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Summary

5,11,17,23-Tetra-tert-butyl-2,8,14,20-tetrathiacalix[4]arene-25,26,27,28-tetrol (TCA) under​went facile tetra-O-alkylation by treatment with ethyl bromoacetate in the presence of an alkali carbonate as base catalyst in DMF or acetone to provide a mixture of conformational isomers (cone, partial cone, and 1,3-alternate) of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetrakis​[(ethoxycarbonyl)methoxy]-2,8,14,20-tetrathiacalix[4]arene (1), the stereochemistries of which were unambiguously assigned by 1H NMR and X-ray analysis.  The isomer distribution depended significantly on the base used, thus providing a facile route for the preparation of a particular conformer; Na2CO3, K2CO3, and Cs2CO3 gave cone- (77% yield), partial-cone- (58% yield), and 1,3-alternate-1 (78%) in acetone, respectively.  Cone- and partial-cone-1, in turn, showed preference for Na+ and K+, respectively, in an ion-pair extraction study, while 1,3-alternate-1 preferred most Rb+ ion, followed by K+ and then Cs+.  These results imply that the size of the cavities provided by the (ethoxycarbonyl)methoxy groups arranged on the periphery of the thiacalix[4]arene skeleton is in the order cone- < partial-cone- < 1,3-alternate-1.  The ion selectivity of cone-1 was rather better than that of the methylene-bridged counterpart, 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetrakis[(ethoxycarbonyl)methoxy]​calix[4]arene (2).  The stoichiometry of the complex of cone-1 with Na+ ion was determined to be 1:1 with the stability constant of 102.85 mol–1 dm3 in 50 (v/v)% CDCl3-CD3OD.

1. Continuous variation method for cone-Na1+ complex

As described in the Experimental section, the sample of various LT/MT was prepared in 50(v/v)% CDCl3-CD3OD, while LT + MT was maintained to be 4.0 x 10-3 mol dm-3, then the chemical shift was measured. The data as well as parameters are shown in Table S1.


Table S1 Raw data and parameters of continuous variation measurement for cone-Na1+
LT/MT
LT / mol dm-3
LT/(LT+MT)
( /ppm
( /ppm
(xLTx103

3.0000
3.00E-03
0.750
5.1308
0.0782
0.2345

2.0000
2.67E-03
0.668
5.0824
0.1266
0.3380

1.0000
2.00E-03
0.500
4.9682
0.2408
0.4816

0.5000
1.33E-03
0.333
4.8735
0.3355
0.4462

0.3333
1.00E-03
0.250
4.8239
0.3851
0.3851

0.2500
8.00E-04
0.200
4.8133
0.3957
0.3166

0.2000
6.70E-04
0.168
4.8044
0.4046
0.2711

Here, L = cone-1, M = Na. For the definition of LT, MT and (, refer to eqns. (9), (10), and (11).  Finally the (LT was plotted against LT/(LT + MT) as shown in Fig. S1.  The maximum was observed at LT/(LT + MT) = 1, which implies that the composition was 1:1.




2. Lang’s routine for estimation of K for cone-Na1+

By introducing any two sets of data in Table S2 (namely MT, LT, and ( into eqn (S1), two simultaneous equations with two unknowns (K and (c) were obtained, which were solved to give initial K and (c.









(S1)

By using those initial K and (c values, MT/( was plotted against (MT + LT - LT( /(c) for full set of data as shown in Fig. S2.  Next, the fitting line (eq S1) was drawn by least square method. The slope (1/(c) and intercept 1/K(c gave new (c and K, which were used to plot new MT/( vs (MT + LT - LT( /(c). Again eq S1 was fit to obtain new (c and K. This was repeated until (c and K values converged. Table S2 gives raw data as well as MT/( and (MT + LT - LT( /(c) values for converged (c and K. Fig. 3S shows the plotting of raw data and simulated ( curve.

Table S2  The Raw data and parameters used in Lang’s routine

MT / mol dm-3
( / ppm
( (= (L – ()
MT+LT-LT(/(c
MT/(
(MT/()fit
(calc

0
5.2274
(((o)
-
-
-


5.00E-04
5.1339
0.0935
0.001337
0.0053476
0.0047773
0.1054648

1.00E-03
5.0386
0.1888
0.0016708
0.0052966
0.0053593
0.1863292

2.00E-03
4.9303
0.2971
0.002482
0.0067317
0.0067736
0.2949841

3.00E-03
4.8378
0.3896
0.0033208
0.0077002
0.0082359
0.3603725

5.00E-03
4.7914
0.4360
0.0052399
0.0114679
0.0115817
0.4311671

8.00E-03
4.7510
0.4764
0.0081694
0.0167919
0.0166892
0.4796316

1.20E-02
4.7200
0.5074
0.0121154
0.02365
0.0235689
0.5092691







3. Estimation of K for cone-Na2+
The sample of LT = 1.0 mM and MT = 0.5 mM was prepared.  Here L = cone-2 and M = Na. By measuring the peak area of But protons in ML+ and L on 1H NMR spectrum (Fig. S4), [ML+]/[L] was calculated to be 0.76.  By use of eqs. 9, 10 and 12 (see experimental section), [L], [ML+], and [M+] are calculated to be 0.57x10-3, 0.43x10-3, and 0.07x10-3 moldm-3, respectively.  Finally K was calculated to be 1.08(104 mol-1dm3 by eq 8.
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Fig. S4 The 1H NMR spectrum of But protons for cone-2 and the Na+ complex. LT = 1.0 mmol dm-3 and MT = 0.5 mmol dm-3 in 50(v/v)% CDCl3-CD3OD.
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