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Bis-, tris- and tetrakis E-2-butenyl (crotyl) derivatives of calix[6]arenes and bis- and tetrakis- derivatives of calix[8]arenes 

were prepared from the parent calixarene with E-2-butenyl bromide, in the presence of basic catalyst. FT-IR, UV-VIS, 
1H- RMN, 13C-RMN and MS investigations confirmed the product composition and structure. 

INTRODUCTION 

Calixarenes are cyclic molecules made up of some phenolic units, meta linked by methylenebridges.1–3 

Because of their basket shaped cavity, para-alkyl-calix[n]arene (n = 4, 6, 8) are very promising building 

blocks for new derivatives of practical interest. By selective functionaliation both at the OH phenol groups 

(lower rim) and in para position of the phenol ring (upper rim), selective receptors for cations,4 anions5 and 

neutral molecules6 could be prepared. In the last decade, many preparation procedures have been developed 

for the specific synthesis of calixarene derivatives with application potential. Most of the synthetic works 

are focussed on the selective introduction of various functional groups in different positions of 

calix[4]arene7,8 and relative few attempts have been made to develop a similar chemistry of calix[6]arenes 

or calix[8]arenes. Among these ones, attention is given to the synthesis of O-alkyl9–14 and O-acyl15,16 

derivatives, compounds with known host-guest properties. 

Herein we describe in detail the synthesis of some new O-alkenyl-calixarene derivatives prepared by 

treating p-tertbutyl-calix[6]arene and p-tertbutyl-calix[8]arene with E-2-butenyl bromide (crotyl bromide), in 

the presence of basic catalyst. Due to the presence of π electrons of the crotyl groups, this new class of 

compounds is of practical interest for metal sequestration. 

RESULTS  AND  DISCUSSION 

Para-tertbutylcalix[6]arenes and para-tertbutylcalix[8]arene were treated with variable amounts of 

E-2-butenyl bromide in order to prepare some new derivatives with increased extracting potential in respect 

to rare-earth or noble metal ions. Elemental analysis, infrared and UV-Vis absorption spectroscopy as well 

as 1H-NMR, 13C-NMR and mass spectrometry were used to establish the composition and structure of the 
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new prepared compounds. The reaction routes as well as the various synthesis products are depicted in 

Scheme 1. 

Reaction of p-tertbutylcalix[6]arenes (1a) and p-tertbutylcalix[8]arenes (1b) with two equivalents of 

crotyl bromide, in the presence of potassium carbonate as basic catalyst, in refluxing acetonitrile or 

dimethylformamide-tetrahydrofuran mixture, yielded mainly 5,11,17,23,29,35-hexa-tertbutyl-bis-(E-2-

butenyloxy) calix[6]arene (2a) and 5,11,17,23,29,35,41,47-octa-tertbutyl-bis-(E-2-butenyloxy)-calix[8]arene 

(2b), respectively. The optimum synthesis time was 18-20 h, as established by thin layer chromatography (TLC). 

When the alkylation of p-tertbutylcalix[6]arenes was carried out with three equivalents of E-2-butenyl 

bromide and sodium hydride as a base catalyst, in refluxing acetonitrile or dimethylformamide-

tetrahydrofuran mixture, 5,11,17,23,29,35-hexa-tertbutyl-tris-(E-2-butenyloxy)-calix[6]arene (3a) derivative 

was obtained. In the same synthesis conditions, the alkylation of p-tertbutylcalix[6]arenes with four 

equivalents of E-2-butenyl bromide gives mainly 5,11,17,23,29,35-hexa-tertbutyl-tris-(E-2-butenyloxy)-

calix[6]arene (3b). The presence of small amounts of 3a was detected in the reaction product by thin layer 

chromatography. Flash chromatography purification of the mixture yielded 3b in pure form, as indicated by 

the single spot TLC plate (hexane-dichloromethane 1:1 as mobile phase). 

 

Scheme 1 

Under the same alkylation conditions, by treating para-tert-butylcalix[8]arene (1b) with four 

equivalent of E-2-butenyl bromide, 5,11,17,23,29,35,41,47-octa-tertbutyl-tetrakis-(E-2-butenyloxy)-

calix[8]arene (3c) was obtained in mixture with other derivatives, most probably three alkylated calixarene 

(TLC detection). 

Elemental analysis, mass spectrometry, FT-IR, 1H-NMR, 13C-NMR and UV-Vis investigations confirmed 

the formation of the calix[n]arene derivatives containing two, three or four 2-butenyl (crotyl) groups. 

FT-IR spectroscopy is a very useful tool for the survey of the lower-rim functionalization of 

calixarenes. In this respect, for bis-, tris- and tetrakis-butenyl derivatives, the vibration of OH groups 

appears at 3397 cm–1, 3389 and correspondingly 3389 cm–1 whereas for the parent tert-butyl calix[6]arene, 
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νOH is at about 3160 cm–1. The lower-rim functionalisation is well illustrated by the 1H-NMR spectra that 

show the expected differences in the chemical shifts. Thus, the ArOH chemical shifts for the bis-, tris- and 

tetrakis-butenyl derivatives appear at 7.65÷7.49 ppm as compared with 10.55 ppm for the parent tert-butyl 

calix[6]arene. 

Mention must be made that, due to the E-2-butenyl bromide excess, mixtures of alkylated compounds 

were obtained in all experiments, thus illustrating that the control of the regioselectivity was rather modest. 

The work is in progress in order to improve the functionalization selectivity of p-tertbutilcalix[n]arene 

(n = 6, 8) with 2-alkenyl groups and to prepare better defined new materials able to be used as extracting 

agents for rare earth ions or noble metal ions. 

EXPERIMENTAL 

Melting points (m.p.) were determined with a MEL-TEMP apparatus in a sealed capillary (uncorrected values). Flash 

Chromatography17 was performed on silicagel 60 (Merck; 230–400 mesh) and TLC separation was done on silicagel plates (Merck 

60F254; UV light or iodine revealing). Most of the chemicals were purchased from Merck and were used as received without further 

purification. Organic solvents were purified by standard procedures. 1H-RMN and 13C-RMN were recorded on a VARIAN GEMINI 

300S (300MHz) spectrometer. CDCl3 was used as solvent and TMS as reference. Mass spectra (MS) were recorded on a Varian 

MAT 311 Spectrometer coupled to a Perkin Elmer 990 Gas-Chromatograph. Infrared absorption spectra were recorded on FT-IR 

(JASCO) 610 and UV-VIS spectra were registered on UNICAM UV 4 Spectrometer. 

The starting calixarene i.e. para-tertbutylcalix[6]arene 1a and para-tertbutylcalix[8]arene 1b were prepared using the 

procedures described in the literature.19 The synthesis of the new calixarene derivatives and their main characteristics are presented 

below. 

5,11,17,23,29,35-Hexa-tertbutyl-bis-(E-2-butenyloxy)-calix[6]arene (2a) 

To a solution of calix[6]arene (1a) (5.0 g, 5.1 mmoles) in anhydrous acetonitrile or DMF/THF mixture (200 mL), potassium 

carbonate (3.519 g, 25.0 mmoles) and E-2-butenylbromide (2.085 g, 15.45 mmoles) in 200 mL of acetonitrile were added. After 

refluxing for 18 h under inert atmosphere, the mixture was poured on ice, and then acidified with HCl. The mixture was extracted 

with chloroform and the organic layer was successively washed with water and brine and dried over MgSO4 anh. Magnesium sulfate 

was removed by filtration and the chloroform solution was concentrated and methanol was added. The suspension was allowed to 

cool in the refrigerator (24 h) and the solid material was recrystallised from chloroform/methanol mixture yielding 3.41 g (~62%) as 

a white solid. 

M.p. 242°C; M.W. 1080, calculated for C74H96O6 : 

E.A.: calculated: C = 82.82%, H = 8.88%; found: C = 81.35%; H = 9.14%. 

UV-VIS [CHCl3; λmax(nm) / ε (M –1cm–1)]: 247 / 3550; 282 / 9070; 287 / 9000. 

FT-IR: (νmax, KBr cm–1): 3397, 3019, 965. 
1H-NMR (δppm, CDCl3 ,ppm): 7.65 (s,4H); 7.02 (s,4H); 6.98 (s,8H); 5.90–5.65 (m,4H); 4.35–3.90 (s,12H); 2.2 (d,6H); 1.62 (d,4H); 

1.20, 1.15, 1.14, 1.12, 1.08 (s,s,s,s,s,54H). 
13C-NMR: (δppm, CDCl3 ppm); 150.78, 150.35, 147.12, 141.90, 132.62, 131.66, 126.60, 125.91, 125.78, 125.04, 75.73, 34.11, 33.87, 

31.54, 31.24, 30.88, 17.74. 

MS: 1080(M+); 1026, 972, 865, 324, 175, 57(100%). 

5,11,17,23,29,35,41,47-Octa-tertbutyl-bis-(E-2-butenyloxy)-calix[8]arene (2b) 

To a solution of calix[8]arene (2a) (5.0 g, 4.0 mmoles) in anhydrous acetonitrile or DMF/THF mixture (200 mL), potassium 

carbonate (2.760 g, 20.0 mmoles) and E-2-butenylbromide (1.080 g, 8.0 mmoles) in 200 mL of acetonitrile were added. The product 

was synthesized following the procedure described above (reaction time 20 h) affording 3.36 g (~60%). 

M.p. > 360°C. MW = 1404, calculated for C96H124O8; 

E.A.: calculated: C = 82.05%; H = 8.83%; found: C =81.75%; H = 8.92%. 

UV-VIS [CHCl3; λmax(nm) / ε(M–1cm–1)]: 246 / 8600; 282,5 / 18400; 288,5 / 18920. 

FT-IR: (νmax, KBr, cm–1): 3418, 3019, 965. 
1H-NMR (δppm, CDCl3, ppm): 7,64 (s,6H); 7,24 (s,8H); 7.14 (s,8H); 5,80–5,40 (m,4H); 4,35–3,91 (s,16H); 1,63–65 (d,4H); 

1.76 (s,6H); 1.29, 1.24, 1.19, 1.08 (s,s,s,s, 72H). 
13C-NMR: (δppm, CDCl3, ppm); 151.84, 150.75, 147.32, 141.88, 132.62, 131.63, 126.60, 125.78, 125.03, 34.11, 33.87, 31.54, 

31.24, 17.80. 
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5,11,17,23,29,35-Hexa-tertbutyl -tris-(E-2-butenyloxy)-calix[6]arene (3a) 

To a mixture of calix[6]arene (1.a) (5.0 g; 5.1 mmoles) in anhydrous acetonitrile or DMF/THF mixture (200 mL), 1.47 g 

(30.6 mmoles) sodium hydride (50% in paraffin oil) was added. The mixture was stirred for ½ h at 40°C. After cooling at room 

temperature, 3.118 g (23.1 mmoles) E-2-butenyl bromide in acetonitrile (200 mL) were added and the mixture was refluxed for 20 h 

under inert atmosphere. The mixture was poured on ice, acidified with HCl and extracted with chloroform. The chloroform extract 

was successively washed with water and brine and dried over anhydrous magnesium sulfate. After the removal of magnesium sulfate, 

the chloroform solution was concentrated and methanol was added. The suspension was allowed to cool in the refrigerator (24 h) and 

the solid material was recrystallised from methylene chloride/ethanol mixture, yielding 3.29 g (~57%) as white crystals. 

M.p. 227°C; MW = 1134, calculated for C78H102O6 ; 

E.A.: calculated: C = 82.54%; H = 8.99%; found: C = 81.78%; H = 9.20%. 

UV-VIS [CHCl3; λmax(nm) / ε (M –1cm–1)]: 247.5 / 3980; 280,5 / 9800; 287,5 / 8840. 

FT-IR: (νmax, KBr, cm–1): 3389, 3017, 964. 
1H-NMR (δppm, CDCl3, ppm): 8.42–7.63 (s,3H), 7.02 (s,6H), 6.86 (s,6H), 5.90-5-70 (m,6H), 4.37 (d,6H), 3.91 (s,6H), 2.13 (s,9H), 

1.54 (d,6H), 1.21, 1.16, 1.13, 1.09, 1.05 (s,s,s,s,s,54H). 
13C-NMR: (δppm, CDCl3, ppm): 150.27, 149.83, 142.86, 132.84, 132.40, 126.75, 126.18, 125.67, 125.46, 34.00, 33.87, 31.55, 31.25, 

30.85, 17,32. 

MS(m/z): 1135 (M+), 1081, 1027, 956, 810, 175 (100%). 

5,11,17,23,29,35-Hexa-tertbutyl-tetrakis-(E-2-butenyloxy)-calix[6]arene (3b) 

To a mixture of calix[6]arene (5.0 g; 5.1 mmoles) in anhydrous acetonitrile or DMF/THF mixture (200 mL), 1.96 g 

(40.8 mmoles) sodium hydride (50% in paraffin oil) was added. The mixture was stirred for ½ h at 40°C. After cooling at room 

temperature, 4.171 g (30.9 mmoles) E-2-butenyl bromide in acetonitrile (200 mL) were added and the mixture was refluxed for 20 h 

under inert atmosphere. After pouring the mixture on ice, 1n HCl was added and then extracted with chloroform. The chloroform 

extract was washed successively with water and brine and dried over anhydrous magnesium sulfate. After the removal of the 

magnesium sulfate, the chloroform solution was concentrated and methanol was added. The suspension was allowed to cool in the 

refrigerator (24 h) and the separated solid material was recrystallised from chloroform/methanol mixture yielding 3.9 g (~65%) as 

white crystals. 

M.p. 232°C; MW = 1188 calculated for C82H108O6; 

E.A.: calculated: C = 82.83%; H = 9.09%; found: C = 82.72%; H = 9.12%. 

UV-VIS [CHCl3; λmax(nm) / ε (M –1cm–1)]: 248 / 5110; 280,5 / 11830; 287,0 / 10720. 

FT-IR: (νmax, KBr, cm–1): 3389, 3016, 966. 
1H-NMR (δppm, CDCl3, ppm): 7.70–7.63 (s,2H), 7.12(s,8H), 6.86(s,4H), 5.69 (m,8H), 4.19(s,6H), 3.85(s,6H), 1.56(s,8H), 1.18, 1.08, 

1.05(s,s,s,54H). 
13C-NMR: (δppm, CDCl3, ppm): 150.64, 150.27, 147.83, 141.86, 133.34, 132.84, 126.62, 126.12, 34.01, 33.76, 31.44, 31.24, 17,42. 

MS(m/z): 1188 (M+),1080, 1013, 813, 175 (100%) 

5,11,17,23,29,35,41,47-Octa-tertbutyl-tetrakis-(E-2-butenyloxy)-calix[8]arene (3c) 

To a solution of calix[8]arene (2a) (5.0 g, 4.0 mmoles) in anhydrous acetonitrile or DMF/THF mixture (200 mL), sodium 

hydride (1.530 g, 32 mmoles) and E-2-butenylbromide (2.160 g, 16.0 mmoles) in 200 mL of acetonitrile were added. The compound 

(3c) was synthesized following the procedure described above, yielding 3.56 g (~59%) as a white solid. 

M.p. > 360°C, MW = 1512 calculated for C104H136O8 ; 

E.A.: calculated: C = 82.54%; H = 8.99%; found: C = 82.48%; H = 9.01%. 

UV-VIS [CHCl3; λmax(nm) / ε (M –1cm–1)]: 246 / 8320; 281,5 / 18120; 291,0 / 20040. 

FT-IR: (νmax, KBr, cm–1): 3398, 3018, 964. 
1H-NMR (δppm, CDCl3, ppm): 7.49 (s,4H), 7.19 (s,8H), 7.17 (s,8H), 5.51–5.40 (m,8H), 4.33, 4.03, 3.90, 3.32 (s,s,s and d, 16H), 

1.54 (d,8H), 1.46 (s,12H), 1.25, 1.13, 1.10, 1.06 (s,s,s,s,72H). 
13C-NMR: (δppm, CDCl3, ppm): 154.23, 146.58, 144.67, 133.03, 129.03, 128.66, 127.10, 125.48, 34.12, 33.97, 31.43, 31.37, 17.59. 
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