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Enantiospecific Formation of a Three-component Helical Structure
by Spontaneous Self-assembly
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A toluene solution of the two racemic helical tubulands 1 and 2
yields crystals of the stoichiometric product 1-23+toluene through
molecular self-assembly involving simultaneous self-resolution of
both diols. This composite helical tubulate structure contains
parallel tubes with cross-sectional areas of 22.5 A2,

The generation of chirally pure substances, for example by
design of new enantiospecific reactions or through efficient
procedures which permit enantiomeric resolution, is a major
object of contemporary chemistry.! Spontaneous self-resolution
provides an extremely simple method for those 3-10% of cases2-3
where crystallisation of a racemic solution yields a mixture of
pure (+)- and pure (-)-crystals (a conglomerate). Seeding the
solution can lead to preferential precipitation of that specific
enantiomer even on an industrial scale.?* We report here on a
remarkable example involving two simultancous self-resolutions
whereby a five-component solution spontaneously affords
stoichiometric three-component crystals with specific chirality.
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Figure 1. The molecular structures of typical helical tubuland
diols 1 and 2 showing a projection view in the ab plane of just
one host tube. Oxygen atoms are stippled and the unobstructed
canal cross-sectional areas are coloured black.

For some time we have been investigating a family of diol host
molecules called the helical tubulands, such as 1 and 2 (Figure
1), which crystallise with a hydrogen bonded network lattice
containing parallel helical tubes which enclose guest molecules.”
The intermolecular core is a series of OH++OH++OH spines
which surround threefold screw axes. This motif may be
retained, but the alicyclic skeleton modified,® allowing deliberate
design of further compounds with similar lattice packing in the
chiral space group P3,21 or its enantiomorph P3;21. Crystal

growth permits incorporation of only one enantiomer in the host-
guest structure, and hence a conglomerate is produced each time
one of these racemic diols crystallises.

The tubes of diol 1 have a star-shaped cross-section (ca. 32
A2) and the resulting inclusion compounds can contain molecules
as wide as ferrocene or as long as the biologically significant
terpene squalene.” Similarly, diol 2 also forms chiral inclusion
compounds but its propeller-shaped tube is much smaller (ca. 18
A2) due to the protruding C5-methyl groups.?

When a mixture of 1 and 2 was recrystallised from toluene,
needle-like crystals (morphologically similar to previous helical
tubulates) were produced. 'H NMR speciroscopy showed the
presence of both diols plus toluene in an individual crystal (rather
than comprising a mixture). A single crystal X-ray structure
determination confirmed formation of a mixed diol lattice
structure. When the toluene guest was omitted from the
refinement R rose from 0.038 (o 0.058. Recalculation of the final
residual assuming that the host was just pure 1 or pure 2 resulted
in increases to 0.063 or 0.050 respectively.

The two host diols 1 and 2 form a microporous hydrogen
bonded lattice which tightly encloses the toluene guests within
parallel tubes of a new and composite cross-section (22,5 A2). In
this stoichiometric material, 1-2;-toluene, one guest is present
per unit cell with adjacent toluene molecules related simply by
unit cell translation along the tubes (Figures 2 & 3).

Formation of 1-29:toluene is a startling example of molecular
self-assembly. It involves specific, stoichiometric, and chiral
combination of three components from a solution of five. The
toluene molecules must exert a major templating role. All
reasonable hydrogen bonds and attractive dispersion forces could
be involved during the aggregation but such interactions involve

Figure 2. Projection view in the ab plane of just one tube of
composite cross-section in solid 1-2s-toluene showing the
template molecule surrounded tightly by the diols. Carbon atoms
of toluene are crosshatched, carbons of 1 are stippled (C and O
heavily, and H lightly), while all atoms of 2 (and the toluene
hydrogens) are left white.
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Figure 3. Side view of the host-guest arrangement within one
tube of 1-2;-toluene, with the front column of diol molecules 2
removed to provide this cut-away diagram.

only weak forces and are rapidly reversible. Any 'mistakes’ are
rejected, and only those combinations leading to the most efficient
product are retained, ultimately yielding the stoichiometric and
chirally pure product of best fit.

Molecules participating in recognition and assembly processes
can be regarded as being programmed information carriers.!®
Powerful supramolecular information is incorporated within their
molecular structures, even though its potential expression may
not be immediately apparent.!! Therefore we speculate that
formation of this remarkable three-component structure may have
significance beyond these preliminary observations. First, it
secems probable that other combinations of known helical
tubulands should assemble similarly in the presence of
appropriate guest templates.

More importantly, however, this outcome involves a highly
specific self-assembly from a five-component 'molecular soup’.
Extrapolation suggests that even apparently simple molecules of
low molecular weight may have had the inherent ability to
generate helical and chiral aggregates from primordial chemical
mixtures. The molecular recognition factors underpinning the
formation of aggregates like 1-2;-toluene therefore could provide
important clues towards modelling prebiotic chemistry.
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