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Computational Insights into the Mechanism of Pd(0) and Ben-
zoic Acid Co-Catalyzed Hydroamination of Internal Alkynes

Bian, Rongjian ~ Bao, Xiaoguang™

(College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Abstract Computational studies were carried out to investigate the detailed mechanism of Pd(0) and benzoic acid
co-catalyzed hydroamination of internal alkynes. In the presence of the benzoic acid, the formation of a hydridopalladium
intermediate via the oxidative addition (OA) of the O—H bond of benzoic acid into the Pd(0) complex center might not be a
favorable reaction pathway to start the reaction. Instead, after the coordination of benzoic acid with the Pd(0)-alkyne complex,
a proton transfer process from the acid to carbon of alkyne is found to be a favorable pathway, leading to the
alkenyl(PhCOO)Pd(II) intermediate. Next, the resulting alkenyl(PhCOO)Pd(II) species would produce phenylallene
intermediate via a f-H elimination step assisted by the formed benzoate anion. Subsequently, the benzoic acid might undergo a
second proton step to the phenylallene intermediate to produce the m-allylpalladium species. Finally, the amine substrate could
undergo a nucleophilic addition to the terminal carbon of the m-allylpalladium species to produce the hydroamination product.
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Scheme 1 Proposed mechanism for the Pd(0)/carboxylic acid
co-catalyzed hydroamination reaction in literature
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Figure 1 Energy profile for the oxidative addition of O—H bond of benzoic acid on Pd(0) leading to the Pd—H species
Hydrogen atoms are omitted for clarity, except for involving in reactions. Bond lengths are shown in A
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Figure 2 Energy profile for the proton transfer pathway, leading to the w-allylpalladium species

&2
Hydrogen atoms are omitted for clarity, except for involving in reactions. Bond lengths are shown in A
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Figure 3 Energy profiles for the nucleophilic addition of amine to the m-allylpalladium species to produce the hydroamination product
Hydrogen atoms are omitted for clarity, except for involving in reactions. Bond lengths are shown in A
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In the absence of the coordination of 1-phenyl-1-propyne, the oxi-
dative addition of O—H bond of benzoic acid onto Pd(0) still has a
very high energy barrier (see Figure S1).

We also investigated the possibility of amine attack to the
n-allylpalladium species from the other side to produce the hy-
droamination product. The located transition state (TS10), however,
is 35.5 kJ/mol higher in energy than TS6, suggesting a disfavored
pathway (see Figure S3).
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