VAN

—

s, )
g/

Pergamon

TETRAHEDRON
LETTERS

Tetrahedron Letters 39 (1998) 9549-9552

Regio- and Stereoselective Alkylation of §,5’-Bicalix[4]arene. Access to Double

oo ¥t

Calixarenes with Different Conformations of the Two Subunits’

Alessandra Bottino, Francesca Cunsolo, Mario Piattelli and Placido Neri®

Istituto per lo Studio delle Sostanze Naturali di Interesse Alimentare e Chimico-Farmaceutico, CN.R.,
Via del Santuario 110, 1-95028 Valverde (CT), Italy

Received 10 August 1998; accepted 6 October 1998

Abstract: Alkylation of 5,5 -bicalix[4]arene 1, a double calix[4]arene with direct para-para linkage, with

Prl or p-tert-butylbenzyl bromide in the presence of various bases has been investigated. Good control of
the regio- and stereochemical outcome was obtained, leading to the isolation of tetra-O-alkylated
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nite and nota ) alkularad

uxLauxl#Jmcuc derivatives 3-5 with Syn-aistar Qisuostiiuuoit at the two subunits and octa-O- dikYi1atea
atropisomers in double-cone 2, cone/partial-cone 6-8, double-1,3-alternate 9, and 1,3-alternate/partial-
cone 10-12 conformations. © 1998 Elsevier Science Ltd. All rights reserved.

Double or muitiple calixarenes' have attracted the attention of several research groups as higher order

supramolecular systems.” In the majority of these compounds two or more calixarene units are linked through

the intermediacy of a proper spacar,]'2 but very recently we have reported the first example of a bridgeless
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double calixarene, 5,5 -bicalix[4]arene 1, in which the two units are linked “head-to-head” with a direct,

biphenyl-like para-para !mkaae.q We have also shown that in

properly functionalized derivatives of this dimer, for instance 2a,
the two halves may act cooperatively in the comp
suitable guest.”

The peculiar structural features of 1 and its high
stereochemical potential make it an interesting new building block
in supramolecular chemistry. In any chemical manipulation of this
compound it should be borne in mind that when the free rotation of
the phenol rings through the annulus is prevented by alkylation of
the hydroxyl with groups bulkier than ethyl a large number of
atropisomers are 00551blc. For instance, its exhaustive propylation
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an give le to 36 isomeric forms, includine 12
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couples of inherently chiral enantiomers and 2 meso-forms.
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Therefore, the reaction would be without any practical use unless a

satisfactory regio- and stereocontrol can be achieved.
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R;=Ry=X; R=R=H
Ry=R=X; R=RY=H
R=R'=X; Ry=R\=H

X = CH,CH,OEt
X=Pr
X = p-CH,CgH,Bu!

Here we wish to report the results of our investigation in this direction which also led to the first

cxamples, to the best of our knowledge, of double calixarenes having the two moieties blocked in different

conformations.
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In approaching the problem we decided to investigate the aikylation of 1 under conditions known to be
highly regio- and stereoselective for the corresponding monomer, calix{4]arene, so the reaction outcome could
be anticipated, at least in the absence of unexpected cooperative or template effects.' Therefore, we subjected 1
to alkylation with n-Prl or p-fert-butylbenzyl bromide in the presence of K,COs;, which in calix[4]arene
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chemistry is known to promote 1,3-syn-di-O-alkylation.* As expected, in both cases three compounds were

isolated by column chromatography, arising from the combination of distal disubstitution in the two units of the

molecule. Giving the rings involved in the junction numbers | and I, these three products can be named
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13,1’,3-,1,3,2° 4’-, and 2.4,2° 4 -tetralkoxy-5,5-bicalix[4]arene 3, 4 and 5, respectively.” As shown in Table 1
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{entries 1 and 2) the three regioisomers are isolated in amounts close to the 1:2:1 statistical ratio, the 1,3,2°,4°-

isomer 4 being the most favored.

The use of NaH with excess alkylating agent is known to favour the cone conformation of calix[4]arenes®
and indeed it has already been proved3 that 5,5’-bicalix[4]arene in the presence of this base reacts with 2-
(ethoxy)ethyl bromide to afford double-cone octaalkyl derivative 2a in 55%. We have now observed that the
use of Prl or p-tert-butylbenzyl bromide under similar conditions gives the double-cone octapropyl (2b) or
octabenzyl (2¢) derivatives in 21 and 60% yield, respectively (Table 1, entries 3 and 4). In addition, in the case

of Prl atropisomers 6-8 were also

isolated in 14, 9 and 7% yield’ ﬁ N
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and the other in the partiai-cone

conformation in which ring 1°, 2’ {\\\

or 3’ is inverted with respect to
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Table 1. Alkylation Products of 5,5’-Bicalix[4]larene
Entry  Electrophile Base Solvent (temp.) Time Isolated Compd (yield %)
(equiv) (h)
1 PrI (8) K,CO; (5) DMF (60 °C) 48 3b (14), 4b (26), Sb (12)
2 p-Bu-BnBr(4) K,C0,(23) MeCN (refl.) 7.5 3c(21), 4¢ (37), 5¢ (18)
3 Prl (32) NaH (32) DMEF (60 °C) 0.5 2b (21),6 (14),7(9), 8(7)
4 p-Bu-BnBr(32)  NaH (32) DME (60 °C) 24 2¢ (60)
5 PrI (18) Cs,CO5 (18)  THF/DMF, 10:1 (refl.) 16 9b (18), 10b (7), 11b (17), 12b (18)
6 pBu-BnBr(18) (5,C0,(18) THF/DMF, 10:1(refl) 6 9c (53), 11¢ (12), 12¢ (18)

atropisomers 9b and 9¢ in 18 and 53% yield, respectively (Table 1, entries 5 and 6). In agreem
been observed for monomeric calix[4]arenes,® three additional stereoisomers were also isolated by
chromatography and characterized as combinations of I,3-alternate and partial-cone subunits, namely 1,3-
alternate/1’-partial-cone (10), 1,3-alternate/2’-partial-cone (11), and 1,3-alternate/3 '-partial-cone (12).5

The stercochemical assignments for tetra- and octaalkyl bicalix[4]arenes 2-10 followed from a careful
analysis of 'H and '>C NMR patterns for ArCH,Ar groups according to well established rules for
calix[4]arenes. " In particular, assignments of the double-syn-distal substitutions in 3-5 and the double-cone

conformation of 2b-¢ were secured by the presence of AX systems in their '"H NMR spectra and 3C NMR

1u NMR

Analogously, the double-1,3-alternate structure in 9b and 9¢ was warranted by two 'H NMR smglets and two
13 ATRAD cicmale in tha ranos 24 2Q armmy (OL. 270 21277 e Q. 2T N oo 1277 £
C NMR signais in the range 36-38 ppm (F0: 53/7.0 and 5/.2 1 57.U ana 5/.6 ppm)

In the case of compounds 6 and 8 the presence of three ""C NMR signais (6: & 30.6, 31.0 and 31.3; 8:
30.7, 31.0, 31.2) for methylenes linked to aromatic rings in syn orientation and a single one for a methylene
bound to aromatic rings in anti disposition (6: 6 36.2; 8: 4 35.8) gave evidence of the presence of a cone/partial-
cone geometry bisected by a symmetry plane. The two conformations compatible with these data, cone/I’-
partial-cone and cone/3’-partial-cone, were respectively asqigned to 6 and 8 on the basis of the long-range

benzylic couplings observed in the 2D COSY NMR spectrum ® For example, in the case of 6 a cross-peak

-

between the tight AB system centred at 3.8 ppm (overlapped) for ArCH,Ar and the ArH singlet at 7.62 ppm of
one of the junction rings indicated its anti-orientation with respect to the adjacent rings.

Similar arguments were used for the discrimination between 1,3-alternate/1’-partial-cone (10b) and 1,3-
alternate/3’-partial-cone (12b-¢), which ail gave three "C NMR signals for methylenes between inverted
aromatic rings and one for a methylene flanked by aromatic rings in syn orientation. Finally, the cone/2'-partial-
cone and the 1,3-alternate/2’-partial-cone strereostructures were tentatively assigned to compounds 7 and 11,
whose NMR data are also compatible with cone/l’,2’-alternate and 1,3-alternate/1’,2’-alternate geometry,
respectively, because on the basis of literature data their formation was considered more probable under the
conditions used.’®

In conclusion, we have demonstrated that a good control of regio- and stereochemical outcome can be
ylation of 5,5’-bicalix[4]arene 1. In fact, the combinations of syn-distal di-O-alkylation at the
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obtained. In addition, the first examples of doublc calix[4]arenes having

QuLo CAlIAL



9552

the two units in different conformations can be obtained besides double-cone or double-1,3-alternate octaalkyl
atropisomers. It is conceivable that the results described here for two typical electrophiles can be extended to a
range of other alkylating agents, thus giving access to a number of new interesting three-dimensional
architectures for applications in supramolecular chemistry.
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