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Abstract A pillar[5]arene-based N-heterocyclic carbene

ligand was prepared by reaction of bromoethoxy pil-

lar[5]arene with excess 1-methylimidazole at 130 �C in the

absence of solvent and used as a catalyst for the Suzuki

coupling reaction. Excellent yields were obtained when the

Suzuki reactions were carried out under ambient atmo-

sphere in ethanol, employing 0.2 mol% ligand, 1 mol%

PdCl2(CH3CN)2 and 1.5 mmol of K2CO3. The novel pil-

lar[5]arene-based imidazolium salt is a promising material

for the construction of highly active supramolecular cat-

alytic systems.

Keywords Pillar[5]arene � N-Heterocyclic carbene �
Supramolecular � Suzuki � Cross-coupling

Introduction

The Suzuki–Miyaura [1] reaction belongs to the valuable

class of organic coupling reactions, using palladium(0)

complexes to catalyse the coupling of boranes, boronic

esters, and boronic acids with aryl halides [2–5]. This

reaction has become one of the most important C–C bond

forming methods in the synthesis of natural products,

polymers, liquid crystals and organic materials [6].

Since their discovery by Arduengo in 1991 [7, 8], N-

heterocyclic carbenes (NHCs) have demonstrated excel-

lent performance in various catalytic reactions, including

those catalysed by palladium [9–11]. Similarly,

supramolecular N-heterocyclic carbene ligands (such as

crown ethers [12–14], cyclodextrins [15, 16], calixarenes

[17, 18] and porphyrins [19, 20]) play an important role in

catalytic reactions, exhibiting excellent performance. The

Mei-Ming [21] group reported Pd(II)–NHC crown ether

complexes (Fig. 1a) in 2008, used to catalyse Suzuki–

Miyaura reactions of various aryl bromides in water.

These reactions did not require inert gas protection and

exhibited high product yields and turnover numbers

(TONs) of up to 99,000. We prepared a porphyrin-based

NHC ligand (Fig. 1b) and investigated its catalytic

activity in Suzuki coupling in 2009 [22, 23]. The Ulrich

Darbost [24] group reported calix[4]arene-supported N-

heterocyclic carbene palladium complexes (Fig. 1c) in

2014, and fully characterized their performance in

Suzuki–Miyaura reactions with a variety of aryl bromides

and heterocyclic substrates, revealing good catalytic

performance.

Pillar[n]arenes, a new class of macrocyclic hosts, were

first reported by Tomoki Ogoshi [25] and co-workers in

2008. Their structural repeating units are connected by

methylene bridges in the two para-positions, forming a

rigid pillar-like architecture [26]. Due to ease of synthesis

and modification, pillar[n]arenes have attracted a lot of

attention in the field of analytical chemistry. Tomoki

Ogoshi and Yong Yao reported pillar[5]arene-based imi-

dazolium salts in 2012. This kind of pillar[5]arenes were

used in molecular recognition [27] and as a novel stabilizer

to fabricate gold nanoparticles in water [28]. As part of our

current research on supramolecular N-heterocyclic carbe-

nes, we have found that pillar[5]arene-based imidazolium
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salts as N-heterocyclic carbene precursors, exhibit good

organocatalytic properties.

Results and discussion

In this study, we synthesized pillar[5]arene-based imida-

zolium hexafluorophosphate according to previously

reported procedures [27, 28]. The synthesis of NHC ligand

is outlined in Scheme 1. Bromoethoxy pillar[5]arene 2 was

prepared by stirring a mixture of 1,4-bis(2-bro-

moethoxy)benzene 1, BF3�Et2O and paraformaldehyde in

dry CH2Cl2 for 150 min under N2 atmosphere. Pil-

lar[5]arene-based N-heterocyclic carbene ligand 3 was

prepared by reacting bromoethoxy pillar[5]arene 2 with

excess 1-methylimidazole at 130 �C in absence of solvent,

followed by anion exchange with PF6
- [27, 29, 30]. The

product was characterized by 1H NMR, 13C NMR, IR

spectroscopy and elemental analysis. The 1H NMR reso-

nance of the imidazolium proton of ligand 3 (NCHN) at d
8.89 supports the formation of the expected carbene

precursor.

In the initial phase of the study, we tried to determine

optimum conditions for the catalytic system, including

base, solvent, temperature, etc. We used the reaction of

bromobenzene with phenylboronic acid as a prototypical

substrate combination to produce the biphenyl coupling

product 5a in presence of ligand 3, with the results sum-

marized in Table 1.

Initially, a good yield (99%, entry 10) was obtained

using 1 mol% of ligand 3 and 5 mol% of PdCl2(CH3CN)2.

The amount of 3 was subsequently reduced to 0.2 mol%,

still achieving a 99% yield (entry 11). During temperature

screening, we conducted the reaction for 1.5 h at 65 �C,

reaching a yield of 99% undoubtedly (entry 9). When the

temperature was lowered to 50 �C, the yield was still sat-

isfactory (entry 11). Surprisingly, when the reaction was

performed at room temperature for 12 h, the yield reached

90% (entry 8), indicating the novel pillar[5]arene-based

N-heterocyclic carbene ligand 3 exhibits excellent catalytic

properties for the Suzuki cross-coupling reactions.

In order to explore the scope and limitations of ligand 3,

we coupled extensive aryl halide derivatives with phenyl-

boronic acid derivatives under optimized reaction condi-

tions, with the results summarized in Table 2.

Generally, the electronic properties of aryl halides sig-

nificantly influence the outcome of coupling reactions, i.e.

the presence of electron-withdrawing groups is proven
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beneficial. In contrast, the presence of electron-donating

groups or neutral groups results in moderate yields. In this

experiment, we found that 4-bromotoluene and 4-bro-

moanisole, having electron-donating groups, are coupled

with phenylboronic acid in yields of 95% or more (Table 2,

entries 5 and 8). When 4-chlorophenylboronic acid was

used as a substrate, the reaction yield was slightly

decreased (Table 2, entry 6 and 9). Additionally, we tried

to couple less reactive chlorobenzene derivatives, but the

yields were relatively low (Table 2, entries 1 and 2).

After the NHC-pillar[5]arene was shown to be an

effective catalyst for the Suzuki–Miyaura cross-coupling of

aryl bromides and phenylboronic acid, the monomer-NHC

ligand 4 lacking the pillar-shaped architecture was also

prepared for comparison (Fig. 2). This new imidazolium

salt was then compared with the NHC–pillar[5]arene 3 in

standard Suzuki–Miyaura cross-coupling forming biaryls

(Table 3).

Interestingly, both precursors gave comparable reaction

yields in the simple coupling of aryl bromides and

phenylboronic acid at 50 �C. It is surprising that the

pillar[5]arene core seems to have a large impact on the

coupling. Notably, with 0.2 mol% of NHC–pillar[5]arene 3

used, all of the aryl bromides and phenylboronic acid were

converted to the corresponding biaryls in excellent yields

(entries 1, 3, 5, 7, and 9). Ligand 4 was used in 1 mol%

loading, providing the same number of imidazolium units

as ligand 3. However, the corresponding reaction yields

were significantly reduced (entries 2, 4, 6, 8, and 10).

In order to further demonstrate the importance of

supramolecular macrocyclic for this reaction, 1H NMR

spectroscopy (Fig. 3) was employed to study the inclusion

interaction between ligand 3 and aryl bromide substrates.

As shown in Fig. 3, when ligand 3 was added to bro-

mobenzene solution, the signals of the homologous protons

of the bromobenzene showed different shifts. (Other

spectra in the Supplementary material) These facts suggest

that the higher yields obtained with ligand 3 are

attributable to its structural properties and capacity to

strongly bind aryl bromides in its hydrophobic cavity

(Fig. 4), which enhances the interaction with other reagents

and palladium [31–35].

Table 1 Optimization of reaction conditions

Br B(OH)2+
Ligand 3, PdCl2(CH3CN)2, Base

Solvent, Temp, Time 5a

Entry Solvent Base T (�C) T (h) Yield (%)a

1 Ethanol KOH 65 5 33

2 Ethanol K3PO4 50 3 90

3 Ethanol CH3COONa 50 3 85

4 Ethanol KOtBu 50 3 61

5 Ethanol NEt3 50 3 82

6 Ethanol NaOtBu 50 3 45

7 Ethanol Na2CO3 50 3 33

8 Ethanol K2CO3 25 12 90

9 Ethanol K2CO3 65 1.5 99

10 Ethanol K2CO3 50 1.5 99b

11 Ethanol K2CO3 50 1.5 99

12 DMF K2CO3 50 3 15

13 THF K2CO3 50 3 27

14 H2O K2CO3 50 3 Tracec

15 CH3CN K2CO3 50 3 40

16 1,4-dioxane K2CO3 75 3 51

Reaction condition: 0.50 mmol of bromobenzene, 0.55 mmol of phenylboronic acid, 1.5 mmol of base, 0.2 mol% ligand 3, 1 mol% PdCl2
(CH3CN)2, solvent 1.5 mL

Bold values indicate the best reaction condition
a Isolated yields
b The amount of ligand 3 is 1 mol%, PdCl2(CH3CN)2 is 5 mol%
c Add TBAI 0.22 mmol
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Conclusion

In summary, a convenient and efficient Suzuki–Miyaura

cross-coupling for the synthesis of biaryls employing an

NHC ligand was disclosed. The novel NHC-pillar[5]arene

ligand was prepared and demonstrated to exhibit good

catalytic activity in Suzuki–Miyaura cross-coupling of aryl

bromides and phenylboronic acid under mild conditions,

without the protection of an inert gas. The hydrophobic

cavity present in the structure of pillar[5]arenes was found

to play a very important role in this coupling reaction.

Inspired by this, we are now pursuing a search for highly

active supramolecular catalytic systems.

Experimental

All manipulations, reactions were performed under air

atmosphere; solvents were purified using standard meth-

ods. Precursors 1, 2 and 3 were synthesized according to

the previously reported [27, 28]. IR spectra were recorded

on a Varian 660-IR spectrometer. 1H NMR and 13C NMR

spectra were obtained on a Bruker AVANCE III HD

600 MHz spectrometer in CDCl3 and d6-DMSO with TMS

as an internal reference. Coupling constants (J-values) are

given in hertz. NMR multiplicities are abbreviated as fol-

lows: s = singlet, d = doublet, t = triplet, m = multiplet

signal.

Preparation of the 1,4-bis(2-bromoethoxy)benzene

(1) [27, 28]

A solution of 4-bis(2-hydroxyethoxy) benzene (6.0 g,

30 mmol) and triphenylphosphine (18.9 g, 72.1 mmol) in

dry acetonitrile (200 mL) was cooled with an ice bath.

Under vigorous stirring, carbon tetrabromide (24.0 g,

72.4 mmol) was slowly added. The mixture was stirred at

room temperature for 12 h. Then cold water (200 mL) was

added to the reaction mixture to give white precipitation.

Table 2 Suzuki–Miyaura cross-coupling of aryl halide with different boronicacids

5a-o

X B(OH)2+
Ligand 3, PdCl2(CH3CN)2, K2CO3

C2H5OH, 50 , 1.5h
R1 R2 R1 R2

Entry R1 R2 X Product Yield (%)a

1 H H Cl 5a 40

2 CH3 H Cl 5b 34

3 H Cl Br 5c 99

4 H CH3CH2 O Br 5d 99

5 CH3 H Br 5b 99

6 CH3 Cl Br 5e 82

7 CH3 CH3CH2O Br 5f 97

8 CH3O H Br 5g 99

9 CH3O Cl Br 5h 90

10 CH3O CH3CH2O Br 5i 90

11 NO2 H Br 5j 99

12 NO2 Cl Br 5k 95

13 NO2 CH3CH2O Br 5l 91

14 CN H Br 5m 99

15 CN Cl Br 5n 96

16 CN CH3CH2O Br 5o 92

Reaction condition: 0.50 mmol of Ar–X, 0.55 mmol phenylboronic acid, 1.5 mmol of K2CO3, 0.2 mol% ligand 3, 1 mol% PdCl2(CH3CN)2,

ethanol 1.5 mL, 50 �C, 1.5 h
a Isolated yields after chromatographic purification
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The precipitate was collected, washed with methanol/water

(3:2, 3 9 100 mL), recrystallized from methanol, and

dried under vacuum to afford 1 as white crystals, 82.7%

(14.5 g). 1H NMR (600 MHz, CDCl3): d = 6.86 (s, 4H),

4.24 (t, J = 6.3, 4H), 3.61 (t, J = 6.3, 4H) ppm.

Preparation of the pillar[5]arene (2) [27]

To a 500 mL Schlenk flask with magnetic stir bar was

charged compound 1 (3.0 g 9.2 mmol), Paraformaldehyde

(0.834 g, 27.8 mmol), CH2Cl2 (200 mL) was then charged,

and the solution was cooled to 0 �C in an ice bath. Boron

trifluoride etherate (3.0 mL, 23.7 mmol) was added to the

solution cooling with ice bath under N2 protection. The

mixture was stirred for 2.5 h. The reaction mixture was

filtration. Filtrate washed with 2.5 M NaOH (2 9 30 mL)

and water (1 9 30 mL) and dried with anhydrous MgSO4.

The solvent was evaporated to provide a crude product.

Recrystallized from ethyl acetate, and dried under vacuum

to afford 2 as white or light yellow powder, 40% (1.2 g).

Table 3 Suzuki–miyaura cross-coupling of bromobenzene derivatives with different catalysts

X B(OH)2+ Ligand, PdCl2(CH3CN)2, K2CO3

C2H5OH, 50 , 1.5h
R R

Entry R Ligand t (h) Yield (%)a

1 H 3 1.5 99

2 H 4 1.5 70

3 CH3 3 1.5 99

4 CH3 4 1.5 68

5 CH3O 3 1.5 99

6 CH3O 4 1.5 66

7 NO2 3 1.5 99

8 NO2 4 1.5 75

9 CN 3 1.5 99

10 CN 4 1.5 78

Reaction condition: 0.50 mmol of Ar–X, 0.55 mmol phenylboronic acid, 1.5 mmol of K2CO3, 0.2 mol% ligand 3, 1 mol% ligand 4, 1 mol%

PdCl2(CH3CN)2, ethanol 1.5 mL, 50 �C
a Isolated yields after chromatographic purification

Fig. 3 Partial 1H NMR spectra

(600 MHz) of ligand 3 and

bromobenzene in DMSO
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1H NMR (600 MHz, CDCl3): d = 6.91 (s, 10H), 4.22 (t,

J = 5.6, 20H), 3.84 (s, 10H), 3.63 (t, J = 5.7, 20H) ppm.
13C NMR (150 MHz, CDCl3): d = 149.7, 129.1, 116.0,

69.0, 30.7, 29.4 ppm.

Preparation of the NHC-pillar[5]arene ligand (3)

[27, 28]

To solution of 1-methylimidazole (6 mL), compound 2

(0.50 g, 0.298 mmol) was added. The mixture was heated

at 130 �C for 48 h. The resulting solution was poured into

diethyl ether and the precipitate was collected by filtration.

The reprecipitation process was repeated three times to

afford white solid. White solid in methanol (20 mL),

NH4PF6 (0.86 g, 5.28 mmol) was added. The reaction

mixture was stirred at room temperature for 30 min. The

precipitate was collected by filtration to afford ligand 3 as

white powder, 85% (0.71 g). Elemental Analysis: Calcd for

C95H120F60N20O10P10 C, 36.19; H, 3.81; N, 8.89.

Found: C, 36.04; H, 3.92; N, 8.93. 1H NMR (600 MHz, d6-

DMSO): d = 8.89 (s, 10H), 7.81 (s, 10H), 7.47 (s, 10H),

6.70 (s, 10H), 4.62 (s, 20H), 4.29 (s, 20H), 3.74 (s, 30H),

3.50 (s, 10H) ppm. 13C NMR (150 MHz, d6-DMSO):

d = 149.1, 137.2, 128.4, 124.1, 123.1, 114.6, 66.8, 49.5,

36.2, 29.0 ppm.

Preparation of the ligand (4)

To a 100 mL round flask with magnetic stirbar was

charged 1,4-bis(2-bromoethoxy)benzene 1 (0.50 g,

1.55 mmol) and 1-methylimidazole (0.51 g, 6.21 mmol) in

THF (50 mL). This mixture was heated to reflux for 10 h.

The resulting solution was poured into diethyl ether and the

precipitate was collected by filtration. The reprecipitation

process was repeated three times to afford white solid.

White solid in methanol (20 mL), NH4PF6 (1.26 g,

7.75 mmol) was added. The reaction mixture was stirred at

room temperature for 30 min. The precipitate was col-

lected by filtration to afford ligand 4 as white powder, 80%

(0.77 g). Elemental Analysis: Calcd for C18H24F12N

4O2P2 C, 34.95; H, 3.88; N, 9.06. Found: C, 35.01; H,

3.79; N, 9.11. 1H NMR (600 MHz, d6-DMSO): d = 9.16

(s, 2H), 7.79 (s, 2H), 7.71 (s, 2H), 6.90 (s, 4H), 4.55 (t,

J = 4.8, 4H), 4.27 (t, J = 4.7, 4H), 3.87 (s, 6H) ppm. 13C

NMR (150 MHz, d6-DMSO): d = 152.7, 137.5, 124.0,

123.2, 116.1, 66.7, 49.0, 36.3 ppm.

Catalysis

General procedure for the Suzuki coupling reactions

In a typical run, a mixture of aryl bromide (0.50 mmol),

phenylboronic acid (0.55 mmol), K2CO3 (1.5 mmol),

0.2 mol% ligand, 1 mol% PdCl2(CH3CN)2 in 1.5 mL of

ethanol were stirred at 50 �C for 1.5 h under air. Solvent

ethanol was removed completely under vacuum degree

0.09 MPa at 45 �C to give a crude product. The pure

product was isolated by column chromatography on silica.

Diphenyl (5a) White solid, 1H NMR (600 MHz,

CDCl3): d = 7.58 (d, J = 8.4, 4H), 7.43 (t, J = 7.5, 4H),

7.34 (t, J = 7.4, 2H) ppm. 13C NMR (150 MHz, CDCl3):

d = 141.2, 128.7, 127.2, 127.1 ppm.

4-Methylbiphenyl (5b) White solid, 1H NMR (600 MHz,

CDCl3): d = 7.51–7.50 (m, 2H), 7.42 (d, J = 8.1, 2H),

7.35 (dd, J = 5.7, 13.2, 2H), 7.25 (t, J = 7.4, 1H),

7.18–7.17 (m, 2H), 2.32 (s, 3H) ppm. 13C NMR (150 MHz,

CDCl3): d = 140.1, 137.3, 136.0, 128.4, 127.7, 126.0,

20.1 ppm.

4-Chloro-1,10-biphenyl (5c) White solid; 99% yield

(95 mg). 1H NMR (600 MHz, CDCl3): d = 7.48–7.47 (m,

2H), 7.45–7.44 (m, 2H), 7.38–7.37 (m, 2H), 7.34–7.33 (m,

2H), 7.29 (t, J = 7.4, 1H) ppm. 13C NMR (150 MHz,

CDCl3): d = 127.9, 127.8, 127.3, 126.6, 126.0 ppm.

4-Ethoxy-1,10-biphenyl (5d) White solid; 99% yield

(100 mg). 1H NMR (600 MHz, CDCl3): d = 7.48 (td,

J = 1.6, 8.1, 2H), 7.45–7.44 (m, 2H), 7.34 (dd, J = 5.0,

10.6, 2H), 7.24–7.21 (m, 1H), 6.90–6.89 (m, 2H), 4.01 (q,

J = 7.0, 2H), 1.37 (dd, J = 4.5, 9.5, 3H) ppm. 13C NMR

(150 MHz, CDCl3): d = 157.5, 139.9, 132.6, 127.7, 127.1,

125.7, 125.6, 113.7, 62.5, 13.9 ppm.

40-Chloro-4-Methylbiphenyl (5e) White solid; 82% yield

(83 mg). 1H NMR (600 MHz, CDCl3): d = 7.51–7.50 (m,

2H), 7.46–7.44 (m, 2H), 7.39–7.38 (m, 2H), 7.25 (d,

J = 8.9, 2H), 2.39 (s, 3H) ppm. 13C NMR (150 MHz,

CDCl3): d = 139.6, 137.5, 137.1, 133.0, 129.6, 128.9,

128.2, 126.8, 21.1 ppm.

40-Methyl-4-ethoxy-1,10-biphenyl (5f) White solid; 97%

yield (103 mg). 1H NMR (600 MHz, CDCl3): d = 7.50 (d,

Fig. 4 The inclusion interaction mechanism for ligand 3 with aryl

bromide substrates
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J = 8.5, 2H), 7.45 (d, J = 8.0, 2H), 7.22 (d, J = 7.8, 2H),

6.95 (d, J = 8.5, 2H), 4.08–4.06 (m, 2H), 2.38 (s, 3H),

1.45–1.43 (m, 3H) ppm. 13C NMR (150 MHz, CDCl3):

d = 158.3, 138.0, 136.3, 133.6, 129.4, 127.9, 126.6, 114.7,

63.5, 21.1, 18.4 ppm.

4-Methoxybiphenyl (5g) White solid; 99% yield

(90 mg). 1H NMR (600 MHz, CDCl3): d = 7.49–7.45 (m,

4H), 7.34 (t, J = 7.8, 2H), 7.23–7.22 (m, 1H), 6.92–6.90

(m, 2H), 3.78 (s, 3H) ppm. 13C NMR (150 MHz, CDCl3):

d = 158.1, 139.8, 132.8, 127.7, 127.1, 125.7, 125.6, 113.2,

54.3 ppm.

40-Chloro-4-Methoxybiphenyl (5h) White solid; 90%

yield (98 mg). 1H NMR (600 MHz, CDCl3): d = 7.50–7.47

(m, 2H), 7.46–7.45 (m, 2H), 7.39–7.37 (m, 2H), 7.25 (d,

J = 8.9, 2H), 2.39 (s, 3H) ppm. 13C NMR (150 MHz,

CDCl3): d = 139.6, 137.5, 137.1, 133.0, 129.6, 128.9,

128.2, 126.8, 21.1 ppm.

40-Methoxy-4-ethoxy-1,10-biphenyl (5i) White solid;

63% yield (72 mg). 1H NMR (600 MHz, CDCl3): d = 7.40

(t, J = 8.0, 4H), 6.89–6.87 (m, 4H), 4.00 (q, J = 7.0, 2H),

3.77 (s, 3H), 1.36 (t, J = 7.0, 3H) ppm. 13C NMR

(150 MHz, CDCl3): d = 157.6, 157.0, 132.5, 132.3, 131.2,

126.7, 113.7, 113.1, 62.5, 54.3, 13.9 ppm.

4-Nitrobiphenyl (5j) Yellow solid; 99% yield (100 mg).
1H NMR (600 MHz, CDCl3): d = 8.31–8.30 (m, 2H),

7.75–7.74 (m, 2H), 7.64–7.62 (m, 2H), 7.52–7.50 (m, 2H),

7.46–7.44 (m, 1H) ppm. 13C NMR (150 MHz, CDCl3):

d = 147.7, 147.1, 138.8, 129.2, 128.9, 127.8, 127.4,

124.1 ppm.

40-Chloro-4-Nitrobiphenyl (5k) Yellow solid; 95% yield

(110 mg). 1H NMR (600 MHz, CDCl3): d = 8.31–8.30

(m, 2H), 7.72–7.70 (m, 2H), 7.57–7.55 (m, 2H), 7.48–7.47

(m, 2H) ppm. 13C NMR (150 MHz, CDCl3): d = 146.3,

145.3, 136.2, 134.3, 128.4, 127.6, 126.7, 123.2 ppm.

40-Ethoxy-4-Nitrobiphenyl (5l) Yellow solid; 91% yield

(111 mg). 1H NMR (600 MHz, CDCl3): d = 8.27 (d,

J = 8.6, 2H), 7.69 (d, J = 8.7, 2H), 7.57 (d, J = 8.6, 2H),

7.01 (d, J = 8.6, 2H), 4.10 (q, J = 7.0, 2H), 1.46 (t,

J = 7.0, 3H) ppm. 13C NMR (150 MHz, CDCl3):

d = 159.8, 147.3, 146.5, 130.9, 128.6, 127.0, 124.1, 115.1,

63.7, 14.8 ppm.

4-Cyanobiphenyl (5m) White solid; 99% yield (90 mg).
1H NMR (600 MHz, CDCl3): d = 7.73 (d, J = 8.4, 2H),

7.69 (d, J = 8.3, 2H), 7.59 (d, J = 7.2, 2H), 7.49 (t,

J = 7.6, 2H), 7.43 (t, J = 7.3, 1H) ppm. 13C NMR

(150 MHz, CDCl3): d = 145.7, 139.2, 132.6, 129.1, 128.7,

127.8, 127.2, 119.0, 110.9 ppm.

40-Chloro-4-cyanobiphenyl (5n) White solid; 96% yield

(103 mg). 1H NMR (600 MHz, CDCl3): d = 7.73 (d,

J = 8.4, 2H), 7.65 (d, J = 8.4, 2H), 7.53–7.52 (m, 2H),

7.47–7.45 (m, 2H) ppm. 13C NMR (150 MHz, CDCl3):

d = 144.4, 137.6, 135.0, 132.7, 129.3, 128.5, 127.6, 118.8,

111.3 ppm.

40-Ethoxy-4-cyanobiphenyl (5o) White solid; 92% yield

(103 mg). 1H NMR (600 MHz, CDCl3): d = 7.69 (d,

J = 8.2, 2H), 7.64 (d, J = 8.3, 2H), 7.53 (d, J = 8.6, 2H),

6.99 (d, J = 8.6, 2H), 4.09 (q, J = 7.0, 2H), 1.45 (t,

J = 7.0, 3H) ppm. 13C NMR (150 MHz, CDCl3):

d = 159.6, 145.3, 132.6, 131.3, 128.3, 127.1, 119.1, 115.1,

110.1, 63.6, 14.8 ppm.
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11. Gómez-Suárez, A., Oonishi, Y., Martin, A.R., Nolan, S.P.: Scope

and limitations of the dual-gold-catalysed hydrophenoxylation of

alkynes. Beilstein J. Org. Chem. 12, 172–178 (2016)

12. Cacciapaglia, R., Di Stefano, S., Mandolini, L.: The bis-barium

complex of a butterfly crown ether as a phototunable supramolec-

ular catalyst. J. Am. Chem. Soc. 125, 2224–2227 (2003)

13. Sharghi, H., Massah, A.R., Eshghi, H., Niknam, K.: Crown ethers

as new catalysts in the highly regioselective halogenative cleav-

age of epoxides with elemental halogen. J. Org. Chem. 63,

1455–1461 (1998)

14. Stuart, A.M., Vidal, J.A.: Perfluoroalkylated 4,13-diaza-18-

crown-6 ethers: synthesis, phase-transfer catalysis, and recycling

studies. J. Org. Chem. 72, 3735–3740 (2007)

J Incl Phenom Macrocycl Chem

123



15. Leclercq, L., Schmitzer, A.R.: Assembly of tunable

supramolecular organometallic catalysts with cyclodextrins.

Organometallics 29, 3442–3449 (2010)

16. Cassez, A., Ponchel, A., Hapiot, F., Monflier, E.: Unexpected

multifunctional effects of methylated cyclodextrins in a palla-

dium charcoal-catalysed Suzuki–Miyaura reaction. Org. Lett. 8,

4823–4826 (2006)

17. Notestein, J.M., Iglesia, E., Katz, A.: Grafted Metallocalixarenes

as Single-Site Surface Organometallic Catalysts. J. Am. Chem.

Soc. 126, 16478–16486 (2004)

18. Meninno, S., Parrella, A., Brancatelli, G., Geremia, S., Gaeta, C.,

Talotta, C., Neri, P., Lattanzi, A.: Polyoxomolybdate-calix[4]ar-

ene hybrid: a catalyst for sulfoxidation reactions with hydrogen

peroxide. Org. Lett. 17, 5100–5103 (2015)

19. Fantauzzi, S., Gallo, E., Rose, E., Raoul, N., Caselli, A., Issa, S.,

Ragaini, F., Cenini, S.: Asymmetric cyclopropanation of olefins

catalysed by chiral cobalt(II)-binaphthyl porphyrins. Organome-

tallics 27, 6143–6151 (2008)

20. Ferrand, Y., Le Maux, P., Simonneaux, G.: Highly enantiose-

lective synthesis of cyclopropylphosphonates catalysed by chiral

ruthenium porphyrins. Org. Lett. 6, 3211–3214 (2004)

21. Zhang., X., Qiu, Y., Rao, B., Luo, M.: Palladium(II)–N-hetero-

cyclic carbene metallacrown ether complexes: synthesis, struc-

ture, and catalytic activity in the Suzuki–Miyaura reaction.

Organometallics 28, 3093–3099 (2009)

22. Wang, J.W., Meng, F.H., Zhang, L.F.: Suzuki coupling reaction

of aryl halides catalysed by an N-heterocyclic carbene–PdCl2
species based on a porphyrin at room temperature. Organome-

tallics 28, 2334–2337 (2009)

23. Wang, J.W., Gao, L.Y., Meng, F.H., Jiao, J., Ding, L.Y., Zhang,

L.F.: Synthesis, characterization of N-heterocyclic carbene met-

allacrown palladium complex and catalytic activities in Suzuki

and Heck coupling reaction. J. Incl. Phenom. Macrocycl. Chem.

73, 119–128 (2011)

24. Ren, H., Xu., Y., Jeanneau, E., Bonnamour, I., Tu, T., Darbost,

U.: Synthesis, characterization and X-ray structures of N-hete-

rocyclic carbene palladium complexes based on calix[4]arenes:

highly efficient catalysts towards Suzuki–Miyaura cross-coupling

reactions. Tetrahedron 70, 2829–2837 (2014)

25. Ogoshi, T., Kanai, S., Fujinami, S., Yamagishi, T.A., Nakamoto,

Y.: para-Bridged symmetrical pillar[5]arenes: their lewis acid

catalysed synthesis and host–guest property. J. Am. Chem. Soc.

130, 5022–5023 (2008)

26. Ogoshi, T., Yamagishi, T.-A., Nakamoto, Y.: Pillar-shaped

macrocyclic hosts Pillar[n]arenes: new key players for

supramolecular chemistry. Chem. Rev. 116, 7937–8002 (2016)

27. Ogoshi, T., Ueshima, N., Yamagishi, T.A., Toyota, Y., Matsumi,

N.: Ionic liquid pillar[5]arene: its ionic conductivity and solvent-

free complexation with a guest. Chem. Commun. 48, 3536–3538

(2012)

28. Yao, Y., Xue, M., Chi, X., Ma, Y., He, J., Abliz, Z., Huang, F.: A

new water-soluble pillar[5]arene: synthesis and application in the

preparation of gold nanoparticles. Chem. Commun. 48,

6505–6507 (2012)

29. Wang, J.W., Li, Q.S., Xu, F.B., Song, H.B., Zhang., Z.Z.: Syn-

thetic and structural studies of silver(I)- and gold(I)-containing N-

heterocyclic carbene metallacrown ethers. Eur. J. Org. Chem.

2006, 1310–1316 (2006)

30. Cao, R., McCarthy, B.D., Lippard, S.J.: Immobilization, trapping,

and anion exchange of perrhenate ion using copper-based tripodal

complexes. Inorg. Chem. 50, 9499–9507 (2011)

31. Mu., B., Li, J., Han, Z., Wu, Y.: Fast Suzuki–Miyaura cross-

coupling reaction catalysed by the Na2Pd2Cl6 complex with ethyl

calix[4]aryl acetate at room temperature in aqueous medium

under ligand-free and ambient atmosphere. J. Organomet. Chem.

700, 117–124 (2012)

32. Zhao, G., Wang, Z., Wang, R., Li, J., Zou, D., Wu, Y.: Cucur-

bit[7]uril promoting PdCl2-catalysed cross-coupling reaction of

benzyl halides and arylboronic acids in aqueous media. Tetra-

hedron Lett. 55, 5319–5322 (2014)

33. Cao., M., Wei, Y., Gao, S., Cao, R.: Synthesis of palladium

nanocatalysts with cucurbit[n]uril as both a protecting agent and a

support for Suzuki and Heck reactions. Catal. Sci. Technol. 2,

156–163 (2012)

34. Zhao, Y., Liang, L.L., Chen, K., Ji., N.N., Cheng, X.J., Xiao, X.,

Zhang, Y.Q., Xue, S.F., Zhu, Q.J., Dong, N., Tao, Z.: [CdCl4]2-

anion-induced coordination of alkaline earth metal ions to

cucurbit[7]uril, corresponding supramolecular self-assemblies

and potential application. Dalton T. 43, 929–932 (2014)

35. Ong, W., Kaifer, A.E.: Salt effects on the apparent stability of the

cucurbit[7]uril–methyl viologen inclusion complex. J. Org.

Chem. 69, 1383–1385 (2004)

J Incl Phenom Macrocycl Chem

123


	Pillar[5]arene-based N-heterocyclic carbene ligand for Pd-catalysed Suzuki reaction
	Abstract
	Introduction
	Results and discussion
	Conclusion
	Experimental
	Preparation of the 1,4-bis(2-bromoethoxy)benzene (1) [27, 28]
	Preparation of the pillar[5]arene (2) [27]
	Preparation of the NHC-pillar[5]arene ligand (3) [27, 28]
	Preparation of the ligand (4)

	Catalysis
	General procedure for the Suzuki coupling reactions

	Acknowledgements
	References




