J. Am. Chem. S0d.997,119,7163-7164

Directed Intermolecular [4 + 2] Cycloaddition of
Unactivated 1,3-Diene Substrates with High Regio-
and Stereoselectivities

Masahiro Murakami,* Kenichiro Itami, and Yoshihiko Ito*

Department of Synthetic Chemistry
and Biological Chemistry
Kyoto University, Yoshida, Kyoto 606-01, Japan

Receied February 26, 1997

The [4+ 2], i.e,, Diels—Alder type cycloaddition reaction is
widely used to construct six-membered carbon skeletons.
Whereas numerous modifications of reaction conditions to
promote the [4+ 2] cycloaddition reaction are known, they
are mostly confined to the combination of electronically
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diene, wherein high regio- and stereoselectivities are achieved
under mild conditions without the aid of electron-withdrawing
or -releasing substituents.

A vinylallene (1a) was treated with 1,3-butadien2g 10
equiv) in the presence of 5 mol % of Pd(RRlin THF at room
temperature for 2 days. A [4 2] cycloaddition reaction took
place to afford a cyclohexene derivatiaa)l which was isolated
in 96% vyield by chromatography (eq 9).The vinylallene

Ph 5mol % Ph
Pd(PPhg)4
.M—SiMea N — Sives (1)
4 THF
t,2d
1a 2a ' 3a 96%

contributed a four-carbon unit to the six-membered ring, with
1,3-butadiene acting as a dienophile to provide a two-carbon
complement in a regioselective manner. Only one diastereomer

dissimilar unsaturated substrates and typically use an electron-was observed bjH and*3C NMR spectra (300 and 75 MHz,

deficient dienophile. More forcing conditions have been
required for the combination of 1,3-dienes and dienophiles
lacking electron-withdrawing or -releasing substituents, which
limits the range of their synthetic utilization. Transition metals

respectively), and theis stereochemistry was assigned on the
basis of extensive NOE experiments.

The selective production &acan be explained by assuming
the following mechanism (Scheme 1). A five-membered bent

are potential driving gear for unactivated substrates and havepalladacycle having the trimethylsilyl group in a pseudoequa-

found application to certain intérand intramolecul@reactions.

torial orientation is initially formed by way of;*-coordina-

For example, Mandai and Tsuji reported a palladium-catalyzed tion of 1ato palladium(0), which is reasonably postulated on

intramolecular [4+ 2] cycloaddition of anin-situ-formed
alkenyl-substituted vinylallen®. In this paper, we report the
palladium-catalyzed intermoleculdirected[4 + 2] cycload-
dition reaction between a vinylallehe& and an ordinary 1,3-
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(7) Hopf and Binger reported the palladium-catalyzed homodimerization
of vinylallene giving a [4+ 2] adduct?®
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the basis of the superior binding aptitude of vinylallenes as
exemplified previously by reactions with rhodiunif)and
iron(OY* complexes. Then, 1,3-butadiene in sitransform
coordinates to palladium. The concurrent bindinglaefand
1,3-butadiene leads to a directed carboarbon bond formation,
thereby giving ar-allyl complex @).12 The observed regio-
and stereochemical outcome can be regarded as a consequence
of the selective formation af.13 A pathway leading to a-allyl
complex of the alternative stereochemist8) (s disfavored
because of a repulsive steric interaction between the pseudoaxial
vinyl group and the pseudoaxial hydrogen atom. Finally,
reductive elimination accomplishes{42] cycloaddition to give

rise to3a

Next, an analogous reaction using a vinylalled®)( the
geometric isomer ola, was carried out in order to study the
relationship between the vinylallene geometries and the cy-
cloadduct stereostructures. The regioselectivé B cycload-
dition also occurred to furnish a cyclohexene derivatB4g) {n

Scheme 1
Ph C—C bond Ph Si reductive
—_S \ formation — elimination
Pd!u,,,\ - - Pdmuﬂ -
H H
bent palladacycle 4 n-allyl complex
Ph Ph

Si Si
Pd
- \ T m,,{”/
HH 3a H ) ( =

5 disfavored

(8) For thermal Diels'Alder reactions wherein allene is used as a
dienophile, see: (a) Fink, M.; Gaier, H.; Gerlach, Helv. Chim. Acta
1982 65, 2563-2569. (b) Hayakawa, K.; Nishiyama, H.; Kanematsu, K.
J. Org. Chem.1985 50, 512-517. (c) Cauwberghs, S. G.; De Clercq,
P. J. Tetrahedron Lett.1988 29, 6501-6504. (d) Block, E.; Putman,
D. J. Am. Chem. Sod99Q 112 4072-4074. (e) Padwa, A.; Bullock,
W. H.; Norman, B. H.; Perumattam, J. Org. Chem.1991, 56, 4252~
4259. (f) Metz, P.; Betels, S.; Fnbich, R.J. Am. Chem. Sod.993 115
12595-12596. (g) Ikeda, I.; Honda, K.; Osawa, E.; Shiro, M.; Aso, M.;
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90% isolated yield (eq 2). Of note was that the cycloadduct Table 1. Palladium-catalyzed Directed +£2] Cvcloaddition of
Vinylallenes () with 1,3-Dienes 2)2

5 mol %

// g + 2a m Pd.,,,, . vinylallene (1) 1,3-diene (2) product (3) ;Zggghgrﬂit:;’
S'Me3 rIHde Ph Ph
2 .// g //__\\ i>i§ 93
W ji& 7 2a -
Pdm.. miSiMeg 1c = 3c
SiMe3 SiMes
6 m-allyl complex 3b 90% y Me o
was again diastereomerically pure within the limits of NMR Me~( 2 Me>i§j _
detection of the trimethylsilyl signal>(99:1), having arans Me 1d = 3d
stereostructure. Similarly to the case with, a bent pallada- Ph Ph
cycle having the silyl group in a pseudoaxial orientation would ﬂ_ Me, on 9
be initially produced fromib on the analogy of the complex- Me_(‘ Pho 2a Me sis b
ation to rhodium(0}°2 Preferred formation of a-allyl complex Me 1e = 3e
(6) from the axially oriented complex accounts for ttrans .
selectivity. The presumed 1,3-pseudodiaxial interaction could P Ve Pr
be more important fob than for4. We have recently found ,//—‘\&P,n 2a prn 92
that as*-vinylallene-rhodium complex undergoes ring flipping Me-( Me cis &9
isomerization through a plana?-bonded rhodacyclopentetig Me 1f = 3
The excellent stereospecificity, however, observed with the two COLE
geometric isomerda and1b indicates that each bent pallada- COzEt Me &7
cyclopentene intermediate directly coupled with 1,3-diene in _mph 2a ?‘Ph be
preference to isomerization to the other bent form through a me—# ; — 3g s
planar palladacycle.
Listed in Table 1 are other examples of the palladium-cata- Ph Ph
lyzed [4+ 2] cycloaddition reactions. Regio- and stereochem- M Ph Me 85
ical features are quite general with vinylallenes of various sub- ;. _( 7 N\ Me _
stitution patterns, which include a vinylallene equipped with Me 1h 2 7l ah
an ester grouplg) as well as several unactivated hydrocarbon
vinylallenes. Fromlg with an unsymmetrically substituted Ph Fh
allenyl group, one stereoisom@gj with regard to the exocyclic Me  Me Me
double bond was obtained. Face-selective binding to the metal 1h M Me Me
from the less-hindered side of the vinylallene insanisform 2 AN 3i Me 3
accounts for this stereoselectivi§#11214 For the 2-substituted
1,3-dienes2b and 2c, incorporation of the more substituted si:gj=71:29 9

carbon-carbon double bond was favored to aff@dl® and3i - . - .
as the exclusive or predominant products. This trend agrees_ ° The reaction was carried out using 5 mol % of Pd(@Pin THF
with binding of a substituted 1,3-diene at the less-stereode- &t "00m temperaturé.Determined by'H NMR NOE studies® The

X . . . other diastereomer was not detected'Hyand*3C NMR (300 and 75
manding site and subsequent coupling at the otherfite. MHz, respectively)d Thecis stereochemistry was assigned by analogy

with other examples.
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