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The first general examples of palladium-catalyzed Suzuki-type cross-coupling of aryl and heteroaryl
mesylates with potassium aryl and heteroaryltrifluoroborates are presented. In addition to biaryl
couplings, the cross-coupling reactions of aryl mesylates with alkyl and vinyltrifluoroborate salts
have also been successfully accomplished.

Introduction

Using a modular approach for accessing a series of com-
pounds has been one of the most important themes in mo-
dern organic synthesis, since it offers a direct and simple
route to prepare an array of structurally similar, yet diversi-
fied organic molecules.1 Indeed, transition metal-catalyzed
cross-coupling reactions have become innovative protocols
in this area for the construction of either carbon-carbon or
carbon-heteroatom bonds.2

In the field of C(sp2)-C(sp2) cross-coupling reaction, Suzuki-
Miyaura coupling of arylboronic acids with aryl halides repre-
sents a versatile method for the preparation of diversified
biaryls, which have amyriad of applications in pharmaceutical,

material, and agricultural chemistry.3 In general, arylboronic
acids are goodnucleophilic organoboron reagents in this coupl-
ing reaction.4 However, boronic acids are never ideal because
they exhibit several drawbacks, such as the partial formation of
dimeric and cyclic trimeric boroxines (which depend on storage
water content). This structural ambiguity affects the stoichi-
ometry of boronic acids added to the intended reaction.
Organotrifluoroborate salts are attractive alternatives to aryl-
and heteroarylboronic acids as they are usually sold in high
purity from commercial sources or are readily available from
other organoboron compounds.5,6 Recently, Molander,5,7

Buchwald,8 and others9 made superb efforts to advance the
transition metal-catalyzed Suzuki-Miyaura coupling using
organotrifluoroborate salts as coupling partners.
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Results and Discussion

Aryl sulfonates are important alternatives to aryl halides in
coupling reactions. Moreover, they are good complements to
aryl halides since their phenolic substitution patterns on the
aromatic ring are different from those of halides.Nevertheless,
previous coupling reactions of phenolic electrophiles were
often focusedonaryl triflates. In fact, arylmesylates are attrac-
tive as they are easily accessible fromphenols (by reactingwith
MsCl under basic medium), relatively low in cost,10 and pro-
vide better hydrolytic stability. However, cross-coupling reac-
tions utilizing aryl mesylates remain limited.11 Perphaps the
high stability of aryl mesylates implies that it is difficult for
these substrates to undergo oxidative addition in coupling
reactions. In fact, aryl mesylates are challenging substrates as
they are even less reactive than the correspondingaryl tosylates
in cross-coupling reactions.12 Yet, they provide a better atom-
economy than tosylates.13 In 2008, we reported a palladium
catalyst system for the cross-couplingof arylboronic acidswith

aryl mesylates.14,15 This system demonstrated a good func-
tional group tolerance on both electrophilic and nucleophilic
partners. To our best knowledge, there has been no literature
report to date regarding the successful cross-coupling of aryl
mesylates and aryltrifluoroborate salts in general. In view of
the beneficial features of trifluoroborate salts as boronic acid
surrogates, we have investigated the feasibilty of using this
nucleophile in mesylate couplings. Herein, we report the first
general Suzuki-type coupling of aryl mesylates and organo-
trifluoroborates. In particular, the reaction scope can be
extended to heteroarylmesylates, heteroaryl-,16 alkenyl-, and
alkyltrifluoroborate salts.

To explore a high efficacy catalytic system for aryl mesylate
and aryltrifluoroborate salt coupling, 4-tert-butylphenyl me-
sylate and potassium p-tolyltrifluoroborate were chosen as the
benchmark substrates in the model reaction (Table 1). Initial
screening of commonly used inorganic and organic bases
indicated that K3PO4 and K2CO3 were suitable bases for this
coupling reaction (Table 1, entries 3 and 4). In general, a very
small amount of phenolic side product was detected. On the
contrary, when triethylamine was applied as an organic base in
this reaction, a large amount of tert-butylbenzene side product
was observed (Table 1, entry 5). Although adding molecular
sieves could reduce the formation of tert-butylbenzene, it also
suppressed the rate of reaction. Among common solvents
surveyed, t-BuOH gave the best result (Table 1, entries 6-11).

The scope of this reaction was then investigated under the
optimized conditions. A wide range of nonactivated aryl mesy-
lates were examined and the results are listed in Table 2. The
deactivated aryl mesylate containing a p-methoxy-substituted
group was found to be a feasible coupling partner (Table 2,
entry 4). Both ortho-substituted aryl mesylates and aryltri-
fluoroborates were also a good combination for this reaction

TABLE 1. Initial Optimization of Reaction Parametersa

entry solvent base % yieldb

1 t-BuOH Cs2CO3 40
2 t-BuOH K3PO4 3H2O 75
3 t-BuOH K3PO4 98 (89)c

4 t-BuOH K2CO3 (87)c

5 t-BuOH Et3N 10e

6d t-BuOH K3PO4 82
7 DMF K3PO4 28
8 t-AmOH K3PO4 52
9 MeOH K3PO4 79
10 THF K3PO4 trace
11 toluene K3PO4 trace
aReaction conditions: ArOMs (1.0mmol), Ar0BF3K (2.0mmol), base

(3.0 mmol), Pd(OAc)2 (1 mol%), CM-phos (4 mol%), solvent (3.0 mL)
with stirring for 18 h at 110 �C under nitrogen. bCalibrated GC yields
were reported with dodecane as the internal standard. cIsolated yields in
parentheses. d4 Åmolecular sieve (0.1 g, granular) was added. eA65%of
reduction side product, tert-butylbenzene, was formed.
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(Table 2, entry 5). The highly sterically hindered potassium
aryltrifluoroborate (Table 2, entry 7) could couple with aryl
mesylate to furnish product in moderate to good yield.

A variety of common functional groups were compatible
under these mild reaction conditions. The functionalized aryl
mesylates containing nitriles, keto, and benzodioxolyl groups
were found to be effective electrophiles (Table 3). Notably, the
couplings of these aryl mesylates were completed within 2 h in
the presence of 2 mol % catalyst loading.

Apart from a variety of aryl mesylates, heteroaryl mesy-
lates and trifluoroborates were also effective coupling part-
ners. Quinolyl and benzothiazolyl substrates showed good
yields of the corresponding coupling products (Table 4,
entries 1 and 6). Thienyl nucleophiles were good nucleophilic
partners that provided moderate to good yield of the pro-
ducts (Table 4, entries 1-6). Particularly noteworthywas the
fact that the thienyl trifluoroborate saltwasmuch superior to
the corresponding thenylboronic acid in this coupling reac-
tion (Table 4, entries 3 vs 4). Heterobiaryl synthesis is mostly
a challenge in cross-coupling reactions. We were also able to

achieve these couplings in modest to good yields (Table 4
entries 1, 5, and 6).

Vinyl and alkyltrifluoroborates were also tested as the
coupling partners (Scheme 1). 4-tert-Butylphenyl mesylate
coupled with potassium n-butyltrifluoroborate and potas-
sium trans-styryltrifluoroborate in good yields.

Conclusion

In conclusion, we have reported the first general Suzuki-
Miyaura coupling of unactivated aryl mesylates and aryltri-
fluoroborate salts. The Pd-CM-phos catalyst system is effective
for the coupling of a range of mesylate substrates containing
various common functional groups. In addition to the feasibility
in using heteroaryl mesylates and trifluoroborate salts as elec-
trophiles and nucleophiles, respectively, vinyl and alkyltrifluor-
oborates have also been shownas compatible coupling partners.

Experimental Section

General Procedure for Suzuki-Miyaura Coupling of Aryl
Mesylates. Pd(OAc)2 (2.3 mg, 0.010 mmol) and CM-phos
(Pd:L=1:4) were loaded into a Schlenk tube equipped with a

TABLE 2. Pd-Catalyzed Suzuki-Miyaura Coupling of Nonactivated

Aryl Mesylatesa

aReaction conditions: ArOMs (1.0mmol), Ar0BF3K (2.0mmol),K3PO4

(3.0 mmol), Pd(OAc)2:ligand=1:4 (mol% as indicated, t-BuOH (3.0mL)
with stirring for 18 h at 110 �C under nitrogen (reaction times were not
optimized for each substrate). bIsolated yields.

TABLE 3. Pd-Catalyzed Suzuki-Miyaura Coupling of Functionalized

Aryl Mesylatesa

aReaction conditions: ArOMs (1.0 mmol), Ar0BF3K (2.0 equiv), K3PO4

(3.0 equiv), Pd(OAc)2:ligand=1:4, t-BuOH(3.0mL)with stirring for 2 h at
110 �C under nitrogen. bIsolated yields.
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Teflon-coated magnetic stir bar. The tube was evacuated and
flushed with nitrogen several times. Precomplexation was ap-
plied by adding freshly distilled dichloromethane (1 mL) and
Et3N (100 μL) into the tube. The solution was stirred and
warmed with a hair dryer for 1 to 2 min until the solvent started
boiling. The solvent was then evaporated under high vacuum.
4-tert-Butylphenyl mesylate (1.0 mmol), potassium p-tolyltri-
fluoroborate (2.0 mmol), and K3PO4 (3.0 mmol) were loaded
into the tube, and the system was further evacuated and flushed
with nitrogen several times. The solvent tert-butanol (3.0mL)was
then added. The tube was stirred at room temperature for several

minutes and then placed into a preheated oil bath (110 �C) for the
time period indicated in the table. After completion of reaction as
judged by GC analysis, the reaction tube was allowed to cool to
room temperature and quenched with water and diluted with
EtOAc. The organic layer was separated and the aqueous layer
was washed with EtOAc. The filtrate was concentrated under
reduced pressure. The crude products were purified by flash
column chromatography on silica gel (230-400 mesh) to afford
the desired product. 1H NMR (500 MHz, CDCl3) δ 1.58 (s, 9H),
2.59 (s, 3H), 7.44 (d, J = 8.0 Hz, 2H), 7.66-7.76 (m, 6H); 13C
NMR (100 MHz,CDCl3) δ 21.1, 31.4, 34.4, 125.6, 126.6, 126.8,
129.4, 136.6, 138.2, 138.2, 149.8; MS (EI) m/z (rel intensity) 224
(Mþ, 35), 209 (100), 193 (5), 181 (12), 165 (10).
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TABLE 4. Pd-Catalyzed Suzuki-Miyaura Coupling of Heteroaryl

Mesylates with Potassium Heteroaryltrifluoroborate Saltsa

aReaction conditions: Het- or ArOMs (1.0 mmol), HetAr-BF3K (2.0
mmol), K3PO4 (3.0 mmol), Pd(OAc)2:ligand = 1:4, t-BuOH (3.0 mL)
with stirring under nitrogen for the indicated periods. bIsolated yields.

SCHEME 1. Feasibility of Pd-Catalyzed Suzuki-Miyaura

Coupling of Vinyl- and Alkyltrifluoroborate Saltsa

aReaction conditions: ArOMs (1.0 mmol), nucleophilic partner (2.0
mmol), K3PO4 (3.0 mmol), Pd(OAc)2:L= 1:4, L= CM-phos, t-BuOH
(3.0 mL) with stirring under nitrogen. Isolated yields were reported.


