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Calixareneglycine ester acetamides 4a–c have been techniques. The experiments reveal a moderate affinity
towards silver(I) ions, which increases with calixarene ringsynthesized from calixareneacetyl chlorides 5a–c and glycine

ethyl ester (6). Their ion-binding properties have been size.
investigated by liquid-liquid extraction with radiotracer

firmed by stability-constant measurements and solvent-ex-Introduction
traction studies. [2a] In contrast to the behavior of tertiary

Calixarenes are most suitable precursors for the synthesis amides (R 5 R9 5 alkyl) the related secondary amides 3a,
of selective ionophores. [1] As illustrated by many examples 3b, 3c (R 5 H; R9 5 nBu) extract alkali metal ions only
their unique molecular structure allows the arrangement of very weakly. [9] With the alkaline earth metals the same
functional groups in space for the coordination of metal compounds give size-dependent extractabilities, which are
cations. [2] Receptor molecules with remarkable selectivities furthermore graduated in the order 3b > 3c > 3a. Less data
in cation binding have been developed, e.g. from calix[4]ar- have been reported on the complexation of transition-metal
ene, which was anchored in a particular conformation of cations in solution, with the exception of Ag1, for which a
the macrocycle by suitable derivatization[1] and func- broad range of stability constants in methanol is avail-
tionalized with crown ethers. [3] But even the introduction able.[2a,2b] With para-tert-butylcalixarene tetra- (1a), penta-
of much simpler functional groups, such as ethers, esters, (1d) and hexaesters (1b) log β values range between 3.1 and
amides or ketones has a profound effect on the binding 4.3, and no size selectivity is observed. The stability of com-
ability of calixarenes. It has been well established that the plexes is slightly higher for the tetraketone 2a and much
phenolic functions of calixarenes can be alkylated with higher for the tetraamide 3a. In the amide series there is a
alkyl bromoacetates to form alkyl calixarene acetates 1 with size effect: Compound 3d shows a higher log β value than
significant ion-binding potential for mainly alkali metal cat- 3a or 3b.[2a,8] The calix[4]arene-tert-amide 3a is a useful ex-
ions. [4] The series has been extended to calixarene ketones tractant for AgI from strongly acidic medium.[10]

2, [5] amides 3, [6] thioamides and carboxylic acids, [7] and In order to investigate the effect of functional groups sim-
their alkali and alkaline earth cation binding properties ultaneously present in each arene moiety, [11] we have syn-
have been determined. The principal findings of these stud- thesized a series of new calixareneglycine ester acetamides
ies were that calix[4]arene esters 1a, ketones 2a and tert- 4, which represent examples of simple calixarenes that bear
amides 3a [8] show a clear preference for Na1 ions, the pen- both secondary amide and ester groups as potential coordi-
tamer series (1d, 2d, 3d), reflecting the larger receptor vol- nation sites for metal ion binding. Their binding properties
ume than the tetramers, favors the larger cations K1, Rb1 have been investigated by liquid-liquid extraction of aque-
and Cs1 over Na1, and calix[6]arene (1b, 2b, 3b) and calix- ous solutions of metal picrates. A first example of this type,
[8]arene derivatives (1c, 2c, 3c) are characterized by lower calix[4]areneglycine tetra-tert-butyl ester acetamide, was re-
extraction ability and low levels of discrimination among cently reported by Reinhoudt et al. [12]

the alkali cations. The tert-amides 3a and 3b also bind the
alkaline earth metal ions Ca21, Sr21 and Ba21 with high
efficiency, but without clear size preference. This was con- Results and Discussion
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Braunschweig,
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reported procedures for the synthesis of calixarene aceta-[b] Institut für Anorganische Chemie der Technischen Universität
Dresden, mides. The reaction of the para-tert-butylcalixareneacetyl
Mommsenstraße 13, D-01062 Dresden, Germany chlorides 5a2c [13] with glycine ethyl ester (6) [14] underFax: (internat.) 1 49-(0)351/463-7287
E-mail: Karsten.Gloe@chemie.tu-dresden.de standard conditions enabled the isolation of the glycine es-
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Scheme 3. Reaction of 5a with heterocyclic amino acid esters

Scheme 1. Calixarene ionophores

ter acetamides 4a2c in 59279% yields. As indicated by the
broad resonance signals in the NMR spectra of 4b, the
compound has a restricted conformational mobility on the
NMR time scale. Obviously, compound 4a is, like 5a, fixed
in the cone conformation, whereas the macrocyclic ring of
4c is large enough to allow rotation of the substituted arene
units. The reaction of 5a with heterocyclic amino acid es-
ters, such as 7 and 8, proceeds analogously, but is much
less efficient for 8. [15] Surprisingly, amides 9 and 10 show
significant decomposition in chloroform solution at room

Scheme 4. para-tert-Butylcalix[4]arene N-benzylacetamide (11)temperature, which renders them unsuitable for extraction
studies. N-Benzylamide 11 and compound 14 were synthe-
sized from 5a and benzylamine, and alkylation of 12 with
13, [16] respectively, for comparison of their extraction
properties with compound 4a.

Scheme 5. Twofold alkylation of para-tert-butylcalix[4]arene

radionuclides. [18] As metal ions Na1, Ba21, Tl1, Pd21,
Cu21, Zn21, Hg21, Eu31 and Ag1 were employed to obtainScheme 2. Synthesis of para-tert-butylcalixareneglycine ester acet-

amides information about extraction properties towards alkali, al-
kaline earth and transition metal ions. Figure 1 summarizes
the results. All glycine ester acetamides extract Ag1, and
the efficiency increases drastically from 4a (1.8%) to 4bMetal-Ion Extraction Properties
(15%) and 4c (57%). [19] For the large glycine ester aceta-
mide 4c some extraction of Cu21 (7.1%), Hg21 (5.5%),The binding properties of the new compounds were in-

vestigated by liquid-liquid extraction experiments. Aqueous Eu31 (3%) and Ba21 (1.8%) was noted. Compound 4b
shows, besides Ag1 binding, some uptake of Tl1 (3.5%) butsolutions of the metal salts (c 5 1·1024 mol/l) and picric

acid (5·1023 mol/l), buffered to pH 5 5.2 by NaOAc/ very low Hg21, Cu21, Eu31 and Ba21 extraction (< 2%).
Extraction of Na1 or Zn21 was not observed in any case.HCl, [17] were extracted with chloroform solutions of the ca-

lixarene derivatives (c 5 1·1023 mol/l). The determination The importance of the ester groups for extraction is illus-
trated by comparison with the N-benzylamide-substitutedof the metal concentrations in both phases was carried out

by measurement of the radiation of the corresponding calix[4]arene 11: None of the tested metal salts were ex-
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tracted under the selected experimental conditions and only The extractability of Ag1 with 4b and 4c strongly de-

pends on the pH value of the aqueous phase. As it is showna small affinity towards Pd21 could be detected. [20] Com-
pound 14, lacking ester and amide groups, did not show in Figure 2 a decreasing pH value (from 5.2 to 3.6) led to

a significant lower extraction (from 57% to 11% for 4c;any extraction of metal salts within the error of the experi-
ment. from 15% to 0.4% for 4b). In contrast to this, amazingly,

the influence of the picrate anion on the Ag1 extraction is
weak (see Figure 2). The extractability for 4c in the absence
of picrate is only 9%, and for 4b 4% lower than with pic-
rate present.

Some additional information about the stoichiometry of
the calixarene metal complexes in the organic phase was
derived from double log plots of distribution ratios of the
metals versus ligand concentrations (Figure 3). The analysis
suggests that 4b and 4c form 1:1 complexes with Hg21. The
same composition is also obtained from 4b with Tl1 and
Eu31; 1:1 and 1:2 complexes (M/L) are identified for
Ag1 [21] with the calixarenes 4a and 4b and for Ba21 with
4b. The calculated extraction constants are summarized in
Table 1. Preliminary molecular modeling studies give some

Figure 1. Extraction of metal picrates with compounds 4a, 4b and evidence for the binding of the metal ion by ether and car-4c; cM 5 1 · 1024 ; cHPic 5 5 · 1023 ; pH 5 5.2; cL 5 1 · 1023

/CHCl3 a stoichometry of 1 :1 for Hg21, Tl1, Eu1 complexes, and bonyl oxygen donor atoms inside the cavity, similar to the
1 :1, 1 :2 stoichometries for Ag1 and Ba21 complexes known structures with tertiary amides. [2e] The limited ex-

traction power of the novel compounds in comparison with
tert-amides might be rationalized by a specific hydrogen-
bonding pattern between the secondary amide and carbonyl
oxygen functions in the molecule, as it is observed for com-
pounds with related structure. [22] The interaction of the sec-
ondary amide with the solvent chloroform might also be
taken into account.

Conclusion

In summary, calixarene derivatives that bear a secondary
amide moiety and an ester group on each arene unit were
obtained by reaction of calixareneacetyl chlorides 5 withFigure 2. Influence of the pH value on the extraction of Ag1 with

4b and 4c; cAg 5 1 · 1024 ; cL 5 1 · 1023 /CHCl3 glycine ethyl ester (6). The investigation of the binding

Figure 3. The double logarithmic plot suggests a stoichiometry of 1:1 for Hg21 complexes in the organic phase, and 1:1, 1:2 or higher
stoichiometries for Ag1 complexes; cM 5 1 · 1024 ; cHPic 5 5 · 1023 ; pH 5 5.2; cL 5 5 · 1024 2 5 · 1023 /CHCl3
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0.24 g (79%) of 4a as a white solid, m.p. 230°C. 2 IR (KBr): ν̃ 5Table 1. Selected extraction constants for the calixarenes 4a2c
3380 cm21, 1750, 1680, 1190. 2 UV/Vis (CH3CN): λmax (lg ε) 5

194 nm (5.046), 216 (4.796). 2 1H NMR: δ 5 7.92 (t, 3J 5 5.7 Hz,Compound 4a 4b 4c
4 H), 6.83 (s, 8 H), 4.58 (s, 8 H), 4.56 (d, 2J 5 13.9 Hz, 4 H), 4.19
(q, 3J 5 7.1 Hz, 8 H), 4.12 (s, 8 H), 3.31 (d, 2J 5 13.0 Hz, 4 H),Ag1 logKex1 5 3.31 logKex1 5 3.98 /

logKex2 5 6.29 logKex2 5 6.76 1.28 (t, 3J 5 7.1 Hz, 12 H), 1.09 (s, 36 H). 2 13C NMR: δ 5 170.3
Hg21 / logKex1 5 2.94 logKex1 5 3.95 (Cquat), 170.1 (Cquat), 152.5 (Cquat), 146.1 (Cquat), 132.6 (Cquat),Ba21 / logKex1 5 2.88 /

125.9 (1), 74.1 (2), 61.2 (2), 41.0 (2), 33.9 (Cquat), 31.3 (1), 31.1logKex2 5 5.84
(2), 14.1 (1). 2 MS (MALDI-TOF); m/z (%): 1244.4 (100) [M 1Tl1 / logKex1 5 3.99 /

Eu31 / logKex1 5 3.13 Na]1. 2 C68H92N4O16·H2O (1239.5): calcd. C 65.89, H 7.64, N
logKex2 5 5.15 4.52; found C 66.25, H 7.78, N 4.20.

Calix[6]arene 4b: To a solution of the acyl chloride 5b (1.4 g,
1.0 mmol) in 30 mL of CH2Cl2 was added at 0°C glycine ethyl esterproperties of the new potential ionophores by liquid-liquid
(6; 1.9 g, 18 mmol) in 30 mL of CH2Cl2; the mixture was stirredextraction of picrate salts revealed poor to moderate extrac-
for 16 h at room temp. and was worked up as described for com-tion of mainly silver(I) salts, in which the calix[8]arene de-
pound 4a. The crude product was recrystallized from ethyl acetaterivative 4c shows the largest extraction ability. For calixar-
(5 mL) and petroleum ether (30 mL) at 220°C overnight to yield

enes bearing secondary amides on the lower rim efficient 1.26 g (69%) of 4b (Rf 5 0.38 in Et2O/EA, 5:1) as a white solid,
extraction of alkaline earth cations has been reported, and m.p. 1162118°C. 2 IR (KBr): ν̃ 5 3410 cm21, 1750, 1680, 1190.
a little of this characteristic remains in compounds 4b and 2 UV/Vis (CH3CN): λmax (lg ε) 5 196 nm (5.264), 218 (4.995). 2
4c. However, the affinity of calixareneacetates towards alk- MS (MALDI-TOF); m/z (%): 1854.0 (100) [M 1 Na]1. 2

C102H138N6O24 (1832.2): calcd. C 66.85, H 7.60, N 4.59; found Cali cations[2a,8] is completely lost in 4, where the ester is
66.53, H 7.66, N 4.29.placed further away from the calixarene core and separated

from it by an amide group. The ability of para-tert-butylca- Calix[8]arene 4c: To a solution of the acyl chloride 5c (1.4 g,
lixareneglycine ester acetamides 4 to bind Ag1 ions is 0.73 mmol) in 30 mL of CH2Cl2 was added at 0°C glycine ethyl
clearly surpassed by calixarene-tert-amides, [8] and in par- ester (6; 1.9 g, 18 mmol), dissolved in 30 mL of CH2Cl2; the reac-
ticular, -tert-thioamides. [23] In conclusion, calix[6]- and ca- tion mixture was stirred for 16 h at room temp. and worked up as

described for 4c. The crude product was recrystallized from CH2Cl2lix[8]areneglycine acetamides 4b and 4c show some affinity
(5 mL) and n-heptane (30 mL) at 220°C overnight to give 1.06 gin metal ion extraction, but their efficiency and selectivity
(59%) of 4c (Rf 5 0.27 in Et2O/EA, 5:1) as a white solid, m.p.is inferior to other known calixarene ionophores.
2242226°C. 2 IR (KBr): ν̃ 5 3430 cm21, 1750, 1690, 1200. 2 UV/
Vis (CH3CN): λmax (lg ε) 5 196 nm (5.366), 222 (5.075). 2 1H
NMR: δ 5 7.92 (t, 3J 5 5.7 Hz, 4 H), 6.83 (s, 8 H), 4.58 (s, 8 H),Experimental Section
4.56 (d, 2J 5 13.9 Hz, 4 H), 4.19 (q, 3J 5 7.1 Hz, 8 H), 4.12 (s, 8

General Remarks: Melting points were taken with a hot-plate H), 3.31 (d, 2J 5 13.0 Hz, 4 H), 1.28 (t, 3J 5 7.1 Hz, 12 H), 1.09
microscope apparatus and are not corrected. 2 NMR spectra were (s, 36 H). 2 13C NMR: δ 5 169.9 (Cquat), 169.0 (Cquat), 151.9
recorded at 400 MHz (1H) and 100 MHz (13C) in [D]chloroform (Cquat), 147.0 (Cquat), 132.0 (Cquat), 125.9 (1), 71.4 (2), 61.2 (2),
solutions unless otherwise stated. The multiplicity of the 13C signals 40.7 (2), 34.2 (Cquat), 31.3 (1), 31.2 (2), 14.0 (1). 2 MS
was determined with the DEPT technique and quoted as: (1) for (MALDI-TOF); m/z (%): 2466.1 (100) [M 1 Na]1. 2
CH3 or CH, (2) for CH2 and (Cquat) for quaternary carbon atoms. C136H184N8O32·H2O (2461.0): calcd. C 66.38, H 7.62, N 4.55; found
CC means column chromatography on silica gel unless otherwise C 66.19, H 7.73, N 4.35.
stated. PE means petroleum ether with a boiling range of 60270°C,

Calix[4]arene 9: A mixture of methyl 1-methyl-4-nitropyrrole-2-car-EA means ethyl acetate.
boxylate (0.5 g, 2.7 mmol) and Pd/C (0.15 g) in 200 mL of ethyl

Determination of Metal-Ion Binding Properties by Liquid-Liquid acetate and 100 mL of methanol was hydrogenated at an H2 press-
Extraction: All extractions were performed at 25°C in agitated mic- ure of 4 bar for 16 h at room temp., the catalyst was removed by
roreactors (2 cm3). To reach the equilibrium of distribution the or- filtration and the solvent was removed in vacuo. The resulting am-
ganic and aqueous phase of equal volumes were shaken for 30 min ino acid 7 was dissolved in 30 mL of CH2Cl2, triethyl amine (2 mL,
for all investigated metal ions. Only in the case of palladium was 14 mmol) and the acyl chloride 5a (0.5 g, 0.52 mmol) were added
2 h of shaking necessary to reach the equilibrium. The phases were at 0°C, the reaction mixture was stirred for 16 h at room temp.,
separated, centrifuged and the concentration of metal ions in both washed with saturated aqueous NH4Cl solution, dried with
phases was determined by the emission of the radionuclides which Na2SO4 and the solvent was removed in vacuo. CC (CH2Cl2/
were used. The γ-radiation (203Hg, 133Ba, 110mAg, 109Pd, 65Zn, MeOH, 97:3, Rf 5 0.33) of the crude product gave 0.66 g (89%) of
64Cu, 22Na) was measured with an NaI(Tl) scintillation counter 9 as a white solid. 2 IR (KBr): ν̃ 5 3310 cm21, 1710, 1690, 1450,
(Cobra II, Canberra Packard) and β-emission (204Tl) was deter- 1200. 2 UV/Vis (CH3CN): λmax (lg ε) 5 204 nm (5.016), 228
mined with a liquid scintillation counter (Tricarb 2500, Canberra (4.978), 284 (4.525). 2 1H NMR: δ 5 9.56 (s, 4 H), 7.32 (d, 4J 5
Packard). 1.9 Hz, 4 H), 6.85 (d, 4J 5 1.9 Hz, 4 H), 6.79 (s, 8 H), 4.57 (s, 8

H), 4.52 (d, 2J 5 12.9 Hz, 4 H), 3.75 (s, 12 H), 3.71 (s, 12 H), 3.23Calix[4]arene 4a: To a solution of the acyl chloride 5a (0.24 g,
0.25 mmol) in 10 mL of CH2Cl2 was added glycine ethyl ester (6; (d, 2J 5 13.1 Hz, 4 H), 1.07 (s, 36 H). 2 13C NMR: δ 5 167.4

(Cquat), 161.4 (Cquat), 153.4 (Cquat), 145.7 (Cquat), 132.8 (Cquat),0.31 g, 3.0 mmol) in 10 mL of CH2Cl2 at 0°C, the reaction mixture
was stirred at room temp. for 16 h, washed with saturated aqueous 125.8 (1), 121.7 (1), 121.1 (Cquat), 119.8 (Cquat), 109.0 (1), 74.8

(2), 50.9 (1), 36.5 (1), 33.8 (Cquart), 31.4 (2), 31.3 (1). 2 MSNH4Cl solution, dried with MgSO4 and the solvent was removed
in vacuo. CC (Et2O/EA, 5:1; Rf 5 0.49) of the crude product gave (ESI); m/z (%): 1448.4 (90) [M 1 Na]1, 732.4 (100) [M 1 K]21.
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Calix[4]arene 10: A solution of ethyl 1-methyl-4-nitroimidazol-2- of education of Luxembourg, C. C. the DFG for a graduate schol-

arship.carboxylate (0.5 g, 2.5 mmol) in 200 mL of ethyl acetate and
100 mL of methanol was hydrogenated for 16 h at room temp. on
Pd/C (0.15 g) at an H2 pressure of 4 bar. The catalyst was removed
by filtration, the solvent was distilled off in vacuo, CH2Cl2 (30 mL) [1] [1a] C. D. Gutsche, Calixarenes, Monographs in Supramolecular
and triethylamine (2 mL, 14 mmol) were added. The acyl chloride Chemistry (Ed.: J. F. Stoddart), The Royal Society of Chemis-

try, Cambridge, 1989. 2 [1b] V. Böhmer, Angew. Chem. 1995,5a (0.5 g, 0.52 mmol) was added at 0°C, the reaction mixture was
107, 7852818; Angew. Chem., Int. Ed. Engl. 1995, 34, 7132746.stirred for 16 h at room temp. and worked up as described for 9.
2 [1c] For recent examples, see: S. E. Bell, J. K. Browne, V.CC (CH2Cl2/MeOH, 97:3, Rf 5 0.26) gave 70 mg (9%) of 10 as a McKee, M. A. McKervey, J. F. Malone, M. O9Leary, A. Walker,

solid. 2 1H NMR: δ 5 9.91 (s, 4 H), 7.43 (s, 4 H), 6.75 (s, 8 H), J. Org. Chem. 1998, 63, 4892501. 2 [1d] A. F. D. De Namor, R.
G. Hutcherson, F. J. S. Valarde, M. L. Zapata-Ormachea, L. E.4.80 (s, 8 H), 4.58 (d, 2J 5 13.1 Hz, 4 H), 4.22 (q, 3J 5 7.1 Hz, 8
P. Salazar, I. A. Jammaz, N. A. Rawi, Pure Appl. Chem. 1998,H), 3.85 (s, 12 H), 3.23 (d, 2J 5 13.3 Hz, 4 H), 1.22 (t, 3J 5 7.1 Hz,
70, 7692778 2 [1e] A. F. Danil de Namor, R. M. Cleverley, M.12 H), 1.01 (s, 36 H). 2 13C NMR (100 MHz, CDCl3): δ 5 167.4 L. Zapata-Ormachea, Chem. Rev. 1998, 98, 249522525.

(Cquat), 158.8 (Cquat), 153.0 (Cquat), 145.6 (Cquat), 136.8 (Cquat), [2] [2a] M. A. McKervey, M.-J. Schwing-Weill, F. Arnaud-Neu, in
Comprehensive Supramolecular Chemistry (Eds.: J. L. Atwood,132.7 (Cquat), 131.4 (Cquat), 129.3 (1), 125.7 (1), 74.7 (2), 61.1
J. E. D. Davies, D. D. Macnicol, F. Vögtle, J.-M. Lehn, G. W.(2), 35.8 (1), 33.8 (Cquat), 31.4 (2), 31.3 (1), 14.1 (1). 2 MS
Gokel), Pergamon, Oxford, UK, 1996, vol. 1, p. 5372603. 2(ESI); m/z (%): 1507.6 (100) [M 1 Na]1. [2b] D. M. Roundhill, in Progress in Organic Chemistry (Ed.: K.
D. Karlin), Wiley, New York, 1995, vol. 43, p. 5332592. 2 [2c]Calix[4]arene 11: To a solution of the acyl chloride 5a (0.4 g,
C. Wieser, C. B. Dieleman, D. Matt, Coord. Chem. Rev. 1997,0.42 mmol) and triethylamine (1.2 mL, 8.4 mmol) in 30 mL of
165, 932161. 2 [2d] A. Ikeda, S. Shinkai, Chem. Rev. 1997, 97,

CH2Cl2 was added benzylamine (0.2 mL, 1.8 mmol) at 0°C; the 171321734. 2 [2e] P. D. Beer, M. G. B. Drew, P. B. Leeson, M.
reaction mixture was stirred for 16 h at room temp. and worked up I. Ogden, J. Chem. Soc., Dalton Trans. 1995, 127321283.

[3] [3a] D. N. Reinhoudt, P. J. Dijkstra, P. J. A. in9t Velt, K. E.as described for 4a. CC (CH2Cl2/MeOH, 49:1, Rf 5 0.30) yielded
Bugge, S. Harkema, R. Ungaro, E. Ghidini, J. Am. Chem. Soc.50 mg (10%) of 11 as a white solid, m.p. 2772278°C. 2 IR (KBr):
1987, 109, 476124762. 2 [3b] P. J. Dijkstra, J. A. J. Brunink, K.

ν̃ 5 3280 cm21, 1660, 1480, 1200. 2 UV/Vis (CH3CN): λmax (lg E. Bugge, D. N. Reinhoudt, S. Harkema, R. Ungaro, F. Ugoz-
ε) 5 194 nm (5.306), 202 (5.166), 276 (3.546). 2 1H NMR: δ 5 zoli, E. Ghidini, J. Am. Chem. Soc. 1989, 111, 756727575. 2

[3c] E. Ghidini, F. Ugozzoli, R. Ungaro, S. Harkema, A. Abu7.81 (t, 3J 5 5.9 Hz, 4 H), 7.23 (m, 20 H), 6.75 (s, 8 H), 4.40 (m,
El-Fade, D. N. Reinhoudt, J. Am. Chem. Soc. 1990, 112,20 H), 3.14 (d, 2J 5 13.1 Hz, 4 H), 1.07 (s, 36 H). 2 13C NMR:
697926985.

δ 5 169.5 (Cquat), 152.8 (Cquat), 145.8 (Cquat), 138.3 (Cquat), 132.6 [4] [4a] J. L. Atwood, S. G. Bott, in Calixarenes, a Versatile Class of
(Cquat), 128.5 (1), 127.6 (1), 127.2 (1), 125.8 (1), 74.4 (2), 42.9 Macrocyclic Compounds (Eds.: J. Vicens, V. Böhmer), Kluwer,

Dordrecht, 1991, p. 1992210. 2 [4b] R. Ungaro, A. Pochini, in(2), 33.8 (Cquat), 31.4 (2), 31.3 (1). 2 MS (ESI); m/z (%): 1259.8
Calixarenes, a Versatile Class of Macrocyclic Compounds (Eds.:(100) [M 1 Na]1, 1237.6 (40) [M 1 H]1. 2 C80H92N4O8 (1236.7):
J. Vicens, V. Böhmer), Kluwer, Dordrecht, 1991, p. 1272147.

calcd. C 77.64, H 7.49, N 4.53; found C 77.34, H 7.78, N 4.43. [5] [5a] F. Arnaud-Neu, E. M. Collins, M. Deasy, G. Ferguson, S.
J. Harris, B. Kaitner, A. J. Lough, M. A. McKervey, E. Mar-Calix[4]arene 14: To a suspension of para-tert-butylcalix[4]arene
ques, B. L. Ruhl, M.-J. Schwing-Weill, E. M. Seward, J. Am.(12; 0.5 g, 0.77 mmol) and Na2CO3 (0.5 g, 4.7 mmol) in 70 mL of Chem. Soc. 1989, 111, 868128691. 2 [5b] G. Ferguson, B.

acetone was added 2.7 g (4.6 mmol) of 13 and the reaction mixture Kaitner, M. A. McKervey, E. M. Seward, J. Chem. Soc., Chem.
was refluxed for 10 d. The solvent was removed, the solid residue Commun. 1987, 5842585.

[6] A. Arduini, E. Ghidini, A. Pochini, R. Ungaro, G. D. Andreetti,was extracted with 20 mL of CH2Cl2 and the resulting suspension
F. Ugozzoli, J. Inclusion Phenom. 1988, 6, 119.was filtered. The organic phase was washed with sat. aqueous [7] [7a] A. Arduini, A. Pochini, S. Reverberi, R. Ungaro, J. Chem.
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