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Abstract: The coupling reaction between aryl bromides and 
boron reagents has been efficiently catalyzed by an in situ 
generated palladium complex obtained from palladium acetate 
(0.1 mol%) and 1,3-bis(carboxymethyl)imidazole 1 (0.2 
mol%). The catalytic system is very active in protic solvents, 
especially in MeOH. Biaryl derivatives have been prepared in 
good isolated yields (up to >99%), and additionally styrene and 
stilbene derivatives have also been prepared by means of this 
protocol. 
Key words: palladium, organometallic reagents, heterocycles, 
solvent effects, cross-coupling 

The chemistry of N-heterocyclic carbenes (NHCs) is a 
field of great current interest, and has witnessed 
remarkable development in the last two decades.1 
NHCs have been firmly established as one of the most 
versatile ligands in the toolkit of the synthetic 
chemist. The NHC complexes show a variety of 
interesting applications, including homogeneous 
catalysis,2 antimicrobial, antitumor and cytoxic 
agents,3 and chemistry of materials.4 More recently, 
NHCs have emerged as powerful organic catalysts in 
molecular chemistry, and in metal-free polymer 
synthesis.5 Imidazolium cations are the most 
investigated compounds as precursors for NHCs, and 
the introduction of functionalities into the nitrogen 
substituents has gradually increased the attention of 
research. Thus, a variety of functional groups have 
been attached to modify their physical and chemical 
properties, including, among others, phosphines,6 
amines,7 alcohols,8 esters,9 amides,10 and sulfonic11 
and carboxylic acids.9,12 
1,3-Bis(carboxymethyl)imidazole 1, which was first 
observed as a product in the glucose-glycine Maillard 
reaction,13 has been prepared by reaction of glycine, 
glyoxal, and formaldehyde (Scheme 1).14 Also, it can 
be prepared by the condensation of glyoxal and 
glycine.15 Moreover, the reaction of 1-
trimethylsilylimidazole with two equivalents of 
methyl chloroacetate and subsequent ester hydrolysis 
followed by basic treatment has also allowed the 
preparation of compound 1.9 Imidazole dicarboxylate 
derivatives have been employed in the preparation of 
a series of coordination dimers and polymers 
containing different metal centres, such as 
lanthanides,16 cesium, calcium, strontium, barium,17 
manganese,18 and zinc.19 Consequently, in addition to 
the σ-donor ability of the NHC ligands, the presence 
of carboxyl moieties in the imidazolium salt can 

interact with the corresponding metal centre in the 
complexation. In fact, the effect of this functional 
group on the rhodium-catalyzed hydrosilylation of 
alkenes has been studied by the research group of Li 
and Peng.20 
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Scheme 1 Synthesis of zwiterionic imidazole 1 from glycine. 

The synthesis of biaryl compounds in aqueous media 
from aryl and heteroaryl bromides and chlorides, by 
means of Suzuki-Miyaura reaction, can be performed 
at room temperature using the non-ionic vitamin E 
based amphiphile polyoxyethanyl α-tocopheryl 
sebacate (PTS) as surfactant, in the presence of 
different palladium catalysts.21 Among them, the 
NHC-palladium complex [1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene]chloro[3-
phenylallyl] palladium(II) have been employed (2 
mol%) in the presence of Et3N as base, with good to 
excellent results.22 Furthermore, palladium catalysts 
with sulfonate-functionalized-NHC ligands have been 
prepared and employed for the Suzuki-Miyaura 
reaction in aqueous phase (i.e. water and i-
PrOH/water mixtures).23 Çetinkaya and co-workers 
have described the preparation of water-soluble NHC 
complexes of PEPPSI type,24 having a carboxyl-
functionalized pyridine.25 More recently, 
poly(ethylene glycol)-functionalized imidazolium 
salts have been also employed in the Suzuki reaction 
in water.26 Consequently, it would be interesting to 
study the suitability of carboxy-functionalized 
imidazole derivatives in combination with palladium 
to perform a cross-coupling reaction, such as Suzuki-
Miyaura reaction. During the last five years, we have 
been studying different transformations mediated by 
catalytic systems prepared by hydroxy-functionalized 
imidazolium derivatives and palladium27 or 
rhodium.28 We wish to present herein a study on the 
catalytic system formed by palladium and 
bis(carboxymethyl)imidazole 1 for the cross-coupling 
between aryl bromides and boron reagents (i.e. aryl 
boronic acids and potassium aryltrifluoroborates) in 
protic solvents, such as water and methanol. 
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Initially, we chose the coupling between 
phenylboronic acid and 4-bromoanisole in the 
presence of the catalytic system zwitterion 
1/Pd(OAc)2 in order to study the optimal reaction 
conditions. Among the different variables that could 
have impact on the yield of the biaryl product, we 
considered the following five parameters. (1) Solvent: 
Four different solvents were chosen, that is, methanol 
and water as polar protic solvents, and to compare 
with, a polar non-protic solvent, e.g. 
dimethylacetamide (DMA), and a non-polar solvent as 
toluene. (2) Base: It is known that the base plays an 
essential role in the Suzuki-Miyaura reaction,29 
K2CO3 and Cs2CO3 being often employed; so, we 
wanted to test them and also other inorganic bases 
such as KHCO3 and K3PO4, and an organic base, 
such as Et3N.30 (3) Additive: The presence or absence 
of an additive was taken into account due to its 
property of stabilizing active palladium species, ionic 
surfactants [i.e. tetrabutylammonium bromide 
(TBAB) and cetyltrimethylammonium bromide 
(CTAB)] and noninonic surfactants, such as PTS,22,31 

being included in the study. (4) Amount of palladium: 
Pd(OAc)2 was tested in three levels, i.e. 0.1, 0.2 and 
0.5 mol%. (5) Palladium/1 ratio: The use of imidazole 
derivative 1 as precursor of carboxyl-functionalized 
NHC can help to stabilize the active species of 
palladium, particularly in polar solvents, so we 
considered to study different Pd/1 ratios (i.e. 2:1, 1:1, 
1:2 and 1:5), and additionally, to compare, the 
ligandless reaction. The next point of our planning 
was to minimize the set of experiments in order to get 
the maximum information about which were the 
critical factors and what was the best combination of 
variables to maximize the yield of 4-methoxybiphenyl 
2.32 Thus, a design of experiments (DOE) was used, 
and the selection of experiments was carried out 
according to a Taguchi L25 array. Furthermore, we 
wanted to test conventional heating (110 ºC, 5 h, 
pressure tube) versus microwave heating (100 ºC, 1 h, 
80 W of initial potency, sealed tube), so we carried out 
the experiments using both heating methods and the 
obtained results are collected in Table 1. 

Table 1 Cross-coupling between 4-bromoanisole and phenylboronic acid: Optimization of parametersa 
Br

MeO MeO

PhPhB(OH)2, Pd(AcO)2, Ligand

Base, Solvent, Additive

2
Microwave heating vs conventional heating  

Entry Solvent Base Additiveb Pd(OAc)2 (mol%) Pd/1 ratio Yield (%)c 
MWd Conv. Heatinge 

1 Toluene K2CO3 None 0.1 No salt 1 15 74 
2 Toluene Cs2CO3 TBAB 0.2 2:1 39 65 
3 Toluene KHCO3 CTAB 0.5 2:1 23 13 
4 Toluene K3PO4 PTS 0.1 1:5 0 22 
5 Toluene Et3N None 0.2 1:5 5 10 
6 Toluene K2CO3 CTAB 0.5 2:1 0 54 
7 Toluene KHCO3 TBAB 0.1 1:5 15 14 
8 Toluene Et3N PTS 0.5 2:1 9 17 
9 Water Cs2CO3 None 0.2 1:2 0 37 
10 Water K3PO4 CTAB 0.2 No salt 1 19 0 
11 Water K2CO3 TBAB 0.5 1:1 59 71 
12 Water Cs2CO3 CTAB 0.5 1:2 59 97 
13 Water KHCO3 PTS 0.2 No salt 1 21 36 
14 Water K3PO4 CTAB 0.1 1:1 50 95 
15 Water Et3N None 0.2 1:1 53 33 
16 MeOH K2CO3 None 0.1 1:1 62 75 
17 MeOH Cs2CO3 PTS 0.1 1:2 51 60 
18 MeOH KHCO3 TBAB 0.2 1:2 54 97 
19 MeOH K3PO4 None 0.5 1:2 32 61 
20 MeOH Et3N TBAB 0.2 No salt 1 22 16 
21 DMA K2CO3 PTS 0.2 1:5 15 70 
22 DMA Cs2CO3 TBAB 0.5 No salt 1 26 0 
23 DMA KHCO3 None 0.5 2:1 23 59 
24 DMA K3PO4 TBAB 0.5 2:1 9 25 
25 DMA Et3N CTAB 0.1 1:5 0 0 
a The reaction was performed with 4-bromoanisole (0.5 mmol) and phenylboronic acid (0.6 mmol) within the corresponding reaction 
conditions.  
b A 20 mol% of the corresponding additive was employed. 
c The yield was calculated by GLC analysis by employing decane as internal standard. 
d Reaction irradiated in a sealed tube at 80 W of initial power keeping the temperature at 100 ºC for 30 min. 
e Reaction heated at 110 ºC for 5 h in a sealed tube. 

The reaction is better performed by conventional 
heating (Table 1, compare both yield columns and 
Figure 1a). In agreement with our initial supposition, 

the presence of carboxylic moieties in the ligand helps 
in the formation of the catalytic system when 
performing the reaction in polar protic solvents (such 
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as methanol and water), increasing the yield of the 
reaction (Figure 1b). Albeit, the reaction works under 
absence of ligand, but the use of the proper amount of 
compound 1 (1:1 and 1:2 palladium/1 ratios) allowed 
to increase the yields significantly (Figure 1c). 
Regarding the amount of palladium, there are not 
noteworthy differences, so 0.1 mol% of palladium 
acetate as the lowest amount was chosen.33 Among the 
bases, carbonates perform better than the rest, and it 
can be concluded that the organic base Et3N is not the 
base of choice for this catalytic system, giving low 
yields independently of the other parameters (Table 1, 
entries 5, 8, 15, 20 and 25).33 The use of a surfactant 
as additive or not is still unclear after this set of 
experiments, although the nature of the surfactant 
does not give any significant difference.33 

 
Figure 1 (a) Boxplot of experimental data using microwave 
irradiation and conventional heating. (b) Boxplot of experimental 
data employing different solvents. (c) Boxplot of experimental data 
using different palladium/1 ratios. 

Taking into consideration the information obtained, 
we prepared a new set of reactions. Thus, the reactions 
were performed under conventional heating (110 ºC, 
during 5 h) in water or methanol, employing 0.1 
mol% of Pd(OAc)2 in combination with 0.1 or 0.2 
mol% of 1, in the presence or not of CTAB (20 mol%) 
and using either K2CO3 or Cs2CO3 as base (Scheme 
2).33 In general, the cross-coupling product 2 was 
obtained within better yields by carrying out the 
reaction in methanol, although in water and under 
some specific reaction conditions (i.e. Cs2CO3, 
CTAB, Pd/1 ratio 1:2) 2 was also obtained in 99% 
yield (Scheme 2). Between both bases, cesium 
carbonate produced statistically better results.33 At 
this point of the analysis, it should be noted that the 
use of an additive seems to be crucial when 
performing the reaction in water, whereas it is not in 
methanol. Actually, both parameters solvent and 
additive have an important interaction as it is shown 
in Figure 2. In the absence of additive the reaction 

works better in methanol; but in the presence of 
CTAB there is non-significant difference between 
both, although yields are slightly better in water. 
Additional data analysis also revealed a minor 
interaction between the additive and the Pd/1 ratio 
parameters, and no-interaction between the solvent 
and the Pd/1 ratio.33 

 
Scheme 2 Cross-coupling reaction between 4-bromoanisole and 
phenylboronic acid in methanol and water. 

 
Figure 2 Interaction graph between solvent and the amount of 
CTAB as additive: (●) 0 mol%; (■) 20 mol%. 

Accordingly to the results obtained, the use of 
Cs2CO3 (2 equiv.), 0.1 mol% of Pd(OAc)2, 0.2 mol% 
of 1, in either methanol or water/CTAB (20 mol%) are 
the best reaction conditions for this catalytic system 
(Table 2). Performing the reaction at room 
temperature, instead of 110 ºC, for 5 h in MeOH 
produced compound 2 in 54% yield (Table 2, entry 3), 
albeit the catalytic system was still active and could 
work until completion of the reaction in 12 h (Table 2, 
entry 4). The activity of the catalytic system kept on 
the same level by reducing the reaction time to 15 
minutes even lessening the temperature to 65 ºC 
(Table 2, entries 5 and 6). The catalytic system in the 
water/CTAB mixture turned out to be less active. 
Thus, the reaction at room temperature gave the 
product in only 15% yield after 5 h (Table 2, entry 7), 
and at 110 ºC after 15 minutes just 40% (Table 2, 
entry 8) of the product was formed. 
In many cases, organotrifluoroborates are 
demonstrably superior to other organoboron reagents 
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in terms of their cross-coupling capabilities,34 so the 
study was extended to the trifluoroborate analogous. 
The reaction of 4-bromoanisole with potassium 
phenyltrifluoroborate in the water/CTAB mixture 
under the optimized reaction conditions, produced 
after 5 h the expected biaryl but in just 44% yield 
(Table 2, entry 9). This result can be explained by the 
fact that organotrifluoroborates undergo a hydrolytic 
equilibrium with the corresponding boronic acid that 
can affect in the rate of the reaction.35 Interestingly, 
the activity of the catalytic system in methanol 
resulted to be slightly higher (Table 2, compare entry 

3 with entry 10, and entry 6 with entries 11 and 12). 
Hence, the final product 2 was obtained quantitatively 
in only 5 minutes using PhBF3K, instead of the 
boronic acid. At this point, the optimization study 
resulted in a very active catalytic system using 1:2 
Pd/1 ratio (at a level 0.1 mol% of palladium) 
employing both boronic acid and trifluoroborate 
derivatives, with an enhancement of the activity 
provided by the imidazole derivative 1.36,37 
Furthermore, the use of this catalytic system under the 
optimal conditions did not produce the homocoupling 
product.  

Table 2 Cross-coupling of organoboron reagents with 4-bromoanisole in MeOH and H2O/CTABa  

+ 1.2 Ph-Y

Method A
MeOH

0.1 mol% Pd(OAc)2
0.2 mol% 1

Cs2CO3 (2 equiv.)

Method B
H2O

20 mol% CTAB
0.1 mol% Pd(OAc)2

0.2 mol% 1
Cs2CO3 (2 equiv.)

Br

MeO MeO

Ph

2

Method A or B

T (ºC), time

 
Entry Method Y T (ºC) Time Yield (%)b 
1 A B(OH)2 110 5 h >99 
2 B B(OH)2 110 5 h 99 
3 A B(OH)2 25 5 h 54 
4 A B(OH)2 25 12 h 99 
5 A B(OH)2 110 15 min 99 
6 A B(OH)2 65 15 min 99 
7 B B(OH)2 25 5 h 15 
8 B B(OH)2 110 15 min 40 
9 B BF3K 110 5 h 44 
10 A BF3K 25 5 h 76 
11 A BF3K 65 15 min >99 
12 A BF3K 65 5 min >99 
a Reaction performed with 4-bromoanisole (0.5 mmol) and phenylboron reagent (0.6 mmol) within the corresponding reaction conditions 
described as method A or method B. 
b The yield was calculated by GLC analysis by employing decane as internal standard. 
To further investigate the scope of this catalytic 
system in the reaction a set of different aryl bromides 
was cross-coupled with phenylboronic acid and 4-
methylphenylboronic acid using the optimized 
conditions, and in order to compare with, the 
corresponding analogous potassium 
aryltrifluoroborates were also employed. The results 
of the biaryl formation are presented in Table 3. The 
reaction employing potassium aryltrifluoroborates as 
coupling partners worked better than the 
corresponding boronic acids, expect in the case of 4-
bromophenol and 3-bromopyridine (Table 3, entries 7-
10). The probable deactivation of the catalyst by 
substrate coordination can explain the lower reactivity 
for these two bromo derivatives, although the catalyst 
was not completely deactivated and biaryls 5 and 6 
were obtained with yields ranging from 71 to 90% by 
lengthening the reaction time to 5 h (Table 3, entries 
7-10, footnote c). The coupling reaction between the 
more congested 2-bromotoluene with 4-
methylphenylboronic acid or potassium 4-
methylphenyltrifluoroborate produced the expected 

biaryl 10 with similar yields to those obtained for 
other substitued biaryls such as 9 (Table 3, compare 
entries 15 to 18), proving that there is not influence of 
the substituent in ortho-position during the catalytic 
cycle. 
The use of other commercially available aromatic 
organoboron reagents, such as 2-MeC6H4BF3K, 4-
F3CC6H4BF3K, 4-HOC6H4B(OH)2, and 4-t-
BuC6H4B(OH)2 allowed the preparation of biaryl 
products 11-17 within reasonably yields (Table 4). The 
sterically hindered 2-methylphenyl borate derivative 
was successfully coupled with aryl bromides having 
electron-donating and electron-withdrawing groups in 
their structures (Table 4, entries 1 to 3). Additionally, 
4-(trifluoromethyl)phenyltrifluoroborate was coupled 
with 2-bromotoluene producing the expected biaryl 14 
in 89% yield (Table 4, entry 4). Alternatively, 4-
bromophenyl methyl ketone was successfully reacted 
under the standard conditions with boronic acids 
bearing electron-donating groups, such as t-butyl and 
hydroxy, being products 15 and 16 isolated with 99 
and 60% yield. In the latter, the reaction did not 
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continue after 15 min (Table 4, entry 6, footnote c). 
Due to the good results obtained with a heteroaryl 
derivative together with a boronic acid, 3-
bromopyridine was coupled with 4-(t-
butyl)phenylboronic acid giving the expected biaryl 
17 in 90% after 5 h (Table 4, entry 7, footnote c). 
Finally, we were pleased to prove that vinyl boron 
reagents are suitable reagents for the catalytic system 
studied. Thus, styrylboronic acid gave the 
corresponding stilbene derivatives 18 and 19 in its 

reaction, in moderate to good yields, with two 
different aryl bromides (Table 4, entries 8 and 9). On 
the contrary, the coupling reaction of potassium 
vinyltrifluoroborate with 4-bromophenyl methyl 
ketone under the optimized conditions produced the 4-
vinylphenyl methyl ketone in lower yield (36%). The 
yield of 4-vinylphenyl methyl ketone could not be 
improved by extending the reaction time to 5 h, 
neither by adding more equivalents (up to 3) of the 
borate (38% yield in both experiments). 

Table 3 Arylboronic acids versus potassium aryltrifluoroborates in cross-coupling with aryl bromides catalyzed by Pd/1a 

Ar1 Br
Ar2 B(OH)2

or

Ar2 BF3K

+ Ar1 Ar2

Pd(OAc)2 (0.1 mol-%)
1 (0.2 mol-%)

Cs2CO3 (2 equiv.)
MeOH, 65 ºC, 15 min 2-10

 
Entry Ar1–Br Ar2–Y Product Yield (%)b 
1 4-MeOC6H4Br PhB(OH)2 

OMe

Ph

2
 

99 
2 4-MeOC6H4Br PhBF3K 99 

3 4-MeCOC6H4Br PhB(OH)2 Ph

3

O

Me
 

96 
4 4-MeCOC6H4Br PhBF3K 99 

5 4-t-BuC6H4Br PhB(OH)2 

But

Ph

4
 

85 
6 4-t-BuC6H4Br PhBF3K 98 

7 4-HOC6H4Br PhB(OH)2 

OH

Ph

5
 

77(90)c 
8 4-HOC6H4Br PhBF3K 66(81)c 

9 3-Bromopyridine PhB(OH)2 

N

Ph

6  

23(89)c 
10 3-Bromopyridine PhBF3K 15(71)c 

11 4-MeOC6H4Br 4-MeC6H4B(OH)2 

OMe
7

Me

 

96 
12 4-MeOC6H4Br 4-MeC6H4BF3K >99 

13 4-MeCOC6H4Br 4-MeC6H4B(OH)2 

8

Me

O

Me  

98 
14 4-MeCOC6H4Br 4-MeC6H4BF3K 99 

15 4-t-BuC6H4Br 4-MeC6H4B(OH)2 

But

9

Me

 

81 
16 4-t-BuC6H4Br 4-MeC6H4BF3K 99 

17 2-MeC6H4Br 4-MeC6H4B(OH)2 

10

Me
Me

 

87 
18 2-MeC6H4Br 4-MeC6H4BF3K 99 

a The reaction was performed with aryl bromide (2 mmol), arylboronic acid or potassium aryltrifluoroborate (2.4 mmol), cesium carbonate (4 
mmol), palladium acetate (0.002 mmol), 1 (0.004 mmol), MeOH (2 mL), 65 ºC, 15 min. 
b Isolated yield of pure product after purification by flash chromatrography (silica gel; hexane/ethyl acetate mixtures), or recrystallization.  
c In brackets, yield after 5 h. 
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Table 4 Reaction of organoboron reagents with aryl bromidesa 

Pd(OAc)2 (0.1 mol-%)
1 (0.2 mol-%)

Cs2CO3 (2 equiv.)
MeOH, 65 ºC, 15 min

X

Br
+  R2-Y

11-19

R1

X

R2

R1

 
Entry R1 X R2–Y Product Yield (%)b 
1 4-MeCO CH 2-MeC6H4BF3K 

11

O

Me

Me

 

99 

2 4-t-Bu CH 2-MeC6H4BF3K 

But

12

Me

 

89 

3 4-MeO CH 2-MeC6H4BF3K 

MeO

13

Me

 

86 

4 2-Me CH 4-F3CC6H4BF3K 

CF3

14

Me

 

89 

5 4-MeCO CH 4-t-BuC6H4B(OH)2 

15

O

Me
But

 

99 

6 4-MeCO CH 4-HOC6H4B(OH)2 

16

O

Me
OH

 

60(60)c 

7 H N 4-t-BuC6H4B(OH)2 N

17

But

 

42(90)c 

8 4-MeCO CH (E)-PhCH=CHB(OH)2 

18

O

Me

Ph

 

92 

9 4-t-Bu CH (E)-PhCH=CHB(OH)2 
But

19

Ph

 

68 

a The reaction was performed with aryl bromide (2 mmol), boron reagent (2.4 mmol), cesium carbonate (4 mmol), palladium acetate (0.002 
mmol), 1 (0.004 mmol), MeOH (2 mL), 65 ºC, 15 min. 
b Isolated yield of pure product after purification by flash chromatrography (silica gel; hexane/ethyl acetate mixtures), or recrystallization. 
c In brackets, yield after 5 h. 
Mercury forms an amalgam with the catalytically 
active nanoparticles and if the catalytic reaction stops 
after the mercury is added the reaction mechanism 
follows a heterogeneous pathway. It follows a 
homogeneous pathway if mercury does not suppress 
the catalytic activity.38 Thus, in a representative 
experiment by using the mixture Pd(OAc)2/1 under 
the standard conditions, 4-bromoanisole was reacted 
with potassium phenyltrifluoroborate, and a large 
excess of elemental mercury (in a molar ratio of 800 
equiv. to the palladium) was added after 1 min (20% 

yield by GLC analysis using decane as internal 
standard). This addition did not stall completely the 
catalytic activity, and the yield of 65% was 
determined after 15 minutes. In contrast, a parallel 
mercury-free reaction reached quantitative yield over 
the same period. Consequently, it seems to be a 
homogeneous palladium catalyst operating after the 
addition of mercury, albeit the formation of few 
amounts of nanoparticles (heterogeneous catalyst) 
cannot be completely ruled out due to the higher 
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conversion in the absence of mercury (control 
experiment). 
To conclude, we have reported an efficient protocol 
for the cross-coupling between aryl bromides and 
boronic acids or trifluoroborates by using 1,3-
bis(carboxymethyl)imidazolyl-palladium catalyst 
formed in situ from palladium(II) acetate and the 
imidazole 1. The optimization process (via a Design 
of Experiments) allowed us to find that with this type 
of carboxy-functionalized imidazole the reaction 
proceeded better in polar protic solvents, such as 
MeOH and water, under conventional heating (vs. 
microwave heating). Additionally, the use of a double 
amount of imidazole 1 to palladium proved to be the 
best ratio. The information derived from our study 
also showed an interaction between three of the 
considered factors: solvent, the use of an additive and 
palladium/1 ratio. Moreover, the catalytic system 
(with a level of 0.1 mol%) in MeOH proved to be very 
active giving the coupling products from a variety of 
aryl bromides and aryl- and vinylboron reagents (i.e. 
boronic acids and trifluoroborates) in 15 minutes. In 
general, potassium aryltrifluorborates gave better 
results than the boronic acids, except in the case of 
hydroxyaryl or heteroaryl bromides. 

 

All commercially available reagents (Acros, Aldrich, 
Fluka) were used without further purification. Melting 
points were determined with a Reichert Thermovar 
hot plate apparatus and are uncorrected. NMR spectra 
were recorded on a Bruker-Avance 300 and a Bruker-
Avance 400 (300 and 400 MHz for 1H-NMR and 75 
and 100 MHz for 13C-NMR) using, except otherwise 
stated, CDCl3 as solvent and TMS as internal 
standard; chemical shifts are given in δ (ppm) and 
coupling constants (J) in Hertz. Mass spectra (EI) 
were obtained at 70 eV on an Agilent 5973 
spectrometer, fragment ions in m/z with relative 
intensities (%) in parenthesis. Infrared spectra were 
recorded on a Perkin-Elmer Spectrum 100 
spectrometer as neat solids. Analytical TLC was 
performed on Merck aluminum sheets with silica gel 
60 F254. Silica gel P/UV254 with CaSO4 was 
employed for preparative thin layer chromatography. 
Microwave reactions were performed with a CEM 
Discover Synthesis Unit (CEM Corp., Matthews, NC) 
with a continuous focused microwave power delivery 
system in glass vessels (10 mL) sealed with a septum 
under magnetic stirring. 
1,3-Bis(carboxymethyl)imidazole (1)9,14 
Glyoxal trimer dihydrate (0.35 g, 5 mmol of glyoxal), 
paraformaldehyde (0.16 g, 5 mmol) and glycine (0.75 
g, 10 mmol) were added to a round-bottom flask. 
Then 7 mL of water were added and the resulting 
mixture was heated at 95 ºC during 2 h. The water was 
removed under reduced pressure, and the crude was 

washed with a small amount of water. 
Recrystallization of the solid residue in methanol 
twice furnished the imidazolium salt 1. 
White solid; yield: 0.6 g (65 %); m.p. = 308 ºC 
decomp. (MeOH/H2O; lit.:9 290 ºC decomp.). 
1H NMR (300 MHz, D2O): δ = 5.00 (s, 2×CH2, 2H), 
7.51 (s, NCHCHN, 2H), 8.85 (s, NCHN, 1H). 
13C NMR (75 MHz, D2O): δ = 52.6, 124.8, 139.2, 
172.6. 
Cross-coupling or Aryl Halides with Organoboron 
Reagents. Typical Procedure 
In a vessel, the aryl bromide (2 mmol) and the boronic 
acid (2.4 mmol) or the trifluoroborate (2.4 mmol) 
were added to a solution of Pd(OAc)2 (0.4 mg, 0.002 
mmol), imidazole 1 (0.8 mg, 0.004 mmol), and 
cesium carbonate (1.3 g, 4 mmol), in MeOH (2 mL, 
method A) or H2O (2 mL, method B) with CTAB 
(0.15 g, 0.4 mmol). The resulting mixture was 
refluxed with stirring for 15 min (or 5 h) and, after 
allowing the reaction to cool down to room 
temperature, it was extracted with ethyl acetate (5×5 
mL). The combined organic layers were filtered 
through a pad of Celite, and then the solvent was 
eliminated under reduced pressure. The crude 
products were purified by recrystallization in 
MeOH/H2O, or by preparative TLC (silica gel with 
ethyl acetate/hexane mixtures). Yields are given in 
Tables 3 and 4. Physical, spectroscopic, and analytical 
data, as well as literature references of known 
compounds follow. 
4-Methoxybiphenyl (2)39  
White solid; yield: 365 mg (99 %); m.p. = 91-92 ºC 
(MeOH/H2O) (lit.:39b 90-91ºC).  
1H NMR (300 MHz, CDCl3): δ = 3.85 (s, OCH3, 3H), 
6.98, 7.30, 7.42, 7.55 (4m, 9×ArH, 2H, 1H, 2H, 4H).  
13C NMR (75 MHz, CDCl3): δ = 55.3, 114.2, 126.6, 
126.7, 128.1, 128.7, 133.8, 140.8, 159.1.  
MS (EI): m/z = 184 (M+, 100%), 169 (45), 141 (38), 
115 (25). 
4-Phenylacetophenone (3)40  
White solid; yield: 387 mg (99 %); m.p. = 122-123 ºC 
(MeOH/H2O) (lit.:40b 116-118 ºC).  
1H NMR (300 MHz, CDCl3): δ = 2.64 (s, COCH3, 
3H), 7.38-7.50, 7.63, 7.69, 8.03 (4m, 9×ArH, 3H, 2H, 
2H, 2H).  
13C NMR (75 MHz, CDCl3): δ = 26.6, 127.2, 127.3, 
128.1, 128.8, 128.9, 135.8, 139.9, 145.8, 197.2.  
MS (EI): m/z = 196 (M+, 54%), 181 (100), 153 (32), 
152 (48). 
4-(tert-Butyl)biphenyl (4)41  
White solid; yield: 410 mg (98 %); m.p. = 52-53 ºC 
(EtOAc) (lit.:41 51-52 ºC).  
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1H NMR (300 MHz, CDCl3): δ = 1.36 [s, C(CH3)3, 
9H], 7.32, 7.40-7.48, 7.52-7.55, 7.58-7.60 (4m, 
9×ArH, 1H, 4H, 2H, 2H).  
13C NMR (75 MHz, CDCl3): δ = 31.4, 34.5, 125.7, 
126.8, 126.9, 127.0, 128.7, 138.3, 141.0, 150.2.  
MS (EI): m/z = 210 (M+, 60%), 196 (28), 195 (100), 
167 (42). 
4-Phenylphenol (5)40b  
White solid; yield: 265 mg (77 %); m.p. = 167-168 ºC 
(MeOH/H2O) (lit.:40b 165-167 ºC).  
1H NMR (400 MHz, CDCl3): δ = 1.25 (br s, OH, 1H), 
6.91, 7.30, 7.41, 7.48, 7.54 (5m, 9×ArH, 2H, 1H, 2H, 
2H, 2H).  
13C NMR (100 MHz, CDCl3): δ = 115.6, 128.4, 
128.7, 134.0, 140.7, 155.1.  
MS (EI): m/z = 170 (M+, 100%), 141 (18), 115 (13). 
3-Phenylpyridine (6)40a  
Yellow oil; yield: 73 g (23 %).  
1H NMR (300 MHz, CDCl3): δ = 7.34-7.43, 7.45-
7.51, 7.56-7.60 (3m, 6×ArH, 2H, 2H, 2H), 7.87 (ddd, 
J = 1.7, 2.4, 7.9 Hz, ArH, 1H), 8.59 (dd, J = 1.7, 4.8 
Hz, ArH, 1H), 8.85 (dd, J = 0.7, 2.3 Hz, ArH, 1H).  
13C NMR (75 MHz, CDCl3): δ = 123.4, 127.1, 128.0, 
129.0, 134.3, 136.6, 137.8, 148.2 y 148.4.  
MS (EI): m/z = 155 (M+, 100%), 154 (82), 128 (18), 
127 (25), 102 (17). 
4-Methoxy-4’-methylbiphenyl (7)42  
White solid; yield: 390 mg (99 %); m.p. = 108-109 ºC 
(EtOAc) (lit.:42 109-110 ºC).  
1H NMR (300 MHz, CDCl3): δ = 2.38 (s, CH3, 3H), 
3.85 (s, OCH3, 3H), 6.96 (m, 2×ArH, 2H), 7.22 (d, J 
= 7.9 Hz, 2×ArH, 2H), 7.45, 7.51 (2m, 4×ArH, 2H, 
2H).  
13C NMR (75 MHz, CDCl3): δ = 21.0, 55.3, 114.1, 
126.6, 127.9, 129.4, 133.7, 136.3, 137.9, 158.9.  
MS (EI): m/z = 198 (M+, 100%), 183 (51), 155 (26). 
1-(4'-methyl-1,1'-biphenyl-4-yl)ethanone (8)43  
Colourless oil; yield: 417 mg (99 %).  
1H NMR (300 MHz, CDCl3): δ = 2.41 (s, CH3, 3H), 
2.63 (s, CH3CO, 3H), 7.28, 7.53, 7.67, 8.02 (4m, 
8×ArH, 2H, 2H, 2H, 2H).  
13C NMR (75 MHz, CDCl3): δ = 21.2, 26.6, 126.9, 
127.1, 128.9, 129.7, 135.6, 137.0, 138.2, 145.7, 197.5.  
MS (EI): m/z = 210 (M+, 51%), 196 (15), 195 (100), 
165 (24), 152 (31). 
4-(tert-Butyl)-4’-methylbiphenyl (9)44  
White solid; yield: 445 mg (99 %); m.p. = 75-76 ºC 
(EtOAc) (lit.:44 75-76 ºC).  
1H NMR (300 MHz, CDCl3): δ = 1.36 [s, C(CH3)3, 
9H], 2.38 (s, CH3, 3H), 7.23 (d, J = 7.8 Hz, 2×ArH, 
2H), 7.43-7.47, 7.50-7.53 (2m, 6×ArH, 3H, 3H).  

13C NMR (75 MHz, CDCl3): δ = 21.1, 31.4, 34.5, 
125.6, 126.6, 126.8, 129.4, 136.7, 138.1, 138.2, 149.9. 
MS (EI): m/z = 224 (M+, 64%), 210 (30), 209 (100), 
181 (28), 165 (19), 90 (12). 
2,4’-Dimethylbiphenyl (10)45  
Yellow oil; yield: 360 mg (99 %).  
1H NMR (300 MHz, CDCl3): δ = 2.28, 2.40 (2s, 
2×CH3, 3H, 3H), 7.22-7.25 (m, 8×ArH, 8H).  
13C NMR (75 MHz, CDCl3): δ = 20.5, 21.2, 125.7, 
127.0, 128.7, 129.0, 129.8, 130.2, 135.4, 136.4, 139.0, 
141.9.  
MS (EI): m/z = 182 (M+, 92%), 181 (24), 168 (14), 
167 (100), 166 (26), 165 (53), 152 (19). 
1-(2'-Methyl-1,1'-biphenyl-4-yl)ethanone (11)46  
Colourless oil; yield: 416 mg (99 %).  
1H NMR (300 MHz, CDCl3): δ = 2.27 (s, CH3, 3H), 
2.64 (s, COCH3, 3H), 7.20-7.29, 4.42, 8.01 (3m, 
8×ArH, 4H, 2H, 2H).  
13C NMR (75 MHz, CDCl3): δ = 20.3, 26.6, 125.9, 
127.8, 128.2, 129.4, 129.5, 130.5, 135.1, 135.5, 140.7, 
146.9, 197.8.  
MS (EI): m/z = 211 (M++1, 9%), 210 (M+,52), 196 
(16), 195 (100), 165 (34), 167 (11), 166 (11), 152 
(28). 
4'-(tert-Butyl)-2-methyl-1,1'-biphenyl (12)47  
Colourless solid; yield: 400 mg (89 %); m.p. = 39-40 
ºC (EtOAc) (lit.:47 40-41 ºC).  
1H NMR (300 MHz, CDCl3): δ = 1.36 (s, CH3, 3H), 
2.28 [C(CH3)3, 9H, s], 7.21-7.26, 7.42 (2m, 8×ArH, 
6H, 2H).  
13C NMR (75 MHz, CDCl3): δ = 20.6, 31.4, 34.5, 
124.9, 125.7, 127.0, 128.8, 129.9, 130.3, 135.4, 138.9, 
141.8, 149.5.  
MS (EI): m/z = 224 (M+, 37%), 210 (18), 209 (100), 
181 (12), 165 (15). 
4'-Methoxy-2-methyl-1,1'-biphenyl (13)48  
Colourless solid; yield: 341 mg (86 %); m.p. = 50-52 
ºC (EtOAc) (lit.:48 51-52 ºC).  
1H NMR (300 MHz, CDCl3): δ = 2.27 (s, CH3, 3H), 
3.83 (s, OCH3, 3H), 6.94, 7.21-7.25 (2m, 8×ArH, 2H, 
6H).  
13C NMR (75 MHz, CDCl3): δ = 20.5, 55.2, 113.4, 
125.7, 126.9, 129.9, 130.2, 130.3, 134.3, 135.4, 141.5, 
158.5.  
MS (EI): m/z = 198 (M+, 100%), 183 (27), 167 (21), 
165 (23), 155 (24), 153 (23). 
2-Methyl-4'-(trifluoromethyl)-1,1'-biphenyl (14)49  
Colourless oil; yield: 420 mg (89 %);.  
1H NMR (300 MHz, CDCl3): δ = 2.26 (s, CH3, 3H), 
7.19-7.31 (m, 4×ArH, 4H), 7.44, 7.67 (2d, J = 7.9, 
8.0, 4×ArH, 2H, 2H).  
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13C NMR (75 MHz, CDCl3): δ = 20.3, 125.0, 125.1, 
126.0, 127.9, 129.5, 130.5, 135.2, 140.5, 145.6.  
MS (EI): m/z = 236 (M+, 100%), 235 (19), 217 (10), 
167 (76), 166 (21). 
1-[4'-(tert-Butyl)-1,1'-biphenyl-4-yl]ethanone (15)50  
White solid; yield: 500 mg (99 %); m.p. = 126-127 ºC 
(EtOAc).  
1H NMR (300 MHz, CDCl3): δ = 1.37 [s, (C(CH3)3, 
9H], 2.63 (s, COCH3, 3H), 7.49, 7.58, (2m, 4×ArH, 
2H, 2H), 7.68 (d, J = 5.1 Hz, 2×ArH, 2H), 8.02 (d, J = 
5.1 Hz, 2×ArH, 2H).  
13C NMR (75 MHz, CDCl3): δ = 26.6, 31.3, 34.6, 
125.9, 126.9, 127.0, 128.9, 135.6, 136.9, 145.6, 151.4, 
197.8.  
MS (EI): m/z = 252 (M+, 37%), 238 (20), 237 (100), 
209 (12), 97 (10). 
1-(4'-Hydroxy-1,1'-biphenyl-4-yl)ethanone (16)51  
White solid; yield: 255 mg (60 %); m.p. 204-205 ºC 
(EtOAc) (lit.:51 202-206 ºC).  
1H NMR (300 MHz, CD3OD): δ = 2.61 (s, CH3, 3H), 
6.88 (d, J = 8.7 Hz, 2×ArH, 2H), 7.54 (d, J = 8.7 Hz, 
2×ArH, 2H), 7.69 (d, J = 8.5 Hz, 2×ArH, 2H), 8.02 (d, 
J = 8.5 Hz, 2×ArH, 2H).  
13C NMR (75 MHz, CD3OD): δ = 27.5, 117.7, 128.2, 
130.2, 131.0, 133.0, 137.0, 148.1, 160.1, 202.  
MS (EI): m/z = 212 (M+, 64%), 198 (15), 197 (100), 
169 (13), 141 (10), 139 (14). 
3-[4-(tert-Butyl)phenyl]pyridine (17)52  
White solid; yield: 177 mg (42 %); m.p. 62-63 ºC 
(EtOAc) (lit.:52 65-66 ºC).  
1H NMR (300 MHz, CDCl3): δ = 1.36 [s, (C(CH3)3, 
9H], 7.33 (ddd, J = 0.7, 4.8, 7.9 Hz, ArH, 1H), 7.51 
(m, 4×ArH, 4H), 7.86 (ddd, J = 1.7, 2.3, 7.9 Hz, ArH, 
1H), 8.56 (dd, J = 1.6, 4.8 Hz, ArH, 1H), 8.85 (m, 
ArH, 1H).  
13C NMR (75 MHz, CDCl3): δ = 31.2, 34.6, 123.4, 
126.0, 126.7, 134.1, 134.8, 136.4, 148.1, 148.2, 151.2.  
MS (EI): m/z = 211 (M+, 31%), 197 (16), 196 (100), 
168 (25), 167 (11). 
(E)-1-(4-Styrylphenyl)ethanone (18)53  
Colourless solid; yield: 408 mg (92 %); m.p. 141-142 
ºC (EtOAc) (lit.:53 140-141 ºC).  
1H NMR (300 MHz, CDCl3): δ = 2.61 (s, CH3, 3H), 
7.13 (d, J = 16.4 Hz, HC=CH, 1H), 7.23 (d, J = 16.4 
Hz, HC=CH, 1H), 7.31, 7.39, 7.56 (3m, 7×ArH, 1H, 
2H, 4H), 7.95 (d, J = 8.4 Hz, 2H, 2×ArH, 2H).  
13C NMR (75 MHz, CDCl3): δ = 26.6, 126.5, 126.8, 
127.4, 128.3, 128.8, 128.9, 131.4, 135.9, 136.7, 142.0, 
197.5.  
MS (EI): m/z = 222 (M+, 69%), 208 (17), 207 (100), 
179 (21), 178 (59), 152 (10). 
(E)-4-(tert-Butyl)stilbene (19)54  

White solid; yield: 322 mg (68 %); m.p. 95-96 ºC 
(EtOAc) (lit.:54 96-98 ºC).  
1H NMR (300 MHz, CDCl3): δ = 1.34 [s, C(CH3)3, 
9H], 7.09 (m, HC=CH, 2H), 7.25, 7.37, 7.49 (3m, 
9×ArH, 1H, 4H, 4H).  
13C NMR (75 MHz, CDCl3): δ = 31.2, 34.6, 125.6, 
126.2, 126.4, 127.4, 127.9, 128.5, 128.6, 134.6, 137.5, 
150.8.  
MS (EI): m/z = 236 (M+, 50%), 222 (19), 221 (100), 
178 (13). 
 
Supporting Information for this article is available 
online at http://www.thieme-
connect.com/products/ejournals/journal/10.1055/s-
00000084. If Supporting Information is not being 
supplied for this manuscript, please delete this 
paragraph. 
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