ORGANIC
LETTERS

. 2003
Inclusion Networks of a Vol. 5. No. 22

Calix[5]arene-Based Exoditopic Receptor 4025-4028
and Long-Chain Alkyldiammonium lons'

Domenico Garozzo,* Giuseppe Gattuso,® Franz H. Kohnke,® Anna Notti,$
Sebastiano Pappalardo,' Melchiorre F. Parisi,* llenia Pisagatti,®
Andrew J. P. White,” and David J. Williams®

CNR, ICTP Catania, Viale Regina Margherita 6, 1-95125 Catania, Italy,

Dipartimento di Chimica Organica e Biologica, Universith Messina,

Salita Sperone 31, 1-98166 Messina, Italy, Dipartimento di Scienze Chimiche,
Universitadi Catania, Viale A. Doria 6, 1-95125 Catania, Italy, and

Department of Chemistry, Imperial College, South Kensington, London SW7 2AZ, UK

mparisi@unime.it

Received July 16, 2003

ABSTRACT

Tail-to-tail connection of two cone calix[5]arene moieties by a rigid p-xylyl spacer affords the new exoditopic receptor 3 featuring two s-rich
cavities (assembling cores) in a centrosymmetric divergent arrangement, as established by a single-crystal X-ray analysis. *H NMR complexation
studies of 3 with alkyldiammonium ions support the formation of discrete bis-endo-cavity complexes and/or capsular assemblies along a
polymer chain (polycaps), according to the length of the connector.

There is currently considerable interest in the design and designed by choosing topological features and/or chemical
synthesis of nanoscale molecular netwéikased on itera-  surfaces of the interconnecting modules, capable of establish-
tive self-assembly of specific building blocks (molecular ing a number of noncovalent intermolecular interactions
modules, e.g., tectofjsthat display complementary molec- (H-bond? CH—x,* cation—=® interactions, and van der Waals
ular affinities. These higher-order architectures can be attractive force®, typical of host-guest and coordination

chemistry’
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lecular structures based on iterative inclusion processes with Crystals of 3 were shown to contain two independent
appropriate connectors. We have already demonstrated thamolecules (landll), each possessing an inversion center at
p-tert-butylcalix[5]arenes in a fixe@€s, cone-like arrange-  the middle of the linkingp-xylyl spacer (Figure 2). The
ment form strong 1:1 inclusion complexes with linear

alkylammonium ion% and discrete dimeric capsules in the _
presence of long-chain alkyldiammonium idhs the latter
case, a single ditopic guest coordinates to a pair of calix|[5]-
arene units, oriented rim-to-rim to form a closed cavity
entrapping the shape-complementary dication. Here we report
that, when two such calix[5]arene molecules are covalently
linked via their lower rims, as i8 (vide infra), their cores
diverge and inclusion of suitable alkyldiammonium ions
results in the formation of polymeric capsular assemblies
(polycaps)?

Bis-calixarend in a fixed cone conformation was obtained
by a two-step synthesis involving the tail-to-tail bridging of
p-tert-butylcalix[5]arenel* with the a,o’-dibromop-xylene
spacer and CsF in dry DMF at room temperature (to produce
octol 2), followed by the exhaustive alkylation of the residual
hydroxyl groups with an excess of 4-methylpentyl tosylate
and K;CGO;s in refluxing acetonitrile (Figure 1). The structures

Figure 2. Molecular structure of ond)(of the two independent

Ci symmetric bis-calix[5]arenes present in the crystals3 ¢the
pendant isohexyl groups, which adopt an extended conformation,
have been omitted for clarity).

conformations ofl and Il are very similar with both
molecules having approximate loc@l symmetry about a
plane passing through the methylene bridging carbon C(7)
and bisecting ring D. The five linking methylene carbon
atoms [C(7), C(14), C(21), C(28), and C(35)] are coplanar
to within 0.43 and 0.38 A in moleculésandll, respectively.
The five phenol rings A—E in (A'—E' in Il) are inclined
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by 48 (57), 61 (52), 97 (95), 41 (38), and 92 {BO the host, thelH NMR spectra showed distinct signals for

respectively, to their respective methylene planes. the free and complexed host and guest species, in a slow
The cavity of each calix[5]arene moiety acts as a host for exchange regime on thel NMR time scaleé®® In agreement

a guest acetonitrile solvent molecule, which is bound by a with theendacavity nature of the assemblies, the high-field

pair of C—H---rhydrogen bonds with H---geparations of ~ region of the spectra«1.9 to 0.7 ppm) displayed one or

2.66 (C), 2.64 (E), 2.62 (C'), and 2.60 A (E"). more sets of signals for the alkylene protons of the included
A preliminary screening of the binding affinity & for guest, according to the number/type of complexed species

the dipicrate salts of linear alkyldiammonium guest ioBs ( present in solution.

[HaN—(CH,)n—NH3]?*"; 4, n = 9; 5, n = 10) using the ESI The!H NMR titration experiments with firmly establish

MS techniqué® ([3]/[G] = 2:1 to 1:2; 7.9x 105 M, in that the formation of capsular assemblies (type C complexes)
CHCIy/MeOH 2:1, v/v), provided evidence for the formation in solution is prevented by the short length of the guest alkyl
of three different types (AC, Figure 3) of hostguest chain, whereas the filling of the two calix[5]arene cavities
of 3 to produce the type B complex proceeds in a stepwise
_ manner via the type A complex. The formation of a type A
complex (1:1 host/guest) is detected at low guest concentra-
tions (= 0.5 equiv), as substantiated by the desymmetrization
of the two components (doubling of both host and guest
resonance patterns). As expected, an increase in the con-
centration of4 (up to 6 equiv) shifts the complexation
equilibrium toward the formation of the type B complex (1:2
host/guest).
The evolution of the!H NMR spectra in the titration
experiment o3 with the longer dicatior® is shown in Figure
4. In this case, the host/guest spectral changes observed for
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Figure 3. Schematic representation of the possible binding modes N R A \J fm=1
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of 3 to alkyldiammonium ions. — . _
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complexes. Accordingly, the spectra display intense ion peaks : 5 o
of composition GC3]?" (type A complexes), moderately _ _
intense ion peaks corresponding BGC3P (type C (F:'gléflj éb Sggagti?tr_?glt?ns of thiéd NMF d(33(%00MH126332hﬂ/|:)1 O-%
— 14 i P 3 . Iration experimen .0 x Wi

complexes,m = 1) and 'OWI'”te”S'ty peaks due to g s 0)3/51:0.25: (C)3/51:0.5; (d)3/51:1.5; (€)3/51:3; (7
[GC35G — 2H]*" (type B comp .exes).. 3/5 1:6. Asterisks indicate residual solvent peaks.

The host-guest behavior of bis-calix[5]arer® toward
alkyldiammonium iong} and5 was then investigated By
NMR titration experiments in CDE+CDsOD (2:1, v/v). The - [3)[5] > 2 (Figure 4, traces b and c) are commensurate with
various complexation modes of ditopic recepdaio alkyl- the nearly exclusive presence of the type C complex(
diammonium ions could be differentiated and monitored by 1) a5 previously evidenced by ESI MS. Contrary to type A
following the host—guest spectral changes as a function of complexes, the8>5c3 capsular assembly causes desym-
the [3J/[G] ratio. Upon addition of mcreassmg amounts of - metrization of the host only, while the included guest remains
the guest salt (up to 6 equiv) to a 20107 M solution of  symmetric and shows the expected resonance pattern in the

. . . . high-field region of the spectrum. At loweBJJ[5] ratios
(13) Nierengarten, H.; Leize, E.; Breuning, E.; Garcia, A.; Romero-

Salguero, F.; Rojo, J.; Lehn, J.-M.; Van Dorsselaer]) AMass Spectrom. (Flgure 4, tracg d)' one can qbserve the appearance of a
2002,37, 56-62. second less shielded set of signals for the included guest

-2 ppm
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arising from the type B comple®. The presence of such «a-CH, protons display essentially single broad resonances
species, featuring, besides the symmetric host, two units ofat 6 4.98 and—1.30 ppm, respectively. On the basis of
desymmetrized guest, is supported by a diagnostic triplet atsymmetry considerations, this pattern is consistent with the
0 2.91 ppm (o'-CH protons of5).16 When the [3]/[5] ratio formation of polycapsular assemblies ®fand 5 (type C

is lowered further, the relative intensity of the set of sig- complexesm > 1). At the same time it rules out both the
nals associated with type B complex increases considerablypresence of the type C complem (= 1) and that of the
with a concomitant decrease of the intensity of the set of 5c3>5c3>5 assembly (formally a type Gr(= 1) complex
signals due to the capsular (type C) complex (Figure 4, traceswith both external cavities filled by two additional guest
e and f). molecules). The former would show two anisochronous

Evidence of polycapsular assemblies was provided by abenzyl singlets, whereas the latter would display two equally
series of'H NMR dilution experiments on a more concen- intense resonances (at slightly different chemical skiiftge
trated 1:0.9 host/guest mixture{[= 5.0 x 102 M and [5] trace d of Figure 4) for the four includedCH, groups. All
= 4.5 x 102 M) in CDCIy/CD;OD (9:1, v/v}’ shown in these observations point to the formation, at high figsiest

Figure 5. Scrutiny of théH NMR spectrum of the3/5 concentrations, of self-organized capsular assemblie® of
and5 modules along a polymer chain via iterative inclusion

processes.

Disruption of the polycapsular assembly takes place by
progressive dilution of the original NMR stock solution
(Figure 5, traces<€f). At the lowest concentration investi-
gated (Figure 5, trace f), tHél NMR spectrum is in agree-
ment with the ultimate formation of the type A complex.
The asymmetric nature of this complex gives rise to a pair
of singlets for the Xy-CH, groups of the host and distinct
resonances for the- and o'-CH, groups of the included
guest.

In conclusion, we have shown by NMR spectroscopy that

Xy-CHo

L2

XyC CH2 Xy-CHy
type C ,’ 7 type A

MfL ot b\ ’LW ©

Xy-CHp

exoditopic bis-calix[5]aren8 reversibly forms polycapsular
assemblies with 1,10-decanediammonium ions via iterative
inclusion processes. Fine-tuning of the assembly process by
subtle structural variations of the modules employed is

type C {’CH?
ype C
" J \J M M SN

4 M I L @
Jx__g Jh
5 4 3

0 -1 -2 ppm

currently under active investigation.
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Figure 5. Selected regions of théi NMR (300 MHz; 22+ 1 °C; cedures and characterization data for compouhdsd 3,
CDCIy/CDs0OD 9:1) spectra of: (a3 (5.0 x 1072 M); (b) a host-

, ESI MS spectra, selectéth NMR data of the host—guest
guest stock solution § = 5.0 x 102 M and 5] = 4.5 x 1072 . . ) .
M) and after dilution to (c) 1/5; (d) 1/10: (e) 1/50: and (f) 1/100. assemblle_s formed, and acrystallographlg CIF fileXorhis
Asterisks indicate residual solvent peaks. material is available free of charge via the Internet at
http://pubs.acs.org.

OL035310B

solution at the highest concentration under study (Figure 5, (15) CIS values indicate that the N-terminal group of the guest is more

trace b) revealed that (i) free host and guest species arejeeply included in type B than in type C complexes, in agreement with our
almost absent and (ii) the probe benzylic &@H,) and earlier observations on capsules derived from single-cavity calix[5]afenes.
(16) Concerning type A and B inclusion complexes, we arbitrarily
designate the guest end-groups located inside and outside the calixarene
(14) In agreement with our earlier observations on single-cavity calix- cavity asa-CH, and a’-CHy, respectively.
[5]arene host8the B>Gc3]?t ion peak (capsule formation) could be barely (17) Change of solvent was dictated by the limited solubilitg af the
seen with the short 1,9-nonanediammonium iéh ( original CDCk—CD3OD mixture at higher concentrations.
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