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Professor Barry M. Trost

Trost, B.M. Fullerton, T.J.  J. Am. Chem. Soc. 1973. 95. 292-294.

Tsuji, J. Takashashi.H. Morikawa, M. Tetrahedron Lett. 1965. 49. 4387-4388.

 Discovered by Prof. Jiro Tsuji in 1965.  π-
allylpalladium species could be substituted with
certain nucleophiles, such as the anion of
diethyl malonate and acetoacetate.

 Followed by Prof. Barry Trost in 1973.  He
demonstrated that the allylation prefers the less
substituted end of the π-allyl system.

First Tsuji-type Reaction



Background
Tsuji-Trost Allylation

 Pd-catalyzed allylation of carbon
nucleophile with allylic compounds via
π-allylpalladium complexes.
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Background
General Tsuji-Trost Mechanism
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Background
Mechanism with soft and hard Nucleophiles
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The Scopes of Palladium-catalyzed
Activated Olefins
 Early works

 Amphiphilic Catalytic Bis-π-
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The Scope Continued
 Oxa-π-allyl-π-allylpalladium

 [3+2] Cycloaddition.
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J. Am. Chem. Soc. 1984. 106(18); 5304-5311.



The Scope Continued
 Construction of Cyclopentene rings via

[3+2] Cycloaddition.

  Formation of Cyclic Ethers

R

E

E

+ • E
2

E
1

"Pd"

•
Pd

II
H

E

E

R

E
2

E
1 R

E

E

E
1

E
2

R

E

E

+

HO
O

O

O
i
Pr

"Pd"

-CO2 O

R E

E
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Yamamoto, Y. et. J. Org. Chem. 1999, 64, 694-695.



Palladium-Catalyzed Reactions of
Highly Activated Olefins
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The palladium-catalyzed three
component β-alkyl-α-allylation
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Ligand Screen for the Alkyl-allylation
Reaction
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The role of Phosphine Ligands?
 Trialkylborane is usually not an

alkylating agent unless if it coordinates
to a Lewis base prior to the reaction.

 Coordination of borane species to a
Lewis base (PPh3) should result in the
formation more reactive tetracoordinate
boron “ate” complex I.

 Proven by 31P NMR spectroscopy, and is
proposed to form a more nucleophilic
alkylating agent.

 The formation of an aluminum “ate”
complex II from trialkylaluminum is
known.

Schneider, C. Brauner, J. Eur. J. Org. Chem. 2001, 4445-4450.
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Alkyl-allylation of Various Activated
Olefins



Mechanism
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Conclusion

 A new procedure for the alkyl-allylation of activated olefins via the
three-component coupling reaction has been established.

 The reaction generally proceeds under milder conditions (400 C) and
with a high atom economy (catalytic amount of Palladium).

 Pd(PPh3)4 is required for the reaction to proceed presumably that
phosphine ligands are necessary to activate the boron species.



Future Work
 Catalytic Asymmetric Synthesis.  Instead

of using achiral phosphine ligands,
various chiral phosphine ligands can be
examined.
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