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Experimental Procedures for the Syntheses of Compounds 

 

 General Procedures 

 All reactions were carried out under an Ar atmosphere. SiO2 (Geduran 1.11567) was 

used for column chromatography. For the calixarene synthesis, reagents (puriss, p. a., grade) 

were commercial and used without further purification. Solvents were distilled under Ar, 

over sodium/benzophenone (diethyl ether, pentane) or CaH2 (dichloromethane) prior to 

use. DMF (N-N-dimethyl-formamide was purified by standing over molecular sieves and 

then was distilled at reduced pressure, while p-t-butylcalix[4]arene was prepared following 

published procedures. [20,21]. All 1H NMR data were obtained on FT-Bruker Ultra Shield 

300 or Spectrospin 400 spectrometers operating at 300.13 or 400.14 MHz respectively, at 

room temperature; chemical shifts (∂) are in ppm, relative to residual deuterated solvent 

peaks in CDCl3 (unless otherwise stated). Values of the coupling constant (J) are in Hz; peaks 

are singlets unless otherwise stated; d = doublet, t = triplet, q = quartet, m = multiplet, qn, Jap 

= apparent quintet and coupling constan. 

 

 X-ray data were collected on a single crystal of 5a grown from a dichloromethane 

solution layered with diethylether. Diffraction data were collected at 173(2) K on a Bruker 

APEX II DUO Kappa-CCD diffractometer equipped with an Oxford Cryosystem liquid N2 

device, using Mo-Kα radiation (λ = 0.71073 Å ). The crystal-detector distance was 38 mm. 

The cell parameters were determined from reflections taken from three sets of 12 frames, 

each at 10 s exposure. The refinement and all further calculations were carried out and 

solved using the program SHELXT-2014 [56]. Hydrogen atoms were included in calculated 

positions and treated as riding atoms using SHELXL default parameters. The non-hydrogen 

atoms were refined anisotropically, using weighted full-matrix least-squares on F2. The 

SQUEEZE instruction in PLATON was applied. The residual electron density was assigned 

to three molecules of the methanol solvent. 
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2a, [(1,3)-cone-5,11,17,23-tetra-t-butyl-25,27-dihydroxy-bis(2-bromo-ethoxy)calix[4]-

arene.  

A mixture of p-t-butylcalix[4]arene (3.244 g 5.00 mmol), K2CO3 (1.383 g, 10.00 mmol) and 

acetone (50 mL) was stirred for 2 h. Subsequently, a solution of 1,3-dibromopropane (2.834 

g, 15.00 mmol) in acetone (50 mL) was added and the mixture was refluxed for 4 days. 

Methanol (5 mL) was then added and all solvents were evaporated under vacuum. The 

residue was dissolved in dichloromethane (100 mL) and extracted with water (150 mL). The 

organic phase was dried with anhydrous Na2SO4 and then evaporated to dryness. Washing 

of the residue with petroleum ether and its subsequent removal afforded 2a, C48H62O4Br2 

(3.354 g, 3.887 mmol, 78 %, 826.812 g mol-1) as a fine off-white powder. 

 

2b, [(1,3)-cone-5,11,17,23-tetra-t-butyl-25,27-dihydroxy-26,28-bis-(3-bromopropoxy)-

calix[4]arene]. 

p-t-Butylcalix[4]arene (3.244 g, 5.00 mmol) and K2CO3 (1.383 g, 10.00 mmol) were placed in 

a 250 mL round-bottomed flask, and acetone (50 mL) was then added. The mixture was 

stirred at ambient temperature for 2 h. A solution of 1,4-dibromobutane (3.236 g, 15.00 

mmol) in acetone (50 ml) was then added and the reaction mixture was refluxed for 4 d. The 

solution was then cooled, the solvent was removed under vacuum and the residue was 

dissolved in dichloromethane (100 mL) and extracted with water (150 mL). The organic 

phase was dried with anhydrous Na2SO4 the solvent was removed. The crude product was 

washed with pentane to give 2b, C50H66O4Br2 as a white solid (3.555 g, 3.991 mmol, 80%, 

890.865 g mol-1 

 

2c, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-bis-(4-bromobutoxy)-calix-

[4]arene dibromide]. 

A mixture of p-tert-butylcalix[4]arene 1, (3.244 g, 5.00 mmol) and K2CO3 (1.383 g , 10.00 

mmol) was placed in a 250 ml round-bottomed flask, and acetone (50 mL) was added. The 

mixture was stirred for 2 h, and then 1, 4-dibromobutane (3.236 g, 15.00 mmol) was added. 
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The mixture was refluxed for 4d. Methanol (5 mL) was then added and all the solvents were 

then evaporated. The residue was dissolved in dichloromethane (100 mL) and washed with 

water (150 mL). The organic phase was then separated, dried with anhydrous sodium 

sulfate and concentrated. Addition of pentane precipitated 2c, C52H70O4Br2 as a white 

powder (3.834 g, 4.172 mmol, 83%, 918.918 g mol-1) 

 

2d, [(1,3Cone-5,11,17,23-tetra-t-butyl-tetrakis(4-bromobutoxy)calix[4]arene]. 

p-t-Butylcalix[4]arene (7.787 g, 12.00 mmol) and NaH 2.80 g, 118 mmol) were introduced 

under argon in a 500 mL round bottomed flask.  DMF (240 mL) was added, and the slurry 

stirred for 2 h.  1,4-dibromobutane (28 mL, 240 mmol) in thf (120 mL) was then added and 

the mixture refluxed for 4 days.  All solvents were then removed, and the residue was 

extracted with dichloromethane (300 mL). The dichloromethane solution of 2d was then 

washed with water (400 mL) and the organic phase was separated from the aqueous layer, 

dried with anhydrous Na2SO4 and filtered. Compound 2d (5.85 g, 4.92 mmol, 41%) was 

precipitated by the addition of methanol to the dichloromethane solution. 

 

3a, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-bis-(2-(N-

methylimidazolium)-ethoxy)-calix[4]arene] dibromide. 

2a (440 mg, 0.511 mmol), 1-methylimidazole (0.326 mL, 4.9 mmol) and 1,4-dioxane (10 mL) 

were placed under argon in a 50 mL round-bottomed flask equipped with a gas inlet. The 

mixture was stirred magnetically and was heated to 80 °C for 2d. The solvent was then 

removed under vacuum, Et2O (30 mL) was added, and the slurry was stirred for 1 h. The 

mixture was then filtered to afford 3a, C56H74N4O4Br2 (385 mg, 0.375 mmol, 73%, 1027.02 g 

mol-1) 

 

3b, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-bis-(3-(N-

methylimidazolium)-propoxy)calix[4]arene] dibromide.  
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Calixarene 2b (500 mg, 0.540 mmol), 2,6-di-isopropylphenylimidazole (0.260 mL, 0.032 

mmol) and 1,4-dioxane (10 mL) were placed under argon in a 100 mL round bottomed flask 

equipped with a magnetic stirrer and a gas inlet. The mixture was stirred at reflux for 2d 

and then the solvent was removed under vacuum. Et2O (20 mL) was then added and the 

mixture stirred for 1 h and then filtered to afford 3b, C58H78O4N4Br2 (486 mg, 0.461 mmol, 

85%, 1055.07 g.mol-1 as a pale yellow powder. 

 

3c, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-bis-(4-(N-methylimida-

zolium)butoxy)calix[4]arene] dibromide 

2c (850 mg, 0.700 mmol), N-methylimidazole (0.88 mL, 11 mmol) and 1,4-dioxane (10 mL) 

were placed in a 100 mL round bottomed flask, under argon, stirred magnetically, and 

heated for 2d at 80 °C. The solvent and excess imidazole were removed under vacuum and 

Et2O (20 mL) was added. The mixture was stirred for 1 h and then filtered to give 3c, 

C60H82N4O4Br2 (46 mg, 0.303 mmol, 90%, 1083.13 g mol-1) as a light-yellow powder.  

 

4a, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-bis-(2-(N-2,4,6-trimethyl-

phenylimidazolium)ethoxy)calix[4]arene] dibromide.  

2a (400 mg, 0.465 mmol), N-2,4,6-(trimethylphenyl)imidazole (520 mg, 2.0 mmol) and 

dioxane (10 mL) were placed in a 50 mL round bottomed flask under argon, stirred 

magnetically, and refluxed for 2d. The solvent was then evaporated, Et2O (30 mL) was 

added, and the mixture stirred for 1 h and then filtered to give 4a, C72H90N4O4Br2 as a pale-

yellow powder in almost good yield (480 mg, 0.389 mmol, 84%, 1235.32 g mol-1). 

 

4b, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-bis-(3-(N-2,4,6-

trimethylphenyl)-imidazolium)propoxy-calix[4]arene] dibromide.  

2c (0.400g, 0.450 mmol), N-2,4,6-trimethylphenyl)imidazole (0.366 mL, 3.6 mmol) and 

acetonitrile (10 mL) were placed in a 100 mL round bottomed flask under argon, stirred 

magnetically, and refluxed for 2d. The solvent was evaporated, diethylether (30 mL) was 
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added, the mixture stirred for 1h and then filtered to give 4b, C74H94N4O4Br2 (250 mg, 0.200 

mmol, 45%, 1263.37 g mol-1) as a pale-yellow powder.  

 

4c,  [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-di-(4-(N-2,4,6-

trimethylphenyl)-imidazolium)butoxy-calix[4]arene] dibromide. 

2c (0.300g, 0.252 mmol) and (N-2,4,6-trimethylphenyl)imidazole 1.200g, 6 mmol) and 1,4-

dioxane (20 mL) were placed in a 100 mL round bottomed flask under argon, stirred 

magnetically, and heated to 80 °C for 2 d. The solvent was then evaporated and diethylether 

(30 mL) was added and the mixture stirred for 1h and then filtered to give 4c, C76H98N4O4Br2 

(302 mg, 0.234 mmol, 93%, 1291.42 g.mol-1) as a pale-yellow powder.  

 

5a, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-di-(2-(N-2,6-

diisopropylphenyl-imidazolium)ethoxy)calix[4]arene] dibromide.  

2a (301 mg, 0.350 mmol), 2,6-diisopropylphenylimidazole (477mg, 2.00 mmol) and 

acetonitrile (10 mL) were placed in a 50 mL round bottom flask under argon. The reaction 

mixture was heated to 80 ° and stirred for 2d. The solvent was them removed under vacuum 

and Et2O (30 mL) was added and the slurry was stirred for 1h. The product 5a, 

C78H102N4O4Br2 was obtained as a pale-yellow powder by filtration (398 mg, 0.307 mmol, 

88%, 1319.48 g mol-1). 

 

5b, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-di-hydroxy-26,28-bis-(3-(N-2,6-

diisopropylphenyl)-imidazolium)propoxy-calix[4]arene] dibromide.  

2b (400 mg, 0.54 mmol), N-(2,6-diisopropylphenyl)imidazole (0.412 mL mg, 3.60 mmol) and 

acetonitrile (10 mL) were placed under argon in a 100 mL round bottomed flask. The 

mixture was refluxed at 80 °C for 2d, and then the solvent was removed and Et2O (30 mL) 

was added. The mixture was stirred for 1h at ambient temperature. The mixture was then 

filtered and afforded 5b, C80H106N4O4Br2 as a light-yellow powder (414 mg, 0.307 mmol, 67%, 

1347.53 g mol-1). 
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5c, [(1,3)-Cone-5,11,17,23-tetra-t-butyl-25,27-dihydroxy-26,28-di-(4-(N-2,6-

diisopropylphenyl)-imidazolium)butoxy-calix[4]arene] dibromide. 

2c (500 mg, 0.55 mmol), N-(2,6-di-isopropylphenyl)imidazole (745 mg, 3.00 mmol) and 1,4-

dioxane (10 mL) were placed under argon in a 100 mL round bottomed flask. The mixture 

was refluxed at 80 °C for 5d, and then the solvent was removed and Et2O (30 mL) was added. 

The mixture was refluxed for 1h, and then allowed to stir for 2h at ambient temperature, 

whilst stirring. The mixture was then filtered and afforded 5c C82H110N4O4Br2, as a light-

yellow powder (650 mg, 0.350 mmol, 86%, 1375.58 g.mol-1). 

 

6a, [cone-5,11,17,23-tetra(t-butyl)-25,26,27,28-tetra (4-(1-N-methyl)imidazolium) butoxy-

calix[4]arene] tetrabromide 

The tetrabromo-compound 2d (400 mg, 0.364 mmol) was added to a 100mL round bottomed 

flask. 1-Methylimidazole (0.43 mL, 5.3 mmol) and 1,4-dioxane (10 mL) were added and the 

mixture was magnetically stirred and heated at 80 °C for 2d. The solvent was then removed 

under vacuum and Et2O (20 mL) was added.  The mixture was stirred, refluxed for 2h, 

cooled to ambient temperature and then placed in a – 20 °C freezer overnight. The product 

6a was obtained as a pale-yellow powder by filtration (460 mg, 0.303 mmol, 90%, 1517.34 g 

mol-1). 

 

6b, [cone-5,11,17,23-tetra(t-butyl)-25,26,27,28-tetra(4-N-(2,4,6-

trimethylphenylimidazolium)-butoxy-calix[4]arene] tetrabromide 

Compound 2d (300 mg 0.252 mmol), 2,4,6-trimethyl-phenylimidazole (751 mg, 4.0 mmol) 

and 1,4-dioxane (10 mL) were added to a 100 mL round bottomed flask equipped with a 

reflux condenser and inert atmosphere adaptor, and the mixture was heated at 80 °C for 6d 

and then cooled to ambient temperature.  Most of the solvent was removed and diethylether 

(20 mL) was added.  The mixture was then refluxed for 2h, cooled to ambient temperature 
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and then placed in a -20 °C freezer overnight.  6b, C108H140N8O4Br40 precipitated as a light-

yellow powder (454 mg, 0.235 mmol, 93%, 1933.93 g mol-1). 

 

6c, [cone-5,11,17,23-tetra(t-butyl)-25,26,27,28-tetra(4-N-(2 ,6-

diisopropylphenylimidazolium)-butoxy-calix[4]arene] tetrabromide 

Compound 2d (350 mg, 0.294 mmol) and 2,6-diisopropylphenyl-imidazole (1.073 g, 4.67 

mmol) and 1,4-dioxane (10 mL) were added to a 100 mL round-bottomed flask, equipped 

with an argon inlet and a reflux condenser.  The mixture was heated with stirring for 6d at 

80°C under argon, and the bulk of the solvent was removed under vacuum leaving a pasty 

solid. Diethylether (20 mL) was then added, the mixture refluxed for 2h, cooled to ambient 

temperature and then placed in a -20° C freezer. 6c, C120H164N8O4Br4 (478 mg, 0.227 mmol, 

77%, 2102.25 g mol-1) deposited as a pale-yellow powder overnight.   

 

Synthesis of 7a  

A mixture of nickelocene (44 mg, 0.232 mmol) and 4a (143 mg, 0.116 mmol) were placed 

anaerobically in a Schlenk tube equipped with a reflux condenser, and thf (10 mL) was 

added. The dark green solution was refluxed for 2d, and it slowly turned a deep red-violet 

color during this period. The mixture was cooled and subsequently filtered through a Celite 

pad, and the solvent was then removed under vacuum. The solid residue was washed with 

pentane (3 x 10 mL) and again dried under vacuum to afford the NHC complex 7a, 

C82H98N4O4Br2Ni2 as a red-violet powder (144 mg, 0.0972 mmol, 84%, 1480.9 g mol-1). 

 

 

Synthesis of 7b 

A mixture of nickelocene (51 mg, 0.270 mmol) and 4b (168 mg, 0.133 mmol) were placed 

anaerobically in a Schlenk tube equipped with a reflux condenser, and thf (10 mL) was 

added. The solution was refluxed for 2d, and it slowly turned a deep red-violet color during 

this period. The mixture was cooled and subsequently filtered through a Celite pad, and the 
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solvent was then removed under vacuum. The solid residue was washed with pentane (3 x 

10 mL) and again dried under vacuum to afford the NHC complex 7b as a red-violet powder 

(C84H102N4O4Br2Ni2, M= 1508.9 g mol-1, 110 mg, 0.073 mmol, 55 %). 

 

Synthesis of 7c 

Nickelocene (104 mg, 0.554 mmol), and 4c (357 mg (0.276 mmol) were added to a Schlenk 

tube equipped with a reflux condenser and 10 mL of THF were added.  The mixture was 

then refluxed anaerobically for 2d and it slowly turned red-violet in color. It was then 

allowed to cool to ambient temperature. The resulting mixture was passed through a Celite 

column, and the column was washed with more THF till the filtrate was colorless. The 

solvent was then removed in vacuum and the residue was washed repeatedly with pendant 

and then dried to give 7c (C86H106N4O4Br2Ni2, M = 1536.98 g.mol-1, 330 mg,0.216 mmol, 78%). 

 

 

Synthesis of 7d. 

Nickelocene (37 mg, 0.195 mmol), 5a (120 mg, 0.0909 mmol) and thf (10 mL) were introduced 

into a small Schlenk tube equipped with a reflux condenser and argon inlet, and the mixture 

was refluxed for 2d. The mixture was then cooled and filtered through a Celite pad till the 

washings were clear. The solvent was then removed, and the residue was washed with 

pentane and dried under vacuum to give 7d as a reddish-brown powder 

(C88H110N4O4Br2Ni2, M= 1565.03 g mol-1, 98 mg, 0.063 mmol, 69%). 
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2a, n = 2 

1H NMR spectrum of 2a 
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1H NMR spectrum of 2b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

2b, n = 3 
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1H NMR spectrum of 2c 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

2c, n = 4 
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1H NMR spectrum of 2d 
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1H NMR spectrum of 3a 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3a, R = Me, n = 2 
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1H NMR spectrum of 3b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

3b, R = Me, n = 3 
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1H NMR spectrum of 3c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

3c, R = Me, n = 4 
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1H NMR spectrum of 4a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

4a, R = Mes, n = 2 
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1H NMR spectrum of 4b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

4b, R = Mes, n = 3 
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1H NMR spectrum of 4c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4c, R = Mes, n = 4 
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1H NMR spectrum of 5a 

 

 

 

 

 

 

 

 

 

 

 

 

 

5a, R = DIPP, n = 2 
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1H NMR spectrum of 5b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5b, R = DIPP, n = 3 
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1H NMR spectrum of 5c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5c, R = DIPP, n = 4 



 25 

 

 

 

 

 

 
 

 

  



 26 

1H NMR spectrum of 6a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

6a, R = Me, n = 4 
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1H NMR spectrum of 6b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6b, R = Mes, n = 4 
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1H NMR spectrum of 6c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6c, R = DIPP, n 
= 4 



 29 

 
 

 

 

 

 

 

 

 

1H NMR spectrum of 7a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7a, R= Mes, n = 2 
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1H NMR spectrum of 7b 

 

 

 

 

 

 

 

 

 

 

 

 

7b, R= Mes, n = 3 
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1H NMR spectrum of 7d 

 

 

 

 

 

 

 

 

 

 

 

 

 

7d, R = DIPP, n = 2 
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 13C NMR spectrum of 3c  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3c, R = Me, n = 4 
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13C DEPT NMR spectrum of 3c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

3c, R = Me, n = 4 
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13C NMR spectrum of 4c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

  

4c, R = Mes, n = 4 
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13C DEPT NMR spectrum of 4c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

4c, R = Mes, n = 4 



 37 

 

 

 

 

 

X-ray Data for Complexes 5a and 8 (8 is incomplete and not fully refined) 

 

 

 5a 8 

Empirical formula  C157H215Br3N8O13 C76H96Br2N4NiO4 

Formula weight (g mol-1)  2662.09 1348.09 

Temperature (K) 173(2) 173(2) 

Wavelength (Å ) Mo K  0.71073 Mo Ka 0.71073 

Crystal system Monoclinic Triclinic 

Space group P21/c (no. 14) P1-bar (no. 2) 

a (Å ) 

b (Å ) 

c (Å ) 

14.5725(7) 

31.8666(17) 

20.4167(8) 

16.57(3) 

18.94(3) 

19.09(3) 

Unit cell angles (°) 90, 116.499 (3), 90 105.61(3), 110, 87(3), 93.53(3) 

Volume (Å 3) 8485.0(7) 5308(14) 

Z 2 2 

Density (calcd, Mg/m3) 1.042 0.844 

Abs. coefficient (mm-1) 0.767 0.969 

F(000) 2844 1420 

Crystal size (mm) 0.35 x 0.30 x 0.25 0.25 x 0.15 x 0.05 

Data coll. q range (°) 1.592 – 28.034 1.717 – 28.792 

Index ranges -10<h< 19, -42<k<38, -26< l 

<26 

-19<h<22, -25<k<23, -25<l<25 

Reflections collected 82977 68487 

Independent reflections 20460 26519 

Completeness to q =  99.5% 95.8% 
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Absorption correction Multi scan Multi scan 

Max, min transmission 0.7456, 0.7011 0.5120, 0.7456 

Refinement method Full matrix least squares on 

F2 

Full matrix least squares on 

F2 

Data/restraints/parameters 20460/0/851 16519/21/780 

Goodness of fit on F2 1.168  0.1845 

Final R indices [I > 2s(I)] R1 = 0.1022, wR2 = 0.3137 R1 = 0.0760, wR2 = 0.1845 

R índices (all data) R1 = 0.1806, wR2 = 0.3610 R1 = 0.2825, wR2 = 0.2774 

Largest diff. peak, hole Å 3 1.609, -1.455  
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