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Over the past seven years we have sys-
tematically explored the intramolecular
type I and type II magnesium-ene reac-
tions (Scheme 1).

These cyclizations proceed under ki-
netic control with high regio- and diaste-
reo-selectivities and the cyclized organo-
magnesium intermediates can be trapped
by a variety of electrophiles.

Applications of type I and type II
magnesium-ene reactions to the syntheses
of an array of natural products demon-
strate their potential in organic synthesis.

Nevertheless, these examples involve
only terminal (or strained) olefinic eno-
phile units since intramolecular allyl-
magnesium insertions into 1,2-dialkyl-,
trialkyl-, and cyclic alkenes could not be
achieved. Furthermore, all attempts to
apply these cyclizations to the prepara-
tion of pyrrolidines have so far failed.
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To overcome these and other limita-
tions of magnesium-ene cyclizations we
envisaged the exploration of catalytic in-
tramolecular palladium-ene reactions.
Whereas norbornadiene, norbornene, and
1,3-dienes were reported to insert into
stoichiometric amounts of allylpalladium
complexes, simple olefins (e.g. styrene, cy-
clohexene, 1,4-cyclohexadiene, and 1,5-
cyclooctadiene) did not undergo this reac-
tion.

However, we assumed the intramolecu-
lar ene process H—1 to be entropically
favoured and a subsequent irreversible f-

Scheme 1

elimination I—-J to withdraw the ene
product I from the equilibrium H=I,
thereby regenerating Pd° which continues
the catalytic cycle (Scheme 2).

In situ preparation of the olefinic allyl-
palladium intermediates G was accom-
plished by oxidative addition of Pd’-com-
plexes to allylacetates E, F, X = OAc. To
this end, acetoxydienes 2 were readily ob-
tained, predominantly as their (E)-iso-
mers, via Pd(PPh,),-catalyzed alkylation
of disulfones 1, Y = SO,Ar or malonates
1, Y = COOMe with 4-acetoxy-2-butenyl
methyl carbonate (Scheme 3).
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as the corresponding magnesium-ene pro-
cess C—D.

Catalytic palladium-ene cyclizations
may also open new perspectives in alka-
loid synthesis considering the smooth for-
mation of pyrrolidines (Scheme 8).

It is interesting to note that the cycliza-
tion 2—3, Y = SO,Ar can be also catal-
yzed by Pt~ and Ni’-phosphane com-
plexes (Scheme 9).

In summary, we have shown that cata-
lytic intramolecular d'°-transition metal
ene reactions are simple to carry out,
compatible with various functional
groups, as well as applicable to 1,2-
dialkyl, trialkyl-, and cycloalkenyl eno-
philes thereby complementing advanta-
geously the analogous magnesium-ene
process. Further extensions and applica-
tions of this novel methodology are
presently under investigation in our labo-
ratory.
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Yieldof 3,Y = SO,Ar

Scheme 9
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