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Synthesis of Chiral Compounds through Regio- and
Stereocontrolled Coupling Reactions of Allylic Substrates
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Transition-metal-catalyzed allylic substitution reactions with carbon nucleophiles are among the most
important carbon—carbon bond formation methods in modern organic synthesis because of their broad
substrate scope under mild reaction conditions and applicability to enantioselective reactions, as well as the
versatility of the alkene functionality adjacent to the chiral center for stereoselective derivatization.

Among them, the Tsuji-Trost allylic substitution which involves a (n-allyl)metal intermediate has made
impressive progress in this regard. Complementary to the palladium, tungsten, molybdenum or
nickel-catalyzed Tsuji-Trost reaction, the copper-catalyzed allylic substitutions proceed via the formation of
strongly nucleophilic organocuprate reagents ([R—Cu—X]") with high Sy2’ regioselectivity.

The development of new methods allows synthetic access to biologically or synthetically important
molecules. Various complex and useful compounds can be synthesized based on the regio- and
stereocontrolled allylic substitutions, such as the chiral gem-diarylalkanes, allylsilanes, and allylboronates.
Nonetheless, there still remain two challenges:

(1) In the Tsuji-Trost reaction, allylic substitution of unsymmetrically substituted allylic substrates occurs
competitively at the a- and y-positions due to formation of a (n-allyl)metal intermediate: the regioselectivity
is highly dependent on the substitution pattern of the allylic substrates. Therefore, most previous studies in
this area have focused on cases in which an allylic system is located at a terminal of a molecule or is highly
asymmetrized by electronic and/or steric substituent effects.

(2) The tolerance of functional groups remains a problem in highly regioselective copper-catalyzed
allylic substitutions, because the organocopper reagents are usually prepared from strongly basic
organolithium or Grignard reagents.

Chiral gem-diarylalkanes, which are found in many important pharmaceuticals and bioactive natural
compounds, can be synthesized through a palladium-catalyzed y-selective and stereospecific allyl-aryl
coupling between chiral cinnamyl esters and arylboronic acids. This palladium system was applicable to a
broad range of arylboronic acids and cinnamyl esters, giving diverse gem-diarylalkanes (Scheme 1). The
synthetic utility of this method was demonstrated by its utilization in an efficient route to (+)-sertraline, an

antidepressant agent in clinical use.
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Scheme 1. Synthesis of gem-diarylalkanes
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DCE, 40°C,18h
= 2-MeO-CgH,4 (1.5eq)

51~82% yield yla >99:1, E/Z >99:1

The palladium-catalyzed y-selective allyl-aryl coupling reaction between. y-silylated allylic esters and
arylboronic acids produced the corresponding y-arylated allylsilanes with E-alkene geometry. The reaction
tolerated various functional groups in both the arylboronic acids and the allylic esters and afforded
functionalized allylsilanes (Scheme 2). The reaction of optically active allylic esters took place with
excellent a-to-y chirality transfer with syn stereochemistry to give the chiral allylsilanes, which are useful
reagents for the stereoselective carbon—carbon bond formations.

Scheme 2. Synthesis of a-arylated allylsilanes
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A copper-catalyzed allylic substitution reaction of allylic phosphates with acetate-derived ketene silyl
acetals proceeded with excellent y- and E-selectivities (Scheme 3). The reactions of enantioenriched allylic
phosphates having an a-stereogenic center occurred with excellent a-to-y chirality transfer with
anti-stereochemistry. Excellent functional group compatibility was observed. The protocol allows a
straightforward access to functionalized, enantioenriched, f-branched y,d-unsaturated esters.

Scheme 3. Copper-catalyzed allylic substitution of allylic phosphates with ketene silyl acetal
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In conclusion, based on a Pd-catalyzed y-selective and stereospecific allylic alkylation of arylboronic
acid, two synthetic useful reactions were developed, which were the synthesis of chiral gem-diarylalkanes
and chiral allylsilanes. A Cu-catalyzed y-selective and stereospecific allylic alkylation of silyl enolate was
developed, which also has great synthetic utility.
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