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Experimental 

General experimental procedures 

All chemicals were supplied by commercial sources and used without further purification. For TLC 

analysis, silica gel 60 F254 (Merck) and aluminium oxide 60 F254 neutral (Merck) foil sheets were 

used. Column chromatography was performed using silica gel Geduram 60 F254 (Merck) or 

aluminium oxide 90 standardised (Merck). The 1H (400.1 MHz) and 13C (100.6 MHz) NMR spectra 

were measured on an Agilent 400-MR DDR2 spectrometer and an Avance 400 spectrometer 

(Bruker, Germany) at 25 °C. The 1H and 13C NMR spectra were referenced to the line of the solvent 

(δ/ppm; δH/δC: CDCl3 7.26/77.16; DMSO-d6 2.50/39.52). HRMS analyses were performed using 

Q-TOF (Micromass), using ESI ionisation in positive mode. Melting points were measured on a 

Heiztisch Mikroskop–Polytherm A (Wagner & Munz, Germany) and are not corrected. Polarimetry 

was performed on a Jasco P-2000 polarimeter (Jasco, Germany) with a Na lamp (589 nm, 

continuous) in the cuvette of 1 dm length at 20 °C, the measured values α are given in 

deg‧mL‧dm−1‧g−1. The concentration of samples measured was 0.01 g in 1 mL of solvent. 

Diffraction data were collected on a Bruker D8 VENTURE Kappa Duo PHOTON 100 CMOS with 

the monochromatic Mo/Cu-Kα radiation. The crystallographic data for the structures reported in 

this paper have been deposited with the Cambridge Crystallographic Data Centre as a 

supplementary publication. These data are provided free of charge by the joint Cambridge 

Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access Structures service 

www.ccdc.cam.ac.uk/structures. The FTIR analysis were performed on a FTIR spectrometer 

Nicolet iS10 Thermo Scientific in KBr transmission mode and on a Nicolet 6700 spectrometer 

(Thermo-Nicolet, U.S.A.) connected with a GladiATR diamond ATR adapter (PIKE, U.S.A.), 

http://www.ccdc.cam.ac.uk/structures
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reflectance measurement, DTGS KBr detector, with the following parameters: spectral range: 

4000–400 cm−1, resolution: 4 cm−1, number of spectra accumulations: 64, apodisation: Happ–

Genzel. The spectra were processed by Omnic 9 (Thermo-Nicolet Instruments Co., U.S.A.) with 

baseline correction. 

 

Synthetic procedures 

5,11,17,23-Tetra-tert-butyl-26,28-bis[(S)-2-methylbutoxy]calix[4]arene-25,27-diol (2) 

Starting 4-tert-butylcalix[4]arene (1, 5 g, 7.7 mmol) was dissolved in anhydrous toluene (300 mL), 

and then triphenylphosphine (12.1 g, 46.2 mmol) and (S)-2-methylbutan-1-ol (8.3 mL, 77.1 mmol) 

were added. The mixture was cooled to 0 °C and diisopropyl azodicarboxylate (9.2 mL, 46.7 

mmol) was added dropwise. The solution was stirred at 0 °C for 5 minutes and then heated to 

120 °C for 48 hours. After cooling to room temperature, the solvent was removed under reduced 

pressure and the liquid residue was precipitated from hot methanol (40 °C, 100 mL). The product 

was isolated by filtration and thoroughly washed with cold methanol to give 3.86 g of 2 (64%) in 

the form of a white solid (mp: 278 - 281 °C). 1H NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.69 (s, 

2H, -OH); 7.06 – 7.04 (m, 4H, Ar-H); 6.81 – 6.80 (m, 4H, Ar-H); 4.33 – 4.26 (m, 4H, Ar-CH2-Ar); 

3.85 – 3.75 (m, 4H, -O-CH2-); 3.31 – 3.28 (m, 4H, Ar-CH2-Ar); 2.09 – 2.01 (m, 2H,-CH- ); 1.84 – 

1.76 (m, 2H, -CHH-CH3); 1.50 – 1.44 (m, 2H, -CHH-CH3); 1.29 (s, 18H, t-Bu); 1.27 (d, 6H , J = 

6.7 Hz, -CH3); 1.04 – 1.00 (t, 6H, J = 7.4 Hz,  -CH3); 0.96 (s, 18H, t-Bu). 13C NMR (CDCl3, 101 

MHz, 298 K) δ (ppm): 151.2; 149.9 (2x 2C, Ar-C, C-O-); 146.8; 141.3 (2x 2C, Ar-C, C-t-Bu); 

132.9; 132.8; 127.8; 127.6 (4x 2C, Ar-C, C-CH2-); 125.6; 125.5; 125.1; 125.0 (4x 2C, Ar-CH); 

81.6 (2C, -O-CH2-); 36.2 (2C, -CH-); 34.0; 33.9 (2x 2C, Ar-CH2 -Ar); 31.8 (6C, -C(CH3)3); 31.6 

(4C, -C(CH3)3); 31.1 (6C, -C(CH3)3); 26.3 (2C, -CH2-); 16.9; 11.8 (2x 2C, -CH3). HRMS-ESI: 
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(C54H76O4) m/z calcd: 811.5636 [M+Na]+, found: 811.5636 [M+Na]+. IR (KBr) ν (cm-1): 3388, 

2959, 2917, 2872, 1958, 1639, 1595, 1485, 1122. Optical rotation: [α]589 
20 = 5.8° (c = 0.21 g/mL, 

CHCl3). 

 

5,17-Di-tert-butyl-26,28-bis[(S)-2-methylbutoxy]-11,23-dinitrocalix[4]arene-25,27-diol (3) 

A mixture of glacial acetic acid (16.7 mL) and HNO3 65% (7.4 mL, 172.8 mmol) was added to the 

vigorously stirred solution of the calix[4]arene 2 (4.4 g, 5.6 mmol) in dichloromethane (140 mL) 

at room temperature. Once the colour of the solution changed from dark purple to yellow (taking a 

few seconds to a few minutes), the reaction mixture was poured into water (300 mL). The organic 

phase was separated and the aqueous layer was extracted with dichloromethane (2×25 mL). The 

combined organic extracts were washed with water, dried over MgSO4, and the solvent was then 

evaporated under reduced pressure. The product was isolated after crystallisation from 

CH2Cl2/MeOH to give 3 g (70%) of compound 3 in the form of a yellow powder (mp: 277 – 279 

°C). 1H NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 9.17 (s, 2H, -OH); 8.08 – 8.05 (m, 4H, Ar-H); 

7.01 – 6.75 (m, 4H, Ar-H); 4.32 – 4.23 (m, 4H, Ar-CH2-Ar); 3.89 – 3.78 (m, 4H, -O-CH2-); 3.50 – 

3.44 (m, 4H, Ar-CH2-Ar); 2.15 – 2.04 (m, 2H, -CH-); 1.82 – 1.72 (m, 2H, -CHH-CH3); 1.53 – 1.44 

(m, 2H, -CHH-CH3); 1.29 (d, 6H, J = 6.8 Hz, -CH3); 1.05 (t, 6H,  J = 7.5 Hz, -CH3); 1.01 (s, 18H, 

t-Bu). 13C NMR (CDCl3, 101 MHz, 298 K) δ (ppm): 159.9; 149.7 (2x 2C, Ar-C, C-O-); 148.6 (2C, 

Ar-C, C-t-Bu); 139.8 (2C, Ar-C, C-NO2); 131.1; 130.9; 128.9; 128.6 (4x 2C, Ar-C, C-CH2-); 126.4; 

126.3 (2x 2C, Ar-CH); 124.5 (4C, Ar-CH); 82.4 (2C, -O-CH2-); 36.0 (2C, -CH -);  34.3 (2C, -

C(CH3)3); 31.6 (2C, Ar-CH2 -Ar); 31.3 (6C, -C(CH3)3); 31.2 (2C, Ar-CH2 -Ar); 26.3 (2C, -CH2 -); 

16.9; 11.7 (2x 2C, -CH3). HRMS-ESI: (C46H58N2O8) m/z calcd: 789.4087 [M+Na]+, 805.3826 
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[M+K]+, found: 789.4081 [M+Na]+, 805.3820 [M+K]+. IR (KBr) ν (cm-1): 3365, 2958, 2917, 2849, 

1645, 1593, 1514, 1109. Optical rotation: [α]589 
20 = 12.6° (c = 1 g/mL, CHCl3). 

 

1,3-Alternate 26,28-diallyloxy-11,23-di-tert-butyl-25,27-bis[(S)-2-methylbutoxy]-5,17-

dinitrocalix[4]arene (4a) 

The calix[4]arene 3 (3 g, 3.9 mmol) and Cs2CO3 (19.1 g, 58.7 mmol) were dissolved in dry DMF 

(75 mL) and heated to 40 °C. After 1 hour, allyl bromide (5.1 mL, 58.7 mmol) was added, and the 

reaction mixture was stirred under an argon atmosphere at 40 °C for 7 days. The solvent was then 

evaporated under reduced pressure and the crude product was dissolved in a mixture of CHCl3 (38 

mL) and water (112 mL). The organic phase was washed with water (2×80 mL), dried over MgSO4, 

and the solvent was removed on a vacuum evaporator. The crude product was purified by column 

chromatography on silica gel using cyclohexane/dichloromethane 3:2, v/v to give 1.3 g of the 1,3-

alternate isomer 4a (40%, mp: 248 – 250 °C). 1H NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.98 

(s, 4H, Ar-H); 6.98 (s, 4H, Ar-H); 5.82 – 5.73 (m, 2H, -CH=CH2); 5.15 – 5.01 (m, 4H, -CH=CH2); 

4.09 – 4.07 (m, 4H, -O-CH2-CH=CH2); 3.84 – 3.79 (m, 4H, Ar-CH2-Ar); 3.70 – 3.67 (m, 4H, Ar-

CH2-Ar); 3.51 – 3.42 (m, 4H, -O-CH2-); 1.86 – 1.77 (m, 2H, -CH-); 1.26 – 1.24 (m, 2H, -CHH-

CH3); 1.23 (s, 18H, t-Bu); 1.09 – 0.97 (m, 2H, -CHH-CH3); 0.84 (t, 6H, J = 7.4 Hz, -CH3); 0.66 (d, 

6H, J = 6.6 Hz, -CH3). 13C NMR (CDCl3, 101 MHz, 298 K) δ (ppm): 162.0; 154.8 (2x 2C, Ar-C, 

C-O-); 144.4 (2C, Ar-C, C-tBu); 141.9 (2C, Ar-C, C-NO2); 135.7; 135.6 (2x 2C, Ar-C, C-CH2-); 

133.8 (2C, -CH=CH2); 131.8; 131.7 (2x 2C, Ar-C, C-CH2-); 127.9; 127.8; 126.1; 125.8 (4x 2C, 

Ar-CH); 117.5 (2C, -CH=CH2); 77.4; 72.4 (2x 2C, -O-CH2-); 38.2; 38.0 (2x 2C, Ar-CH2-Ar); 36.1 

(2C, -CH-); 34.0 (2C, -C(CH3)3); 31.6 (6C, -C(CH3)3); 26.6 (2C, -CH2-); 16.1; 11.6 (2x 2C, -CH3). 

HRMS-ESI: (C52H66N2O8) m/z calcd: 869.4711 [M+Na]+, 885.4451 [M+K]+, found: 869.4713 
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[M+Na]+, 885.4445 [M+K]+. IR (KBr) ν (cm-1): 3390, 2961, 2916, 2874, 1958, 1518, 1341, 1263. 

Optical rotation: [α]589 
20 = -13.5° (c = 1.02 g/mL, CHCl3). 

 

Partial-cone 26,28-diallyloxy-11,23-di-tert-butyl-25,27-bis[(S)-2-methylbutoxy]-5,17-

dinitrocalix[4]arene (4b) 

The calix[4]arene 4b (in the partial cone conformation) was isolated as the next fraction from the 

above-described chromatography in the form of a yellowish powder (0.34 g, 10%), mp: 205 – 208 

°C. 1H NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 8.26 (s, 2H, Ar-H); 8.04 (s, 2H, Ar-H); 6.89 (d, 

2H, J = 2.5 Hz, Ar-H); 6.46 (t, 2H, J = 2.3 Hz, Ar-H); 6.20 – 6.10 (m, 1H, -CH=CH2); 5.64 – 5.53 

(m, 1H, -CH=CH2); 5.43 – 5.31 (m, 2H, -CH=CH2); 4.92 – 4.82 (m, 2H, -CH=CH2); 4.39 (d, 2H, 

J = 6.2 Hz, -O-CH2-CH=CH2); 4.20 (d, 2H, J = 6.1 Hz, -O-CH2-CH=CH2); 4.12 – 4.06 (m, 2H, 

Ar-CH2-Ar); 3.87 – 3.81 (m, 2H, Ar-CH2-Ar); 3.74 – 3.58 (m, 4H, Ar-CH2-Ar + 2x -O-CHH-); 

3.42 –3.28 (m, 1H, -O-CHH-); 3.32 – 3.26 (m, 1H, -O-CHH-); 3.24 – 3.19 (m, 2H, Ar-CH2-Ar); 

2.04 – 1.94 (m, 2H, -CH-); 1.71 – 1.61 (m, 2H, -CHH-); 1.39 – 1.16 (m, 2H, -CHH-); 1.10 (d, 3H, 

J = 6.7 Hz, -CH3); 1.05 – 1.02 (d, 3H, J = 6.7 Hz, -CH3); 1.02 (m, 21H, t-Bu + -CH3); 0.96 (t, 3H, 

J = 7.4 Hz, -CH3). 13C NMR (CDCl3, 101 MHz, 298 K) δ (ppm): 162.7; 161.7; 154.3; 154.2 (4x C, 

Ar-C, C-O-); 144.8; 144.7 (2x C, Ar-C, C-t-Bu); 142.7; 142.2 (2x C, Ar-C, C-NO2); 138.4; 138.3; 

135.6; 135.5 (4x C, Ar-C, C-CH2-); 135.0; 134.1 (2x C, -CH=CH2);  130.6; 130.5; 130.1; 130.0 

(4x C, Ar-C, C-CH2-); 126.9; 126.8; 126.7; 126.6; 126.0; 125.9; 124.2; 124.1 (4x C, Ar-CH); 118.8; 

116.3 (2x C, -CH=CH2); 81.0; 80.9; 74.4; 73.9 (4x C, -O-CH2-); 37.1; 37.0 (2x C, Ar-CH2-Ar); 

36.1; 36.0 (2x C, -CH-); 33.9 (2C, -C(CH3)3); 31.6 (6C, -C(CH3)3); 31.3; 31.2 (2x C, Ar-CH2-Ar); 

26.9; 26.7 (2x C, -CH2-); 17.3; 17.2 (2x C, -CH3); 11.5; 11.4 (2x C, -CH3). HRMS-ESI: 

(C52H66N2O8) m/z calcd: 869.4711 [M+Na]+, 885.4451 [M+K]+, found: 869.4715 [M+Na]+, 
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885.4449 [M+K]+. IR (KBr) ν (cm-1): 3390, 2960, 2917, 2850, 1958, 1592, 1518, 1339, 1092. 

Optical rotation: [α]589 
20 = 4.7° (c = 1.03 g/mL, CHCl3). 

 

1,3-Alternate 26,28-diallyloxy-5,17-diamino-11,23-di-tert-butyl-25,27-bis[(S)-2-

methylbutoxy]calix[4]arene (5) 

The starting calix[4]arene 4a (0.8 g, 0.9 mmol) and SnCl2·2H2O (2.1 g, 9.4 mmol) were dissolved 

in ethanol (64 mL), and the reaction mixture was heated to reflux for 3 days. The solvent was then 

evaporated under reduced pressure, and the crude product was dissolved in a mixture of CH2Cl2 

(62 mL) and a 15% solution of NH3 (62 mL). The resulting solution was extracted with 

dichloromethane (3×40 mL), the combined organic layers were washed with a saturated solution 

of NaCl (50 mL) and water (50 mL) and dried over MgSO4. The solvent was removed on a vacuum 

evaporator, and the crude mixture was purified by column chromatography on alumina using a 

cyclohexane/ethyl acetate 20:1, v/v mixture to give 0.42 g (57%) of the final compound 5 (mp 113–

116 °C), which was stored refrigerated under an argon atmosphere. 1H NMR (CDCl3, 400 MHz, 

298 K) δ (ppm): 6.91 (s, 4H, Ar-H); 6.41 (s, 4H, Ar-H); 5.75 – 5.66 (m, 2H, -CH=CH2); 5.05 – 

4.89 (m, 4H, -CH=CH2); 3.89 – 3.87 (m, 4H, -O-CH2-CH=CH2); 3.68 – 3.56 (m, 8H, Ar-CH2-Ar); 

3.47 – 3.42 (m, 4H, -O-CH2-); 3.21 (brs, 4H, -NH2); 1.86 – 1.79 (m, 2H, -CH-); 1.44 – 1.34 (m, 

2H, -CHH-CH3); 1.21 (s, 18H, t-Bu); 1.13 – 1.01 (m, 2H, -CHH-CH3); 0.93 (t, 6H, J = 7.3 Hz, -

CH3); 0.81 (d, 6H,  J = 6.7 Hz, -CH3). 13C NMR (CDCl3, 101 MHz, 298 K) δ (ppm): 155.2; 149.6 

(2x 2C, Ar-C, C-O-); 143.5 (2C, Ar-C, C-t-Bu); 139.8 (2C, Ar-C, C-NH2); 135.6 (2C, -CH=CH2); 

134.8; 134.7 (2x 2C, Ar-C, C-CH2-); 132.9 (4C, Ar-C, C-CH2-); 127.2; 127.1; 117.9; 117.7 (4x 

2C, Ar-CH); 115.5 (2C, CH2=CH-); 76.6; 72.1 (2x 2C, -O-CH2-); 38.5; 38.4 (2x 2C, Ar-CH2-Ar); 

36.2 (2C, -CH-); 33.9 (2C, -C(CH3)3); 31.7 (6C, -C(CH3)3); 26.7 (2C, -CH2-); 16.7; 12.0 (2x 2C, -
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CH3). HRMS-ESI: (C52H70N2O4) m/z calcd: 787.5408 [M+H]+, 809.5228 [M+Na]+, 825.4967 

[M+K]+, found: 787.5411 [M+H]+, 809.5227 [M+Na]+, 825.4957 [M+K]+. IR (KBr) ν (cm-1): 

3389, 2956, 2916, 2849, 1958, 1595, 1466, 1094. 

 

1,3-Alternate 5,17-diamino-11,23-di-tert-butyl-25,27-bis[(S)-2-methylbutoxy]-26,28-

dipropoxycalix[4]arene (6) 

A suspension of the calixarene 4a (0.1 g, 0.1 mmol) and Pd/C (10%, 0.02 g) in THF (15 mL) was 

stirred under a H2 atmosphere (5 bar) in an autoclave at room temperature for 4 days. The catalyst 

was then removed by filtration through Celite®, and the solution was concentrated under reduced 

pressure. The crude product was purified by column chromatography on alumina using a 

cyclohexane/ethyl acetate 10:1, v/v mixture to yield 85 mg (91%) of the final compound 6 (mp: 

243–246 °C), which was stored refrigerated under an argon atmosphere. 1H NMR (CDCl3, 400 

MHz, 298 K) δ (ppm): 6.93 (s, 4H, Ar-H); 6.40 (s, 4H, Ar-H); 3.67 – 3.58 (m, 8H, Ar-CH2-Ar); 

3.46 – 3.32 (m, 8H, -O-CH2-); 3.19 (brs, 4H, -NH2); 1.78 – 1.68 (m, 2H, -CH-); 1.43 – 1.30 (m, 

2H, -CHH-CH3); 1.25 – 1.19 (m, 22H, t-Bu + -CH2-CH3); 1.08 – 0.99 (m, 2H, -CHH-CH3); 0.90 

(t, 6H, J = 7.4 Hz, -CH3); 0.80 – 0.71 (m, 12H, -CH3). 13C NMR (CDCl3, 101 MHz, 298 K) δ 

(ppm): 155.5; 150.1 (2x 2C, Ar-C, C-O-); 143.2 (2C, Ar-C, C-t-Bu); 139.7 (2C, Ar-C, C-NH2); 

134.4; 134.3; 132.8; 132.7 (4x 2C, Ar-C, C-CH2-); 126.5; 126.4 (2x 2C, Ar-CH); 117.5 (4C, Ar-

CH); 76.6; 72.9 (2x 2C, -O-CH2-); 38.5; 38.4 (2x 2C, Ar-CH2-Ar); 35.9 (2C, -CH-); 33.9 (2C, -

C(CH3)3); 31.7 (6C, -C(CH3)3); 26.6; 22.7 (2x 2C, -CH2-); 16.9; 11.9; 10.3 (3x 2C, -CH3). HRMS-

ESI: (C52H74N2O4) m/z calcd: 791.5721 [M+H]+,  813.5541 [M+Na]+, 829.5280 [M+K]+, found: 

791.5724 [M+H]+,  813.5540 [M+Na]+, 829.5276 [M+K]+. IR (KBr) ν (cm-1): 3360, 2958, 2919, 

2872, 1617, 1468, 1230. 
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Synthesis of ureido derivatives–general procedure 

The corresponding isocyanate (10 equiv) was added to a solution of the calix[4]arene 5 or 6 (0.03 

g) in 10 mL of dry dichloromethane under an argon atmosphere. The mixture was stirred for 3 to 

5 days at room temperature. The reaction was quenched by the addition of 10 mL of methanol, and 

the reaction mixture was stirred for 30 minutes. The solvent was then evaporated under reduced 

pressure. The particular purification methods of the crude product are described below for each 

individual receptor. 

 

1,3-Alternate 26,28-diallyloxy-11,23-di-tert-butyl-25,27-bis[(S)-2-methylbutoxy]-5,17-bis[N´-(4-

nitrophenyl)ureido]-calix[4]arene (7a): Compound 7a was prepared according to the general 

procedure using the calixarene 5 (0.030 g, 0.040 mmol) and p-nitrophenyl isocyanate (0.02 g, 0.40 

mmol). The title compound 7a was obtained without chromatography, by multiple triturations of 

the crude solid in methanol, in the form of a yellow powder (0.020 g, 34%), mp: 180 -182 °C. 1H 

NMR (DMSO-d6, 400 MHz, 298 K) δ (ppm): 9.33 (s, 2H, -NH-CO); 8.30 (s, 2H, -NH-CO); 8.15 

(d, 4H, J = 9.3 Hz, Ar-H); 7.66 (d, 4H, J = 9.3 Hz, Ar-H); 7.23 (d, 2H, J = 2.5 Hz, Ar-H); 7.10 (d, 

2H, J = 2.5 Hz, Ar-H); 6.94 (s, 4H, Ar-H); 5.53 (m, 2H, -CH=CH2); 4.95-4.81 (m, 4H, -CH=CH2); 

3.71 – 3.66 (m, 12H, Ar-CH2-Ar + -O-CH2-); 3.30 – 3.25 (m, 4H, -O-CH2-); 1.72 – 1.68 (m, 2H, -

CH-); 1.27 – 1.24 (m, 2H, -CHH-); 1.19 (s, 18H, t-Bu); 0.9 (m, 2H, -CHH-); 0.75 (t, 6H, J = 7.4 

Hz, -CH3); 0.60 (d, 6H, J = 6.6 Hz, -CH3). 13C NMR (DMSO-d6, 101 MHz, 298 K) δ (ppm): 154.8; 

151.6 (2x 2C, Ar-Ccalix, C-OCH2-); 151.4 (2C, C=O); 146.6 (2C, Ar-C, C-NO2); 142.6 (2C, Ar- 

Ccalix, C–t-Bu); 140.6 (2C, Ar-C, C-NH-); 135.2 (2C, CH2=CH-); 134.2 (2C, Ar-Ccalix, C-NH-); 

134.1; 132.6; 132.5; 132.4 (4x 2C, Ar- Ccalix, C-CH2-); 126.7; 126.6 (2x 2C, Ar-CHcalix, CH-C-t-
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Bu); 125.1 (4C, Ar-CH, CH-C-NO2); 119.9; 119.8 (2x 2C, Ar-CHcalix, CH-C-NH); 117.0 (4C, Ar-

CH, CH-CH-C-NO2); 114.8 (2C, CH2=CH-); 76.0; 70.8 (2x 2C, -O-CH2-); 38.2; 38.0 (2x 2C, Ar-

CH2-Ar); 34.8 (2C, -CH-); 33.5 (2C, -C(CH3)3); 31.3 (6C, -C(CH3)3); 25.9 (2C, -CH2-); 16.2; 11.3 

(2x 2C, -CH3). HRMS-ESI: (C66H78N6O10) m/z calcd: 1137.5672 [M+Na]+, 1153.5411 [M+K]+, 

found: 1137.5671 [M+Na]+, 1153.5410 [M+K]+. IR (KBr) ν (cm-1): 3600, 3308, 3091, 2962, 2874, 

1726, 1549, 1476, 1419, 1325, 1302, 1197. Optical rotation: [α]589 
20 = -33.9° (c = 0.01 g/mL, 

acetone). 

 

1,3-Alternate 26,28-diallyloxy-11,23-di-tert-butyl-5,17-bis[N´-(4-butyl)ureido]-25,27-bis[(S)-2-

methylbutoxy]calix[4]arene (7b): Compound 7b was prepared according to the general procedure 

using the calixarene 5 (0.060 g, 0.070 mmol) and p-butylphenyl isocyanate (0.10 mL, 0.70 mmol). 

The crude mixture was purified by multiple triturations in methanol to obtain the final product 7b 

as a slightly pink powder (0.04 g, 49%), mp: 239 – 242 °C. 1H NMR (DMSO-d6, 400 MHz, 298 

K) δ (ppm): 8.45 (s, 2H, -NH-CO); 7.97 (s, 2H, -NH-CO); 7.31 (d, 4H, J = 8.5 Hz, Ar-H); 7.17 (d, 

2H, J = 2.6 Hz,  Ar-H); 7.05 (m, 6H, Ar-H); 6.93 (s, 4H, Ar-H); 5.57 – 5.47 (m, 2H, -CH=CH2); 

4.93 – 4.83 (m, 4H, -CH=CH2); 3.73 – 3.62 (m, 12H, -O-CH2-, Ar-CH2-Ar); 3.32 – 3.23 (m, 4H, -

O-CH2-); 2.53 (m, overlapped with solvent, 4H, -CH2-); 1.75 – 1.66 (m, 2H, -CH-); 1.54 – 1.47 

(m, 4H, -CH2-); 1.31 – 1.24 (m, 4H, -CH2-); 1.19 (m, 20H, t-Bu, -CHH-); 0.92 – 0.88 (m, 2H, -

CHH-);  0.88 (t, 6H, J = 7.3 Hz -CH3); 0.77 (t, 6H, J = 7.3 Hz -CH3); 0.61 (d, 6H, J = 6.6 Hz, -

CH3). 13C NMR (DMSO-d6, 101 MHz, 298 K) δ (ppm): 154.8; 152.5 (2x 2C, Ar-C, C-O-CH2-); 

150.9 (2C, C=O); 142.5 (2C, Ar- Ccalix, C–t-Bu); 137.7 (2C, Ar-C, C-Bu); 135.3 (2C, CH2=CH-); 

135.2 (2C, Ar-C, C-NH-); 133.99; 133.91 (2x 2C, Ar-Ccalix, C-CH2-); 133.3 (2C, Ar-Ccalix, C-NH-

); 132.6; 132.5 (2x 2C, Ar-Ccalix, C-CH2-); 128.5 (4C, Ar-CH, -CH-C-Bu); 126.6; 126.5; 119.7; 
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119.5 (4x 2C, Ar-CHcalix); 117.9 (4C, Ar-CH, -CH-C-NH-); 114.7 (2C, CH2=CH-);  76.0; 70.9 (2x 

2C, -O-CH2-); 38.3; 38.1 (2x 2C, Ar-CH2-Ar); 34.8 (2C, -CH-); 34.1 (2C, -CH2-); 33.5 (2C, -

C(CH3)3); 33.3 (2C, -CH2-); 31.3 (6C, -C(CH3)3); 25.9; 21.6 (2x 2C, -CH2-); 16.2; 13.8; 11.4 (3x 

2C, -CH3). HRMS-ESI: (C74H96N4O6) m/z calcd: 1159.7222 [M+Na]+, 1175.6961 [M+K]+, found: 

1159.7237 [M+Na]+, 1175.6969 [M+K]+. IR (KBr) ν (cm-1): 3344, 2955, 2926, 2871, 1661, 1543, 

1475, 1418, 1218, 1197. Optical rotation: [α]589 
20 = -40.0° (c = 0.01 g/mL, acetone). 

 

1,3-Alternate 26,28-diallyloxy-11,23-di-tert-butyl-5,17-bis[N´-(4-(S)-1-methylbenzyl)ureido]-

25,27-bis[(S)-2-methylbutoxy]calix[4]arene (7c): Compound 7c was prepared according to the 

general procedure using the calixarene 5 (0.50 g, 0.60 mmol) and (S)-1-phenylethyl isocyanate 

(0.5 mL, 3.2 mmol). The crude mixture was purified by multiple triturations in methanol to obtain 

the final product 7c as pink microcrystals (0.35 g, 53%), mp: 240 – 242 °C. 1H NMR (400 MHz, 

DMSO-d6, 298 K) δ (ppm): 7.73 (s, 2H, -NH-CO); 7.33 – 7.30 (m, 8H, Ar-H); 7.25 – 7.22 (m, 2H, 

Ar-H); 7.06 (m, 2H, Ar-Hcalix); 6.98 (m, 2H, Ar-Hcalix); 6.89 (s, 4H, Ar-Hcalix); 6.50 (d, 2H, J = 7.9 

Hz, -NH-CO); 5.53 – 5.46 (m, 2H, CH2=CH-); 4.93 – 4.74 (m, 6H, CH2=CH- + -CH-NH-); 3.72 – 

3.46 (m, 12H, Ar-CH2-Ar + -O-CH2-allyl); 3.27 – 3.09 (m, 4H, -O-CH2-); 1.68 – 1.58 (m, 2H, -O-

CH2-CH-); 1.38 (d, 6H, J = 6.9 Hz, CH3-CH-NH); 1.17 (m, 20H, -C(CH3)3 + -CHH -CH3); 0.87 – 

0.84 (m, 2H –CHH-CH3); 0.76 (t, 6H, J = 7.3 Hz, CH3-CHH-); 0.55 (d, 6H, J = 6.6 Hz, CH3-CH-

). 13C NMR (DMSO-d6, 101 MHz, 298 K) δ (ppm): 154.8 (2C, Ar Ccalix, C-OCH2-); 154.5 (2C, 

C=O); 150.4 (2C, Ar Ccalix, C-OCH2-); 145.4 (2C, Ar-C, C-CH); 142.4 (2C, Ar- Ccalix, C-t-Bu); 

135.4 (2C, CH2=CH-); 133.8 (2C, Ar-Ccalix, C-NH-); 133.7; 133.6; 132.65; 132.62 (4x 2C, Ar- 

Ccalix, C-CH2); 128.2 (4C, Ar-CH); 126.7; 126.6 (4C, Ar-CHcalix, t-Bu, 2C Ar-CH); 125.8 (4C, Ar-

CH); 119.3; 119.2 (2x 2C, Ar-CHcalix, CH-C-NH); 114.5 (2C, CH2=CH-); 75.9; 70.8 (2x 2C, -O-
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CH2-); 48.4 (2C, CH-NH-), 38.3; 38.2 (2x 2C, Ar-CH2-Ar); 34.7 (2C, -CH-); 33.4 (2C, -C(CH3)3); 

31.4 (6C, -C(CH3)3); 25.8 (2C, -CH2-); 22.9 (2C, CH3-CH-NH-); 16.1; 11.4 (2x 2C, -CH3). HRMS-

ESI: (C70H88N4O6) m/z calcd: 1103.6596 [M+Na]+, 1119.6335 [M+K]+, found: 1103.6605 

[M+Na]+, 1119.6333 [M+K]+. IR (KBr) ν (cm-1): 3329, 2958, 2925, 2871, 1647, 1546, 1475, 1200. 

Optical rotation: [α]589 
20 = -43.6° (c = 0.01 g/mL, acetone). 

 

1,3-Alternate 26,28-diallyloxy-11,23-di-tert-butyl-5,17-bis[N´-(4-(S)-1-methylbenzyl)ureido]-

25,27-bis[(R)-2-methylbutoxy]calix[4]arene (7d): Compound 7d was prepared according to the 

general procedure using the calixarene 5 (0.20 g, 0.20 mmol) and (R)-1-phenylethyl isocyanate 

(0.3 mL, 1.9 mmol). The crude mixture was purified by multiple triturations in methanol to obtain 

the final product 7d as a slightly pink powder (0.12 g, 61%), mp: 239 – 242 °C. 1H NMR (400 

MHz, DMSO-d6, 298 K) δ (ppm): 7.73 (s, 2H, -NH-CO); 7.32 – 7.30 (m, 8H, Ar-H); 7.25 – 7.19 

(m, 2H,, Ar-H); 7.06 (m, 2H, Ar-Hcalix); 6.98 (m, 2H, Ar-Hcalix); 6.89 (s, 4H, Ar-Hcalix); 6.50 (d, 2H, 

J = 7.9 Hz,- NH-CO); 5.53 – 5.46 (m, 2H, CH2=CH-); 4.93 – 4.74 (m, 6H, CH2=CH- + -CH-NH-

); 3.67 – 3.45 (m, 12H, Ar-CH2-Ar + -O-CH2-allyl); 3.24 – 3.15 (m, 4H, -O-CH2-); 1.68 – 1.58 (m, 

2H, -O-CH2-CH-); 1.38 (d, 6H, J = 6.9 Hz,  CH3-CH-NH-); 1.17 (m, 20H, -C(CH3)3 + -CHH -

CH3); 0.88 – 0.76 (m, 2H -CHH-CH3); 0.72 (t, 6H, J = 7.3 Hz, CH3-CHH); 0.57 (d, 6H,  J = 6.6 

Hz, CH3-CH-). 13C NMR (DMSO-d6, 101 MHz, 298 K) δ (ppm): 154.8 (2C, Ar-Ccalix, C-OCH2-); 

154.5 (2C, C=O); 150.4 (2C, Ar-Ccalix, C-O-CH2-); 145.4 (2C, Ar-C, C-CH); 142.5 (2C, Ar- Ccalix, 

C-t-Bu); 135.4 (2C, CH2=CH-); 133.9 (2C, Ar-Ccalix, C-NH-); 133.8; 133.7; 132.7; 132.6 (4x 2C, 

Ar- Ccalix, C-CH2); 128.2 (4C, Ar-CH); 126.6; 126.5 (2x 2C, Ar-CHcalix, 2C, Ar-CH); 125.8 (4C, 

Ar-CH); 119.3; 119.2 (2x 2C, Ar-CHcalix, CH-C-NH); 114.6 (2C, CH2=CH-); 76.0; 70.9 (2x 2C, -

O-CH2-); 48.4 (2C, CH-NH-); 38.3; 38.2 (2x 2C, Ar-CH2-Ar); 34.8 (2C, -CH-); 33.5 (2C, -
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C(CH3)3); 31.4 (6C, -C(CH3)3); 25.9 (2C, -CH2-); 23.0 (2C, CH3-CH-NH); 16.1; 11.4 (2x 2C, CH3-

). HRMS-ESI: (C70H88N4O6) m/z calcd: 1081.6777 [M+H]+, 1103.6596 [M+Na]+, 1119.6335 

[M+K]+, found: 1081.6779 [M+H]+, 1103.6603 [M+Na]+, 1119.6331 [M+K]+. IR (KBr) ν (cm-1): 

3307, 2957, 2898, 2866, 1650, 1552, 1476, 1199. Optical rotation: [α]589 
20 = 11.1° (c = 0.01 g/mL, 

acetone). 

 

1,3-Alternate 11,23-di-tert-butyl-25,27-bis[(S)-2-methylbutoxy]-5,17-bis[N´-(4-

nitrophenyl)ureido]-26,28-dipropoxycalix[4]arene (8a): Compound 8a was prepared according to 

the general procedure using the calixarene 6 (0.060 g, 0.070 mmol) and p-nitrophenyl isocyanate 

(0.1 g, 0.70 mmol). The crude mixture was crystallised from ethyl acetate to form 8a (0.03 g, 38%) 

as yellow crystals, mp: 218 – 221 °C. 1H NMR (DMSO-d6, 400 MHz, 298 K) δ (ppm): 9.31 (s, 2H, 

-NH-CO-); 8.34 (s, 2H, -NH-CO-); 8.15 (d, 4H, J = 7.3 Hz, Ar-H); 7.66 (d, 4H, J = 7.4 Hz, Ar-H); 

7.20 (m, 2H, Ar-H); 7.03 (m, 2H, Ar-H); 6.98 (s, 4H, Ar-H); 3.80 – 3.69 (m, 8H, Ar-CH2-Ar); 3.33 

(m, solvent overlapped, 2H, -O-CHH); 3.24 – 3.16 (m, 6H, -O-CH2-, -O-CHH); 1.53 – 1.44 (m, 

2H, -CH-); 1.22 (s, 18H, t-Bu, + m, 2H, -CHH-CH3); 0.99 – 0.90 (m, 4H, -CH2-); 0.87 – 0.79 (m, 

2H, -CHH-CH3); 0.73 (t, 6H, J = 7.3 Hz, -CH3); 0.63 (t, 6H, J = 7.5 Hz, -CH3); 0.52 (d, 6H, J = 

6.6 Hz, -CH3). 13C NMR (DMSO-d6, 101 MHz, 298 K) δ (ppm): 155.0; 152.0 (2x 2C, Ar Ccalix, C-

OCH2-); 151.7 (2C, C=O); 146.7 (2C, Ar-C, C-NO2); 142.4 (2C, Ar- Ccalix, C–t-Bu); 140.6 (2C, 

Ar-C, C-NH-); 133.6 (2C, Ar-Ccalix, C-NH-); 132.4 (4C, Ar- Ccalix, C-CH2-); 132.3; 132.2 (2x 2C, 

Ar- Ccalix, C-CH2-); 125.8; 125.6 (2x 2C, Ar-CHcalix, CH-C-t-Bu); 125.1 (4C, Ar-CH, CH-C-NO2); 

119.4; 119.3 (2x 2C, Ar-CHcalix, CH-C-NH); 117.1 (4C, ArCH, CH-CH-C-NO2); 75.7; 71.2 (2x 

2C, -O-CH2-); 38.3; 38.1 (2x 2C, Ar-CH2-Ar); 34.5 (2C, -CH-); 33.5 (2C, -C(CH3)3); 31.3 (6C, -

C(CH3)3); 25.8; 21.5 (2x 2C, -CH2-); 16.5; 11.3; 9.8 (3x2C, -CH3). HRMS-ESI: (C66H82N6O10) m/z 
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calcd: 1141.5985 [M+Na]+, 1157.5724 [M+K]+, found: 1141.5978 [M+Na]+, 1157.5713 [M+K]+. 

IR (KBr) ν (cm-1): 3368, 2959, 2917, 2849, 1958, 1563, 1331, 1111. Optical rotation: [α]589 
20 = 

25.9° (c = 0.01 g/mL, acetone). 

 

1,3-Alternate 11,23-di-tert-butyl-5,17-bis[N´-(4-butyl)ureido]-25,27-bis[(S)-2-methylbutoxy]-

26,28-dipropoxycalix[4]arene (8b): Compound 8b was prepared according to the general 

procedure using the calixarene 6 (0.30 g, 0.30 mmol) and p-butylphenyl isocyanate (0.56 mL, 3.16 

mmol). The crude mixture was purified by repeated trituration to yield 8b (45%) in the form of a 

pinkish powder, mp: 236 – 238 °C. 1H NMR (DMSO-d6, 400 MHz, 298 K) δ (ppm): 8.43 (s, 2H, -

NH-CO); 7.99 (s, 2H, -NH-CO); 7.31 (d, 4H, J = 8.5 Hz, Ar-H); 7.13 (d, 2H, J = 2.6 Hz, Ar-H); 

7.05 (d, 4H, J = 8.5 Hz, Ar-H); 6.98 (m, 6H, Ar-H); 3.79 – 3.60 (m, 8H, Ar-CH2-Ar); 3.31 – 3.29 

(m, 2H, -O-CHH-); 3.23 – 3.15 (m, 6H, -O-CH2-, -O-CHH-); 2.53 (m, overlapped with solvent, 

4H, -CH2-); 1.54 – 1.50 (m, 6H, -CH2-, -CH-); 1.28 (m, 4H, -CH2-); 1.22 (s, 18H, t-Bu); 1.20 – 

1.18 (m, 2H, -CHH-); 0.96 (m, 6H, -CHH-, -CH2-);  0.88 (t, 6H, J = 7.3 Hz, -CH3); 0.74 (t, 6H, J 

= 7.4 Hz, -CH3); 0.62 (t, 6H, J = 7.5 Hz, -CH3); 0.52 (d, 6H, J = 6.6 Hz, -CH3). 13C NMR (DMSO-

d6, 101 MHz, 298 K) δ (ppm): 155.1; 152.5 (2x 2C, Ar-C, C-O-CH2-); 151.5 (2C, C=O); 142.3 

(2C, Ar- Ccalix, C–t-Bu); 137.7 (2C, Ar-C, C-Bu); 135.2 (2C, Ar-C, C-NH-); 133.4 (4C, Ar-Ccalix, 

C-CH2-); 133.1 (2C, Ar-Ccalix, C-NH-); 132.4; 132.3 (2x 2C, Ar-Ccalix, C-CH2-); 128.5 (4C, Ar-CH, 

-CH-C-Bu); 125.8; 125.6; 119.2; 119.1 (4x 2C, Ar-CHcalix); 117.9 (4C, Ar-CH, -CH-C-NH-); 75.7; 

71.3 (2x 2C, -O-CH2-); 38.4; 38.2 (2x 2C, Ar-CH2-Ar); 34.5 (2C, -CH-); 34.1 (2C, -CH2-); 33.5 

(2C, -C(CH3)3); 33.3 (2C, -CH2-); 31.3 (6C, -C(CH3)3); 25.8; 21.6; 21.5 (3x 2C, -CH2-); 16.5; 13.8; 

11.3; 9.9 (4x 2C, -CH3). HRMS-ESI: (C74H100N4O6) m/z calcd: 1163.7535 [M+Na]+, 1179.7275 
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[M+K]+,  found: 1163.7542 [M+Na]+, 1179.7273 [M+K]+. IR (KBr) ν (cm-1): 3331, 2957, 2928, 

2871, 1664, 1542, 1464, 1310, 1221. Optical rotation: [α]589 
20 = 5.8° (c = 0.01 g/mL, acetone). 

 

X-ray measurements 

Crystallographic data for 4a 

M = 878.14 g⋅mol−1, tetragonal system, space group P41212, a = 13.7561 (3) Å, 

c = 52.9108 (11) Å, Z = 8, V = 10012 (5) Å3, Dc = 1.165 g⋅cm−3, μ(Cu-Kα) = 0.63 mm−1, crystal 

dimensions of 0.53×0.49×0.41 mm (crystallised from MeOH). Data were collected at 180 (2) K on 

a D8 Venture Photon CMOS diffractometer with Incoatec microfocus sealed tube Cu-Kα radiation. 

The structure was solved by charge flipping methods [1] and anisotropically refined by full matrix 

least squares on F squared using the CRYSTALS suite off programs [2] to final value R = 0.049 

and wR = 0.150 using 9840 independent reflections (θmax = 72.1°), 692 parameters and 177 

restrains. The hydrogen atoms bonded to carbon atoms were placed in calculated positions refined 

with a riding constrains. The disordered functional groups positions were found in difference 

electron density maps and refined with restrained geometry. MCE [3] was used for visualisation of 

electron density maps. The occupancies of disordered functional groups were constrained to full. 

The hydroxyl hydrogen atoms of disordered methanol could not be located in difference electron 

density maps; therefore, they are absent in the structure model. The absolute configuration was 

unambiguously assigned with resulting Flack parameter −0.06(2). The structure was deposited into 

Cambridge Structural Database under number CCDC 2027211. 
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Crystallographic data for 7a 

M = 679.90 g⋅mol−1, monoclinic system, space group C2, a = 22.9527 (9) Å, b = 13.2541 (5) Å, 

c = 44.4840 (16) Å, β = 90.025 (1)°, Z = 8, V = 13532.8 (9) Å3, Dc = 1.248 g⋅cm−3, 

μ(Cu-Kα) = 1.24 mm−1, crystal dimensions of 0.38×0.26×0.16 mm (crystallised from DMSO). 

Data were collected at 120 (2) K on a D8 Venture Photon CMOS diffractometer with Incoatec 

microfocus sealed tube Cu-Kα radiation. The structure was solved by direct methods [4] and 

anisotropically refined by full matrix least squares on F squared using the CRYSTALS suite of 

programs [2] to final value R = 0.045 and wR = 0.129 using 25224 independent reflections (θmax = 

72.3°), 1835 parameters and 281 restrains. The hydrogen atoms bonded to carbon were placed in 

calculated positions and refined with a riding constrains. The hydrogen atoms bonded to nitrogen 

were found in difference electron density maps and refined with restrained bond lengths. The 

disordered functional groups positions were found in difference electron density maps and refined 

with restrained geometry. MCE [3] was used for visualisation of electron density maps. The 

occupancies of disordered functional groups were constrained to full. The absolute configuration 

was unambiguously assigned with resulting Flack parameter 0.081(3). The structure was deposited 

into Cambridge Structural Database under number 2027212. 

 

Crystallographic data for 7d 

M = 1255.73 g⋅mol−1, triclinic system, space group P1, a = 9.5703 (3) Å, b = 12.5633 (3) Å, 

c = 16.4766 (4) Å, α = 75.1716 (10)°, β = 82.0204 (10)°, γ = 76.1604 (10)°, Z = 1, 

V = 1853.12 (9) Å3, Dc = 1.125 g⋅cm−3, μ(Cu-Kα) = 0.57 mm−1, crystal dimensions of 

0.47×0.42×0.40 mm (crystallised from acetone). Data were collected at 220 (2) K on a D8 Venture 
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Photon CMOS diffractometer with Incoatec microfocus sealed tube Cu-Kα radiation. The structure 

was solved by direct methods [4] and anisotropically refined by full matrix least squares on F 

squared using the CRYSTALS suite of programs [2] to final value R = 0.037 and wR = 0.109 using 

13036 independent reflections (θmax = 68.2°), 905 parameters and 79 restrains. The hydrogen atoms 

bonded to carbon were placed in calculated positions and refined with a riding constrains. The 

hydrogen atoms bonded to nitrogen were found in difference electron density maps and refined 

with restrained bond lengths. The disordered functional groups positions were found in difference 

electron density maps and refined with restrained geometry. MCE [3] was used for visualisation of 

electron density maps. The occupancies of disordered functional groups were constrained to full. 

The absolute configuration was unambiguously assigned with resulting Flack parameter 0.05(2). 

The structure was deposited into Cambridge Structural Database under number CCDC 2027213. 
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Spectral characterisation of compounds 

Compound 2 

 

Figure 1. 1H NMR of compound 2 (CDCl3, 400.1 MHz, 298 K). 
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Figure 2. 13C NMR (APT) of compound 2 (CDCl3, 100.6 MHz, 298 K). 

 



S20 

 

 

Figure 3. IR of compound 2 (KBr). 

 

Figure 4. HRMS-ESI of compound 2 ((C54H76O4) m/z calcd: 811.5636 [M+Na]+). 
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Compound 3 

 

Figure 5. 1H NMR of compound 3 (CDCl3, 400.1 MHz, 298 K). 
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Figure 6. 13C NMR (APT) of compound 3 (CDCl3, 100.6 MHz, 298 K). 
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Figure 7. 1H-13C HSQC NMR of compound 3 (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 8. 1H-13C HMBC NMR of compound 3 (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 9. IR of compound 3 (KBr). 
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Figure 10. HRMS-ESI of compound 3 ((C46H58N2O8) m/z calcd: 789.4087 [M+Na]+, 805.3826 

[M+K]+). 

 

Compound 4a 

 

Figure 11. 1H NMR of compound 4a (CDCl3, 400.1 MHz, 298 K). 
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Figure 12. 13C NMR (APT) of compound 4a (CDCl3, 100.6 MHz, 298 K). 
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Figure 13. 1H-13C HSQC NMR of compound 4a (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 14. 1H-13C HMBC NMR of compound 4a (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 15. IR of compound 4a (KBr). 
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Figure 16. HRMS-ESI of compound 4a ((C52H66N2O8) m/z calcd: 869.4711  [M+Na]+, 885.4451 

[M+K]+). 

 

Compound 4b 

 

Figure 17. 1H NMR of compound 4b (CDCl3, 400.1 MHz, 298 K). 
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Figure 18. 13C NMR (APT) of compound 4b (CDCl3, 100.6 MHz, 298 K). 
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Figure 19. 1H-13C HSQC NMR of compound 4b (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 20. 1H-13C HMBC NMR of compound 4b (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 21. IR of compound 4b (KBr). 
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Figure 22. HRMS-ESI of compound 4b ((C52H66N2O8) m/z calcd: 869.4711 [M+Na]+, 

885.4451[M+K]+). 

 

Compound 5 

 

Figure 23. 1H NMR of compound 5 (CDCl3, 400.1 MHz, 298 K). 
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Figure 24. 13C NMR (APT) of compound 5 (CDCl3, 100.6 MHz, 298 K). 
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Figure 25. 1H-13C HSQC NMR of compound 5 (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 26. 1H-13C HMBC NMR of compound 5 (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 27. IR of compound 5 (KBr). 

 

Figure 28. HRMS-ESI of compound 5 ((C52H70N2O4) m/z calcd: 787.5408 [M+H]+, 809.5228 

[M+Na]+, 825.4967 [M+K]+). 
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Compound 6 

 

Figure 29. 1H NMR of compound 6 (CDCl3, 400.1 MHz, 298 K). 
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Figure 30. 13C NMR (APT) of compound 6 (CDCl3, 100.6 MHz, 298 K). 
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Figure 31. 1H-13C HSQC NMR of compound 6 (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 32. 1H-13C HMBC NMR of compound 6 (CDCl3, 400.1 and 100.6 MHz, 298 K). 
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Figure 33. IR of compound 6 (KBr). 
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Figure 34. HRMS-ESI of compound 6 ((C52H74N2O4) m/z calcd: 791.5721 [M+H]+, 813.5541 

[M+Na]+, 829.5280 [M+K]+). 

 

Compound 7a  

 

Figure 35. 1H NMR of compound 7a (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 36. 13C NMR of compound 7a (DMSO-d6, 100.6 MHz, 298 K). 
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Figure 37. IR of compound 7a (KBr). 
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Figure 38. HRMS-ESI of compound 7a ((C66H78N6O10) m/z calcd: 1137.5672 [M+Na]+, 

1153.5411 [M+K]+). 

 

Compound 7b   

 

Figure 39. 1H NMR of compound 7b (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 40. 13C NMR of compound 7b (DMSO-d6, 100.6 MHz, 298 K). 
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Figure 41. 1H-13C HSQC NMR of compound 7b (DMSO-d6, 400.1 and 100.6 MHz, 298 K). 
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Figure 42. 1H-13C HMBC NMR of compound 7b (DMSO-d6, 400.1 and 100.6 MHz, 298 K). 
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Figure 43. IR of compound 7b (KBr). 
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Figure 44. HRMS-ESI of compound 7b ((C74H96N4O6) m/z calcd: 1159.7222 [M+Na]+, 

1175.6961 [M+K]+). 

 

Compound 7c  

 

Figure 45. 1H NMR of compound 7c (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 46. 13C NMR of compound 7c (DMSO-d6, 100.6 MHz, 298 K). 
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Figure 47. 1H-13C HSQC NMR of compound 7c (DMSO-d6, 400.1 and 100.6 MHz, 298 K). 
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Figure 48. 1H-13C HMBC NMR of compound 7c (DMSO-d6, 400.1 and 100.6 MHz, 298 K). 
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Figure 49. IR of compound 7c (KBr). 

 



S59 

 

Figure 50. HRMS-ESI of compound 7c ((C70H88N4O6) m/z calcd: 1103.6596 [M+Na]+, 

1119.6335 [M+K]+). 

Compound 7d  

 

 

Figure 51. 1H NMR of compound 7d (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 52. 13C NMR of compound 7d (DMSO-d6, 100.6 MHz, 298 K). 
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Figure 53. IR of compound 7d (KBr). 

 

Figure 54. HRMS-ESI of compound 7d ((C70H88N4O6) m/z calcd: 1081.6777 [M+H]+, 

1103.6596 [M+Na]+, 1119.6335 [M+K]+). 
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Compound 8a  

 

Figure 55. 1H NMR of compound 8a (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 56. 13C NMR of compound 8a (DMSO-d6, 100.6 MHz, 298 K). 
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Figure 57. 1H-13C HSQC NMR of compound 8a (DMSO-d6, 400.1 and 100.6 MHz, 298 K). 
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Figure 58. 1H-13C HMBC NMR of compound 8a (DMSO-d6, 400.1 and 100.6 MHz, 298 K). 
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Figure 59. IR of compound 8a (KBr). 
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Figure 60. HRMS-ESI of compound 8a ((C66H82N6O10) m/z calcd: 1141.5985 [M+Na]+, 

1157.5724 [M+K]+). 

 

Compound 8b  

 

Figure 61. 1H NMR of compound 8b (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 62. 13C NMR of compound 8b (DMSO-d6, 100.6 MHz, 298 K). 
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Figure 63. IR of compound 8b (KBr). 
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Figure 64. HRMS-ESI of compound 8b ((C74H100N4O6) m/z calcd: 1163.7535 [M+Na]+, 

1179.7275 [M+K]+). 

 

NMR titration data 

Figure 65. 1H NMR titration data for compound 7a (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 66. 1H NMR titration data for compound 7b (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 67. 1H NMR titration data for compound 7c (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 68. 1H NMR titration data for compound 7d (DMSO-d6, 400.1 MHz, 298 K). 

 

 

 



S77 

 

 

 

 

 

 

 

 

 

 

 

 

 



S78 

 

 

Figure 69. 1H NMR titration data for compound 8a (DMSO-d6, 400.1 MHz, 298 K). 
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Figure 70. 1H NMR titration data for compound 8b (DMSO-d6, 400.1 MHz, 298 K). 
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