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Benzylic acetates reacted with arylboronic acids in the presence

of a DPEphos–[Pd(g3-C3H5)Cl]2 catalyst when tert-amyl

alcohol was used as a solvent, and the catalytic cross-couplings

produced diarylmethanes in high yields (up to 94% isolated

yield).

In organic synthesis, a basic method of C–C bond formation is the

palladium-catalysed cross-couplings of organohalides with orga-

nometallic compounds.1,2 The cross-coupling of benzylic halides

with aryl metal compounds yields diarylmethane skeletons,3–5

which are often found in pharmacologically interesting com-

pounds6 and supramolecules.7 However, the use of benzylic cross-

coupling has been limited in organic synthesis because benzylic

halides are sometimes lachrymatory and are not always stable.

Recently, we reported the cross-coupling of benzylic carbonates

1 with arylboronic acids 2 (Scheme 1).8 The reaction proceeded

successfully in DMF with a DPPPent–palladium catalyst.

However, the optimal reaction conditions failed to trigger the

reaction of benzylic acetates 4, which were more accessible than

carbonates 1. The mechanism shown in Scheme 1 had been

proposed for the catalytic reaction. We assumed that the alkoxide

in intermediate A was advantageous for successive transmetalation

with arylboronic acids9 and that (acetato)(benzyl)palladium

generated from benzyl acetate was inactive in the transmetalation.

However, if the acetate ligand on palladium can be replaced with

an alkoxide, benzylic acetates may be employed as an electrophilic

substrate. Based on this hypothesis, we attempted the reaction of

benzylic acetates with phenylboronic acid in alcoholic solvents. A

large amount of alcohol was expected to allow ligand exchange

between the acetate and the alkoxide on the palladium catalyst.

Various organic solvents were evaluated for the reaction of

anisyl acetate (4a) with phenylboronic acid (2a) at 80 uC in the

presence of 5 mol% DPPPent–palladium (Table 1). The consump-

tion of 4a was scarcely observed in either aprotic DMF or dioxane

solvent (entries 1 and 2). The use of methanol resulted in the

solvolysis of 4a and did not yield diarylmethane 3a (entry 3).

Isopropyl alcohol caused the palladium catalyst to decompose into

a black suspension (entry 4). Cross-coupling product 3a was

obtained successfully from the reaction using a tertiary alcohol

without the undesired solvolysis. tert-Amyl alcohol was the solvent

of our choice because it is liquid at room temperature (entry 5). In

a further evaluation of various palladium catalyst precursors,

ligands, and bases, the cross-coupling of 4a with 2a was found to

produce 3a in high yield when DPEphos10–[Pd(g3-C3H5)Cl]2 was

used as a catalyst (entry 6).{ Catalyst loading can be reduced to

2 mol% under optimal conditions. Moreover, 3a was obtained in

94% isolated yield (entry 7).§
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Scheme 1 Cross-coupling of benzylic carbonates (1) with arylboronic

acids (2) and its proposed mechanism.

Table 1 Cross-coupling of 4a with 2a: optimization of reaction
conditionsa

Entry Solvent Ligand Yield (%)b

1 DMF DPPPent 2 (2)
2 Dioxane DPPPent 1
3 MeOH DPPPent 0
4 i-PrOH DPPPent 0
5 tert-Amyl alcohol DPPPent 19 (65)
6 tert-Amyl alcohol DPEphos 32 (95)
7c tert-Amyl alcohol DPEphos 94d

a Reactions were conducted on a 0.2 mmol scale in 1.0 cm3 of a
solvent unless otherwise noted. The ratio of 4a : 2a : K2CO3 :
[Pd(g3-C3H5)Cl] : ligand was 100 : 150 : 300 : 2.5 : 5.5. b GC yield
after 3 h (average of two runs). GC yields after 24 h are given in
parentheses. c The reaction was conducted on a 1 mmol scale (1.0 M)
for 72 h with 2 mol% palladium. d Isolated yield.
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The scope of the cross couplings of benzylic acetates 4 with

arylboronic acids 2 is summarised in Table 2. Electron-poor

benzylic acetate 4c as well as electron-rich 4a reacted with 2a to

produce a cross-coupling product 3c in high yield (entry 2). The

electronic property of 2 barely affected the rate of the catalytic

reaction and the yield of diarylmethane (entries 6 and 7). Some

reactive functional groups, e.g. ester (entry 3), chloro (entry 4), and

hydroxy (entry 8), were tolerable for the cross-coupling. As the

reaction proceeded, the reaction of 4a with 2d formed a gel, and

the gelation appeared to produce a low yield of 3i. However, this

problem was solved by conducting the reaction in a mixture of

tert-amyl alcohol and DMF. The ortho-phenyl substituent of 2e

hardly hampered the formation of diarylmethane 3j (entry 9).

(Naphthyl)methyl esters exhibited a considerably higher

reactivity than benzyl ester in the palladium-catalyzed benzylic

substitutions with soft nucleophiles,11 while the cross-coupling of

(2-naphthyl)methyl acetate with 2a yielded the desired diaryl-

methanes in ,10% yield (GC) at 24 h.

The one-pot transformation of benzylic alcohol 5a into

diarylmethane 3a was attempted by means of the above-mentioned

catalytic reaction (Scheme 2). The acetylation of 5a was conducted

in tert-amyl alcohol with acetic anhydride and triethylamine.

Benzylic acetate 4a was selectively obtained with no formation of

tert-amyl acetate. Potassium carbonate, the palladium catalyst,

and 2a were successively added to the mixture, which was then

heated at 80 uC. The one-pot reaction produced diarylmethane 3a

in 75% isolated yield. The other benzylic alcohols, 5b and 5c, were

successfully transformed into 3c and 3d in good yields, respectively.

We have demonstrated that benzylic acetates function as

electrophilic substrates in palladium-catalysed cross-coupling with

organoboron compounds. To our knowledge, this is the first

reaction involving the activation of the benzylic C–O bond of

Table 2 Cross-coupling of benzylic acetates (4) with arylboronic acids (2)a

Entry 4 2 Time/h Product (3) Yield (%)b

1 96 83

2 2a 24 86

3 2a 72 85

4c 2a 72 65

5d 2a 48 80

6 48 92

7d 4a 48 89

8e 4a 48 92

9 4a 24 86

a Reactions were conducted on a 1 mmol scale in tert-amyl alcohol (1.0 cm3) unless otherwise noted. The ratio of 4 : 2 : K2CO3 : [Pd(g3-
C3H5)Cl]2 : DPEphos was 100 : 110 : 220 : 1.0 : 2.2. b Isolated yield. c The reaction was conducted on a 0.5 mmol scale with 1.5 molar
equivalents of 2a and 5 mol% palladium. d The reactions were conducted in 2.0 cm3 of tert-amyl alcohol. e The reaction was conducted in a
mixture of tert-amyl alcohol (3.0 cm3) and DMF (0.5 cm3).
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benzyl acetate with homogeneous catalysis.12,13 The catalytic cross-

coupling was significantly accelerated by the tertiary alcohol

solvent. Although the observation is consistent with our working

hypothesis, it is unclear whether or not tert-amyl alcohol

accelerates the transmetalation step. Mechanistic investigations

focusing on the effect of alcoholic solvents are in progress.
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