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ABSTRACT

Sterically hindered tetraaminomethylated resorcarenes form inclusion complexes in CDCl3 with acetonitrile and acetaldehyde, which are kinetically
stable on the NMR time scale at 233 K.

Intramolecular hydrogen bonds have been widely used for
preorganization of host molecules and self-assembled sys-
tems.1 For example, resorcarene octols1, rigidified by four
intramolecular hydrogen bonds, form in the solid state
various open-ended inclusion complexes with small mol-
ecules,2 as well as dimeric and hexameric capsular as-
semblies.3 The cyclic array of hydrogen bonds is responsible
for a high kinetic stability of inclusion complexes of self-
folding octaamido cavitands with various adamantane de-
rivatives andN-methylquinuclidinium cation.4 It has been

shown that readily available tetraaminomethylated resor-
carene derivatives2 and 3 adopt in the crystalline state a
crown conformation stabilized by four intramolecular hy-
drogen bonds, while four pendant aminomethyl groups
arranged in a chiralC4-symmetrical fashion enlarge the
intramolecular cavity of the resorcarene.5 However, binding
properties of compounds2 and 3 in solution remain
uncovered.

Herein we report on molecular recognition of aceto-
nitrile and acetaldehyde by compounds2 in CDCl3.6 It is
shown that the kinetic stability of the 1:1 complexes is
determined by the interplay of hydrogen bonding and steric
effects.
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Aminomethylation of resorcarenes1 with four molar
equivalents of formaldehyde and secondary amines readily
gives tetrasubstituted derivatives2,7 which usually precipitate
from the reaction mixture in analytically pure form. Slow
crystallization of2c from the mixture of CHCl3 and MeCN
resulted in diffraction-quality single crystals.8,9

The molecule of2cadopts in the crystalline state a crown
conformation stabilized by four intramolecular hydrogen

bonds of length 2.66 Å (O-O distances) between neighbor-
ing hydroxyl groups (Figure 1). Four other hydroxy groups
form intramolecular hydrogen bonds to the nitrogen atoms
of the aminomethyl residues (O-N distances 2.52-2.59 Å).
Such an arrangement makes the conformation inherently
chiral and results in considerable enlargement of the cavity
of the resorcarene. One acetonitrile molecule is included in
this cavity with its methyl group pointing toward theπ-basic
socket of the resorcarene as a result of CH-π interactions
with the resorcinol rings.

The 1H NMR spectrum of tetraamine2b measured in
CDCl3 at 303 K contains broadened resonances for the
protons of hydroxyl groups centered at 10.0 and 16.0 ppm,
respectively (Figure 2a). An AB quartet of the diastereotopic
protons of the benzyl methylene groups and two sets of
signals for the isopropyl protons characterize aC4-sym-
metrical chiral conformation similar to that found in the
crystalline state (Figure 1). Decrease of the temperature to
223 K does not change this pattern, whereas the OH protons
emerge as sharp singlets at 16.0 and 9.7 ppm (Figure 2b).
The former corresponds to the hydroxyls hydrogen
bonded with amino groups, while the latter reflects the
intramolecular hydrogen bonds between the resorcinol hy-
droxy groups.

Increase of the temperature to 330 K makes the rotation
of the aminomethyl fragments fast on the NMR time scale.
The 1H NMR spectrum of2b at this temperature contains a
singlet for the benzyl protons and one set of signals for the
protons of the isopropyl protons in accordance with an
averageC4V-symmetrical structucture. The barrier of the
inversion could be determined on the basis of the signals
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2.68 (m, 8H), 2.20 (m, 8H), 1.11 (t,J ) 7.3 Hz, 12H), 0.91 (t,J ) 7.2 Hz,
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Hz, 4H), 3.88 (d,J ) 17.5 Hz, 4H), 2.96 (m, 4H), 2.18 (m, 8H), 1.12 (d,
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13C NMR (CDCl3, 303 K, 62.9 MHz)δ 148.8, 148.4, 123.5, 123.0, 120.4,
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Figure 1. Crystal structure of2c‚MeCN‚2CHCl3 in ball-and-
stick and space filling presentation. Chloroform molecules are
not shown. The hydrogen bonds are indicated in dotted lines. In
the ball-and-stick presentation the CH-hydrogens are omitted for
clarity.
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for methyne protons of the isopropyl groups. The coalescence
of these two signals was detected at 312 K, which corre-
sponds to∆Gq of 15.5 kcal/mol.10,11 The less bulky2a
showed a comparable∆Gq value of 15.9 kcal/mol atTc )
328 K.12 Unfortunately, no coalescence was detected for the
signals of the hydroxy groups, most probably because of
proton exchange with water.

The addition of 5 equiv of acetonitrile or acetaldehyde to
the solution of 2b in CDCl3 at 303 K resulted in no
significant changes in the1H NMR spectra of the compo-
nents. Decreasing the temperature to 233 K led to the
appearance of a new set of signals for the protons of2b,
which increased at the expense of the original set upon

further addition of the guest. This indicates the formation of
a kinetically stable complex. After the addition of 25 equiv
of acetonitrile the original set of signals of2b completely
disappeared (Figure 2c). The signal at-1.56 ppm corre-
sponds to the methyl protons of the acetonitrile molecule
shielded by theπ-electron clouds of the host2b (∆δ ) -3.56
ppm). The methyl protons of the complexed acetaldehyde
emerged at-1.12 ppm, shifted upfield by 3.4 ppm. Integra-
tion of the spectra revealed a 1:1 stoichiometry for the
inclusion complexes. The addition of methanol-d4 (10%) or
trifluoroacetic acid (trace amount) results in complete
destruction of the acetonitrile complex as a result of the
disruption of the hydrogen bonds in the host that destroys
the intramolecular cavity. The rotation of the aminomethyl
fragments becomes fast on the NMR time scale and the
1H NMR signal of the benzyl protons transforms into a
singlet.

Despite kinetic stability only moderate binding (K <10
M-1) was estimated by a dilution experiment both for
acetonitrile and acetaldehyde most probably because of the
relatively weak C-H‚‚‚π host-guest interactions. The1H
NMR spectrum of2b in CDCl3 in the presence of a 1:1
mixture of acetonitrile and acetaldehyde revealed that ac-
etonitrile is bound about two times stronger than acetalde-
hyde. No kinetically stable complexes were observed with
propionitrile, nitromethane, ethanol,n-butanol, andtert-butyl
alcohol,13 suggesting that the inclusion in the cavity of2b
is selective to the size, shape, and electronic properties of a
guest molecule. Essentially the same behavior was found for
tetrapiperidine derivative2c. Surprisingly, tetradiethylamino
resorcarene2a does not formkinetically stable complexes
with acetonitrile and acetaldehyde between 303 and 233 K.
This strongly suggests that the steric effect of isopropyl
groups in 2b and the higher conformational rigidity of
piperidine rings in2ccreate a mechanical barrier for the guest
release. Resorcarene tetrabenzoxazines3, which also exist
in the crown conformation, do not form kinetically stable
complexes with acetonitrile and acetaldehyde in CDCl3

between 303 and 233 K, although 1:1 inclusion complexes
are known in the crystalline state.14 This is most probably
caused by the flexibility of the benzoxazine rings of3, which
destroys the intramolecular cavity in solution.

In conclusion, tetraaminomethylated resorcarenes2b,c
possess extendedπ-basic cavities in which one molecule of
acetonitrile or acetaldehyde can be included in CDCl3. At
233 K these complexes proved to be stable on the NMR
time scale. This stability is related to the self-folding of the
host molecules through eight intramolecular hydrogen bonds,
as well as to sterical effects and conformational rigidity of
the aminomethyl fragments. The remarkable size selectivity
of the complexation and the very simple synthesis of
compounds2 make them a new class of receptors for small
organic guests. We are currently investigating the possibility
of increasing the kinetic stability of the inclusion complexes
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Figure 2. 1H NMR (500 MHz, CDCl3) spectra: (a)2b at 303 K;
(b) 2b at 233 K; (c)2b + 25 equiv of MeCN at 233 K. [2b] ) 5
mM. Symbols designate the protons of (b) OH groups; (9) the
resorcinol rings; (1) methyne bridges; (/) encapsulated acetonitrile;
(x) CHCl3 and CH2Cl2.
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through additional intramolecular hydrogen bonding between
the pendant aminomethyl groups.
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