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Tetramethylated resorcin[4]arene (MRCT) forms ‘head-to-
head’ arranged self-dimers incorporating neutral guest mole-
cules methanol, ethanol, and imidazole within the cavity, with
the MRCT:guest composition of 2:2, while unsubstituted resor-
cin[4]arene forms 1:1 monomers, showing the significance of the
methyl substituents of the MRCT rings in the capsule formation
through methyl���methyl hydrophobic interactions between the
facing substructures, as evidenced by X-ray diffraction.

Resorcin[4]arene (resorcinol cyclic tetramer: RCT, 1) is
useful as a building block of self-assembled supramolecules,
through conventional O–H���O hydrogen bonds. These include
a hexamer1 and dimers:2–4,6 the hexamer1 forms a shell-like mo-
lecular capsule held by water bridges in addition to direct O–
H���O hydrogen bonds between substructures; the dimers form
molecular capsules held by alcohol bridges,2 water bridges,3,4 al-
cohol and water-mixed5 bridges, and alcohol and halide ion-
mixed6 bridges. Similar hexameric7 and dimeric8 capsules are
reported for tetrahydroxylated resorcin[4]arene (pyrrogallol cy-
clic tetramer: PCT), in which its additional hydroxy groups offer
the expanded hydrogen bonding patterns for self-assembly. In
the previous reports,3,9 we have presented a guest-driven capsule
formation mechanism in which a tetraethylammonium guest cat-
ion might lead the formation of a ‘head-to-head’ arranged RCT
dimer through cation-� interaction. We have now extended this
study to the tetramethylated resorcin[4]arene10 (2-methylresorci-
nol cyclic tetramer: MRCT, 2) system in order to further address
the capsule formation mechanism for quaternary alkylammoni-
um ions by comparing structures of molecular complexes
formed between MRCT and alkylammonium ions with those
formed between MRCT and neutral molecules, expecting that
MRCT forms a molecular capsule incorporating an alkylammo-
nium ion while it forms 1:1 (MRCT:guest) monomers for neutral
guest molecules. We report here the unexpected capsule forma-
tion of ‘head-to-head’ arranged MRCT dimers incorporating
neutral molecules methanol, ethanol or imidazole, possibly due
to hydrophobic interactions between the methyl substituents
from two facing substructures.11
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Tetramethylated tetraethylresorcin[4]arene10 (MRCT, 2)
was synthesized, by an analogous method12 for tetraethylresorci-
n[4]arene (RCT, 1), from 2-methylresorcinol and propionalde-
hyde. Molecular complexes13 of 2(2).2MeOH.4H2O (dark-yel-
low) and 2(2).3.4EtOH.0.6H2O (brown) were crystallized from

MRCT (0.1mmol) dissolved in MeOH or EtOH solution
(10mL) by slowly evaporating the solution (pH 5) with the yield
of 50 and 40%, respectively. Molecular complex13 of 2(2).
2(imidazole).3H2O was prepared by dissolving MRCT
(0.1mmol) and imidazole (1mmol) in ethanol (10mL)–water
(4mL), followed by slow evaporation of the solution (pH 5) to
yield brown crystals with the yield of 30%. Crystal structures
of these compounds were determined by X-ray diffraction.14

The methanol and ethanol complexes of MRCT, 2(2).
2MeOH.4H2O and 2(2).2EtOH.1.4EtOH.0.6H2O, are isostruc-
tual to each other. Figure 1 shows the molecular structure of the
methanol complex, which forms an irregularly shaped ‘head-to-
head’ dimer across a crystallographic inversion center. A pair of
MeOH or EtOH molecules are captured in the cavity, where its
hydroxyl and alkyl groups locate near the phenyl rings of a
MRCT substructure through O(9)–H (alcohol)���� (ring A) and
CH3 (MeOH)��� or CH2CH3 (EtOH)���� (rings C and D for
MeOH or rings B, C, and D for EtOH) interactions and, in addi-
tion, its hydroxy head forms a hydrogen bond with the phenolic
hydroxy group of the pairing substructure, O(5*)–H (MRCT)���
O(9) (alcohol). The methyl substituents on the MRCT rings
make hydrophobic close contacts with themselves between the
facing resorcinarenes, forming a pair of methyl-zippers,
C(29)���C(31*)���C(30)���C(32*) and C(29*)���C(31)���C(30*)���
C(32), in the MeOH complex while two pairs of methyl���
methyl contacts, C(29)���C(31*) and C(29*)���C(31) and
C(30)���C(32*) and C(30*)���C(32), in the EtOH complex. The
capsule structure is furthermore stabilized by a pair of water

Figure 1. Molecular structure of 2(2).2MeOH.4H2O. Atoms
designated by asterisk (*) are related to their parent atoms by
a center of symmetry. Close contacts ( �A): O(9)���ring A (perpen-
dicular distance) = 3.23; C(41)���ring C = 3.60; C(41)���ring D =
3.75; O(5*)���O(9) (hydrogen bond) = 2.63(2); C(29)���C(31*) =
3.92(2); C(31*)���C(30) = 4.25(2); C(30)���C(32*) = 4.03(2);
C(30)���O(6*) = 3.51(2); C(30)���O(7*) = 3.52(2); C(31)���
O(2*) = 3.27(2); C(31)���O(3*) = 3.56(2).
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bridges, O(3)���O(10) (water)���O(6*) and O(3*)���O(10*)���O(6),
in the MeOH complex while by a pair of EtOH bridges
O(3)���O(10) (EtOH)���O(6*) and O(3*)���O(10*)���O(6) in the
EtOH complex.

Figure 2 shows the molecular structure of the imidazole
complex, 2(2).2(imidazole).3H2O, where two MRCT mole-
cules related by a crystallographic center of symmetry form a
‘head-to-head’ arranged molecular capsule which captures a pair
of imidazole substrates within the cavity. The imidazole ligand
is oriented in such a way that the successive C–H and the N–
H groups of the lower part of the ring make close contacts with
the phenyl rings of a MRCT substructure, C(42)–H���ring B and
N(2)–H���ring D in Figure 2, through, we suggest, C–H��� and N–
H���� interactions, respectively, and the remaining ring-nitrogen
atom is directed toward the phenolic O–H group of the pairing
substructure to form a hydrogen bond, O(5*)–H���N(1). The
two substructures are slightly shifted to each other to make close
contacts between methyl substituents from the facing resorcinar-
enes, forming two pairs of methyl���methyl close contacts,
C(29)���C(31*) and C(29*)���C(31) and C(30)���C(32*) and
C(30*)���C(32). A pair of water-bridges between the facing
resorcinarenes, O(3)���O(9*)���O(6*) and O(3*)���O(9)���O(6),
further stabilize the capsule structure.

Crystallization of RCT (1) from MeOH–H2O or EtOH–H2O
gave compounds 1.2MeOH.H2O or 1.EtOH.3H2O, respective-
ly, and their X-ray analyses15 have shown that they form a mon-
omeric adduct in which a MeOH or an EtOH molecule is incor-
porated in the cavity of a bowl-shaped RCTmolecule in a similar
manner to that in the present MRCT–MeOH or –EtOH com-
plexes, that is, the CH3 (MeOH) or CH2OH (EtOH) groups lo-
cate in the vicinity of the aromatic rings through C–H��� and
O–H���� interactions. Unlike the MRCT complexes, however,
its O–H head is capped by solvent molecules, a methanol and
a water, through hydrogen bonds in the MeOH compound or
covered by a phenolic OH group of the neighboring RCT mole-
cule through a hydrogen bond in the EtOH compound. In another
EtOH compound,16 1.3EtOH, a bowl-shaped RCT molecule
forms a monomeric structure which captures an ethanol mole-

cule with its OH group facing the phenyl ring of RCT, possibly
through O–H���� interaction. Similarly, RCT gave a 1:1 mono-
meric adduct with imidazole, 1.imidazole.propan-2-ol,15 whose
crystal structure has revealed that an imidazole ligand is embed-
ded in the cavity of a bowl-shaped RCT molecule with its upper
side capped by a propan-2-ol solvation through an O–H (propan-
2-ol)���N (imidazole ring nitrogen) hydrogen bond. These obser-
vations indicate that the dimer formation is characteristic of the
MRCT host system and this might be due to methyl���methyl hy-
drophobic interactions between the facing MRCT molecules,
coupled with the formation of host–guest direct hydrogen bonds.

In summary, this study shows the significance of the methyl
substituents of the MRCT rings in the self-assembled ‘head-to-
head’ dimer formation via intra-capsular methyl���methyl hydro-
phobic interactions.
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Figure 2. Molecular structure of 2(2).2(imidazole).3H2O.
Atoms designated by asterisk (*) are related to their parent atoms
by a center of symmetry. Close contacts ( �A): C(42)���ring B (per-
pendicular distance) = 3.30; N(2)���ring D = 3.05; O(5*)���N(1)
(hydrogen bond) = 2.55(2); C(29)���C(31*) = 4.14(2); C(30)���
C(32*) = 3.96(2); C(30)���O(6*) = 3.98(2); C(30)���O(7*) =
3.62(2); C(31)���O(2*) = 3.81(2); C(31)���O(3*) = 3.90(2).
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