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Ni-Catalyzed Stannylation of Aryl Esters via C—O Bond Cleavage

Yiting Gu, and Ruben Martin*

Abstract: A Ni-catalyzed stannylation of aryl esters with air- and
moisture-insensitive silylstannyl reagents via C(sp’)-O cleavage is
described. This protocol is characterized by its wide scope, including
challenging combinations, thus enabling access to versatile building
blocks and orthogonal C-heteroatom bond-formations.

Owing to the low-cost, benign character and availability of
phenol, C-O electrophiles have emerged as powerful
alternatives to aryl halides in the cross-coupling arena.!”
Although predisposed to site-selectivity issues with multiple C-O
reaction sites, aryl esters have become attractive counterparts
due to their accessibility, thermal/moisture stability and exquisite
orthogonality with aryl halides, representing an added value
when compared to highly reactive organic sulfonates.!" In
contrast to commonly practiced C-C bond-formations using
organometallic species (Scheme 1, path a),% ! the paucity of C—
heteroatom bond-formations of aryl esters is certainly striking
(Scheme 1, path b), ™ a testament to the attenuated reactivity of
heteroatom-based nucleophiles. Undoubtedly, such void terrain
constitutes a unique opportunity for discovering new
fundamental reactivity while expanding our synthetic repertoire
for accessing essential molecular architectures.
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Scheme 1. Catalytic C—O Bond-Cleavage of Aryl Esters.

At present, the existing precedents for C—heteroatom bond-
formation of aryl esters via C—O cleavage remain essentially
confined to C-P and C-N bond-formations.***¥ Aimed at
providing better flexibility in synthetic design via further
derivatization techniques, aryl esters have recently been
converted to aryl trialkylsilanes or aryl boronates via C-O
cleavage;***? unfortunately, a limited number of transformations
are amenable via C-Si bond-cleavage of aryl trialkyl silanes,
whereas high temperatures and noble catalysts are needed to
forge C-B bonds from aryl esters, thus reinforcing a change in
strategy. Prompted by our interest in C—O functionalization, >
we questioned whether an umpolung strategy could be designed
to convert electrophilic aryl esters into nucleophilic organotin
reagents, superb reaction intermediates via C-Sn cleavage
(Scheme 1, bottom).”! Indeed, the Migita-Kosugi-Stille (MKS)
reaction of organotin reagents remains one of the most robust,
versatile, mild and widely applicable cross-couplings.” Not
surprisingly, the MKS reaction is frequently used in total
synthesis of natural products® or in densely functionalized
polyheterocyclic cores,”® privileged motifs in a wide variety of
pharmaceuticals that are not particularly trivial to assemble via
classical cross-coupling reactions.!"” Herein, we describe a new
Ni-catalyzed stannylation of aryl esters via C(sp®)-O cleavage.
The transformation is distinguished by its wide scope, including
the coupling of non-rn-extended arenes or even heterocyclic
cores, setting the basis for designing iterative cross-coupling
scenarios as well as further derivatization techniques via C-Sn
cleavage. Initial mechanistic studies suggest that a catalytic
cycle initiated by oxidative addition comes into play.
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Scheme 2. Optimization of the Reaction Conditions. [a] 1a (0.20 mmol), 2a
(0.26 mmol), Ni(COD), (10 mol%), L1 (10 mol%), CsF (0.20 mmol) in PhMe
(0.20 M) at 90 °C. [b] GC yields using decane as internal standard. [c] Isolated
yield. [d] Ni(COD), (5 mol%). [e] with NaOtBu (20 mol%).

We started our investigations by reacting 1a with 2a, a bench-
stable stannyl reagent that can be prepared quantitatively in
one-step and in bulk quantiies (Scheme 2). """ After
systematic experimentation, a combination of Ni(COD),, L1
and CsF in toluene at 90 °C provided the best results, affording
3a in 91% isolated yield (entry 1). In line with our expectations,
the nature of the ligand proved to be critical. While traces of 3a,
if any, were observed with PCy; and L3 that have shown to be
particularly useful in a myriad of C-O bond-functionalization
techniques (entries 2 and 4),!" the use of structurally related L2
resulted in considerably lower yields of 3a (entry 3). Although 2a
could serve as a sacrificial reducing agent, lower results were
found when using Ni(ll) precatalysts, suggesting that COD might
be stabilizing the transient metal species within the catalytic
cycle. " Similarly, a significant erosion in yield was observed
when using solvents, bases and stannyl reagents other than
toluene, CsF or 2a (entries 7-10). As expected, rigorous control
experiments demonstrated that all of the reaction parameters

were crucial for the stannylation to occur (entry 11). "8
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Scheme 3. Scope of n-extended aromatic pivalates. Reaction conditions: as
scheme 2, entry 1; Yields of Isolated products, average of at least two
independent runs. @ 1a (5.0 mmol). ® 2a (2.3 equiv). “t=6h. " 2a (2.0
equiv). € 1=110°C. 1 1-(naphthalen-2-yl)allyl pivalate (10) as substrate.

As shown in Scheme 3, our stannylation event turned out to be
widely applicable regardless of the electronic and steric
environments on the aryl ring.l"”? Interestingly, amides (3f), sily!
ethers (3c), aryl silanes (3i), nitriles (3j), esters (3h and 3k),
carbazoles (3p), carbamates (31) or benzofurans (3q) could all
perfectly be accommodated. Notably, the stannylation of 1a
could be executed at gram scale (5 mmol) without noticeable
erosion in yield. As shown for 3d, a two-fold stannylation event
could be easily within reach by carefully adjusting the
stoichiometry of the reaction. Although heterocycles containing
nitrogen donors could potentially hinder the reaction, this was
not the case (3g, 3r). Notably, the reaction could be extended to
primary or secondary benzylic pivalates possessing B-hydrogens
delivering 3m and 3n in good vyields. In addition, the use of 1-
(naphthalen-2-yl)allyl pivalate gave rise to 30 in 89% yield. To
put these results into perspective, 3m-3o could not be obtained
in the absence of Ni catalyst.
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Scheme 4. Scope of non n-extended aryl pivalates. Reaction conditions: as
scheme 2, entry 1; Yields of Isolated products, average of at least two

independent runs. @l 2a (2.0equiv).

Despite the formidable advances realized in C-O
functionalization, the utilization of non-n-extended coupling
counterparts is not as commonly practiced as one might
anticipate."® As shown in Scheme 4, we found that our
stannylation protocol could equally be applied for regular aryl
pivalates. In line with our expectations, the stannylation could be
performed independently of whether electron-rich or electron-
poor substituents were located at either meta, para or ortho
position. Likewise, aryl pivalates containing esters (5e, 5h),
nitriles (5j) or aryl fluorides (5d) could be coupled with similar
ease. Notably, extensions to benzyl or allyl pivalates posed no
problems (51 and 5m)."" Particularly interesting was the ability
to tolerate the presence of heterocycle cores containing basic
nitrogen donors, as these motifs could compete with L1 for
metal binding (5k and 5m).

Next, we questioned whether we could implement orthogonal
scenarios in the presence of aryl halides with conventional Cu or
Pd catalysts (Scheme 5, top). Specifically, we found that a Cu-
catalyzed amidation took place exclusively at the aryl bromide
terminus (7).?” A subsequent Pd-catalyzed Suzuki-Miyaura
protocol based on XPhos resulted in 8,?" that was ultimately
exposed under our stannylation protocol to cleanly afford 9.
These results represent a testament to the robustness of aryl
esters, an added value when compared to their organic
sulfonate congeners. The synthetic applicability of our
stannylation protocol is further illustrated in Scheme 5 (bottom).
As shown, 10 or 11 could be easily prepared from 3a upon
treatment with either NFSI or iodine, thus representing a formal
ipso-halogenation of aryl esters. Although polyheterocyclic
motifs are traditionally difficult to assemble via classical Pd-
catalyzed cross-coupling reactions,"” we found that 12 or 13
could be obtained in high yields under neutral conditions with
Pd(PPhs), as catalyst, thus demonstrating the generality and
flexibility of the Migita-Kosugi-Stille coupling when compared to
other cross-coupling reactions for assembling rather
sophisticated backbones. Taken together, the results of
Schemes 3-5 show the prospective impact of this methodology.
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Scheme 6. Mechanistic Considerations.

Although unraveling all mechanistic intricacies of this
transformation should await further investigations, we decided to
study the reactivity of the putative oxidation species, as Ni-1
could be readily prepared upon exposure of 1a to Ni(COD), and
L1.222) |nterestingly, Ni-1 was found to be competent as
reaction intermediate, as 3a was invariably formed in good
yields regardless of whether Ni-1 was used in a stoichiometric or
in a catalytic manner (Scheme 6). Although we cannot rigorously
rule out other conceivable scenarios,? at present we propose a
mechanistic rationale based on the initial formation of Ni-1



followed by transmetallation of 2a mediated by fluoride source.”®
A final C—Sn bond reductive elimination event would deliver the
aryltin derivative while recovering back the active propagating
Ni(0)L1 species.?eH27]

In summary, we have documented an unconventional Ni-
catalyzed stannylation of aryl esters, representing a step-forward
towards implementing heteroatom-based nucleophiles in C-O
bond-cleavage, thus contributing to expand the rather limited
portfolio of C—heteroatom bond-forming reactions via C-O
functionalization. The salient features of this protocol are the
broad scope and excellent chemoselectivity profile, allowing for
the use of non-n-extended arenes or heteroaryl motifs, even in
iterative-type scenarios. Further extensions to other C-O
electrophiles are currently underway in our laboratories.
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COMMUNICATION

Ni-catalyzed stannylation of aryl esters via C(sp?)-O cleavage

Ni catalyst / Ligand
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R-tHet R+ Het Cy,P PCy,
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Wide substrate scope 32 examples
Iterative scenarios up to 92% yield

A versatile and widely applicable Ni-catalyzed stannylation of aryl esters has been
developed, contributing to expand the rather limited portfolio of C—heteroatom
bond-formations via C—O functionalization. The reaction is characterized by its
excellent chemoselectivity profile and broad substrate scope, including challenging
substrate combinations and iterative techniques that shows the prospective impact
of this methodology in complex settings.
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