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The facile preparation of N(H)-bridged azacalix[4]arenes has been achieved by stepwise nucleophilic aro-
matic substitutions assisted by hydrogen bonding interactions. The synthesis is uncatalyzed and affords
previously unknown tetranitroazacalix[4]arenes.
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Calix[n]arenes received much attention for decades in supra-
molecular chemistry due to their specific molecular structure,
which allowed the formation of host-guest complexes.!~3 Consid-
erable efforts are now devoted in derivatizing the basic calixarene
skeletons, and the more recent developments are the preparation
of analogs by replacing the methylenic bridges by heteroatoms in
order to tune and improve their properties.*"'> Among the het-
ero-bridged calixarenes, N(R)-bridged azacalix[4]arenes of type 1,
also called [14]metacyclophanes, are of growing interest owing to
the presence of the nitrogen bridges which: (i) conjugate with
the aromatic rings to increase the electron density of the pi-
cloud,'? (ii) may participate to the complexation of species,'> and
(iii) are the key sites for robust high spin polyradicals.”'*

N(H)-bridged aza[14]metacyclophanes such as 2 have been less
investigated,'"'*!> but are much more attractive owing to the
presence of additional hydrogen bonding and a possible tunable
functionalization of the NH sites which open new perspectives in
azacalixarene chemistry. Although the parent compound 2 (i.e.,
unsubstituted) was first reported by Smith in 1963,'> only two re-
cent articles—to the best of our knowledge—described the prepara-
tion of 2 or similar macrocyles.!!'# Both are based on palladium-
catalyzed aryl amination reactions, which were applied for the
synthesis of all azacalix[4]arenes of types 1 and 2 reported in the
literature.>1%12
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An alternative route that would not require the use of a catalyst
and which would give access to new functionalized N(H)-bridged
aza|14]metacyclophanes of type 2 could be useful to enlarge the
scope of this family of compounds. Herein, we report a synthetic
strategy that is based on stepwise nucleophilic aromatic substitu-
tions (SyAr), assisted by hydrogen bonding interactions for control-
ling the conformation of the key intermediates.

The commercially available 1,3-diaminobenzene derivatives
were used as nucleophilic components, for which introduction of
functionality could be achieved. 1,5-Fluoro-2,4-dinitrobenzene
was identified as their coupling partner of choice owing to the
presence of structural elements for SyAr and the possibility to pre-
pare N(H)-bridged aza[14]metacyclophanes of type 2 functional-
ized by nitro groups.

Molecule 3b was first reacted with 4 (1 equiv) in refluxing EtOH
in the presence of base to afford the [1+1] adduct 5,'¢ which precipi-
tated preventing the formation of polymeric materials (Scheme 1).
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Scheme 1. Synthesis of calix[4]arenes 7a-7b.

The 'H NMR spectrum of 5 shows the NH resonance at
10.07 ppm, which suggests the presence of an intramolecular
hydrogen bond. X-ray analysis of 5 confirms the NH- - -O,N interac-
tion, which preorganizes the backbone of the uncyclic intermediate
for the cylization step (Fig. 1).”

The cyclization reaction by dimerization of 5 in refluxing MeCN
was unsuccessful at C~5-10"*M (starting material recov-
ered), but succeeded at C~5-1072M affording 7b in 24% yield
(Scheme 1). These observations suggest in one hand that high dilu-
tion conditions are not necessary to prevent the formation of poly-
mers or linear oligomers, and in other hand that higher
concentrations favor the formation of the target calix[4]arenes.
We also envisaged the use of 6a and 6b for which a similar confor-
mation controlled by two intramolecular H-bonds, instead of one
in 5, should favor the formation of the macrocycle.!’ The reaction
between 3a or 3b and 4 (0.5 equiv) led to the formation of the
[2+1] products 6a or 6b, which precipitated in EtOH in good yields
(Scheme 1).'® Their "TH NMR spectra show two down-field NH at 6
9.57 and 9.63 ppm for 6a and 6b, respectively, in agreement with
NH- - -O,N hydrogen bonding interactions that restrict the rotation
of the uncyclized precursors. The macrocyclization from reactions
between 6a or 6b and 4 in refluxing MeCN (C~ 5 - 10~* M) affor-
ded the target molecules 7a and 7b in 38% and 14% yield, respec-
tively (Scheme 1). These compounds are easily obtained pure as
yellow solids by precipitation (no need of purification by chroma-
tography).'® When the same reaction was carried out at C~
5.1072 M, the yields increased up to 75% and 67% for 7a and 7b,
respectively, which confirms the strong influence of the concentra-
tion on the formation of the macrocyles. It is noteworthy that 7a
could be directly obtained in 46% yield from 3a and 4 in refluxing
MeCN at C~5-10"2M (Scheme 1). The yield dropped to 15%,

Figure 1. ORTEP view of the crystal structure of 5. Displacement parameters
include 50% of the electron density. Selected bond distances (A) and angles
(°): C(1)-N(1)=1.345(4), C(2)-C(1)=1.418(4), C(2)-C(3)=1.380(5), C(3)-C(4)=
1.366(6), C(4)-C(5)=1.397(6), C(6)-C(5)=1.344(6), C(1)-C(6)=1.413(5), C(2)-
N(3)=1.433(5), C(4)-N(4)=1.444(5); C(1)-C(2)-N(3)=122.1(3), C(2)-C(1)-
N(1) =123.8(3), N(4)-C(4)-C(3) = 119.2(4).
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Figure 2. 'H NMR spectra in DMSO-ds of 7a (a) and 7b (b). The range 0-3.5 ppm is
omitted for clarity.
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Figure 3. View of the 1,3-alternate conformation of 7a and 7b.

when the same reaction occurs in a protic solvent such as EtOH.
Similarly, the macrocyclization from reactions between 6a and 4
(C~5-1072 M) gave 7a in lower yield (17%) in EtOH than in MeCN
(75% yield). These observations are consistent with SyAr reactions
assisted by H-bonding interactions, which are more favored at
higher concentrations and which prevent the formation of poly-
meric materials in spite of low dilution conditions.

The 'H NMR spectra of 7a and 7b show unusual high-field
chemical shifts of the intraannular aromatic protons Ha at 6 5.38
and 5.53 ppm for 7a and 7b, respectively (Fig. 2). These 'TH NMR
data suggest that 7a and 7b adopt the 1,3-alternate conformation,
in which Ha protons are located inside the anisotropic shielding
cone of the adjacent aromatic rings (Fig. 3).*!* This conformation
is supported by the resonance of the corresponding Ha proton in
6a and 6b (s 6.63 and 6.40 ppm, respectively), which are poorly
influenced by the adjacent aromatic rings due to a higher degree
of freedom.

Interestingly, the comparison between the resonances of the in-
tra- and extraannular aromatic protons (Ha and Hb) for 7a and 7b
shows rare chemical shift differences between two aromatic pro-
tons linked to the same benzene ring (Adé=3.66 and 3.50 ppm,
respectively).

In summary, we described the first metal-free synthesis of
azacalix[4]arenes, which allowed the access to new N(H)-bridged
aza[14]metacyclophanes 7a and 7b. '"H NMR analysis clearly dem-
onstrated that these macrocycles adopt an 1,3-alternate conforma-
tion in solution. In addition to the NH-bridging sites, the potential
presence of four NH; functions (reduction of the NO, groups) open
unprecedented pespectives in azacalixarene chemistry, currently
under investigations.
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