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ABSTRACT: An unprecedented conversion of methyl esters to
stannanes was realized, providing access to a series of arylstannanes via
nickel catalysis. Various common esters including ethyl, cyclohexyl,
benzyl, and phenyl esters can undergo the newly developed decarbon-
ylative stannylation reaction. The reaction shows broad substrate scope,
can differentiate between different types of esters, and if applied in
consecutive fashion, allows the transformation of methyl esters into aryl
fluorides or biaryls via fluororination or arylation.

Esters are one of the most ubiquitous classes of organic
molecules which exist in a wide range of natural products

and synthetic intermediates.1 Accordingly, the interconversions
between esters and other functional groups are important in
organic synthesis. Recently, increasing attention has been
devoted to cross-coupling reactions using cheap, green, and
readily available esters as coupling partners instead of commonly
used halogenated reagents.2−5 In particular, considerable
progress has been registered for decarbonylative and decarbox-
ylative reactions of esters to form diverse valuable compounds
including organoboron compounds.4,5 Although these methods
showed great advantages over conventional methodologies, the
substrate scope is mainly limited to phenyl esters. Commercially
available and inexpensive methyl esters seemed inefficient in
these transformations, which might be due to the higher bond-
dissociation energy (Figure 1).6

Progress in the activation of methyl esters has been made
recently by Garg, Houk, and co-workers as well as Hu and co-
workers, who described the nickel catalyzed direct amidation of
methyl esters with secondary arylamines and nitroarenes,
respectively (Scheme 1, eqs 1 and 2).7 However, these
transformations both underwent a nondecarbonylative process.
To the best of our knowledge, the decarbonylative reaction of
simple esters such as methyl esters has never been realized. This
is surprising since the use of methyl esters would have several

advantages including the widespread use and availability of
methyl esters as well as the formation and removal of methanol
instead of phenols, amides, or imides which have so far been
obtained as byproducts in decarbonylative processes.
Arylstannanes are highly important compounds due to their

application in the mild and versatile Migita−Kosugi−Stille
coupling reaction8 as well as in the synthesis of natural products
and late-stage functionalization of complex molecules.9 More-
over, they are frequently used in the construction of diverse
carbon−heteroatom bonds such as C−N,10 C−F,11 and C−
OCF3

12 bonds. Traditional methods to access stannanes employ
the reaction of trialkyltin chloride with air-sensitive organo-
metallic reagents, which may suffer from poor functional group
tolerance.13 Alternatively, palladium-14a−c and nickel-cataly-
zed14d−g stannylation of different electrophiles as well as C−H
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Figure 1. Bond strength of acyl C−O bonds.

Scheme 1. Nickel-Catalyzed Reactions of Methyl Esters via
Non-decarbonylative and Decarbonylative Pathways
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bond stannylation14g have been developed. One such endeavor
developed by the Martin group involves nickel-catalyzed
stannylation of phenol derivatives via activation of aryl C−O
bonds using trimethyl(tributylstannyl)silane.14f

Given the great importance of arylstannanes and the limited
number of available synthetic methods, it is highly desirable to
explore novel and practical methods to access these compounds.
As part of our continuing efforts in the activation of inert bonds
we, herein, report an unprecedented decarbonylative stannyla-
tion reaction of simple methyl esters as well as other common
esters such as ethyl, cyclohexyl, benzyl, and phenyl esters
(Scheme 1, eq 3). This transformation represents the first
decarbonylative reaction of methyl esters and features wide
substrate scope and broad functional group tolerance.
We started to explore the decarbonylative stannylation of

methyl esters by choosing methyl 2-naphthoate (1a) as a model
substrate in the reaction with trimethyl(tributylstannyl)silane 2.
After surveying various ligands, bases, nickel catalysts, and
solvents, the optimal reaction conditions were assigned as
follows: Ni(cod)2, dppp as ligand, KF as base, LiCl as additive in
toluene at 170 °C for 48 h (for details, see Table S1).
With the optimized reaction conditions in hand, the scope

with respect to the methyl esters was explored (Scheme 2). A
series of methyl esters could be converted into the
corresponding products smoothly, regardless of the electronic
nature of the substituents on the aromatic ring. Whereas methyl

2-naphthoate (1a) underwent the decarbonylative stannylation
reaction in excellent yield, methyl 1-naphthoate (1b) gave the
corresponding product in only 52% yield, which was presumably
due to steric effects. In contrast to a previous report in which the
substrate scope was largely limited to naphthoic acid methyl
esters,5a our newly developed decarbonylative stannylative
protocol could be applied to simple benzoic acid methyl esters.
For instance, p- and even o-biphenyl carboxylic methyl esters
1c−e could be successfully converted into the corresponding
arylstannanes.
In addition, the reaction showed remarkable chemoselectivity

since a wide range of functional groups such as tert-butyl (1e),
methyl (1f), fluoro (1g and 1h), trifluoromethyl (1i), amide (1j
and 1k), methoxy (1m), and double bond (1n) were well
tolerated. Given the previous reports on nickel-catalyzed C−F,
C−N, and C−O bond activation, these results show great
relevance due to the further functionalization potential of the
untouched inert bonds. Moreover, disubstituted substrate 1m
could also undergo this protocol in high yield. Notably,
pharmaceutically relevant heteroaromatic substrates such as
pyridine-derived carboxylic acid methyl esters 1n and 1o were
also suitable substrates for this transformation and were
converted into the corresponding products in good to excellent
yields.
Furthermore, our catalytic protocol could also be readily

extended to aryl carboxylic acid phenyl esters 4 by using an
inexpensive nickel source NiBr2 as catalyst and Cs2CO3 as base
(Scheme 3). Likewise, both naphthoic acid and benzoic acid
phenyl esters could undergo the present reaction smoothly,
giving the desired products in moderate to high yields. As shown
in Table S2, the reaction of phenyl 2-naphthoate (4a) proceeded
in 82% yield. Most of the biphenyl carboxylic acid phenyl esters
(4b−f) could be converted into the biphenylstannanes in good
yields. Only substrate 4d substituted at the ortho position of the
aromatic ring led to a lower yield. Again, various functional
groups were well tolerated in the new decarbonylative
stannylation reaction, affording the products in good yields. It
is noteworthy that more complex substrates such as estrone-
derived carboxylate 4t also reacted well.
In addition to methyl and phenyl esters, other types of simple

esters were also evaluated. Ethyl, cyclohexyl, and benzyl ester
derivatives 6a−c could all be converted into 3a in good yields,
indicating the advantages of our newly developed decarbon-
ylative stannylation protocol (Scheme 4). To explore whether
this new methodology could efficiently differentiate between
two different types of esters, we subjected substrate 7 bearing
both methyl and phenyl ester groups to the present reaction
conditions. Gratifyingly, substrate 7 underwent this trans-
formation with excellent chemoselectivity, and the phenyl ester
group was selectively stannylized, delivering product 8 bearing
the methyl ester untouched in good yield (Scheme 5, eq 1).
Interestingly, monostannylation of substrate 9 bearing two
methyl ester groups was also realized, affording product 10 in
good yield along with trace amount of the double-stannylated
product. More importantly, further reaction of 10 with
Selectfluor or methyl 4-bromobenzoate gave the monofluorina-
tion ormonoarylation product (11 and 12) of bis-methyl ester 9,
thus enabling the challenging interconversion between methyl
esters and other important functional groups (Scheme 5, eq 2).
In summary, the functional group interconversion of inert

methyl esters into stannanes was realized for the first time with
the aid of nickel catalysis. A series of methyl esters as well as
other common esters, such as ethyl, cyclohexyl, benzyl and

Scheme 2. Scope of the Methyl Estersa,b

aReaction conditions: 1 (0.2 mmol), 2 (0.3 mmol, 1.5 equiv),
Ni(cod)2 (0.02 mmol, 10 mol %), dppp (0.04 mmol, 20 mol %), KF
(0.4 mmol, 2 equiv), LiCl (0.4 mmol, 2 equiv) in toluene (1 mL) at
170 °C, 48 h. bYield after purification. cYield for 1 mmol scale
reaction, 60 h. d72 h.
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phenyl esters, all underwent this decarbonylative stannylation
protocol smoothly, affording diverse arylstannanes which are
important in the construction of C−C and C−heteroatom
bonds. Moreover, this method could efficiently differentiate
between two different types of esters. In addition, the
monostannylation/fluorination and monostannylation/aryla-
tion of bis-methyl esters could be realized, showing its great
practical value. Furthermore, the stannylation protocol shows
good chemoselectivity and functional groups including groups
previously used in cross-couplings remain intact. Given that
arylstannanes are highly valuable products for different
applications, this new ester to stannane interconversion will be
of value and may become a good alternative to aryl halide
stannylation reactions. Efforts to investigate the mechanism and
to broaden the scope further are currently ongoing in our
laboratories and will be reported in due course.
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Scheme 3. Scope of the Phenyl Estersa,b

aReaction conditions: 4 (0.2 mmol), 2 (0.3 mmol, 1.5 equiv), NiBr2
(0.02 mmol, 10 mol %), dppp (0.04 mmol, 20 mol %), Cs2CO3 (0.4
mmol, 20 mol %), LiCl (0.4 mmol, 20 mol %) in toluene (1 mL) at
170 °C, 12 h. bYield after purification. cYield for 1 mmol scale
reaction, 60 h.

Scheme 4. Scope of Other Simple Estersa,b

aReaction conditions: 6 (0.2 mmol), 2 (0.3 mmol, 1.5 equiv),
Ni(cod)2 (0.02 mmol, 10 mol %), dppp (0.04 mmol, 20 mol %), KF
(0.4 mmol, 2 equiv), LiCl (0.4 mmol, 2 equiv) in toluene (1 mL) at
170 °C, 48 h. bYield after purification. cReaction conditions as for
phenyl esters were used, 24 h.

Scheme 5. (a) Selective Stannylation of Phenyl Ester with
Methyl Ester Untouched. (b) Mono-stannylation/
Fluorination and Arylation of Bis-methyl Esters
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