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We have developed a synthetic strategy to selectively in-
corporate the imidazole ring into the 1,1-bi-2-naphthol
(BINOL) skeleton at the different position. The resulting
conformationally rigid BINOL-based diimidazolyl ligands
bearing both hydrogen-bond-acceptors and -donators can
self-assemble into homochiral channel-like mono-component
organic frameworks via intermolecular O-H --- N hydrogen
bonds between the phenolic hydroxyl group and the N2 or
N4 atom of the imidazole ring.

The creation of supramolecular architectures from organic pre-
cursors is currently a highly active area because of aesthetically
appealing topologies and potential applications in materials
chemistry, host-guest chemistry, and catalysis.” It is well-known
that the construction of such self-assemblies to achieve a proper
function of crystalline materials strongly depends on precisely
positioning the components within the crystal lattice by means
of appropriate noncovalent interactions (e.g., hydrogen bonds,
7. - -7 stacking, C-H - - - &, van der Waals forces and electrostatic
interactions, etc.). In particular, the intermolecular hydrogen-
bonding interactions are extensively used as a powerful tool in
organic self-assemblies owing to their strength and directional
properties.* Thus, considerable attentions have been devoted to
the design of organic assemblies by hydrogen-bond-directed co-
crystallizing compounds that have complementary functional
groups.’ As hydrogen-bonding interactions from hydroxyl of
carboxylic acid and nitrogen atom have been proved to be an
effective organizing force, of particular interest are numerous
heterodimers composed of carboxylic acids and basic building
blocks such as amines, dipyridines, pyrazines, and their analogues.®
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However, the examples illustrating the phenolic hydroxyl groups
as hydrogen-bonding donors are relatively few so far.

1,1’-Binaphthyls have been well-utilized in designing fluores-
cence sensors, chiral selectors and enantioselective catalysts.” On
the other hand, imidazole derivatives are ubiquitous in biological
and biochemical structure and function, and thus attracted special
attention in the construction of metal-organic assemblies in recent
years.® Following our recent interest in developing organic and
organic-metal assemblies with intriguing structures composed
of diimidazolyl or trissmonodentate imidazolinyl ligands and
dicarboxylic acids or metal ions,” we herein wish to incorporate the
imidazole moiety into the different positions of 1,1’-bi-2-naphthol
(BINOL) to obtain conformationally rigid supramolecular build-
ing blocks (R)-1-3 bearing both H-bond-accepting and -donating
functionalities. The combination of the imidazole unit with the
BINOL skeleton may fulfil the following objectives: firstly, the
2,2’-hydroxyl groups function as hydrogen bond donors.”™! The
O-H - - - N intermolecular hydrogen bonding interactions between
the phenolic hydroxyls and the imidazole nitrogen atoms serve as
one of main forces to create supramolecular organic frameworks.
Secondly, the BINOL skeleton can be functionalized at multi-
positions, and the different substituents may dramatically change
the dihedral angles, which facilitates the modulation of size, shape,
and functionality of self-assemblies.
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To achieve such supramolecular subunits, the selective
modification of the binaphthol skeleton at the different position
would be a crucial issue (Scheme 1; for details, see the ESIY).
In our synthetic strategy, the readily available (R)-BINOL
derivatives first went through boration or bromination to obtain
the intermediates (R)-3,3’-dihydroxyborane-2,2’-dimethoxy-
1,I’-dinaphthyl  ((R)-6),"* (R)-5,5’-dibromo-2,2’-diacetoxyl-1,
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I’-dinaphthyl ((R)-9), and (R)-6,6’-dibromo-2,2’-dimethoxy-
methoxy-1,1’-dinaphthyl ((R)-11),"* followed by the Cu(1)
catalyzed N-arylation with imidazole®® and removal of the
protecting groups to afford the expected ligands (R)-1-3. Notably,
the methods for selective and direct bromination of the binaphthol
skeleton at the 5,5-position are rare hitherto.”® We surprisingly
found that this functionallization could proceed very well at room
temperature while the phenolic hydroxyl groups were blocked
by the acetyl groups. To our knowledge, it is the first example
of the direct bromination at the 5,5’-position in the absence
of substituent at the 6,6’-position. We believe that this simple
method would open a new way for modifying the backbone of
BINOL at the 5,5"-positions.
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(a) CH;l, K,COs, acetone, reflux, 95%; (b) nBuLi, TMEDA, B(OCHj;);,
Et,0, -78 °C to rt, 82%; (c) imidazole, CuCl, CH;OH, air, reflux, 88%; (d)
BBr;, CH,Cl,, 0 °C, 85%; (e) Ac,O, pyridine, CH,Cl,, 1t, 87%; (f) Br,
pyridine, CHCl, 0 °C to rt, 42%; (g) imidazole, Cul, N,N-
dimethylglycine, K,CO;, DMSO, 110 °C; (h) 3M KOH, THF/CH;0H,
reflux, 68% (two steps: g and h); (i) Br,, CH,Cl, -78 °C, 92%; (j) NaH,
MOMCI, THF, 0 °C to rt, 95%; (k) imidazole, Cul, N,N-dimethylglycine,
K,CO;, DMSO, 110 °C, 84%; (1) 6M HCI, THF/CH;OH, reflux, 89%

Scheme 1 Synthetic route of diimidazolyl-substituted BINOLs (R)-1-3.

With the BINOL-based diimidazolyl building blocks in hand,
we investigated the self-assembled architectures of bulk crystalline
solids. All crystals suitable for X-ray diffraction analysis were
prepared by slow diffusion of 1,4-dioxane into the solutions of
(R)-1, (R)-2 and (R)-3 in dimethylformamide (DMF) at ambient
condition, respectively.* The structures of three crystals have
several common features and distinct differences (see Table Sl
for X-ray data collection parameterst). An ORTEP view of (R)-
1 is shown in Fig. la. As illustrated in Fig. 1b, four molecules
of (R)-1 are arranged to form hydrogen-bonded tetramers like
a pelton wheel structure stabilized by four intermolecular O—
H---N hydrogen bonds between the hydroxyl group and the
N2 or N4 atom of imidazolyl moiety. The two type of dihedral
angles of the two naphthyl units are around 67° and 77°.
Along the crystallographic b axis, infinite 2D helical chains are
observed (Fig. 1c). Further analysis reveals that each chain is
stabilized by hydrogen bonds (2.65 A, 2.62 A, and 2.71 A) and

m-- -7 interactions between the imidazole and adjacent parallel
naphthol ring (centroid distance 3.696 A). The two neighboring
chains are connected through various van der Waals interactions.
More interestingly, the chain aggregates are stacked along the
crystallographic ¢ axis to create one-dimensional channels (Fig.
1d). The vacant channels are approximately rectangular in cross-
section with internal van der Waals dimensions of ca. 2.2 x 3.7
A2 In (R)-1, there are not guest molecules in the crystallographic
asymmetry unit.

Fig. 1 (a) ORTEP drawing of the molecular structure of (R)-1. Thermal
ellipsoid is set at the 30% probability level. (b) Details of H-bonding
interactions of (R)-1 in a typical channel. (c) Infinite 2D helical chains
viewed along the b-axis. (d) 1-D channel structure viewed along the c-axis.
Color code: C, dark gray; H, white; N, blue; O, red; Hydrogen bonds,
orange dashed line; 7t - - w interaction, black dashed line.

The supramolecular architecture of (R)-2 clearly differs from
that of (R)-1. Ligand (R)-2 does not lead to the forma-
tion of hydrogen-bonded tetramers and channel-like structure
(Fig. 2). The dihedral angle of the two naphthyl moieties is around
87°. In this arrangement, (R)-2 self-assembles through O-H--- N
hydrogen bonds (02 ---N1=2.72 A, 02-H2---N1=158°) to form
an infinite 2D helical chain (Fig. 2b), which is further linked by
additional intermolecular O-H - - - N hydrogen bonds (Ol --- N4
=2.78 A, O1-H1---N4 = 164°) to expand to two-dimensional
network layers (Fig. 2c). Viewed along the crystallographic b axis,
the solvent DMF and 1,4-dioxane molecules are independently
located in each side of the rhombus network layers in 1:1 molar
ratio (Fig. S1, ESIT). However, there are not hydrogen bonds
between the host and guest molecules.

Similar to (R)-1, (R)-3 crystallizes in the form of hydrogen-
bonded tetramers. As depicted in Fig. 3b, four molecules of
(R)-3 are arranged like a square architecture stabilized by four
intermolecular O-H - - - N hydrogen bonds, and the dihedral angles
between the two naphthyl units are around 87°. The hydroxyl of
BINOL interacts with the imidazolyl nitrogen atom via hydrogen
bonds (O1---N2 = 2.77 A, O1-H1---N2 = 130° or O2---N4

This journal is © The Royal Society of Chemistry 2011

Org. Biomol. Chem., 2011,9, 2618-2621 | 2619



(b)

Fig. 2 (a) ORTEP drawing of the molecular structure of (R)-2. Thermal
ellipsoid is set at the 50% probability level. (b) An infinite 2D helical
chain viewed along the b-axis. (c) 2-D network layer viewed along the
b-axis. Color code: C, dark gray; N, blue; O, red; H, white; Hydrogen
bonds, orange dashed line. In (b) and (¢), DMF and 1,4-dioxane solvent
molecules were omitted for clarity.

=271 A, 02-H2---N4 = 172°) to form a single-chain. The
two neighboring chains are further connected to form a helical
double-chain by weak intermolecular & - - - & stacking interactions
involving between two parallel adjacent imidazole rings (centroid-
centroid distance = 3.912 A) and between two parallel adjacent
naphthol rings (centroid-centroid distance = 3.882 A) (Fig. 3c).
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Fig. 3 (a) ORTEP drawing of the molecular structure of (R)-3. Thermal
ellipsoid is set at the 30% probability level. (b) Details of H-bonding
interactions of (R)-3 in a typical channel. (c) An infinite 2D helical
double-chain viewed along the b-axis. (d) 1-D channel structure viewed
along the c-axis. Color code: C, dark gray; H, white; N, blue; O, red;
Hydrogen bonds, orange dashed line; - -- & interactions, black dashed
line.

Like (R)-1, the double-chain aggregates pile up along the crystal-
lographic ¢ axis to form large 1-D channels (Fig. 3d).

In (R)-3, the exact number of guest molecules in the crystal-
lographic asymmetry unit could not be determined according to
the Fourier electron densities due to disorder. Considering strong
disorganization of the included solvent molecules and the resulting
low scattering power of the crystals of (R)-3, we corrected the
observed data by using the SQUEEZE routine in PLATON.'*'6
Omitting guest molecules, the vacant channels are approximately
square in cross-section with internal van der Waals dimensions of
ca. 8.9 x 8.9 A2. The solvent accessible volume of (R)-3 calculated
using PLATON is 41.1%."

We next examined the structural homogeneity of bulk powder
samples of (R)-1-3 by a comparison of experimental and simulated
powder XRD (PXRD) patterns. The experimental pattern favor-
ably correlates with the simulated one generated from the single-
crystal X-ray diffraction data (Fig. S2-S4, ESIf). The matching
of the PXRD’s suggests that the bulk powder has a single phase
with a similar structure to the single crystals.

In conclusion, we have developed the BINOL-based diimida-
zolyl supramolecular building blocks ((R)-1-3) that involve both
proton-donating and -accepting sites in the same scaffold. These
conformationally rigid subunits can self-assemble into homochiral
mono-component organic frameworks from 2-D network layer
to channel-like topologies with the modulation of size. The
N2 or N4 atom of imidazole ring has been proved to be an
excellent hydrogen-bonding acceptor, and can form a strong O—
H--- N hydrogen bond with the phenolic hydroxyl group, which
plays a critical role in the self-assembly. We believe that these
BINOL-based diimidazolyl ligands outlined here will find wide
applications in various fields of asymmetric bifunctional catalysis
and supramolecular self-assembly with organic molecules and
metal ions.
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