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Abstract — Cross-coupling of benzylic carbonates with heteroarylboronic acids
successfully proceeded in the presence of the palladium catalyst that was
generated in situ from [Pd(1’-C,H5)Cl], and a chelate bisphosphine DPPPent.
Various heteroarylboronic acids were applicable to the catalytic cross-coupling,

giving the desired benzylated heteroaromatics in high yields.

Palladium-catalyzed cross-coupling of organohalides with organoboron compounds, i.e. Suzuki-Miyaura
coupling, is regarded as a basic method for carbon-carbon bond formation in organic synthesis." Halo or
sulfonate functionality has usually been utilized as a leaving group of electrophilic substrates for the
catalytic reaction. Recently, we have directed our attention to an activation of the benzylic C—O bond in
benzylic carbonates and acetates with homogeneous palladium catalysis. The C-O bond activation has
applied to some palladium-catalyzed nucleophilic substitutions of benzylic esters’ and the related
reactions.” As a part of the research program, we reported that the cross-coupling of arylboronic acids
with benzylic carbonates® or acetates’ proceeded in the presence of a palladium catalyst to give various
diarylmethane skeletons in high yields.®’

Meanwhile, useful biologically active compounds, e.g. antispasmodic agent papaverine, often contain
(aryl)(heteroaryl)methane skeletons.® We envisioned that such skeletons would readily be prepared
through the above benzylic cross-coupling when a heteroarylboronic acid was employed in place of the
arylboronic acid. Heteroarylboronic acids have worked as nucleophilic substrates in Suzuki-Miyaura
biaryl synthesis.” However, application of the heteroaromatic substrates to catalytic cross-coupling has

sometimes faced the hurdles caused by their electronic properties'® and/or by the interaction of their
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heteroatom with the catalyst.'" In this paper, we describes the cross-coupling of benzylic carbonates
with heteroarylboronic acids by using a palladium complex as a catalyst."

The reactions of benzylic carbonates 1 with heteroarylboronic acids 2 were carried out in DMF at 80 °C in
the presence of 1% palladium catalyst generated in-situ from [Pd(17’-C;H,)Cl], and a chelate bisphosphine,
1,5-bis(diphenylphosphino)pentane (DPPPent).*  As with arylboronic acids, 3-pyridylboronic acid (2a)

Table 1. Cross-couplings of benzylic carbonates 1 with heteroarylboronic acids 2*
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* Reactions were conducted on 1.0 mmol scale in DMF (1 ml) at 80 °C unless otherwise noted. The
ratio of 1:2:K,CO,:[Pd(1’-C,H;)Cl],:DPPPent was 1:1.1:2.2:0.005:0.011.

® Isolated yield.

¢ The reactions were conducted at 100 °C.

¢ The reaction was conducted in tert-amyl alcohol.
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reacted with benzyl methyl carbonate (1a) to give the desired cross-coupling product 3a in 93% yield
(Table 1, entry 1).” Large excess of pyridines to a phosphine-palladium catalyst are possible to
causethe dissociation of chelating bisphosphine ligands because sp>-nitrogen of pyridines can tightly
interact with palladium(II).""  Fortunately, the displacement of DPPPent by pyridines negligibly
occurred during the catalytic process or scarcely affected the palladium catalysis. Electron-donating
methoxy group of 1b brought about significant decrease in the reaction rate. Higher reaction
temperature was required for the efficient cross coupling with 2a (entry 2). Similarly, electron-poor 1c
reacted slowly with 2a at 80 °C (entry 3). Appreciable decomposition of 1c¢ to p-trifluoromethylbenzyl
alcohol occurred at 100 °C, obstructing the improvement in the production of 3c. 4-Pyridylboronic acid
(2b) as well as 2a was converted into 4-benzylpyridine (3d) in high yield (entry 4).
[Pd(17’-C,H;)Cl1],-DPPPent failed to catalyze the cross-coupling when acetate was used as a leaving group
in the benzylic substrate. Benzyl acetate was possible to couple with 2b by using DPEphos ligand,'* but
the reaction produced 3d at 72 h in only 24% yield.

Other heteroarylboronic acids also worked as nucleophilic substrates for the cross-coupling with benzylic
carbonates. The reaction of benz-fused substrate 2¢ with 1a gave 3-benzylquinoline (3e) in high yield
(entry 5). Five-membered heteroarylboronic acids 2d and 2e could be used as substrates for the present
catalytic reaction, but they showed lower reactivity than pyridylboronic acids (entries 6 and 7).
2-Thienylboronic acid failed to react with 1a by the DPPPent-palladium catalysis.

The present catalytic reaction would proceed through the catalytic cycle in Scheme 1, which followed a
typical mechanism of the palladium-catalyzed cross-couplings. Benzyl carbonate 1 underwent the
Sy2’-like  nucleophilic attack of DPPPent-ligated palladium(0) 4, forming a cationic
(17-benzyl)palladium(Il) 5. The 7’-complex 5 readily reached to the equilibrium with n'-benzyl

complex 6. The methoxide ligand of 6 was replaced by heteroaryl through the transmetalation with

HetAr DPPPent Pd°
7 co,
+
1l : : -
DPPPent)Pd {DPPPent pd" Q MeO

HetAr

HetAr— B OH),

Scheme 1. A possible mechanism of the cross-coupling of 1 with 2
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heteroarylboronic acid 2.  The resulting (benzyl)(heteroaryl)palladium 7 yielded the desired
benzylheteroarene 3 and regenerated 4 through the reductive elimination.

We have demonstrated that a variety of heteroarylboronic acids 2 were usable for the Suzuki-Miyaura
coupling with benzylic carbonates 1. The cross-coupling readily proceeded in the presence of
[Pd(177’-C,H;)Cl1],-DPPPent catalyst, producing the desired products in good to high yields. The results

shown in this paper will offer a fruitful and general access to various (aryl)(heteroaryl)methanes.
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