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Abstract: The role of alkaline metal cations in the synthesis and in determining the conformer 
distribution of tetrakis((ethoxycarbonyl)methoxy)tetrathiacalix[4]arene obtained by treatment of 
tetrathiacalix[4]arene 1 in acetone by ethyl bromoacetate in the presence of M2CO 3 was systematically 
investigated. Among the four possible conformers, the cone, partial cone and 1,3-alternate conformers 
were obtained, purified and structurally characterised by X-ray analysis in the solid state. Although for 
Li + no tetra substituted derivative was observed, for Na + the cone conformer was exclusively formed 
while for both K + and Cs + a mixture of partial cone and 1,3-alternate conformers was obtained. 
© 1999 Elsevier Science Ltd. All rights reserved. 

Calixarenes are among the most used macrocyclic frameworks. 1 The increasing interest over the last two 

decades in this class of  molecules results on one hand from the ease and reproducibility of  the synthetic 

procedures reported by Gutsche et al 2and on the other hand from the wide range of  their synthetically achievable 

structural as well as functional modifications. In particular, for the calix[4]arene derivatives, in addition to the 

more classical functionalisation of the lower and/or upper rims, both the aromatic moieties as well as the 

methylene junctions between them may be modified.l Regarding the latter modification, only recently an efficient 

procedure leading to the substitution of the methylene junctions between the phenolic moieties by sulfur atoms 

leading thus to thiacalixarenes was reported (scheme).3, 4 The remarkable binding ability of the thiacalix[4]arene 

1 towards transition metals was recently investigated.5 Furthermore, partial oxidation of the thio junctions 

affording the tetrasulfoxide derivatives6, 7 or complete oxidation of the sulfur atoms leading to the tetrasulfone 

derivatives 8 have been recently achieved. The O-alkylation of 1 has been also recently reported. 9 Dealing with 

other sulfur containing calixarenes, one may mention the synthesis of di 10- and tetra 11,12 mercaptocalix[4]arenes 

in which two or four OH groups were replaced by SH groups. 

The ionophoric properties of  calix[4]arene derivatives bearing four ester groups such as compound 4 have 

been established. 13 Furthermore, for the reaction of 3 with ethyl bromoacetate leading to the compound 4, the 

role on the isomer distribution of  alkaline metal cations, introduced as the counter cation of carbonate used as the 

base, has been studied (see table). 14 

In the present communication, we report the first systematic synthetic as well as structural study dealing 

with the conformer distribution of  tetrakis((ethoxycarbonyl)methoxy)tetrathiacalix[4]arene 2 (scheme). 
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For calix[4]arene derivatives, the relative orientation of the aromatic moieties leads to four limit conformers 

named Cone (C), Partial cone (PC), 1,2-alternate (I,2-A) and 1,3- alternate (1,3-A). Although in the solid state, 

for both unsubstituted 14 and 31 the cone conformation was observed, in solution the interconversion between 

the four conformers takes place rather rapidly above r.t. However, for the substituted derivative 2, as in the case 

of compound 4, due to the bulkiness of  the substituents all four conformers may be separately obtained 

(Scheme). 
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1 X = H Y = S Cone (2C) Partial Cone (2pC) 1,2-alternate (21,2-A) 1,3-alternate (21,3-A) 
2 X = CH2CO2Et, Y = S 
3 X = H , Y = C H  2 
4 X = CH2CO2Et, Y = CH 2 Scheme 

The role played by alkaline metal cations in the synthesis as well as in the distribution of conformers of 2 

was studied by treatment of tetrathiacalix[4]arene 13 in refluxing acetone by 8 eq. of ethylbromoacetate in the 

presence of 6 eq. of M2CO3.15 The highest overall yield of ca 76-80 % for the tetra substituted derivatives 2 

was obtained after 7 days (Table). Except for the 21,2_ A isomer which was not obtained, all other three isomers 

were isolated and structurally studied both in solution and in the solid state. 

It has been reported that in the case of 3 in the presence of alkaline metal carbonate no trace of 41,2-A nor 

of 41,3. A conformers could be detected. 14 The results obtained with thiacalix 1 were rather different. Indeed, 

although no (21,2-A) isomer could be observed, in marked contrast with 3, up to 85 % of the (21,3-A) isomer 

was obtained. When using Li2CO3, as previously observed for 314, no trace of the tetra substituted 2 was 

detected. Again, as observed for 314, in the presence of Na2CO3 the 2C conformer was exclusively formed 

although with higher overall yield of 80 %. In the case of K2CO 3, in marked contrast with the reported results 

for 3 (96 and 3 % of 4c and 4pc, respectively) 14, for 1, although no 2c conformer was detected, in addition to 

70 % of 2pc, 30 % of 21,3-A were formed. Finally, in the presence of Cs2CO 3, again in marked contrast with 3 

for which the 4pc conformer was found to be exclusively formed, in the case of 1, although the 2pc conformer 

was obtained in 15 % yield, the major isomer obtained was the 21,3-A (85 % yield). 

Table: Reaction (56 °C, 7 days) of  ethylbromoacetate (22.16 retool) with 1 (2.77 mmol) in acetone in the presence of  16.6 mmol 
M2CO 3 (M= Li +, Na +, K +, Cs + ) leading to compound 215 All yields reported are based on isolated conformers. 

Li2CO3 Na2CO3 K2CO3 Cs2CO3 rf a m.p. (°C) Elemental Anal~csis b 

% 2c (4c) 0 (0) c 100 (100) c 0 (96) c 0(0) c 0.6 165-167 C 63.07, H 6.72 

% 2pc (4pc) 0 (0) c 0 (0) c 70 (3) c 15 (100) c 0.9 202-204 C 63.20, H 6.79 

% 21,2-A (41,2-A) 0 (0) c 0 (0) c 0 (0) c 0 (0) c - 

% 21~3-A (41,3-A) 0 (0) c 0 (0) c 30 (0) c 85 (0) c 0.4 >260 C 63.27, H 6.72 

Total yield (%) 0 (0) c 80 (59) c 80 (99) c 76 (100) c 

a) SiO2, CH2CI2/MeOH : 99/1; b) Calc. for C56H72012S 4, C 63.13, H 6.81, c) for 4, literature results (in parenthesis) obtained 
under the same conditions for treatment of 3.14 
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In solution, all three conformers isolated (2c, 2pc and 21,3.A) were studied by both 1H and 13C NMR 

spectroscopy which showed sharp signals indicating the presence of conformationally blocked isomers. As 

expected for symmetry reasons, for both 2C and 21,3. A conformers, the same number of signals as well as the 

same pattern were observed precluding thus precise assignments. 15 On the other hand, for the 2pc isomer 

possessing a lower symmetry, both the proton as well as the carbon signals could be assigned. 15 In order to 

precisely assign all three isomers a structural analysis in the solid state based on X-ray diffraction on single 

crystals was achieved. 

Suitable single crystals for the cone conformer 2c could be 

C~ obtained from a Et20/MeOH mixture. 16 2C crystallised in a 

monoclinic form, space group P 1 21In 1 (Figure 1). No solvent 

molecules were present in the lattice. The average CS distance 

and CSC angle were 1.785 ./~ and 100.1 °, respectively. The 

average C=O distance was 1.190 ,k whereas the average C- 

O(atom) and C-O (ethyl) distances were found to be 1.376 and 

1.326 A, respectively. 

Single crystals for the partial cone conformer 2pc could be 

C O O •  S 19 obtained from a CH2CI2/MeOH mixture. 16 2pc crystallised in 

F/gate 1 : X-ray structure of the c o n e  monoclinic system with P1 21In as the space group. In the unit 

conformer 2c. H atoms are not presented for cell two crystaUographicaUy slightly different molecules of 2pc 

sake of clarity as well as a CH2CI 2 molecule (not included in the cavity of the 

calix) were present. Only one of the two molecules are shown in figure 2. The average CS distance and CSC 

angle were 1.784 A and 100.5 °, respectively. The average C=O distance was 1.191 A whereas the average C- 

O(atom) and C-O (ethyl) distances were found to be 1.377 and 1.333 A, respectively. 

~,--, Suitable single crystals for the 

~ 1,3-alternate conformer 21,3-A 

could be obta ined  from a 

CHC13/MeOH mixture.16 21,3_A 

crystallised in monoclinic form, 

space group I 1 2/a 1 (Figure 3). 

No solvent  molecules  were 

C O O • S ~ present in the lattice. The average 

Figure 2 : X-ray structure of the CS distance and CSC angle were 
partial cone conformer 2pc. Only C O O • S O 
one of the two molecules present 1.7 7 7 /~ an d 10 2.2 5 o, 
in the unit cell is presented. H Figure 3 : X-ray structure of the respectively. The average C=O 
atoms and CH2Cl 2 molecule are 1,3-alternate conformer 21,3. A. H atoms 
not presented for sake of clarity are not presented for sake of clarity distance was 1.169/~ whereas the 

average C-O(arom) and C-O (ethyl) distances were found to be 1.377 and 1.268/~, respectively. 

In conclusion, using M2CO3, the effect of alkaline metal cations on the distribution of conformers of 2 

bearing four ester groups was studied. Among the four possible conformers, the cone, partial cone and 1,3- 

alternate conformers were isolated and structurally characterised. Whereas for Li +, no tetra substituted derivative 

was obtained, for Na + the cone conformer was exclusively formed, while for both K + and Cs + a mixture of 

partial cone and 1,3-alternate conformers was obtained. The ionophoric property as well coordination ability of 

the three isolated isomers is under current investigation. 
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