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Palladium-Catalyzed Suzuki-Miyaura Type Coupling Reaction 
of Aryl Halides with Triphenylborane-Pyridine  
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The Suzuki-Miyaura type coupling reaction of aryl halides with triphenylborane-pyridine was described. The 
reaction can be catalyzed by Pd(OAc)2 (5 mol%) in presence of Cs2CO3 at 50 ℃ or 80 ℃, and functionalized 
biaryls were obtained in good to excellent yields. This protocol is general and can tolerate a wide range of func-
tional groups. 
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Introduction 
Organoboron compounds have become one of the 

most popular organometallic reagents for transition 
metal-catalyzed formation of carbon-carbon bonds and 
carbon-heteroatom bonds in modern organic synthesis.[1] 
Commercially available organoboronic acids and boro-
nate esters have been extensively used in cross-coupling 
reactions for decades.[2] Trialkylboranes used as partners 
in coupling reaction with aryl iodides and activated tri-
flates have been documented sporadically.[3] In 2009, 
Lin and co-workers reported an efficient and chemose-
lective Suzuki-Miyaura coupling reaction of trialkylbo-
ranes with bromoarenes bearing unmasked acidic func-
tions.[4] In contrast to these trivalent organoboranes, the 
tetracoordinated ate complex, potassium trifluoroborates 
[RBF3]K showed exceptional stability toward air and 
moisture, and established high reactivity in a large vari-
ety of reactions, especially palladium-catalyzed cross- 
coupling reactions.[5] Similarly, sodium trihydroxybo-
rates [RB(OH)3]Na were also synthesized and used in 
cross-coupling in anhydrous solvents without the aid of 
an additional base.[6] Another tetravalent organoborane, 
sodium tetraphenylborate (Ph4BNa), has also been ap-
plied to the Suzuki-Miyaura coupling reaction.[7] It is 
particularly noteworthy that its four phenyl groups can 
all be coupled with aryl halides to generate the product 
efficiently. In 2008, Miyaura and co-workers developed 
several novel cyclic triolborates (A, Figure 1), which are 
exceptionally stable in air and water and more soluble in 
organic solvents than potassium trifluoroborates.[8] 
Lithium and potassium triolborates showed the high 
transmetalation efficiency in palladium- and copper- 
catalyzed formation of C—C and C—N bonds. In 2009, 

Butke and co-workers synthesized a new air-stable 
N-methyliminodiacetic acid (MIDA) masked boronic 
acids (B, Figure 1), which can be liberated in controlled 
release fashion into the Suzuki-Miyaura coupling reac-
tion.[9] Recently, this powerful methodology has been 
extended to enable the preparation of isoxazoles and 
triazoles MIDA boronates and their utility in Suzuki- 
Miyaura coupling reactions and [3＋2] cycloaddition 
reactions has been successfully demonstrated.[10] In 
2010, Gras and co-workers reported the synthesis of 
dioxazaborocane (C, Figure 1) and their application in 
Suzuki-Miyaura coupling reaction with tetrafluoroborate 
diazonium salts without external activation.[11] They 
considered that dioxazaborocanes were able to self-ac-
tivate by the way of an intramolecular N-B interaction. 
These masked organoboronic acids are more efficient 
than ordinarily unmasked boronic acids. So the devel-
opment of new air- and moisture-stable organoboron 
compounds using coordination of nitrogen heteroatom 
to boron atom may be an interesting game. 

Triphenylbronae-pyridine (TPBP, D, Figure 1), an 
air- and moisture-stable organoboron compound, is easy 
to prepare and known to be effective biocides and ma-
rine-fouling agents.[12] Recently, we have also devel-
oped a simple synthetic approach to this masked borane. 
Herein, we report the palladium-catalyzed Suzuki- 
Miyaura coupling reaction of TPBP with aryl halides 
under mild conditions as a complementary method for 
the synthsis of biaryls. 

Results and Discussion 
On the outset of this investigation, 4-methoxyiodo- 

benzene 1a was used as model substrate with triphenyl- 
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Figure 1  Several useful organoboron reagents. 

borane-pyridine to screen suitable reaction conditions 
and the results were summarized in Table 1. When 1a 
and triphenylborane-pyridine were catalyzed by 
Pd(OAc)2 in the present of Na2CO3 in toluene at 40 ℃ 
under N2, trace amounts of desired product 2a was ob-
served as shown by GC-MS analysis (Entry 1). Other 
solvents were further tested, and the similar results were 
obtained using MeCN, dioxane and THF as reaction 
media (Entries 2—4). To our delight, the desired product 
2a was obtained in excess of 70% yield in DMF, DMSO 
and EtOH (Entries 5—7). DMF was used for the trans-
formation and gave the biaryls in best yield (Entry 5). 
Various palladium sources, such as PdCl2, PdCl2(PPh3)2, 
Pd(dba)3, Pd(PPh4)4, were also tested in the reaction, but 
the yields could not increased (Entries 8—11). Switch of 
Na2CO3 to K2CO3 or Cs2CO3 could slightly improve the 
reaction (Entries 12—13), while other bases, such as 
KOH, Et3N and t-BuONa dramatically decreased the 
yields (Entries 14—16). However, trace amounts of 2a 
was observed without the aid of an additional base (En-
try 17). The yield of the reaction was slightly improved 
by increasing reaction temperature (Entry 18). Further 
investigation revealed that there was no significant 
change when the amount of TPBP was decreased to 1.2 
equivalents (Entry 19). Finally, for comparison the reac-
tion was carried out in the absence of Pd(OAc)2, no 
product could be detected (Entry 20). 

Under the optimized conditions, the substrate scope 
of this reaction was investigated and the results were 
summarized in Table 2. The reaction of TPBP with  
ortho-, meta-, and para-substituted aryl iodides 
smoothly proceeded and afforded the corresponding 
asymmetric biaryls in excellent yields (Entries 1—11). It 
was observed that the reaction was slightly affected by 
electronic effects of the substituents on aryl iodides. The 
substituted aryl iodides bearing electron-deficient 
groups, showed slightly higher reactivity than those 
bearing electron-rich groups (Entries 1—3 vs. Entries 6, 
9—10). It is particularly noteworthy that chloro sub-
stituent was tolerated in the reaction conditions, which 
is advantageous for further transformations (Entry 9). 

Table 1  Optimization of reaction conditionsa 

B N

I

OMe
OMe

+ :
[Pd], Base

Solvent, Temp., N2

1a 2a  

Entry [Pd] Base Solvent Temp./℃ Yieldb/%
1 Pd(OAc)2 Na2CO3 Toluene 40 ＜5 
2 Pd(OAc)2 Na2CO3 MeCN 40 ＜5 
3 Pd(OAc)2 Na2CO3 Dioxane 40 ＜5 
4 Pd(OAc)2 Na2CO3 THF 40 10 
5 Pd(OAc)2 Na2CO3 DMF 40 78 
6 Pd(OAc)2 Na2CO3 DMSO 40 71 
7 Pd(OAc)2 Na2CO3 EtOH 40 74 
8 PdCl2 Na2CO3 DMF 40 70 
9 PdCl2(PPh3)2 Na2CO3 DMF 40 76 

10 Pd2(dba)3 Na2CO3 DMF 40 30 
11 Pd(PPh3)4 Na2CO3 DMF 40 45 
12 Pd(OAc)2 K2CO3 DMF 40 82 
13 Pd(OAc)2 Cs2CO3 DMF 40 86 
14 Pd(OAc)2 KOH DMF 40 35 
15 Pd(OAc)2 Et3N DMF 40 28 
16 Pd(OAc)2 t-BuONa DMF 40 10 
17 Pd(OAc)2 — DMF 40 ＜5 
18 Pd(OAc)2 Cs2CO3 DMF 50 92 
19c Pd(OAc)2 Cs2CO3 DMF 50 91 
20 — Cs2CO3 DMF 50 — 

a Reaction conditions: 4-methoxyiodobenzene 1a (0.5 mmol), 
TPBP (0.3 mmol), [Pd] (0.025 mmol), base (1.0 mmol), solvent 
(2 mL), under N2, 12 h. b Yields determined by GC-MS method 
using mesitylene as the internal standard. c Using 0.2 mmol TPBP.  

The reaction tolerated a wide range of functional groups, 
such as methyl, methoxy, nitro, trifluoromethyl, car-
bonyl, chloro and fluoro groups (Entries 1—3 and En-
tries 5—11). Next, we proceeded to apply aryl bromides 
as substrates, which are generally less reactive than aryl 
iodides in palladium-catalyzed reactions. The coupling 
reaction of aryl bromides indeed took place by increas-
ing reaction temperature, but the reactions took longer 
time and gave moderate to good yields (Entries 12—
20). 

Conclusions 
In summary, we have described that TPBP was used 

as a phenylation reagent for palladium-catalyzed Su-
zuki-Miyaura coupling reactions of aryl halides for syn-
thesis of biaryls. This protocol is general and can be 
applied to a wide variety of substituted aryl halides. In 
most instances, the biaryls were obtained in good yields.  
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Table 2  Palladium-catalyzed coupling reaction of 1a—1t with TPBPa 

X
R

B N

R

+ :
Cs2CO3 (2.0 equiv.)

50 oC or 80 oC

X = I, Br
1a - 1t

2a - 2o
DMF, N2

Pd(OAc)2 (5 mol%)

 

Entry ArX Time/h Temp./℃ Product Yieldb/% 

1 MeO I

1a  
8 50 

MeO

2a  

87 

2 I

OMe

1b  

8 50 

OMe

2b  

84 

3 I

MeO

1c  

8 50 

MeO

2c  

83 

4 I

1d  
4 50 

2d  
88 

5 I

1e  
4 50 

2e  
91 

6 I

O2N

1f  

4 50 

O2N

2f  

95 

7 I

F3C

1g  

4 50 

F3C

2g  

79 

8 IMeOC

1h  
8 50 MeOC

2h  
88 

9 ICl

1i  
8 50 

Cl

2i  

95 

10 
IF

1j  

8 50 
F

2j  

95 

11c 
II

1k  
8 50 

2k  

87 
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Continued 

Entry ArX Time/h Temp./℃ Product Yieldb/% 

12 Br

1l  
12 80 

2d  

87 

13 
S

Br

1m  

12 80 S
2m  

70 

14 Br

Cl

1n  

12 80 

Cl

2n  

71 

15 Br

F

1o  

12 80 

F

2o  

77 

16 
BrF

1p  

12 80 
F

2j  

87 

17 
BrF3C

1q  

12 80 
F3C

2q  

80 

18 Br

1r  
12 80 

2e  
73 

19 Br

MeO

1s  

12 80 

MeO

2c  

65 

20 
BrMeO

1t  

12 80 
MeO

2a  

82 

a Reaction conditions: aryl halide 1 (0.5 mmol), TPBP (0.2 mmol), Pd(OAc)2 (0.025 mmol), Cs2CO3 (1.0 mmol), DMF (2 mL), under N2. 
b Isolated yield. c Using 0.4 mmol TPBP.

In addition, it was found that its three phenyl groups 
were transferred into the products, and this merit makes 
it an alternative for synthesis of biaryls. Further investi-
gation toward its applications in transition metal-cata-
lyzed coupling reactions is ongoing. 

Experimental 
NMR data were recorded on a Bruker AMX-300 

spectrometer with chemical shifts referenced to SiMe4 
as internal standard. Mass spectra were taken using 
GC-MS spectrometer (Varian 431 GC-Varian 220 MS). 
All of ArI and ArBr were purchased from Acros and 
used without further purification. 

Procedure for modified synthesis of triphenylbo-
rane-pyridine[13] 

Mg turnings (2.4 g, 100 mmol) were taken into a 
three-necked flask fitted with reflux condenser, and then 
the flask was heated on an open flame and cooled under 
nitrogen. Next, BF3•OEt2 (4.3 g, 30 mmol) and dried 
THF (25 mL) were introduced into the reaction flask 
while maintaining the nitrogen atmosphere. The reaction 
was next initiated by a dropwise addition of PhBr (2 mL, 
19.1 mmol) while stirring the reaction mixture and the 
remainder PhBr (8.5 mL, 81.2 mmol in 10 mL THF) 
was added slowly over a period of 30 min, so that the 
THF refluxed gently. Stirring was continued for an ad-
ditional 3 h, and pyridine (2.8 g, 35 mmol) was added. A 
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solid precipitates instantly. The mixture was filtered 
after stirring for another 3 h at 40 ℃, and the resulting 
solid was washed with H2O (50 mL) and THF (10 mL) 
and dried under vacuum. 7.2 g white power was ob-
tained in 75% yield. 1H NMR (300 MHz, DMSO-d6) δ: 
8.44 (s, 2H), 8.30 (s, 1H), 7.82 (s, 2H), 7.11 (s, 15H). 

General procedure for coupling reaction of aryl hal-
ides with triphenylborane-pyridine 

A mixture of aryl halides (0.5 mmol), triphenylbo-
rane-pyridine (0.2 mmol), Cs2CO3 (1.0 mmol), 
Pd(OAC)2 (0.025 mmol ), and DMF (2 mL) was stirred 
at the indicated temperature for the specified time until 
complete consumption of starting material as monitored 
by TLC. Ethyl acetate (5 mL) and water (5 mL) were 
then added to the reaction mixture. The organic phase 
was separated, and the aqueous phase was further ex-
tracted with ethyl acetate (5 mL×4). The combined 
organic phase was washed with brine, dried over 
MgSO4, and concentrated in vacuum. The residue was 
purified by flash column chromatography on silica gel 
(petroleum ether) to give the corresponding biaryl 
compound. 

4-Methoxybiphenyl (2a)[14]  1H NMR (CDCl3, 300 
MHz) δ: 7.62—7.67 (m, 4H), 7.51 (t, J＝7.5 Hz, 2H), 
7.41 (d, J＝7.2 Hz, 1H), 7.07 (d, J＝8.6 Hz, 2H), 3.91 
(s, 3H); 13C NMR (CDCl3, 75 MHz) δ: 159.0, 140.7, 
133.6, 128.7, 128.1, 126.7, 126.6, 114.1, 55.2; MS (EI) 
m/z (%): 184.2 (100) [M＋], 169.2 (77), 141.2 (56), 
115.2 (40). 

2-Methoxybiphenyl (2b)[15]  1H NMR (CDCl3, 300 
MHz) δ: 7.62 (d, J＝7.2 Hz, 2H), 7.49 (t, J＝7.2 Hz, 
2H), 7.38—7.42 (m, 3H), 7.04—7.11 (m, 2H), 3.82 (s, 
3H); 13C NMR (CDCl3, 75 MHz) δ: 156.4, 138.5, 130.9, 
130.6, 129.5, 128.6, 127.9, 126.9, 20.8, 111.1, 55.5; MS 
(EI) m/z (%): 184.2 (100) [M＋], 169.2 (52), 141.2 (52), 
115.2 (47).  

3-Methoxybiphenyl (2c)[15]  1H NMR (DMSO-d6, 
300 MHz) δ: 7.66 (d, J＝7.5 Hz, 2H), 7.34—7.48 (m, 
4H), 7.21 (d, J＝9.0 Hz, 2H), 6.93 (dd, J＝1.1, 8.1 Hz, 
1H); 13C NMR (DMSO-d6, 75 MHz) δ: 160.2, 142.1, 
140.5, 130.4, 129.3, 128.0, 127.2, 119.4, 113.4, 112.6, 
55.5; MS (EI) m/z (%): 184.2 (100) [M＋], 154.2 (18), 
141.2 (22), 115.2 (27).  

Biphenyl (2d)[14]  1H NMR (CDCl3, 300 MHz) δ: 
7.66—7.69 (m, 4H), 7.49—7.55 (m, 4H), 7.42—7.45 
(m, 2H); 13C NMR (CDCl3, 75 MHz) δ: 141.2, 128.7, 
127.2, 127.1; MS (EI) m/z (%): 154.3 (100) [M＋], 76.5 
(9). 

4-Methylbiphenyl (2e)[14]  1H NMR (CDCl3, 300 
MHz) δ: 7.66 (d, J＝7.0 Hz, 2H), 7.58 (d, J＝7.8 Hz, 
2H), 7.51 (t, J＝7.2 Hz, 2H), 7.41 (d, J＝7.1 Hz, 1H), 
7.33 (d, J＝7.8 Hz, 2H), 2.48 (s, 3H); 13C NMR (CDCl3, 
75 MHz) δ: 141.2, 137.0, 129.5, 28.8, 128.7, 127.2, 
127.0, 127.0, 21.1; MS (EI) m/z (%): 168.0 (100) [M＋], 
153.2 (26), 115.2 (10).  

3-Nitrobiphenyl (2f)[14]  1H NMR (CDCl3, 300 
MHz) δ: 8.45 (s, 1H), 8.20 (d, J＝7.6 Hz, 1H), 7.92 (d, 

J＝7.6 Hz, 1H), 7.62—7.64 (m, 3H), 7.44—7.53 (m, 
3H); 13C NMR (CDCl3, 75 MHz) δ: 148.5, 142.7, 138.5, 
132.9, 129.6, 129.0, 128.4, 127.0, 121.9, 121.8; MS (EI) 
m/z (%): 199.2 (100) [M＋], 152.3 (38). 

3-Trifluoromethylbiphenyl (2g)[16]  1H NMR 
(CDCl3, 300 MHz) δ: 7.91 (s, 1H), 7.81 (d, J＝7.4 Hz, 
1H), 7.57—7.65 (m, 4H), 7.45—7.55 (m, 3H); 13C 
NMR (CDCl3, 75 MHz) δ: 142.0, 139.7, 131.2 (q, J＝
31.7 Hz, 1C), 130.4, 129.2, 129.0, 128.7, 128.0, 127.2, 
124.2 (q, J＝270.6 Hz, 1C) 123.8 (q, J＝3.6 Hz, 1C); 
MS (EI) m/z (%): 222.3 (100) [M＋], 201.3 (12), 152.3 
(17). 

4-Acetylbiphenyl (2h)[14]  1H NMR (CDCl3, 300 
MHz) δ: 8.05 (d, J＝8.0 Hz, 2H), 7.70 (d, J＝8.0 Hz, 
2H), 7.65 (d, J＝7.7 Hz, 2H), 7.42—7.52 (m, 3H), 2.65 
(s, 3H); 13C NMR (CDCl3, 75 MHz) δ: 197.8, 145.7, 
139.8, 135.8, 128.9, 128.9, 128.2, 127.2, 127.2, 26.7; 
MS (EI) m/z (%): 196.0 (42) [M＋], 181.1 (100), 152.2 
(31). 

4-Chlorobiphenyl (2i)[14]  1H NMR (CDCl3, 300 
MHz) δ: 7.56—7.62 (m, 4H), 7.42—7.53 (m, 5H); 13C 
NMR (CDCl3, 75 MHz) δ: 139.9, 139.6, 133.3, 128.9, 
128.8, 128.3, 127.5, 126.9; MS (EI) m/z (%): 190.0 (32) 
[M＋

＋2], 188.1 (100) [M＋], 152.2 (26), 115.2 (10), 76.0 
(18). 

4-Fluorobiphenyl (2j)[17]  1H NMR (CDCl3, 300 
MHz) δ: 7.39—7.69 (m, 7H), 7.19 (t, J＝8.6 Hz, 2H); 
13C NMR (CDCl3, 75 MHz) δ: 162.9 (d, J＝244.6 Hz, 
1C), 141.2, 140.2, 137.3 , 128.6 (d, J＝7.0 Hz, 1C), 
127.2, 127.0, 115.6 (d, J＝21.1 Hz, 1C); MS (EI) m/z 
(%): 172.3 (100) [M＋].  

1,4-diphenylbenzene (2k)[18]  1H NMR (CDCl3, 
300 MHz) δ: 7.68—7.72 (m, 8H), 7.50 (t, J＝7.4 Hz, 
4H), 7.41 (d, J＝7.2 Hz, 2H); 13C NMR (CDCl3, 75 
MHz) δ: 140.6, 140.1, 128.8, 127.5, 127.3, 127.0; MS 
(EI) m/z (%): 230.5 (100) [M＋], 152.4 (8), 115.5 (5), 
77.3 (5). 

3-Phenylthiophene (2m)[19]  1H NMR (CDCl3, 300 
MHz) δ: 7.65 (d, J＝7.2 Hz, 2H), 7.37—7.51 (m, 5H); 
MS (EI) m/z (%): 160.0 (100) [M＋], 128.1 (20), 115.0 
(47). 

2-Chlorobiphenyl (2n)[14]  1H NMR (CDCl3, 300 
MHz) δ: 7.41—7.51 (m, 6H), 7.33—7.39 (m, 3H); 13C 
NMR (CDCl3, 75 MHz) δ: 141.1, 139.8, 132.5, 131.3, 
129.8, 129.4, 128.4, 128.0, 127.5, 126.8; MS (EI) m/z 
(%): 188.3 (100) [M＋], 152.5 (27). 

2-Fluorobiphenyl (2o)[7]  1H NMR (CDCl3, 300 
MHz) δ: 7.74 (s, 4H), 7.63—7.67 (m, 2H), 7.47—7.52 
(m, 3H); MS (EI) m/z (%): 172.3 (100) [M＋], 152.3 (5). 

4-Trifluoromethylbiphenyl (2g)[7]  1H NMR 
(CDCl3, 300 MHz) δ: 7.74 (s, 4H), 7.63—7.67 (m, 2H), 
7.47—7.52 (m, 3H); MS (EI) m/z (%): 222.3 (100) [M＋], 
203.5 (5), 152.5 (10). 
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