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Abstract

Evaluation of the scope of a PdII-catalyzed oxidative 1,1-diarylation reaction of terminal olefins
using aryl stannanes is reported. The reaction is shown to be tolerant of functionality commonly
encountered in organic synthesis, however the reaction outcome was found to be dependent on the
nature of the aryl stannane used. A mechanistic rationale for the observation of this influence is
provided.

The rapid introduction of molecular complexity through the formation of multiple carbon-
carbon bonds in a single synthetic step can be a powerful tool for organic chemists. In order
to accomplish this using palladium catalysis, the interception of reactive PdII-alkyl
intermediates is typically required prior to β-hydride elimination.1,2,3,4,5,6 Recently, we
reported a catalytic system that installs two aryl groups on an olefin substrate (Scheme 1a).7
The proposed mechanism of this reaction is similiar to that of the oxidative Heck reaction8,9
in that after initial transmetalation, an alkene inserts into the Pd-aryl bond. Critical to the
success of the diarylation reaction is the exploitation of the stability of the proposed Pd-π-
benyzl intermediate A.10 This interaction slows β-hydride elimination, allowing for a second
transmetalation, ultimately delivering the 1,2-diarylation product.

During this study, an interesting byproduct was observed arising from A slipping to an η1

Pd-alkyl (Scheme 1c), followed by β-hydride elimination and olefin reinsertion to give a
new Pd-π-benzyl D. This is proposed to undergo a second transmetalation followed by
reductive elimination to give the 1,1-diarylation product. The observation of a linear free
energy relationship between the electronic nature of the styrene substrates and the ratio of
these two products revealed the reaction’s high level of sensitivity to the stability of π-
benzyl intermediates. This led to the hypothesis that alkyl-substituted olefins would give
exclusively 1,1-diarylated products, since the substrate cannot provide π-benzyl
stabilization, but this interaction would be accessible with the arene originating from the aryl
stannane via palladium migration. To evaluate this hypothesis, nonene was subjected to the
conditions optimized for 1,2-diarylation of styrenes and this indeed resulted in the formation
of the expected 1,1-diaryl product 3a (Scheme 2).7a The proposed mechanism for this
reaction is initiated by a Heck insertion, followed by β-hydride elimination to give F.
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Hydride insertion at the position β to the arene gives G which can be stabilized as a π-benyzl
intermediate. A second transmetalation is proposed to occur followed by reductive
elimination to provide the 1,1-diarylation product. Since the diarylmethine core structure is a
common motif in biologically active compounds,11 we believed it would be valuable to
pursue this initial result and to determine the scope and limitations of this new methodology.

Using the optimal conditions previously reported, this reaction was found to be quite
tolerant of functional groups commonly encountered in organic synthesis (Table 1). A
substrate bearing a protected homoallylic alcohol leads to a good yield of the desired
product (3b). Similiarly, a protected allylic alcohol (3c) undergoes the diarylation reaction
cleanly with no products derived from Pd-π-allyl chemistry observed. Substrates containing
a ketone (3d) and an ester (3c) are well tolerated, as are primary chlorides (3e). A substrate
with a distal free alcohol resulted in moderate yields of the 1,1-diarylation product (3f) and
allyl benzene gives a high yield of diarylation products as a mixture of regioisomers (3g).
Allyl cyanide is a poor substrate for this reaction, providing a 27% yield (3h). Importantly,
an enantioenriched sample of 1c suffered no erosion in enantiomeric excess when converted
to 3c using these conditions (eq 1).

Next, the scope of the aryl stannane component of the reaction was evaluated (Table 2). The
reaction proceeds well using p-alkyl phenyl stannanes (entry 2) and PhSnBu3 (entry 3). p-
Fluoro phenyl stannane gave a slightly diminished yield of 3k, while use of more electron
poor p-chloro phenyl stannane 2e resulted in a further decrease in yield. Using the highly
electron deficient aryl stannane bearing a trifluromethyl group gave very low yield with a
greater amount of the Heck product, and poor tolerance of steric hindrance in the aryl
stannane was observed (2f). The major byproduct for these reactions is oxidative Heck
products 4, presumably arising from Pd-dissociation from intermediate F (Scheme 2), the
yields of which are also reported in Table 2.

(1)

Evaluation of the scope of the aryl stannane revealed a clear trend between the electronic
nature of the aryl stannane and the yields of both the 1,1-diarylation and oxidative Heck
products. Specifically, as the aryl stannane became more electron deficient, the ratio of
diarylation product (3) to the oxidative Heck product (4) decreased. Intrigued, we
questioned whether there was a direct relationship between these parameters. The ratios of
1,1-diarylation to Heck products was determined by 1H NMR integration performed on a
mixture where the tin byproducts had been chromatographically removed. Plotting log[1,1-
diarylation]/[Heck] as a function of the Hammett parameters of 2 (σ) indeed revealed a
linear free energy relationship with a ρ = −0.91 (Figure 1). This relationship can be
explained by noting that the cationic metal center is stabilized by the π-electrons of the aryl
group in π-benzyl structure G, and that electron rich arenes provide more stability and
impart a longer lifetime to this intermediate than electron poor arenes. This slows β-hydride
elimination, allowing for a second transmetalation, which results in a higher ratio of 1,1-
diarylation to oxidative Heck products when electron rich aryl stannanes are used. It is
interesting to note that despite the different products delivered by the 1,2- and 1,1-
diarylation reactions, the slope of the two Hammett plots are nearly identical (ρ = −0.88 for
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work described in reference 7a), suggesting that they are affected to a similar degree by the
stability of Pd-π-benzyl intermediates. This catalyst control can presumably be manupulated
by the nature of the dative ligand and counterions on the metal for future applications.

In conclusion, we have found that the PdII-catalyzed oxidative diarylation reaction of
terminal olefins is tolerant of diverse functionality, and does not erode enantiomeric excess
in a substrate with a proximal stereocenter. The reaction performs well using electron rich
aryl stannanes, but yield and selectivity suffer when the aryl stannane is electron deficient,
or sterically hindered. We have reported a linear free energy relationship quantifying this
observation and demonstrating the reaction’s high sensitivity to Pd-π-benzyl stability. Future
work will be directed toward the development of a diarylation reaction capable of installing
two distinct aryl groups on a terminal olefin.
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Figure 1.
Hammett plot
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Scheme 1.
Diarylation of styrenes
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Scheme 2.
1,1-Diarylation of nonene
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