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ABSTRACT: Arylboronic acids are gaining increased im-
portance as reagents and target structures in a variety of useful
applications. Recently, the palladium-catalyzed synthesis of
arylboronic acids employing the atom-economical tetrahy-
droxydiboron (BBA) reagent has been reported. The high cost
associated with palladium, combined with several limitations of

1. NiCly(dppp) (1 mol %)
PPhg (2 mol %)
DIPEA (3 equiv)

HO  OH EtOH (0.3 M)
(HetAnAr—X + B-B (HetAr)Ar—BF 3K
S 2. KHF
X=Br,Cl, oms, 0Ts 1O OH 2
OTf, OSO,NMe, 1.5 equiv

both palladium- and copper-catalyzed processes, prompted us to develop an alternative method. Thus, the nickel-catalyzed
borylation of aryl and heteroaryl halides and pseudohalides using tetrahydroxydiboron (BBA) has been formulated. The reaction
proved to be widely functional group tolerant and applicable to a number of heterocyclic systems. To the best of our knowledge,
the examples presented here represent the only effective Ni-catalyzed Miyaura borylations conducted at room temperature.

B INTRODUCTION

Arylboronic acids are becoming increasingly important reagents
and target structures.' This unique class of compounds is
known to undergo a diverse variety of reactions, including the
Petasis—Borono Mannich reaction,” Chan—Lam coupling,3
conjugate addition reactions,” and most importantly a variety
of cross-coupling reactions. In addition to their use as reagents,
boronic acids are finding an increasing role in biological and
medicinal applications.®

Traditional methods for the synthesis of arylboronic acids
from the corresponding halides and trialkyl borates rely on a
metal—halogen exchange approach and require the use of
organolithium or organomagnesium reagents.” Although widely
utilized, this process presents limitations regarding functional
group tolerability, being incompatible with molecules contain-
ing sensmve functional groups embedded within their
structures.® Transition-metal-catalyzed borylation has emerged
as a viable alternative to afford boron species containing a high
degree of molecular complexity. Rh- and Ir-'® catalyzed C—H
borylations provide access to many aryl and heteroarylboron
derivatives. However, the selectivities of these reactions are
determined by steric and electronic effects within the aryl
system, making them limited to specific substitution patterns.
To overcome these limitations, Cu-,"" Ni-,'* and Pd13—catalyzed
Miyaura borylations of aryl and heteroaryl halides have been
developed. Regardless of the high selectivity and functional
group compatibility, these methods often require the use of
bis(pinacolato) diboron (B,Pin,), pinacolborane (HBPin), or
neopentylglycolborane as a boron source, thus resulting in the
initial formation of boronates. To access the boronic acids, an
additional deprotection step is required. Representative
examples of deprotection conditions to unveil the desired
boronic acid include acidic hydrolysis,14 oxidation,"® or
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reduction'® (Scheme 1). In addition to the requisite
deprotection, all of the boronate-based reagents release diols

Scheme 1. Commonly Employed Borylating Agents and BBA
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on conversion to the desired arylboronic acids, and these diol
byproducts must be removed from the reaction mixture
through often laborious procedures.'” This, combined with
the inherent lack of atom economy in these processes, greatly
diminishes the appeal of these approaches.

In an effort to devise a method to provide direct access to
arylboronic acids, we recently developed a Pd-catalyzed
borylation of aryl and heteroaryl halides utilizing tetrahydrox-
ydiboron (BBA)."® Under the conditions that evolved, aryl and
heteroaryl chlorides and bromides were efficiently borylated.
The reaction required 0.1-5 mol % of a palladium-based
preformed catalyst, 3 equiv of BBA, and reaction temperatures
of 80 °C. Although highly effective in most cases, aryl halides
containing ketones and aldehydes afforded the desired product
along with undesired byproducts resulting from reduction of
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these embedded functional groups. Furthermore, the substrate
scope for heteroaryl systems was restricted to nitrogen-
containing molecules, such as quinolines and indoles, as the
borylation of furan and thiophene derivatives could not be
achieved.

Because of the high cost of palladium and the problematic
substrates cited above, we were interested in developing a
nickel-catalyzed borylation of aryl and heteroaryl halides
utilizing BBA. Previously reported nickel-catalyzed boryla-
tions'> not only utilize the aforementioned wasteful borylating
reagents (e.g, B,Pin, and neopentylglycolborane) but also
require the use of additives such as zinc'*>® and trimethyl-
(2,2,2-trifluoroethoxy)silane'*® and proceed only at high
reaction temperatures (100—110 °C). Additionally, although
room-temperature copper-catalyzed borylations have been
reported,"® the substrate scope examined, especially for
heteroaryls and reactants with sensitive functional groups, has
been extremely limited. Furthermore, these methods not only
use inefficient B,Pin, but also have been employed largely for
aryl iodides. Only 4 examples of aryl bromides have been
reported, and aryl chlorides have not proven to be competent
substrates in copper-promoted protocols communicated to
date. Herein, we report a mild, cost-efficient, nickel-catalyzed
borylation of aryl and heteroaryl halides and pseudohalides
utilizing tetrahydroxydiboron (BBA).

B RESULTS AND DISCUSSION

We began the optimization of the reaction conditions for the
nickel-catalyzed borylation of aryl halides using BBA with 4-
bromoanisole. Using microscale high-throughput experimenta-
tion (HTE), an array of nickel catalysts, ligands, bases, and
solvents was examined. Extensive screening revealed that a
combination of NiCl,(dppp), PPh;, and diisopropylethylamine
(DIPEA) in ethanol at 80 °C was efficient, affording the desired
boronic acid in good yield as evidenced by conversion to the
pinacol boronate and analysis by HPLC (Scheme 2).

The optimal HTE conditions performed on microscale were
scaled up and repeated on the benchtop. Because boronic acids
are known to be relatively unstable tricoordinate boron
species,'” to determine the isolated yields the crude reaction

Scheme 2. Microscale HTE Screening for Optimal Reaction
Conditions with 4-Bromoanisole
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mixture was treated with aqueous KHF, to afford the more
robust potassium trifluoroborate salts without purification of
the intermediate boronic acid. Thus, in a very straightforward
and simple procedure the reaction of 4-bromoanisole (3 mmol)
with BBA (1.5 equiv), 1 mol % of NiCl,(dppp), 2 mol % of
PPh;, and 3 equiv of DIPEA in 10 mL of degassed ethanol at 80
°C, followed by aqueous KHF, addition, yielded potassium
trifluoro(4-methoxyphenyl)borate (1a, Table 1, entry 1) in

Table 1. Ni-Catalyzed Borylation of Electron-Rich and
Electron-Neutral Aryl Bromides with BBA

1. NiCly(dppp) (1 mol %)
PPh3 (2 mol %)

DIPEA (3 equiv)
EtOH (10 mL)
Br HO  OH temperature, time BFK
ED! + B-B ED
AT e £
3 mmol 1.5 equiv
entry product time temperature yield (%)
BF K
1 /©/ 1a 2h 80°C 91
MeO
MeO BF K
2 \©/ 1 2h 80°C 89
BF K
3 1c 2h 80°C 77
OMe
BF K
4a /©/ 1d 6h rt 78
HO
BF K
52 /©/ 1e 6h rt 67
HN
BF K
6 /©/ 1 4h 80°C 84
BF K
7 ©/\ 19 3h 80 °C 72
BF K
8 /©/ 1h 6h rt 90
Ph
9 BFaK 1i 4h rt 93
BF K
. 4h 90
10 i sn . 8o

“3 mol % of NiCl,(dppp) and 6 mol % of PPh;. “48 mmol scale using
0.1 mol % of NiClL,(dppp) and 0.2 mol % of PPh; in EtOH (90 mL).
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91% yield. Importantly, all reagents utilized in this method are
inexpensive and bench stable, avoiding the use of glovebox
techniques and dry solvents. Furthermore, when compared to
other Ni-catalyzed borylations, the reaction occurs in a short
period of time (as indicated by GC) without the use of metal
additives. With optimal conditions in hand, the substrate scope
for aryl bromides containing electron-donating and electron-
neutral groups was subsequently investigated (Table 1). The
indicated reaction time was determined by GC analysis. Aryl
bromides containing a methyl ether group in the para (entry 1),
meta (entry 2), and ortho (entry 3) position afforded the
desired trifluoroborates in good yield in only 2 h at 80 °C. The
same trend was observed for simple methyl-substituted arenes
(entries 6 and 7). When the reaction of electron-neutral aryl
bromides was performed at 80 °C, significant amounts of
undesired homocoupled product were observed by GC/MS,
leading to lower yields. Carrying out the reaction at room
temperature diminished this problem, and excellent yields were
achieved for those substrates (entries 8—10). The presence of
alcohol or free amine functional groups in the molecule
required the use of 3 mol % of the Ni catalyst. However, the
reactions proceeded at room temperature in only 6 h, and the
desired trifluoroborates were obtained in good yields.
Furthermore, the reaction of 2-bromonaphthalene was
petformed on a 48 mmol scale (~10 g), providing the product
1j in 81% yield after 8 h at room temperature (entry 10). The
catalyst loading for this large-scale reaction was reduced to 0.1
mol % of NiCL,(dppp), 0.2 mol % of PPh; in 90 mL of ethanol
(0.5 M). Unfortunately, sterically hindered 2,6-dimethylbro-
mobenzene did not perform well under the reaction conditions,
and only 16% conversion was observed by GC/MS (data not
shown).

Next, aryl bromides containing electron-withdrawing groups
were tested using the developed borylation protocol (Table 2).
The broad functional group compatibility of this method is
illustrated with the set of substrates utilized. Aryl bromides
containing nitrile, ketone, ester, and aldehyde functional groups
at the para and meta positions (entries 1—6) were efficiently
borylated at room temperature, affording the corresponding
trifluoroborates in good to excellent yields. Remarkably,
because of the very mild reaction conditions, compounds 2c,
2d, 2e, and 2f were obtained without reduction of the carbonyl
group. Previously developed palladium-catalyzed borylations
with BBA delivered up to 30% of the reduced alcohol side
product.'®® Of note, borylation of aryl halides containing
aldehydes were not included in any previously reported nickel-
catalyzed borylation methods. Para- and ortho-substituted
fluorine-containing substrates were also borylated (entries 7—
10). These molecules provide easy access to fluorinated aryl
compounds via cross-coupling reactions and are of increasing
interest in medicinal chemistry.*® As a limitation of the method,
ortho-substituted aryl bromides containing electron-withdraw-
ing groups other than fluorine and trifluoromethyl did not
provide the desired borylated product, and only protodehaloge-
nation was observed. Furthermore, aryl bromides containing
nitro groups afforded only the reduced amine product (eq 1),
along with unreacted starting material, as indicated by GC/MS
analysis.

The scope of the reaction was further expanded to heteroaryl
bromides (Table 3). Under the developed reaction conditions,
a variety of heteroaryl trifluoroborates such as thiophene, furan,
benzofuran, benzothiophene, pyrazole, indole, pyridine, quino-
line, and azaindole systems were successfully borylated in good
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Table 2. Ni-Catalyzed Borylation of Electron-Poor Aryl
Bromides with BBA

1. NiCly(dppp) (1 mol %)
PPhg (2 mol %)

DIPEA (3 equiv)
B HO_  OH EtOH (10 mL) - BFK
EWG— +  B-B EWG—
= HO OH 2. KHF, =
3 mmol 1.5 equiv
entry product time temperature yield (%)
BF K
1 /©/ 2a 4n t 91
NC
NC BF K
2 \©/ 2 4h rt 78
BF K
3 \H/©/ 2¢ 4h rt 93
o]
o]
4 )J\©/BF3K 2d  4h rt 81
BF K
5 Meo\(©/ 2e 6h 50 °C 92
0
BF K
6 H\”/©/ 2f 6h rt 84
o)
BF K
7 /©/ 2g 6h it 86
F4C
BF K
8 @ 2h  12h t 71
CFs
BF K
9 /©/ 2i 2h rt 96
F
BF K
10 @[ 2j 12h rt 75
F
NiCly(dppp) (1 mol %)
PPhg (2 mol %)
Br HO_ OH DIPEA (3 equiv) Br
+  B-B U]
ON HO  OH EtOH (10 mL) H,N
0
3 mmol 1.5 equiv rtor80°C

to excellent yields. Nitrogen-containing heterocycles required
higher catalyst loading and temperatures. Furthermore, after
addition of KHF, a mixture of potassium and internal salt was
obtained for these substrates, and full conversion to the
potassium salt required treatment of the crude mixture with
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Table 3. Ni-Catalyzed Borylation of Heteroaryl Bromides
with BBA

1. NiCly(dppp) (1 mol %)
PPhg (2 mol %)

DIPEA (3 equiv)
EtOH (10 mL)
HO, OH temperature, time
HetAr—Br + BB HetAr—BF ;K
HO  OH 2 KHF
3 mmol 1.5 equiv
entry product time temperature yield (%)
BF K
1 (/j,/ 3a  4h rt 94
S
~BFK
2a \_g 3b 4h nt 85
- BFK
32 Cgs’/ 3¢ 6h nt 74
BF K
4 (/jr 3d  4h ft 92
[o)
BF K
5 (/\/@/ 3e 4h " 91
o)
BF K
7
60 Nj 3t 12h t 82
N
/
BF K
7 (/D/ 3g 6h nt 86
N
H
BF K
s S 3h  4h 80°C 72
N~
9 N BFK  3i 4n 80°C 74
N~
i X
10 N BFK  3j 4n 80°C 81
_ BF K
110 Oij/ 3 4h  so°C 83
NS
N
o BFK
120 ¢ 3l 4h 80 °C 83
N N/
H

“NiCL(dppp) (0.5 mol %), PPh; (1 mol %). “NiCl,(dppp) (5 mol
%), PPh, (10 mol %).

K,CO; in acetonitrile.*’ To the best of our knowledge, the
examples illustrated in Table 3 represent the largest and most
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diverse substrate scope for borylation of heteroaryl systems in
the current literature. Unfortunately, heteroaryls such as
pyrimidine, isoxazole, and thiazole did not undergo borylation,
and only halide starting material was recovered in these cases.

As mentioned previously, one of the advantages in utilizing
BBA as a borylating agent is that it provides direct access to
boronic acids as well as a variety of boronate esters. Thus, 3-
bromothiophene was subjected to the nickel-catalyzed
borylation protocol with BBA followed by different workups
to provide diverse boron derivatives (Table 4). Boronic acid

Table 4. Direct Synthesis of Boron Derivatives

1. NiClx(dppp) (1 mol %)
PPh3 (2 mol %)
DIPEA (3 equiv)
EtOH (10 mL) X

B.
r,4h (/j X
2. reagent s

Br HO  OH
3 B8

HO OH
3 mmol 1.5 equiv
entry reagent product yield (%)
(I)H
1 hexane wash g ’ B\OH 4a 87
S
9&
2 %—é B-g 4b 90
HO  OH (/j
S
Q
3 B- 4c 96
(o}
OH OH (/j/

was obtained in good yield after a simple hexane wash of the
crude mixture. Various boronate esters were accessed after acid
workup followed by addition of the corresponding diol reagent
and purification by column chromatography.

Additionally, we were interested in utilizing the same
developed set of conditions for the more commercially available
aryl and heteroaryl chlorides (Table 5). Aryl chlorides
containing nitrile, ester, ketone, morpholine, piperazine, ether,
fluorine and pyrrole subunits embedded within their structure
provided the organotrifluoroborates in moderate to good yields.
Unfortunately, because a longer reaction time and heating was
required for full conversion, 4-chlorobenzaldehyde afforded the
desired potassium trifluoro(4-formylphenyl)borate along with
30% of the product resulting from borylation and concomitant
reduction of the aldehyde (data not shown). Heteroaryl
chlorides such as quinolinyl and thienyl chloride were also
borylated. The use of chlorides as the electrophile of choice
required, in general, longer reaction times and higher
temperatures than when the corresponding bromide was
used. Nevertheless, the same set of conditions could be used
for the borylation of both halides.

Because aryl bromides generally reacted under milder
conditions, we were interested in examining the selectivity of
the method for molecules containing both bromide and
chloride within the molecule (eq 2). Thus, 4-bromochlor-
obenzene was chosen as a test substrate. Unfortunately, after 30
min, the major product obtained was the diborylated

dx.doi.org/10.1021/jo401104y | J. Org. Chem. 2013, 78, 6427—6439
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Table S. Ni-Catalyzed Borylation of Aryl and Heteroaryl

Chlorides with BBA

1. NiCly(dppp) (1 mol %)

PPh3 (2 mol %)
DIPEA (3 equiv)
EtOH (10 mL)

HO,  OH  temperature, time
(HetAnAr—Cl  + B-B < (HetAr)Ar—BF K
' OH 2 KHF
3 mmol HO OH 2
1.5 equiv
entry product time  temperature yield (%)
BF K
1 O/ 2a 4h rt 92
NC
BF K
2 p 2¢  4h rt 89
(0]
BF K
3 Meop 2 4h 80 °C 89
(0]
BF K
o™ 8
4 LN 5a 12h n 64
o]
BF K
52 I/\N/[j 5b 8h 80 °C 52
HN._J
BF K
6 /©/ 2 12h rt 83
F
BF K
7 /©/ 1a  12h 80 °C 66
MeO
BF K
8 /©/ 5¢c  2h 80 °C 69
<
| X
92 N BFK 3 12h 80°C 75
102 N BF K 3 12h 80 °C 58
N~
11 4 3a 12h rt 86

qBFSK
S

“NiCL (dppp) (5 mol %), PPhy (10 mol %).
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1. NiCly(dppp) (1 mol %)
PPh3 (2 mol %)
DIPEA (3 equiv)
EtOH (3 mL), rt

Br HO, OH
JoaRies
cl HO OH

1 mmol

2. pinacol

1.5 equiv

X

B-o 9J§<
O\B/©/ ¥ /@ B0 @)
>§/é cl

compound, as identified after addition of pinacol and GC/MS
analysis. The remaining 1-bromo-4-chlorobenzene starting
material was also recovered, along with small amounts of
monoborylated product containing the chloride group. The
result indicates that although the reaction should proceed
slightly faster for bromides, this preference was insignificant
under the developed conditions.

To compare the efficiency of the method for different
borylation partners, the developed conditions were applied to
the same aryl bromide, chloride, iodide, triflate, tosylate,
mesylate, sulfamate, carbamate, and pivalate (Table 6). When

major

Table 6. Ni-Catalyzed Borylation of Different Electrophiles

1. NiCly(dppp) (1 mol %)
PPhz (2 mol %)
DIPEA (3 equiv)
EtOH (10 mL)

X HO,  OH it, time BF K
+ B—-B
p/ HO OH  2.KHF, Y©/
(e] [¢]

3 mmol 1.5 equiv

entry X time (h) yield (%)
1 Br 4 93
2 Cl 4 89
3 I 2 75
4 OTf 6 88
5 OTs 2 76
6 OMs 12 81
74 0OSO,NMe, 12 71
8% OC(O)NEt, 24 0
9% OPiv 24 0

“Reaction run at 80 °C.

compared as a group, bromides are the best electrophilic
partners for this reaction. The aryl iodide gave a lower yield
compared to other halide electrophiles, mostly because of the
large amount of homocoupling product observed. Aryl triflates,
tosylates, mesylates, and sulfamates were borylated in good
yields (entries 4—6), while carbamates and pivalates failed to
provide borylated product under this set of conditions, and
only starting material was recovered.

Because the palladium-catalyzed borylation with BBA failed
to afford the desired borylated product when aryl mesylates
were usecl,lgb we were interested in investigating the scope of
the reaction for this class of electrophiles (Table 7). Aryl
mesylates containing electron-donating, electron-withdrawing,
and electron-neutral groups underwent borylation under the
developed conditions. The products were obtained in good

dx.doi.org/10.1021/jo401104y | J. Org. Chem. 2013, 78, 6427—6439
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Table 7. Ni-Catalyzed Borylation of Aryl and Heteroaryl
Mesylates with BBA

1. NiCly(dppp) (1 mol %)
PPhg (2 mol %)
DIPEA (3 equiv)
EtOH (5 mL)

HO, OH temperature, time
(HetAr)Ar—OMs  + B-B, (HetAr)Ar—BF 3K
1.5 mmol HO OH 2.KHF,
1.5 equiv
entry product time temperature yield (%)
BF 3K
1 /©/ 2a 4h 50 °C 82
NC
BF 3K
2 \N/©/ 2c 4h 50 °C 88
(0]
BF 3K
3 MeO\H/©/ 2e 4h 80 °C 71
(0]
BF 3K
4 /©/ 2g 12h 50 °C 81
F3C
5 % BF K 1 8h 50 °C 87
| X
ga N BFK 3 8h 80°C 76

“NiClL,(dppp) (5 mol %), PPh; (10 mol %).

yields without the use of additives as required using previously
developed nickel-catalyzed borylation methods."*

The proposed reaction mechanism is analogous to the one
proposed for the Pd-catalyzed borylation with BBA (Scheme
3). On the basis of this mechanism, PPh, is necessary to help
stabilize the in situ formed Ni(0) catalyst. Because homocou-
pling products were observed for some substrates, we
envisioned the possibility of a catalytic cycle occurring parallel
to the borylation cycle. The formed boronic acid can compete
with BBA in transmetalation with the oxidative addition
complex. As observed in our studies, lower catalyst loading
and reaction temperature minimized the side product formation
and afforded the desired boronic acid in good yields.

In conclusion, a nickel-catalyzed borylation using tetrahy-
droxydiboron has been developed. The same set of conditions
was efficient to borylate a wide array of aryl and heteroaryl
bromides, chlorides, mesylates, tosylates, triflates, and sulfa-
mates containing diverse functional groups. All reagents utilized
in this method are stable and can be stored on the benchtop.

6432

The low cost of nickel compared to that of palladium,
combined with the ability to use nonproprietary ligands, makes
the method economically attractive for industrial purposes. The
use of BBA allows access to different boron derivatives, and
most importantly this approach provides direct access to
boronic acids and also to the more robust trifluoroborates. To
the best of our knowledge, the examples herein that proceeded
at room temperature are the first effective Ni-catalyzed Miyaura
borylations to be carried out under such mild conditions.
Finally, the substrate scope for heteroaryls is the largest found
in the currently available literature.

B EXPERIMENTAL SECTION

Analytical Methods. Melting points (°C) are uncorrected. All
known compounds were characterized by 'H, ¥C, 1°F, and "B NMR
spectra, and melting point determination (for solids) and compared
with literature values. All new compounds were characterized by 'H,
13C, 1%F, and "B NMR spectra, IR spectroscopy, high-resolution mass
spectrometry (HRMS), and melting point determination (for solids).
Compounds reported in Tables 5 and 7 that were previously
characterized in Tables 1—3, were characterized by '"H NMR spectra
and the values compared. 'H, *C, '°F, and "B NMR spectra were
recorded at 500.4, 125.8, 470.8, and 128.4 MHz, respectively. '°F
NMR chemical shifts were referenced to external CFCly (0.0 ppm).
"B NMR chemical shifts were referenced to external BF;-OEt, (0.0
ppm) with a negative sign indicating an upfield shift. HRMS (CI) data
were obtained in Pos mode, using methane as the ionizing gas. HRMS
(ESI) data were obtained in Pos or Neg mode.

General Procedure for Parallel Microscale Experimentation.
In a glovebox, Ni catalysts (0.4 ymol) were dosed into the 96-well
reactor vial as solutions (SO uL of a 0.008 M solution in CH;CN or
THF depending upon the solubility of the catalyst). Ligand (0.8 ymol,
S0 uL of a 0.016 M solution in CH;CN or THF depending upon the
solubility of the catalyst) was then added to the reaction vials, and this
was evacuated to dryness. In the case of solid bases, they were added
to the ligand/catalyst mixture (60 pmol, 100 yL of a 0.6 M slurry
solution in THF), and this was evacuated to dryness. A parylene
stirbar was then added to each reaction. The 4-bromoanisole (20
umol/reaction), (HO),B—B(OH), (30 umol/reaction), liquid bases
(60 umol/reaction), and tert-butylbiphenyl (1 ymol/reaction, used as
an internal standard to measure HPLC yield) were then dosed
together in the desired reaction solvents using a single-tip pipettor.
The reactions were then sealed, taken outside the glovebox, and heated
at 80 °C for 18 h. After the mixture was cooled to ambient
temperature, pinacol (100 yL of a 1.8 M solution in CH;CN) was
added to the reactions, and the plate was diluted with S00 uL of
MeCN. A silicon-rubber storage mat was added, and the contents were
shaken to homogenize. Into a separate 96-well-plate LC plate with 1
mL vials were then added 750 uL of MeCN and then 20 uL of the
diluted reaction mixtures. The 96-well plate LC block was then sealed
with a silicon rubber storage mat. The reactions were then analyzed
using an HPLC modified with a 96-well plate autosampler.

General Procedure for Ni-Catalyzed Borylation of Aryl and
Heteroaryl Halides and Mesylates. To a glass vessel capable of
being sealed with a Teflon cap (for microwave vials) were added
NiCl,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06
mmol, 2 mol %), and (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv).
The vessel was capped and then evacuated and backfilled with Ar
(process repeated 3x). EtOH (10 mL, degassed) was added via
syringe followed by the addition of DIPEA (1.6 mL, 9 mmol, 3 equiv)
and the halide (3 mmol) in a similar manner (solid halides were added
with the other solid reagents before sealing). The reaction was then
heated at determined temperatures until the starting material was
consumed (as monitored by GC). After the required time, the reaction
was cooled to rt and transferred to a 250 mL round-bottom flask and
concentrated under reduced pressure. The concentrated crude
reaction was taken up in MeOH (~15 mL or enough to make a
free-flowing solution) and cooled to 0 °C. To this solution was added

dx.doi.org/10.1021/jo401104y | J. Org. Chem. 2013, 78, 6427—6439
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Scheme 3. Proposed Reaction Mechanism
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7.5 equiv of 4.5 M aqueous KHF, (5 mL), and the reaction mixture
was stirred for 10 min at 0 °C. The ice bath was removed, and the
reaction was stirred at rt for 20 min (or until full conversion to the
corresponding trifluoroborate as determined by ''B  NMR). The
resulting mixture was concentrated and then lyophilized overnight to
remove any traces of H,0. The compound was purified with
continuous Soxhlet extraction (overnight) with acetone (150 mL).
The collected solvent was concentrated until a minimal volume of
acetone remained (~S mL). The addition of Et,0 (~25 mL) led to
the precipitation of the desired product. The collected solid was
washed with Et,O. In cases where the trifluoroborate was obtained
with a trace amount of the protonated base and for nitrogen-
containing trifluoroborates (internal salt formation), the crude mixture
was concentrated after Soxhlet extraction and dissolved in acetonitrile
(~1S mL). To this solution was added K,CO; (4 g, 10 equiv), and the
reaction was stirred for 4 h (quinoline and pyridine derivatives
required 16 h). The slurry was concentrated, and acetone was added to
the solid mixture followed by filtration (process repeated 3x). The
collected solvent was concentrated until a minimal volume of acetone
remained (~5 mL). The addition of Et,0 (~25 mL) led to the
precipitation of the desired product. The collected solid was washed
with Et,0.

Potassium Trifluoro(4-methoxyphenyl)borate (1a).'®* Fol-
lowing the general procedure, a mixture of 4-bromoanisole (0.56 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at 80 °C for 2 h. The title compound was obtained in 91% yield (0.58
g, 2.73 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz,
DMSO-dg) 6 7.28 (d, J = 7.3 Hz, 2H), 6.69 (d, J = 7.3 Hz, 2H), 3.67
(s, 3H); °C NMR (125.8 MHz, DMSO-d,) § 158.0, 132.9, 112.5,
55.1; "’F NMR (470.8 MHz, DMSO-dy) § —138.2; ''B NMR (128.4
MHz, DMSO-d;) & 2.6.

Potassium Trifluoro(3-methoxyphenyl)borate (1b).?* Follow-
ing the general procedure, a mixture of 3-bromoanisole (0.56 g, 3
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mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at 80 °C for 2 h. The title compound was obtained in 89% yield (0.57
g, 2.67 mmol) as a white solid: mp 179—181 °C; '"H NMR (500 MHz,
DMSO-dg) 6 7.05 (t, ] = 7.1 Hz, 1H), 6.97 (d, ] = 6.6 Hz, 1H), 6.93 (s,
1H), 6.62 (d, ] = 7.3 Hz, 1H) 3.69 (s, 3H); *C NMR (125.8 MHz,
DMSO-dy) 6 158.5, 127.6, 124.2, 116.8, 111.1, 54.8; ’F NMR (470.8
MHz, DMSO-dg) § —139.2; 'B NMR (128.4 MHz, DMSO- d%) 53.7.

Potassium Trifluoro(2-methoxyphenyl)borate (1c).'*® Fol-
lowing the general procedure, a mixture of 2-bromoanisole (0.56 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at 80 °C for 2 h. The title compound was obtained in 77% yield (0.44
g, 2.31 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHyz,
DMSO-dy) § 7.34 (d, ] = 6.0 Hz, 1H), 7.07 (t, ] = 7.0 Hz, 1H), 6.72
(d, J = 8.0 Hz, 2H), 3.65 (s, 3H); *C NMR (125.8 MHz, DMSO-d;)
5 162.8, 133.5, 1272, 119.6, 110.0, 55.1; F NMR (470.8 MHz,
DMSO- ds) 5 —136.8; ''B NMR (128.4 MHz, DMSO-dy) & 2.5.

Potassium Trifluoro(4-hydroxyphenyl)borate (1d)."®® Fol-
lowing the general procedure, a mixture of 4-bromophenol (0.52 g,
3 mmol), NiCl,(dppp) (48.8 mg, 0.09 mmol, 3 mol %), PPh, (47.2
mg, 0.18 mmol, 6 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5
equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was
stirred at rt for 6 h. The title compound was obtained in 78% yield
(0.47 g, 2.34 mmol) as light pink solid: mp >225 °C; '"H NMR (500
MHz, DMSO-dy) 6 8.56 (s, 1H), 7.10 (d, ] = 8.1 Hz, 2H), 6.50 (d, ] =
7.9 Hz, 2H); 3C NMR (125.8 MHz, DMSO-d,) 6 155.2, 132.6, 113.7;
F NMR (470.8 MHz, DMSO-d,) § —138.0; 'B NMR (128.4 MHz,
DMSO-dg) § 3.6.

Potassium (4-Aminophenyl)trifluoroborate (1e). *® Following
the general procedure, a mixture of 4-bromoaniline (0.52 g, 3 mmol),
NiClL,(dppp) (48.8 mg, 0.09 mmol, 3 mol %), PPh; (47.2 mg, 0.18
mmol, 6 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
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DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at rt
for 6 h. The title compound was obtained in 67% yield (0.40 g, 2.01
mmol) as a brown solid (treatment with K,CO; needed): mp =200 °C
dec; 'H NMR (500 MHz, DMSO-dg) 6 6.99 (d, J = 7.9 Hz, 2H), 6.35
(d, J = 7.7 Hz, 2H), 4.38 (s, 2H).; *C NMR (125.8 MHz, DMSO-d;)
5 145.8, 132.3, 113.3; ’F NMR (470.8 MHz, DMSO-dg) § —137.7;
B NMR (128.4 MHz, DMSO-d) & 3.7.

Potassium Trifluoro(p-tolyl)borate (1f Following the
general procedure, a mixture of 4-bromotoluene (0.51 g, 3 mmol),
NiCl,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06
mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at 80
°C for 4 h. The title compound was obtained in 84% yield (0.50 g,
2.52 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz,
DMSO-dg) 6 7.21 (d, J = 7.4 Hz, 2H), 6.89 (d, ] = 7.3 Hz, 2H), 2.20
(s, 3H); *C NMR (125.8 MHz, DMSO-d,) § 158.0, 132.9, 112.5,
55.1; F NMR (470.8 MHz, DMSO-dy) § —138.6; ''B NMR (128.4
MHz, DMSO-d;) & 3.5.

Potassium Trifluoro(o-tolyl)borate (1g). Following the
general procedure, a mixture of 2-bromotoluene (0.51 g, 3 mmol),
NiClL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh, (15.7 mg, 0.06
mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at 80
°C for 3 h. The title compound was obtained in 72% yield (0.43 g,
2.16 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz,
DMSO-dg) 5 7.32 (d, ] = 6.8 Hz, 1H), 7.03—6.78 (m, 3H), 2.29 (s,
3H); *C NMR (125.8 MHz, DMSO-dg) 6 140.8, 132.0, 128.5, 125.4,
123.7, 22.0; ’F NMR (470.8 MHz, DMSO-d,) 6 —137.5; ''"B NMR
(128.4 MHz, DMSO-d;) 6§ 4.4.

Potassium (1,1’-Biphenyl)-4-yltrifluoroborate (1h).>* Follow-
ing the general procedure, a mixture of 4-bromo-1,1"-biphenyl (0.7 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 6 h. The title compound was obtained in 90% yield (0.70 g,
2.7 mmol) as a white solid: mp >225 °C; '"H NMR (500 MHz,
DMSO-dg) 5 7.60 (d, ] = 7.8 Hz, 2H), 7.45—7.40 (m, 6H), 7.29 (t, ] =
7.3 Hz, 1H); '*C NMR (125.8 MHz, DMSO-d,) & 142.1, 137.5, 132.6,
1294, 127.1, 1269, 125.3; YF NMR (470.8 MHz, DMSO-d;) &
—139.0; ''B NMR (128.4 MHz, DMSO-d) 6 2.8.

Potassium Trifluoro(naphthalen-1-yl)borate (1i).>* Following
the general procedure, a mixture of 1-bromonaphthalene (0.62 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 4 h. The title compound was obtained in 93% yield (0.65 g,
2.79 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz,
DMSO-dg) 6 8.39 (d, ] = 8.1 Hz, 1H), 7.70 (m, 1H), 7.58 — 7.53 (m,
2H), 7.36—7.18 (m, 3H); *C NMR (125.8 MHz, DMSO-d,) § 137.0,
133.4, 130.7, 128.9, 127.8, 125.6, 125.3, 124.3, 123.8; ’F NMR (470.8
MHz, DMSO-dg) 6 —135.2; "'B NMR (128.4 MHz, DMSO-d;) & 3.6.

Potassium Trifluoro(naphthalen-2-yl)borate (1j).%* Following
the general procedure, a mixture of 2-bromonaphthalene (10.0 g, 48.3
mmol), NiCl,(dppp) (27 mg, 0.05 mmol, 0.1 mol %), PPh; (26 mg,
0.10 mmol, 0.2 mol %), (HO),B—B(OH), (6.5 g, 72.5 mmol, 1.5
equiv), and DIPEA (25.2 mL, 144.9 mmol, 3 equiv) in EtOH (97 mL)
was stirred at rt for 8 h. The title compound was obtained in 81% yield
(9.2 g 39.1 mmol) as a white solid: mp >225 °C; '"H NMR (500 MHz,
DMSO-dg) § 7.78 (s, 1H), 7.74 (d, ] = 8.0 Hz, 2H), 7.61 (d, J = 7.9
Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.38—7.28 (m, 2H); *C NMR
(125.8 MHz, DMSO-dy) 6 133.4, 132.5, 131.2, 130.1, 127.9, 127.6,
125.5, 125.0, 124.5; ’F NMR (470.8 MHz, acetone-ds) 6 —141.9; ''B
NMR (128.4 MHz, acetone-dg) § 4.4.

Potassium (4-Cyanophenyl)trifluoroborate (2a Following
the general procedure, a mixture of 4-bromobenzonitrile (0.55 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 4 h. The title compound was obtained in 91% yield (0.57 g,
2.73 mmol) as a white solid: mp >225 °C; '"H NMR (500 MHyz,
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DMSO-dg) & 7.53 (brs, 4 H); *C NMR (125.8 MHz, DMSO-dg) &
132.4, 132.4, 130.4, 120.4, 108.2; '°’F NMR (470.8 MHz, DMSO-d,) 6
—140.5; ''B NMR (128.4 MHz, DMSO-dg) 6 2.9.

Potassium (3-Cyanophenyltrifluoroborate (2b).'®® Following
the general procedure, a mixture of 3-bromobenzonitrile (0.55 g, 3
mmol), NiCl,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 4 h. The title compound was obtained in 78% yield (0.49 g,
2.34 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz,
DMSO-dy) 6 7.62 (d, ] = 7.5 Hz, 1H), 7.58 (s, 1H), 7.48 (d, ] = 7.5
Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H); *C NMR (125.8 MHz, DMSO-d,)
5 136.5, 135.1, 129.4, 127.9, 120.6, 109.9; YF NMR (470.8 MHz,
DMSO-dg) § —140.3; 'B NMR (128.4 MHz, DMSO-d) 6 2.8.

Potassium (4-Acetylphenyl)trifluoroborate (2c).'®® Following
the general procedure, a mixture of 4'-bromoacetophenone (0.60 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 4 h. The title compound was obtained in 93% yield (0.63 g,
2.79 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHyz,
DMSO-dg) 6 7.74 (d, ] = 7.6 Hz, 2H), 7.50 (d, J = 7.7 Hz, 2H), 2.51
(s, 3H); C NMR (125.8 MHz, DMSO-d,) § 198.6, 134.7, 131.8,
126.7, 26.9; ’F NMR (470.8 MHz, DMSO-d,) § —139.8; ''B NMR
(128.4 MHz, DMSO-dy) 6 3.0.

Potassium (3-Acetylphenyl)trifluoroborate (2d).*> Following
the general procedure, a mixture of 3'-bromoacetophenone (0.60 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 4 h. The title compound was obtained in 81% yield (0.55 g,
243 mmol) as a white solid: mp 180—182 °C; '"H NMR (500 MHz,
DMSO-dg) § 7.94 (s, 1H), 7.65 (d, ] = 7.6 Hz, 1H), 7.58 (d, ] = 7.1
Hz, 1H), 7.24 (t, ] = 7.4 Hz, 1H), 2.51 (s, 3H); *C NMR (125.8
MHz, DMSO-d,) 5 199.5, 137.0, 135.8, 131.9, 127.2, 125.7, 27.2; “°F
NMR (470.8 MHz, DMSO-ds) 6 —139.5; "B NMR (128.4 MHz,
DMSO-dg) 5 3.2.

Potassium Trifluoro(4-(methoxycarbonyl)phenyl)borate
(Ze).18b Following the general procedure, a mixture of methyl 4-
bromobenzoate (0.65 g, 3 mmol), NiCl,(dppp) (16.3 mg, 0.03 mmol,
1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—B(OH),
(0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in
EtOH (10 mL) was stirred at S0 °C for 6 h. The title compound was
obtained in 92% yield (0.67 g, 2.76 mmol) as a white solid: mp >225
°C; "H NMR (500 MHz, DMSO-dg) & 7.75 (d, ] = 7.0 Hz, 2H), 7.50
(d, J = 6.8 Hz, 2H), 3.80 (s, 3H); 3C NMR (125.8 MHz, DMSO-dy)
5167.5,131.8,127.6, 126.9, 52.0; ’F NMR (470.8 MHz, DMSO-d,) &
—139.9; ''B NMR (128.4 MHz, DMSO-dg) 6 3.1.

Potassium Trifluoro(4-formylphenyl)borate (2f).%® Following
the general procedure, a mixture of 4-bromobenzaldehyde (0.56 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 6 h. The title compound was obtained in 84% yield (0.53 g,
2.52 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz,
DMSO-dg) § 991 (s, 1H), 7.67 (d, ] = 7.3 Hz, 2H), 7.58 (d, J = 7.2
Hz, 2H); *C NMR (125.8 MHz, DMSO-d;) & 193.8, 134.4, 132.2,
128.2; ’F NMR (470.8 MHz, DMSO-d,) 6 —140.0; "'B NMR (128.4
MHz, DMSO-d;) § 3.2.

Potassium Trifluoro(4-(trifluoromethyl)phenyl)borate
(29).18b Following the general procedure, a mixture of 4-
bromobenzotrifluoride (0.68 g 3 mmol), NiCl,(dppp) (16.3 mg,
0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at rt for 6 h. The title compound
was obtained in 86% yield (0.65 g, 2.58 mmol) as a white solid: mp
>225 °C; 'H NMR (500 MHz, DMSO-dy) 6 7.57 (d, J = 7.5 Hz, 2H),
7.44 (d, ] = 7.5 Hz, 2H); 3C NMR (125.8 MHz, DMSO-dg) & 132.1,
126.5, 125.3 (d, J = 238.6 Hz), 123.1 (d, ] = 3.7 Hz); ’F NMR (470.8
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MHz, DMSO-d;) § —60.6, —140.0; ''B NMR (128.4 MHz, DMSO-
dg) & 3.0.

Potassium Trifluoro(2-(trifluoromethyl)phenyl)borate
(2h).12f Following the general procedure, a mixture of 2-
bromobenzotrifluoride (0.68 g, 3 mmol), NiCl,(dppp) (16.3 mg,
0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv) and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at rt for 12 h. The title compound
was obtained in 71% yield (0.54 g, 2.13 mmol) as a white solid: mp
200—202 °C; 'H NMR (500 MHz, DMSO-d) & 7.67 (d, ] = 7.3 Hz,
1H), 7.44 (d, ] = 7.8 Hz, 1H), 7.34 (t, ] = 7.3 Hz, 1H), 722 (t, ] = 7.5
Hz, 1H); *C NMR (125.8 MHz, DMSO-dy) 6 134.5 (d, ] = 3.8 Hz),
130.1, 125.8, 124.7, 124.5 (d, ] = 6.7 Hz); '’F NMR (470.8 MHz,
DMSO-dg) § —57.5 (q, J = 9.3 Hz), —137.1; 'B NMR (128.4 MHz,
DMSO-dg) § 2.5.

Potassium Trifluoro(4-fluorophenyl)borate (2i).'8? Following
the general procedure, a mixture of 1-bromo-4-fluorobenzene (0.53 g,
3 mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh, (15.7
mg, 0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5
equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was
stirred at rt for 2 h. The title compound was obtained in 96% yield
(0.58 g, 2.88 mmol) as a white solid: mp >225 °C; 'H NMR (500
MHz, DMSO-dy) § 7.38 (t, ] = 7.4 Hz, 2H), 6.90 (t, ] = 9.0 Hz, 2H);
13C NMR (125.8 MHz, DMSO-dy) 6 161.4 (d, J = 238.8 Hz), 133.2
(d, J = 6.5 Hz), 113.1 (d, J = 18.4 Hz); '’F NMR (470.8 MHz,
DMSO-dg) 6 —118.3,—~138.8; ''B NMR (128.4 MHz, DMSO-d) §
3.2.

Potassium Trifluoro(2-fluorophenyl)borate (2j Following
the general procedure, a mixture of 1-bromo-2-fluorobenzene (0.53 g,
3 mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh, (15.7
mg, 0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5
equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was
stirred at rt for 2 h. The title compound was obtained in 75% yield
(0.45 g, 2.25 mmol) as a white solid: mp >225 °C; 'H NMR (500
MHz, DMSO-dy) § 7.34 (dd, ] = 12.0, 6.2 Hz, 1H), 7.07 (dd, ] = 13.2,
5.9 Hz, 1H), 691 (t, J = 7.1 Hz, 1H), 6.79 (t, ] = 8.6 Hz, 1H); *C
NMR (125.8 MHz, DMSO-d,) § 166.0 (d, ] = 238.8 Hz), 134.5 (d, ] =
10.9 Hz), 129.1 (d, J = 641.3 Hz), 127.5 (d, ] = 8.0 Hz), 122.8, 114.0
(d, J = 259 Hz); F NMR (470.8 MHz, DMSO-d¢) 6 —107.0,—
137.12 (dd, J = 92.8, 39.0 Hz); ''B NMR (128.4 MHz, DMSO-d,) 6
2.51 (dd, J = 99.1, 49.2 Hz).

Potassium Trifluoro(thien-3-yl)borate (3a).'® Following the
general procedure, a mixture of 3-bromothiophene (0.49 g, 3 mmol),
NiCl,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06
mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at rt
for 4 h. The title compound was obtained in 94% yield (0.54 g, 2.82
mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz, DMSO-d;)
5718 (s, 1H), 7.11—6.88 (m, 2H); *C NMR (125.8 MHz, DMSO-
dg) 6 132.2, 124.7, 122.9; ’F NMR (470.8 MHz, DMSO-d,) 6 —135.5
(d,J = 582 Hz); ''B NMR (128.4 MHz, DMSO-dy) 6 2.6 (d, ] = 47.7
Hz).

Potassium Trifluoro(5-methylthien-2-yl)borate (3b). Follow-
ing the general procedure, a mixture of 2-bromo-5-methylthiophene
(0.53 g, 3 mmol), NiCl,(dppp) (8.1 mg, 0.015 mmol, 0.5 mol %),
PPh; (7.9 mg, 0.03 mmol, 1 mol %), (HO),B—B(OH), (0.4 g, 4.5
mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10
mL) was stirred at rt for 4 h. The title compound was obtained in 85%
yield (0.52 g, 2.55 mmol) as a white solid: mp >225 °C; '"H NMR
(500 MHz, DMSO-dy) 6 6.58—6.53 (m, 2H), 2.35 (s, 3H); *C NMR
(125.8 MHz, DMSO-d;) 6 137.2, 127.1, 125.2, 15.2; ’F NMR (470.8
MHz, DMSO-dy) 6 —134.0 (m); "'B NMR (128.4 MHz, DMSO-d) 6
2.3; IR (neat) 1472, 1222, 1146, 960, 899, 879, 801 cm™’; HRMS
(ESI) m/z caled for C;H{BSF, (M)~ 165.0157, found 165.0152.

Potassium Benzo[b]thien-2-yltrifluoroborate (3c).'®® Follow-
ing the general procedure, a mixture of 2-bromo-1-benzothiophene
(0.64 g, 3 mmol), NiCl,(dppp) (8.1 mg, 0.015 mmol, 0.5 mol %),
PPh; (7.9 mg, 0.03 mmol, 1 mol %), (HO),B—B(OH), (0.4 g, 4.5
mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10
mL) was stirred at rt for 6 h. The title compound was obtained in 74%
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yield (0.53 g, 2.22 mmol) as a white solid: mp >225 °C; 'H NMR
(500 MHz, DMSO-d,) 6 7.83 (d, ] = 7.9 Hz, 1H), 7.71 (d, ] = 7.8 Hz,
1H), 7.24 (t, ] = 7.4 Hz, 1H), 7.19—7.17 (m, 2H); 3C NMR (125.8
MHz, DMSO-d,) 5 141.9, 141.5, 123.9, 123.4, 122.6, 122.5, 122.3; *°F
NMR (470.8 MHz, DMSO-ds) 6 —134.8; 'B NMR (128.4 MHz,
DMSO-dg) & 2.4.

Potassium Trifluoro(furan-3-yl)borate (3d).”” Following the
general procedure, a mixture of 3-bromofuran (044 g 3 mmol),
NiCl,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06
mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at rt
for 4 h. The title compound was obtained in 92% yield (0.48 g, 2.76
mmol) as a light yellow tan solid: mp 175—177 °C; 'H NMR (500
MHz, DMSO-dg) 6 7.35 (s, 1H), 7.09 (s, 1H), 6.19 (s, 1H); *C NMR
(125.8 MHz, DMSO-d,) § 143.0, 140.7, 114.1; F NMR (470.8 MHz,
DMSO-dy) 6 —134.6 (d, ] = 58.2 Hz); ''B NMR (128.4 MHz, DMSO-
dg) 6 3.1.

Potassium Benzofuran-5-yltrifluoroborate (3e). Following the
general procedure, a mixture of S-bromobenzofuran (0.59 g, 3 mmol),
NiCl,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06
mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at rt
for 4 h. The title compound was obtained in 91% yield (0.61 g, 2.73
mmol) as an off-white solid: mp >225 °C; 'H NMR (500 MHyz,
DMSO-dg) 6 7.76 (m, 1H), 7.57 (m, 1H), 7.31-7.28 (m, 2H), 6.78
(m, 1H); C NMR (125.8 MHz, DMSO-dy) § 153.8, 144.3, 128.4,
126.1, 1239, 109.1, 106.9; “F NMR (470.8 MHz, DMSO-d,) &
—138.1; "B NMR (1284 MHz, DMSO-d,) & 3.5; IR (neat) 1545,
1380, 1265, 1152, 904 cm™'; HRMS (ESI) m/z caled for CgH,BOF,
(M)~ 185.0386, found 185.0381.

Potassium Trifluoro(1-methyl-1H-pyrazol-4-yl)borate (3f).
Following the general procedure, a mixture of 4-bromo-1-methyl-
1H-pyrazole (0.48 g, 3 mmol), NiCL,(dppp) (81.3 mg, 0.15 mmol, §
mol %), PPh; (78.7 mg, 0.3 mmol, 10 mol %), (HO),B—B(OH), (0.4
g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in
EtOH (10 mL) was stirred at rt for 12 h. The title compound was
obtained in 82% yield (0.46 g, 2.46 mmol) as a white solid (treatment
with K,COj needed): mp >225 °C; 'H NMR (500 MHz, DMSO-dj)
5 7.06 (s, 1H), 7.04 (s, 1H), 3.69 (s, 3H); *C NMR (125.8 MHz,
DMSO-dy) 6 142.4, 132.4, 38.1; ’F NMR (470.8 MHz, DMSO-d;) §
—132.9; "B NMR (128.4 MHz, DMSO-d;) 6 3.0. IR (neat) 1546,
1172, 944, 906, 830 cm™'; HRMS (ESI) m/z caled for C,H;BN,F,
(M)~ 149.0498, found 149.0491.

Potassium Trifluoro(1H-indol-5-yl)borate (3g Following
the general procedure, a mixture of S-bromo-1H-indole (0.59 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 6 h. The title compound was obtained in 86% yield (0.57 g,
2.58 mmol) as a white solid (treatment with K,CO; needed): mp
>225 °C; 'H NMR (500 MHz, acetone-dg) & 9.75 (s, 1H), 7.74 (s,
1H), 7.35 (d, J = 8.0 Hz, 1H), 7.20 (d, J = 8.0 Hz, 1H), 7.15—7.06 (m,
1H), 6.31 (d, J = 1.9 Hz, 1H); 3C NMR (125.8 MHz, acetone-dy) &
135.5, 127.5, 125.7, 123.0, 122.6, 109.1, 101.0; F NMR (470.8 MHz,
acetone-dg) 6 —140.5; "B NMR (128.4 MHz, acetone-dy) & 5.3.

Potassium Trifluoro(2-methylpyridin-4-yl)borate (3h). Fol-
lowing the general procedure, a mixture of 4-bromo-2-methylpyridine
(0.52 g, 3 mmol), NiClL,(dppp) (81.3 mg, 0.15 mmol, S mol %), PPh;
(78.7 mg, 0.3 mmol, 10 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol,
1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL)
was stirred at 80 °C for 4 h. The title compound was obtained in 72%
yield (0.43 g, 2.16 mmol) as a light yellow tan solid (treatment with
K,COj; needed): mp >225 °C; '"H NMR (500 MHz, DMSO-d;) 6 8.14
(d, ] = 44 Hz, 1H), 7.14 (s, 1H), 7.05 (d, ] = 4.2 Hz, 1H), 2.36 (s,
3H); 3C NMR (125.8 MHz, DMSO-dy) § 155.3, 147.0, 126.6, 124.4,
24.4; YF NMR (470.8 MHz, DMSO-d,) 6 —140.8; 'B NMR (128.4
MHz, DMSO-d,) 6 2.7; IR (neat) 1537, 1380, 1259, 1170, 966, 833
cm™!; HRMS (ESI) m/z caled for C;qHBNF; (M)~ 160.0545, found
160.0546.
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Potassium Trifluoro(quinolin-4-yl)borate (3i). Following the
general procedure, a mixture of 4-bromoquinoline (0.62 g, 3 mmol),
NiCl,(dppp) (81.3 mg, 0.15 mmol, S mol %), PPhy (78.7 mg, 0.3
mmol, 10 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at 80
°C for 4 h. The title compound was obtained in 74% yield (0.52 g,
222 mmol) as a light yellow solid (treatment with K,CO; needed):
mp >225 °C; '"H NMR (500 MHz, DMSO-d;) & 8.64 (m, 1H), 8.39
(m, 1H), 7.86 (m, 1H), 7.57 (m, 1H), 7.50—7.33 (m, 2H); '*C NMR
(125.8 MHz, DMSO-dy) 6 149.5, 147.8, 132.4, 130.7, 129.1, 127.8,
124.5, 124.4; ’F NMR (470.8 MHz, DMSO-d,) § —136.6; ''B NMR
(128.4 MHz, DMSO-d,) & 3.1; IR (neat) 1238, 1090, 1055, 998, 935,
846, 750 cm™'; HRMS (ESI) m/z caled For CoHGBNE; (M)~
196.0545, found 196.0540.

Potassium Trifluoro(quinolin-5-yl)borate (3j). Following the
general procedure, a mixture of S-bromoquinoline (0.62 g, 3 mmol),
NiCl,(dppp) (81.3 mg, 0.15 mmol, S mol %), PPh; (78.7 mg, 0.3
mmol, 10 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at 80
°C for 4 h. The title compound was obtained in 81% yield (0.57 g,
2.43 mmol) as a light yellow solid (treatment with K,CO; needed):
mp >225 °C; 'H NMR (500 MHz, DMSO-d) 6 8.74—8.71 (m, 2H),
7.72 (d, J = 8.2 Hz, 1H), 7.60 (d, ] = 6.5 Hz, 1H), 7.51 (m, 1H), 7.32
(m, 1H); C NMR (125.8 MHz, DMSO-d,) & 148.9, 148.5, 138.4,
131.5, 129.1, 128.7, 126.7, 119.7; ’F NMR (470.8 MHz, DMSO-d;) 6
—135.0; "B NMR (128.4 MHz, DMSO-dy) 6 3.3; IR (neat) 1546,
1172, 968, 906 cm™"; HRMS (ESI) m/z caled For CoHg BNF; (M)~
196.0545, found 196.0538.

Potassium Trifluoro(quinolin-6-yl)borate (3k). Following the
general procedure, a mixture of 6-bromoquinoline (0.62 g, 3 mmol),
NiClL,(dppp) (81.3 mg, 0.15 mmol, S mol %), PPh; (78.7 mg, 0.3
mmol, 10 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and
DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred at 80
°C for 4 h. The title compound was obtained in 83% yield (0.58 g,
2.49 mmol) as a light yellow solid (treatment with K,CO; needed):
mp >225 °C; '"H NMR (500 MHz, DMSO-d;) & 8.75 (m, 1H), 8.21
(d, J = 8.2 Hz, 1H), 7.88 (s, 1H), 7.85—7.76 (m, 2H), 7.38 (m, 1H);
13C NMR (125.8 MHz, DMSO-dg) & 148.9, 147.7, 135.9, 134.6, 130.0,
127.8, 126.5, 120.6; ’F NMR (470.8 MHz, DMSO-d;) § —139.1; 'B
NMR (128.4 MHz, DMSO-dy) & 3.3; IR (neat) 1569, 1344, 1170, 984,
836, 650 cm™'; HRMS (ESI) m/z calcd for CoH{BF;N (M)~
196.0545, found 196.0543.

Potassium Trifluoro(1H-pyrrolo[2,3-b]pyridin-5-yl)borate
(31). Following the general procedure, a mixture of S-bromo7-
azaindole (0.59 g, 3 mmol), NiCl,(dppp) (81.3 mg, 0.15 mmol, S mol
%), PPh; (78.7 mg, 0.3 mmol, 10 mol %), (HO),B—B(OH), (0.4 g,
4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH
(10 mL) was stirred at 80 °C for 4 h. The title compound was
obtained in 83% yield (0.56 g, 2.49 mmol) as a yellow solid (treatment
with K,COj needed): mp >225 °C; 'H NMR (500 MHz, DMSO-dj)
5 11.05 (s, 1H), 8.17 (s, 1H), 7.79 (s, 1H), 7.22 (d, ] = 3.3 Hz, 1H),
626 (d, ] = 3.3 Hz, 1H); *C NMR (125.8 MHz, DMSO-d;) & 148.1,
147.1, 131.0, 124.0, 119.3, 99.5; ’F NMR (470.8 MHz, DMSO-d;) §
—137.3; "B NMR (128.4 MHz, DMSO-d,) 6 4.0; IR (neat) 1276,
1144, 903, 668 cn™; HRMS (ESI) m/z calcd For CyH{BNF; (M)~
185.0498, found 185.0498.

Thien-3-ylboronic Acid (4a).%8 Following the general procedure,
a mixture of 3-bromothiophene (0.49 g, 3 mmol), NiCl,(dppp) (16.3
mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %),
(HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9
mmol, 3 equiv) in EtOH (10 mL) was stirred at rt for 4 h. The crude
reaction was transferred to a separatory funnel followed by the
addition of EtOAc (10 mL) and then aq HCl (20 mL of a 1 M
solution). The layers were separated, and the water layer was extracted
with EtOAc (2 X 10 mL). The combined organic layers were dried
(Na,SO,), concentrated, and lyophilized overnight. The crude solid
was washed with hexane to afford the title compound in 87% yield
(0.33 g, 2.61 mmol) as a white solid: mp 125—127 °C (1it.>® mp 126~
128 °C); '"H NMR (500 MHz, DMSO-d) 6 7.96 (d, ] = 2.5 Hz, 1H),
7.46 (dd, ] = 4.7, 2.7 Hz, 1H), 7.41 (d, ] = 4.8 Hz, 1H); 3C NMR
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(125.8 MHz, DMSO-d,) & 135.2, 132.8, 125.5; ''B NMR (128.4 MHz,
acetone-dg) 5 27.8.
4,4,5,5-Tetramethyl-2-(thien-3-yl)-1,3,2-dioxaborolane
(4b).%° Following the general procedure, a mixture of 3-
bromothiophene (0.49 g, 3 mmol), NiCl,(dppp) (16.3 mg, 0.03
mmol, 1 mol %), PPhy (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at rt for 4 h. The crude reaction
was transferred to a separatory funnel followed by the addition of
EtOAc (10 mL) and then aqg HCI (20 mL of a 1 M solution). The
layers were separated, and the water layer was extracted with EtOAc (2
X 10 mL). The combined organic layers were dried (Na,SO,) and
concentrated. To the crude mixture was added CH,Cl, (10 mL) and
pinacol (1.06 g, 9 mmol, 3 equiv). The reaction was stirred for 2 h.
The crude mixture was transferred to a separatory funnel followed by
the addition of H,0 (20 mL). The layers were separated, and the
water layer was extracted with CH,Cl, (2 X 10 mL). The combined
organic layers were dried (Na,SO,) and concentrated. The title
compound was obtained after column chromatography (hexane/
EtOAc, 3:1) in 90% yield (0.57 g, 2.7 mmol) as a colorless oil: 'H
NMR (500 MHz, acetone-dg) 6 7.95 (m, 1H), 7.45 (m, 1H), 7.37 (m,
1H), 131 (s, 12H); C NMR (125.8 MHz, acetone-ds) § 136.4,
132.1, 125.6, 83.6, 24.5; ''B NMR (128.4 MHz, acetone-dy) 6 28.8.
5,5-Dimethyl-2-(thien-3-yl)-1,3,2-dioxaborinane (4c).3° Fol-
lowing the general procedure, a mixture of 3-bromothiophene (0.49 g,
3 mmol), NiClL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7
mg, 0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5
equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was
stirred at rt for 4 h. The crude reaction was transferred to a separatory
funnel followed by the addition of EtOAc (10 mL) and then aq HCI
(20 mL of a 1 M solution). The layers were separated, and the water
layer was extracted with EtOAc (2 X 10 mL). The combined organic
layers were dried (Na,SO,) and concentrated. To the crude mixture
were added CH,Cl, (10 mL) and 2,2-dimethyl-1,3-propanediol (0.94
g, 9 mmol, 3 equiv). The reaction was stirred for 2 h. The crude
mixture was transferred to a separatory funnel followed by the addition
of H,O (20 mL). The layers were separated, and the water layer was
extracted with CH,Cl, (2 X 10 mL). The combined organic layers
were dried (Na,SO,) and concentrated. The title compound was
obtained after column chromatography (hexane/EtOAc, 3:1) in 96%
yield (0.56 g, 2.88 mmol) as a white solid: mp 125—127 °C; '"H NMR
(500 MHz, CDCl;) 6 7.85 (m, 1H), 7.39 (m, 1H), 7.32 (m, 1H), 3.76
(s, 4H), 1.03 (s, 6H); 3C NMR (125.8 MHz, CDCl,) § 134.8, 131.6,
124.9, 72.1, 31.8, 21.8; 'B NMR (128.4 MHz, CDCl,) § 25.1.

Potassium (4-Cyanophenyl)trifluoroborate (2a, Table 5,
Entry 1).18b Following the general procedure, a mixture of 4-
chlorobenzonitrile (041 g 3 mmol), NiCl,(dppp) (16.3 mg, 0.03
mmol, 1 mol %), PPhy (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at rt for 4 h. The title compound
was obtained in 92% yield (0.58 g, 2.76 mmol) as a white solid: mp
5225 °C; 'H NMR (500 MHz, DMSO-dy) 8 7.48 (m, 4 H).

Potassium (4-Acetylphenyl)trifluoroborate (2¢c, Table 5,
Entry 2).18b Following the general procedure, a mixture of 4'-
chloroacetophenone (0.46 g, 3 mmol), NiCl,(dppp) (16.3 mg, 0.03
mmol, 1 mol %), PPhy (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at rt for 4 h. The title compound
was obtained in 89% yield (0.60 g, 2.67 mmol) as a white solid: mp
225 °C; "H NMR (500 MHz, DMSO-d) 5 7.69 (d, J = 7.9 Hz, 2H),
743 (d, J = 7.9 Hz, 2H), 2.49 (s, 3H).

Potassium Trifluoro(4-(methoxycarbonyl)phenyl)borate (2e,
Table 5, Entry 3).18b Following the general procedure, a mixture of
methyl 4-bromobenzoate (0.65 g, 3 mmol), NiCl,(dppp) (16.3 mg,
0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at 80 °C for 4 h. The title
compound was obtained in 89% yield (0.65 g, 2.67 mmol) as a white
solid: mp >225 °C; 'H NMR (500 MHz, DMSO-dg) § 7.71 (d, ] = 7.7
Hz, 2H), 7.45 (d, ] = 7.9 Hz, 2H), 3.79 (s, 3H).
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Potassium Trifluoro(4-(morpholine-4-carbonyl)phenyl)-
borate (5a, Table 5, Entry 4).180 Following the general procedure,
a mixture of (4-chlorophenyl)(morpholino)methanone (0.68 g, 3
mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg,
0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv),
and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL) was stirred
at rt for 12 h. The title compound was obtained in 64% yield (0.57 g,
1.92 mmol) as an off-white solid: mp >225 °C; '"H NMR (500 MHg,
DMSO-dg) 6 7.41 (d, J = 7.0 Hz, 1H), 7.16 (d, J = 7.1 Hz, 1H), 3.58
(brs, 8H); 3C NMR (125.8 MHz, DMSO-dy) & 170.7, 132.5, 131.5,
125.6, 66.6; '°F NMR (470.8 MHz, DMSO-d,) 8 —139.6; ''B NMR
(128.4 MHz, DMSO-d,) 6 3.2.

Potassium Trifluoro(4-(piperazin-1-yl)phenyl)borate (5b,
Table 5, Entry 5). Following the general procedure, a mixture of 1-
(4-chlorophenyl)piperazine (0.59 g, 3 mmol), NiCl,(dppp) (81.3 mg,
0.15 mmol, S mol %), PPh, (78.7 mg, 0.3 mmol, 10 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at 80 °C for 8 h. The title
compound was obtained in 52% yield (0.42 g, 1.56 mmol) as an off-
white solid (treatment with K,CO; needed): mp >225 °C; 'H NMR
(500 MHz, DMSO-dy) 6 7.16 (d, ] = 7.5 Hz, 2H), 6.66 (d, ] = 7.5 Hz,
2H), 2.91 (brs, 4H), 2.80 (brs, 4H); *C NMR (125.8 MHz, DMSO-
dg) & 150.0, 1322, 114.7, 50.8, 46.2; ’F NMR (470.8 MHz, DMSO-
dg) 6 —138.2; "B NMR (128.4 MHz, DMSO-dy) 6 3.6; IR (neat)
1545, 1173, 968, 906 cm™; HRMS (ESI) m/z caled for C,0H,;BN,F,
(M)~ 229.1124, found 229.1129.

Potassium Trifluoro(4-fluorophenyl)borate (2i, Table 5,
Entry 6).18b Following the general procedure, a mixture of 1-
chloro-4-fluorobenzene (0.39 g, 3 mmol), NiCl,(dppp) (16.3 mg, 0.03
mmol, 1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at rt for 12 h. The title compound
was obtained in 83% yield (0.50 g, 2.49 mmol) as a white solid: mp
>225 °C. 'H NMR (500 MHz, DMSO-d;) 5 7.32 (t, ] = 7.5 Hz, 1H),
6.85 (dd, J = 9.3, 8.7 Hz, 1H).

Potassium Trifluoro(4-methoxyphenyl)borate (1a, Table 5,
Entry 7).'8° Following the general procedure, a mixture of 4-
chloroanisole (0.43 g, 3 mmol), NiCL,(dppp) (16.3 mg, 0.03 mmol, 1
mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—B(OH), (0.4
g 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in
EtOH (10 mL) was stirred at 80 °C for 12 h. The title compound was
obtained in 66% yield (0.42 g, 1.98 mmol) as a white solid: mp >225
°C. 'H NMR (500 MHz, DMSO-dg) & 7.20 (d, ] = 8.2 Hz, 2H), 6.64
(d, J = 8.0 Hz, 2H), 3.65 (s, 3H).

Potassium (4-(1H-Pyrrol-1-yl)phenyl)trifluoroborate (5c,
Table 5, Entry 8).18b Following the general procedure, a mixture
of 1-(4-chlorophenyl)-1H-pyrrole (0.53 g, 3 mmol), NiCl,(dppp)
(16.3 mg, 0.03 mmol, 1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %),
(HO),B—B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9
mmol, 3 equiv) in EtOH (10 mL) was stirred at 80 °C for 2 h. The
title compound was obtained in 69% yield (0.57 g, 2.28 mmol) as
white solid: mp >225 °C; "H NMR (500 MHz, DMSO-dy) & 7.42—
7.38 (m, 2H), 7.27-7.22 (m, 4H), 6.23—6.19 (m, 2H); *C NMR
(125.8 MHz, DMSO-d,) 6 138.0, 132.8, 119.1, 118.1, 110.0; '°F NMR
(470.8 MHz, DMSO-dg) 6 —139.0; ''B NMR (128.4 MHz, DMSO-
dg) & 3.5.

Potassium Trifluoro(quinolin-5-yl)borate (3j, Table 5, Entry
9). Following the general procedure, a mixture of S-chloroquinoline
(0.49 g, 3 mmol), NiCl,(dppp) (81.3 mg, 0.15 mmol, 5 mol %), PPh,
(78.7 mg, 0.3 mmol, 10 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol,
1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL)
was stirred at 80 °C for 12 h. The title compound was obtained in 75%
yield (0.53 g, 2.25 mmol) as a light yellow solid (treatment with
K,CO; needed): mp >225 °C. 'H NMR (500 MHz, DMSO-dg) &
8.75—8.70 (m, 2H), 7.70 (d, ] = 8.0 Hz, 1H), 7.58 (m, 1H), 7.51 (m,
1H), 7.32 (m, 1H). HRMS (ESI) m/z calcd For CoHBNF; (M)~
196.0545, found 196.0543.

Potassium Trifluoro(quinolin-4-yl)borate (3i, Table 5, Entry
10). Following the general procedure, a mixture of 4-chloroquinoline
(0.49 g, 3 mmol), NiCl,(dppp) (81.3 mg, 0.15 mmol, 5 mol %), PPh,
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(78.7 mg, 0.3 mmol, 10 mol %), (HO),B—B(OH), (0.4 g, 4.5 mmol,
1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3 equiv) in EtOH (10 mL)
was stirred at 80 °C for 12 h. The title compound was obtained in 58%
yield (041 g, 1.74 mmol) as a light yellow solid (treatment with
K,COj; needed): mp >225 °C; "H NMR (500 MHz, DMSO-d,) & 8.61
(d, ] = 4.0 Hz, 1H), 8.36 (d, ] = 8.4 Hz, 1H), 7.83 (d, ] = 8.4 Hz, 1H),
7.53 (m, 1H), 7.43 (d, J = 3.8 Hz, 1H), 7.37 (m, 1H). HRMS (ESI)
m/z caled for CgHgBNF; (M)~ 196.0545, found 196.0540.

Potassium Trifluoro(thien-3-yl)borate (3a, Table 5, Entry
11).192 Following the general procedure, a mixture of 3-
chlorothiophene (0.36 g, 3 mmol), NiCl,(dppp) (16.3 mg, 0.03
mmol, 1 mol %), PPh; (15.7 mg, 0.06 mmol, 2 mol %), (HO),B—
B(OH), (0.4 g, 4.5 mmol, 1.5 equiv), and DIPEA (1.6 mL, 9 mmol, 3
equiv) in EtOH (10 mL) was stirred at rt for 4 h. The title compound
was obtained in 86% yield (0.49 g, 2.58 mmol) as a white solid: mp
225 °C; "H NMR (500 MHz, DMSO-dg) & 7.14 (m, 1H), 7.02—6.93
(m, 2H).

Potassium (4-Cyanophenyl)trifluoroborate (2a, Table 7,
Entry 1).'%° Following the general procedure, a mixture of 4-
cyanophenyl methanesulfonate (0.30 g, 1.5 mmol), NiCl,(dppp) (8.1
mg, 0.01S mmol, 1 mol %), PPh; (7.9 mg, 0.03 mmol, 2 mol %),
(HO),B—B(OH), (0.2 g, 2.25 mmol, 1.5 equiv), and DIPEA (0.8 mL,
4.5 mmol, 3 equiv) in EtOH (S mL) was stirred at 50 °C for 4 h. The
title compound was obtained in 82% yield (0.26 g, 1.23 mmol) as a
white solid: mp >225 °C; 'H NMR (500 MHz, DMSO-dg) § 7.72—
7.36 (m, 4H).

Potassium (4-Acetylphenyl)trifluoroborate (2¢c, Table 7,
Entry 2).18 Following the general procedure, a mixture of 4-
acetylphenyl methanesulfonate (0.32 g, 1.5 mmol), NiCL,(dppp) (8.1
mg, 0.015 mmol, 1 mol %), PPh; (7.9 mg, 0.03 mmol, 2 mol %),
(HO),B—B(OH), (0.2 g, 2.25 mmol, 1.5 equiv), and DIPEA (0.8 mL,
4.5 mmol, 3 equiv) in EtOH (5 mL) was stirred at SO °C for 4 h. The
title compound was obtained in 82% yield (0.30 g, 1.32 mmol) as a
white solid, mp >225 °C. "H NMR (500 MHz, DMSO-dg) 5 7.74 (d, ]
= 7.6 Hz, 2H), 7.50 (d, ] = 7.7 Hz, 2H), 2.51 (s, 3H).

Potassium Trifluoro(4-(methoxycarbonyl)phenyl)borate (2e,
Table 7, Entry 3).18b Following the general procedure, a mixture of
methyl 4-((methylsulfonyl)oxy)benzoate (0.34 g, 1.5 mmol),
NiCl,(dppp) (8.1 mg, 0.015 mmol, 1 mol %), PPh; (7.9 mg, 0.03
mmol, 2 mol %), (HO),B—B(OH), (0.2 g, 2.25 mmol, 1.5 equiv) and
DIPEA (0.8 mL, 4.5 mmol, 3 equiv) in EtOH (5 mL) was stirred at 80
°C for 4 h. The title compound was obtained in 71% yield (0.26 g,
1.06 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHz,
DMSO-dg) 6 7.71 (d, ] = 7.4 Hz, 2H), 7.44 (d, ] = 7.0 Hz, 2H), 3.79
(s, 3H).

Potassium Trifluoro(4-(trifluoromethyl)phenyl)borate (2g,
Table 7, Entry 4).18b Following the general procedure, a mixture
of 4-(trifluoromethyl)phenyl methanesulfonate (0.31 g, 1.5 mmol),
NiClL(dppp) (8.1 mg, 0.015 mmol, 1 mol %), PPh; (7.9 mg, 0.03
mmol, 2 mol %), (HO),B—B(OH), (0.2 g, 2.25 mmol, 1.5 equiv), and
DIPEA (0.8 mL, 4.5 mmol, 3 equiv) in EtOH (5 mL) was stirred at 50
°C for 12 h. The title compound was obtained in 81% yield (0.31 g,
1.21 mmol) as a white solid: mp >225 °C; 'H NMR (500 MHyz,
DMSO-dg) § 7.52 (d, ] = 7.4 Hz, 2H), 7.41 (d, ] = 7.5 Hz, 2H).

Potassium Trifluoro(naphthalen-1-yl)borate (1i, Table 7,
Entry 5).23 Following the general procedure, a mixture of
naphthalen-1-yl methanesulfonate (0.33 g, 1.5 mmol), NiCl,(dppp)
(8.1 mg, 0.015 mmol, 1 mol %), PPh; (7.9 mg, 0.03 mmol, 2 mol %),
(HO),B—B(OH), (0.2 g, 2.25 mmol, 1.5 equiv), and DIPEA (0.8 mL,
4.5 mmol, 3 equiv) in EtOH (S mL) was stirred at 50 °C for 8 h. The
title compound was obtained in 87% yield (0.30 g, 1.3 mmol) as a
white solid: mp >225 °C; 'H NMR (500 MHz, DMSO-dy) & 8.38 (d, ]
= 7.8 Hz, 1H), 7.73—7.65 (m, 1H), 7.54 (dd, ] = 14.6, 7.3 Hz, 2H),
7.38—7.21 (m, 3H).

Potassium Trifluoro(quinolin-5-yl)borate (3], Table 7, Entry
6). Following the general procedure, a mixture of quinolin-S-yl
methanesulfonate (0.33 g, 1.5 mmol), NiCl,(dppp) (40.7 mg, 0.07S
mmol, S mol %), PPh; (39.4 mg, 0.15 mmol, 10 mol %), (HO),B—
B(OH), (0.2 g, 2.25 mmol, 1.5 equiv), and DIPEA (0.8 mL, 4.5 mmol,
3 equiv) in EtOH (S mL) was stirred at 80 °C for 8 h. The title
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compound was obtained in 76% yield (0.27 g, 1.14 mmol) as a light
yellow solid (treatment with K,COj; needed): mp >225 °C; 'H NMR
(500 MHz, DMSO-d,) 6 8.71 (d, J = 8.0 Hz, 2H), 7.70 (d, ] = 8.1 Hz,
1H), 7.58 (d, J = 6.1 Hz, 1H), 7.50 (t, ] = 7.2 Hz, 1H), 7.31 (dd, J =
7.8, 42 Hz, 1H); HRMS (ESI) m/z caled for CoHBNF; (M)~
196.0545, found 196.0548.
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