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ABSTRACT

A crystalline triply bridged molecular gyroscope has been prepared and analyzed by single-crystal X-ray diffraction. A convergent synthetic
strategy was developed to control the direction of the three bridges, from the preferred two zonal and one meridional arrangement of a
one-step cylclization process to the directed three meridional bridges achieved by a north —south desymmetrization.

Growing interest in artificial molecular machinéryas led (~101? s71),2¢ 2-fold flipping frequencies measured by solid-
to the design and exploration of amphidynamic crystals as astate NMR depend on the structure of the stator. At 298 K,
new class of materials with physical properties that depend
on the internal dynamics of mobile molecular componénts.
Our initial contributions have centered on molecules with
shapes and functions analogous to those of macroscopic
gyroscopesdd—¢3such as compoundsa—c (Figure 1). They
consist of an intrinsically barrierles4,4-dialkynylbenzene
rotator as the dynamic component (red) and two triaryl-
methyl (trityl) or triptycyl groups acting as stator (blue).
In addition to providing steric shielding, the stator serves as
a frame of reference to define the dynamics of the rotator in p
the crystafa— Ry
While steric hindrance in crystals results in rotational
frequencies slower than those expected in the gas phas¢
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they vary from ca800 Hz forla (R; = R, = H)* and 5 with 3.0 equiv of 1,8- and 1,10-dibromoalkanes. While the
kHz for 1b (R; = OMe, R = H),52Pup to >100 MHz for reactions proceeded rapidly and cleanly, triple cyclization
1c (R; = R, = tBu).>¢ Now, in order to better emulate the led to the “open” structuresa and5b, with one meridional
structure and function of a macroscopic gyroscope, we set(north-south) and two zonal (east-west) bridges. These
out to synthesize compouri(Figure 1). It is anticipated = compounds were characterized by NMR and mass spectrom-
that fully encapsulated rotators with polar group$-( NO,, etry, and the structure was confirmed by single-crystal X-ray
etc.) will exhibit interesting dielectric properties, as these diffraction in the case 0bb (Scheme 1J.
are expected to respond to electric, magnetic, and optic Recognizing the success of Gladysz €tath the synthesis
stimuli.2a-¢36 of metal-centered gyroscope6a~c, Scheme 1) through
As a first step toward a general synthesis of triply bridged metathesis reactiorffswe decided to synthesize the-al-
structures, we explored the functionalization of hexa-  kenyloxy derivatives4c and 4d. We selected 6 and 10
phenol3. We noticed that reaction of the hexaphenolate with w-alkenyl carbon chains to explore the effect of the ring
6 equiv ofn-bromobutane on-bromohexadecane in DMSO  closing metathesis reaction on the formation of 10 and 18
at 363 K produced derivativeta and4b in ca. 80% yield carbon bridges to form the required 28- and 36-membered
within 15 min (Scheme 1). Encouraged by this and by macrocyles. Unfortunately, metathesis reactions with PRCH
RUCkL(PCys), or PnCH=RUChL(ImesH,)(PCys)° followed by
] PdC-catalyzed hydrogenation yielded compousiniand5c,
Scheme 1 respectively, with zonal and meridional bridges. Given the
drawbacks of the symmetrically functionalized precursor,
next we investigated a directed meridional approach with
the asymmetric precursar(Scheme 2).

Scheme 2

molecular models suggesting that 8- and 10-carbon chains
should have no obvious strain, we explored a one-pot reaction
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9, both being available from known trismethoxy)trityl
alkyne 1052 For the successful implementation of Scheme
2 we made the key observation that the B&moval of the
methyl groups cannot be accomplished with a terminal
alkyne. Thereforel0was reacted with a 2.5-fold excess of
1,4-diiodobenzene under Sonogashira conditions before it
was submitted to demethylation with Bftand subsequent
alkylation with a large excess (18 equiv) of 1,10-dibromo-
decane. The desired tris(w-bromoalkoxy) precur@avas
obtained in 25% yield over three steps. Similarly, triphenol
8 was obtained by protection 40 with TBDMS-CI* prior

to removal of the methyl groups with BBf and removal

of TBDMS with TBAF.1? Sonogashira coupling of tribromide

9 with triphenol 8 gave compound, a heavy oil, in 67%
yield. Finally, reaction of7 with 3 equiv of NaH in DMF

for 19 h at 6-25°C provided the desired meridional bridges
of molecular gyroscope?. Satisfyingly, the three 28-
membered macrocycles of the novel tricyclic structure are

-

Figure 2. (Left) Space-filling model from the X-ray structure of

2 with the dialkynyl phenylene and oxygens shown in red, alkyl
bridges in blue, and solvent molecules in magenta (toluene) and
purple (benzene). (Right) Representation of the environment of the
central phenylene viewed along its 1,4-axis illustrating the cage
formed by its own alkyl chains, those of neighboring molecules
(in green), and solvent molecules. The disorder in the structure is
not shown (see text).

obtained in 27% isolated yield, for an average yield of 65%
per cyclization step.

Molecular gyroscop@ is a crystalline solid that dissolves
well in boiling CH,CIl, and CHC} and only poorly in
aromatic solvents. The solutiditi and**C NMR of 2 are
consistent with a rapidly equilibrating structure with a time-
averagedCs, point group. X-ray diffraction data from single
crystals grown in mixtures of toluene and benzene were
solved in the space groupl as a nonstoichiometric mixed
clathrate’ The chemical formula of the asymmetric unit is
CgHgg06, 1.5GHsCH3, 0.15GHs, with one molecule oP,
one toluene molecule in a general position, and half of
another toluene molecule at an inversion cenfigigure 2).

molecular point grouft;. As illustrated in the right side of
Figure 2, the steric shielding provided by three alkyl chains
is not ideal. While the three bridges (in blue) curve away
from the center to maximize the space around the rotator,
bridges from neighboring molecules (in green) and included
solvent molecules (in purple and magenta) reduce the free
volume about the prospective rotator. The molecular and
crystal structure oR suggests that bulkier chains will be
required to create the shielding needed to prevent close
packing interactions and the inclusion of solvent molecules.
With a promising directed strategy now in place, a wide
range of triply bridged derivatives are now in preparation

One of the three bridges and the central phenylene arefor dynamic testing.
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