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Hybrid Hosts Obtained by Oxygenation
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ABSTRACT

The first examples of hybrid calixarene hosts containing cyclitol moieties (

calixcyclitols ) have been obtained by treatment with LIAH 4 of

diepoxydiol and tetraepoxytetrol calix[4]arene derivatives. A 6-oxabicyclo[3:1:1]heptanetriol or a cyclohexanetetrol ring was obtained depending
on the stereochemical features of the diepoxydiol moiety. Preliminary binding studies toward anionic guests showed a discrete selectivity of

calixcyclitol 9 vs H ,PO,.

Over the past two decades, calixarénlesve become one

profoundly different supramolecular properties. The more

of the leading host systems and are currently most studiedcommon transformations are usually performed by function-

in the context of supramolecular chemistry, with a large
number of applications ranging from recogniticio self-
assemblyand from topological chemisttyto nanotechnol-

alization at the so-calledpper and lower rims (the para
positions of the aromatic rings and the phenolic hydroxyls,
respectively)* However, more recently, increasing attention

ogy?® The main reason for this success, besides their readyhas also been devoted to making more fundamental changes,
availability, is their easy chemical modification, which allows such as the incorporation of nonclassical building units. Thus,
the generation of new related systems with improved or for example, the use of heterocyclic units such as pyrrole,
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thiophene, furan, indole, pyridine, and benzoxazine has led ||| | N NG

to homogeneous or hybrid heterocalixarenes, which often
display remarkable host properties.

One approach to introduce nonclassical units into the
calixarene framework, besides the direct macrocyclization
of suitable precursors, is the direct modification of the
aromatic “walls” of the calix cavity.

In this regard, we have recently proposed that the
introduction of oxygenated functions (e.g., OH groups) into
the calix walls would give rise to polar derivativé$,
resembling cyclodextrin, with novel and interesting supramo-
lecular propertie&? This result can be achieved by exploiting
the direct addition of molecular oxygen (oxygenation) to the
phenoxide anion of a 2,4,6-trisubstituted phenol ring which
gives rise to epoxyprtho-quinol or epoxypara-quinol
derivativest amenable to further synthetic elaboration. Thus,
recently we have reported the first examples of dieppxy-
quinol and diepoxydiol calix[4]arene derivativés4 (Figure
1), obtained by base-promoted direct oxygenation of the
calixarene phenol ring$. The opening of the epoxy rings
should allow the introduction of new polar groups into the
calixarene cavity and thus the synthesis of new polar
cyclodextrin-like hosts. Here, we wish to report on the
reductive opening of these epoxy rings and on the first
examples of hybrid calixarene hosts containing cyclitol
moieties.

Figure 1. Diepoxy+-quinol and diepoxy-diol calix[4]arene deriva-
tives 1—4.

Thus, reaction 0P with LiAIH 4, in dry diethyl ether at
25°C, resulted in the formation &, isolated as a colorless
solid, in 61% vyield, after column chromatography on silica
gel (Scheme 1). The presence of a rearranged 6-oxabicyclo-

with the purpose of introducing additional polar OH | N

groups on the calixarene aromatic walls, we decided to
attempt a classical reductive opening of the epoxy rings of
derivative 21° by treatment with LiAIH.
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Scheme 1

[3:1:1]heptanetriol system iBwas readily evidenced by 1D
and 2D NMR experiment%.Support for the presence of the
oxetane ring irb was obtained by means of X-ray analysis
of a single-crystal grown from CH@LCH,OH 1214

It is worth noting that, to the best of our knowledde,
represents the first example of a calixarene containing cyclitol

(12) See the Supporting Information for additional details.

(13) The X-ray analysis supports the gross structure, althoudR féaetor
was 13%.

(14) This unexpected reaction outcome is likely the result of an initial
epoxy interchange to givié (Payne’s rearrangement: Payne, GJBOrg.
Chem.1962,27, 3819), which is possible because of the trans disposition
of the epoxy and secondary hydroxyl groups.

Reductive opening of the new epoxy group hy2Sattack of the hydride

ion would then givelll, in which an intramolecular §2 attack of the
alkoxide group to the second epoxide would give rise to the oxetane ring
in V.
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moieties, and therefore we have termedtatixcyclitol® ring shows an anti stereochemistry between the secondary
Calixcyclitol 5 can be considered an interesting compound OH and diepoxy groups, and therefore, it should allow a
because it is known that cyclitol derivatives can mimic Payne’s rearrangement to form an oxetane thnigstead,
specific carbohydrates, associated with important signaling the syn stereochemistry between the same groups iiNthe
and recognition events, with improved efficacy, stability, and ring should give rise to classical reductive opening of the

specificity 16

epoxy groups, to form a cyclohexanetetrol system.

The above results induced us to extend our studies to To verify these argument8awas treated with LiAIH in

tetraepoxytetrol derivatives, with the aim of increasing the
number of polar OH groups in the calixarene cavity.
Therefore, we decided to synthesize a tetraepoxytetrol
derivative with removable benzyl groups at the lower rim.
Thus, Q was bubbled into a solution sfndistal dibenzyloxy-
calix[4]arene6!” in dry DMF, in the presence of @80;, at

86 °C for ca. 4 h (Scheme 2). After usual workup, the crude

Scheme 2

product was treated directly withBuOOH/t-BuOK in dry
DMF to give 7 in 35% yield!?'8 In analogy to previously
reported bis(diepoxyp-quinol) 3,° derivative 7 was fully
characterized by means of 1D and 2D NMR spe#tra.
Treatment of7 with NaBH, in a mixture of THF/dioxane at
25 °C for 2 h afforded the two stereoisomeric tetra-
epoxytetrolsBa (X-exgN-exg and8b (X-exgN-endg isolated
in 88% and 7% yields, respectivelyThe stereochemistry
of both 8a and 8b was assigned by means of 2D NOESY
spectra, as previously reported for analogous derivatiAgs.
The stereochemical features of the two diepoxydiol
moieties in8a make it a very interesting substrate for
reductive epoxide ring opening with LIAlH In fact, theX
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dry THF, at 40°C for 3 days, to afford calixcyclito® in
34% vyield, after column chromatography of the crude
reaction mixture (Scheme 3).

Scheme 3

As reported in Scheme 3, the benzyl groups were readily
removed under these conditions. The structure of calixcyclitol
9 was readily assigned by spectral analy3i particular,
the presence of a pseudomolecular ion peaknét 755
(MH™) in the ESI(t+) mass spectrum confirmed the molecular
formula. TheCs molecular symmetry was confirmed by the
pertinent signals in théH and **C NMR spectra. In fact,
three 1:1:2t-Bu singlets at 0.98, 1.10, and 1.11 ppm were
present in théH NMR spectrum. Concerning the cyclohex-
anetetrol moiety, the diastereotopic gptotons form an AB
system at 1.91/2.01 ppm (COSY-45, 2H each), and the
carbinolic proton at 2.77 ppm (1H) shows-aoupling with
the vicinal OH proton at 4.92 ppm (COSY-45,,0@
exchangeable). A second AB system was present iftHhe
NMR spectrum at 2.13/2.36 ppm (COSY-45, 1H each)
relative to the CH oxetane protons, and the carbinolic
protons at 3.97 ppmJ(= 7.1 Hz, 2H) show al-coupling
with the vicinal OH protons at 3.41 ppm (2H, 0
exchangeable). Interestingly, tAe&C NMR spectrum dis-
played a characteristic oxetane resonance at 85.0 ppm relative
to the oxygenated tertiary carbon atoms. The 2D HMBC
NMR spectrum shows cruci&l correlations at 2.13/85.0
and 2.36/85.0 ppm between the H-signals of the diaste-
reotopic CH oxetane protons and the C-singlet of the tertiary
oxygenated carbon of the oxetane rifig.

The downfield position of the resonance at 7.76 ppm,
relative to the phenol OH groups, suggests their involvement
in hydrogen bonds. This, in conjunction with diagnostic
cross-peaks in the 2D NOESY spectrum between the axial
CH, proton of the cyclohexanetetrol moiety and the proximal
aromatic protori? is indicative of a conecone inversion
of the initially formed structur®’ to give 9, as indicated in
Scheme 3. MMZ’ calculations corroborated this hypothesis
giving a difference in energy of 3 kcal/mol, favoring the
inverted cone9, stabilized by H-bonds at the lower rim
(Figure 2)%*

(20) MacroModel, version 9.0; Schrédinger, LLC: New York, 2005.
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The presence of several OH groups should make calix- e
cyclitol 9 a polar host likely able to bind anions by means ~ ®*1_____
of H-bonds. Therefore, we undertook preliminary complex- c 1 2 3 4 5 & 7 8 9
ation studies by means 8H NMR titrations with anions [tetrabutylammonium salt] / 10° M

such as F, CI~, Br—, |7, NOs;~, and HPO,~ (as tetrabutyl- )
Figure 3. Plots of A0 for an oxetane proton (at 2.36 ppm) of

ammonium salts) in CDGI : ! ; .
In all instances. significant shifts were observed in'He callx_cyclltol 9 as a function of the concentration of tetrabuf[ylgm-
na » SI9 monium salt (CDQ, 25 °C, 400 MHz) and related association

NMR spectrum of calixcyclito® for both diastereotopic CH constants (K error <15%).
oxetane protons, upon titration with the anions. Additional
shifts of the three adjacent OH protons converging toward
the calix cavity indicate the interactions of these OH groups
with anions by means of H-bonds. No appreciable shifts,
and Consequenﬂy no binding' were observed for the OH The first eXampleS of Calixcyclitols described herein
groups of the cyclohexanetetrol rifg). represent a new class of polar hybrid hosts with structural
A 1:1 stoichiometry for each calixcyclitolanion complex ~ features approaching those of cyclodextrins. The preliminary
was established by means of a Job pfcEhe titration data complexation experiments reported herein clearly prove their
(Figure 3) were analyzed by nonlinear regression analysisability to bind polar species such as anions.
using the WInEQNMR progrart?. As reported in Figure 3, Further complexation studies toward alkyl and aryl phos-
the values of association constants indicate a discretephonates and other anions are in progress with the aim to
selectivity vs the tetrahedral dihydrogen phosphate anion, exploit the calix cavity in these recognition processes. It is

with respect to spherical (F CI”, Br-, and I') and planar |ikely that other polar, nonionic derivatives can also be
trigonal (NG;™) anions. This result is in line with those  complexed.

previously reported by Hamilton in which two adjacent OH
groups (e.g., 1,2-diols) can form two chelating H-bonds with

a phosphate group thanks to the complementarity between
the two partg*
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