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Abstract: It was found that the conformer distribution in tetra- 

O-substitution of p-t-butylcalix[4]arene is remarkably affected by 

metal species in base: in particular, 100% "cone" selectivity in 

the presence of Na2C03 is changed to 100% "partial cone" selec- 

tivity in the presence of Cs2CO3 in the reaction with ethyl 

bromoacetate. 

Calix[4]arenes favorably adopt a cone conformation because of strong 

intramolecular hydrogen-bonding interactions, l-3 but introduction of bulky 

alkyl or acyl groups into the OH groups suppresses the oxygen-through-the- 

annulus rotation and thus results in conformational isomers. 4,5 In conforma- 

tionally immobile calix[4]arenes there exist four different conformers: that 

is, cone, partial cone, 1,2-alternate, and 1,3-alternate. To the best of our 

knowledge, however, considerable confusion still exists in the conformer dis- 

tribution. For example, tetra-0-propylation of p-t-butylcalix[4larene (LC, in 

the presence of NaH (the most typical method for tetra-O-substitution) af- 

fords "cone" and "partial conen in a 1:l ratio 5 whereas tetra-O- 

ethoxycarbonylmethylation under the similar reaction conditions affords only 
~~cOne~~_6-9 The reason for this difference has never been explained. We 

carefully compared various reaction conditions and finally reached a conclu- 

sion that metal cations in base play a crucial role as a template in deter- 

mining the conformer distribution. In this paper, we report several syn- 

thetic methods for new conformational isomers and discuss a possible correla- 

tion between the metal template effect and the conformer distribution. 

Compound J (1.0 g; 1.54 mmol) in 40 ml of solvent was treated with 

excess RX (50 equiv.) in the prekence of appropriate base. The conformer 

distribution of 2_ was estimated by h.p.1.c. analysis. In a separate study 
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each conformer was isolated by a preparative t.1.c. method and the struc- 

tures were determined from the split pattern of the ArCH2Ar protons in 'H 

n.m.r. spectroscopy. 2 Since the n-Pr and EtOCOCH2 groups are bulky enough to 

inhibit the oxygen-through-the-annulus rotation, 5f6 2 is conformationally im- 

mobile at room temperature. The results are summarized in Tables 1 and 2. 

We used alkali carbonates as base because Li+, Na+, K+, and Cs+ salts 

are commercially-available. The reaction of L and n-PrBr in DMF in the 

presence of Li2C03, Na2C03, or K2C03 did not yield z. The reaction product 

recovered from these systems was di-0-propylated L (identified by 'H n.m.r. 

and elemental analysis). On the other hand, the reaction of !, and n-PrBr in 

the presence of Cs2C03 gave 2 in 100% yield. The yield of cone-3 is 

slightly higher than that obtained in the presence of NaH. Interestingly, we 

isolated 1,2-alternate-2 in 9% yield." To the best of our knowledge, this 

is the first example for the synthesis of a 1,2-alternate conformer by direct 

0-alkylation of 1." 

Ba(OHJ2 has-been used for the synthesis of tri-O-alkylcalix[4]arenes.4 

In the reaction of 1 and n-PrBr, we unexpectedly obtained "cone-shaped" tri- 

0-propyl-p-t-butylcaix[4]arene in the quantitative yield. 0-Propylation of 

"cone-shaped" tri-0-propyl-p-t-butylcalix[4]arene in the presence of NaH gave 

cone-s in 100% yield. This is a two-step synthetic method for cone-e. As 

shown in Table 1, a trace amount of cone-% resulted from this reaction sys- 

tem when the reaction was continued for a long period (70 h). This is a one- 

step synthetic method for cone-3 but not practical because of the low yield. 

More remarkable metal template effects were observed for the reaction of 

L with ethyl bromoacetate (Table 2). It is known that the standard method 

using NaH as base affords only cone-2J.1~2~6-g The "perfect" cone selec- 

tivity was also observed for Li2C03 (in DMF) and Na2C03 (in acetone). 

Surprisingly, partial-cone-$12 was isolated from the reaction systems using 
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Table 1. Reaction of l_ with n-propyl bromide a) 

Basefequiv. of l_) Solvent Temperature Time Yield Conformer of La/% 

1°C /h /% 

Cone Partial 1,2- 

cone Alternate 

NaH (16) THF 67 1 100 45 55 0 

Li2C03 (40) DMF 70 78 0 0 0 0 

Na2C03 (40) DMF 70 78 0 0 0 0 

K2C03 (40) DMF 70 78 0 0 0 0 

CS2CO3 (40) DMF 70 3 100 58 34 9 

I Ba(OHj2 8H20(3) DMF 70 70 6 100 0 0 

BaO (5.81 

c Ba(OH)2 8H20(3) DMF 30 1 1oob) IOOb) 0 0 

BaO (5.8) 

a) For the reaction conditions see the text. In all runs the 1,3-altenate 

conformer was not detected. 

b) The yield of tri-0-propyl-p-t-butylcalix[4]arene. 

Table 2. Reaction of !, with ethyl bromoacetatea) 

Basetequiv. of I) Solvent Temperature Time 
N 

Yield Conformer of Lb/% 

1°C /h /% 

Cone Partial cone 

NaH 

Li2C03 

Na2C03 

K2C03 
cs2c03 

Li2C03 

Na2C03 

K2C03 
CS2CO3 

(16) THF 

(20) DMF 

(20) DMF 

(20) DMF 

(20) DMF 

(20) Acetone 

(20) Acetone 

(20) Acetone 

(201 Acetone 

67 

70 

70 

70 

70 

56 

56 

56 

56 

1 96 100 0 

45 22 100 0 

6 100 88 12 

8 100 84 16 

3 100 27 73 

45 0 0 0 

22 59 100 0 

22 99 96 3 

1 100 0 100 

a) For the reaction conditions see the text. In all runs the 1,2- and 1,3- 

alternate conformers were not detected. 
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carbonate salts with large alkali metal cations. In particular, the reaction 

in acetone in the presence of Cs2CO3 afforded partial-cone-s in 100% selec- 

tivity. This is the first example that a G conformer other than cone is 

synthesized. The findings indicate that the remarkable change in the con- 

former distribution from 100% cone to 100% partial cone can be attained only 

by changing the alkili metal cations. 

The foregoing results consistently indicate that the metal template ef- 

fects play a crucial role in the conformer distribution. The four EtOCOCH20 

groups in cone-% form a closed ionophoric shell and selectively bind Na+.6-g 

On the other hand, the three EtOCOCH20 groups in partial-cone-z form an open 

ionophoric cavity and Cs+ is more selectively bound to partial-cone-?/b rather 

than to cone-z. The difference in the metal affinity is thus reflected by 

the conformer distribution. The remarkable cone template effect of Ba(OH)2 

is explained by the strong interaction between Ba 2+ and two phenoxide anions 

in di-0-alkylated l_, keeping the four phenol units in a cone conformation. 

Thus, this paper demonstrated for the first time the importance of metal 

template effects on the conformer distribution. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

C. D. Gutsche, 

C. D. Gutsche, 

1989. 

Prog. Macrocyclic Chem., 1987, 2, 93. 

"Calixarenes", Royal Society of Chemistry, Cambridge, 

K. Araki, S. Shinkai, and T. Matsuda, Chem. Lett., 1989, 581. 

C. D. Gutsche, B. Dhawam, J. A. Levine, K. Hyun, and L. J. Baner, 

Tetrahedron, 1983, 2, 409. 

K. Araki, K. Iwamoto, S. Shinkai, and T. Matsuda, Chem. Lett., 1989, 

1747. 

R. Ungaro, A. Pochini, and G. D. Andreetti, J. Inclusion Phenom., 1984, 

2, 199. 

S.-K. Chang and I. Cho, J. Chem. Sot., Perkin Trans. 1, 1986, 211. 

M. A. McKervey, E. M. Seward, G. Ferguson, B. Ruhl, and S. Harris, J. - 
Chem. Sot., Chem. Commun., 1985, 388. 

T. Arimura, M. Kubota, T. Matsuda, 0. Manabe, and S. Shinkai, Bull. 

Chem. Sot. Jpn., 1989, 62, 1674. 

Mp 279-280 OC. The 'H NMR spectrum (CDC13, 30 OC) for the 1,2-alternate 

isomer is characterized by one singlet (3.85 ppm) and a pair of doublets 

(3.10 and 4.17 ppm) for the ArCH2Ar protons. 

K. Iwamoto, K. Fujimoto, S. Shinkai, to be submitted. 

Mp 203-205 OC. The 'H NMR spectrum (CDC13, 30 OC) for the partial cone 

isomer is characterized by two pairs of doublets (3.13 and 4.50 ppm for 

one pair and 3.85 and 3.91 ppm for another pair) for the ArCH2Ar protons. 
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