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ABSTRACT

Bowtie Conformation

Butterfly Conformation

The syntheses of two distinct families of phenylyne helical cyclophanes with potential for organic materials are described. The meta-bonded
atropisomers afford interesting bowtie-like and butterfly-like conformers from a palladium(0), copper-mediated coupling sequence. Molecular
modeling revealed the contrasting stereochemistry in these systems from differential molecular folding pathways during cyclization. The

interplanar separation of the superimposed aromatic rings is ~3.5 A.

Carbon-rich molecules with 60 or more carbon atoms are and nonlinear optics applications, as well asstacking
currently of widespread interest, particularly if they have between aromatic systerfis.
potential to eventually generate new fullerenes and related We have established previously tipatra-cyclophanes with

structures.

eneyne bridges composed of double bonds and/or benzene

Experience has demonstrated that despite careful desigrfings may be prepared by sequential palladium(0) and
of suitable building blocks, the experimental realization of copper(ll)-mediated coupling reactiofts. The combination

these goals is frequently thwarted by nattifénis is reflected
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cyclophane’ and assorted cage compouhdsith novel
shapes and supramolecular geomefriEisese investigations

have encompassed the incorporation of molecular architec-

tures with shape-persistent characteriéfiosliquid crystalg
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of the number and type of unsaturated linkages in these ||| NNEGKGGGNGNGNGEGEEGEEEEEEEEEEEE

compounds creates a twisted conformation that imparts
helical chirality to the assembled molecéfConsequently,

the preparation of C60 acetylenic cyclophanes that possess
different molecular conformations and variable through-space
interactions are also of interest.

Compoundd and3 each possess 60 carbons but differ in
the acetylene bridges employed and the point of attachment
to the benzene cap. Cyclophahegossesses para-(1,4)-
bridged phenyl skeleton, while cyclophaBds composed
of meta-(1,3)-bridged benzene caps. Due to the frequent
insolublity of these unsaturated hydrocarbons, we and others,
have circumvented this difficulty by alkylamine substitu-
tion.2%411 Consequently, we decided to synthesize and Figure 1. Aceylenic, 60-carbon atom macrocyclic cyclophanes
investigate the properties of the more soluble amine- with (para- andmeta-substituted capping groups).
substituted cyclophane® and 4 in order to gain further
understanding of various features, including their helical
geometry, through-space interactions, and preferred confor-n-BulLi (2 equiv) and quenching with ZnBrto give 7.
mations from various molecular folding pathways. Subsequent one-pot desilylation/coupling withGO; and

Symmetrical double dissection between the tetrayne Cu(OAc)-H2O in pyridine/methanol (1:1} led to tetrayne
bridges of cyclophan@ suggested that dimerization of a 8 in 92% yield. Exposure to tetrabutylammonium fluoride
suitable C30 precursor would be an attractive building block. afforded chromatographically (Siunstable acetyler@that
However, when this C30 precursor was subjected to our one-was reacted directly with 1-bromo-4-iodobenzene (2 equiv,
pot desilylation/coupling procedure, only the intramolecular Pd(PPB)Clz, Cul, E&N) to give the desired dibromid0.
product was formeéf This compound also decomposed during chromatography.

Consequently, a stepwise approach to the C60 cyclophanelherefore, the coupling with 1-bromo-4-iodobenzene was
core with early assembly of the tetraoctyne moiety was repeated and its disappearance was monitored. Once all of
investigated (Scheme 1). lodidg underwent a Negishi the iodobenzene was consumed, Pd(PRCNand P{-Bu)'
coupling with the organozincate derived fraris-4-chloro- were added and the reaction was heated to reflux. Dropwise
1-trimethylsilyl-but-3-en-1-yne )2 upon treatment with  addition of a second equivalent 8fled to cyclophan& as
desired. The use of this improved ligand for Pd(0) coupling
reactions greatly facilitated the stepwise construction of this
Scheme 1. Synthesis of Cyclophari: cyclophgne macrocycle. This protocol is also gseful fqr the

_ synthesis of unsymmetrical cyclophanes with nonlinear
/_\ cl optical potential.
-BusN | TME 6 n-BuzN =—=—TMS Proton and carbon NMR spectra revealed thadopted
a highly symmetrical conformation in solution (Figure 2).

Figure 2. Proposed conformation of cyclophage

In contrast to our experience with related cyclophaiiés,
cyclophane2 was conformationally stable at room temper-
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ature. This is expected since isomerization requires thedimethylformamide (DMF). Aldehydé&1 was then treated
adoption of a strained, planar, rectangular-like intermediate. with Ohira’s reagent2)}” followed by K,CO; in MeOH
Molecular modeling (Figure 3) and NMR data were con- to yield acetylend 3. A Cadiot-Chodkiewicz alkyne cross-
sistent with aC,-symmetric conformation o2. coupling reaction ofl3 with dibromide14 gave the amino-
substituted C30 precursdsb required for the dimerization
experiment. This hexyne was then transformed by our in situ
disilylation/coupling protocol with TBAF and Cu(OA£¥

|
to afford two new molecules (15% yield) that were consistent
with the generic cyclophane structude However, this flat
cyclic representation off does not accurately reflect the
actual conformation of these molecules.
The two isomers of cyclophaewere separated via size-
exclusion semiprep HPLC. The major ison#kr displayed

higher symmetry than the minor isomélp (4a/4b 3:1) on

the basis of their proton and carbon NMR spectra. Unfor-

tunately, crystalline samples suitable for X-ray analysis could
Figure 3. Molecular modeling representations of tbgsymmetric, not be obtained. However, computer-based molecular model-
helical conformation of cyclophari ing revealed that two different isomeric conformers were
possiblet® These symmetrical isomeric “bowtie-like” and
“butterfly-like” structures, 4a and 4b, respectively, are
illustrated in Figures 4—6.

Our previous observations regarding the competition
between acetylenic intramolecular and dimerization reactions
revealed that the favored reaction was dictated by the termini
separatiort® The intramolecular alternative was inhibited _
when the reactive acetylenic termini were separated by more
than 7.5 A. Consequently, the dimerization strategy toward
cyclophane4 was particularly attractive, as the termini
separation was approximately 10.7 A. Cycloph@nwas
synthesized by our established dimerization protocol. Un-
fortunately, iodides failed to undergo a direct Sonogashira
coupling reaction with trimethylsilylacetylene under a variety
of reaction conditions (Scheme 2). To overcome this chal-

Scheme 2. Synthesis of Cyclophané?
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4b Butterfly Conformation

= Figure 4. Figure 4. Proposed conformations of cyclophadas
14 and4b.
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(d)l Cyclophane conformefa possesseS,, symmetry, while

cyclophane4b belongs to the lower symmetr§, point

group. This creates an environment in which the aromatic
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Figure 6. Figure 6. Molecular modeling representation of the
v butterfly-like, C,-symmetric conformation of cyclopharb.

Figure 5. Figure 5. Molecular modeling representation of the 7-stack. Themetaisomer follows different molecular folding
bowtie-like, Cor-symmetric conformation of cyclophama. pathways during the macrocyclization reaction to generate
two atropisomers4a and 4b, as depicted in Figures—.

These acetylenic, shape-persistenstacked C60 cyclo-
m—n stacking interactions between the capping phenyl rings phanes with modified functional groups possess interesting
in each structure are quire similar despite their pictorial potential. New families can be designed with different
appearanc® The interplanar separations for the super- molecular conformations, variable through-space interactions,
imposed aromatic rings ida and4b are 3.55 and 3.52 A,  and modified levels of unsaturation. These features hold
respectively. These “sandwich-like” arrangements are clearly promise, with appropriate substitutents, for the preparation
evident, and these values are similar to theoretical numbersof different types of discotié! nematic, and ferroelectric
calculated for the parallel dimer of benzene itgelf. liquid crystals?> metallomesoger?s,and electronic deviceX.
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