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Introduction

The formation of discrete supramolecutantities driven and
held together through metal coordination hasmained an

intense area of study for the past decade. An attractive feature odue to the fact that longer linker ligands

Most hitherto accessible systerhadbeen derived fronmetal
ions having two labile coordination sites available in @s
arrangementandwith few exceptions,all had generally been
one nanometer or less in size. Thiwsitation waspresumably
tend tgive

this methodology ishe rational design of diverse structures of inseparable mixtures of triangles and squares becaugeeafer

predetermined shape, sizeand functionality based on
symmetry considerations. Creating new supramolecular
architectures testsand refines our understanding of the
fundamental principles of moleculaelf-organization.
Typically comprising a backbone of multi-dentsaeomatic
bridging ligands joined throughtransition metals, these

flexibility. Thelinear building blocksused inthis study were
obtained by doubleoxidative addition to simpledihalo-
aromatics. The self-assembly reactionsvere found to be
quantitative by NMR, and their tetrameric natuvas confirmed
by ESI-massspectrometry.The calculateddimensions of the

smallest square assembly were approximately 2.6 nm along the

inorganic nanostructures have demonstrated promise as a nesideand3.5 nm across the diagonal. Additionallgpst-guest

class of functional receptor moleculé&’hen consideringthat
metal-containing macrocycles often possessmagnetic,
photophysical, and/or redox properties not accessible to
purely organic systems, such studies in basichost-guest
chemistry havebroad implications for technologiessuch as
molecular sensing, separations, aradalysis.

This dissertation presents severaw approachesfor the
rational designand effective synthesis ofmetal-containing
supramolecular species in the form bbth discrete and

infinite, two- andthree-dimensional nanoscopic architectures.

The shape, sizeand functionality of the resultant structures
were pre-determined by the chemitaformation encodednto
the molecular subunitsfrom which the assemblies were
formed.

Chapter 1

This chapter reports a series of moleculsquares of
unprecedented sizand dimensions thatwere assembledfrom
90° corner unitsanddimetallic Pt(ll) linearlinkers (Scheme 1,
iodonium corner unitsvere used asvell, butarenot depicted).
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experimentsshowed metalm—complexation athe corners of
the square led tadhe uptake offour silver(l) cations (Scheme
2)3
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Scheme 1. Self-assembly of nanoscopic molecular squares.
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Scheme 2. Macrocyclic t-complexation of four silver(I) cations.

Chapter 2

As lower symmetryhosts can ultimately be expected to
show enhanced selectivity, especially toward plaaramatic
guests, rectangles represent a logical progression in the
development of this area. Despite their relatsienplicity,
molecular rectangles havemainedrelatively uncommon. A
rational basisfor this dearth is that mixed ligandpecies
have rarely been observede., the combination ofmetals

with different length ligandsusually leads tocomplexes
containing onlyone type ofligand. Hence, the difficulty in
the construction of rectangular architectures lies in the
necessity of designing a building unit wittvo parallel
coordination sites facing in the sard&ection.

Chapter 2 describes th&pontaneous self-assembly of a
series of molecular rectangles thag¢reaccessed through the
use of a pre-designed molecular “clip” (Scheme 3).
Characterization was accomplished with FAB mass
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Self-assembly of molecular rectangles.



spectrometry, NMR and UV-vis spectroscopy, and the
structures firmly established by X-ray crystallograpthich
showed that théengths ofthe rectangles rangeom 2 to 3
nm. Crystal structuresvere obtained forfour of the five
rectangles — a representative example is showRidgnre 1.
Mechanistic studiesshowed the effect thasolvent and
counterion have on the thermodynanaicd kinetic stability
of the assemblies, respectively. Additionallyhe dynamic
behavior of the assembliesasprobed byNOESY NMR.* Of
particular significance was the observation that, once
formed, the structuresould be irreversibly locked in place by
nonnucleophilic counterion exchangé€his resultsuggested
active participation of the counterion as a nucleophile in the
self-assembly processnd implies a mechanisnfor self-
correction via associative ligarglibstitutior’.

Chapter 3

In the third chapter the utility of the molecular “clip” was
extended tothree-dimensional constructs in thierm of
trigonal primatic cages (Scheme 4X-ray crystallography
showed the cages range from 1 x 2 nm to 1 x 4 nreize.
The assembly of the smallest coordinatiosage was
accompanied by the incarceration of a nitrate anion within its
molecular cavity (Figure 2), and could not be exchangeen
in the presence of very large excesses of otlemterions.
The aestheticnature of the crystalpacking of thelargest

Figure 1. Top: X-ray structure of the molecular rectangigth the structure is depicted in Figure 3.

platinum-containing bridging ligandBottom: Crystal packingdiagram.
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Scheme 4.Self-assembly of prismatic coordination cages.



Chapter 4

Both coordination-driven self-assemblynd hydrogen
bonding have proven to be powertabls for the formation
of a widevariety of discrete supramoleculapecies.Farless
common, however, have been studidisected toward the
simultaneoususe ofthese twodistinct bonding motifs. Of
fundamental interestare network solids assembledvith
combined structural themes. Here wéractiveness ofuch a
design principle lies not only in thgynthesis of materials
with new andpotentially useful properties (e.g.,magnetic,
optical, mechanical, etc.), but farther our understanding of
the significance of particular intermoleculateractions and
arrangements. Specifically, a hybrid motif benefitsm the
generally predictable three-dimensional arrangement of
metal-ligand interactionswhile offering the versatility of
organic functionalty as a means to drivand preserve the
assembly.

The final chapter describes infinite supramolecular
structures thatwere obtained by allowing metatomplexes
with two and three pendantcis functionalities capable of
multiple hydrogen-bondingnteractions tocrystallize gide
infra). The first structure, derived from Pt(lidns, resulted in
infinite, single-stranded chain@igure 4), while thesecond
structure, a Rh(lll)complex, gaveinfinite, inter-woven
double-stranded chains (Figure 5). bontrast to purely
organic hydrogen bonded networks based on nebtrading
blocks, these structuresowe their stability to the
convolution of hydrogen bonding interactions in the
presence of ionic forces. Incorporation roétal atoms may
allow us to not onlyexploit new topologies, but also to
endow the target structures withdistinctly inorganic
Figure 2. Top: X-ray structure oBaviewed along the, axis. Bottom: properties. Although a high degree of predictability as of yet
Space filling representation viewed along @yeaxis. remains unrealized, thesebservations confirm that the
ligand domain may be manipulated to as itdluence the
microstructure of inorganic/organic hybnidaterials’
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Figure 3. Crystal packing diagram &c as viewed down the {001}
direction.
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Figure 4. Infinite zigzag chains formed by head-to-heaide-amide

hydrogen bonding interactions in the Pt(Il) complex. Figure 5. Two different perspectives (A and B) illustrating the
interwoven strands of the supramolecular structure of the Rh(lll)
complex.
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