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ABSTRACT: Azulene, a nonbenzenoid bicyclic aromatic hydrocarbon with unique electronic structure, is a promising
building block for constructing nonbenzenoid n-conjugated systems. However, azulene-fused (hetero)aromatics remain
rare as a result of limited synthetic methods. We report herein the unexpected synthesis of azulene- and pyridine-fused
heteroaromatics Az-Py-1, a seven fused ring system with 307 electrons, by reductive cyclization of a 1-nitroazulene. The
structure of Az-Py-1 was unambiguously confirmed by single-crystal X-ray analysis and analogues Az-Py-2-Az-Py-6 were
also synthesized, demonstrating that this is an effective method for constructing azulene- and pyridine-fused
heteroaromatics. Theoretical calculations, photophysical, and electrochemical studies of Az-Py-1-Az-Py-6 suggest their
potential as semiconductors and the single crystal ribbons of Az-Py-1 show high hole mobilities up to 0.29 cm? V-1 s,

INTRODUCTION

Azulene is a nonbenzenoid 107 electron isomer of
naphthalene that has a dipole moment of 1.08 D as a result
of electron-rich five-membered ring and an electron-poor
seven-membered ring (Figure 1a).! These electronic
features result in an unoccupied molecular orbital (LUMO)
largely localized on the even-positions and a highest
occupied molecular orbital (HOMO) with maximum
density on the odd-positions (Figure 1b).? The segregation
of the HOMO and LUMO distinguishes azulene from typical
fused benzenoids and also endows azulene with a small
HOMO-LUMO energy gap.? Azulene exhibits an unusually
weak Sp — S; electronic transition in the visible range,
which endows it with its blue color. As a result of these
unique electronic and optical properties the synthesis of
azulene derivatives for organic materials applications has
been an active field of study.>'® Noteworthy synthetic
processes include regioselective C-H bond activation and
coupling at the electron-rich 1-position, which doesn’t
require directing groups and is not typical for common
aromatic hydrocarbons.’ The low band gaps of azulene
derivatives have also attracted increasing attention for
applications in organic field-effect transistors (OFET)?0-27
and solar cells.?8-2°

Polycyclic aromatic hydrocarbons (PAHs) are rich with
optoelectronic properties and potential applications in
organic electronics.30-32 However, extended PAHs, such as
higher acenes, are intrinsically reactive and unstable.33-35
One of the efficient strategies to overcome this problem is
introducing heteroatoms such as N, B, and S into the =n-
system.?¢ These heteroaromatics exhibit enhanced
stabilities, as well as impart different chemical and
physical properties. On the other hand, recent studies

revealed that replacing two benzenoid rings by
nonbenzenoid five- and seven-membered rings affords
azulene-fused PAHs, with distinctive electronic and
structural properties.?’-48, For example, Mastalerz and co-
workers reported that PAHs with two embedded azulene
moieties display high fluorescence quantum yields in the
NIR region#! Yasuda and co-workers reported the
synthesis of nonalternant hydrocarbons containing two
formal azulene units that exhibit antiaromatic character
with open-shell singlet biradical features.** Recently,
Zhang and co-workers reported the synthesis and
characterization of a PAH containing two formal azulene
units, which violate Kasha'’s rule with emission from higher
excited states and good hole transport properties.*®
However, for most m-conjugated systems containing
azulene units, the azulene substructures were generated
during later stages of synthesis, and the use of azulene
derivatives as starting materials to rationally design and
synthesize PAHs and heteroaromatics is limited. Despite
the aforementioned advantages, azulene-fused
(hetero)aromatics are rare as a result of limited synthetic
methods. Herein, we report the synthesis and
characterization of a series of azulene- and pyridine-fused
heteroaromatics (Az-Pys), including 1,10-
diheptylazuleno([1,2-c]azuleno[2',1":5,6]pyrido[3,4-

glisoquinoline (Az-Py-1), a seven fused rings system with
307 electrons (Figure 1c). The synthesis of these Az-Pys
has been developed as a result of an unexpected formal C-
H insertion reaction that occurred upon reduction of a 1-
nitroazulene precursor with triphenylphosphine. We find
that the core apparent C-H process is unique to azulene
and is not operative in related 1-nitroaromatic
compounds. Most importantly, this reaction provides an
effective route to synthesize azulene-pyridine-fused
heteroaromatics. The X-ray crystallographic structure of
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Az-Py-1, and photophysical and electrochemical
properties of these Az-Pys are investigated. Moreover,
single crystal ribbons of Az-Py-1 show p-type
semiconducting behavior with a high average hole mobility
0f0.16 cm?V-1s71,
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Figure 1. (a) The numbering legend of azulene, its resonance
structures and dipole moment. (b) HOMO and LUMO of
azulene obtained by DFT calculation. (c¢) Chemical structures
of azulene- and pyridine-fused heteroaromatics in this
contribution.

RESULTS AND DISCUSSION

The synthesis of compound Az-Py-1 is shown in Scheme 1.
Reaction of 2-chloroazulene (1)*° with cupric nitrate
trihydrate in acetic anhydride gave a 93% yield of 2-
chloro-1-nitroazulene (2). Suzuki-Miyaura cross-coupling
of 2 and 2,2'-(2,5-dioctyl-1,4-phenylene)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) (3)>° afforded 2,2'-(2,5-
dioctyl-1,4-phenylene)bis(1-nitroazulene) (4) in 81%
yield. Our attempt to synthesize Az-Pyrrole from 4 using
microwave  assisted Cadogan  cyclization  with
triphenylphosphine resulted in an unexpected but
interesting product, Az-Py-1, in 34% yield. The chemical
structure of Az-Py-1 was fully characterized by 'H and 3C
NMR spectra. For Az-Pyrrole, its carbon spectrum should
have 13 sets of peaks in the aromatic region and 8 sets of
peaks in the alkyl region. However, 13C NMR spectrum of
the product showed 14 sets of peaks in the aromatic region
and only 7 sets of peaks in the alkyl region. Notably, a 13C
NMR peak at about 157.6 ppm suggests the presence of
pyridine structure. MALDI-TOF displays a peak molecular
ion [M+H]* of 577.3616, which is consistent with that of
[Az-Py-1+H]* (Calculated [M+H]*: 577.3588), which is also
inconsistent  [Az-Pyrrole+H]* (Calculated [M+H]*:
581.3901). These results indicate that the product is not
the expected Az-Pyrrole, but should be Az-Py-1.

The pyridine-fused structure of Az-Py-1 was established
with certainty by X-ray single-crystal analysis (Figure 2).
Crystals suitable for X-ray diffraction were obtained by
slow diffusion of cyclohexane vapor into a solution of Az-
Py-1 in tetrahydrofuran (THF) solution. Compound Az-Py-
1 shows Cy,-symmetric character with a relatively planar
backbone, as evidenced by the largest dihedral angle of
2.5° among the fused rings. Two C-N bond lengths of Az-
Py-1 are 1.37 A and 1.31 A, respectively, which are
consistent with the characteristics of aromatic C-N
bonds.5! As depicted in Figure S1, crystal of the Az-Py-1

contains two crystallographically independent molecules
of Az-Py-1 in each unit cell (shown in blue and red,
respectively). Both two crystallographically independent
molecules of Az-Py-1 adopt one-dimensional sliding n-n
stacking pattern and the alternating m-stacked columns
arranged in a herringbone-packing motif with a tilt angle
of about 139.4° (Figure 2b). The neighboring molecules in
each of n-stacked columns exhibit same n-r distance, 3.46
A, demonstrating a high degree of intermolecular m-r
interaction, which is ideal for charge transport within Az-
Py-1 crystals.

Scheme 1. Synthetic route of Az-Py-1.
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Figure 2. Single crystal structure of Az-Py-1 (Hydrogen atoms
are omitted for clarity): (a) thermal ellipsoids (probability
level = 50%); (b) packing structure.

At room temperature, Az-Py-1, with two C7 alkyl chains,
has a poor solubility in common organic solvents such as
dichloromethane, chloroform, THF, and toluene (< 2
mg/mL), which is indicative of strong intermolecular
interactions. When heated to 60 °C, its solubility in
chloroform and THF is significantly improved (> 5
mg/mL). Thermogravimetric analysis (TGA) and
differential scanning calorimetry (DSC) were performed
under nitrogen atmosphere to investigate the thermal
properties of Az-Py-1. TGA measurement demonstrates
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that Az-Py-1 is thermally stable upon the onset
decomposition temperatures of 423 °C (Figure S2a). As
shown in Figure S2b, in repeated heating-cooling DSC
cycles, Az-Py-1 displays obvious endothermic peak at
about 218 °C and exothermic peak at about 172 °C,
corresponding to the melting and crystallization processes,
respectively.

Scheme 2. Synthesis of Az-Py-2-Az-Py-6.
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The wunexpected generation of Az-Py-1 and its
properties, prompted us to investigate the scope of this
cyclization reaction. Compound 5 was synthesized and
used as a model substrate to optimize the reaction
conditions (Table S1). With the optimized reaction
conditions in hand, we evaluated the scope of this
reductive cyclization and the results are summarized in
Scheme 2. Under the optimized conditions, 1-nitroazulene
compounds 5-9 provided azulene- and pyridine-fused
heteroaromatics Az-Py-2-Az-Py-6 in moderate yields
(24%-62%). In accord with our earlier observations,
pyrrole-fused products via Cadogan cyclization were not
observed. As shown in Scheme 2, substrates with long
alkyl chains (7 and 8) have higher yields than those
requiring reactions with methyl groups (5, 6 and 9). It has
been reported that reductive cyclization of 2-(2-
nitrophenyl)pyridine by trivalent phosphorus will
generate pyrazolo-fused heteroaromatic pyrido[1,2-
b]indazole.>? However, for the reductive cyclization of
compound 9, a pyrazolo-fused product was not observed.

Scheme 3. Reductive cyclization of nitro-compounds.
(a) Reduction cyclization of 2-methyl-2"-nitro-1,1"-biphenyl (10)

(vga]

phenanthridine
(Not observed)

NO,
O Q
MW/ZZO °C

b) Reduction cyclization of 7-isopropyl-1,4-dimethyl-2-(2-nitrophenyl)azulene (11)

e

Az-indole, 78%
¢) Reduction cyclization of 1-nitro-2-(o-tolyl)azulene (5;

— []

Az-Py-2, 42% Az-amine, 20%  pz.indole (Not observed)

4-methyl- 9H carbazole

Az-quinoline (Not observed)

To gain insight into this reductive cyclization reaction
and its selectivity, two control experiments were
performed as shown in Scheme 3a and 3b. By using the
same reduction conditions with  1-nitroazulene
compounds, reduction of nitrophenyl compounds 10 and
11 provided pyrrole-fused 4-methyl-9H-carbazole and Az-
indole in 90% and 78% yield, respectively, and pyridine-
fused products phenanthridine and Az-quinoline were not
observed. It is worth mentioning that compound 11 was
chosen because it has a similar geometric disposition
between the nitro and methyl group to that of compound
5. The obvious differences are that for compound 11, the
nitro group is on the phenyl unit, and for compound 5, the
nitro group is on the azulene moiety. These results indicate
that pyridine-fused heteroaromatics are generated only
when the nitro group is at the 1-position of azulene and in
other cases the pyrrole-fused Cadogan cyclization product
is solely observed.

Scheme 4. Proposed Mechanism.
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For such interesting reductive cyclization reactions, we
propose the reaction mechanism shown in Scheme 4. The
nitro group in compound 5 is first reduced to nitroso by
one equivalence of triphenylphosphine to obtain
intermediate 1-1.5% Then another equivalence of
triphenylphosphine attacks the nitroso group in I-1 to
form intermediate I-2. As mentioned before, the 1-position
of azulene has a strong electron-donating ability, so the
elimination of one molecule of triphenylphosphine oxide
by I-2 can generate I-3a containing an electron-rich
nitrene (Figure S3). We emphasize this character by
drawing this intermediate as a zwitterion. The tropylium
cation in I-3b, a resonance structure of I-3a, has 6n
electrons, so this intermediate with zwitter-ionic character
is promoted by aromaticity. It is the unique electronic
structure of azulene, that generates the electron-rich
nitrene in I-3a that deprotonates the benzylic hydrogen to
form intermediate I-4. Intramolecular nucleophilic
cyclization of I-4 provides I-5, which can be oxidized to
form the aromatic product Az-Py-2. As shown in Scheme
3c, about 20% yield of Az-amine byproduct was isolated
(see SI, Figures S21 and S22 for its characterization),
suggesting a possible oxidation of I-5 by intermediate I-3a.
The formation of the amine byproducts is the main reason
for obtaining only moderate yields of azulene-pyridine
fused products. It is worth mentioning that for Cadogan
reaction, the nitro group on the substrate is usually
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reduced to an electron-deficient nitrene, which tends to
undergo an electrophilic C-H insertion reactions.>®* When
the nitro group in 2-(2-nitrophenyl)pyridine is reduced to
a nitrene, it attacks the pyridine nitrogen to form pyrazolo-
fused product.5? However, the nitrene obtained from the
reduction of the nitro group in substrate 9 is electron-rich,
and it does not react with the nitrogen on the

Table 1. Optical, electrochemical and DFT calculation data for Az-Py-1-Az-Py-6.

Page 4 of 9

Compound Amax  (nm)/(eX 1073 Egort . Eonset’®!  Eonee™!  LUMO ~ HOMO  E LUMO  HOMO
M cm™) (eV)? (V) (V)¢ (eV)? (eV)? (eV)e (eVY (eVy
Az-Py-1  348/862,705/0.81 149  <0.1% -1.68  0.25 -312  -505 193 271 -5.29
Az-Py-2  349/616,618/035 155 <0.1% -170  0.35 -310  -515 205 -251  -545
Az-Py-3 355/60.1,632/0.25 1.54 <0.1% -1.67 0.31 -3.13 -5.11 1.98 -2.52 -5.40
Az-Py-4 334/63.1,620/0.27 1.54 <0.1% -1.71 0.27 -3.09 -5.07 1.98 -2.50 -5.41
Az-Py-5 349/47.6,628/0.28 1.54 <0.1% -1.70 0.28 -3.10 -5.08 1.98 -2.47 -5.38
Az-Py-6 310/45.9,616/0.34 1.53 <0.1% -1.57 0.41 -3.23 -5.21 1.98 -2.61 -5.52

@ Estimated from the onset absorption. » Estimated in DCM by using 9,10-diphenylanthracene as reference. ¢ Onset potential versus
Fc/Fc*. 9 Calculated from Eyomo;Lumo = =4.80 = Eonset®?/ Eonser®?L. ¢ Calculated from CV./Estimated from DFT calculations.

pyridine ring, so the pyrazole-fused product was not
observed as previously discussed.

NICS(1) (NICS(1)_ZZ)/ppm HOMO LUMO
';.n =
-15.42 o -
(4058) - CrHis 4597 : =

Figure 3. NICS values, frontier molecular orbitals and their
energies of Az-Py-1 obtained by DFT calculations.

To understand the structural and electronic properties
and aromaticity of azulene- and pyridine-fused
heteroaromatics, we carried out density functional theory
(DFT) and nucleus-independent chemical shift (NICS)
calculations on Az-Py-1 as well as Az-Py-2-Az-Py-6. As
shown in Figure S4a, all molecules exhibit a highly planar
geometry, which is consistent with single crystal X-ray
analysis of Az-Py-1. For Az-Py-1, the orbital coefficients of
frontier molecular orbitals (FMO) are distributed over the
whole backbone (Figure 3). However, it is worth noting
that for the HOMO, the electron density coefficients are
localized on the odd-positions and the nitrogen atoms. For
the LUMO, the coefficients are large on the even-positions
and the carbon atoms connected to 2-positions of azulene
units. The 1-positions of azulene moieties have very
minimal molecular orbital coefficients in the LUMO. Az-Py-
2-Az-Py-6 have similar characteristics as shown in Figure
S4a. These observations are similar to those previously
reported for other azulene-fused (hetero)aromatics,*> and
can be attributed to the unique molecular orbitals of
azulene as mentioned before. The calculated FMO energy
levels and HOMO-LUMO energy gaps of all of the Az-Py
compounds are listed in Table 1. As expected, Az-Py-1 with
an extended m-system has a lower LUMO energy level
(-2.71 eV) and higher HOMO energy level (-5.29 eV) than

Az-Py-2 (LUMO, -2.51 eV; HOMO, -5.45 eV). Adding an
electron-withdrawing nitrogen atom in compound Az-Py-6
generates a lower HOMO and LUMO energy levels (LUMO,
-2.61 eV; HOMO, -5.52 eV) when compared to Az-Py-2. As
suggested by NICS values (Figure 3 and Figure S4b), all the
azulene- and pyridine-fused heteroaromatics maintain
good aromaticity with highest NICS(1) value of about -7
ppm. Notably, the electron-rich five-membered rings of
azulene moieties in all compounds have NICS values lower
than the other rings including thiophene, which indicates
that they have high aromatic character.

In order to gain insights into the origin of the absorption
features of these azulene- and pyridine-fused
heteroaromatics Az-Py-1-Az-Py-6, we also performed the
time-dependent DFT (TD-DFT) calculations at the CAM-
B3LYP /6-311g(d,p) level by using the polarizable
continuum model (PCM). As shown in Figure S5a, in the
low-energy region, the simulated absorption spectrum of
Az-Py-1 shows a broad and weak absorption band at 575
nm. As shown in Table S3, this low-energy absorption
corresponds to the So—S; transition with a low oscillator
intensity (f) of 0.024, and is attributed to a combined
contribution of HOMO — LUMO (66%) and HOMO-1 —
LUMO+2 (29%) transition. Compared to Az-Py-1, Az-Py-2
exhibits a blue-shifted S,—S; transition (A, = 547 nm, f =
0.010) which is mainly contributed by HOMO — LUMO
(96%) transitions. These characteristics are similar to
those of parent azulene and azulene-based compounds,
and can be attributed to the HOMO-LUMO characteristics
of azulene.?

We investigated the optical and electrochemical
properties of Az-Py-1-Az-Py-6 by using UV-vis absorption
spectroscopy, emission  spectroscopy and cyclic
voltammetry (CV) as summarized in Table 1. Figure 4
presents the absorption spectra of Az-Py-1-Az-Py-6. All of
compounds show a well-resolved absorption profile with
structured vibrational peaks, indicative of their rigid
scaffolds. Az-Py-2-Az-Py-6 have the same 187 conjugated
skeleton and exhibit strong absorptions from 280 to 350
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nm and moderate absorptions at 350 to 450 nm. In
comparison with Az-Py-2, compound Az-Py-1 with
extended =-structure exhibited red-shifted absorption
bands with an enhanced molar extinction coefficient
(Emaxaz-py-1 = 86200 M-lcm™ versus €maazpy2z = 61600
M-lcm™). Additionally, weak absorptions (e= 250-810
M-1cm™) can be found in the range of 550 to 800 nm for all
of compounds, corresponding to their So — S; transition.
The optical band gap of Az-Py-1 calculated from the onset
of the absorption is 1.49 eV, which is slightly lower than
those of Az-Py-2-Az-Py-6 which range from 1.53 to 1.55
eV. These results reflect the distinctive features of the
azulene unit and are consistent with the aforementioned
TD-DFT calculations. On the other hand, Az-Py-1-Az-Py-6
are virtually nonfluorescent with fluorescence quantum
yields less than 0.1%. (Table 1 and Figure S6).
Nevertheless, a weak emission spectrum is observed from
Az-Py-1-Az-Py-6 that originates from S, or higher excited
states and there is no detectable emission from the S; state
(Figure S6). This phenomena are similar to what is observed

for azulene,> and are new examples of compounds that violate
Kasha’s rule.%®

(@) TE 8 —— AzPy-1 —— Az-Py-2

G Az-Py-3

-T 5 0.10.
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Figure 4. UV-vis spectra of Az-Py-1-Az-Py-3 (a), and Az-Py-
4-Az-Py-6 (b) in dichloromethane solution with the magnified
low-energy absorptions inserted.

As shown in Figure 5, all of the Az-Py products exhibit
oxidation and reduction processes under the measurement
conditions. Az-Py-2-Az-Py-6 with the same 18=n
conjugated skeleton, exhibit similar CV profiles including
multiple irreversible or quasi-reversible oxidation
processes and one irreversible reduction wave. By
contrast, Az-Py-1, with a more extended m-skeleton,
displays multiple oxidation events containing an
irreversible first oxidation wave, and two clearly visible
quasi-reversible reduction peaks. The first onset oxidation
potential (Eynse®™! vs Fc/Fc*) and first onset reduction

potential (Eouse®?t vs Fc/Fc*) of Az-Py-1 are 0.25 V and
-1.68 V, respectively. Accordingly, the HOMO and LUMO
energy levels of Az-Py-1 evaluated by CV measurements
and referenced to ferrocene (-4.8 eV versus vacuum)®® are
-5.05 eV and -3.12 eV, respectively. Compared to Az-Py-2
(Eonset®™/Eonset™d! = 0.35/-1.70 V), its N-doped analogue
AzZ-Py-6 (E,pse®™/Eonset®d! = 0.41/-1.57 V) presents both
anodically shifted oxidation and reduction potentials.
Therefore, the HOMO/LUMO energy levels of Az-Py-6
(-5.21/-3.23 eV) are lower than those of Az-Py-2
(-5.15/-3.10 eV), which correlates well with the results by
DFT calculations.

Az-Py-6

T
| gredl = ox1
(a) IESL= EL

25 20 15 1.0 -05 0.0 05 10 15 2.5 20 A5 40 05 00 05 10 15
EN(vs Fc/Fc') E/V( vs Fc/Fc')

Figure 5. Cyclic voltammograms of all of the Az-Py
compounds in dichloromethane (0.1 M Bu4*NPF6~ as
supporting electrolyte; scan rate of 100 mV/s).

The 1- and 3-positons of azulene can be protonated by
strong acid such as trifluoroacetic acid (TFA) to form a
stable azulenium cation that can be neutralized by base to
regenerate azulene (Scheme S1a).57-%° On the other hand,
nitrogen atom on the pyridine unit also can be protonated
by acid. Therefore, we investigated the effect of
protonating  these azulene- and  pyridine-fused
heteroaromatics. As shown in Figures S7 and S8, the UV-vis
absorption spectra and the colors of Az-Py-1-Az-Py-6 in
dichloromethane changed upon addition of 0.02% volume
of TFA. The spectra and the colors of Az-Py-1 and Az-Py-6
are further changed when adding 2% TFA. To determine
the protonating positions of these compounds, 'H and 3C
NMR studies were performed on Az-Py-2 and its
protonated product. As shown in Figure S9, although the
chemical shifts change, the number of aromatic proton and
carbon peaks in protonated Az-Py-2 remains unchanged
compared to its neutral state. These results confirm that
only the nitrogen atom on pyridine unit is protonated, and
the azulene moiety is not. This result is further confirmed
by TD-DFT calculations on protonated Az-Py-1 and Az-Py-
2 (Figures S10 and S11). This observation can be
rationalized by considering that the electron-withdrawing
protonated nitrogen on the 1-position of azulene moiety
deactivates the azulene core and prevents protonation.
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Figure 6. Transfer (a), and output (b) curves of OFET device
based on crystal ribbons of Az-Py-1.

Judging from its conjugated =-structure, strong w-w
interaction in solid state, and HOMO/LUMO energy levels,
Az-Py-1 has the proper attributes to be a high performance
organic semiconducting material. As a result, we
investigated the charge transport properties of Az-Py-1
crystal ribbons via organic filed-effect transistor (OFET)
measurements. Single crystal ribbons of Az-Py-1 were
prepared by drop-casting toluene solutions (0.5 mg/mL)
onto the octadecyltrimethoxysilane (OTMS)-treated
Si/Si0, substrates (Figure S12a). Au source/drain
electrodes were deposited on the single crystal ribbons by
the Au layer stamping technique®! to afford a bottom-gate
top-contact (BGTC) device structure (Figure S12b). More
than 20 devices were fabricated and measured both in air
and in N,, and the performances obtained were insensitive
to the atmosphere. The transfer and output curves of the
OFET device are shown in Figure 6. The single crystal
ribbons of Az-Py-1 exhibit typical p-type semiconducting
behavior, which correlates well with the aforementioned
DFT and CV results. The average hole mobility (u)
extracted from the transfer curves is 0.16 cm? V-1s-! with a
high current on/off ratio (l,n/l) of 10°-10% and the
highest u, was 0.29 m? V-1 s71, which is among the highest
hole mobilities for azulene-based organic semiconductors.
These results demonstrate that Az-Py-1 is a promising
material for organic semiconductors.

CONCLUSION

In conclusion, an efficient synthesis of azulene-pyridine
fused heteroaromatics, Az-Py, were synthesized by
reduction of 1-nitroazulene precursors with
triphenylphosphine. Studies began with the unexpected
production of the extended system Az-Py-1, and its
structure was unambiguously confirmed by single-crystal
X-ray diffraction analysis. Structure property studies
demonstrate that the observed reductive cyclization is
promoted by electronic structure of azulene, which
generates a nitrene intermediate that has a high degree of
negative charge on the nitrogen. Single azulene derivatives
Az-Py-2-Az-Py-6 were also synthesized using this
reaction, thereby establishing the utility of this method for
the construction of azulene- and pyridine-fused
heteroaromatics. Theoretical calculations, photophysical,
electrochemical properties and protonating properties of
Az-Py-1-Az-Py-6 were investigated. The results revealed
that these heteroaromatics display strong aromaticity with

rigid planar m-structures, and exhibit weak S, — S;
transition absorptions in visible characteristic of azulene
systems. Single crystal ribbons of Az-Py-1 exhibit p-type
semiconducting behavior with hole mobilities of up to 0.29
m? V-1 571, We conclude that these methods afford access to
new azulene- and pyridine-fused heteroaromatics with
promising characteristics as organic electronic materials.

ASSOCIATED CONTENT
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