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Abstract — An efficient synthesis of 2-heteroarylazulene derivatives was
established via electrophilic substitution. The reaction of
6-dimethylamino-1,3-di(methylthio)azulene (1a) with the triflate of N-containing
heteroarenes proceeded in the presence of excess heteroarenes to afford the
corresponding 2-dihydroheteroarylazulene derivatives 3-7. The
2-dihydroheteroarylazulene derivatives were readily converted into the desired
2-heteroarylazulene derivatives 8—11 by the treatment with KOH in alcohols in

excellent yields, except for 4 and S.

Electrophilic substitution reactions are a very important and general methodology for the
functionalization of aromatic compounds. In azulene derivatives, there are numerous reports for the
electrophilic substitution reactions at the 1- and 3-positions of the azulene ring.! However, there are few
reports on the functionalization of azulene derivatives at the 2-position utilizing electrophilic substitution
reactions, because 2-position of azulene is inert site toward the electrophile. In 1962, Hafner and
co-workers reported that 1,3-dialkyl-substituted azulene derivatives undergo the Vilsmeier formylation
reaction using DMF and POCI; to give corresponding 2-formylazulenes, but only with very low

selectivity compared to ipso-substitution at the 1-position and electrophilic substitution at the 5-position.’
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Thus, functionalization for 2-position of azulene by electrophilic reaction is remained as a subject of
azulene chemistry.

In recent years, there has been intense interest in transition-metal-catalyzed carbon-carbon and
carbon-heteroatom bond formation in aromatic compounds.”’ In the chemistry of azulene,
functionalization method for 2-position of azulene is mainly transition-metal-catalyzed because difficulty
of electrophilic reaction. Thus, several applications of transition-mediated reactions, e.g., vinylation,*
ethynylation,” and amination® utilizing azulenyl halides have appeared in the literature. We have also
reported the palladium-catalyzed synthesis of various arylazulene derivatives.” However, as another
problem, synthesis of 2-arylazulenes by the transition-metal-catalyzed cross-coupling reaction required
synthetically difficult 2-haloazulene and/or instable 2-azulenyl metal reagent.®

More recently, we have demonstrated that the reaction of azulene derivatives with the triflate of
N-containing heteroarenes, which are readily available from the reaction of N-containing heteroarenes
with trifluoromethanesulfonic anhydride (Tf:0), gives the corresponding dihydroheteroarylazulene
derivatives. Transformation of the dihydroheteroarylazulene derivatives to the corresponding
heteroarylazulene derivatives opened a new, two-step strategy for the heteroarylation of azulene at the 1-,
3-, 5-, and 7-positions.”If the synthetic strategy by electrophilic heteroarylation can be applicable to
2-position, a new and efficient synthetic route to the 2-heteroarylazulene derivatives should be established.
For the success of this reaction, introduction of protecting groups at the highly reactive 1- and 3-positions
and powerful electron-donation group at the 6-position of the azulene ring would be essential to proceed
the electrophilic substitution reactions at the 2-position.

We report herein the reaction of 6-dimethylamino-1,3-di(methylthio)azulene (1a), which is an azulene
derivative possessing the required protecting groups at these highly reactive 1- and 3-positions and
powerful electron-donating dimethylamino group at the 6-position, with the triflates of the N-containing
heteroarenes, and their transformation to the corresponding 2-heteroarylazulenes through an electrophilic
substitution reaction.

Introduction of protecting groups at the highly reactive 1- and 3-positions of the azulene ring should be
crucial to electrophilic substitution reactions at the 2-position of azulene. Thus, for the functionalization
at the 2-position of the azulene, 6-dimethylamino-1,3-di(methylthio)azulene (1a), which is prepared by
electrophilic sulfinylation of 6-dimethylaminoazulene'® with (CF3;CO),0/DMSO, following to the
treatment with Et;N, was applied for the electrophilic substitution with the triflates of several
N-containing heteroarenes. The methylthio substituents at the 1- and 3-positions would suppress the most
reactive site for the azulene ring and also the substituents might be subjected to further functionalization
by electrophilic ipso-substitution reaction reported by us.'' Desired compound 1a was obtained in 97%

yield as the sole product when the reaction was carried out with 3.0 equiv. of (CF;CO),0 and excess
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DMSO toward the 6-dimethylaminoazulene (Scheme 1), although the generation of
1,3-di(methylthio)azulene derivatives was not observed in the case of the parent and 6-tert-butylazulene
in same reaction condition.'" Thus, the dimethylamino group on the 6-position of azulene ring should
enhance the reactivity of the azulene toward the electrophile.

As a preliminary experiment for the synthesis of 2-heteroarylazulenes, the Tf,0O activated electrophilic
substitution of 6-dimethylamino-1,3-di(methylthio)azulene (1a) with pyridine was examined in four

different organic solvents (Scheme 1, Table 1).

1) (CF5C0),0
\ _ bmso CF3802
/N 2) Et3N, reflux solvent 0°C /
1a SMe 2 SMe
<:/\ TfO"
Tf
SMe
Scheme 1
Table 1. Synthesis of 6-dimethylamino-1,3-di- As summarized in Table 1, yields of the product
(nl;zi}glthslz)lé-n(?lhydmp yndm;_iiizl();z; 1[60/1’:]6 2 ere significantly depended on the solvent employed.
Despite the fact that the highly polar solvent
1 CH,Cl, 33 . .
acetonitrile was successful solvent in the THO
2 CHCLs 13 activated Reissert-Henze type electrophilic arylation
3 1,2-dichloroethane 12 of azulenes,” the yield of 2 was quite low (8%)
4  MeCN 8 because the significant decomposition of the

compound was observed in this reaction condition.
The less polar solvents compared with acetonitrile, i.e., in chloroform and 1,2-dichloroethane, were also
revealed to be insufficient for the reaction due to the low yield of the product, likewise a case of
acetonitrile. Among the solvents tested, dichloromethane was found to be the best with respect to the
yield of the product (33% yield). Presumed reaction mechanism of this reaction is also shown in Scheme
1. Namely, reaction of trifluoromethanesulfonic  anhydride  with  pyridine  forms
1-trifluoromethanesulfonylpyridinium trifluoromethanesulfonate (TPT). Generated TPT is attacked by
2-position of 1a to give dihydropyridine derivative 2.

A series of 6-substituted azulene derivatives were subjected to this electrophilic substitution under the
optimized reaction conditions to explore the scope of this reaction. Examined azulene derivatives are

shown in Chart 1.
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SMe The reaction of 1,3-di(methylthio)azulene (1b),"

1b:R=H
R fl: R = fort-Bu 6-tert-butyl-1,3-di(methylthio)azulene (1c)'' and
:R=0Me
SMe 6-methoxy-1,3-di(methylthio)azulene (1d) with

Chart 1. 6-Substituted 1,3-di(methylthio)azulenes. pyridine did not proceed and Starting material was

recovered quantitatively.” These results indicate that this electrophilic substitution required a highly
electron-donating substituent on the 6-position.

To examine the generality of the reaction with the heteroarenes, we investigated the reaction of 1a with
commercially available five heteroarenes under the optimized reaction conditions (Scheme 2, Table 2)."*
Quinoline was reacted with 1a in the presence of Tf,O to give the 2-(dihydroquinoline-4-yl)azulene 3 in
49% vyield, along with the generation of 2-(dihydroquinoline-2-yl)azulene 4 in 16% yield. The
regio-isomers of 3 and 4 were readily isolated by reversed-phase chromatography (ODS gel with 85%
methanol as eluent). The reaction of 1a with isoquinoline in the presence of Tf,0O gave the presumed
2-(isoquinolin-1-yl)azulene S in 56% yield. Acridine and 1,10-phenanthroline were also reacted with 1a
in the presence of Tf,O to give the corresponding dihydroheterocycles 6 and 7 in 11% and 19% yields,
respectively, but the yields were relatively low. The low yield of 6 and 7 should be attributable to the
instability of these compounds under the ambient condition.

For the purpose of transformation to the

eterocycle SMe , )
. é(;F 3CS|O 20)2000 \N O 0 - ‘2-(heteroaryl)a21'llen‘es, we investigated base
2¥12 / induced aromatization of compounds 3—7
Scheme 2 a7 SN (Scheme 3)."° The yield of the products was
Table 2. Synthesis of  6-dimethylamino-1,3- summarized in Table 3. The reaction of 2
di(methylthio)-2-(dihydroheteroaryl)azulenes 3—7 with KOH/methanol solution at reflux
Heterocycle R Product, Yield [%] temperature afforded the corresponding
quinoline ‘ N 3,49 2-(4-pyridyl)azulene derivative (8) in 100%
%M/\@ yield. Although the reaction of 3 with KOH
" i 4,16 refluxing in methanol was not proceeded,
@ aromatization of 3 was established by
isoquinoline e 5, 56 treatment with KOH in isopropyl alcohol,
Tf@ which has higher boiling point than
acridine N 6,11 methanol, to afford 9 in 98% yield. For the

aromatization of 4 and 5, we investigated

1.10-phenanthroline  / NT; N— 7 19 the use of two bases, KOH and ter-BuOK
, w , in DMSO, following a similar procedure to
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that reported by us previously. However, base induced aromatization procedures of 4 and 5 led to
decomposition of compound. Therefore, suitable aromatization condition of 4 and 5 to the corresponding
heteroarene derivatives is currently investigated. When 6 and 7 were treated with KOH in methanol,
aromatization of both 6 and 7 was also achieved to afford 10 and 11 in 91% and 100% yields,
respectively.

Usually, transition-metal-catalyzed aryl-aryl

SMe
7 KOH ) O cross-coupling is required both aryl halides
solvent, reflux )\l pling q ry

811 SMe and organometallic reagents for the
construction of the biaryl compounds. In the
Scheme 3
azulene  chemistry, although  many
Table 3. Synthesis of  6-dimethylamino-1,3- transition-metal-catalyzed aryl-aryl
di(methylthio)-2-heteroarylazulenes 8-11 cross-coupling reactions have been reported,
Substrate Solvent R Product, Yield [%]

the synthesis of 2-arylazulenes by such

2 McOH ’§@N 8,100 methods should be difficult because
3 i-PrOH (N/\@ 9,98 preparation of 2-haloazulenes required
?W relatively long synthetic pathway. The

4 MeOH f@ - advantageous feature of this synthetic
h methodology 1is that these reactions do not

> MeOH ,f;@ - require any transition-metal catalyst,
h 2-haloazulene, and a coupling reagent.

6 MeOH O N/\ 10,91 Moreover, this method can be selective

o synthesis of 2-heteroarylazulenes.
7 MeOH - Ni/ 11, 100 In conclusion, for the first time, an efficient

synthesis of 2-heteroarylazulene derivatives

through electrophilic substitution without using a transition-metal catalyst has been established. The
intermediates, 2-(dihydroheteroaryl)azulene derivatives, were also obtained by reaction with N-containing
heteroarenes in the presence of Tf,O under milder reaction conditions. Treatment of the
2-(dihydroheteroaryl)azulene derivatives with KOH gave the desired 2-heteroarylazulene derivatives,
quantitatively, except for 4 and 5. Previously, we reported the 2-arylazulene derivatives exhibited
significant electrochromic properties under electrochemical reaction basis on the multi-stage electron

816 Moreover, We also reported the 1,3-di(methylthio)azulenes exhibit reversible redox behavior

transfer.
on cyclic voltammetry, arising from the generation of stable radical anionic and cationic species.'' Thus,
1,3-di(methylthio)azulenes bearing a 2-heteroaryl groups might exhibit further stability in their

electrochemical reaction. To evaluate the scope of this class of molecules investigated by this research,
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detail electrochemical and optical properties of reported 2-heteroarylazulene derivatives are currently

investigating in our laboratory.
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