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Supplementary data

Table 1. 
GIAO-DFT calculated (B3LYP/3-21G//MMFF) and experimentally observed 13C NMR chemical shifts and CIS for the p-tert-butylcalix[4]arene-toluene complex 1–3 (referenced to TMS, calculated absolute NMR chemical shift IMS  = 204.43 ppm).


Free guest

(1–3)A

(1–3)B

(1–3)C
exp


C / ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm
C / ppm

CH3
23.63

19.49
-4.14

23.60
-0.02

23.24
-0.39
-6.2

Cipso
136.70

138.97
2.27

132.36
-4.34

137.89
1.19
–

Cortho
128.73

129.46
0.72

125.30
-3.44

140.00
11.26
–




127.04
-1.67

124.91
-3.80

130.04
1.33
–

Cmeta
128.05

126.99
-1.06

128.17
0.12

126.62
-1.43
–




127.18
-0.87

129.03
0.98

138.20
10.15
–

Cpara
124.84

123.18
-1.66

125.62
0.78

124.20
-0.65
–

Table 2. 
GIAO-DFT calculated (B3LYP/6-31G(d)//MMFF) and experimentally observed 13C NMR chemical shifts and CIS for the p-tert-butylcalix[4]arene-toluene complex 1–3 (referenced to TMS, calculated absolute NMR chemical shift IMS  = 190.49 ppm).


Free guest

(1–3)A

(1–3)B

(1–3)C
exptl


C / ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm
C / ppm

CH3
22.87

18.39
-4.47

22.80
-0.07

22.29
-0.57
-6.2

Cipso
137.31

138.88
1.58

133.79
-3.51

138.26
0.96
–

Cortho
128.41

129.90
1.49

125.69
-2.72

128.10
-0.31
–


128.38

127.48
-0.91

125.34
-3.05

129.70
1.31
–

Cmeta
128.16

127.16
-1.00

128.76
0.60

127.16
-1.00
–


128.16

127.63
-0.54

129.66
1.50

127.68
-0.49
–

Cpara
124.42

123.05
-1.37

124.86
0.45

123.97
-0.44
–

Table 3. 
GIAO-DFT calculated (B3LYP/3-21G//MMFF) and experimentally observed 13C NMR chemical shifts and CIS for the p-tert-butylcalix[4]arene-THF complex 1–4 (referenced to TMS, calculated absolute NMR chemical shift IMS  = 204.43ppm).


Free guest

(1–4)A

(1–4)B

(1–4)C
exptl


C / ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm
C / ppm

CH2O
68.26

66.69
-1.56

68.21
-0.04

67.58
-0.68
-0.9




68.38
0.11

67.49
-0.78

68.00
-0.27
-0.2

CH2CH2
27.17

26.14
-1.03

24.71
-2.46

25.24
-1.93
-1.3




25.03
-2.14

26.76
-0.41

24.38
-2.79
-1.8

Table 4. 
GIAO-DFT calculated (B3LYP/6-31G(d)//MMFF) and experimentally observed 13C NMR chemical shifts and CIS for the p-tert-butylcalix[4]arene-THF complex 1–4 (referenced to TMS, calculated absolute NMR chemical shift IMS = 190.49ppm).


Free guest

(1–4)A

(1–4)B

(1–4)C
exptl


C / ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm
C / ppm

CH2O
69.14

67.68
-1.46

69.00
-0.15

68.46
-0.69
-0.9




69.34
0.21

68.38
-0.75

68.95
-0.18
-0.2

CH2CH2
27.71

27.19
-0.52

25.00
-2.70

25.96
-1.75
-1.3




25.38
-2.34

27.70
-0.01

24.72
-2.99
-1.8

Table 5. 
GIAO-DFT calculated (B3LYP/3-21G//MMFF) and experimentally observed 13C NMR chemical shifts and CIS for the p-tert-butylcalix[4]arene-acetone complex 1–4 (referenced to TMS, calculated absolute NMR chemical shift IMS = 204.43 ppm).


Free guest

(1–5)A

(1–5)B

(1–5)C
exptl


C / ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm
C / ppm

CH3
29.62

27.41
-2.21

29.38
-0.24

32.47
2.85
-2.3




32.33
2.71

29.38
-0.24

28.06
-1.56


C=O
208.98

215.01
6.03

204.76
-4.22

215.07
6.08
-4.6

Table 6. 
GIAO-DFT calculated (B3LYP/6-31G(d)//MMFF) and experimentally observed 13C NMR chemical shifts and CIS for the p-tert-butylcalix[4]arene-acetone complex 1–5 (referenced to TMS, calculated absolute NMR chemical shift IMS = 190.49 ppm).


Free guest

(1–5)A

(1–5)B

(1–5)C
exptl


C / ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm

C / ppm
CIS /ppm
C / ppm

CH3
28.85

26.34
-2.51

29.50
0.65

32.40
3.55
-2.3




32.40
3.55

29.50
0.64

27.21
-1.64


C=O
208.68

214.20
5.52

206.61
-2.07

214.20
5.51
-4.6

Figure 1. 
CIS-pattern obtained by GIAO-DFT NMR shift calculations and experimental determination for the p-tert-butylcalix[4]arene–toluene complex 1-3.
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Figure 2. 
CIS-pattern obtained by GIAO-DFT NMR shift calculations and experimental determination for the p-tert-butylcalix[4]arene–THF complex 1-4.
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Figure 3. 
CIS-pattern obtained by GIAO-DFT NMR shift calculations and experimental determination for the p-tert-butylcalix[4]arene–acetone complex 1-5.
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Table 6. 
Geometric details for the MMFF geometry optimized and experimentally observed structures of p-tert-butylcalix[4]arene–solvent complexes 1-3, 1-4 and 1-5.†
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Structure
 / °
 / °
d1 / Å
d2 / Å
I / %
d3 / Å
E 
Erel 
A / Å2
V / Å3

(1–3)A
72.4
33.9
2.814
2.931
51
3.188
146.95
0.00
873.8
908.2

(1–3)B
88.2
21.3
2.404
3.462
59
3.442
147.19
0.23
873.8
908.4

(1–3)C
–
–
–
–
0
–
152.09
5.14
887.8
909.2

X-Ray 
88.6
26.4
2.113
3.346
61
2.657
–
–
794.52
861.3

(1–4)A
39.5
45.3
0.596
3.427
85
3.029
132.84
0.86
832.0
878.0

(1–4)B
42.1
33.8
0.761
3.337
81
3.280
131.98
0.00
837.5
878.4

(1–4)C
59.6
23.1
0.140
3.259
96
3.409
132.26
0.28
836.3
878.3

X-Ray 
58.5
16.4
0.097
3.644
97
2.947
–
–
780.2
848.8

(1–5)A
63.9
13.5
-0.247
3.396
100
3.288
128.69
0.00
828.6
865.2

(1–5)B
90.0
16.2
-0.961
3.749
100
–a)
137.33
8.64
815.7
864.1

(1–5)C
71.9
7.8
-0.103
3.309
100
3.405
128.69
0.00
826.1
865.3

X-Ray 
59.0
24.6
-0.438
3.632
100
2.522
–
–
743.4
817.9

1






137.35

744.9
783.1

3






18.42

145.0
126.2

4






4.87

117.5
96.9

5






1.65

107.4
83.6

† All geometrical details were directly determined within the Spartan program package (results from single crystal structure determinations were converted to pdb-files and imported into PC Spartan Pro);  is defined as the angle formed between plane A and the longitudinal axes of the guest molecule;  is defined as the angle between the mean plane of the guest molecule and plane C; d1 and d2 denote the distance of the highest and lowest point of the guest molecule, respectively, to the reference plane B (= top of calixarene); Inclusion I = d1·(d1+d2)-1·100%; E = potential energy obtained by the Merck (MMFF) force field optimisation given in kcal mol-1, Erel = relative potential energy normalised to the structure with the lowest potential energy (= 0.00); area (A) and volume (V) of the molecules were calculated using the algorithm implemented in PC Spartan Pro.

a) O-Atom is pointing inside the cavity (d3 (O-reference plane) = 2.060 Å)

Figure 4. 
Distribution of the distances of the nearest C-atom of a guest molecule to plane A formed by the methylene bridges of the calixarenes obtained by a statistical survey of structures deposited with the Cambridge Crystallographic Structure Data Base (CCSD). [F. H. Allen, O. Kennard, Chemical Design Automation News 1993, 8, 31–37.]
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