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A New Stereoselective Method for the Preparation Table 1. Ynal Alkylative Cyclizations

of Allylic Alcohols
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Receied June 11, 1997 1 CHy H cHy 70°
2 CH, H Ph 72
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Allylic alcohols are useful building blocks in many synthetic 4 on CHs "phu 64
applications including Claisen rearrangements and related 5 CH» CHy nBu 76
sigmatropic processésenantio? and diastereoselectivény- 6 CH;  Ph CHy 78
droxyl-directed additions to alkenesy® displacements with 7o S o Pho BT
N 8 NCOPh  H  CHy 72

cuprated, palladium-catalyzed-allyl chemistry® and cationic
cyclizations® Allylic alcohols with a tri- or tetrasubstituted
alkene component are efficient substrates in many of these
applications, and the stereochemical integrity of the alkene is
critical to issues involving the creation of stereogenic centers. alkenes. These studies provide, to our knowledge, the first
Prior synthesis of a stereochemically-defined alkenyl iodide examples of transition metal catalyzed alkylative cyclizations
followed by metalation/addition or Nozaki/Kishi couplifwyith of ynals and related three-component couplings.

an aldehyde are the most commonly employed strategies for Derivatives of 5-hexynal were first examined in alkylative
the stereoselective preparation of allylic alcohols. However, cyclizations. Upon treatment of 5-hexynal and organozincs with

2 Products were obtained as single stereoisomers by 500 MHz
NMR analysis® Isolated as the benzoate ester (two-step yield is
reported).

few general methods exist that allow creation of a tri- or tetra- catalytic Ni(COD} (5 mol %) at 0°C in THF, efficient
substituted alkene and incorporation of an aldehyde in a single

cyclization with stereoselective introduction of the exocyclic

operation. In order to address this synthetic challenge, we havetrisubstituted alkene was observed (Table 1). The organozincs

initiated the development of a general protocol for the nickel-
catalyzed cyclization/alkylation of ynals with organozincs to
produce cyclic allylic alcohols and the three-component coupling
of alkynes, aldehydes, and organozincs to produce acyclic allylic
alcohols with complete control of alkene stereochemistry.
Many powerful methods for reductive and alkylative cycliza-
tions of dienes, enynes, and diynes employing transition metal
catalysis have been develogedhe corresponding transforma-
tions employing enals and ynals to produce alcohol derivatives
are also potentially useful. Early transition metal catalysis has
proven to be most efficient in cyclizations involving a carbonyl
component through the involvement of oxametallacycles, al-
though the strength of the metadxygen bond renders catalytic
sequences difficuk. Recent developments by Buchw&dnd
Crowé't demonstrated that-bond metathesis of early transition
metal oxametallacycles with silyl hydrides provides an efficient
mechanism for catalytic turnover in this important class of
reactionst?2 Based on our earlier developments in cyclizations
of alkynyl enones? we envisioned that nickel-catalyzed cou-
plings of ynals with organozincs could provide an efficient and
general entry to allylic alcohols with tri- and tetrasubstituted
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were generateth situ from organolithiums or organomagne-
siums and anhydrous zinc chloride. BothZsmnd sp-
hybridized organozincs, including those that posgkhydro-
gens, were efficiently incorporated without competthbydride
elimination. Pyrrolidines could also be efficiently prepared by
incorporating nitrogen in the tether chain. As expected, the
organozinc substituent was always introduced exclusively cis
to the alcohol functionality. Direct addition of the organozinc
to the aldehyde was not observed. Functionalization of the ter-
minal alkyne (by acetylide alkylation or Sonogashira coupgfing
followed by nickel-catalyzed alkylative cyclization led to the
stereoselective introduction of tetrasubstituted exocyclic alkenes,
again with complete and predictable stereocontrol (Table 1).
Both isomers of the tetrasubstituted allylic alcohols were con-
veniently prepared by simply switching the order of substituent
introduction. Direct addition of the organozinc to the aldehyde
was initially problematic with internal alkynes; however, since
the 1,2-addition likely does not involve nickel catalysis, this
side reaction could be essentially completely suppressed by
employing higher catalyst loadings (20 mol % Ni(CQP)

Although competings-hydride elimination was not observed
in Ni(COD),-catalyzed cyclizations employing diethylzinc and
dibutylzinc, a complete crossover to reductive cyclization with
hydrogen atom introduction was observed simply by pretreating
the Ni(COD) with PBw (Table 2)15 Reductive cyclizations
were efficient with both terminal and internal alkynes, with the
latter allowing completely selective introduction of trisubstituted
alkenes of the opposite configuration as those obtained from
alkylative cyclizations of terminal alkyné§.

The above procedures were also extrapolated to three-
component couplings of alkynes, aldehydes, and organozincs
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(15) Tributylphosphine was found to be far more effective in promoting
reductive cyclization than was triphenylphosphine, which was extensively
used in our earlier studies with alkynylenones (ref 13).

© 1997 American Chemical Society



9066 J. Am. Chem. Soc., Vol. 119, No. 38, 1997

Scheme 1. Proposed Mechanism for Ynal Cyclizations and
Three-Component Couplings
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Table 2. Ynal Reductive Cyclizations

o R! ZnEt, HO l-/‘ R
&
HJ\/X\/ Ni(COD), : PBus Z-fﬁ
1:4
X
entry X R' yield (%)?

1 CH, H 74P
2 CH, CHg 67°
3 CHp Ph 62

4 NCOPh H 70°

aProducts were obtained as single stereoisomers by 500 MHz
NMR analysis Isolated as the benzoate ester (two-step yield is
reported) . Isolated as a mixture with 9% of the ethyl-substituted
alkylative cyclization product.

Table 3. Three-Component Couplings

(e} R2 i 3
B / + znR3, _NICOD) OH R
R H H R Z R2
entry R' R? R® yield (%)?
1 Ph Ph Me 60
2 Ph CeHia Me 74
3 Ph CeHis n-Bu 71
4 i-pr Ph Me 21°
5 Ph Ph C(CHg)=CH, 0°
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both the alkyne and aldehyde components, although yields were
significantly lower with enolizable aldehydes. 3ggybridized
organozincs were tolerated, but diisopropenylzinc underwent
direct addition to the aldehyde without alkyne incorporation.
In contrast to the efficient reductive cyclizations of ynals in
the presence of PBuhydrogen atom incorporation was not
observed in intermolecular three-component couplings in the
presence of phosphines. The allylic alcohols that would be
obtained by intermolecular reductive couplings involviiygy-
dride elimination are easily obtained by the Wipf procedure
involving alkene transfer from hydrozirconation-derived orga-
nometallic?® The Wipf procedure, however, is not amenable
to intramolecular reductive cyclizations (as in Table 2) since
aldehyde hydrozirconation proceeds faster than hydrozirconation
of alkynes?® Thus the Wipf procedure and the methods reported
herein are completely complementary.

We speculate that oxametallacycles are involved in the
transformations described above and that both reductive and
alkylative cyclization products are derived from a common
intermediate (Scheme 23. Oxidative cyclization of Ni(0) with
an alkyne and an aldehyde would directly afford oxametallacycle
1.2324 Transmetalation of the organozinc would produce vinyl
nickel species2. Reductive elimination o2 would afford
alkylative cyclization products, wheregshydride elimination
prior to reductive elimination in the presence of tributylphos-
phine would afford reductive cyclization produéts.

In summary, an efficient, general, and stereoselective syn-
thesis of cyclic and acyclic allylic alcohols that possess tri- and
tetrasubstituted alkenes has been developed. Significantly, both
E andZ isomers of the alkenes may be obtained in a completely
stereoselective fashion from a common intermediate. The above
procedures are direct and experimentally simple and are carried
out at 0°C with thermally-stable and readily-accessible reagents.
Further methodological refinements, catalytic asymmetric vari-
ants, and mechanistic studies are under investigation.
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@ Products were obtained as single regio- and stereoisomers by 500

MHz 'H NMR analysis? Isolated as the acetate ester (two-step yield
is reported)® The alcohol derived from isopropenyl addition to
benzaldehyde was isolated in 90% vyield.

(Table 3)1718 Highly chemo-, regio-, and stereoselective addi-
tion directly afforded the desired allylic alcohols. Yields were
typically highest when the alkyne was introduced as the limiting
reagent® Aromatic and aliphatic substitution was tolerated in
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