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Abstract— Azulene derivatives reacted with N-oxide of several heterocycles in the presence of trifluoromethanesulfonic anhydride (T1,0)
to afford 1-(pyridyl, quinolyl and isoquinolyl)azulenes in good yield, respectively. In the case of the reaction with the 1-azulenyl methyl
sulfide (12), 1,1’-biazulene derivative 13 was obtained under the similar reaction conditions. The first synthesis of unsymmetrical 1,3-
di(pyridyl)azulene derivative was also established via our new preparation method following the electrophilic pyridinylation using the
reaction with pyridine in the presence of T,0. © 2012 Elsevier Science. All rights reserved

N-Containing heterocycles are very important compounds
from the viewpoint of material and pharmaceutical
chemistries. Therefore, the methods for their
functionalization were extensively studied by many research
groups. Recently, Fangou et al. reported the transition metal-
catalyzed directive functionalization of the N-containing
heterocycles utilizing their N-oxides, such as arylation and
vinylation. > Their methodologies provide a facile and an
efficient synthetic route to polyfunctionalized heterocycles.

Reissert-Henze (R-H) type reaction is one of the other
possibility for the functionalization of the N-containing
heterocycles,” because the N-containing heterocycles cause
some difficulties owing to their less reactivities toward the
electrophilic substitution reactions. However, the most of the
examples for the functionalization by the R-H type reaction
were limited, so far, to such as cyamation,lc alkylation,4 and
amination.’ In 1967, Hamana and Kumadaki reported a direct
heteroarylation of indole via the R-H type electrophilic
reaction.® However, there is still few report for the R-H type
heteroarylation of aromatic compounds, except for those of
the indole derivatives.

Azulene (C,oHs) has attracted the interest of many research
groups due to its unusual properties as well as its beautiful
blue color.” We have recently reported the synthesis of several
arylazulene derivatives by the transition metal-catalyzed
cross-coupling reactions.® However, although many transition
metal-catalyzed aryl-aryl coupling are developed, synthesis of
l-arylazulenes by utilizing the transition metal-catalyzed
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reaction might be difficult because of the low stability of 1-
haloazulenes required. Moreover, preparation of the metal
reagents for the coupling reaction is not easy for 1-azulenyl
derivatives and the most promising 1-azulenylborane reagent
is cause easy hydrolysis to afford hydrocarbon derivative.’
Recently, Oda et al. reported efficient Suzuki-Miyaura and
Stille coupling reactions of 1-halo- and 1,3-dihaloazulenes."
However, the procedures require either existence of an
electron-withdrawing group on azulene ring at the 3-position
or excess amount of aryl boran or tin reagents. Wakabayashi
et al. also reported the palladium-mediated synthesis of
several pyridylazulene derivatives, and these compounds
behaved as a detector for acid and metal-ions.""

More recently, we have demonstrated a new and two-step
strategy for the heteroarylation of azulenes at the 1-, 1,3-, 5-,
and 5,7-positions by the reaction with the triflate of N-
containing heterocycles. '> The triflate of N-containing
heterocycles is readily available from the reaction of the
corresponding N-containing heterocycles with
trifluoromethanesulfonic anhydride (Tf,0). The reaction of
azulene derivatives with the triflates gives the corresponding
dihydroheteroarylazulenes, which are easily transformed to
the corresponding heteroarylazulenes by the base treatment.

The success of the two-step synthesis of the
heteroarylazulenes encouraged us to develop a directive
heteroarylation methodology of azulene derivatives using
the R-H type electrophilic reaction. As the results, a
directive synthetic route to the heteroarylazulenes could be
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opened by the N-oxide of several N-containing heterocycles
with azulenes utilizing the R-H type electrophilic arylation.

We report herein the R-H type electrophilic arylation of
N-containing heterocycles with azulenes, particularly, the
application of this methodology to the unsymmetrical 1,3-
di(pyridyl)azulene by the combination with our two-step
procedure starting from the reaction with triflate of pyridine
reported previously.

As a preliminary experiment, the reaction of azulene (1)
with pyridine N-oxide as a model substrate was examined in a
presence of variety of activating reagents (Scheme 1, Table 1).
The reaction of 1 with pyridine N-oxide in the presence of
T1,0 afforded 1-(2-pyridyl)azulene (2) in 45% yield (Table 1,
Entry 1)."* However, the other activating reagents examined,
such as benzoyl chloride and acetic anhydride (Ac,0), did not
induce the electrophilic substitution reaction, even though the
reaction was carried out under the reflux conditions in
acetonitrile (Table 1, Entries 2 and 3). When trifluoroacetic
anhydride (TFAA) was used as an activating reagent, 1-
trifluoroacetylazulene (3)'* was obtained in 87% yield instead
of the desired 2 (Table 1, Entry 4, Chart 1).

Recently, we reported that the reaction of 1 with triflate of
pyridine prepared with an equimolar amount of Tf20 and
pyridine gives 6-(1-azulenyl)-1-(trifluoromethylsulfonyl)-1-
azahexa-1,3,5-triene as the main product by the attack of
azulene on pyridine at the 2-position.'* Therefore, formation
of the 2-pyridyl derivative 2 is contrastive results to those of
our previous two-step procedure utilizing the reaction with
triflate of pyridine, which affords 4-pyridyl derivative,

exclusively.
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Scheme 1.

Table 1. Synthesis of 1-(2-pyridyl)azulene (2)

Entry Activating Reagent Temperature, °C Yield, %
1 T£,0 r.t. 45
2 PhCOCI reflux No reaction
3 Ac,O reflux No reaction
4 TFAA r.t. 0
COCF3
3
Chart 1.

The Tf,0 activated R-H reaction of 1 with pyridine N-oxide
was examined in three different organic solvents. As
summarized in Table 2, yields of the product were
significantly depended on the solvent employed. The less
polar aromatic solvent, i.e., in benzene, was revealed to be

insufficient for the reaction due to the significant
decomposition of the compound was observed. Whereas,
using the more polar solvent CH,Cl,, formation of the desired
product 2 was observed, but in fairly lower yield (6%).
Among the solvents tested, the highly polar, but aprotic polar
solvent, acetonitrile was found to be the best with respect to
the yield of the product (45%).

Table 2. Solvent effect on the Reissert-Henze reaction of 1
with pyridine N-oxide activated by T,0

Entry Solvent Temperature, °C Yield, %
1 MeCN r.t. 45

2 CH2C12 r.t. 6

3 Benzene r.t. 0

Isoquinoline N-oxide was applied to the reaction under the
optimized reaction conditions (Scheme 2). The reaction of 1
with isoquinoline N-oxide in the presence of Tf,O afforded 1-
(2-quinolyl)azulene (4) in 51% yield (Table 3, Entry 1). It is
noteworthy that the reaction could also be activated by
benzoyl chloride to give 4 in 44% yield, although the
benzoyloxy group should be less effective leaving-group
compared with TfO group (Table 3, Entry 2). However, Ac,O
was also insufficient for the activation of this reaction and
utilization of TFAA as an activating reagent resulted to the
formation of 3 in 90% yield as a same way of the reaction
with pyridine N-oxide (Table 3, Entries 3 and 4). These results
showed T1,0 is the most effective reagent for the activation of
N-oxide of N-containing heterocycles and we decide to use it
as optimized conditions.
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Scheme 2.

Table 3. Synthesis of 1-(1-isoquinolyl)azulene (4)

Entry Reagent Temperature, °C Yield, %

1 T£,0 r.t. 51

2 PhCOCl reflux 44

3 Ac,O reflux No reaction
4 TFAA r.t. 0

To examine the generality of the reaction with the N-oxide
of heterocycles, we investigated the reaction of 1 with three
commercially available N-oxides under the optimized reaction
conditions (Scheme 3 and Chart 2). N-Oxides of 4-
nitropyridine and 3-methylpyridine were reacted with 1 in the
presence of Tf,0 to give the corresponding 1-(2-
pyridyl)azulenes 5 and 6 in 28% and 12% yields, respectively,
but the yields were relatively low (Table 4, Entries 3 and 4).
The reaction of 1 with quinoline N-oxide gave the presumed
1-(2-quinolyl)azulene (7) in 44% yield (Table 4, Entry 3).
These results show the generality of the R-H reaction of
azulene with N-oxide of heterocycles.
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Table 4. Synthesis of 1-(pyridyl and quinolyl)azulene
derivatives

Entry N-oxide Product, Yield (%)

1 4-nitropyridine N-oxide 5,28

2 3-methylpyridine N-oxide 6,12

3 quinoline N-oxide 7,44

A series of azulene derivatives were subjected to this R-H
type reaction under the optimized reaction conditions to
explore the scope of this reaction (Scheme 4). Examined
compounds are shown in Chart 3. The reaction of 1-fert-
butylazulene with pyridine N-oxide afforded 8 in 60% yield
(Table 5, Entry 1). Lower yield for the reaction of 6-fert-
butylazulene with pyridine N-oxide is attributable to the
instability of the product under the reaction conditions (Table
5, Entry 2). 6-Dimethylamino derivative 10 was also obtained
under a similar reaction conditions  with  6-
dimethylaminoazulene in 55% yield (Table 5, Entry 3).
However, guaiazulene was inefficient for the reaction resulted
in a relatively low yield, because of the instability of the
product under the reaction conditions (Table 5, Entry 4).

There are several reports for the synthesis of 1-
(heteroaryl)azulenes. However, in most cases the
methodologies require high temperature reaction or transition-
metal catalysts. In the present method, the reaction could be
carried out under mild conditions. Furthermore, electrophilic
arylation does not require the modification of azulene ring
prior to the reaction, such as halogenation, borylation, or
stannylation. Therefore, the electrophilic arylation may also
have advantage over the transition metal-catalyzed synthesis
of 1-(heteroaryl)azulenes.

<\ /N -0
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8-11

Scheme 4.

Table 5. Synthesis of 1-(pyridyl)azulenes 8-11
Entry  Azulene Product, Yield (%)
1 1-tert-butylazulene 8, 60

2 6-tert-butylazulene 9,22
3 6-dimethylaminoazulene 10, 55
4 guaiazulene 11, 30
N. /
t-Bu OO
9

N
11

We found 1,1°-biazulene derivative 13 was obtained by
the reaction of 12 with pyridine N-oxide in 40% yield under
our reaction conditions (Scheme 5). Several synthetic
methodologies of 1,1’-biazulenes have been reported in the
literatures. However, in most cases the methodologies
require metal-catalyst, high temperature reaction, and/or
longer reaction period.'> Recently, we have also reported the
facile preparation of the 1,1’-biazulene derivative 13 by the
treatment of 1-azulenyl methyl sulfoxide (14) with Brensted
acid as shown in Scheme 5.'® Therefore, the formation of 13
in this reaction might be attributable to the pyridine N-oxide,
which should act as an oxidant for the generation of 14. We
investigated the reaction of 12 without Tf,0, to examine the
presumed oxidation reaction with pyridine N-oxide.
However, the reaction resulted in the complete recovery of
the starting 12. Therefore, Tf,0 was essential for the
oxidation of 12 to give the 1,1’-biazulene derivative,
although the reaction mechanism is unclear.

SCH;4 <\ /:N o

10 i-Pr
Chart 3.
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14
Scheme 5.
Preparation = of  symmetrically  substituted  1,3-

di(pyridyl)azulenes have been reported by us and several
groups, recently.' ' In 2008, Jacquemin et al. reported
the spectral calculation and acidochromism of symmetric 1,3-
bis(2-pyridyl and 4-pyridyl)azulene, and these compounds
have a potential to be a new pH sensor. '’ However,
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unsymmetrically substituted 1,3-di(pyridyl)azulenes have
never been reported so far. To evaluate the applicability of this
reaction, we have examined the synthesis of unsymmetrically
substituted 1,3-di(pyridyl)azulene 15 via using our new
methodology. >

Reaction of 2 with pyridine in the presence of T,0 gave 1-
(4-dihydropyridyl)-3-(2-pyridyl)azulene derivative 15 in 95%
yield. Treatment of the product 15 with KOH in ethanol gave
the presumed 1-(2-pyridyl)-3-(4-pyridyl)azulene (16) in 58%
yield (Scheme 6).

Scheme 6.

In conclusion, the R-H type electrophilic heteroarylation of
azulene using the N-oxide of several heterocycles with Tf,0
has been disclosed. Starting from stable and commercially
available substrates, this methodology allows us to access to
the N-containing 1-(heteroaryl)azulenes that are difficult to
obtain by other methods. Formation of the 2-pyridyl
derivative 2 by the present method should be a compliment of
our previous two-step procedure utilizing the reaction with
triflate of pyridine, which affords 4-pyridyl derivative,
exclusively. In the similar reaction conditions, we found 1-
azulenyl methyl sulfide (12) was converted into 1,1°-biazulene
derivative 13, which may open a novel access method to the
1,1’-biazulene derivatives. Electrophilic pyridynylation of 2
by our previous two-step procedure utilizing the reaction with
triflate of pyridine, we have established the first synthesis of
unsymmetrically  substituted  1,3-di(pyridyl)azulene 15.
Physical properties of these new compounds are now under
investigation in our laboratory.
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