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Five-fold symmetric penta-substituted corannulene

Cite this: Chem. Commun., 2013,
49, 7204

phaset
Received 26th February 2013,
Accepted 14th June 2013

DOI: 10.1039/c3cc41476k

www.rsc.org/chemcomm

Five-fold symmetric substituted corannulene derivatives that display
liquid-crystalline behavior and organogelation properties were
prepared by coupling of N-azidoethyl long-chain fatty acid amides
to sym-pentabutynyl corannulenes via dipolar cycloaddition
chemistry.

Corannulene (1) is a bowl-shaped aromatic system that displays
physical properties differing from those of planar n-conjugated
analogs.” Its conical symmetry dictates different electron
densities on its concave and convex n-faces, the magnitude of
which leads to a dipole moment of roughly 5 D;* therefore, a
material comprising derivatives of 1 ordered in a columnar
manner might orient in an electric field and show ferroelectric
properties.* So far, columnar order of corannulenes has been
observed in the solid state for few corannulene derivatives®
and in the liquid-crystalline mesophase for deca-substituted
corannulenes.® The recent kilogram scale synthesis of corannulene”
and the development of a facile procedure for the preparation of
several Cs-symmetric penta-substituted corannulenes® opened the
road to synthesize a family of lipid-corannulene conjugates and to
screen their physical and chemical properties.

Three sym-pentakislipido-corannulene® derivatives (2, 3 and 4)
are the focus of this study. Chlorination of 1 leads to the
sym-pentachlorocorannulene (5),'® which represents the key
synthetic intermediate en route to Cs-symmetric substituted
corannulenes (Scheme 1).** Iron-catalyzed five-fold coupling of
the homopropargyl magnesium agent X with 5 followed by base
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with gelation properties and a liquid-crystalline
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Scheme 1 Reaction conditions: (i) 1Cl, DCM, from —75 °C to rt., 82 h. (ii) 1.
1-Trimethylsilyl-4-butynyl magnesium bromide, Fe(acac)s, THF/NMP, r.t, 2.5 h. 2. NaOH,
MeOH/THF/H,0, rt, 24 h. (i) RN3, Cu nanoparticles, DMF, microwave, 60 °C, 2 h.

mediated removal of the terminal TMS groups yields 6. The
desired conjugates, 2-4, are then obtained in high yield and
purity by CuAAC activated dipolar cycloaddition between 6 and
the respective alkyl azide.'”

The phase behavior of 2, 3 and 4 was initially studied by
differential scanning calorimetry (DSC) and polarized optical
microscopy (POM) (Fig. S1, ESIf). For 2 thermal signatures
characteristic of phase transitions were observed at 132 °C
and at 99 °C in the DSC cooling scan, and the birefringence
texture in the POM images was consistent with the presence of
a liquid-crystalline phase. For 3 neither thermal signatures
characteristic of phase transition in the DSC scan nor birefringence
in the POM images were observed. For 4 DSC cooling scans
revealed transitions at 80 °C and 30 °C and again, birefringence
of the liquid phases indicated the presence of a liquid-crystalline
phase, however only beyond the melting at 30 °C.

Small- and wide-angle X-ray scattering experiments (SAXS and
WAXS) were performed in order to obtain more information
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Fig. 1 (a) 2D wide and (b) small angle X-ray scattering (WAXS, SAXS) patterns of
2 and (c) the 1D scattering intensity distribution of 2, 3 and 4 after annealing.

about the supramolecular organization of 2 at room tempera-
ture (Fig. 1). In the wide-angle region, an isotropic halo
indicates the liquid-like behavior of the component without a
specific m-interaction peak (Fig. 1a). In the small angle region,
the appearance of a strong reflection followed by a weak second
order reflection at q,:q; = 2:1 suggests a lamellar phase
(Fig. 1b). The azimuthally integrated X-ray scattered intensity
shows the Bragg reflection of lamellae with a layer-to-layer
distance of 4.4 nm after sample annealing (Fig. 1c). Transmission
electron microscopy (TEM) images of 2 were acquired to visualize
the lamellar structure (Fig. 2a) and a very long-range ordered
lamellar phase was observed, with a d-spacing of 4.1-4.3 nm
measured after Fourier transformation, in good agreement with
the X-ray analysis.

The gelation properties of 2 in organic solvent, IPA-water
and ethanol-water mixtures were screened in order to study
its propensity for molecular aggregation.”>'* In cyclohexane
(1 w/w%) and methylcyclohexane (2 w/w%), 2 forms gels with
fully thermoreversible behavior upon cooling after being heated
to 60 °C. Analysis by POM and SWAXS of the gel in cyclohexane
did not show any birefringent phase or ordered structure.

To get further information about the orientation of corannulene
cores with respect to each other UV-vis and emission spectro-
scopies'* were performed (Fig. S2 and S3, ESIf). Quenching of

(b)

Fig. 2 (a) Transmission electron microscopy (TEM) image of compound 2 with
a lamellar structure. The insets show the Fourier transformation (FFT) and a
zoom-up of a lamellar domain (edge size of 50 x 45 nm). (b) A possible molecular
model of the molecular organization in the lamellar structure.
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the fluorescence was found with increasing concentration of 2.
However, the absorption spectra do not show any hypsochromic
or bathochromic shift, which augurs poorly for the existence of
n-stacked structures in the gel as well as H- and J-aggregates.

To study the influence of hydrogen bonding on the formation
of the gel, IR spectra were measured as a function of concen-
tration of 2 in cyclohexane."® Upon increasing concentration of 2
and gelation, neither of the amide bands (C—O, N-H) were
shifted (Table S4, ESIt). Thus, no evidence for the formation of
hydrogen bonds in the gelation process was found. These
findings for 2 suggest a molecular model in which the micro-
phase separation of the corannulene core and the symmetric
substituents drive the molecule into a lamellar structure
with partially interdigitated alkyl chains (Fig. 2b) and reduced
symmetry compared to the molecule itself. In the presence of
solvent, the microstructure of 2 is lost in the gel.

SAXS and WAXS studies on 3, bearing a short saturated tail,
reveal only a diffuse peak, indicative of a correlation hole at
2.5 nm and corresponding to chemical heterogeneities on the
scale of the molecule.’® Furthermore, 3 does not show any
gelation behavior and is solely observed as an isotropic liquid.

The SAXS and WAXS studies on 4, the direct saturated
analog of 2, reveal the presence of a partially crystallized phase
at room temperature (Fig. 1c). In cyclohexane (1 w/w%) 4 forms
gels with fully thermoreversible behavior upon cooling after
being heated to 60 °C. Similar to compound 2, FTIR, UV-vis and
emission spectra of gels of 4 in cyclohexane suggest the absence
of any ordered supramolecular organization or H-bonding net-
work in the gel phase."

In summary, these results show that the nature of the
hydrocarbon chains influences the phase behavior and the
gelation properties of Cs-symmetric pentakislipido-corannulene
derivatives. Specifically, 2, functionalized with oleyl chains, forms
gels in cyclohexane and, as a neat substance, exhibits a room
temperature liquid-crystalline phase, with lamellar order and a
4.4 nm layer-to-layer spacing. In contrast, 3, with short saturated
chains showed no appreciable LC or gelation properties, and 4
appears in a partially crystallized phase and forms gel only in
cyclohexane. The promising results for 2 and the versatility of
the synthetic strategy provoke one to consider a wide library of
molecularly engineered sym-penta-substituted corannulenes
suitable for numerous materials applications.
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