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Abstract: The Ni-catalyzed decarbonylative borylation of
(hetero)aryl carboxylic acids with B2cat2 has been achieved
without recourse to any additives. This Ni-catalyzed method
exhibits a broad substrate scope covering poorly reactive non-
ortho-substituted (hetero)aryl carboxylic acids, and tolerates
diverse functional groups including some of the groups active
to Ni0 catalysts. The key to achieve this decarbonylative
borylation reaction is the choice of B2cat2 as a coupling partner
that not only acts as a borylating reagent, but also chemo-
selectively activates aryl carboxylic acids towards oxidative
addition of their C(acyl)�O bond to Ni0 catalyst via the
formation of acyloxyboron compounds. A combination of
experimental and computational studies reveals a detailed
plausible mechanism for this reaction system, which involves
a hitherto unknown concerted decarbonylation and reductive
elimination step that generates the aryl boronic ester product.
This mode of boron-promoted carboxylic acid activation is
also applicable to other types of reactions.

Introduction

Carboxylic acids are readily available in great structural
diversity from both natural and synthetic sources, thus making
them attractive starting materials for organic syntheses. The
development of catalytic methods for efficient transforma-
tions of carboxylic acids into valuable compounds via
selective activation of carboxyl group is essential to achieve
the potential utility of carboxylic acids as versatile building
blocks. In this context, metal-catalyzed decarboxylative cross-

coupling reactions of (hetero)aryl carboxylic acids have been
explored extensively[1] since seminal work on the reactions of
this type[2] and identification of the roles silver or copper salts
play in the decarboxylative metalation of (hetero)aryl car-
boxylic acids,[3] which has led to establishment of a diverse
variety of decarboxylative cross-coupling reactions.[1e,f] In
spite of the notable progress in this area, such decarboxylative
cross-couplings are generally limited to ortho-substituted
(hetero)aryl carboxylic acids, probably because the existing
modes for redox-neutral metal-mediated decarboxylation
require ortho-substituents to decrease the reaction activation
barrier.[4] The oxidative decarboxylation strategy enables
non-ortho-substituted (hetero)aryl carboxylic acids to partic-
ipate in decarboxylative functionalization.[5] Nevertheless,
thus far, this oxidative decarboxylation strategy has only
applied to protodecarboxylation,[5a] decarboxylative halogen-
ation[5d,e] and decarboxylative arylation reactions[5b,c] presum-
ably due to the difficulty in generating thermodynamically
unstable aryl radicals, contrasting with its successful applica-
tions to the decarboxylative cross coupling-reactions of alkyl
carboxylic acids.[6]

Recently, the decarbonylative or decarboxylative cross-
coupling reactions of carboxylic acid derivatives have ap-
peared as a powerful tool for formations of C�C and C-
heteroatom bonds, opening up a new avenue to expanding
synthetic application of abundant carboxylic acids as starting
materials.[7–12] Among these established decarbonylative
cross-coupling reactions, the decarbonylative borylation re-
action of both (hetero)aryl and alkyl carboxylic acid deriv-
atives (e.g. ester, anhydride, amides, and aroyl halides) with
diboron compounds as borylating reagents is one of the most
extensively explored reactions,[11, 12] which was driven by the
great importance of organoboron compounds as versatile
reagents in synthesis chemistry.[13] As disclosed by these
elegant studies, the decarbonylative functionalization reac-
tions benefit from the enhanced redox reactivities of carbox-
ylic acid derivatives towards the oxidative addition to low-
valent metal species or single electron transfer redox process.
Comparison between carboxylic acids and corresponding
carboxylic acid derivatives elucidates that the enhanced redox
reactivities of carboxylic acid derivatives structurally result
from the bonds between acyl groups and electron-withdraw-
ing groups, namely RC(O)-X bonds (X = halide, OR or NR2).

Our interest in the metal-catalyzed decarboxylative cross-
coupling reactions[5c,14] prompted us to seek after new modes
of activation of (hetero)aryl carboxylic acids, hopefully
providing a solution to the problem associated with the
conventional limitation of substrate scope to ortho-substitut-
ed (hetero)aryl carboxylic acids, and discovering new types of
decarboxylative functionalization reactions. The seminal
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studies on boron-catalyzed electrophilic reactions of carbox-
ylic acids have disclosed that the electrophilic activation of
carboxylic acids by boron catalysts is attributed to formation
of acyloxyboron intermediate.[15] The B-O Lewis acid-base
interactions have proved to be beneficial to activation of C�O
bonds in aryl ether, phenol and allylic alcohol towards
oxidation addition to low-valent metal catalyst species.[16]

Inspired by these pioneering studies, we questioned whether
boron (sp2) compounds could activate (hetero)aryl carboxylic
acids towards oxidative addition of their C(acyl)�O bonds to
low-valent metal catalyst through formation of acyloxyboron
species, which would trigger decarbonylation and subsequent
coupling step. Herein, we demonstrate that this assumed
mode of boron-promoted carboxylic acid activation is viable,
report a direct decarbonylative borylation reaction of (heter-
o)aryl carboxylic acids with bis(catecholato)diboron (B2cat2)
that is catalyzed by a Ni/dcypm catalyst (dcypm = bis(dicy-
clohexylphosphino)methane) and proceeds without recourse
to any additive (Scheme 1). The key to achieve this Ni-
catalyzed direct decarbonylative borylation is our discovery
of B2cat2 as a proper diboron reagent that acted not only as
a borylating reagent/coupling partner, but also as an activator
of (hetero)aryl carboxylic acids. This protocol eliminates the
need for stoichiometric transition metal salts that mediate
decarboxylation and/or serve as terminal oxidants in the
previously developed decarboxylative cross-coupling reac-
tions, avoids in situ generation of activated aryl carboxylic
acid derivatives from the corresponding acids, while enabling
a broad range of (hetero)aryl carboxylic acids including
normally poorly reactive non-ortho-substituted carboxylic
acids[1, 2] to be coupled.

Results and Discussion

Reaction Optimization

We began our investigation by studying the borylation of
4-phenylbenzoic acid (1b) with B2cat2 (2) as a model reaction
(Table 1). After screening a variety of reaction conditions, we
determined that a combination of Ni(COD)2 (10 mol %),
dcypm (20 mol%), B2cat2 (2.0 equiv), and 1b (0.2 M) in
toluene at 150 8C delivered the desired coupling product in
the best yield after 24 h of reaction (entry 1). Note that the
catechol arylboronate product 3b was-without isolation-
treated with pinacol and Et3N to convert to the more stable

pinacol arylboronate product 4b in 76% and 71 % GC and
isolated yields, respectively. Phosphine ligands and their
loading were observed to have a profound effect on the
reaction outcomes. Decreasing loading of dcypm to 10 mol%
brought about a drop in yield to 52% (entry 2). In contrast to
dcypm, bidentate ligands capable of forming stable five- or
six-membered chelate ring, namely dcype and dcypp
(10 mol %), and monodentate PCy3 (20 mol%) were much
less effective (entries 3, 4 and 5), although these ligands are
known to promote the Ni-catalyzed decarbonylative cross-
coupling reactions of benzoic acid derivatives.[8b,e] Less
electron-donating dppm ligand was far interior to dcypm,
despite its structural similarity to dcypm (entry 6). Intrigu-
ingly, when bis(pinacolato)diboron (B2pin2) was used in place
of B2cat2, no reaction took place, with essentially all of B2pin2

recovered (entry 7), indicating a difference between B2cat2

and B2pin2 in terms of reactivity with aryl carboxylic acids.
Addition of sub-stoichiometric bases (0.2 equiv), such as
KOAc, proved to be detrimental to the reaction (entry 8),
although such base additives are frequently used to promote
transmetalation in transition metal-catalyzed cross-coupling
reactions of boron reagents.[11g] Similarly to the effect of
external bases, coordinating solvents such as DMSO and 1,4-
dioxane either shut down the reaction or gave much lower
yields than toluene (entries 9 and 10). Attempt to conduct
reaction at lower temperature failed to give a satisfied yield
(entry 11).

Evaluation of Substrate Scope

With the optimized reaction conditions in hand, we
further evaluated generality of this decarbonylative boryla-
tion (Scheme 2).[17] To obtain consistent isolated yields, all

Scheme 1. Boron-promoted activation of aryl carboxylic acids towards
directd decarbonylative borylation.

Table 1: Optimization Studies on Decarbonylative Borylation of Aryl
Carboxylic Acids.[a]

Entry Variation from the standard conditions Yield of 4b[b] [%]

1 none 76 (71[c])
2 10 mol% dcypm 52
3 10 mol% dcype instead of dcypm 15
4 10 mol% dcypp instead of dcypm 21
5 20 mol% PCy3 instead of dcypm 23
6 10 mol% dppm instead of dcypm <10
7 2.0 equiv B2pin2 instead of B2cat2 NA
8 adding 0.2 equiv KOAc 50
9 1.0 mL DMSO instead of toluene <5

10 1.0 mL Dioxane instead of toluene 18
11 130 8C instead of 150 8C 30

[a] All reactions were run with 1b (0.2 mmol) and 2 (0.4 mmol) in 1 mL
toluene solution containing Ni(COD)2/dcypm under N2, followed by
treatment with pinacol (0.8 mmol) and Et3N (0.4 mL) at room temper-
ature for 1 h. [b] Yield determined by GC analysis with n-dodecane as the
internal standard. [c] Yield of isolated 4b.
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catechol arylboronate products 3 were converted through
ligand exchange to the more air- and moisture-stable pinacol
arylboronate products 4 or N-methyliminodiacetic acid
(MIDA)-protected arylboronates 5 for isolation and yield
determination.[18] Monosubstituted benzoic acids bearing
electronically diverse substituents in the para- or meta-
position reacted to form the corresponding arylboronate
esters 5 b–5 q, 4r, 5s–5u, 4 v, 5w–5y, 4z, and 5aa–5ad in fair to
excellent yields. Ortho-monosubstituted benzoic acids, de-
spite being somewhat sterically hindered, also reacted effec-
tively, producing 5ae–5ai in yields ranging from 33 to 77 %.
Many disubstituted benzoic acids were attempted, which

afforded the corresponding disubstituted arylboronate esters
5aj–5aq in generally good yields. Trisubstituted 2,4,6-trime-
thylbenzoic acid performed well, affording the mesitylboro-
nate ester 4ar in 52 % yield. Polycyclic aromatic acids
exhibited high levels of reactivity in this protocol, as shown
by the formation of the polycyclic arylboronate esters 5as–
5av.

Heteroaryl carboxylic acids, akin to their halide conge-
ners, are abundant, inexpensive, and stable compounds.
Under our standard reaction conditions, a variety of hetero-
aryl carboxylic acids, including (benzo)furan, (benzo)thio-
phene, indole, and thiazole derivatives, were converted to the

Scheme 2. Substrate scope for Ni-catalyzed direct decarbonylative borylation of (hetero)aryl carboxylic acids.[a] [a]All reactions were run with
1 (0.2 mmol), 2 (0.4 mmol), Ni(COD)2 (10 mol%), dcypm (20 mol%) in 1 mL toluene for 24 h at 150 8C under N2 and then treated with pinacol
(0.8 mmol) and Et3N (0.4 mL) at room temperature for 1 h or with MIDA (0.8 mmol) and DMF (2 mL) at 90 8C for 4 h. Yields of isolated products
are reported.
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corresponding heteroaryl boronate esters 5 ba–5bm in good
yields. Isonicotinic acid, a simple pyridine-derivatized car-
boxylic acid, did not work for the decarbonylative borylation,
but 2,6-diphenyl isonicotinic acid could afford the boronate
ester 5 bn in a moderate yield. These results suggest that the
pyridinyl group might react with the diboron reagent to
interfere with the carboxyl activation but that the reaction
might be stalled by the steric hindrance of the two N-adjacent
phenyl substituents in 2,6-diphenyl isonicotinic acid.

In summary, a broad range of aryl carboxylic acids, which
bear electronically and sterically diverse functional groups,
such as ether, thioether, hydroxy, fluoro, chloro, ester, ketone,
amide, sulfonamide, and pinacol boronate, were compatible
with our decarbonylative borylation protocol. Thus, the
protocol demonstrates a potential utility in iterative cross-
coupling reactions. Particularly, alkyloxy,[19a–c] fluoro,[19d–g] and
amide groups,[19h] which are effective leaving groups in an
array of Ni-catalyzed cross-coupling reactions with diboron
reagents, were perfectly tolerated, illustrating that our
method is orthogonal to those Ni-catalyzed reactions. It is
worth noting that two carboxylic acid-based pharmaceuticals,
namely probenecid and adapalene, were transformed into the
borylated products 5 p and 5av in moderate to high yields.
This is a further demonstration that the protocol could be
useful for the elaboration of bioactive compounds. It should
be noted that benzoic acids bearing a strongly electron-
withdrawing nitro or cyano group does not perform well for
this decarbonylative borylation protocol, presumably because
such groups significantly decrease the affinity of the carboxyl
group for the Lewis-acidic diboron reagent.

The strategy of activating carboxylic acids with boron
reagents could also be exploited in the decarbonylative
borylation of aryl carboxylic acid anhydrides and the direct
conversion of alky carboxylic acids into olefins,[20] as shown in
Scheme S1.

Mechanistic Studies

We employed a combination of experiments and DFT
calculations to gain insight into the mechanism of the new
catalytic reaction. In the execution of the model reaction of 4-
phenylbenzoic acid (1b) with B2cat2, we observed H2 and CO
in the gas phase by GC, thereby confirming the decarbon-
ylative nature of the reaction (Figure S1). 11B NMR measure-
ments were carried out to monitor the reactions of benzoic
acid (1a) with B2cat2 and related boron reagents (Scheme 4).
A previous 11B NMR study by Antilla et al. on the reaction of
a phosphoric acid with catecholborane (HBcat) provided
useful reference,[21] which showed release of H2 gas and
formation of a new phosphoryloxyboron species with a dis-
tinct 11B NMR peak at 22.1 ppm [Scheme 3, Eq. (1)]. In
analyzing the reaction of benzoic acid with HBcat, we
observed gas evolution and a major 11B NMR peak at
21.8 ppm [Scheme 3, Eq. (2)], which was assigned to an
aroyloxyboron species by analogy to Antilla�s work (Fig-
ure S2). In addition, a minor peak appeared at 3.1 ppm and
would grow in size as the amount of benzoic acid was
increased. We assign the 3.1 ppm peak to a benzoic acid-

aroyloxyboron complex containing a four-coordinate boron
center which is known to give a 11B NMR chemical shift in
that region of the spectrum (Figure S2).[22] Moreover, the
aroyloxyboron species generated from the reaction of B2cat2

with benzoic acid could be isolated in the form of
ArCOOBcat·(ArCOO)2Ni adduct and structurally character-
ized by single crystal X-ray diffraction analysis (Figure S3)[17]

when the reaction solution of B2cat2 with benzoic acid was
treated with 0.5 equiv of NiII carboxylate salt.

To our delight, the reaction of benzoic acid with half an
equivalent of B2cat2 under heating [Scheme 3, Eq. (3)]
showed exactly the same 11B and 1H NMR results as the
reaction of benzoic acid with HBcat, indicating that B2cat2

could activate aryl carboxylic acids to form aroyloxyborons at
elevated temperatures (Figure S2). This control experiment
lends support to the idea that B2cat2 plays a dual role in our
reaction as a carboxylic acid activator and a coupling partner.
In contrast, no reaction was detected for a mixture of benzoic
acid and B2pin2 under the same conditions [Scheme 3,
Eq. (4)], suggesting that B2pin2 could not activate aryl
carboxylic acids even at elevated temperatures. This result
agrees with the observation that B2pin2 is an ineffective
diboron reagent for the cross-coupling reaction (Table 1,
entry 7).

To establish a detailed plausible mechanism for the title
reaction, we carried out extensive density functional theory
(DFT) calculations on the reaction of benzoic acid (1 a)
beginning with its activation by B2cat2. As shown in Figure 1,
benzoic acid reacts with B2cat2 by concerted metathesis via
the six-membered transition state TS1, wherein the O�H and
B�B bonds are breaking by heterolysis and the B�O and H�B
bonds are forming through Lewis acid-base interaction. TS1
proceeds to HBcat with the release of the aroyloxyboron
species PhCOOBcat. HBcat continues to react with 1a by
concerted metathesis via the five-membered TS2 to form
PhCOOBcat and release H2 gas. Thermodynamically this
activation process is favorable (DG =�34.4 kcal mol�1), and
kinetically it has the highest energy barrier of 33.5 kcalmol�1

(B2cat2 to TS1).[23] We also computed the mechanism of the
reaction of benzoic acid with B2pin2, for which the energy
barrier TS1’ is higher than TS1 by 1.6 kcalmol�1 (Figure S4).
As estimated by using the Eyring equation, the reaction of

Scheme 3. Reactivity of boron reagents with benzoic acid.[a] [a] See
Figure S2 for the NMR spectra.
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benzoic acid with B2pin2 would be 15 times slower than the
reaction with B2cat2 under the same conditions. These
calculations are qualitatively consistent with the experimental
findings. Conceptually, the reactivity difference between
B2cat2 and B2pin2 can be understood by considering that
B2pin2 is a weaker Lewis acid than B2cat2. Benchmark
calculations on TS1 and TS1’ at a higher level of theory gave
consistent and more accurate results (Figure S5).

The next phase of reaction is the oxidative addition of
PhCOOBcat to Ni0 (Figure 2). The precatalyst Ni(COD)2 is

activated by reacting with the ancillary diphosphine ligand
dcypm, for which we have considered various products
(Figure S6). IM1 is the most stable species generated, and
the initiation process is thermodynamically favorable by
7.0 kcalmol�1. IM1 takes up PhCOOBcat by substituting it for
COD to form the precursor complex IM2, which undergoes
subsequent intramolecular oxidative addition involving the
PhC(O)-OBcat bond cleavage via the transition state TS3,
which proceeds to the square planar NiII d8 complex IM3
bearing a benzoyl ligand. The oxidative addition has an
overall activation barrier of 24.2 kcalmol�1 (IM1 to TS3) in
the initial catalytic cycle. We also considered and ruled out the
alternative oxidative addition involving the Ph-COOBcat
bond cleavage, which would have a significantly higher
barrier than TS3 (Figure S7).

Pathways of direct transmetalation of IM3 with B2cat2

through five-coordinate intermediates/transition states could

not be found due to the steric hindrance around the four-
coordinate NiII center. Dissociation of one phosphine arm via
TS4 converts IM3 into the three-coordinate IM4, which
subsequently combines with B2cat2 to give IM5. This four-
coordinate intermediate launches intramolecular transmeta-
lation involving heterolytic B�B bond cleavage via the four-
membered transition state TS5, which delivers the dioxabor-
olyl (boryl hereafter) group to the NiII center in IM6 and
releases the byproduct catBOBcat (Figure S8). Rebound of
the second dangling phosphine arm in IM6 converts it into the
much more stable four-coordinate complex IM7.

No transition state of decarbonylation/phenyl migration
from IM7 could be found probably because of the large space
separating the phenyl group and the NiII center. We traced the
interchange transition state TS6 connecting from IM7 and
proceeding to IM8 with the opening of the diphosphine
chelate ring. The geometry of the h2-p complex IM8 is such
that it brings the NiII center and the phenyl group into
a proper spatial relationship.This symphoria facilitates the
decarbonylation/phenyl migration via TS7, which would be
expected to proceed to a square planar NiII carbonyl
intermediate bearing a phenyl cis to the boryl group. Such
a structure was indeed observed along the calculated intrinsic
reaction coordinate (IRC) of TS7 (Figure S9) but could not be
optimized as an energy minimum; it transforms downhill into
IM9, a Ni0 complex bearing the reductive elimination (or
phenyl-boryl coupling) product PhBcat. As a benchmark
study, we reoptimized TS7 using three other density func-
tionals, i.e., M06-L, wB97XD, and X3LYP, and the computed
transition states all behave like TS7 and proceed to IM9
(Figure S10). Thus, the calculations strongly suggest a con-
certed process of decarbonylation (or phenyl migration to
nickel) and reductive elimination of the phenyl-boryl cou-
pling product. This could be explained by considering the
significant natural charges on the boron (+ 0.80) and ipso-
carbon (�0.23) atoms in TS7, which show a tendency of
phenyl-boryl interaction when the two groups become close
to each other. This concerted decarbonylation and reductive
elimination mechanism (IM8 ! IM9 via TS7) has not been
known before, and the closest analogy was seen in a computa-
tional study of copper-catalyzed borylation, which involves
the concerted PhI to CuI oxidative addition and reductive
phenyl-boryl elimination/coupling.[24] In addition, concerted
b-hydrogen elimination and reductive hydrogen-vinyl elimi-
nation/coupling pathways were found by a number of
computational studies on nickel-catalyzed reactions.[25]

Rebound of the open phosphine arm in IM9 converts it
into IM10, which extrudes CO via the dissociative transition
state TS8 to form IM11. Substitution of COD by IM11
releases the borylation product PhBcat, regenerates the
active species IM1, and closes the catalytic cycle. Thus,
a detailed plausible mechanism for the title reaction has now
been established computationally. It reveals a complex yet
well-defined reaction system consisting of two portions: (a)
the activation of aryl carboxylic acids by B2cat2 (Figure 1) and
(b) the catalytic cycle beginning with the active species IM1
(Figure 2, Figure 3, and Figure 4). The balanced equations for
the two portions and the overall reaction are the following:

Figure 1. Free energy profile for the activation of benzoic acid by
B2cat2 computed with M06/BS2//B3LYP/BS1 (the same below; see
Computational Methods in the Supporting Information). Selected
bond distances are given in � (the same below).

Figure 2. Free energy profile for the PhCOOBcat to Ni0 oxidative
addition.
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PhCOOH þ 1
2

B2cat2 ! PhCOOBcat þ 1
2

H2 ð1aÞ

PhCOOBcat þ B2cat2 ! PhBcat þ catBOBcat þ CO ð1bÞ

PhCOOH þ 3
2

B2cat2 ! PhBcat þ catBOBcat þ CO þ 1
2

H2

ð1cÞ

The activation of benzoic acid by B2cat2 has a barrier of
33.5 kcal mol�1 that is consistent with the reaction temper-
ature (150 8C),[11f,26] and the resulting borolyl benzoate
PhCOOBcat enters the catalytic cycle by replacing COD
from IM1 (Figure 2). The largest energy span in the initial
catalytic cycle is from IM7 to TS7, 24.4 kcalmol�1 (Figure 4).
Because IM9 is lower in energy than the regenerated active
catalyst IM1 by 8.7 kcalmol�1 (Figure 4), beginning with the
second catalytic cycle, IM9 should be the reference state of
the oxidative addition barrier TS3 (Figure 2), which causes
TS3 to be 32.9 kcalmol�1 (24.2 + 8.7) and hence the turnover-
limiting barrier. This overall activation barrier is also
consistent with the reaction temperature (150 8C).[11f, 26] The
catalytic cycle has a large thermodynamic driving force (DG =

�35.0 kcalmol�1). Although the segment from IM9 through
IM1 is endergonic by 8.7 kcalmol�1 (Figure 4), IM9 would not
cause a thermodynamic sink on the reaction coordinate,

because the extrusion of CO gas from IM10 shifts the
equilibrium position forward. We also considered an alter-
native route in which decarbonylation (from IM4) would
precede transmetalation; this pathway could be ruled out
because it would lead to a concerted transmetalation and
reductive elimination with a very high-energy barrier, TS12
(Figure S11).

Conclusion

We have developed a Ni-catalyzed method that enables
the direct decarbonylative borylation of (hetero)aryl carbox-
ylic acids without recourse to any additive. This method is
applicable to a broad range of (hetero)aryl carboxylic acids
including normally poorly reactive non-ortho-substituted
acids, demonstrates a good chemoselectivity for carboxyl
group over some of the groups active to electron-rich Ni0

catalysts. The choice of B2cat2 is crucial to the success of the
catalytic protocol. This diboron reagent not only serves as the
borylating agent, it also activates the carboxylic acid to form
the aroyloxyboron for oxidative addition to Ni0 involving the
ArC(O)-OBcat bond cleavage. A combination of experi-
ments and extensive DFT calculations reveals a detailed
plausible mechanism, the key aspects of which are recapitu-

lated in Scheme 4. The active Ni0 species
IM1 reacts with the aroyloxyboron by
oxidative addition, and the resulting NiII

complex IM3 undergoes single phosphine
dissociation to IM4, followed by transme-
talation with B2cat2, to deliver the boryl
group to the NiII center in IM6 or IM8,
a cis-NiII(aroyl)(boryl) complex. The reac-
tion then proceeds by an unprecedented
concerted decarbonylation and reductive
elimination mechanism via TS7 to afford
the carbonyl complex IM9 bearing the aryl
boronic ester product. Subsequent phos-
phine rebound enables CO dissociation
from IM10, which is followed by COD
substitution to release the product and
regenerate the active species IM1. FurtherFigure 3. Free energy profile for the transmetalation with B2cat2.

Figure 4. Free energy profile for the concerted decarbonylation and reductive elimination, followed by catalyst regeneration. The numbers denote
natural charges on selected atoms in TS7.
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efforts are underway to leverage the mode of boron activating
carboxylic acids to develop new direct cross-coupling reac-
tions of carboxylic acids.
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Nickel Catalysis

X. Deng, J. Guo, X. Zhang, X. Wang,*
W. Su* &&&&—&&&&

Activation of Aryl Carboxylic Acids by
Diboron Reagents towards Nickel-
Catalyzed Direct Decarbonylative
Borylation

A Ni-catalyzed direct decarbonylative
borylation of aryl carboxylic acids with
B2cat2 has been established. B2cat2 serves
as a borylating agent, but also activates
the carboxylic acid substrate towards
decarbonylative coupling, playing a dual
role in this reaction. A combination of
experimental and computational studies
reveals that the reaction proceeds
through a hitherto unknown concerted
decarbonylation and reductive elimi-
nation step.
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