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Abstract — Four chiral N-heterocyclic monoindenocorannulenes were prepared by
fusing pyridine, quinoline, and indole across the peri-positions of corannulene via
tandem Suzuki-aryl-aryl coupling and C-Cl activated ring closure reactions. The
UV-Vis, fluorescence, and CV properties of these N-doped polynuclear aromatics
are discussed. Resolution of enantiomers is performed on chiral stationary phase
HPLC and the absolute configurations are assigned by comparison of

experimental and quantum mechanically predicted ECD spectra.

INTRODUCTION

N-Heterocyclic aromatics are widely distributed in biomolecules and pharmaceutics.! Pyridine is a key
component of soluble coenzymes, aiding in biological processes.? Quinoline and indole are versatile in
medicinal chemistry, as they are components of a large number of pharmaceutically active molecules.>”’
From the perspective of Lipinski, nitrogen atoms serve multiple purposes including increasing water
solubility, adding alkaline functionality, and increasing hydrogen bond accepting capacity.® Pyridine and
indole are considered as bioisosteric replacements for phenol group.’ In contrast, polynuclear aromatic
hydrocarbons (PAHs) are characteristically sparingly soluble in water, weak bases, and poor hydrogen
bond acceptors. N-Doping polynuclear aromatic hydrocarbons with heteroatoms offer a wealth of
molecular designs with tailored physical properties. Curved aromatic hydrocarbons with embedded
nitrogen atoms are few, but pioneering examples can be found in nitrogen-embedded corannulene

derivatives prepared from penta-aryl pyrroles,!®-14

as well as nitrogen and sulfur rim-doped bowl-shaped
aromatics.!>!8 More recently, corannulene derivatives fused with pyridine and thiophene have been
investigated with a focus on chiral modification and photo/electro-physical tuning.!®?* This study
highlights methods toward the hybridization of canonical N-aromatic heterocycles like pyridine,
quinoline, and indole with corannulene to form a new set of chiral resolvable lead N-doped PAHs, the

assignment of their configuration, and the characterization of their electrochemical and luminescent

properties.
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RESULTS AND DISCUSSION

Molecular Design and Synthesis

The origins of these molecular designs come from previous work on hybridizing planar and curved PAHs.
Here the hybridization partners are corannulene and a subset of canonical N-heterocyclic aromatics
(pyridine, quinoline, and indole). This design is exemplary but not exclusive or by any measure privileged.
Specifically, fusion across the peri-position of corannulene (indeno fashion) affords a plausible modular
chemical synthesis (Figure 1a), as well as good precedence that the fusion will impart structural rigidity
toward bowl-inversion on the laboratory time scale.?! Desymmetrization with functional groups or
heteroatoms renders the bowl-conformers chiral and slowing the rate of inversion makes resolution and
configurational stability a practical goal, as seen in the case of rim-substituted X-indenocorannulenes??
(Figure 1b) and sym-pentaindenocorannulene derivatives (Figure 1¢).?* In addition, molecules hybridized
by corannulene and helicene were designed and synthesized, whose chirality was derived from both bowl
inversion and fused helical parts.>* Recognizing these chiral indeno derivatives do not conform to CIP
nomenclature; the specific configurational descriptor (= and %), established and reported previously, is

applied here.?

Figure 1. (a) Retrosynthetic analysis of N-heterocyclic indenocorannulene analogs; (b) illustration of =
and ¢ configurations with X-indenocorannulenes; (c) example of chiral sym-pentaindenocorannulene
derivatives.

A robust and facile synthetic strategy for heterocyclic monoindenocorannulene derivatives is achieved via

Suzuki-coupling and C-Cl activation (Scheme 1). Pyridine, quinoline, and indole were successfully fused
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to corannulene (1), rendering four chiral N-heterocyclic monoindenocorannulenes (4-7).
Monoiodocorannulene (2) was obtained from 1 by NIS in dichloroethane under the catalysis of BF3-Et,O
at gram scale. Subsequent borylation rendered (Bpin)corannulene (3) as yellow powders in 72% yield.
Precursors 4°, 5°, and 6> were prepared via Suzuki-coupling of 3 with 3-bromo-4-chloropyridine,
3-bromo-2-chloroquinoline, and 5-bromo-6-chloro-N-methylindole. Palladium-catalyzed intramolecular
arylation of 4’-6’ generated four different heterocyclic monoindenocorannulenes, 4, 5, 6, and 7, in 30%,
31%, 24%, and 8% yields respectively. Compounds 6 and 7, in an average ratio of 3:1, were separated by
preparative HPLC. The physicochemical properties of 4-7 were characterized by UV-Vis, fluorescence,
CV, and X-ray diffraction.
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Scheme 1. Synthetic route of heterocyclic monoindenocorannulenes: (a) 3-bromo-4-chloropyridine,
Pd(dppf)Cl,, Cs2CO3, THF, 95 °C, 1 h, 59%; (b) 3-bromo-2-chloroquinoline, Pd(dppf)Cl», Cs>CO3, THF,
95 °C, 2 h, 73%; (c) 5-bromo-6-chloro-N-methylindole, Pd(dppf)Clz, Cs2COs3, THF, 95 °C, 2 h, 82%; (d)
Pd(PCy3).Cl,, DBU, DMACc, 170 °C, 3 h, 30% for 4, 31% for 5, 24% for 6, 8% for 7.

Resolution of Enantiomeric Bowl and Their Absolute Configuration

Because of the slow inversion of indenocorannulene and unsymmetrical nitrogen doping and aromatic
ring, 4-7 consist of bowl-shaped mirror image conformers. The chiral conformers of 4-7 were resolved by
HPLC on chiral stationary phases. Specifically, enantiomers of 4 were resolved on Chiralpak®-IC, of 5§
on Chiralpak®-IF, and of 6 & 7 on Chiralpak®-IE (Figure 2). Absolute configuration of these chiral
bowl-shaped entities cannot be categorized according to “Cahn-Ingold-Prelog” rules. Assignments are

archived by the ad hoc £= and & characters defined previously.??> The configurations are assigned by
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comparison of experimental and theoretical ECD spectra in the context with a reference I= or ¢
structure.
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Figure 2. Analytical HPLC chromatograms over chiral phase: (a) 4, Chiralpak®-IC,

heptane/dichloromethane/ isopropanol/triethylamine; (b) 5, Chiralpak®-IF, hexane/dichloromethane; (c)
6 and 7, Chiralpak®-IE, hexane/isopropanol; retention times in minutes.

Electronic circular dichroism (ECD) spectra display symmetrical peaks for a pair of enantiomers. By

comparing the fit of the experimental data for each enantiomer with computed data for a single reference

enantiomer, the absolution configuration can be assigned. The reliability of this method increases with the

number of experimental transitions in agreement with computed ones.?> ECD spectra of enantiomers of

4-7 were measured in acetonitrile (Figure 3). Theoretical ECD results, used as reference, are computed at
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Figure 3. TD-B97-D2/def2-TZVPP//B97-D2/def2-TZVPP computed (gray) and experimental (first

eluted blue; second eluted orange) ECD spectra from 190 to 450 nm in acetonitrile.
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the TD-B97-D22°/def2-TZVPP//B97-D2/def2-TZVPP level of theory, using solvent specifications as in

the experiment.

Physical Properties: Luminescence and Electrochemistry

Because of the presence of large conjugated surfaces and lone pair electrons, 4-7 exhibit complex
physicochemical properties (Figure 4, Table 1). Compound 4 has absorption maxima at 311 and 330 nm
with excitation maxima at 264 and 332 nm and emission maximum at 560 nm. The absorption spectra of
5-7 are generally similar, with primary absorption maxima at ca. (285+10) nm, shoulder peaks at ca.
(340£10) nm, and a second absorption maxima at ca. (347£10) nm. The major emission peaks of 5 and 6
are followed by a shoulder peak respectively. The emission spectrum of 7 displays a shoulder peak before

the main peak.
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Figure 4. Absorption and emission spectra in cyclohexane (200 pM), excitation wavelengths of 4-7 were
331, 341, 347, and 353 nm respectively.

Table 1. Photophysical properties in cyclohexane

Compd. Aabs (nm) Aem (nm) Aex (nm)
4 311,330 560 264, 332
5 288, 312, 326, 342 503 341
6 261, 293, 332, 347 531 335, 347
7 281,353 580 308, 353

Compounds 4-7 are subjected to protonation due to the presence of nitrogen. In neutral and acidic
environments, the absorption and emission spectra differ slightly (Figure 5). Protonation causes the
maximal absorption peaks 4 and S to redshift, and the emission maxima to increase by 30-50 nm. The

primary absorption maxima of 6 and 7 shift from approximately 280 nm to approximately 300 nm, while
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the second absorption maxima at around 350 nm undergo minor shifts to the shorter wavelength. A new

shoulder peak in the emission spectra of 6 and 7 appears at about 470 nm after protonation.
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Figure 5. Absorbance and emission spectra in neutral (blue) and HOTf acidified (orange)
dichloromethane, wavelength in nanometer.

The cyclic voltammograms of 4-7 were collected. First reduction potentials of 4-7 were -1.88 V, -1.69 V,
-2.20 V, and -2.23 V respectively (Table 2). The addition of an extra aromatic ring generally lowers the
reduction potential, and the introduction of an electron-rich group, such as indole, raises the energy
required for reduction. Compounds 4 and 5 display semi-reversibility with half-wave potentials of -1.83

V and -1.55 V. Two indole-annulated indenocorannulenes, 6 and 7, have irreversible voltammograms.

Table 2. Electrochemical properties obtained from cyclic voltammetry

Compd. Ec (V) E12 (V) Tpa/ I
4 -1.88 -1.83 0.53
5 -1.69 -1.55 0.39
6 -2.20 / /
7 -2.23 / /

CONCLUSIONS
A small set of N-heterocyclic curved PAHs have been prepared by a modular Pd-coupling/annulation
strategy. These compounds adopt chiral bowl conformations that interconvert on a time scale so slow that

resolution of the individual enantiomeric bowl conformers is possible by elution over chiral stationary
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phase. Configurational stability is sufficient at room temperature for these to be stored for weeks without
noticeable loss of enantiopurity. As such, solution measurement of the ECD spectrum of each enantiomer
could be compared to reference quantum mechanical computed spectra and absolute configurations
assigned. The physical properties reflect well the expected modification compared to the PAH parent
structures and support the idea that these compounds could serve as lead scaffolds for further molecular

design and chemical synthesis of biologically and materials active compounds.

EXPERIMENTAL

Crystal Structure Analysis

After gradual evaporation, single crystals of 4 and 7, appropriate for X-ray diffraction investigation, were
selected from saturated solutions of dichloromethane/hexane and dichloromethane respectively. Crystals
of 4 stack into the columnar structure through bowl-in-bowl packing (Figure 6a). By directing the
five-membered ring into the corannulene core, 7 generates dimers, which aggregate into columnar

assembly (Figure 6b).

(@) (b)

Figure 6. Crystal packing pattern: (a) packing motif of 4; (b) packing motif of 7

Computational Methods

The structural and energetic analyses of the molecular systems for all compounds described in this study
were carried out with the B97-D2 dispersion enabled density functional method,?®?” using an ultrafine
grid, together with the def2-TZVPP basis set.?® This basis set can be found in the basis set exchange along
with a large number of others, and many have been implemented into our GAMESS program.? Full
geometry optimizations were performed and uniquely characterized via second derivatives (Hessian)
analysis to establish stationary points and effects of zero point and thermal energy contributions.
Absorption energies were computed in acetonitrile at the TD-B97-D2%/def2-TZVPP//B97-D2/def2-
TZVPP level of theory, using solvent specifications as in experiment. From the TD-DFT results, spectra
were simulated from the excitation energies and rotation lengths by overlapping Gaussian functions for

each transition. Effects of solvent employed the COSMO: ab initio continuum method**3! using a
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dielectric as in experiment, and radii of Klamt.?? Visualization and analysis of structural and property
results were obtained using Avogadro®® and GaussView (for spectra).’* Our group develops GAMESS
and has also contributed to Gaussian®® software packages, in this work the G09 ES64L-G0O9RevE.01

version of the latter was used.

SUPPORTING INFORMATION
Supplementary (synthetic procedures, HPLC conditions and chromatograms, 'H- and '*C-NMR, etc.) data
associated with  this article can be found, in the online version, at URL:

https://www.heterocycles.jp/newlibrary/downloads/PDFsi/27627/105/1.
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