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Summary: X-ray, 13C NMR, and DFT studies on the
cationic Ru(IV) allyl complex Ru(Cp*)CI(CH3CN)(1n?-
PhCHCHCHo>), as a PFg salt, have revealed a marked
asymmetry in the bonding of the allyl ligand, which can
be interpreted as arising from differences in m-bonding
from the metal center to the two terminal allyl carbons.
This asymmetry in the bonding is offered as an explana-
tion for the observed control of regioselectivity in the Ru-
catalyzed allylic alkylation reaction.

The Ru-catalyzed allylic alkylation reaction has at-
tracted significant interest due to its recognized regi-
oselectivity in favor of branched products.! The most
commonly used catalyst precursor contains a Cp or Cp*
ligand.?? Trost and co-workers! have reported that
[Ru(Cp*)(CH3CN)s](PF¢) (1) is an excellent catalyst for
this reaction and, specifically, that reaction of the allyl
substrate PhCH=CHCHX (2; X = halogen or carbon-
ate) with either a carbon or nitrogen nucleophile, Nu~,
preferentially affords the branched product PhCH(IN)-
CH=CHy, (see eq 1). When the branched starting mate-

_ [Ru(Cp*)(CH3CN)5l(PFg)
PhCH=CHCH,X + Nu
DMEF or acetone

PhCH(Nuw)CH=CH, + X (1)

rial PhCH(X)CH=CHys is used as substrate, the reaction
is thought to proceed with retention of configuration at
the methine carbon atom, i.e., with inversion in both of
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the presumed mechanistic steps.! It is not immediately
clear why the branched isomer is formed, although, in
contrast to related Pd(II) chemistry,* the product is
clearly not formed under steric control. We offer here
an explanation for this selectivity based on X-ray, NMR,
and computational studies.

Since this allylation reaction is thought to proceed via
a Ru(IV) allyl intermediate,? we have prepared the allyl
complex 3 in 94% yield by a stoichiometric reaction of
2 (X = Cl) with 1. Complex 3 reacts quantitatively with

morpholine after extraction of chloride with AgPFg to
afford both the branched and linear isomeric organic
products in a 95:5 ratio.
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(5) [RuCp*Cl(33-phenylallyl) CH;CN]PF¢ (3): trans-cinnamyl chlo-
ride (136 uL, 0.963 mmol, 1.2 equiv) was added to a stirred solution of
[RuCp*(CH3CN)3]PFg (405 mg, 0.803 mmol) in 5 mL of CHyCly, and
the resulting clear solution was stirred at room temperature overnight.
The solution volume was reduced under vacuum to 1 mL, and diethyl
ether was added, precipitating a red powder. The solid was washed
with diethyl ether (2 x 5 mL) and dried under vacuum to yield 434
mg (94%) of product. Crystals suitable for an X-ray structure deter-
mination were obtained by layering Et2O in a CHCly solution of 3.
Anal. Caled for Co;HosNF¢PCIRu: C, 43.87; H, 4.73; N, 2.44. Found:
C, 43.01; H, 4.53; N, 1.85. HR-MALDI MS: m/z 389.1, 355.1, 315.1.
There is precedence for this type of reaction; see: Matsushima, Y.;
Onitsuka, K.; Takahashi, S. Organometallics 2004, 23, 3763—3765.

© 2005 American Chemical Society

Publication on Web 03/15/2005





