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Synthesis and Acid-Base Property of Proton-Bridged Biaryl
Compound Based on Pyridylazulene

Kazuki Ninomiya®, Yumi. Harada®, Tomoaki Kanetou,® Yuma Suenaga,” Toshihiro Murafuji’ and Ryo
Tsunashima*®

Herein, we report the synthesis of 1,1’-bi(2-pyridylazulene) (1), in which pyridyl moieties were coupled to a biaryl
framework for hydrogen bonding between the two aryl skeletons. The two 2-pyridylazulene moieties in 1 were linked
through facile aryl-aryl coupling between the 1- and 1’-positions of the azulene skeletons, where 1-haloazulene was
stabilized by electron withdrawing pyridyl substitution. In addition, single crystals of the mono-protonated species (1H")
were successfully obtained as the BF, salt. X-ray diffraction analysis at 153 K revealed an intramolecular hydrogen bond
between the two pyridyl moieties, giving a racemic mixture of axial chiral species. DFT calculations were performed to
understand the hydrogen bonding structure and an almost single minimum potential for thermal proton motion was
suggested. The acid—base characteristics were investigated in acetonitrile and 1 was revealed to exhibit two-step
protonation of its pyridyl moieties. By comparison with monomeric 2-pyridylazulene, the stronger basic character of 1 was
confirmed. This is ascribed to the macrocyclic effect of the two pyridyl moieties bridged by a proton, as seen in the single
crystal of 1H". Furthermore, two different energy shifts associated with intramolecular transition were observed under
protonation; the first protonation produced a blue shift in the absorption maximum, whereas a red shift was observed for
the second protonation. The unusual blue shift was explained by stabilization of the HOMO owing to an extended
electronic structure between the two azulene skeletons. This unique steric structure was achieved by proton bridging in

the pyridyl-substituted biaryl compound.

Introduction

The exploration of organic m-conjugated molecules is a
developing issue for organic electronics. Huge efforts have
been made to achieve m-conjugated molecules that exhibit
optical,

switching phenomena and/or multi-functionality.

as well as
2-12

electrical, and magnetic properties,
Among
the m-conjugated molecules, azulene, which is an isomer of
naphthalene, has been

component whose characteristics have been developed by

regarded as an important active
coupling with other functional organic molecular systems.
Azulene derivatives have been included in organic field-effect
transistors, charge-transfer complexes, nonlinear optics, and
sensing applications.lg'17 The phenomena
considered a consequence of the non-zero dipole moment of
the azulene skeleton, which consists of a cyclopentadienyl
anion and tropylium cation. In addition, the energy gap
between the highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) of azulene is
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small. As the unique electronic systems of azulene are distinct
from other m-conjugated molecules, reactions to obtain
comprehensive derivations of the azulene skeleton have also
been explored.ls'23 Among these derivatives, biaryl compounds
such as 1,1'-biazulene, are expected to be isomers of 1,1'-
binaphthyl

However, only limited synthetic routes have been reported for
18-20

compounds with unique electronic systems.

aryl-aryl coupling of azulene, most likely owing to the
intrinsic instability of 1-haloazulene for the coupling reaction.

Pyridine is another m-conjugated molecule that exhibits basic
characteristics through a lone pair on the N atom. The
hydrogen bonding structure influences the electronic nature of
pyridine; for example, the electron withdrawing ability was
enhanced through protonation. Pyridyl-substituted extended
n-systems have unique electronic characteristics. For example,
the m-donor tetrathiafulvalene substituted with pyridine
changes its electronic structure according to its protonation
state. The HOMO-LUMO gap showed a red shift of ca. 130 nm
with protonation.24 Owing to an interest in molecular-based
systems and switching ability, a system
comprising a dynamic proton coupled with an extended
electronic structure has been explored. Hydrogen bonds can
function as an antenna for stimulus because their energy
corresponds to room temperature. Hydrogen-bond-dynamics-
based switching of conductivity and magnetism were realized
using catechol-fused ethylenedithiotetrathiafulvalene.25

multi-functional
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Scheme 1. Synthetic scheme of 1 and 1H*-BF,

Pyridine-substituted azulene derivatives were also reported to
show interesting chromic characteristics according to structure
around the N atoms, such as protonation and metal
coordination.”®

From these points of views, we have investigated the
synthesis of 1,1'-bi(2-pyridylazulene) (1) and its protonated
structure. The molecule is an azulene-based biaryl compound
with two pyridyl moieties substituted at the 2-positions of the
azulene skeletons. Compound 1 was prepared from azulene by
a four-step reaction with a total yield of 25%. The electron
withdrawing ability of the pyridyl moiety was deduced to
stabilize 1-haloazulene for facile aryl-aryl coupling to obtain
compound 1. Single crystals of the mono protonated species
(1H") were successfully obtained, and crystallographic
structural analysis revealed an intramolecular hydrogen bond
between the two pyridyl moieties, giving a racemic mixture of
axial chiral species. The acid—base characteristics in solution
indicated that 1 has a stronger basic character than
monomeric 2-pyridylazulene owing to a macrocyclic effect.
The first and second protonation processes resulted in blue
and red shifts of the absorption maximum, respectively. Our
insight shows that intramolecular proton bridge between
bipyridyl groups behave as a chelating ligand to accommodate
proton in solution, followed to stabilization of a unique steric
structure.

Results and discussion
Synthesis

Compound 1 was synthesized from azulene in four steps with a
total yield of 25% (Scheme 1). Compound 3 was synthesized
based on a method reported previously.26 The experimental
details of the syntheses of 2 and 3 are included in the ESI.
Azulene was reacted with 0.5 equiv bis(pinacolato)diboron
(pin,B,) in the presence of an Ir-catalyst to form compound 2.
Suzuki coupling with 2-bromopyridine provided compound 3
(yield 83%). The reaction of 3 with N-iodosuccinimide resulted
in iodination at the 1-position, yielding compound 4 (yield
80%). Even though 1-haloazulenes are usually unstable,®
compound 4 was stable in air. This stability is ascribed to the
electron withdrawing ability of the pyridyl moiety at the 2-

2| J. Name., 2012, 00, 1-3

position of azulene. Compound 1 was obtained by borylation
of 4 using 0.5 equiv pin,B, (yield 52%). Formation of 1 was
considered to occur through Suzuki coupling of unreacted 4
and borylated 4. A toluene solution of 1 was reacted with HBF,,
yielding blue single crystals after repeated recrystallization
from dichloromethane—hexane (2:3).

Crystal Structure

Single crystals of compound 1H" were isolated as the BF, salt.
SC-XRD analysis of 1H"-BF, at 153 K showed that the salts were
crystallized in a triclinic system with space group P-1, a =
13.677(7) A, b =16.455(8) A, c = 19.539(8) A, a = 70.956(18)°, 8
= 76.30(2)°, y = 87.68(2)°, V = 4035(3) A3, and Z = 2. Crystal
structure determination revealed that the racemic crystals
contain both axial chiral enantiomers in a 1:1 ratio, resulting in
a total of six independent 1H" cations. The crystal also contains
two toluene molecules and a certain number of crystalline
water molecules that could not be determined owing to their
large disorder. In air, the single crystals easily lost the high
crystallinity required for XRD analysis owing to facile
evaporation of the solvent molecules. Therefore, the single
crystal was mounted quickly onto a goniometer for
measurement at 153 K. In addition, some BF, counter cations
were also disordered.

Structure of 1H" cations. Figure 1 shows the structure of 1H"
cations. We have labeled the cations as 1H*-a (contains N1 and
N2 atoms), 1H™-b (contains N3 and N4 atoms), and 1H'-c
(contains N5 and N6 atoms). The interatomic distances
between the N atoms on the two pyridyl moieties (dyy) are
2.647, 2.614, and 2.643 for 1H'-a, 1H'-b, and 1H'-c,
respectively. These distances are shorter than the sum of van
der Waals (vdW) radii of N atoms, indicating a hydrogen bond
through a proton positioned between the two N atoms. These
three cations have similar interatomic distances. The dihedral
angles () between the pyridine (Py) and azulene (Az) rings are
summarized in Table 1, where the numbers n correspond to
the atomic number of the N atom in Figure 2. In contrast to
similar interatomic distances in the cations, the dihedral angles
between the rings are significantly different. The structural
independence of 1H*-a, 1H"-b, and 1H*-c could originate from
differences in the intermolecular interactions in the crystal.

This journal is © The Royal Society of Chemistry 20xx
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Figure 1. (a) ORTEP drawings of 1H" molecules. Hydrogen atoms are omitted for clarity, and thermal ellipsoids are set to 30% probability (with atomic numbers shown
for selected atoms). Space filling drawings of 1H"*-a (C: gray, H: white, and N: blue) along the (b) same and (c) normal direction to Figure 1a.

Intermolecular interactions. The molecular
analyzed using Hirshfeld The
intermolecular distances (d,) were plotted on the Hirshfeld
surface of the molecule under consideration with positive
values (colored blue) representing intermolecular distances
larger than the sum of the vdW radii (negative surfaces are
colored red).27'28 Figure 2 shows the Hirshfeld surface of 1H -3,
1H*-b, and 1H*-c. Interactions were observed for 1H*-a, 1H'-b
and 1H"-c, indicated by reddish areas on the Hirshfeld surfaces
(smaller than the sum of the vdW radii), with different types of
interactions for each 1H'. Among them, strong H---F
interaction between 1H* and BF, were observed. Furthermore,
CH-mt interactions between 1H" molecules and weak face-to-

packing was

surfaces. normalized

face m—m interactions were also observed. The different
intermolecular interactions in 1H™-a, 1H*-b, and 1H*-c are
considered to be the origin of crystallographic independence.

DFT calculations

Details of the hydrogen bonds were examined using DFT
calculations. The dependence of the N---H distance on the
potential energy difference (AE) and molecular orbitals was
calculated using the B3LYP/6-31G(d,p) level of theory.

The structure was taken from the crystal structure by
removing the azulene rings. The coordinates of the proton
were changed between the two N atoms, where the NHN
angle was fixed at 180°. The differential distance from a center

This journal is © The Royal Society of Chemistry 20xx

was Ad, where AE at Ad = 0 was set to 0 eV. Figure 3 shows the
AE - Ad curves estimated for each molecule. Both 1H'-a and
1H'-c showed an asymmetric but shallow double minimum
potential with an activation energy of 0.05 eV. However, these
structural differences could arise from the thermal vibrations
of the molecules. A single minimum potential is considered to
correspond to an intrinsic structure, as seen for 1H"-b where
the proton is thermally disordered with a displacement range
of ca. 0.4 A.

Table 1. Structural data of 1H" cations determined by SC-XRD
analysis.

molecules 1H*-a 1H*-b 1H'-c
dw/A  2.643 2.611 2.637
w/° 46.53 (Py1-Az1) 45.40 (Py3-Az3) 51.49 (Py5-Az5)

44.92 (Py2-Az2) 47.35 (Py4-Az4)
86.17 (Az1-Az2) 89.84 (Az3-Az4)
72.48 (Py1-Py2) 73.47 (Py3-Py4)

51.98 (Py6-Az6)
88.14 (Az5-Az6)
68.67 (Py5-Py6)

; dihedral angles between two rings

Sets of molecular orbitals were calculated for 1H*-a (Ad =-0.2,
0, and 0.2 A) and 1H*-b (Ad = 0 and 0.2 A) using the full
structures obtained by SC-XRD analysis (for details, see Table
S3-3-1 and S3-3-2). The orbital distributions were very similar
for 1H"-a and 1H*-b.

J. Name., 2013, 00, 1-3 | 3
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Figure 2 Hirshfeld surfaces of respective 1H* molecules. Molecules are viewed along the same direction shown in Figure 1 (Hirshfeld surface of molecule under
consideration was shown. Green dotted lines represented intermolecular interaction) and crystalline water molecules are omitted. The enantiomers are indicated

with an asterisk (*).

The HOMO was mainly distributed over the two azulene rings
through the C-C aryl-aryl linkage between the 1-positions of
the 2-pyridylazulene moieties.

This distribution, as well as the energy level, did not depend on
the proton displacement in either 1H*-a or 1H"-b. In contrast,
the LUMO was dependent on the position of the proton. The
LUMO was mainly located on the pyridylazulene skeleton to
which the proton was closest. The LUMO was stabilized by the
proton, which was enhanced by the electron withdrawing
ability of the pyridine ring. The LUMO energy at Ad = 0 (-5.061
eV) decreased by 0.2 eV at Ad = +0.2 A for 1H"-a.

(N1,N3,N5) N -----H*----N (N2, N4, N6)

08—

D —

06

04—

AE eV

0.2

0.0

02 00 02 04
AdlA

Figure 3. Plots of N—H distance (Ad) and potential energy difference (AE) for 1H'-
a (blue), 1H*-b (black), and 1H*-c (red). Positive Ad indicates that the proton is
positioned closer to N2, N4, and N6 in 1H*-a, 1H*-b, and 1H"-c, respectively.

Protonation processes in solution

4| J. Name., 2012, 00, 1-3

The vis-NIR spectra in solution (0.5 mM in acetonitrile) of 1 and,
as a control experiment, 2-pyridylazulene (3) were monitored
during titrations with trifluoroacetic acid (TFA) (Figure 4).
Absorption bands attributed to intramolecular transitions of
1 were observed at 604 and 651 nm with a shoulder at 720 nm.
The acidification of 1 resulted in increases in the absorbance at
594, 625, and 690 nm accompanied by a decrease in the
shoulder at 720 nm. This blue shift was observed up to 1 equiv
of TFA. Further acidification caused the bands to red shift. The
absorbance at 646 nm increased and saturation was observed
above 200 equiv of TFA. This two-step acid—base reaction was
explained by the existence of two pyridyl moieties in 1.

1+H* 2 1HY K, = —[1H+] 1
v SRV
+ + 2+ _ [1H22+]
HE+HY 2 1™ Ky = ot @)

The equilibrium constants log K;; and log K, estimated from
the spectral changes were 4.3 and 1.8, respectively (Figure 4c
and d).

Compound 3 also possess a pyridyl moiety with basic
characteristics.”® Absorption bands attributed to
intramolecular transitions of 3 were observed at 582 and 627
nm with a shoulder at 687 nm. Acidification of 3 led to an
increase in the absorbance at 598, 633, and 690 nm, with an
accompanying red shift, similar to the second protonation of 1.

This journal is © The Royal Society of Chemistry 20xx
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Figure 4. Electronic absorption spectral changes during titrations of (a) 1 (bold black, pink, and blue lines correspond to 0, 1, and 800 equiv of added protons,
respectively) and (b) 3 (0.5 mM in acetonitrile) with TFA. The changes in concentration of 1H*, 1H,>*, and 3H* with proton equivalents per 1 or 3 are shown in (c), (d)
and (e), respectively. Concentration of components were estimated from absorbance at 606 nm for 1 and 700 nm for 3.

Corresponded spectroscopic changes have been reported
using different solvent system.26 Figure 4e shows the
concentration of 3H* estimated from the changes in the
absorbance. The protonation of 3 was saturated at a higher
proton concentration than that for 1.

[3HY]

3+Ht 23H"
[3][H*]

K3 = 3

The equilibrium constant log K3; was estimated as 3.5. The
enhanced basic characteristics of 1 indicate that the
intramolecular hydrogen bond results in a macrocyclic chelate
effect. The structure of the mono-protonated species in
acetonitrile  corresponds to that characterized by
crystallographic analysis of 1H".

The first protonation of 1 resulted in a blue shift of the bands,
even though red shifts were observed for the other
protonation processes (1H' to 1H,>* and 3 to 3H"). It has been
reported for 3 that the red shift originates from the

This journal is © The Royal Society of Chemistry 20xx

stabilization of the LUMO of the azulene skeleton, which has a
large coefficient at the 2-position in the LUMO. This is because
of the electron withdrawing ability of the pyridyl moiety.26

The red shift observed for the second protonation of 1 is
ascribed to the similar decrease of the LUMO energy. The
LUMO is contributed by the 2-pyridylazulene skeleton closest
to the proton (Table S3-3-1). In contrast, the blue shift
observed for the first protonation of 1 was attributed to
stabilization of the HOMO of the azulene skeleton, where the
stabilization is greater than the decrease in the LUMO energy
owing to protonation. The azulene skeleton has large
coefficients at the 1-position in the HOMO. By proton bridging
between the two 2-pyridylazulene skeletons, molecular
rotation was fixed to form an axial chiral structure. The DFT
calculations showed that the HOMO is distributed over both
the azulene moieties through the aryl—aryl bond. This implies a
decrease of the HOMO energy in the proton-bridged structure
compared with a steric structure where the two 2-
pyridylazulene skeletons are electronically isolated from each

J. Name., 2013, 00, 1-3 | 5
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other. This unique proton-bridged structure is considered to
be stable, in acetonitrile solution, and the steric
conformation is accompanied by stabilization of the HOMO
owing to extension of the orbital over both azulene skeletons.

even

Conclusions

In summary, we have reported the synthesis of compound 1,
its acid—base characteristics, and the structure of the
protonated species. Compound 1 was synthesized by aryl—-aryl
coupling of the monomeric compound 3, where enhanced
stability of the 1-haloazulene derivative was obtained by
substitution with the electron withdrawing pyridyl moiety at
the 2-position. Furthermore, single crystals of the protonated
species (1H*) were obtained. The X-ray diffraction analysis
revealed that 1H" was crystallized as a racemic mixture of axial
chiral species consisting of six independent molecules: 1H*-a,
1H™-b, and 1H'-c and their enantiomers. DFT calculations
based on the crystal structure showed an almost single
minimum potential for displacement of the proton between
the two N atoms. Compound 1 showed a two-step protonation
reaction in acetonitrile that originated from the two pyridyl
moieties. The first step from 1 to 1H" showed stronger basic
characteristics than that of 3. This is ascribed to a macrocyclic
chelate effect in 1 owing to a proton bridge between the two
pyridyl moieties. The first and second protonations of 1
resulted in blue and red shifts of the absorption bands,
respectively, which were understood using DFT calculations.
The LUMO has a large coefficient at the 2-position of the
azulene skeleton, whereas the HOMO has a large coefficient at
the 1-position. The first protonation of the pyridyl moiety at
the 2-position resulted in decreases in both the HOMO and
LUMO energies. This is because the distribution of the HOMO
was extended over both azulene skeletons when the molecular
conformation was fixed by a proton bridge. The observed blue
shift implies that the stabilization of the HOMO exceeded that
of LUMO when the intramolecular hydrogen bond was formed.
In contrast, the second protonation broke the intramolecular
proton bridge and the HOMO was no longer stabilized;
therefore, the decrease in the LUMO energy caused a red shift
of the absorption band. Compound 1 realizes a unique steric
structure by proton bridging between the 2-pyridylazulene
skeletons. Further developments and separation of the axial
chiral
complexes with compound 1 as a ligand or saltation with chiral
anion.

species are expected through formation of metal

Experimental
General procedures

All 'H and *cC NMR spectra were recorded using Bruker
AVANCE 400s. The chemical shifts are described as values in
ppm relative to a Si(CH3), standard for 'H NMR. Mass spectra
and IR spectra were taken by using Bruker micrOTOF Il and
Thermo Fisher Scientific avatar 370 (KBr pellets), respectively.
All reactions were performed under Ar.

6 | J. Name., 2012, 00, 1-3

Synthesis

Synthesis of 1-iodo-2-(2-pyridyl)azulene (4). A
dichloromethane solution of 3 (8.6 mmol, 200 mL) was mixed
with N-iodosuccinimide (9 mmol) in an ice bath. After stirring
at room temperature for 9 h, a saturated aqueous solution of
sodium hydrogen carbonate was added to the reaction
mixture, which was then extracted with dichloromethane
(distilled, 200 mL x 1, 10 mL x 2). The solution was dried over
anhydrous sulfate, filtrated, and concentrated,
followed by chromatography on silica gel with hexane—ethyl
acetate (5:1) as the eluent to give the product. Green crystal;
yield 87%; "H-NMR (400 MHz, CDCl5) 6 7.25 (1H, t, J = 9.6 Hz),
7.29-7.33 (1H, m,), 7.35 (1H, t, J = 9.6 Hz), 7.64 (1H, t, J = 9.6
Hz), 7.83 (1H, td, J = 7.6, 1.6 Hz), 7.90 (1H, s), 8.10 (1H, dt, J =
8.0, 0.8 Hz), 8.30 (1H, d, J = 9.6 Hz), 8.46 (1H, d, J = 9.6 Hz),
8.81 (1H, dq, J = 4.4, 1.2 Hz). *C-NMR (100 MHz, CDCl5) 6 74.7,
119.4, 122.5, 124.6, 124.7 (x2), 135.9, 137.3, 138.3, 140.2,
141.3, 141.4, 149.9, 150.17, 155.2. MS (m/z): 331.9940
(CisH11IN', 331.9931). FTIR (cm™): 1587 (w), 1562 (w), 1458 (w),
1421 (w), 1396 (w), 781 (s), 745 (w), 727 (w), 579 (w).
Synthesis of 2,2'-bis(pyridine-2-yl)1,1’-biazulene (1). A
mixture of 4 (6.2 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll) dichloride (10
mol%, 0.62 mmol), bis(pinacolato)diboron (3.1 mmol), and
cesium carbonate (18.5 mmol) in dimethyl sulfoxide (50 mL)
was heated at 90 °C for 18 h. After cooling to room
temperature followed by addition of water, the mixture was
extracted with ethyl acetate (10 mL x 3). The organic layer was
dried over anhydrous sodium sulfate and filtered, followed by
chromatography on silica gel with hexane—ethyl acetate (5:1)
as the eluent to give the product. Green crystal; yield 52%; 'H-
NMR (400 MHz, CDCl3) 6.74 (2H, d, J = 8.4 Hz), 6.91-6.96 (4H,
m), 7.15-7.22 (4H, m), 7.51 (2H, t, J = 9.8 Hz), 7.77 (2H, d, J =
9.6 Hz), 8.25 (2H, s), 8.47 (2H, d, J = 9.6 Hz), 8.57 (2H, d, J = 4.0
Hz). ®*C-NMR (100 MHz, CDCl5) 6 118.0, 121.9, 122.7, 123.2,
123.8 (x2), 136.1, 137.0, 137.8, 138.1, 140.5, 140.6, 148.7,
149.7, 154.8. MS (m/z): 409.1701 (C3oH,;N,", 409.1699). FTIR
(em™): 1568 (s), 1425 (s), 1406 (s), 781 (s), 737 (s).
Crystallization of 1H"-BF,. Compound 1 was dissolved in 30 mL
of toluene. After the addition of 0.70 mL of an aqueous
solution of tetrafluoroboric acid (2%), the mixture was stirred
for 30 min. The oily crude product was dissolved in
dichloromethane, and then washed with water. The organic
layer was dried over anhydrous sodium sulfate, concentrated,
and recrystallized from dichloromethane—hexane (2:3) to yield
blue single crystals suitable for single crystal X-ray diffraction
(SC-XRD) analysis.

sodium

X-ray crystallography

The SC-XRD analysis of 1H"-BF, was performed using a Rigaku
MERCURY diffractometer with graphite-monochromated Mo-
Ka radiation. The data were collected at 153 K. The structure
was solved by direct methods and expanded using Fourier
techniques. A single crystal of 1H"-BF, contains two toluene
molecules with static disorder. In addition, occupancies of
disordered water molecules were defined as non-unit values.

This journal is © The Royal Society of Chemistry 20xx
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Crystal data: [1H"-BF,;]-2C;Hg-/H,O (/ was not determined),
C1005H71 5B3F1,Ng01 o, M = 1654.18, triclinic, a = 13.677(7) A, b
=16.455(8) A, c = 19.539(8) A, a = 70.956(18)°, 8 = 76.30(2)°, v
=87.68(2)°, V=4035(3) A3 T= 153(2) K, space group P-1, Z= 2,
u(MoKa) = 0.1, 40023 reflections measured, 17603
independent reflections (R;,; = 0.0780). The final R; values (/ >
20(l)) were 0.1034. The final wR(FZ) values (I > 20(l)) were
0.2693. The final R; values (all data) were 0.1586. The final
WR(FZ) values (all data) were 0.3137. The goodness of fit on F
was 1.314. CCDC number 1061580.

Measurements

The acid—base reaction of 1 in acetonitrile (0.5 mM) was
monitored using a UV-vis-NIR spectrophotometer (JASCO V-
670) through titration with CF;COOH. Titration using HBF,
resulted in similar changes (Figure S4). Peaks observed after
protonation are almost corresponded. However, first and
second protonation are almost overlapped. And spectra
changes are saturated at 4 eq of acid. This is accounted for by
stronger acidity of HBF, (pKa -0.4) than TFA (pKa 0.23).
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We report the synthesis and acid-base property of 1,1-bi(2-pyridylazulene) and crystal
structure of its mono-protonated form in which pyridyl moieties are interacted by

intramolecular hydrogen bond.

A?Py ﬁ+ A;Py H+
AzPy Azpy’ -




