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We have synthesized a novel class of four-connecting three-
dimensional molecular scaffolds 2-5 based on biaryls for
supramolecular self-assembly. The X-ray crystal structure
analysis of 2 with ethanol reveals a novel O-H‚‚‚O hydrogen-
bonded helical self-assembly in three dimensions leading to
the generation of channels in the crystal lattice. The tet-
raacid 3 also forms analogous channels in which the solvent
molecules, viz., DMSO and H2O, reside. The structures of 2
and 3 amply illustrate the potential of three-dimensional
four-connecting biaryls in developing functional mimics of
inorganic zeolites.

Control of molecular organization is pivotal for the
development of organic solids with predefined functional
properties.1 Whereas the recent literature in supramo-
lecular chemistry is replete with examples of control of
molecular organization in one and two dimensions,2,3 that
in the third dimension continues to be a challenging
proposition;4 one of the reasons for this may be traced to
a limited number of three-dimensional molecular scaf-
folds that could be exploited for self-assembly in three
dimensions by installing functional groups responsible
for reliable synthons5 at strategic locations.6 Control of
molecular ordering in three dimensions is particularly
relevant to developing porous organic solids. In view of

the fact that the chirality can be readily introduced at a
molecular level, there is a growing interest in developing
molecular networks that functionally mimic the proper-
ties of inorganic zeolites.7 A prudent approach to the
development of porous organic materials constitutes
molecular tectonics,6e an art of building solids based on
molecules with predesigned topologies and properties,
which hinges on two key aspects, viz., the geometrical
features of the building block and location as well as
choice of functional groups that lend themselves to
reliable, repetitive, and robust association motifs/syn-
thons. We have recently conceived of a unique four-
connecting three-dimensional module (1, Scheme 1) based
on bimesityl core for supramolecular self-assembly, and
demonstrated its utility in the self-assembly of three-
dimensional discrete8a as well as polymeric coordination
architectures.8b We reasoned that installation of func-
tional groups such as hydroxyl and carboxyl at the para
positions of 3,3′,5,5′-tetraphenylbimesityl (2 and 3, Scheme
1) could yield hydrogen-bonded networks with voids for
guest inclusion.9 Indeed, it was readily surmised that
linear linkage, for example, of the tetraacid 3 via the
dimeric motif of the carboxyl group, should afford the
polymeric (10,3)-b net10 as shown in Figure 1, in which
the channels run in a perpendicular direction. We have
thus synthesized the unique three-dimensional modules
2-5 based on bimesityl core and explored their self-
assembly based on O-H‚‚‚O hydrogen bonding. A further
advantage with bimesityl core unit could be gauged from
the feasibility for facile structural expansion as can be
seen, for example, with the expanded derivatives 4 and
5 (Scheme 1). Herein, we report the facile synthesis of
structurally novel tetrarylbimesityls 2-5 based on a
4-fold Suzuki coupling protocol and novel self-assembly
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of tetraphenol 2 and tetraacid 3 into channel-type inclu-
sion host compounds.11

The synthesis of tetraaryl derivatives of bimesityl was
accomplished by Suzuki coupling12 between arylboronic
acids and 3,3′,5,5′-tetraiodobimesityl; the latter was
synthesized by subjecting the readily prepared bimesityl13

to tetraiodination with I2 in acetic acid containing a mix-
ture of Conc H2SO4-HNO3. Thus, the coupling of tetra-
iodobimesityl with p-methoxyphenylboronic acid and 4′-
methoxybiphenyl-4-boronic acid14 followed by demethyl-
ation with BBr3 yielded tetrakis(4-hydroxyphenyl)bimesi-
tyl 2 and tetrakis(4-hydroxybiphenyl)bimesityl 4, respec-
tively (Scheme 1). The coupling of tetraiodobimesityl with
formyl-substituted boronic acids in a similar way led to
the isolation of formyl derivatives, which were oxidized
with oxone (KHSO5) to the corresponding acids 3 and 5.15

The phenolic OH groups exhibit a varied array of
packing motifs of which the helical motif is the most
frequently observed one, while the dimeric one is the least
encountered.16 In contrast, the carboxyl groups predomi-
nantly adopt the dimeric/catemeric motif,17 although
other modes of association are known with a low statisti-
cal probability.18 Given that the tetrarylbimesityls are
rigid architectures, the least encountered linear self-
assembly of the hydroxyl and most frequently observed

dimeric motif of the carboxyl groups located at para
positions of the phenyl rings as in 2 and 3 was, in
principle, expected to yield a porous (10,3)-b net as shown
in Figure 1. Expectedly, the tetraphenols 2 and 4 were
found to exhibit ready guest inclusion as revealed by the
1H NMR analyses of the crystals grown from different
solvents. Whereas 2 was found to incorporate in its lattice
the guest molecules such as ethanol, ethyl formate, and
ethyl acetate, the expanded analogue 4 was found to
include larger molecules such as p-xylene (1H:3G), mesi-
tylene (1:1G), and anisole (1H:2G); see the Supporting
Information. While good single crystals suitable for X-ray
analysis could be grown readily for 2 from ethanol with
the stoichiometry 2•2 EtOH (vide infra), our attempts to
obtain the inclusion compounds of 2 with other guest
molecules were in vain. Figure 2 shows the crystal-
packing diagram of the tetraphenol 2. The core mesityl-
ene rings are almost orthogonal with the molecule sitting
on the 2-fold c-axis (orthorhombic, P21212). The p-
hydroxyphenyl rings are also almost orthogonal (83.3 and
94.3°) to each of the mesitylene rings of the bimesityl
skeleton. The remarkable crystal packing, which results
in the formation of voids for guest incorporation, may be
described as follows. Each of the hydroxyl groups is a
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Almarsson, Ö.; Zaworotko, M. J. Chem. Commun. 2004, 1889.

(18) For example, for unique helical self-assembly of aromatic
carboxylic acids, see: Moorthy, J. N.; Natarajan, R.; Mal, P.; Venugo-
palan, P. J. Am. Chem. Soc. 2002, 124, 6530.

SCHEME 1. Synthesis of Bimesityls 1-5

FIGURE 1. Packing type anticipated for three-dimensional
modules 2-5.
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donor as well as an acceptor. The hydroxyl groups of four
distinct translation- and 21-screw-related molecules self-
assemble to produce a hydrogen-bonded “psuedo helical
spine” along the b-axis as shown by the pattern I in
Figures 2 and 3; the geometrical parameters for the two
O-H‚‚‚O hydrogen bonds are as follows: dO-H‚‚‚O ) 1.863-
(4) Å, DO‚‚‚O ) 2.663(5) Å, and θO-H‚‚‚O ) 164.8°; dO-H‚‚‚O
) 1.993(4) Å, DO‚‚‚O ) 2.788(6) Å, and θO-H‚‚‚O ) 163.3°.
The unique hydrogen-bonding ensures helical self-as-
sembly along both a- and c-axes as well (see patterns II
and III); the propagation along the latter is typically
shown in Figure 3. Remarkably, the helical spine forma-

tion results in the generation of parallel channels down
b-axis in which the guest molecules reside.19 Indeed, each
channel may be described as arising from two parallel
helices constructed via hydrogen bonding between the
tetraphenols 2 by utilizing only two of the four p-
hydroxyphenyl rings (pattern II) as shown in Figures 2
and 4. Thus, the crystal packing of 2 is mediated entirely
by O-H‚‚‚O hydrogen bonded helices in all three dimen-
sions.20

As mentioned earlier, the expanded analogue 4 yielded
only needles with various aromatic guest molecules,
which were unsuitable for X-ray work. We believe that
hydrogen bonding between the phenolic OH groups, as
observed in the case of 2, control the crystal packing in
the complexes of 4 as well. The crystallization of tetraacid
3 from solvents such as methanol, ethanol, ethyl acetate,
acetone, etc. was unsuccessful despite innumerable crys-
tallization experiments. However, crystallization in DMSO/
toluene yielded seemingly excellent crystals, which dif-
fracted only poorly. The reason for the latter was traced
subsequently to the severely disordered solvent mol-
ecules, vide infra. The crystals were found to lose crys-
tallinity once they were removed from the mother liquor.
The crystal structure analysis shows that the tetraacid
3 crystallizes in the space group Pbca with each of the
carboxyl hydrogens bonded to DMSO/H2O via a hydrogen
bond (Figure 5). From the difference Fourier analysis,
we succeeded in locating five DMSO and two H2O
molecules. The overall crystal packing of 3 is as follows.
The glide-related acid molecules 3 along the a-axis
associate via aryl-aryl edge-to-face21 (C-H‚‚‚π) stacking
interactions, cf. Supporting Information; it should be
noted that one of the hydrogens of the p-carboxyphenyl
rings points toward the e-rich mesitylene core. This mode
of association leads to the formation of strands running
along a-axis, within which occur the channels in which
the solvent molecules reside, cf. the Supporting Informa-
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FIGURE 2. Crystal packing of tetraphenol 2. The bottom
space-filling diagram reveals the voids (guest EtOH molecules
are shown with a ball-and-stick model) resulting from the self-
assembly of 2 via O-H‚‚‚O hydrogen bonds.

FIGURE 3. Helical self-assembly of the hydroxy groups of
four symmetry-related molecules (I). Also shown is how the
helical propagation of 2 occurs along the Z-axis via O-H‚‚‚O
hydrogen bonds between two of the hydroxyphenyl rings of
the tetraphenol 2.

FIGURE 4. Formation of a porous channel from two parallel
helices generated each by the self-assembly of 2 via O-H‚‚‚O
hydrogen bonds. Note that only two p-hydroxyphenyl groups
are involved in the assembly.
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tion. Presumably, these solvent molecules act as an
adhesive to hold the strands together. The formation of
channels between the strands is shown in Figure 6.

Due to weak diffraction of the crystals caused by severe
disorder of the solvent molecules in the channels, which
leads to a structure with poor figures of merit (R1 )
0.174), we have not attempted to analyze various interac-
tions involved in the overall crystal packing. Otherwise,
the ability of the three-dimensional D2d-symmetric tet-
raacid 3 to exhibit inclusion properties is amply revealed
from the X-ray crystal structure analysis, although the
expected dimer motif of the carboxyl groups is not ob-
served due to competitive hydrogen bonding by DMSO/
H2O with the acid hydrogens. Our attempts to obtain
inclusion crystals of the expanded acid 5 have heretofore
been unsuccessful. Given the various possible ways in
which both acids as well as phenols may self-assemble,
tetraphenol 2 and the tetracid 3 may in principle crystal-
lize out in different polymorphic forms depending on the
conditions of crystalllization. We have, however, not been
successful in identifying polymorphic growth of 2 and 3
thus far.

In summary, we have accomplished the synthesis (4-
fold Suzuki coupling) of a novel class of three-dimensional
four-connecting molecular scaffolds based on biaryls and
explored their hydrogen-bonded self-assembly. The tet-
raphenol 2 is found to include in its crystal lattice the
guest molecules such as ethyl formate, ethyl acetate,
ethanol, etc. The X-ray crystal structure analysis of the
inclusion compound with ethanol reveals a novel helical
self-assembly based on O-H‚‚‚O hydrogen bonds in all
of the three dimensions, which results in the creation of
channels in the lattice. The biphenyl-expanded tetraphen-
ol 4 is found to include larger guest molecules such
p-xylene, anisole, mesitylene, etc., as revealed from 1H
NMR spectroscopic analysis of the solid inclusion crys-
tals. That the tetraacid 3 also forms analogous channels
in which the solvent molecules, viz., DMSO and H2O, are
found to reside is revealed by the single-crystal X-ray
structural analysis. While the expected dimer motif is
not observed due to competitive hydrogen bonding of
DMSO/H2O with the carboxylic acid hydrogens, the
formation of channels in the crystal lattice amply il-
lustrates the potential of three-dimensional modules
based on biaryls in the development of functional mimics
of inorganic zeolites. As simple desymmetrization of the
bimesityl core may lead to chiral atropisomers, whose
resolution chemistry is well founded, these scaffolds may
offer a facile entry into chiral porous materials, particu-
larly with tetrapyridyl derivatives. We are presently
exploring the utility of these unique scaffolds in the
development of porous and chiral organic and metal-
organic frameworks.

Experimental Section

The synthetic procedures and characterization data for the
tetraarylbimesityls 2-5 are described in the Supporting Infor-
mation.

X-ray Crystal Structure Determination of 2 and 3. The
tetraphenol 2 was crystallized by slow evaporation of the solution
of 2 in ethanol over 4-5 days, and the tetraacid 3 was
crystallized by slow diffusion of toluene into a solution of 3 in
DMSO. The X-ray intensity data were collected for 2 on an
Enraf-Nonius CAD4 and for 3 on a Bruker SMART APEX CCD
diffractometer. For both 2 and 3, a graphite-monochromated
MoKR (λ ) 0.71073 Å) radiation was employed at 293(2) and
100(2) K, respectively. Both of the structures were solved by
direct methods using SHLEXS-97 and refined by full-matrix
least-squares method based on F2 using SHLEXL-97.

Crystal data for 2: molecular formula C42H38O4‚C2H6O;
orthorhombic, P21212 (No. 18), a ) 25.418(5) Å, b ) 6.2412(12)
Å, c ) 12.466(3) Å, V ) 1977.6(1) Å3, Z ) 4, 3047 reflections
collected of which 893 are unique, GOOF ) 0.974, R1 ) 0.0580;
wR2 ) 0.0785, for [I > 2σ(I)].

Crystal data for 3: molecular formula C56H42O15S5; orthor-
hombic, Pbca (No. 61), a ) 13.5422 (14) Å, b ) 28.132(3) Å, c )
1 31.458(3) Å, V ) 11985(2) Å3, Z ) 8, 9369 reflections collected
of which 4103 are unique, GOOF ) 1.755, R1 ) 0.1746; wR2 )
0.3086, for [I > 2σ(I)].
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FIGURE 5. Ball-and-stick representation of acid 3, which is
hydrogen bonded directly and via H2O to four DMSO mol-
ecules; for the sake of clarity, only major positions of DMSO
are shown.

FIGURE 6. Crystal packing of acid 3 viewed down the a-axis.
Notice the formation of channels.
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