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Syntheses of Functionalized and Aggregating Helical
Conjugated Molecules**

Thomas J. Katz*

Although almost 100 years have passed since Meisenheimer
and Witte prepared the first helicenes—helical molecules
comprised of ortho-fused aromatic rings—it wasn’t until
Newman pointed out their chirality and in 1955, with Lednicer
synthesized the first in nonracemic form that they attracted
general interest. Many helicenes were prepared after Martin
showed that all that was required was to expose diaryl-
ethylenes to light and oxidants.l'l Never-
theless, although their helical structures
could be imagined to endow unusual and
useful physical and chemical properties,
in the half-century after Newman’s
synthesis, almost no application was
found for helicenes. The reason was
probably that the photochemical proce-
dures gave neither appreciable amounts
nor materials with significant functional
groups.

However, during the past few years
the combination of bis enol ethers of
diacetyl aromatic species with p-benzo-
quinone,™ supplemented by an efficient
procedure for effecting the required
resolutions,! has provided large quanti-
ties of helicenes with five to eight fused
carbocyclic and heterocylic rings. Their
availability in turn has led to two kinds
of discoveries that promise to make
helicenes useful. One relates to the idea
that, like planar aromatic compounds
surrounded by alkyl chains, appropriate
helicenes also might stack into long
columns in the liquid phase, in solution,
or as solids (see structure 1). However,
unlike the columnar discotic liquid-crys-
tal phases formed by planar aromatic
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species, those of nonracemic helicenes should twist into large
corkscrew configurations. The first examples were structures 2
and 3.5+ 4 In the case of 2, the twisted columnar configuration
makes the pure material exhibit a unique, long fibrous
morphology, very large circular dichroisms and specific
rotation. Because of the mobile electrons and noncentrosym-
metry of 2, a large second-order nonlinear optical response is
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observed.Pl In the case of 3, the organization into columns
has made it the first helically twisted columnar discotic
liquid crystal.*l The other application for which helicenes
have shown promise is in asymmetric catalysis. Although only
two helicene-based catalysts are now known, [ the availability
of functionalized helicenes in large amounts might be
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expected to stimulate the design, synthesis, and application of
others.

A number of recent efforts have been directed at finding
other ways to obtain helical, conjugated molecules but only a
few can be mentioned here. One interesting and previously
unexplored way uses the trimerization of acetylene to prepare
helicenes.? Another dispenses with helicenes and instead
ingeniously twists a polyacene around its long axis.¥l Other
methods eliminate parts of the helicene framework. Deriva-
tives of 4 are examples, some of which have been shown to
exhibit remarkable properties as switches and unidirectional
molecular rotors.’! Still others use cyclophane scaffolds to
bind and twist stacks of substituted benzenes.['”) Finally, some
ways eliminate completely the need for a rigid structure to
construct unsaturated molecules designed to adopt a helical
conformation.' 12l Of these last methods, that of J.-M.
Lehnl'!sl and his coworkers, is discussed in greater detail
below. This work is related to that of Moore et al., who, in a
superb series of papers, showed that solutions of oligo-
(m-phenylene ethynylene) 5 (and related structures) in an
appropriate solvent (acetonitrile) adopt helical conformations
and that the direction of the helical winding can be
determined by chiral centers in the molecules.[''*?]

The idea that Lehn et al. have pursued in a number of
recent publications is based on the principle that 2,2'-
bipyridine adopts an s-trans conformation. Lehn attributes
this preference to three effects: attraction between the
nitrogen lone pairs and adjacent C—H atoms, repulsion
between nitrogen-centered dipoles, and repulsion between
the 6,6'-C—H atoms. The consequence, as illustrated in
structure 6, is that if the carbon atoms adjacent to the
nitrogen atom of pyridines are united with the carbon atoms
adjacent to the nitrogen atoms of various diazenes, the
resulting structures are oligomeric derivatives of 2,2'-bipyr-
idine. Because the bonds to the pyridines are in a meta
relationship (as in 5), the oligomers are bent; because the
nitrogen atoms of the 2,2’-bipyridine substructures prefer to
be trans orientated, the conformation adopted should be
helical.l'¥] That the structure of 6 is helical is evidenced by the
positions of the NMR signals corresponding to the outermost
protons of the end pyridine rings. These signals are at higher
fields than in simple pyridines, which can be explained if the
protons are subject to the ring currents of cofacially disposed
benzene rings.

Similar, although smaller, structures with similar properties
have been reported before.l'' New in the most recent paper is
that the helical oligomers aggregate, supposedly into the kinds
of columnar stacks (structure 1) that are formed by the more
rigid helicenes 2 and 3. Moreover, pairs or triplets of columns
are thought to twist about one another. Evidence that the
molecules aggregate in solution is good: Solutions in CH,Cl,
and in pyridine are viscous and gel, the molecular weights
(according to vapor pressure osmometric analyses) of the
molecules as 2 —18 mm CHCI, solutions!!*l are 2.5 times that of
monomeric 6, electron micrographs of freeze-fractured gels
show fibrous structures, and the chemical shifts of the
aromatic protons in solutions of CHCl; change with concen-
tration. Evidence that the aggregates are columnar and that
the columns twist about one another is less strong. For the
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columnar structure, this evidence is that the direction of these
NMR shifts are all upfield, which is the same direction that
aromatic proton resonances of planar discotic molecules shift
upon aggregation.['”] For the columnar twist, the evidence is
features in the electron micrographs of the freeze-fractured
gels but these are not clearly related to the proposed
structural model. Evidence for the twisted aggregate struc-
tures from other methods, such as electron- or X-ray
diffraction, absorption or emission spectroscopy, polarized-
light microscopy, or scanning-probe microscopy is, as yet, not
available. However, the most interesting results to be
anticipated would be from studies that could be carried out
when the flexible structures are obtained in a nonracemic
form: How circular dichroisms, specific rotations, transport
properties, and other properties depend on concentration.
Lehn draws particular attention to the transport properties
because the diameter of the central cavity in 6 is large (8 A).
The channels formed by stacks of derivatives of 6 could
therefore be similarly large. Moreover, their pitch should be
more flexible than in aggregates of helicenes such as 2 or 3.

A completely different approach to functionalized helical
conjugated structures is suggested by the recent syntheses of
1,10-phenanthroline-N,N'-dioxides (7).'! Even though the
structures are simple, it was only during the past three years
that they were synthesized. Although it should be possible to
prepare them by oxidizing 1,10-phenanthrolines, an effective
oxidizing agent remained unknown until Rozen recently
showed that HOF - CH;CN was effective. This novel oxidant is
formed when fluorine is passed into aqueous acetonitrile.
Previously, the only way to obtain the structure was a clever
method by Antkowiak and Antkowiak that, following the
precedents for preparing 4,5-disubstituted phenanthrenes,
constructed the fully aromatic structure only after the nitro-
gen atoms of a dihydro- (and therefore nonplanar) derivative
of phenanthroline had been oxidized.'” The 1,10-phenanthro-
line-N,N'-dioxides have within their helical structures possibly
useful functional groups that are polar and that should ligate
to metals. It remains, however, for these dioxides to be
obtained, as 4,5-dimethylphenanthrene has been,'® in non-
racemic form and for the direct oxidation to be applied to
higher helicenes, such as 1,16-diaza[6]helicene.[*”]
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B—H Bond Activations in the Alkane Analogues H;B - PR,

Warren E. Piers*

The selective, catalytic functionalization of normally inert
C—H bonds has been called one of the “Holy Grails” of
chemistry.l'! Consequently, much effort has been expended
towards understanding the mechanism of C—H bond activa-
tion by homogeneous transition metal compounds. In con-
trast, comparatively little has been done on the activation of
bonds in compounds which are isoelectronic to alkanes. The
relationship between BH,~ and CH, has been noted, but
analogies between complexes formed through ligation of
BH, ™ and the more elusive o complexes of CH, are tenuous,
based on the obvious difference in charge for these two
species. For instance, with the exception of a few examples,
BH,~ tends to bind metals in an 5? fashion, while CH, has
been computationally predicted to assume an 7!, end-on
bonding posture.?! Thus, while the borohydride complexes
[(CO)M(n*BH,)]~ (M =Cr, W) are known,P! they serve as
poor structural models for the methane complexes [ (CO)sM -
CH,] observed when [M(CO),] is photolyzed in a methane
matrix.“!

To eliminate this difference and provide a more useful
chemical analogy, Shimoi et al. have recently examined the
photolysis of [M(CO);] in the presence of H;B - L (L =PMe;,
PPh;, NMe;),Pl methane analogues which are both isoelec-
tronic and neutral. The products isolated, in excellent yield,
are remarkable 5!-borane complexes of the M(CO); fragment
that contain an unsupported M-H-B interaction (exemplified
by 1; Scheme 1). The increased stability of these alkane-
analogue o complexes allowed for complete characterization,
including four examples crystallographically.

All the structural and spectroscopic data for [(CO)sM-
(n'-BH;-L)] support a bonding picture in which ¢ donation
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from a B—H bond into the a; orbital of M(CO)s is the
dominant feature of the interaction. Molecular orbital calcu-
lations show that 7t back donation from M(CO)s to H;B-L is
negligible, a combination of the poor & donating ability of the
former and the high energy of the B—H o* orbitals. These
complexes are more stable than the alkane complexes due to
the greater degree of polarization and electron richness
inherent in the B—H bond in H;B - L as opposed to the C—H
bonds in CH,. Interestingly, #?> complexes are not observed
upon further photolysis, although the same authors have
shown that related species, for example 2, are formed when
[M(CO),] is photolyzed in the presence of diborane B,H,-
2PMe; (Scheme 1).1 Taken together, the experimental and
computational data on the #' complexes provide convincing
support for a valid and valuable analogy between complex 1
and the methane adducts [(CO)sM - CH,].> ¥ The nature of
these adducts also has implications for the reaction pathway
for B—H bond activation, which was investigated in a
subsequent paper by these same authors.[’!

Photolysis of a metal carbonyl that contains a somewhat
more electron rich metal center, and also a sacrificial alkyl
ligand, in the presence of the borane-phosphane alkane
analogues leads to formation of Lewis base stablized boryl
compounds. Photolytic loss of CO from [Cp*M(CO);CH;]
(M =Mo, W, Cp* = CsMes) generates “[Cp*M(CO),CH;]”, a
highly reactive molecular fragment capable of interacting
with X—H o bonds. When those bonds are the B—H bonds of
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