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Recently, there has been a great deal of interest in the design ofScheme 1

electrooptic materialsWe describe here our initial efforts toward
the realization of a novel concept based on dipolar units expected
to reorient under the influence of electric, magnetic, and optical
stimuli. In analogy with macroscopic objects, and to suggest some
of their properties and functions, we refer to these structures as
molecular compasses and gyroscap€ke essential elements of
the desired structures are illustrated with the triply bridged 1,4-
bis[3,3,3-triarylpropynyl]-2,3-difluorobenzene shown in Scheme 1.
The similarity between the proposed molecular structure and a

gyroscope is exposed by the transformations suggested in the

scheme. The analogy with a compass arises when electric or
magnetic fields are considered.

The desired structures must permit the reorientation of the polar
1,4-phenylene rotor (in green and red), while maintaining the
triarylmethyl (trityl) framework static in the crystal lattice (shown
in blue). We expect that rotation of the phenylene group will be
facilitated by the cylindrical symmetry of the alkyne uAitsvhile
the trityl framework will shield the dipole from intermolecular
contacts.
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packing arrangement can be described in terms of supramolecular
cages formed by four adjacent rotors (Figure 2, in blue and red)
with two benzene molecules trapped inside (shown in purple).

To produce the desired compounds, one needs an expedieniAdjacent cages interconnect to form infinite channels alongthe

synthesis of the 1,4-bis(triarylpropynyl)benzene framework and
suitable strategies for the installation of the closing bridges. In this
communication, we report a simple two-step procedure that will
help solve the first synthetic problem: the parent 1,4-bis(3,3,3-
triphenylpropynyl)benzene) was prepared from a readily available
triphenylmethyl chloride X) and 1,4-diiodobenzene (Scheme 2).
Although compound3 has an open topology, X-ray analysis
revealed that it cocrystallizes with benzene in a relatively open
lattice# Based on variable temperatd#€ CPMAS NMR experi-

andb-axes. Benzene dimers experieacesn stacking interactions
with parallel aromatic planes at a distance of 3.52 A and center-
to-center distances of 4.88 A. The clathrate architecture is supported
by aromatic face-to-edge contacts between adjacent trityl groups,
with additional interactions involving benzene molecules and
phenylene groups.

In order to explore the solid state dynamics3by variable-
temperaturé3C CPMAS NMR°we had to assign all of its aromatic
resonances. Since intensity losses in the CPMAS experiment occur

ments, we were able to show that the phenylene group rotates atwhen there are no close hydrogens for magnetization trahsfer,

room temperature about the 1,4-axis in the millisecond time scale. assignments were made with the help of isotopic substitution (Figure
The thermal stability of the benzene solvate was assessed by3). A sharp signal at 128 ppm (shown in purple) was assigned to
differential scanning calorimetry (DSC) and thermogravimetric the six nonequivalent carbon atoms in the benzene guest when the

analysis (TGA), and the rates of phenylene rotation in the desolvated
crystal were determined between 297 and 385 RHbNMR static
line-shape analysis.

To prepare the open rot@® we first reacted trityl chloridel
with 3 equiv of 0.5 M ethynylmagnesium bromide in refluxing THF
to obtain 3,3,3-triphenylpropyne) in 80% isolated yield§.The
desired 1,4-his(3,3,3-triphenylpropynyl)benzeBgWas obtained
pure in 15% isolated yield by a coupling reaction between alkyne
2 and 0.40 equiv of 1,4-diiodobenzene in the presence of 5 mol %
Pd(PPh).Cl; in refluxing piperidine X-ray quality crystals were
grown by slowly cooling a hot saturated benzene solution.

The crystal structure of rot@® was solved in the triclinic space
groupP1 revealing the formation of clathrate with3CsHg = 1:2
stoichiometry. Due to the coincidence of crystallographic and

signal diminished in crystals grown fromss (middle spectrum).
Signals corresponding to the 1,4-phenylene (shown in red) were
also confirmed by a decrease in intensity for thgo (C2,0 122
ppm) andortho-carbons (C1 and C8 131 ppm) of the phenylene-
d, (bottom spectrum). A relatively small decrease in this case was
related to the efficienintermolecularcross-polarization contribu-
tions from the benzene gué8tThe remaining aromatic signals,
labelled in blue, were assigned to the aromatic carbons in the trityl
groups. Thdpso-carbons C7, C13, and C19 are resolved between
142 and 147 ppm and all other trityl signals are centered at 128
ppm.

The fast rotation of the 1,4-phenylene fragment at 298 K could
be confirmed by low-temperature measurements, as illustrated by
the splitting of the broadrtho-signal atd 131 into two singlets at

molecular inversion centers, the coordinates of one benzene andl31.6 and 130.8 ppm in Figure 4. With a splitting of 60 Hz between

half a molecule of3 describe the entire structure (Figure 1). The
2398 VOL. 124, NO. 11, 2002 = J. AM. CHEM. SOC.

C1 and C3, and a coalescence temperature of ca. 255 K, a time
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Figure 1. Ortep diagram of open rotd shown with 50% probability.
Colors are consistent with the packing diagram in Figure 2 and match the " 100 50 0 S 100
NMR assignment in Figure 3. KHz

Figure 5. Experimental (right) and simulated (left) solid stat&éNMR of

desolvated samples 8fds. The rotation rate constants used for fitting, from
‘ bottom to top are 10° s™1): 0.015, 0.4, 1.3, 2.2, and 3.8.
In conclusion, we have shown that molecular frames based on
alkyne linkages and trityl groups can facilitate rapid rotation of
- phenylene groups along their 1,4-axis. Molecular dynamics and
dielectric measurements with samples prepared with polar phenyl-

enes in molecular compasses and gyroscopes will be reported soon.
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Figure 2. Left: Cluster of molecules showing rot8rin blue and red and

benzene molecules in purple. Right: View of the same cluster with benzene Acknowledgment. We thank NSF grants DMR9988439
molecules removed. : ’
CHE9871332 (X-ray), and DMR9975975 (NMR). Z.J.D. thanks
Hrl:zs-nr CONACYT and UC'MeXUS

h Supporting Information Available: Stereoscopic views and X-ray
|62 data tables for roto8, DSC, and TGA traces (PDF). This material is
- available free of charge via the Internet at http://pubs.acs.org.
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