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Communication

LIGAND EFFECTS IN PALLADIUM(0)-CATALYZED
REARRANGEMENT OF A SILICON SUBSTITUTED
VINYLOXIRANE

FRANCK LE BIDEAU and MAX MALACRIA*

Université P. et M. Curie, Laboratoire de Chimie Organique de Synthése, associé
au CNRS, Tour 44, B.229, 4 place Jussieu, 75252 Paris Cedex 05, France

{Received May 25, 1995; in final form July 10, 1995)

Palladium(0)-catalyzed rearrangement of silylated vinyloxirane 4 is depending on ligand effects.

Key words: tert-butyldiphenylsilylvinylepoxide, vinyloxirane, 1,2-silicon shift, Brook rearrangement,
Palladium(0), ligand effects.

We previously reported that silicon substituted vinyloxiranes of type 1 rearrange
under palladium(0)-catalyzed conditions to give, depending on the size of the silyl
substituents, compounds 2 or 3 (Scheme I).!

Aldehydes 2 occur from a 1,2-silicon shift while dienes 3 are the products of a
Brook rearrangement.” In the case of tert-butyldiphenylsilylvinylepoxide 4, using
P(OiPr), as ligand, we observed’ the formation of both aldehyde 5 and diene 6
respectively in 71% and 26% yields (Scheme II). More interestingly, a total chirality
transfer was observed in the isomerization of compound 4 to aldehyde 5. The 7
allyl palladium complex was formed by oxidative addition of the vinyloxirane to
palladium(0) with inversion.* The steric interaction between the silicon and the pal-
ladium would favor the rotation around the carbon-carbon bond and furthermore the
silylated group would attack anti to the metal (Scheme III). Obviously, determination
of conditions which would allow the totally selective formation of 5 will enhance
the synthetic usefulness of this stereoselective process.

In this paper, we describe the dramatic influence of the ligand on the product
distribution for this reaction.

Exposure of racemic vinyloxirane 4 to a catalytic amount of zerovalent palladium
species generated in situ from 2.6 mol % Pd(OAc), and 16 mol % of various ligands,
in THF at different temperatures and reaction times afforded the adducts § and 6 in
good chemical yields as summarized in Table 1.

The total inversion in the product distribution from TMEDA to P(OPh), can be
explained in terms of more or less aceptor properties of the ligands. It is worthy of
note that with the latter, the unique product isolated was the aldehyde 5.

Akermark and Vitagliano® showed by '*C-NMR that the three carbons of (n’-allyl)
palladium systems were electronically affected by a variation of ligands (Scheme
IV). The electronic distribution is responsible for the regioselectivity in the nucleo-
philic attack of both amines and malonates anions. Acceptor ligands like P(OPh),
induce positive charge at the more (n’-allyl) terminus. In this case, the electronic
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SCHEME I Palladium(0)-catalyzed rearrangements of silicon substituted vinyloxiranes.
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SCHEME HI ' Palladium(0)-catalyzed rearrangement of tert-butyldiphenylsilylvinylepoxide.
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SCHEME Il Mechamsm of the formation of aldehyde 2.

TABLE I

Rearrangement of vinyloxirane 4 under various pailadium(0) conditions.

Entry Ligand s 6 Temp.(°C)  Time (h)
1 TMEDA® 2 78 67 12
2 dppe” 13 66 67 60
3 PBu, 16 73 25 3
4 PPh,’ 33 39 67 12
5 P(OEY), 40 41 25 3
6 P(OMe), 51 31 25 3
7 P(OiPr), n 26 25 3
8 P(O-CH,-C),-Et 64 24 25 3
9 P(OPh),’ 90 - 46 3

*isolated yields ; "No reaction occurs at 25°C within 2 h.

factor predominates and the nucleophilic attack will occur at this carbon. Donor
ligands like TMEDA decrease the stabilizing effect of the induced positive charge
given by a substituent and the steric effect in the (n’*-allyl) predominates resulting
in a higher proportion of nucleophilic attack at the least substituted carbon. In our
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SCHEME IV Electronic effect of donor and acceptor ligands on a mr-allyl palladium unit.

case, the sole effect to consider is the growth in electropositive character induced on
the proximal position of the intermediate which reinforce the 1,2 migration of the
silicon ‘nucleophile’ to the detriment of the Brook rearrangement. Except for PPh,
which should be more attractive than P(OMe);, our results are in good agreement
with this classification. The best acceptor ligand P(OPh), (entry 9) induces a highest
degree in 1,2-silicon shift (with the same level of chirality transfert) whereas the
more donor ligand TMEDA (entry 1) is found to favor the Brook rearrangement.

In summary, we showed that in addition to the effect of the substituents on the
silicon, the competition between palladium(0)-catalyzed 1,2-shift and Brook rear-
rangement is severely dependent on the electronic effects induced by the ligands.
Having thus found conditions to achieve this palladium(0)-catalyzed 1,2-silicon shift
in very high chemical and optical yields, work is now under very active progress in
our laboratory to illustrate the synthetic usefulness of this chiral aldehyde.

EXPERIMENTAL

To a stirred solution of Pd(OAc), (6 mg, 0.03 mmol) and ligand (0.16 mmol) in THF (5 ml) under an
argon atmosphere was added vinyloxirane 4 (308 mg, 1.00 mmol). After 2 h at room temperature (or
THF reflux for entry 1, 2, 4, 9 of Table I), the solvent was evaporated and the residue was purified by
flash chromatography (petroleum ether:ether/90:10) to give aldehyde 5 and diene 6 (yields are reported
in Table I).

Aldehyde §: 'H-NMR (400 MHz, CDCl,) § 9.73 (1 H, d, J = 3.1 Hz), 7.7-7.3 (10 H, m), 6.13 (1 H,
dt, J=17.1,101 Hz),502 (1 H,d, J = 10.1 Hz2), 488 (1 H,d, J = 17.1 Hz),396 (1 H, dd, J = 10.1,
3.1 Hz), 1.16 (9 H, s); PC-NMR (100 MHz, CDCl,) 199.7, 136.3, 131.9, 131.7, 130.8, 129.8, 127.8,
117.0, 53.0, 28.2, 19.7

Diene 6: 'H-NMR (400 MHz, CDCl,) § 7.9-7.7 (4 H, m), 7.6-7.4 (6 H, m), 7.12 (1 H, dt, J = 17.2,
10.6 Hz), 6.28 (1 H, d, J = 5.8 Hz), 5.33 (1 H, dd, J = 10.6, 5.8 Hz), 5.28 (1 H, d, J = 17.2 Hz), 5.09
(1 H, d, J = 10.6 Hz), 1.22 (9 H, s); "C-NMR (100 MHz, CDCl,) 140.7, 135.4, 132.4, 1300, 129.8,
127.9, 113.6, 111.2, 26.5, 19.3; IR (neat) 3060, 3040, 2940, 2920, 2880, 2840, 1640, 1590, 1465, 1420,
1250, 1170, 1100, 1070, 1000, 820, 700
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