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9.2: Asymmetric Alkoxycarbonylation and Related Reactions

Reaction of Vinylarenes

From academic and industrial standpoint, the Pd-catalyzed asymmetric hydroxy- and alkoxycarbonylation reactions are attractive
processes. However, they are less successful compared to the Rh-catalyzed hydroformylation reactions. This is because of the
difficulty in getting simultaneously both high regio- and enantioselectivities.

The alkoxycarbonylation of vinylarenes is an important process and the resulting products (2-arylpropanoic acids and derivatives)
serve as substrate precursors for nonsteroidal anti-inflammatory drugs, particularly ibuprofen and naproxen (Scheme 9.2.1).
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The coexistence of two catalytic cycles has been suggested for the alkoxycarbonylation reaction (Scheme 9.2.2). In the hydrido-
palladium complex cycle A, the insertion of the alkene to the Pd-H bond can give alkyl palladium complex that could react with
CO via coordination and migratory insertion to yield Pd-acyl complex. Alcoholysis of the Pd-acyl complex can regenerate the Pd-
H species and yield the ester. In the alkoxycarbonyl cycle B, the alkene inserts into the palladium-carbon bond of alkoxycarbonyl-
palladium complex and the resulting product on alcoholysis gives an alkoxy-palladium complex and the ester. The alkoxy-
palladium complex then reacts with CO via coordination and migratory insertion to regenerate the alkoxycarbonyl-palladium
complex. The formation of the Pd-H species may also take place from the complexes formed in the catalytic cycle B via B -
elimination of an unsaturated ester after the alkene insertion. In case of vinylarene, the branched alkyl intermediate could be
stabilized through the formation of m -benzylic species.
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Scheme 9.2.2

In case of asymmetric synthesis, the regioselectivity of these reactions is of critical importance due to the branched products only
contain the chiral center. Figure 9.2.1 summarizes the some of the diphosphine ligands used for the palladium catalyzed hydroxy-
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and alkoxycarbonylation of vinylarenes. Although the enantioselectivity is found to be moderate to good (up to 98%), in most of
the methods, the regioselectivity is found to be low.

Bidentate pyridine-phosphine ligands have also been studied for palladium catalyzed asymmetric ethoxycarbonylation of styrene
(Figure 9.2.2). The regioselectivity of branched products is to be good but the enantioselectivity is found to be low (I/b =
linear/branched).

Figure 9.2.3 summarizes the selective monodentate ligands studied for the palladium catalyzed asymmetric methoxycarbonylation
of vinaylarenes. The ligand 18 is found to be effective for the hydroxycarbonylation of 2-vinyl-6-methoxynaphthalene under 1 atm
of a mixture of CO and O in the presence of PdCI, -CuCl, at room temperature affording the target product with 91% ee and

100% regioselectivity.
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Figure 9.2.1: Diphosphine Ligands used in the Asymmetric Hydroxy- and Alkoxycarbonylation of Vinylarenes.
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Figure 9.2.2: P-N Ligands used for Alkoxycarbonylation Reactions.
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Figure 9.2.3: Monodentate Phosphine Ligands used for methoxcarbonylation of vinylarenes.
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9.2.2 Reaction of Other Substrate Gotov, N. et al., Org. Lett. 2001, 3, 1753

The methoxycarbonylation of 1,2-dichlorobenzene-Cr(CO)3 has been studied using palladium complex bearing chiral ferrocenyl (
R,S )-PPF-pyrrolidine system to introduce planar chirality in p -complexes (Scheme 9.2.3). The reaction provides up to 95% ee in
the presence 1 atm of CO at 60°C in the presence of triethylamine.
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Scheme 9.2.3

Bis-Alkoxycarbonylation of Vinylarenes

Optically active butanedioic acid derivatives are important class compounds that can be used as intermediates for the synthesis of
pharmaceuticals and building blocks for the construction of inhibitors. Palladium-catalyzed bis-alkoxycarbonylation of alkenes
provides effective methods for the construction of these compounds. In 1970, Heck reported the first example of the reaction and
its asymmetric version appeared after nearly 20 years. Figure 9.2.4 summarizes some of the ligands employed for the bis-
alkoxycarbonylation reactions. Chiral bidentate phosphine, P-N and S,N-ligands have been screened and high enantioselectivity
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(92%) is reported in the bis-methoxycarbonylation of styrene with moderate chemoselectivity (50%) employing 21 as the ligand. In
case of propene, 60% ee is observed as the highest enantioselectivity with poor chemoselectivity and conversion (13% and 23%,
respectively), while the reaction of 4-methyl-1-pentene afforded good chemoselectivity (79%) but with lower enantioselectivity

(14% ee).
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Figure 9.2.4: Ligands used in Asymmetric Bis-alkoxycarbonylation of Alkenes
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