
Tetrahedron Letters 51 (2010) 5127–5130
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
Synthesis of 1-(pyridyl, quinolyl, and isoquinolyl)azulenes by Reissert–Henze
type reaction

Taku Shoji a,*, Kazuyuki Okada b, Shunji Ito c, Kozo Toyota b, Noboru Morita b

a Department of Chemistry, Faculty of Science, Shinshu University, Matsumoto 390-8621, Japan
b Department of Chemistry, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan
c Graduate School of Science and Technology, Hirosaki University, Hirosaki 036-8561, Japan
a r t i c l e i n f o

Article history:
Received 24 June 2010
Revised 10 July 2010
Accepted 16 July 2010
Available online 27 July 2010

Keywords:
Azulene
Heterocycle
Electrophilic arylation
0040-4039/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.tetlet.2010.07.090

* Corresponding author. Tel./fax: +81 263 37 2476.
E-mail address: tshoji@shinshu-u.ac.jp (T. Shoji).
a b s t r a c t

Azulene derivatives reacted with N-oxide of several heterocycles in the presence of trifluoromethanesul-
fonic anhydride (Tf2O) 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), 1,10-biazulene derivative 13 was
obtained under the similar reaction conditions. The first synthesis of unsymmetrical 1,3-di(pyridyl)azu-
lene derivative was also established via our new preparation method following the electrophilic pyridiny-
lation using the reaction with pyridine in the presence of Tf2O.

� 2010 Elsevier Ltd. All rights reserved.
N-Containing heterocycles are very important compounds from
the viewpoint of material and pharmaceutical chemistries.1 There-
fore, the methods for their functionalization were extensively stud-
ied by many research groups. Recently, Fagnou and co-workers
reported the transition metal-catalyzed directive functionalization
of the N-containing heterocycles utilizing their N-oxides, such as
arylation and vinylation.2 Their methodologies provide a facile and
an efficient synthetic route to polyfunctionalized heterocycles.

Reissert–Henze (R–H) type reaction is one of the other possibil-
ity for the functionalization of the N-containing heterocycles,3 be-
cause the N-containing heterocycles cause some difficulties owing
to their less reactivities toward the electrophilic substitution reac-
tions. However, most of the examples for the functionalization by
the R–H type reaction were limited, so far, to reactions such as cya-
nation,1c alkylation,4 and amination.5 In 1967, Hamana and Kuma-
daki reported a direct heteroarylation of indole via the R–H type
electrophilic reaction.6 However, there are still few reports for
the R–H type heteroarylation of aromatic compounds, except for
those of the indole derivatives.

Azulene (C10H8) has attracted the interest of many research groups
due to its unusual properties as well as its beautiful blue color.7 We
have recently reported the synthesis of several arylazulene deriva-
tives by the transition metal-catalyzed cross-coupling reactions.8

However, although many transition metal-catalyzed aryl–aryl cou-
plings are developed, synthesis of 1-arylazulenes by utilizing the tran-
sition metal-catalyzed reaction might be difficult because of the low
ll rights reserved.
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 causes
easy hydrolysis to afford the hydrocarbon derivative.9 Recently, Oda
et al. reported efficient Suzuki–Miyaura and Stille coupling reactions
of 1-halo- and 1,3-dihaloazulenes.10 However, the procedures require
either existence of an electron-withdrawing group on the 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.11

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.12 The triflate of N-containing heterocycles is readily
available from the reaction of the corresponding N-containing het-
erocycles with trifluoromethanesulfonic anhydride (Tf2O). The
reaction of azulene derivatives with the triflates gives the corre-
sponding 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
a result, a directive synthetic route to the heteroarylazulenes could
be 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-con-
taining heterocycles with azulenes, particularly, the application of
this methodology to the unsymmetrical 1,3-di(pyridyl)azulene by
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Table 1
Synthesis of 1-(2-pyridyl)azulene (2)

Entry Activating reagent Temperature (�C) Yield (%)

1 Tf2O rt 45
2 PhCOCl Reflux No reaction
3 Ac2O Reflux No reaction
4 TFAA rt 0

COCF3

3

Chart 1.

Table 2
Solvent effect on the Reissert–Henze reaction of 1 with pyridine N-oxide activated by
Tf2O

Entry Solvent Temperature (�C) Yield (%)

1 MeCN rt 45
2 CH2Cl2 rt 6
3 Benzene rt 0

1
Activating Reagent

N+
-O

MeCN, Et3N
4

N

Scheme 2.

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

Entry Reagent Temperature (�C) Yield (%)

1 Tf2O rt 51
2 PhCOCl Reflux 44
3 Ac2O Reflux No reaction
4 TFAA rt 0
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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 the pres-
ence of a variety of activating reagents (Scheme 1, Table 1). The
reaction of 1 with pyridine N-oxide in the presence of Tf2O afforded
1-(2-pyridyl)azulene (2) in 45% yield (Table 1, entry 1).13 However,
the other activating reagents examined, such as benzoyl chloride
and acetic anhydride (Ac2O), did not induce the electrophilic sub-
stitution 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)14 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 pyr-
idine prepared with an equimolar amount of Tf2O 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.12a Therefore, formation of the 2-pyridyl deriva-
tive 2 is a contrastive result to that of our previous two-step pro-
cedure utilizing the reaction with triflate of pyridine, which
affords 4-pyridyl derivative, exclusively.

The Tf2O-activated R–H reaction of 1 with pyridine N-oxide was
examined in three different organic solvents. As summarized in Ta-
ble 2, yields of the product were significantly dependent on the sol-
vent employed. The less polar aromatic solvent, that is, benzene,
was revealed to be insufficient for the reaction due to the signifi-
cant decomposition of the compound observed. Whereas, using
the more polar solvent CH2Cl2, 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%).

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 Tf2O afforded 1-(2-quino-
lyl)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 a less effective
leaving-group compared with the TfO group (Table 3, entry 2).
However, Ac2O was also insufficient for the activation of this reac-
tion and utilization of TFAA as an activating reagent resulted in the
formation of 3 in 90% yield in the same way as the reaction with
pyridine N-oxide (Table 3, entries 3 and 4). These results showed
that Tf2O is the most effective reagent for the activation of N-oxide
of N-containing heterocycles and we decide to use it in optimized
conditions.

To examine the generality of the reaction with the N-oxide of
heterocycles, we investigated the reaction of 1 with three commer-
cially available N-oxides under the optimized reaction conditions
(Scheme 3 and Chart 2). N-Oxides of 4-nitropyridine and 3-meth-
ylpyridine were reacted with 1 in the presence of Tf2O 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, en-
tries 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.
N+ O-

Activating Reagent

1

MeCN, Et3N

2

N

Scheme 1.
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-tert-butylazulene with pyridine N-
oxide afforded 8 in 60% yield (Table 5, entry 1). Lower yield for
the reaction of 6-tert-butylazulene with pyridine N-oxide is attrib-
utable to the instability of the product under the reaction condi-
tions (Table 5, entry 2). 6-Dimethylamino derivative 10 was also
obtained under a similar reaction condition with 6-dimethylami-
noazulene in 55% yield (Table 5, entry 3). However, guaiazulene
was inefficient for the reaction and resulted in a relatively low
Heterocycle
Heterocycle

1
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MeCN, Et3N

Scheme 3.
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Chart 2.

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

N N

N

i-Pr

N

N

98

1110

t-Bu

t-Bu

Chart 3.

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

SCH3

Tf2O
MeCN, Et3N

SCH3

H3CS
12

13

N+ O-

N+ O-

MeCN, Et3N

S

14

O
CH3

Bronsted acid

Scheme 5.
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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)azu-
lenes. However, in most cases the methodologies require high tem-
perature 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 modifica-
tion of azulene ring prior to the reaction, such as halogenation,
borylation, and stannylation. Therefore, the electrophilic arylation
may also have advantage over the transition metal-catalyzed syn-
thesis of 1-(heteroaryl)azulenes.

We found 1,10-biazulene derivative 13 was obtained by the
reaction of 12 with pyridine N-oxide in 40% yield under our reac-
tion conditions (Scheme 5). Several synthetic methodologies of
1,10-biazulenes have been reported in the literatures. However, in
most cases the methodologies require metal catalyst, high temper-
ature reaction, and/or longer reaction period.15 Recently, we have
also reported the facile preparation of the 1,10-biazulene derivative
13 by the treatment of 1-azulenyl methyl sulfoxide (14) with
Brønsted acid as shown in Scheme 5.16 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 inves-
tigated the reaction of 12 without Tf2O, to examine the presumed
oxidation reaction with pyridine N-oxide. However, the reaction
resulted in the complete recovery of the starting 12. Therefore,
Tf2O was essential for the oxidation of 12 to give the 1,10-biazulene
derivative, although the reaction mechanism is unclear.

Preparation of symmetrically substituted 1,3-di(pyridyl)azu-
lenes has been reported by us and several groups, recently.10c,11,12b

In 2008, Jacquemin et al. reported the spectral calculation and aci-
dochromism of symmetric 1,3-bis(2-pyridyl and 4-pyridyl)azu-
lene, and these compounds have a potential to be a new pH
sensor.17 However, unsymmetrically substituted 1,3-di(pyri-
dyl)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.12b,d
AzuleneAzulene
Tf2O

MeCN, Et3N

N

8−11

N+ O-

Scheme 4.
Reaction of 2 with pyridine in the presence of Tf2O gave 1-(4-
dihydropyridyl)-3-(2-pyridyl)azulene derivative 15 in 95% yield.
Treatment of the product 15 with KOH in ethanol gave the pre-
sumed 1-(2-pyridyl)-3-(4-pyridyl)azulene (16) in 58% yield
(Scheme 6).

In conclusion, the R–H type electrophilic heteroarylation of azu-
lene using the N-oxide of several heterocycles with Tf2O has been
disclosed. Starting from stable and commercially available sub-
strates, this methodology allows us to access to the N-containing
1-(heteroaryl)azulenes that are difficult to obtain by other meth-
ods. Formation of the 2-pyridyl derivative 2 by the present method
should be a compliment of our previous two-step procedure utiliz-
ing 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 1,10-biazulene
derivative 13, which may open a novel access method to the 1,10-
biazulene derivatives. By the electrophilic pyridynylation of 2 of
our previous two-step procedure utilizing the reaction with triflate
of pyridine, we have established the first synthesis of unsymmetri-
cally substituted 1,3-di(pyridyl)azulene 15. Physical properties of
these new compounds are now under investigation in our
laboratory.
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