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N,N-Bis(2-hydroxy-3,5-dimethylbenzyl)methylamine shows
a dimeric molecular assembly to accept copper ions and neutral
molecule guests, i.e., water, methanol, and ethanol. The present
work declares a representative supramolecular structure of
which the host–guest interactions are based on the simultaneous
coordination and hydrogen bonds.

Supramolecular chemistry has received much attention be-
cause of its specific properties for various practical materials
such as sensors,1 ultrapurification membranes,2 toxic exclusion
resins,3 etc. It is known that host molecules can either be macro-
cyclic compounds or self assembly-structured molecules.4

There, the host–guest interactions are satisfied by noncovalent
bonds, for example, ionic interaction,5 polar–polar interaction,6

stacking conformation,7 and hydrogen bonding.8 In general,
the specific structure of host and its consequent host–guest inter-
action induce a particular noncovalent bond as seen in the cases
of ionic bond in crown ether–alkali metal9 and hydrophobic in-
teraction in cyclodextrin–benzenesulfonate.10 It is important to
note that there are some reports about the interaction of host with
more than a single species of guest. For example, N,N0-bis(phos-
phonomethyl)-1,10-diaza-18-crown-6 formed the complex with
cadmium and entrap water as a neutral guest,11 however, the
water is explained as a stabilizing species.12 Here, we consider
that N,N-bis(2-hydroxy-3,5-dimethylbenzyl)methylamine (1)
(Scheme 1) is a good example to study the simultaneous inclu-
sion of guest species in a host because of its unique structure

which the interactions of coordination via the lone pair electrons
and the hydrogen bond based on phenyl group are available in
the system.

N,N-Bis(2-hydroxy-3,5-dimethylbenzyl)methylamine (1)
was prepared as reported elsewhere.13 The green crystal (Type I)
was obtained by dropping the methanolic solution of copper
acetate monohydrate (1M) into that of N,N-bis(2-hydroxy-3,5-
dimethylbenzyl)methylamine. The single crystal obtained was
cooled below 0 �C for a day to obtain Type II. Similar proce-
dures were done in ethanolic solution to achieve Type III. The
X-ray diffraction system used was Rigaku RAXIS-RAPID imag-
ing plate with a software TEXSAN.14 The results are summariz-
ed in Table 1.

The single crystal Type I shows a bowl-like structure con-
sisting of the two molecules of 1 with two copper ions by double
oxygen bridges (Figure 1). Moreover, there are two methanol
and a water molecules in between the dimeric 1-Cu. Considering
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Scheme 1.

Table 1. Crystal data of Types I–III

Type I Type II Type III

Empirical formula C20H27CuNO3:5 C19H26CuNO3:5 C40H54Cu2N2O6

Formula weight 400.98 387.96 785.97
Crystal system monoclinic monoclinic triclinic
Space group C2=c (No. 15) C2=c (No. 15) P�11 (No. 2)
a/ �A 19.495(2) 18.972(1) 11.9528(2)
b/ �A 14.145(2) 14.075(1) 12.9382(5)
c/ �A 16.379(3) 15.806(1) 13.8307(8)
�/� 90 90 79.439(1)
�/� 115.483(5) 114.051(2) 75.505(2)
�/� 90 90 67.517(3)
V/ �A3 4077.0(9) 3854.2(5) 1904.2(1)
Z, calculated density 8, 1.306 8, 1.337 2, 1.371
R1, wR2 0.0540, 0.1617 0.0508, 0.1289 0.0591, 0.1511
GOF 0.841 1.074 1.258
m/mm�1 1.09 1.15 1.371
No. of total, unique reflections measured (Rint) 22905, 3715 (0.053) 14047, 3478 (0.063) 13638, 6803 (0.044)
CCDC 261408 258999 261409
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the bond angles and distances, we suspect that hydrogen bonds
are formed between O1���O3 and O3���O4.

In the case of Type II, the structure of the dimeric 1-Cu
complex is found to be similar to that of Type I, however, two
methanol molecules are substituted by waters as shown in
Figure 1. Although the space groups of Types I and II are the
same, it is important to note that all dimensions of Type II (a,
b, c) are lower than those of Type I. This reflects the shrinkage
of crystal structure when the water molecules replaced metha-
nols after cooling. It is a surprise to see the simple cooling initi-
ated the different guest inclusion, however, the procedure was
repeated to find the similar crystal information with the R1 as
low as 0.0508 (Table 1) suggesting the high reliability data. In
other words, 1 requires some neutral molecules, either water
or methanol molecules, via the hydrogen-bond network to stabi-
lize the host–metal molecular assembly system.

An attempt to focus on the effect of solvent molecules was
carried out. The solvent used in recrystallization was changed
from methanol to ethanol to obtain Type III. The crystal system
was clarified to be triclinic P�11 with a double oxygen-bridged
structure. It is important to note that Type III includes an ethanol
and a water in the system whereas the water is hydrogen-bonded
with two of the dimeric 1-Cu as shown in Figure 2. Here, the
water molecule functions as a linkage between two 1-Cu com-
plexes resulting in the host–guest system of four molecules of
1 coordinated by four coppers and bound with a water molecule
and two ethanols.

Taking all Types of I–III into our consideration, we would
like to propose that 1 is a good example for the case that the host
molecule offers the hydrogen-bond network. In other words, this
host–guest system is controlled by the hydrogen bonding with
small molecules to result various types of highly stabilized pack-
ing crystal structures.

In previous, Sony et al. reported the similar derivative
(bis[(3,5-dimethyl,2-hydroxy)-20-hydroxy-50-methyl]benzylethyl-
amine, 1a) formed a copper complex with water and methanol.15

Although the existence of those small molecules was suspected
to be based on CH���O and CH���� interactions, the result
supported us about the unique simultaneous interactions in the
supramolecular structure of 1. It is important to note that the dif-
ference in the structure of 1 and 1a is that 1 shows a symmetrical
structure of two phenolic groups binding with methylene-aza-

methylene unit to provide the space for the neutral molecules.
This symmetrical structure and the availability of hydrogen bond
including the lone-pair electron system might be key factors to
allow simultaneous coordinated and hydrogen-bonded molecu-
lar assembly.
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Figure 1. Crystal structures of Types I and II.

Figure 2. Crystal structure of Type III. (Hydrogen atoms are
omitted for clarity.)

Chemistry Letters Vol.34, No.5 (2005) 635

Published on the web (Advance View) March 26, 2005; DOI 10.1246/cl.2005.634


