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ABSTRACT. A conformational analysis of p-tert-butyl/tert-pentyl/ tert-octyl-calix[8]arenes
has been performed by semiempirical calculations. The results are in agreement
with the available experimental data, as predicted for the pleated-loop conformation. The
relative stability of the conformers depends on the substituents located in the para
position, however the energy difference between the most stable and the next
conformations is low.
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Introduction

Calixarenes are [1n]-metacyclophanes, obtained from the condensation of
formaldehyde with p-alkylphenols, thus resulting structures in which phenol
fragments are connected by methylene bridges'. They have received a special
interest as their calix crater is suitable for accommodating guest molecules.

As the calix[8]arenes have many torsion possibilities they are much more
flexible than smaller-cycle representatives: there are sixteen up-down conformations
plus others in which phenolic fragments adopt an out arrangement®.

The goal of this research is to identify and characterize the most stable
para-substituted calix[8]arene conformations by means of semiempirical methods.

Computational procedure

The starting structures have been built using the graphical interface of
Spartan 04 * and preoptimized by molecular mechanics. Optimizations were continued
at the semiempirical level employing the PM3 model of Stewart*® using Gaussian
98 package of programs®. Frequency analysis followed all optimizations in order to
establish the nature of the stationary points found, so that all the structures
reported in this study are genuine minima on the potential energy surface at this
level of theory, without any imaginary frequencies. Only the lowest energy conformers
(within 15 kcal/mol) have been retained for discussion.
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Results and discussion

The solid state structure of p-tert-butyl-calix[8]arene, determined by X-ray
diffractometry”® consists of four pleated fragments joined together. Indeed the
global minimum structure found for the p-tert-butyl-calix[8]arene is the conformer
having this pleated-loop shape, of an average D,y symmetry, an arranggement that
favors an internal circular hydrogen bonding stabrlrzrng this conformation” (figure 1).
The calculated average O-O distance of 2.74 A is very close to the 2.71 A average
determined by Gutsche for an emg:ty p-tert-butyl-calix[8]arene and the 2.70 A
average reported by Schatz et.al.’ for the calix:chloroform 1:8 clathrate, thus
proving the strong hydrogen bonds maintaining this conformation. The computed
value of interplanar angle between two adjacent phenolic units is 111.6° comparable
with the ~112° average reported for the chloroform clathrate.

Figure 1. The internal circular hydrogen bonding in the calix[8]arene pleated loop conformer.

The next structure (tert-butyl-calix[8] 2 in figure 2) only 0.8 kcal/mole higher
in energy may be described as consisting of two trimeric craters with the remaining
two phenolic units ensuring a good linking through a “pleated motif’ the result being
again a stabilising internal circular hydrogen bonding.

The following two structures (tert-butyl-calix[8] 3 and 4) consist of two calix[4]
units joined together in an anti C, arrangement. Both calix[4] fragments adopt a cone
conformation, which has already been proved to be the most stable one among the four
possible conformations for a calix[4]arene'**. Conformations 1, 2, 3 and 4 were
identified in the case of rare earth (Eu and Lu) drnuclear calrx[8]arenes complexes

Conformer no. 5 at +4.18 kcal/mole above the global minimum is also based on
two calix[4]arene fragments but this time having the same orientation although with
a certain degree of crater distortion as the two connecting phenols have a parallel
orientation. This conformer has been identified in the crystal structure of a tungsten
complex trapping a WO group inside each of the calix[4] units™* Th|s structure is
also related to conformer no. 7, the so-called ‘pinched’ conformer , whose calix[4]
cones are more circular due to the lower distance between the connecting groups,
but this definitely makes it less stable so its energy is higher than that of the other one.

This conformation was also found experimentally in the case of oligonuclear
europium(lll) derivatives of p-tert-butyl-calix[8]arene crystallized with DMSO***.
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The presence of pseudoconic calix[4] units should not be surprising: researchers
noticed the remarkable similarity between the temperature dependent ‘H-NMR spectra
of p-tert-butyl-calix[8]arene and p-tert-butyl calix[4]arene™.

Tert-butyl-calix[8] 6 originates from the lowest energy pleated loop conformer
but in this case one of the pleatings has an anti orientation as compared to all the
other ones leading to a non-planar structure which makes hydrogen bonding more
difficult although the circular shape is well-maintained.

Tert-butyl-calix[8] 8 is also based on two calix conic units joined together,
but this time a calix[3] with a calix[5]. The calix[3] unit is slightly tensioned making this
conformer less stable but the general orientation of the hydroxyl groups at the lower rim
is almost circular, stabilizing this conformation.

Structure tert-butyl-calix[8] 9 may be depicted as a distorted two calix[4]
structure with the units’ connecting fragments adopting an almost out orientation,
while the last remaining structure tert-butyl-calix[8] 10 may be described as reunion
of a large opened calix[4]arene unit connected to a pleated motif by two phenolic
fragments having an out orientation.

Interestingly, the global minimum conformer for the tert-pentyl-calix[8]arene
is the one based on two calix[4]arene cone units joined together in an anti
orientation and not the pleated loop conformer found for the tert-butyl-calix[8]arene.
This arrangement provides enough space for the bulky upper rim substituents and
also preserves the stabilizing hydrogen bonding at the lower rim. It is related to
tert-pentyl-calix[8] 4 which has a similar conformation but with larger calix cavities.

The pleated loop conformer is the next structure at 4.3 kcal/mole above the
global minimum, and at the same energy a structure based on two calix[3] units
plus a pleated connection fragment is located. All the other structures found for
tert-pentyl-calix[8]arene have practically the same geometries as the conformers
already reported for the tert-butyl species respecting the same stability order.

For each class of compounds the corresponding structures are ordered
upon their stability, with the corresponding relative energy towards the global
minimum conformer indicated (in kcal/mole).

The lowest energy conformer found for the tert-octyl-calix[8]arene is the
one based on two calix[3] fragments and a V-shaped cleft. Although it shouldn’t be
so stable from the calix crater point of view, watching the structure not from above
but from the calix “plane” side, offers the image of a half-circle geometry, this
arrangement providing the necessary space for these large substituents.

The following structure is based on two calix[4] anti-oriented units with the
calix craters wide opened so that an internal hydrogen bonding can be established
between these two units. The space requirement for the bulky octyl fragments is
also satisfied, leading to a conformation of only 0.8 kcal/mole above the global
minimum structure.

Other two conformers (tert-octyl-calix[8] 3 and 7 at 3.0 and 6.8 kcal/mole,
respectively) are also based on calix[4] fragments but as they are not so opened the
upper rim ligands are more sterically hindered so that these conformers are less stable.
The pleated loop conformer is only the sixth one in terms of energy. This is due to the
fact that the pleated structure although stabilized in the interior, can not easily
accommodate voluminous ligands at the external V-shaped cleft area.
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tert-butyl-calix[8] 6 (+4.4)

<

tert-butyl-calix[8] 9 (+7.5) tert-butyl-calix[8]u 10 (+10.5)

Figure 2. The ten lowest energy conformers found for p-tert-butyl-calix[8]arene.
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tert-pentyl-calix[8] 5 (+6.4)

$

tert-pentyl-calix[8] 9 (+12.2) tert-pentyl-calix[8] 10 (+15.2)

Figure 3. The ten lowest energy conformers found for p-tert-pentyl-calix[8]arene.
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tert-octyl-calix[8] 6 (+5.5)
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tert-octyl-tfalix[S] 9 (+7.8) tert-octyl-calix[8] 10 (+10.5)

Figure 4. The ten lowest energy conformers found for p-tert-octyl-calix[8]arene.
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Conclusions

Thirty conformers of p-tert-butyl/pentyl/octyl-calix[8]arenes have been
investigated by PM3 semiempirical method. Their stability is influenced by the hydrogen
bonding established at the lower rim and also depends on the volume of the para
substituents: thus the most stable geometry for the p-tert-butyl-calix[8]arene corresponds
to a pleated-loop shape, as exepected from the experimental data. For the p-tert-
pentyl analogue however the lowest energy conformer is the one consisting of two
calix[4] pseudoconic units with an opposed orientation. Their stability is in
agreement with the NMR data, as the calix[8]arenes’ spectra are similar to those of
calix[4]arenes. The most stable conformer for the p-tert-octyl-calix[8]arene is the
one composed of three fragments including two calix[3] units, an arrangement
providing the necessary space for the bulky tert-octyl substituents.
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