intra- and inter-
molecular versions of aldehydalkyne and enonealkyne
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mol % ZnC}, and 10 mol % Ni(CODy) Cyclizations to
produce5 were completely stereoselective and were efficient
with aromatic, aliphatic, and terminal alkynes on the ynal

Table 1. Cyclizations of Alkynyl Enones with Vinylzirconiums

Q Oy R’ substrate, and vinylzirconium reagents derived from aromatic
R' | P R? . and aliphatic alkynes were tolerated.
Z NI(COD). More highly functionalized ynals were also good sub-
R 53
1 ZnCly N ! ~ strates, as evidenced by the efficient cyclization of substrate
+ CpCIZr A~ 3 1 6 with the vinylzirconium reagent derived from 1-octyne
2 (eq 1). In this latter example, produgtwas obtained as a
single diastereomer with formation of th&E)-configuration
entry R1 R2 Rs yield, % of the exocyclic diene and the axial configuration of the
1 Me Ph CeHis 74 hydroxyl within the quinolizidine core structure.
Ph H CeHis 80
Ph Me CeHas 7

a b wN

Ph Me (CH,),0TBS 75 (j\/l o
Ph Ph CeHis 76 5713 Niccop),
N O + % _ =
X Cp,Clzr ZnCl
vinylzirconiums and dimethylzin& Optimized conditions g O 7 (69 %)
for the couplings involved 1 equiv of alkynyl enodg0.1
M in THF), 2.5 equiv of vinyl zirconiun®, 20 mol % ZnC},
and 10 mol % Ni(CODy. The alkynyl enone may possess In contrast to the failure of intermolecular enerakyne—
an aryl or alkyl enone and an aryl, alkyl, or terminal alkyne Vvinylzirconium couplings, the corresponding fully intermo-
moiety, and vinylzirconium reagents that possess function- lecular aldehyde—alkyne—vinylzirconium couplings pro-
alized or unfunctionalized alkyl substituents were examined. ceeded smoothly. Couplings of benzaldehyde with aromatic
The exocyclic diene8 were obtained as single isomers. or aliphatic alkynes and functionalized or unfunctionalized
The corresponding intermolecular couplings of enones, Vinylzirconium reagents afforded the desired hydroxy dienes
alkynes, and vinylzirconiums were briefly examined, and our 92—c in good yields with excellent stereocontrol. A par-
attempts to date have been largely unsuccessful. Rather thaficularly surprising feature of this coupling is that the
the desired three-component couplings, direct conjugateregiochemistry of alkyne insertion is opposite that of
addition of the vinylzirconium reagent to the enone was aldehyde—organozinc—alkyne three-component couplings
observed. This is not surprising given that Schwartz previ- that were previously developed by our grdujprespective
ously reported that vinylzirconium conjugate additions to ©Of the mechanistic questions raised by these observations,
enones proceeded efficiently in the presence of Ni(a¢ac) the three-component nature of this coupling procedure stands
We next examined cyclizations of ynals with vinyl to be particularly useful in various synthetic and combina-

zirconium reagents under identical conditions (Table 2). In torial appllc_at|ons. _Efforts to understz_ind the mechanistic basis
for the regiochemical reversal are in progress.

Table 3. Fully Intermolecular Couplings

CeHis

Table 2. Cyclizations of Ynals with Vinylzirconiums

0 R’
= . OH fe) R
H/u\/\/ NI(COD)Z, ° J o+ / Ni(coD),  HO._Fh
4 znCl NS HPhH — I/\/ >
2 R ZnCl, R R
+ szCIZr\/\Rg 5 + CpClZr ~~ R2 9
2
1 0,
entry R R, yield, % entry R1 R2 yield, %
1 ” e " 1 Ph (CH2),0TBS 63
2 Ph CeHis 56
2 Me CsHis 50 3 CeH CeH 71
3 Ph CeHis 68 6H13 6H13
4 Me Ph 66

The exact nature of the vinyl organometallic species that
direct analogy to alkynyl enone cyclizations, we found that ur}dergoes trgnsmetalation to nickel has not been determined.
optimized conditions for the couplings involved 1 equiv of Itis worth noting that attempted t_hreeTCompo.nent couplings
ynal 4 (0.1 M in THF), 2.5 equiv of vinylzirconiun®, 20 of an aldehyde, alkyne, and vinylzinc derived from an
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In summary, vinylzirconium reagents are excellent par-
ticipants in several classes of nickel-catalyzed cyclizations
and multicomponent couplings. Their participation allows
densely functionalized 1,3-dienes to be easily prepared in a
convenient, efficient, and highly stereoselective fashion.  0L025812+
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