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Calix[4]arenes$,macrocyclic compounds in which four phenolic
units are linked via methylene bridgestho to their hydroxy Calix[4]arenes (e.dl)” composed of meta-substituted phenols
groups, assume the so-callambne conformation, which is such as 3,4-dimethylphenol are chiral in theneconformatiof
stabilized by a cyclic array of intramolecular hydrogen bonds. and theircone— coneinversior? converts one enantiomer into
However, the molecules are not entirely rigid, and the two its mirrorimage. Thus, investigation of this thermal racemization
identical cone conformations interconvert with a rate roughly by measurement of rate constants as a function of temperature
comparable to the usual NMR time scale. contrast, tetramethyl ~ should enable the experimental determination of the energy
ethers of calix[4]arenes exist in various conformations, where the barriers for the chiral partial methyl ethe2sand3 which again
partial coneconformation is usually predominahsince intramo- exist as pureconeconformers.
lecular hydrogen bonding cannot contribute to the stabilization
of any conformation. Again, the molecule is flexible, showing

that the methoxy groups are still small enough to pass through HoM‘eo o’MgH \\\ ) )
the annulus. [ I > \( =y
Interesting properties are found for the partially O-methylated 7al \ = 4o 00 OH
calix[4]arenes,especially the mono- and the 1,3-dimethyl ethers, = Me  Me
which exist exclusively in @oneconformation. This conformation
is stable on the NMR time scale up to the highest temperatures ) ]
studied (125°C in d,-tetrachloroethané)The obviously higher ‘The resolutions of an 3 were achieved by chromatography
energy barriers of theone— coneinterconversion in comparison ~ With use of chiral stationary phas&sAn example is shown in
to calix[4]arenes and their tetramethyl ethers must be due to aFigure 1. The separation factaris distinctly higher for3 than
combination of two effects, the stabilization by hydrogen bonding for 2.1* The CD spectra of the resolved materials could then be
and the larger sterical requirements of the methoxy group in followed as a function of timé (Figure 2a) and the decrease of
comparison to the hydroxy group. While this explanation is the ee. foIIovys the expected first-order rate law up to 85%
qualitatively plausible, quantitative experimental values for the conversion (Figure 2b). Thus, the rate consterior the ring
energy barriérare as yet unknown. inversion is derl_ved {—In(e_e)z_z kt). Arrhenius plot_s (F_|gure
2c) and the Eyring equation finally lead to the activation data

collected in Table 1.
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Figure 2. Racemization kinetics a in hexane/2-propanol (from the left to the right): (a) CD spectra9fZ as a function of time at 313.8 K; (b)
first-order plots of—In(ee) versus time at 283.2, 293.5, 303.2, 313.8, and 323.9 K; and (c) Arrhenius plot of In k vdrsus 1/

Table 1. Activation Parameters for the Racemization
(Coneto-Conelnterconversion) of Chiral Calix[4]arenes

2 3
Ea (kcal mol?)2 21.3 16.2
In A2 24.6 17.8
AH?* (kcal mol )P 20.7 15.6
ASF (cal molt K—1)ce -11.7 —25.3
AG* (kcal mol2)de 24.3 23.3

alnk=In A — Ea/(RT). ® AH* = Ex — RT. ©AS = RIn(AN/(ekT).
IAGF = AH* — TAS" €T = 303 K.

As expected, distinctly higher values fAG* are found for2
and3in comparison tdl.° However, they are by far not as high

as those calculated for the corresponding derivatives of the basic

(unsubstituted) calix[4]arerfeComparison of theAG* values
determined by variable-temperatdté NMR for 1 andp-methyl
calix[4]arene AAG* = 1.2 kcal mot?)® makes it unlikely that
this difference is caused by tme-methyl groups. In agreement
with the theoretical expectations the barrier is higher for the
monomethyl ethe? (with three intramolecular hydrogen bonds)
than for the dimethyl ethe3 (with two intramolecular hydrogen
bonds). This difference is more pronounced\H* than inAG*

(around room temperature), due to a strong compensatiashy

It is unclear at the moment why the transition state for the
interconversion of dimethyl ethed is distinctly higher ordered

in comparison to the ground state than that ZoHowever, an
overintepretation of the activation parameters, which most prob-
ably are also solvent dependent, should not be attempted at this
time.

In conclusion, we have demonstrated for the first time an
experimental procedure to determine the activation parameters
for the conformational interconversion of partially O-methylated
calix[4]arenes. We are presently extending these studies to the
1,2-dimethyl and the trimethyl ether of calix[4]arehgeto other
chiral calix[4]arenes having norsubstituent? as well as to
different solvents. We hope to obtain in this way a more detailed
understanding of the delicate balance between steric requirements
(OMe vs OH) and hydrogen bonding (&+HOH and OH--OMe),

a problem that is also of general interest.
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