Synthesis and Properties of Bis-corannulenes

Dzeneta Halilovic, Venkatachalam Rajeshkumar,t and Mihaiela C. Stuparu*

Division of Chemistry and Biological Chemistry, School of Physical and Mathematical Sciences, Nanyang Technological University,

21 Nanyang Link, 637371 Singapore.
Supporting Information Placeholder

ABSTRACT: Corannulenecarbaldehyde and corannulenylmethyl triphenylphosphonium bromide are combined through the Wittig olefina-

tion reaction to furnish dicorannulenylethene with 70% yield. A subsequent oxidative photocyclization leads to annulation of the corannulene

nuclei to produce a Cs.His nanographene structure in 59% yield. Interestingly, only the trans isomer of the dicorannulenylethene forms co-

crystals with fullerene Ceo through concave-convex and convex-convex 7w stacking interactions. The Mallory photocyclization could be ex-

tended to a phenanthrene-based diarylethene precursor to yield a large bi-corannulene system.

Corannulene is a fascinating molecular motif in the chemistry of
polycyclic aromatic hydrocarbons.'® Lawton and Barth envisioned
it in 1966 and developed the first synthesis which involved 17 steps
with an overall yield of 0.4%." Quarter of a century later, Scott’s
flash vacuum pyrolysis reduced the synthetic efforts to five steps.’
Further optimizations led to a highly efficient gas-phase synthesis
which required only three steps and provided an overall isolated
yield of 26%.° Siegel’s synthesis brought with it the advantages of
the solution-phase chemistry.” Sygula and Rabideu’s discovery that
curvature-forming step could simply be carried out under aqueous
basic conditions made the synthesis highly practical.® These syn-
thetic developments granted access to the molecule and explora-
tion of its properties. These studies established that corannulene
could accept electrons,’ participate in host-guest interactions,'® and
display a bowl-to-bowl inversion process." > Due to these proper-
ties, corannulene has emerged as a unique building block in the
design of functional materials."*" In this regard, a particularly ap-
pealing direction is to harness its curvature in the preparation of
non-planar nanographene structures.'” Scott demonstrated feasibil-
ity of this concept by synthesizing a short carbon nanotube.'® Later
Scott and Itami established the synthesis of a warped carbon
sheet.”” Recently, Wiirthner showed synthesis of a large molecular
bowl of carbon.” In these designs, corannulene acts as a bent core
and planar aromatic fragments are welded to it in a radial fashion to
expand the curved molecular structure. An alternative approach is
to increase the number of corannulenes in the system. This latter

concept to non-planar nanographenes is observed in Sygula’s ele-

2122 and trimeric®**

gant dimeric systems constructed by the Diels-
Alder chemistry.”** Significance of combining multiple corannu-
lenes in one structure can also be seen from the work of Alvarez and
coworkers in designing hosts of fullerene Ceo.”’"* Finally, works by
Scott, Shenhar, and Petrukhina indicate interesting possibilities of
bis-corannulenes in forming metal complexes.***” Inspired by these
studies, we envisaged that the photochemical synthesis, commonly
referred to as a Mallory reaction,” might allow for two corannu-
lenes to be annulated into a twin structure (Scheme 1). Such a
molecule has the potential for further fusion into a longitudinal
nanographene stripe (Figure 1). Similar to phenanthrene reactivity,
the bridge C=C positions may also be available for functionaliza-

tion in such nanostructures.

To probe feasibility of the aforementioned concept, corannulene
was converted into carbaldehyde 1 through a Rieche formylation
reaction (Scheme 1).* The carbaldehyde 1 could be reduced, bro-
minated, and transformed into the corannulenylmethyl tri-
phenylphosphonium bromide salt 2.** The Wittig reaction® be-
tween 1 and 2 generates dicorannulenylethene 3. A subsequent
photochemically-induced oxidative cyclization process then ena-
bles the annulation of the corannulene nuclei to create structure 4.
The dicorannulenylethene formation and the photochemical annu-
lation processes proceed with the isolated yields of 70 and 59%,
respectively.

Scheme 1. Synthesis of bis-corannulenes 3 and 4.
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Figure 1. Hypothetical long and shallow molecular bowl that can po-
tentially be accessed from 4.

Compound 4 exhibited significantly lower solubility in common
organic solvents as compared to 3. However, the solubilities were
sufficient for analyzing the compounds by "H NMR spectroscopy
(See Supporting Information). The 'H-NMR spectrum of com-
pound 3 appeared complex due to a mixture of cis and trans isomer
products upon the Wittig reaction. Upon oxidative photocycliza-
tion, however, the '"H-NMR simplified as both the isomers lead to
the formation of only one symmetric structure (4). A significant
downfield shift for all the signals suggested the formation of an
extended aromatic structure. MALDI-TOF mass analysis revealed
the parent ion peaks at m/z = 524.1559 (calculated for C2Ha[M]*
= 524.1565) and at m/z = 522.1411 (calculated for CsHis[M]* =
522.1409) for compounds 3 and 4, respectively (Figure S1-S2). In
UV/Vis absorption spectra, a bathochromic shift was observed for
compounds 3 and 4 when compared to pristine corannulene (Fig-
ure $3-S5). The fluorescence spectra showed emission bands in the
range of 400-600 nm (Figure S6-S8). These photophysical proper-
ties indicated that the corannulenes were electronically coupled
through conjugation of the delocalized electrons.

Figure 2. ORTEP representation of a crystal structure of cis-3 with
50% probability of ellipsoids.

Figure 3. Molecular packing in a crystal structure of cis-3.

Having efficient access to the compounds, we focused on crystal-
lization attempts in the absence and presence of fullerene Ceo. The-
se efforts led to the formation of only two types of X-ray quality
single crystals.” A slow diffusion of hexane into dichloromethane
led to the formation of yellow plate-like crystals belonging to the
monoclinic P 1 21/c 1 space group from the cis isomer of 3. The
second type were black block-shaped co-crystals of the trans isomer
of 3 and fullerene Cs formed upon slow evaporation of carbon
disulfide and belonging to the triclinic P-1 space group. The bowl-
depth of the corannulenes, defined as the mean distances between
the central five-membered ring and the mean plane of the rim car-
bon atoms, are within the range of 0.84-0.88 A in cis- and trans-3
and similar to pristine corannulene (0.87 A). The crystal structure
of cis-3 (Figure 2) consists of a layered arrangement of molecules in
which the neighboring layers alternate with respect to the curvature
of the corannulene nucleus (Figure 3). Bifurcated (2.6 and 2.7 A)
and single (2.8 A) CH-n interactions dominate within the same
layer while 77 interactions (3.3 A) dominate within neighboring
layers (Figure S9). In the co-crystals, the unit-cell consists of 4
molecules of fullerene Ce surrounded by 4 molecules of trans-3
while 4 ordered solvent (CS.) molecules occupy the remaining cell
space (Figure 4 and Figure S10). In this arrangement, each fuller-
ene Ce makes several concave-convex 7- stacking interactions
(3.2-3.3 A) with two corannulenes belonging to the two different
trans-3 molecules (Figure S11). It appears as though the trans-3
molecules create walls of a box filled with precisely arranged four
molecules each of fullerenes Cs and CS,. These boxes are in turn
held together by bifurcated n-n stacking interactions (3.1-3.3 A)



between fullerenes and convex faces of the neighboring corannu-
lene molecules.

Figure 4. Molecular packing in a unit cell of a co-crystal of trans-3 and

fullerene Coo. The color-coding reflects symmetry equivalence in the
crystal structure.

The versatility of Mallory cyclizations, in part, originates from
different synthetic methods that can lead to the formation of the
diarylethene precursors. For example, besides Wittig olefination,
Heck reaction and olefin metathesis can both give practical access
to stilbene-like precursors. In this regard, vinyl corannulene § can
be prepared from corannulenecarbaldehyde in 78% isolated yield.*
The  palladium-catalyzed  Heck  reaction  with  3,6-
dibromophenanthrene (6)* then gives rise to precursor 7 in 71%
yield (Scheme 2) (Figure $12-S14). The oxidative photocycliza-
tion reaction, in theory, can form three possible structural isomers.
Isomers 8a and 8b posses a plane of symmetry and are expected to
give a simple pattern in the 'H-NMR spectrum. Furthermore, two
singlets with a 2:1 area integration ratio are expected from the cen-
tral phenanthrene motif in 8a. The isomer 8b, on the other hand,
would present only one singlet from the central aromatic ring. It is
only in the case of 8c that two singlets are expected in a 1:1 ratio.
The 'H-NMR spectrum of the product displays two singlets at 9.5
and 10.1 ppm in a 1:1 ratio (see Supporting Information). Based
upon these observations, it is reasonable to assume that photocy-
clization of 7 leads to formation of 8c as the major isomer (yield =
94%) (Figure S15-S17).

In conclusion, dicorannulenylethene can be accessed with ease
through Wittig reaction of corannulenecarbaldehyde and corannu-
lenylmethyl triphenylphosphonium bromide. An oxidative photo-
cyclization of this compound leads to the formation of a relatively
large (CiHis) and curved z-system in good yield. Interestingly,
only the trans isomer of dicorannulenylethene forms co-crystals
with fullerene Ceo. The crystalline arrangement can be visualized as
a repeating arrangement of molecular boxes where each box is en-
closed with 4 molecules of dicorannulenylethene and contains 4
molecules of fullerene Ceo. The Heck reaction provides an alterna-
tive to the Wittig reaction and allows for insertion of a large fused
ring system in-between the two corannulenes. We are now explor-
ing the electrophilic halogenation of the bridge C=C bond in 4 as a
potential route to introduce solubilizing groups and self-assembling
synthons in the molecular structure. Such modifications will allow
further investigations into the covalent (e.g., Scholl reaction for

complete fusion of the molecular structure) and non-covalent (e.g.,
metal organic frameworks) chemistries of the presented new struc-
tural motif.

Scheme 2. Synthesis of bis-corannulenes 7 and 8.
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