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Devising Boron Reagents for Orthogonal Function-
alization through Suzuki—-Miyaura Cross-Coupling™**

Mamoru Tobisu* and Naoto Chatani*

I n 1979, Suzuki and Miyaura introduced organoboron
reagents into the realm of cross-coupling chemistry by
demonstrating a palladium-catalyzed reaction of 1-alkenyl-
boranes with aryl and alkynyl halides.!"! Since its discovery,
this reaction, which is now referred to as the Suzuki-Miyaura
reaction, has seen significant advancement and has become
one of the most powerful carbon-carbon bond forming
methods in organic synthesis.’! After exhaustive effort in
the pursuit of active catalyst systems in the last decade,
synthetic chemists have recently turned their attention to the
application of this reaction to the synthesis of more compli-
cated molecule: by using successive Suzuki—-Miyaura coupling
reactions with substrates containing two or more possible
reactive sites. The key to obtaining the desired cross-coupling
products in a selective manner by assembling such multi-
functionalized compounds is to establish a strategy to
discriminate the possible reaction sites. More specifically,
chemists must modulate the reactivity of either the electro-
philic sites (Scheme 1 a) or the boron reagents (Scheme 1b) to
realize orthogonal functionalization through consecutive
Suzuki-Miyaura cross-coupling. Herein, we will provide an
overview of this topic, with particular emphasis on the
discrimination of boron reagents.

The simplest approach to orthogonal cross-coupling is to
exploit the different reactivities of electrophilic coupling
partners (Scheme 1a). The difference in reactivity between
aryl (pseudo)halides (I>Br>Cl) has been successfully
applied to the selective monofunctionalization of substrates
bearing more than one (pseudo)halide.”) Recent studies by
our research group have revealed that aryl methyl ethers can
be coupled with boronic esters under nickel catalysis.*! This
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Scheme 1. Strategies for orthogonal molecular functionalization
through Suzuki-Miyaura cross-coupling reactions. Ar=aromatic group

finding has provided us with an additional opportunity for
orthogonal functionalization based on the strategy shown in
Scheme 1a, since aryl methyl ethers are completely inert
toward boron reagents under standard palladium-catalyzed
conditions (Scheme 2 a). Subsequently, the research groups of
Shi and Garg independently reported a nickel-catalyzed
Suzuki-Miyaura coupling reaction utilizing aryl pivalates,
thereby further expanding the diversity of the electrophilic
coupling partners for use in orthogonal cross-coupling
(Scheme 2b).P!

In contrast, modulating the reactivity of boron reagents
represents an alternative approach to orthogonal cross-
coupling (Scheme 1b). The critical issue to be addressed is
the identification of a boron reagent that does not participate
in a cross-coupling event under standard conditions but that
can eventually serve as a nucleophile under differing con-
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Scheme 2. Orthogonal Suzuki—Miyaura coupling reactions using aryl
methyl ethers (a) and aryl pivalates (b). cod = cycloocta-1,5-diene,
Cy = cyclohexyl, pin=pinacol.
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ditions. Suginome and co-workers proffered a general solu-
tion to this problem by establishing a boron masking strategy
(Scheme 3a).1! They developed a new protecting group, 1,8-
diaminonaphthalene, which rendered the boronic acid moiety
inactive to palladium-catalyzed cross-coupling by decreasing
the Lewis acidity of the boron center through the m-electron
donation of the nitrogen atoms. The masking procedure is
accomplished simply by heating boronic acid and 1,8-diami-
nonaphthalene in refluxing toluene accompanied by the
azeotropic removal of water (1—2). The robust nature of
this diamine-based protecting group allows access to differ-
entially protected diboronic acids 3 through the palladium-
catalyzed borylation of aryl bromide 2. After the first cross-
coupling of 3, the masking group in 4 can be removed in the
presence of aqueous acid to form boronic acids §, which are
amenable to the subsequent Suzuki-Miyaura coupling reac-
tion. The utility of this strategy is highlighted by its
application to the synthesis of oligoarenes by iterative cross-
coupling using haloarene boronic acids (Scheme 3b). Nota-
bly, limitless iteration is theoretically possible with this
strategy, and enables the synthesis of oligoarenes with a large
molecular weight and with a well-defined structure.
Meanwhile, Burke and co-workers reported another type
of masking group for boronic acid based on the use of the
trivalent ligand, N-methyliminodiacetic acid (mida).”) The
complexation of mida involves the rehybridization of the
boron center from sp® to sp* (as in 8 in Scheme 4), which
reduces the Lewis acidity of the boron center and attenuates
the reactivity toward transmetalation under Suzuki-Miyaura
reaction conditions. This tetrahedral adduct can be cleaved
under mild aqueous basic conditions, such as 1M aqueous
NaOH, which allows the use of this masking group—and is
complementary to a Suginome’s diamine-based group. In
spite of the base-sensitive nature of the protecting group, it is
possible to perform a Suzuki-Miyaura coupling reaction that
allows the remaining mida-
protected boron reagents to
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Scheme 3. Suginome’s boron masking strategy (a) and its application
to iterative cross-coupling (b).

bearing two nucleophilic coupling sites, it would be more
practical if the unmasking stage could be skipped. Molander
and Sandrock recently achieved this goal by exploiting the
unique reactivities of trialkylboranes and organotrifluorobo-
rates (R—BF;K)."™! It has long been known that trialkylbor-
anes serve as nucleophilic coupling partners in Suzuki-
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also permits the avoidance
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essential to the synthesis of
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pounds.
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Scheme 4. Burke's trivalent protecting group for boronic acids and its application to the synthesis of polyene
natural products. DMSO =dimethyl sulfoxide, dppf=1,1"-bis(diphenylphosphanyl)ferrocene, THF =tetrahy-
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conducted under anhydrous
conditions. It has been estab-
lished that the tetracoordi-
nate nature of the boron
center, which is fortified by strong carbon—fluorine bonds,
renders the carbon-boron bond in organotrifluoroborates
unaffected by various functional group manipulations involv-
ing bases, nucleophiles, oxidants, and others.'") However,
under Suzuki—-Miyaura reaction conditions the stability of this
tetrahedral boron species has remained elusive. Molander
and Sandrock have determined that the use of Pd(OAc),/
DavePhos (L2) as the catalyst and KF as a base is a suitable
system for the cross-coupling of trialkylboranes without
affecting the trifluoroborate moiety. For example, the cata-
lytic cross-coupling of dibora-substituted substrate 13, which
is generated in situ through the hydroboration of alkene-
containing organotrifluoroborates 12, proceeds selectively at
the trialkylborane site to afford 14 under the aforementioned
reaction conditions (Scheme 5). The elaborated organotri-
fluoroborates 14 can be directly used for subsequent cross-
coupling under protic or aqueous conditions. From a practical
point of view, it is important to note that these three reaction
sequences (hydroboration and two cross-coupling reactions)
can be conducted by a one-pot procedure. The authors
extended this protocol to the selective cross-coupling of
trialkylboranes with aryl halides bearing trifluoroborates,
which can be further elaborated in a one-pot sequence. The
trialkylborane component is rather limited in scope since its
preparation depends on hydroboration. Nevertheless, the
applicability of sp*-carbon nucleophiles is a feature that is
distinguished from other cross-coupling methods. Recogniz-
ing that cross-couplings of trialkylboranes have been utilized
as critical carbon—carbon bond formation reactions in the
total syntheses of a wide array of natural products,” Mo-
lander’s protocol has significantly increased the value of the
Suzuki-Miyaura coupling reaction and promises even further
utilization in future synthetic endeavors.

In addition to sophisticated catalyst systems developed in
the last decade, synthetic organic chemists have acquired
several strategies for assembling complex molecules through
consecutive Suzuki-Miyaura coupling reactions. One of the
key elements of the strategy is to modulate the reactivity of
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Scheme 5. Molander’s one-pot hydroboration and orthogonal Suzuki-Miyaura coupling protocol.

the boron moiety by changing the electron density and/or the
hybridization state through the introduction of well-designed
ligands. Now that the establishment of the reactivity modu-
lation of organoboron compounds has been demonstrated in
consecutive Suzuki-Miyaura coupling reactions, these con-
cepts should find numerous opportunities for application,
including in tandem catalysis and in asymmetric synthesis.l"!
Also, these studies will stimulate research on the reactivity
control of other organometallic reagents by designing a tailor-
made ligand."@ These protocols should provide powerful
tools for the synthesis of natural products and high molecular
weight m-conjugated oligomers with well-defined structures,
and, thus, will contribute to advances in related fields of
science.
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