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Summary of Results

Two major research problems are under investigation: 1) Topological Stereochemistry; and 2)
Design and Synthesis of Novel Organic Optoelectronic Materials. The former project is directed
towards the synthesis of organic molecules possessing novel low-dimensional topology. Targets
include molecular Mobius strips, linked rings, and knotted rings, using the tetrahydroxymethyl-
ethylene (THYME) fused crown ether strategy illustrated by our synthesis of the first molecular
Mobius strip. In addition to the synthetic work, theoretical investigations on the consequences of non-
trivial topology of molecular graphs on stereoisomerism are under way. In the second project,
research focuses on the design and synthesis of new ferroelectric liquid crystals for use in display
devices and spatial light modulators for optoelectronic computing systems. Knowledge gained in this
field may also be applied to design of a novel class of organic materials for second order nonlinear
optics applications with ultra-fast (<1 psec) response. Results in each of these projects are
summarized below.

Topological Stereochemistry. Most molecules possess topologically simple structures in the
sense that their molecular graphs are planar, polygonal nets with no novel low-dimensional topological
properties. When considering the symmetry properties of such molecules-used to predict simple
physical observables such as NMR spectra-Euclidean geometry plays a dominant role. Modern
techniques in organic and inorganic synthesis, however, make molecules with topologically complex
structures realizable. To understand the symmetry properties of large, very flexible molecules with

.' novel topology, such as those synthesized in our own group as part of this project, new methods are
required.

In collaboration with Professor Jonathan Simon, this interesting problem has been solved with
the invention of the topological symmetry concept applied to molecular structures, and techniques for
calculation of the topological symmetry group of a structure. Since, under conditions where bonds are
not made or broken, the topological symmetry of a molecular graph is an absolute upper bound on the
symmetry of any molecular realization of that graph, properties of molecules which previously could
only be guessed can now be M in a geometrically rigorous way. This work has been described in
a preliminary manner is several publications, and a manuscript outlining in detail the method and its
application to chemical problems is in preparation.

During the past several years the major emphasis of our work in topological stereochemistry
has been directed towards synthesis of new molecular structures with novel topology. The classic
targets in this field, which has quite a long and interesting history, are molecular linked rings, knotted
rings, and M6bius strips. The first molecular linked rings were synthesized by Wasserman in 1959,

I and Sauvage has recently developed methods for extremely elegant and efficient synthesis of linked
rings of atoms.

Our work in this field began with the synthesis of the first molecular Mobius strip in 1982.
Interestingly, while several groups have directed considerable efforts towards preparation of a

* molecular knotted ring, to date this most classic of all topological targets remains illusive.
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The THYME polyether approach to the synthesis of Mbbius strips, links and knots, developed
in our labs, is illustrated in Scheme 1. The overall strategy and details of work in the two, three andfour rung cases (n=2,3, and 4) has been described in several publications. For n-4, cyclization of

diol-ditosylate I gave only two identifiable products, with zero and one half twist (2 and 3,
respectively). Unpublished recent results indicate that the five rung system behaves analogously-thatis, no products with two and three half twists (4 and 5) have been isolated. Even so, note that the five

rung M6bius ladder 3 (n=5) has a single edge of an even 100 atoms!

Scheme 1. Results for the 22-crown-6 THYME system.
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.4.when n=3, 4and 5

These targets remain illusive 6

Experimentally, work in the five-rung THYME system pushes the frontiers in methods for
analysis of reaction products. With molecular weights well over 1,000, the molecules under
investigation are in essence exact molecular weight polymers, and conventional methods of functional
group analysis often fail. Progress in the project has been possible mainly due to the excellent
technique of fast atom bombardment (FAB) mass spectrometry. In the THYME system, we noticed
that ions corresponding to (P+Na)+ and (P+K)+ are often observed. Upon doping the FAB matrix
with Rb and Cs +, cationic complexes of these ions are also observed. This led to an interesting study
of the ion selectivity profiles of the various polyethers. Interestingly, in the three-rung system (but not

* with four or five rungs), the Mobius ladder (3, n=3) possesses a very different selectivity profile from
the cylindrical product (2, n=3).

In order to better understand the properties of the THYME polyethers, a computerized
molecular modelling study has been started. Interesting results in the two-rung system using MM2
force fields have been published. Modelling now is focussing on application of the exciting CHARM
program for dynamics studies. Calculations can be compared with NMR experiments giving the
effective activation barriers for the "inside-out" motion of the cylinders 2 (n=4, and n=5), affording an
excellent check on the modelling technique. If the calculations are shown to be valid for the cylinders,
then the novel "twist motion" of the Mobius ladders, known to occur with a low activation energy, can
be modelled.

In order to achieve our ultimate goal, synthesis of the first molecular knotted ring, two
alternatives to the THYME strategy outlined in Scheme I are under investigation. Based upon the

'@* '/"-7-o,
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assumption that the rigidity of the double bond units ladders of type I is inhibiting the desired twist
(i.e. the intermediates leading to the two and three half-twist products are too strained-an hypothesis
which can be "tested" using the molecular modelling techniques described above), studies in the
homologous 28-crown-8 THYME system are in progress. In this more flexible system the two rung
diol-ditosylate led to formation of the first two rung "M6bius ladder". Experiments directed towards
synthesis of a four rung homologue, which is hoped to give the three half twist product, are under

. way.
-S

It is possible, however, that no matter how long the ladder, or how long the edges separating
the rungs of the ladder, the THYME system will never give the desired three half-twist product. We
have recently developed a strategy-called the hook and ladder-which leads to a trefoil knot
(structure 6) with only one half-twist! This strategy is briefly described in our 1987 publication in
Stud. Phys. Theor. Chem., and considerable progress has been made towards its realization using
Sauvage's molecular "hooks" combined with the THYME ladders.

Finally, it is interesting to note that two half-twists in the hook and ladder affords a molecular
figure of eight knot-until now an "impossible" target. Indeed, the actual figure of eight obtained in
the hook and ladder is a topological rubber glove, a very novel object first conjectured in the context of
this project. A synthesis of the first topological rubber glove would be a fitting conclusion to the
topological stereochemistry project.

Optoelectronic Materials. Since 1986 we have broadened the scope of the ONR funded project
* in our group to include studies on design and synthesis of new organic optoelectronic materials-an

exciting new direction in organic stereochemical research. Specifically, work has focussed on design
.*. and preparation of high performance ferroelectric liquid crystal (FLC) materials. These novel fluids-

the only liquid phases known which possess polar symmetry-are central to an emerging technology
. based on the surface stabilized ferroelectric liquid crystal (SSFLC) light valve. The SSFLC device,

invented by physics professor Noel Clark (a co-PI on the project with Professor Walba), has operating
parameters unachievable with any other technology (high contrast, pisec switching speeds, bistability,

?o very low switching energy, and a sharp threshold), as described in several recent publications.

.- " In order to realize the potential of the SSFLC technology for large area flat panel video
-. displays, spatial light modulators for optoelectronic computing applications, and other devices,

improvements in every aspect of the technology are required. Our work, of course, focuses on the
FLC materials themselves. We have developed the first predictive model for the molecular origins of
the polarization in FLCs (an important contributor to the switching speed achievable), based upon the
concept that the polarization is a novel manifestation of a kind of molecular recognition occurring in the
phase. This has also been described in publications, and the basic tenets of the model have been
proven in exciting recent experiments. This work has also led to the synthesis of several excellent
FLC component classes-five patents have issued, one is pending, and several are in preparation.

Our model basically affords an understanding and some control over orientation of organic
functional groups relative to the laboratory frame in a liquid phase. While application of this paradi m
to design of FLC materials with improved properties is an important goal, ultimately we plan to use
these insights into molecular orientation to design the first liquids with high second order nonlinear
hyperpolarizability X(2). Success in this project would make possible the easy fabrication of devices

* •requiring thin films (= 2pm thick) of X(2) material over large areas for use in ultra-fast (sub-psec)
integrated electro-optic devices such as wave-guide structures.
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