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Abstract: The first inherently chiral calix{4]crown ethers 2 have been obtained by the base-catalysed
reaction of mono-alkylated p-tert-butylcalix{4]arenes 1 with oligoethylene glycol ditosylates.
Preliminary g NMR  swdies suggest the ability of these receptors to bind either chiral
alkylammonium or Zn+ guest species within the hydrophilic pocket generated by the O-alky] residues

at the lower rim.

Calixarenes have been widely used as three-dimensional building blocks for the construction of artificial
molecular receptors capable of recognizing neutral molecules, cations, and more recently anions.! The design
and synthesis of conformationally preorganized achiral calix[4]crown ethers of different topology (1,2-
calix[4]crowns,2  1,3-calix[4]crowns,3 1,2-calix[4]-bis-crowns,224 1 3-calix[4]-bis-crowns,3b:5  double
calixarenes,6 and double 1,3-calix-bis-crowns?) have developed very rapidly in the last few years, owing to
their proclivity to bind alkali and primary ammonium cations.

Following previous studies on the creation of molecular asymmetry by modulation of the substitution
pattern at the lower rim,3 we report here the first examples of inherently chiral 1,2-calix[4]crown ethers 2 in the
cone conformation, and preliminary complexation studies with chiral alkylammonium and Zn2*+ guest species.
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Racemic 1,2-calix[4]crown ethers 2 were obtained in 30-40% yield by dropwise addition of a DMF
solution of mono-alkylated calix[4]arene 1 to a DMF solution of oligoethylene glycol ditosylate (1 equiv) in the
presence of anhydrous K,CO; (10 equiv) (see Scheme).?10 In agreement with the general mechanism of
alkylation of calix[4]arenes with weak bases,!! the presence of regioisomeric achiral mono-alkylated 1,3-
calix[4]crown ethers was not detected (TLC) in the reaction mixtures.

Attempts to prepare by the same strategy analogous inherently chiral calix[4]crown ethers endowed with
larger (3,5-dinitrobenzyl, 2-naphthylmethyl, or 2-quinolylmethyl) pendant groups failed, owing to the
deleterious role played by the bulkiness of such substituents during the crucial crown ether cyclization step.

The asymmetry of structures 2 follows unambiguously from their 'H NMR spectra, which show 4
singlets for terz-butyl groups, 4 partly overlapped AX systems for the bridging methylenes, 3 AB systems and a
(pseudo) singlet for the aromatic protons of the calix[4]arene skeleton. The cone conformation of 2 is
corroborated by a chemical shift difference (Ad) > 1 ppm (J = 12.5-14.0 Hz) between the four pairs of signals
due to the bridging methylene protons (CH,,, and CH,,,.),!2 and by the presence of the pertinent methylene
resonances in the expected region of the 13C NMR spectrum (30.9 % 0.55 ppm). 13

Evidence of chirality for the compounds synthesized was provided by titration experiments of CDCl,
solutions of 2 (containing one drop of CD;OD) with enantiomerically pure alkylammonium cations {(R)- and
(8)-o—methylbenzylammonium picrates]. Whereas the 1H NMR spectra of compounds 2aa and 2ab (m = 2,3)
did not show any appreciable change upon titration with one equiv of the chiral salt, splitting and doubling of
signals occurred in every region of the spectra of 2ac and 2bc (m = 4) from the addition of the first aliquot
(0.25 equiv) of each chiral salt. Illustrative regions of the 1H NMR spectrum of receptor 2ac, without and with
increasing amounts of the (R)-salt, are shown in Figure 1.
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Fig. 1. Aromatic and tert-butyl regions of the 1H NMR spectrum (CDCl3, 300 MHz) of
2ac (a), and spectral changes upon addition of (b) 0.25, (c) 0.5, and (d) 1 equiv amount '
of (R)-o-methylbenzylammonium picrate. The two regions are plotted in different scales.
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The spectra did not change further by adding an excess of the salt, suggesting that the diastereomeric 1:1
complexes had formed. These results confirm that a crown-6 moiety is a prerequisite for anchoring the NH;*
group of the primary ammonium cation into its cavity via N-H---O hydrogen bonds.14 Compounds 2ac and 2bc
do not give any diastereomeric interaction with the more encumbered (R)- or (S)-o—methyl-o-
methoxybenzylammonium picrates, which presumably cannot approach in a favourable manner the crown ether
portion from either side (vide infra).

In order to prove that complexation occurs inside the hydrophilic pocket generated by the substituents
attached at the lower rim of the calix[4]arene, a CDCl3 solution of pyridino compound 2ac was protonated
with CF3COOH (1.2 equiv) to give the comresponding pyridinium salt 2ad (as testified by a significant to large
downfield shift experienced by the pyridinyloxy protons). Upon titration with one equiv of the (R)-salt, the
chemical shifts of most protons remained unvaried, with the exception of the ter¢-butyl region which underwent
some changes. The two downfield resonances coalesced to a broad singlet, while the remaining two singlets
split into two doublets. The invariability of the other signals in the spectrum suggests that the R-NH3* cation is
impeded from entering the hydrophilic pocket of 2ad (internal approach), due to a strong electrostatic
repulsion with the pendant pyridinium group (switch off by protonation); therefore the interaction with the
crown ether moiety necessarily occurs on the side exterior to the hydrophilic cavity (external approach).

Receptors 2aa-2ac, containing a pyridinyl side-arm, can also be viewed as ‘lariat’ calix[4]Jcrown ethers,
and the similarity of the stereochemical features of R-NH,* with tetrahedral transition metal complexes led us
to explore the complexation properties of 2ab towards Zn2*. Addition of solid Zn(CF3S0s), to a CDCl;
solution of 2ab caused the immediate evolution of totally new sets of resonances in every region of the
IHNMR spectrum corresponding to the formation of the Zn?* complex. The spectrum remained unchanged
after 1d exposure of the CDCl; solution to an excess of the salt. The oxymethylene and aromatic regions in the
'H NMR spectra of the receptor and of its Zn2* complex are shown in Figure 2. The remarkable shifts
experienced by the pyridinyloxy protons and, to a lesser extent, by the crown ether portion of the molecule
suggest that the cationic guest is bound vig favourable electrostatic interactions with the ring nitrogen and the
polyether moiety in a tetrahedral arrangement.
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Fig. 2. The 3.0-9.0 ppm region of the 1H NMR spectra (CDCI3, 300
MHz) of (a) receptor 2ab , and (b) its complex with Zn(CF3503)).
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The direct separation of the enantiomers of 2 by HPLC using chiral stationary phases, the role in chiral

recognition played by the nature of the substituents appended at the lower rim, as well as the discrimination of
transition metal cations (based on the preferred geometries of their complexes) are currently being studied.

A T o

ii.
12.
13.
14.

Acknowledgments. The authors warmly thank MURST for financial support of this work.

References and Notes
For a recent review on calixarenes see: Bohmer, V. Angew. Chem., Int. Ed. Engl. 1995, 34,713-745.
(a) Arduini, A.; Casnati, A.; Dodi, L.; Pochini A.; Ungaro, R. J. Chem. Soc., Chem. Commun. 1990, 1597-1598. (b)
Yamamoto, H.; Sakaki T.; Shinkai, S. Chem. Let:.1994, 469-472.
(a) Alfieri, C.; Dradi, E.; Pochini, A.; Ungaro, R.; Andreetti, G. D. J. Chem. Soc., Chem. Commun. 1983, 1075-1077. (b)
Dijkstra, P. J.; Brunink, J. A. J.; Bugge, K.-E.; Reinhoudt, D. N.; Harkema, S.; Ungaro, R.; Ugozzoli, F.; Ghidini, E. J. Am.
Chem. Soc. 1989, 111, 7567-7575. (c) Ghidini, E.; Ugozzoli, F.; Ungaro, R.; Harkema, S.; El-Fadl, A. A.; Reinhoudt, D. N.
J. Am. Chem. Soc. 1990, 112, 6979-6985. (d) Yamamoto H.; Shinkai, S. Chem. Lest. 1994, 1115-1118. (¢) Ungaro, R.;
Casnati, A.; Ugozzoli, F.; Pochini, A.; Dozol, J.-F.; Hill, C.; Rouquette, H. Angew. Chem., Int. Ed. Engl. 1994, 33, 1506-
1509. (f) Casnati, A.; Pochini, A.; Ungaro, R.; Ugozzoli, F.; Amaud, F.; Fanni, S.; Schwing, M.-J.; Egberink, R. J. M.; de
Jong, F.; Reinhoudt, D. N. J. Am. Chem. Soc. 1995, 117,2767-2777.
(a) Bressot, C.; Astier, J. P.; Asfari, Z.; Estienne, J.; Pepe, G.; Vicens, J. J. Incl. Phenom. 1994, 19, 291-300.
Asfari, Z.; Wenger, S.; Vicens, J. J. Incl. Phenom. 1994, 19, 137-148, and references therein.
Asfari, Z.; Weiss, J.; Pappalardo, S.; Vicens, J. Pure Appl. Chem. 1993, 68, 585-590.
Asfari, Z.; Abidi, R.; Amaud, F.; Vicens, J. J. Incl. Phenom. 1992, 13, 163-169.
Ferguson, G.; Gallagher, J. F.; Giunta, L.; Neri, P.; Pappalardo, S.; Parisi, M. J. Org. Chem. 1994, 59, 42-53.
Satisfactory microanalyticat and spectral data were obtained for all new compounds.
In a typical procedure, a solution of 1a (0.74 g, 1 mmol) in DMF (20 mL) was slowly added to a stirred solution of triethylene
glycol ditosylate (1 equiv) in DMF (30 mL) in the presence of K,;CO, (10 equiv) under N,. The mixture was kept at 60 °C
under stirring for 2 days. Usual workup, followed by column chromatography (eluent cyclohexane-AcOEt 5:1, v/v) afforded
2aa (38%); mp 278-281 °C (MeOH); R,= 0.34 (cyclohexane-AcOEt 5:1); 'H NMR § 0.79, 0.88, 1.33, 1.34 (s, C(CH;)3, 9 H
each), 3.17, 3.23,3.29 (d, J = 12.6, 13.4, and 13.4 Hz, respectively, exo-ArCH,Ar, ratio 2:1:1, 4 H), 3.57-4.35 (m, polyether
chain, 12 H), 4.26, 4.31, 449, 4.50 (d, J = 13.5, 12.7, 13.0, and 12.4 Hz, respectively, endo-ArCH,Ar, 1 H each), 4.94, 5.00
(ABq,J =119 Hz, OCH,Py, 2 H), 5.84 (s, OH, 1 H), 6.48 (s, ArH, 2 H), 6.58, 6.64 (ABq, J = 2.4 Hz, ArH, 2 H), 7.05, 7.08
(ABq,J =24 Hz, ArH, 2 H), 7.14, 7.16 (ABq, J = 2.5 Hz, ArH, 2 H), 7.27 (m, 5-PyH, 1 H), 7.78 (id, J = 7.6, 1.8 Hz, 4-PyH,
1 H),7.88 (d,J="7.7 Hz, 3-PyH, 1 H), and 8.62 (d, J = 4.1 Hz, 6-PyH, 1 H); 13C NMR & 30.4, 31.2, 31.5 (t. ArtCH,Ar), 31.0,
317 (g, C(CH;)5). 33.8, 34.1 (s, C(CH,),), 694, 69.8, 70.2, 71.3, 72.5, 75.3 (t, OCH,), 78.7 (t, OCH,Py), 122.8, 123.0 (d,
35-Py). 124.8,125.1, 1254, 125.6, 125.8 (d, Ar), 128.3, 129.5, 131.6, 131.9, 132.0, 132.7, 135.7, 135.9 (s, bridgehead-C),
136.6 (d, 4-Py), 141.5, 145.3, 145.8 (s, C2-C(CHy)y), 149.2 (d, 6-Py), 1504, 150.7, 151.6, 153.5 (C2-0), and 157.6 (s, 2-
Py); FAB (+) MS, m/z 854 (100, MH*).
van Loon, J.-D.; Verboom, W.; Reinhoudt, D. N. Org. Prep. Proc. Int. 1992, 24, 437462,
Gutsche, C. D. Calixarenes; Royal Society of Chemistry: Cambridge, 1989; p. 111.
Jaime, C.; de Mendoza, J.; Prados, P.; Nieto, P. M.; Sanchez, C. J. Org. Chem. 1991, 56, 3372-3376.
(a) Lehn, J.-M. Angew. Chem., Int. Ed. Engl., 1988, 27, 89-112, (b) Cram, D. J. Angew. Chem., Int. Ed. Engl. 1988, 27,
1009-1020.

(Received in UK 24 November 1995; revised 31 December 1995; accepted 8 January 1996)



