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Abstract—The synthesis of new flexible molecular tweezers based on 3,4,8,10,11,13-hexahydro-1H,6H-2,5,9,12-tetraoxa-
benzo[1,2:4,5]dicyclooctene bearing two naphthalenes is presented. Intramolecular CH/x interaction between the alkyl ring and
the two terminal naphthalenes controls the conformation to give a self-quenched cleft form.

© 2005 Elsevier Ltd. All rights reserved.

Non-covalent bonding interactions are important in
controlling the shape of compounds and play an influen-
tial role in supramolecular chemistry. Recognition of
planar molecules by the non-covalent interaction is an
interesting topic in host guest chemistry in order to
understand the effects of n—m stacking interactions.
Molecular tweezers' are suitable receptors for planar
n-electron guests, since they can hold the guest with
the two aromatic arms through the n—= stacking interac-
tions. In our previous works,> we have demonstrated
that flexible molecular tweezers (1) can bind m-electron
acceptors. The two terminal aromatic chromophores
of the tweezers are different from each other. We could
not prepare the tweezers having the same polycyclic
rings as the terminal aromatic chromophore because
of the solubility problem. Hence, we introduced alkyl
chains into the tweezers. In this letter, we report that
the introduced alkyl moiety controls the conformation
of the tweezers.

The immediate synthetic targets are compound 2, which
has two hexyloxy substituents and compound 3 carrying
1,14-dioxa-[14]paracyclophane structure in the central
part of the tweezers. The synthesis of the targets is
shown in Scheme 1. Intermolecular Williamson etherifi-
cation of 2,3-dihydroxynaphtharene (6) with 1,2.4,5-tet-
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rakis-bromomethyl-3,6-bis-hexyloxy-benzene (4)® by
treatment with Cs,CO; in acetone gives compound 2
in 62% yield. The yield of the corresponding coupling
reaction of 5 and 6 is 56% yield. Both of the target com-
pounds have good solubility in usual organic solvent.

The standard titration experiment between 2 and a guest
molecule, tetracyanoquinodimethane (TCNQ), was
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Scheme 1. Syntheses of molecular tweezers 2 and 3. Reagents and conditions: (a) Cs,CO3, acetone, reflux.
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The failure of the guest binding for 3 suggested that the
alkyl bridge should be situated above the naphthalene
ring(s) so that there is no room for the electron acceptor
guest in the cavity. This was supported by the '"H NMR
chemical shift of the alkyl bridge. The chemical shifts of
the methylene protons of the alkyl bridge are shifted up-
field when compared to the corresponding values of the
reference compound, 16,17,19,20-tetramethyl-1,14-di-
oxa-[14]Jparacyclophane (7) (—0.31, B; —0.23, y; —0.51,
d; —1.10, & —0.91 ppm for & methylene from the ether
oxygen). Up-field shift of the methylene protons clearly
suggested that a conformation in which the alkyl ring of
the paracyclophane moiety is situated above the naph-
thalene ring(s) is significantly populating in the dynamic
conformational equilibrium of 3. In such a conforma-
tion, the alkyl ring moiety does act as the obstacle for
the guest binding.

A self-quenched conformation® of 3 was suggested from
the temperature dependent 'H NMR spectra. In order
to examine the preferred conformation of 3, the 'H
NMR at low temperature was examined. The signals
of the alkyl ring of the paracyclophane moiety were
shifted further to the higher magnetic field when lower

Figure 1. Partial '"H NMR spectra (500 MHz) at various temperatures
of (a) 7 at 25°C, (b) 3 at 25°C, (c¢) 0°C, (d) —20°C, (e) —40°C,
(f) =60 °C, and (g) —80 °C.

the temperature (Fig. 1). Especially prominent is the
shift of the € methylene. The chemical shift difference
from 25 to —80 °C is —0.56 ppm. Hence, the chemical
shift difference of the methylene protons reaches to
—1.66 ppm from that of 7. The chemical shifts of the
individual methylene proton are summarized in Table
1. Up-field shift of each methylene protons clearly sug-
gested that the conformation in which the alkyl ring of
the paracyclophane moiety is nested within the cleft of
the two naphthalene rings became predominant, when
lower the temperature.

Table 1. '"H NMR chemical shift of 3 and 7 at various temperatures

Compound Temperature Chemical shift (ppm)

O By o g
3 —80 0.79 0.86 0.50 —-0.65 -0.14
25 1.21 092 0.62 -0.09 0.15
7 25 1.52 1.15 1.13 1.01 1.06
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The cleft conformation of 3 in which the alkyl ring moi-
ety is nested is further supported by the molecular struc-
ture in crystalline 3 (Fig. 2).° As can be clearly seen, the
two naphthalene rings of 3 have face-to-face arrange-
ment and the alkyl ring of the paracyclophane moiety
is situated within the cleft of the two naphthalene rings.
The CH/n attractive interaction’ between the alkyl moi-
ety and the terminal naphthalene rings plays an impor-
tant role in stabilizing this conformation.

In order to ascertain whether such an attractive interac-
tion between the naphthalene and the alkyl chain is
effective enough for the conformational control of the
tweezers, the conformation of 2 was examined. This
compound has the same number of carbon atoms as 3,
though the two termini of the alkyl chain were not con-
nected to each other. The chemical shifts of the methyl-
ene and methyl protons of the alkyl chain showed small
down-field shift when compared to the corresponding
values of the reference compound, 1,4-bis-hexyloxy-
2,3,5,6-tetramethylbenzene (8) (0.07, B; 0.05, y; 0.05, 3;
0.05 ppm for & methylene from the ether oxygen, and
0.04 ppm for methyl protons). The signals of alkyl
chains did not prominently shift to the higher magnetic
field even when the temperature was lowered (the max-
imum shift was shown in the ¢ methylene, the chemical
shift difference is —0.08 ppm: d_ggoc — d25°¢).

The molecular structure of 2 in the crystalline state® has
a stepped anti arrangement of the three aromatic rings
(Fig. 3). Due to the intramolecular alkyl-arene intera-
ction, many examples of folded chain conformation’
have been reported, however, the hexyloxy chains do
not adopt a folded conformation in this case. The con-
formations of the two chains are slightly different from
each other, but they are essentially extended form in
the crystalline state. This clearly shows that the intramo-
lecular CH/n attractive interaction between the alkyl
chain and the terminal naphthalene rings is not opera-
tive effectively in this molecule. The entropic cost to fix
the chain into a folded conformation suitable for the
alkyl-arene interaction is higher than the energy gain

Figure 2. X-ray crystal structure of 3. Hydrogen atoms are omitted for
clarity.

Figure 3. X-ray crystal structure of 2. Hydrogen atoms are omitted for
clarity.

due to the attractive interaction between the folded alkyl
chain and the terminal naphthalene rings.

In conclusion, the structure of 3 was found to have a
self-quenched cleft conformation by the intramolecular
CH/r attractive interaction between the alkyl ring and
the two naphthalenes. The intramolecular interaction
is so strong that the molecule cannot adopt the empty
cleft conformation to have a donor-acceptor-donor
type sandwich arrangement by the intermolecular
charge transfer interaction even in the presence of a
large excess amount of an electron acceptors such as
TCNQ. In contrast, when the central C—C bond of the
alkyl ring of 3 was broken, the structure was changed
to have the stepped anti arrangement of the three aro-
matic rings.
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