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Abstract: The catalytic cross-coupling reaction of potassium di-
aryldifluoroborates with aryl halides proceeds to afford the biphe-
nyls in good yields. These salts on an arylation reagent were readily
prepared via a protocol of the Grignard method and transformation
to potassium salts. Two aryl groups of these salts were efficiently
transferred in the Suzuki–Miyaura reaction.

Key words: Grignard reactions, cross-coupling, organoborate, bi-
aryls, arylations

The palladium-catalyzed cross-coupling reaction between
organoboron compounds and organohalides and triflates
provides a powerful and general method for carbon-car-
bon bond formation.1 Aryl-aryl bond formation has be-
come a most important tool of organic synthesis because
these bonds are found in natural products as well as in nu-
merous biologically active parts of pharmaceuticals and
agrochemicals.2 Although arylboronic acids and esters
have been widely utilized in cross-coupling reaction for
biphenyl synthesis, much attention has been continuously
focused on the preparation of various organoboron deriv-
atives for arylation and on extending their synthetic utili-
ty.3–5 Among these organoboron compounds,
triarylboranes6 and tetrarylborates7 were demonstrated as
the multiple aryl transfer reagents from boron in cross-
coupling reaction. Aryltrifluroroborates8 having high sta-
bility and reactivity compared with commonly used aryl-
boronic derivatives were also explored. Preparation of
potassium diphenyldifluoroborate was reported by
Thierig,9 whereas its synthetic utility has not been thor-
oughly explored.10 In this letter, we would like to report
palladium-catalyzed cross-coupling reaction of potassium
diaryldifluoroborates 1 with aryl halides 2 to afford the
corresponding biphenyl derivatives 3 in good to excellent
yields (Scheme 1). These two aryl groups were efficiently
coupled with aryl halides in the Suzuki–Miyaura reaction.

Scheme 1

Potassium diaryldifluoroborates were prepared by a
slightly modified literature procedure.9 To a methanol so-
lution of the diarylborinic acid (e.g., Ar; phenyl) which
was obtained by using Grignard reaction, 3 equivalents of
KHF2 was added. The reaction smoothly proceeded to
give potassium diphenyldifluoroborate (1a) in 82%
yield.11 The 11B and 19F NMR spectra indicated a triplet
and a quartet, respectively, which are reasonably re-
solved.12 Other various potassium salts 1b–h possessing
functional groups such as Me, MeO, Ph, F and Cl were
also efficiently prepared from the corresponding diaryl-
borinic acids in moderate to good yields. To demonstrate
the usefulness of these borates 1, a palladium-catalyzed
cross-coupling reaction with aryl halides was examined.
Brief optimization of the reaction conditions was studied
by using potassium diphenyldifluoroborate (1a) (0.55
mmol) with 4-chloroacetophenone (2a) (1.0 mmol) in the
presence of 3 mol% of Pd(OAc)2 and triphenylphosphine
(0.12 mmol) in various organic solvents (5 mL) and H2O
(0.5 mL) at heating for 6 hours. The results are summa-
rized in Table 1.

The reaction in toluene, DMF, MeOH, and DME as a sol-
vent resulted in low product yields and mainly recovered
4-chloroacetophenone (2a) of the starting material (en-
tries 1–4). It was found that the use of 2-methoxyethanol
as a solvent dramatically improved the product yields (en-
tries 5–8). Use of PdCl2 gave a comparable yield to that of
Pd(OAc)2 (entry 9). As shown in Table 1, 1a was smooth-
ly coupled with 2a and the best result of the coupling re-
action was observed in a combination of Na2CO3 or
K3PO4 and 2-methoxyethanol (entries 5 and 7).

To establish the generality of this method, the cross-cou-
pling reaction of several aryl halides 2a–k with borates
1a–h was examined under the optimized conditions
(Scheme 2). The results are shown in Tables 2 and 3.13

4-Iodoacetophenone (2b) coupled with borate 1a to give
4-acetylbiphenyl (3a) in 92% yield (Table 2, entry 1).
Various aryl bromides 2c–f containing electron-with-
drawing and electron-donating groups were coupled to
furnish the corresponding biphenyl products 3a–d in good
yields (85–98%) (Table 2, entries 2–5). It was noteworthy
that the cross-coupling of activated aryl chlorides 2a, 2g–
h having Ac, CN and NO2 groups on the aromatic ring
gave the corresponding coupled products 3a, 3e–d in
moderate to good yields (Table 2, entries 6–8). Unfortu-
nately, only a trace amount of the product was observed
when 4-chloroanisole was used. Although attempts to
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promote the cross-coupling reaction by prolonged reac-
tion time were unsuccessful, possibly due to decomposi-
tion of the starting potassium salt,14,15 the use of 2
equivalents of borate 1a considerably improved the re-
sults, affording the coupled product in 90% yield
(Table 2, entry 6). Substituted potassium borates 1b–h

were also investigated. The coupling reaction of various
aryl bromides 2 proceeded to give the corresponding
products 3 in good yields (Table 3, entries 1–7).

Table 1 Cross-Coupling Reaction of Potassium Diphenyldifluoroborate with 4-Chloroacetophenonea

Entry Base (mmol) Solvent Temp Recovery of 2a (%)b Yield of 3a (%)b

1 Na2CO3 (1.5) Toluene–H2O Reflux 80 17

2 Na2CO3 (1.5) DMF–H2O 120 °C 66 25

3 Na2CO3 (1.5) MeOH–H2O Reflux 94 2

4 Na2CO3 (1.5) DME–H2O Reflux 89 3

5 Na2CO3 (1.5) MeOCH2CH2OH–H2O Reflux 30 66 (90)d

6 K2CO3 (1.5) MeOCH2CH2OH–H2O Reflux 10 47

7 K3PO4 (1.5) MeOCH2CH2OH–H2O Reflux 7 66

8 NaOAc (1.5) MeOCH2CH2OH–H2O Reflux 42 57

9 c Na2CO3 (1.5) MeOCH2CH2OH–H2O Reflux 33 63

a All reactions were carried out by using potassium diphenyldifluoroborate (0.55 mmol) with 4-chloroacetophenone (1.0 mmol) in the presence 
of 3 mol% of Pd(OAc)2 and triphenylphosphine (0.12 mmol) in various organic solvents (5 mL) and H2O (0.5 mL) for 6 h.
b Yield was determined by GLC analysis using dibenzyl as an internal standard.
c PdCl2 was used.
d The yield in parentheses was obtained when 2 equiv of 1a was used.

ClBF2K +
3 mol% Pd(OAc)2 + 4 equiv PPh3

      Base, solvent2

1a 2a 3a

Ac Ac2 2

Table 2 Cross-Coupling Reaction of Potassium Diphenyldifluoroborate with Various Aryl Halides

Entry Halide Time (h) Product Yield (%)
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In conclusion, potassium diaryldifluoroborates 1 on an
arylation reagent in the Suzuki–Miyaura reaction were es-
tablished and investigated. The palladium-catalyzed cou-
pling of potassium diaryldifluoroborates with various aryl

halides including activated aryl chlorides efficiently pro-
ceeded to afford various biaryl compounds in good yields.
These salts efficiently transferred two aryl groups from
the boron to aryl halides.
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a The yield in parentheses was obtained when 2 equiv of 1a was used.

Table 2 Cross-Coupling Reaction of Potassium Diphenyldifluoroborate with Various Aryl Halides (continued)

Entry Halide Time (h) Product Yield (%)
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Table 3 Cross-Coupling Reaction of Potassium Diaryldifluoroborate with Various Aryl Halides

Entry Borate X Halide Product Yield (%)

1 m-MeO
1b

2i
3f

89

2 o-Me
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